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BACKGROUND: Leadless ventricular permanent pacemakers (leadless VVI or LPM) were designed to reduce lead-related com-
plications of conventional VVI pacemakers (CPM). The aim of our study was to assess and compare real-life clinical outcomes
within the first 30 days and during a midterm follow-up with the 2 techniques.

METHODS AND RESULTS: This French longitudinal cohort study was based on the national hospitalization database. All adults
(age >18years) hospitalized in French hospitals from January 1, 2017 to September 1, 2020, who underwent a first LPM or
CPM were included. The study included 40828 patients with CPM and 1487 with LPM. After propensity score matching 1344
patients with CPM were matched 1:1 with patients treated with LPM. Patients with LPM had a lower rate of all-cause and
cardiovascular death within the 30days after implantation. During subsequent follow-up (mean: 8.6+10.5months), risk of all-
cause death in the unmatched population was significantly higher in the LPM group than in the CPM group, whereas risk of
cardiovascular death and of endocarditis was not significantly different. After matching on all baseline characteristics including
comorbidities (mean follow-up 6.2+8.7 months), all-cause death, cardiovascular death, and infective endocarditis were not
statistically different in the 2 groups.

CONCLUSIONS: Patients treated with leadless VVI pacemakers had better clinical outcomes in the first month compared
with the patients treated with conventional VVI pacing. During a midterm follow-up, risk of all-cause death, cardiovascular
death, and endocarditis in patients treated with leadless VVI pacemaker was not statistically different after propensity score
matching.
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pacemaker (CPM) implantation with a pacing lead

placed permanently in the ventricle is associated
with complications affecting 15% of patients within the
first 3years (pneumothorax or hemothorax, lead revision,
infection, pocket complications, or pericardial effusion).”-
Leadless VVI pacemaker (LPM) was designed and pro-
posed to reduce the risk of these lead- and pocket-related
complications. The IDE (Investigational Device Exemption)
Study showed a 4% rate of complications within 6months
following implantation.* In the PAR (Micra Post-Approval

00nventional transvenous ventricular permanent (VVI)

Registry), more consistent with a real-world setting, major
complication rate at 12months was 2.7% in the LPM
group versus 7.6% in a CPM historical cohort. Most of the
major complications in the LPM group were mainly driven
by pericardial effusions, groin puncture site complications,
and pacing threshold elevation. They occurred within the
30days post implantation.®®

However, exhaustive real-life data are lacking. The
aim of our study was to assess clinical outcomes fol-
lowing LPM implantation, as compared with CPM, in
an exhaustive nationwide matched cohort.
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CLINICAL PERSPECTIVE

What Is New?

e Mortality is high among unselected patients
implanted with ventricular permanent pace-
makers, whether leadless or conventional pace-
maker are used.

e Implantation of leadless pacemakers seems to
be a safe procedure in this high-risk population,
with better outcomes at 1 month.

e Midterm outcomes appear relatively similar in pa-
tients with leadless or conventional pacemaker.

What Are the Clinical Implications?

¢ In nonprecluded patients, an economic evalu-
ation comparing both technologies may be
interesting, as a lower complication rate and as-
sociated costs within the first month with lead-
less ventricular permanent pacemaker should
be balanced with a higher device cost.

Nonstandard Abbreviations and Acronyms

CPM conventional VVI pacemaker
LPM leadless VVI pacemaker
PAR Post-Approval Registry

PMSI  Programme de Médicalisation des
Systemes d’Information
vvi ventricular permanent
METHODS

Data Access

The data and study materials will not be made avail-
able to other researchers for purposes of reproducing
the results or replicating the procedure. Because this
study used data from human subjects, the data and
everything pertaining to the data are governed by the
French Health Agencies and cannot be made available
to other researchers.

Study Design

Thislongitudinal cohort study was based on the national
hospitalization database covering hospital care from
the entire French population. The data for all patients
admitted in French hospitals in France were collected
from the national administrative PMSI (Programme de
Médicalisation des Systemes d’Information) database
as previously described.” In the PMSI system, identi-
fied diagnoses are coded according to the International
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Classification of Diseases, Tenth Revision (ICD-10). All
medical procedures are recorded according to the
national nomenclature, Classification Commune des
Actes Medicaux. The PMSI contains individual an-
onymized information on each hospitalization that are
linked to create a longitudinal record of hospital stays
and diagnoses for each patient. The reliability of PMSI
data has already been assessed and this database
has previously been used to study patients with car-
diovascular conditions.8'0

The study was conducted retrospectively and, as
patients were not involved in its conduct, there was
no impact on their care. Ethical approval was not re-
quired, as all data were anonymized. The French Data
Protection Authority granted access to the PMSI data.
Procedures for data collection and management were
approved by the Commission Nationale de I'lnforma-
tique et des Libertés, the independent National Ethical
Committee protecting human rights in France, which
ensures that all information is kept confidential and
anonymous, in compliance with the Declaration of
Helsinki (authorization number 1897139).

Study Population

All adults (age >18years) hospitalized in French hos-
pitals from January 1, 2017 to September 1, 2020,
who underwent a first LPM or CPM implantation
were included. Importantly, patients with dual cham-
ber pacemaker were not included in our study and
VDD leadless pacemaker was not available over the
period of the study. Patient information (demograph-
ics, comorbidities, medical history, and events dur-
ing hospitalization or follow-up) was described using
data collected in the hospital records. For each hos-
pital stay, combined diagnoses at discharge were ob-
tained. Each variable was identified using /CD-70 and
Classification Commune des Actes Medicaux codes.
Exclusion criteria were age <18years. We used the
Charlson Comorbidity Index and the Claims-based
Frailty Index to assess patients’ clinical status."" Based
on the database, we were also able to estimate a proxy
of the EuroSCORE [I'>%3 (originally proposed to evalu-
ate the risk of early death in case of cardiac surgery),
which was used to indirectly evaluate the risk of early
complications related to pacemaker implantation.

Outcomes

Patients were followed until September 1, 2020 for the
occurrence of outcomes. The end points were evalu-
ated with follow-up starting from the date of hospi-
talization with VVI pacemaker implantation until the
date of each specific outcome or date of last news
in the absence of the outcome. Information on out-
comes during the follow-up was obtained by analyz-
ing the PMSI codes for each patient. All-cause death,
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cardiovascular death, recurrence of infective endocar-
ditis, and outcomes of interest at day 30 were identi-
fied using their respective ICD-10 or procedure codes.
The mode of death (cardiovascular or noncardiovas-
cular) was identified based on the main diagnosis dur-
ing hospitalization resulting in death. We defined major
bleeding using the Bleeding Academic Research
Consortium definitions." Major bleeding was defined
as bleeding with a reduction in the hemoglobin level
resulting in anemia, or with transfusion of at least 1 unit
of blood, or symptomatic bleeding in a critical area or
organ (eg, intracranial, intraspinal, intraocular, retrop-
eritoneal, intra-articular or pericardial, or intramuscular
with compartment syndrome) or bleeding that causes
death.

Statistical Analysis

Quialitative variables are described as frequency and
percentages and quantitative variable as means (SDs).
Multivariable analyses for clinical outcomes during the
whole follow-up in the groups of interests were per-
formed using a Cox model with all baseline character-
istics and reporting hazard ratio.

Owing to the nonrandomized nature of the study,
and considering the significant differences in baseline
characteristics, propensity-score matching was also
used to control for potential confounders of the treat-
ment outcome relationship. Propensity scores were
calculated using logistic regression with LPM implan-
tation as the dependent variable. The propensity score
included the cardiovascular risk factors and noncar-
diovascular comorbidities from baseline characteris-
tics listed in Table 1.

For each patient with LPM, a propensity score-
matched patient with CPM was selected (1:1) using the
1-to-1 nearest neighbor method (with a caliper of 0.01
of the SD of the propensity score on the logit scale)
and no replacement. We assessed the distributions of
demographic data and comorbidities in the 2 cohorts
with standardized differences, which were calculated
as the difference in the means or proportions of a vari-
able divided by a pooled estimate of the SD of that vari-
able. A standardized difference of 5% or less indicated
a marginal difference between means of the 2 cohorts
(Figures S1 and S2).

A logistic regression model was used for all out-
comes at 30days and odds ratios (ORs) were re-
ported. Incidence rates (%/year) for each outcome of
interest during longer-term follow-up was estimated
in both groups and were compared using hazard ra-
tios (HRs). HRs and 2-sided 95% Cls were estimated
using Cox proportional hazards model for death and
the model by Fine and Gray for competing risks. All
comparisons with a P value <0.05 were considered
statistically significant. In addition, we checked that
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the Hosmer-Lemeshow goodness of fit test had non-
significant P values, suggesting that the logistic re-
gression models were accurate. We also checked the
proportional hazard assumption by plotting the log—log
Kaplan-Meier curves and scaled Schoenfeld residuals
against time plots. The test of proportional-hazards
assumption had P values ranging from 0.20 to 0.90
and plots for all outcomes displayed lines that were
reasonably parallel (and did not cross), implying that
the proportional-hazards assumption was not violated.
Regarding the scaled Schoenfeld residuals against
time plots, we saw no evidence of a trend in the effect
of time for our models.

All analyses were performed using Enterprise Guide
7.1 (SAS Institute Inc., SAS Campus Drive, Cary, NC,
USA) and STATA 12.0 (Stata Corp, College Station, TX,
USA).

RESULTS

Of 42315 patients included in the cohort, 40828
patients (96%) had a CPM and 1487 had an LPM
(Figure 1). Patients with CPM were more likely to have
an older age, hypertension, heart failure, and atrial fi-
brillation/flutter and less likely to have diabetes, valve
disease, or vascular disease. Patients with LPM had
higher rates of prior endocarditis, chronic kidney dis-
ease or dialysis, liver diseases, obesity, and previous
cancer. Patients with CPM had a lower Charlson co-
morbidity index but a higher frailty index (Table 1).

Using propensity score, 1344 patients with CPM
were adequately matched in a 1:1 fashion with patients
with LPM (Table 2 and Figures S1 and S2).

Clinical Outcomes at Day 30

In the unmatched population, within the 30days after
implantation, patients with LPM had a lower rate of
all-cause mortality (OR, 0.635 [95% ClI, 0.527-0.765],
P<0.0001) and from a cardiovascular cause (OR,
0.568; [95% Cl, 0.405-0.797], P=0.001). They also had
lower rates of major bleeding and need for transfusion.
There was no significant difference between groups
regarding tamponade, pneumothorax, or hemothorax
(Table 3). The same trends were found after adjust-
ment on all risk factors described in Table 1 (Tables S1
and S2).

In the matched population, LPM implantation
was still significantly associated with a lower rate of
all-cause death (OR, 0.583 [95% ClI, 0.456-0.744],
P<0.0001), cardiovascular death (OR, 0.413 [95% Cl,
0.271-0.629], P<0.0001), major bleeding (OR, 0.523
[95% CI, 0.348-0.786], P=0.002), or transfusion (OR,
0.481 [95% ClI, 0.296-0.780], P<0.0001). However,
tamponade, pneumothorax, and hemothorax were not
significantly different between the 2 groups (Table 3).
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Table 1. Baseline Characteristics of Patients

Conventional VVI Leadless VVI P value Standardized

pacemaker pacemaker difference, (%) Total

(n=40828) (n=1487) (n=42315)
Age, y 83.4+9.1 70.7£18.4 <0.0001 -87.8 82.9+9.9
Sex (male) 24586 (60.2) 861 (57.9) 0.07 -4.7 25447 (60.1)
Hypertension 30914 (75.7) 989 (66.5) <0.0001 -20.4 31903 (75.4)
Diabetes 10562 (25.9) 445 (29.9) 0.0005 9.1 11007 (26.0)
Heart failure 21620 (53.0) 717 (48.2) 0.0003 -9.5 22337 (52.8)
Valve disease 11499 (28.2) 481 (32.3) 0.0004 9.1 11980 (28.3)
Aortic stenosis 6287 (15.4) 273 (18.4) 0.002 7.9 6560 (15.5)
Aortic regurgitation 2093 (5.1) 92 (6.2) 0.07 4.6 2185 (5.2)
Mitral regurgitation 5177 (12.7) 205 (13.8) 0.21 3.3 5382 (12.7)
Previous endocarditis 321(0.8) 77 (5.2 <0.0001 26.0 398 (0.9)
Dilated cardiomyopathy 4673 (11.4) 156 (10.5) 0.26 -3.1 4829 (11.4)
Coronary artery disease 13670 (33.5) 484 (32.5) 0.45 -2.0 14154 (33.5)
Previous myocardial infarction 2597 (6.4) 106 (7.1) 0.23 3.1 2703 (6.4)
Previous percutaneous coronary intervention 3481 (8.5) 156 (10.5) 0.01 6.7 3637 (8.6)
Previous coronary artery bypass graft 665 (1.6) 33 (2.2 0.08 4.3 698 (1.6)
Vascular disease 9594 (23.5) 422 (28.4) <0.0001 1.2 10016 (23.7)
Atrial fibrillation/flutter 32376 (79.3) 767 (51.6) <0.0001 -60.9 33143 (78.3)
Sinus node disease 7870 (19.9) 187 (12.6) <0.0001 -18.4 8057 (19.0)
Ischemic stroke 3136 (7.7) 117 (7.9) 0.79 0.7 3253 (7.7)
Intracranial bleeding 1305 (3.2 52 (3.5) 0.52 1.7 1357 (3.2
Smoker 2522 (6.2) 208 (14.0) <0.0001 26.2 2730 (6.5)
Dyslipidemia 13277 (32.5) 493 (33.2) 0.61 14 13770 (32.5)
Obesity 9031 (22.1) 422 (28.4) <0.0001 14.4 9453 (22.3)
Alcohol-related diagnoses 1953 (4.8) 105 (7.1) 0.0001 9.7 2058 (4.9)
Chronic kidney disease 6178 (15.1) 380 (25.6) <0.0001 26.1 6558 (15.5)
Dialysis 833 (2.0) 253 (17.0) <0.0001 52.7 1086 (2.6)
Lung disease 7281 (17.8) 301 (20.2) 0.02 6.1 7582 (17.9)
Sleep apnea syndrome 4340 (10.6) 184 (12.4) 0.03 5.5 4524 (10.7)
Chronic obstructive pulmonary disease 4325 (10.6) 182 (12.2) 0.04 5.2 4507 (10.7)
Liver disease 1857 (4.5) 117 (7.9) <0.0001 13.8 1974 (4.7)
Thyroid diseases 5908 (14.5) 206 (13.9) 0.51 -1.8 6114 (14.4)
Inflammatory disease 4165 (10.2) 202 (13.6) <0.0001 10.5 4367 (10.3)
Anemia 9090 (22.3) 497 (33.4) <0.0001 251 9587 (22.7)
Previous cancer 7357 (18.0) 416 (28.0) <0.0001 23.8 7773 (18.4)
Poor nutrition 6025 (14.8) 245 (16.5) 0.07 4.7 6270 (14.8)
Cognitive impairment 4892 (12.0) 90 (B.1) <0.0001 -20.8 4982 (11.8)
Charlson comorbidity index 3.5+£2.8 4.0+£3.3 <0.0001 16.2 3.5+£2.8
Frailty index 10.2+10.0 8.7£9.4 <0.0001 -17.8 10.1£10.0
EuroSCORE I 3.6+1.0 3.5+1.5 0.002 -20.5 3.5+1.1

Values are presented as n (%) or mean+SD.

Clinical Outcomes During Midterm
Follow-Up

In the unmatched patients, mean follow-up was
8.6£10.5months (median: 3.5months, interquartile
range: 0.2-14.8). Annual incidence of all-cause death
was high in both groups and significantly higher in
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the LPM group than in CPM group (31%/year versus
20%/year, P<0.0001) with an HR of 1.519 (95% CI,
1.296-1.780) (Table 4 and Figure 2). Cardiovascular
death was not significantly different between groups
(Table 4, Figure 3). Infective endocarditis was higher in
the LPM group than in the CPM group with an HR of
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Patients seen in French hospitals
with conventional or leadless VVI
pacemakers
N =42 315

Conventional Leadless
VVI pacemaker VVI pacemaker

n =40 828 n=1487

l |

Matched conventional Matched leadless
VVI pacemaker VVI pacemaker
n=1344 n=1344

Figure 1. Flow chart of the study patients.
VVI indicates ventricular permanent pacemaker.

2.108 (95% Cl, 1.119-3.973) (Table 4 and Figure 4). The
same trends were found after adjustment on all risk
factors described in Table 1 (Table S2).

An upgrade to cardiac resynchronization therapy
during follow-up was needed for 6 patients (0.5%)
in the LPM group and 12 patients (0.9%) in the CPM
group (P=0.16).

In the matched patients, mean follow-up was
6.2+8.7months (median: 1.9months, interquartile
range: 0.2-8.9months). All-cause death, cardiovascu-
lar death, and infective endocarditis were not signifi-
cantly different between groups (Table 4, Figures 2, 3,
and 4).

DISCUSSION

We show on this exhaustive nationwide matched study
that (1) mortality is high among unselected patients
implanted with ventricular permanent pacemakers,
whether leadless or conventional pacemaker are used;
(2) implantation of leadless pacemakers seems to be
a safe procedure in this high-risk population, with bet-
ter outcomes at 1month; (3) midterm outcomes ap-
pear relatively similar in patients with LPM and CPM,
although the trends toward a marginally higher mortal-
ity with LPM need to be better evaluated in other large
analyses.

Our study main strength is exhaustivity, as it in-
cluded all patients implanted with an LPM in France
and even in smaller centers who did not participate in
any published registry.

Population Characteristics

Patients with LPM were younger but had more comor-
bidities compared with the CPM population. Mean age
was 70.7 years but with more comorbidities: 17% of the
patient were treated with hemodialysis and 28% had a
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history of cancer, which is consistent with the condi-
tions of LPM reimbursement in France. Indeed, LPM is
reimbursed in France for patients with high burden of
comorbidities, that is, patients without suitable supra-
caval venous access, at high risk of lead-related com-
plication (hemodialysis, chemotherapy via implantable
chamber) or patients with previous endocarditis or
sepsis.

Patients with CPM were older with fewer comorbid-
ities. Mean age of recipients of CPM was 83.4years
with 53% of heart failure. Surprisingly, only 79% of pa-
tients had atrial fibrillation/flutter, which is a preferential
indication for single-chamber ventricular pacemaker,
suggesting a significant use for backup pacing.'® Such
rates were previously reported." In the LPM group, 52%
of patients had atrial fibrillation, which is lower than in
the IDE and PAR studies but consistent with French
reimbursement rules where indications are irrespective
of atrial fibrillation status.

In both groups, mortality was high (31%/year and
20%/year for LPM and CPM groups, respectively). Our
data are consistent with literature and similar yearly
mortality rates with CPM were previously reported.'®
Such rates emphasize the frailty of both populations,
which is confirmed by the high Charlson comorbidity
index and frailty index scores. Frailty may play a sig-
nificant role in deciding LPM implant in several health
care systems. In our analysis, patients treated with
LPM were younger than those treated with CPM be-
fore matching and had a low complication rate, which
implies that LPMs can also be used in a younger co-
hort successfully and that frailty should not be the main
driver for LPM implant.

Postoperative Complications

In the PAR of LPM, most of the complications appear
within the first month. In our study, our patients had
slightly lower tamponade rate (0.1% versus 0.4% in the
PAR) but a higher major bleeding rate (2.8% versus
0.55% in the PAR).% This higher bleeding rate may be
explained by our definition of major bleeding includ-
ing device-related bleeding (groin hematoma, pocket
hematoma, hemothorax) but also other bleeding (hem-
orrhagic stroke, gastrointestinal bleeding or significant
bleeding that needed a transfusion).

There were no differences in pneumothorax be-
tween the 2 devices. Pneumothorax is unlikely to be
related to leadless pacemaker implantation and we
cannot be sure that the complications listed are a re-
sult of the procedures, or simply a coexisting diagnosis
in the same patient. For example, some patients could
have a CPM failure because of venous access difficul-
ties resulting in pneumothorax and LPM implantation.
The same concern may be true for other complications
that may as well be attributed to possible pacemaker
complications (eg, transfusion, major bleeding etc).
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Table 2. Baseline Characteristics of Matched Patients

Leadless and Conventional Transvenous Pacemakers

Conventional VVI Leadless VVI P value Standardized

pacemaker pacemaker difference, (%) Total

(n=1344) (n=1344) (n=2688)
Age, y 73.5£17.2 73.5+15.2 0.99 -0.1 73.6+16.2
Sex (male) 803 (59.7) 787 (58.6) 0.53 -24 1590 (59.2)
Hypertension 951 (70.8) 927 (69.0) 0.31 -4.0 1878 (69.9)
Diabetes 430 (32.0) 408 (30.4) 0.36 -3.7 838 (31.2)
Heart failure 726 (54.0) 668 (49.7) 0.03 -8.6 1394 (51.9)
Valve disease 474 (35.3) 448 (33.3) 0.29 -4.2 922 (34.9)
Aortic stenosis 269 (20.0) 260 (19.3) 0.66 -1.8 529 (19.7)
Aortic regurgitation 87 (6.5) 79 (5.9 0.52 -2.6 166 (6.2)
Mitral regurgitation 204 (15.2) 193 (14.4) 0.55 -2.4 397 (14.8)
Previous endocarditis 75 (5.6) 66 (4.9) 0.44 -4.0 141 (5. )
Dilated cardiomyopathy 162 (12.1) 144 (10.7) 0.27 -4.3 306 (11.4
Coronary artery disease 446 (33.2) 457 (34.0) 0.65 1.7 903 (33. 6)
Previous myocardial infarction 110 (8.2) 99 (7.4) 0.43 -3.3 209 (7.8)
Previous percutaneous coronary intervention 139 (10.3) 147 (10.9) 0.62 2.0 286 (10.6)
Previous coronary artery bypass graft 31 (2.3 29 (2.2 0.79 11 60 (2.2)
Vascular disease 395 (29.4) 386 (28.7) 0.7 -15 781 (29.1)
Atrial fibrillation/flutter 795 (59.2) 746 (55.5) 0.06 -8.0 1541 (57.4)
Sinus node disease 218 (16.2) 184 (13.7) 0.07 -6.9 402 (15.0)
Ischemic stroke 116 (8.6) 107 (8.0) 0.53 -2.5 223 (8.3)
Intracranial bleeding 49 (3.6) 44 (3.9) 0.6 =21 93 (3.5)
Smoker 187 (13.9) 174 (12.9) 0.46 -3.2 361 (13.4)
Dyslipidemia 484 (36.0) 460 (34.2) 0.33 -3.8 944 (35.1)
Obesity 401 (29.8) 387 (28.8) 0.55 -2.4 788 (29.3)
Alcohol-related diagnoses 106 (7.9) 92 (6.8) 0.3 -4.4 198 (7.4)
Chronic kidney disease 352 (26.2) 323 (24.0) 0.2 -5.4 675 (25.1)
Dialysis 224 (16. ) 190 (14.1) 0.07 -8.9 414 (15.4)
Lung disease 289 (21.5, 277 (20.6) 0.57 -2.3 566 (21.1)
Sleep apnea syndrome 176 (18. ) 166 (12.4) 0.56 -2.3 342 (12.7)
Chronic obstructive pulmonary disease 176 (13.1) 169 (12.6) 0.69 -1.6 345 (12.8)
Liver disease 111 (8.3) 108 (7.7) 0.57 -2.5 214 (8.0)
Thyroid diseases 184 (13.7) 189 (14.1) 0.78 1.1 373 (13.9)
Inflammatory disease 189 (14.1) 181 (13.5) 0.65 -1.8 370 (13.8)
Anemia 460 (34.2) 432 (32.1) 0.25 -4.7 892 (33.2)
Previous cancer 355 (26.4) 385 (28.6) 0.2 5.3 740 (27.6)
Poor nutrition 244 (18.2) 219 (16.9) 0.2 -5.1 463 (17.2)
Cognitive impairment 101 (7.5) 87 (6.5) 0.29 -3.7 188 (7.0)
Charlson comorbidity index 41+3.3 41+3.3 0.52 -2.6 41+3.3
Frailty index 9.6+10.1 8.9+9.4 0.06 -4.2 9.2+9.8
EuroSCORE Il 3.6+1.5 3.5+1.5 0.82 -4.6 3.6+1.5

Values are presented as n (%) or mean+SD. VVI indicates ventricular permanent pacemaker.

Overall, our data from this nationwide cohort indi-
cate that LPM as an alternative to CPM appears safe
within the first month.

Midterm Outcomes

All-cause mortality was slightly higher in LPM than in
the CPM group. However, after matching on baseline
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characteristics, all-cause and cardiovascular mor-
talities did not significantly differ. As described before,
recipients of CPM were older, but patients with LPM
had numerous comorbidities such as hemodialysis
which is one of the preferential indication."” In the CED
(Micra Coverage With Evidence Development) study,
all-cause mortality was similar at 6months between
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Table 3. Clinical Outcomes and Complications at Day 30 in the Unmatched and Matched Cohort of Patients With
Conventional or Leadless VVI Pacing

All-cause death 5115 (12.5) 124 (8.9) 0.635 (0.527-0.765) <0.0001
Cardiovascular death 1663 (4.1) 35 (2.4) 0.568 (0.405-0.797) 0.001
Tamponade 18 (0.0) 1(0.1) 1.526 (0.204-11.436) 0.68
Pneumothorax 41(0.1) 2(0.1) 1.340 (0.324-5.544) 0.69
Hemothorax 21 (0.1) 1(0.1) 1.308 (0.176-9.728) 0.79
Major bleeding 2494 (6.1) 42 (2.8) 0.447 (0.328-0.609) <0.0001
Transfusion 1899 (4.7) 30 (2.0) 0.422 (0.293-0.608) <0.0001

All-cause death 189 (14.1) 117 (8.7) 0.583 (0.456-0.744) <0.0001
Cardiovascular death 75 (5.6) 32 (2.4) 0.413 (0.271-0.629) <0.0001
Tamponade 1(0.1) 1(0.1) 1.000 (0.062-16.004) 1.00
Pneumothorax 1(0.1) 2(0.2) 2.001 (0.181-22.099) 0.57
Hemothorax 1(0.1) 1(0.1) 1.000 (0.062-16.004) 1.00
Major bleeding 69 (5.1) 37 (2.9) 0.523 (0.348-0.786) 0.002
Transfusion 51(3.8) 25 (1.9) 0.481 (0.296-0.780) 0.003

Values are presented as n (%). OR indicates odds ratio; and VVI, ventricular permanent pacemaker.

the 2 groups.'® However, French and US population
of LPM were not similar. In CED, they were older, had
more atrial fibrillation, but had less comorbidities such
as chronic kidney disease. This might be explained by
the specific patient selection in France related to the
reimbursement conditions previously mentioned. Even
if both studies cannot be directly compared, after pro-
pensity matching on baseline characteristics, similar
results were obtained in our cohort, with no significant
difference on all-cause mortality.

LPM was associated with a significant higher risk of
all-cause death, which was significant in the multivari-
able Cox model and not significant in the propensity
matched analysis. Interestingly, there were no signif-
icant differences on cardiovascular death between

Table 4.

the 2 groups. First, one cannot exclude that this may
be related to the device, which is unlikely considering
numerous evidences in literature.5'8'° Second, even
though multivariable adjustment and matching was
done, it cannot fully eradicate the possible confounding
variables between these groups and patients treated
with LPM may be sicker on some aspects not cap-
tured by the baseline characteristics. Third, it is finally
possible that these trends in a “real-world” analysis are
more generally related to the health system. However,
our study was not designed to answer such question
and a randomized clinical trial comparing LPM and
CPM would be interesting in the future.

In our study LPM was associated to a higher rate of
endocarditis compared with patients with CPM. To our

Incident Outcomes in Unmatched and Matched Patients With Conventional or Leadless VVI Pacing

Unmatched patients

All-cause death 29871 19.71 (19.21-20.22) | 508 31.08 (26.60-36.33) | <0.0001 1.519 (1.296-1.780)

Cardiovascular death 29871 7.27 (6.98-7.59) 508 10.23 (7.80-13.43) 0.24 1179 (0.894-1.553)

Infective endocarditis 29478 0.94 (0.83-1.05) 473 211 (1.14-3.93) 0.02 2108 (1.119-3.973)
Matched patients

All-cause death 915 23.93 (20.96-27.32) | 466 3219 (27.43-37.77) 0.13 1178 (0.952-1.457)

Cardiovascular death 915 10.49 (8.59-12.81) 466 10.30 (7.76-13.67) 017 0.782 (0.550-1.112)

Infective endocarditis 850 1.29 (0.72-2.34) 437 2.29 (1.23-4.25) 0.33 1.5643 (0.643-3.700)

OR indicates odds ratio; and VVI, ventricular permanent pacemaker.
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Figure 2. Cumulative incidences for all-cause death in
unmatched (top panel) or matched (lower panel) patients
during follow-up.

HR indicates hazard ratio; and VVI, ventricular permanent
pacemaker.

knowledge, as in the leadless clinical trials, no device-
related infections required removal of the leadless
pacemaker during the follow-up.?° Infective endocardi-
tis cannot be defined t only o device-related endocar-
ditis and also occurs on left-sided valves in recipients
of pacemakers.?" In our opinion, LPM implantation was
associated with a higher rate of right- and left-sided
endocarditis in the unmatched population again pos-
sibly owing to the specific reimbursement conditions
(patients with previous endocarditis). Indeed, the LPM
group had a higher rate of previous endocarditis rate
(5.2% versus 0.8% of patients in the CPM group) and
patients with prior endocarditis are at higher risk of
recurrence.?? This is emphasized by the nonsignif-
icant differences observed in the multivariable and
propensity-matched analyses.

As previously described,>® LPM appears safe in
patients where CPM cannot be implanted because of
a difficult supracaval venous access or a high risk of
lead-related complications for example. However, pa-
tients eligible for CPM remain fragile with high mortality

J Am Heart Assoc. 2022;11:€025339. DOI: 10.1161/JAHA.122.025339

Figure 3. Cumulative incidences for cardiovascular death
in unmatched (top panel) or matched (lower panel) patients
during follow-up.

HR indicates hazard ratio; and VVI, ventricular permanent
pacemaker.

rates, and an economic evaluation comparing both
technologies may be warranted, as a lower complica-
tion rate and associated costs within the first month
should be offset with a higher device cost.'

Study Limitations
The main limitation of this study was inherent to its
retrospective observational nature. However, ICD-10
is considered reliable in cardiovascular diseases and
their risk factors.”?425

Data were based on the diagnostic codes regis-
tered for reimbursement purposes by a responsible
physician and were not checked externally with a
potential information bias. Events included were only
in hospital, and we had no data on extra-hospital di-
agnoses. However, cardiac devices are almost exclu-
sively managed in hospital facilities in our (as in most
other) health care system. Further, the nonrandomized
design of the analysis leaves a risk of residual con-
founding factors. Definite conclusions for compar-
isons between groups may not be fully appropriate
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even though multivariable matching was done, as it
cannot fully eradicate the possible confounding vari-
ables between these groups.

In our study, we mainly focused on shared compli-
cations with the 2 techniques, that is, tamponade and
major bleeding. Then, we made the choice to focus
on hard clinical outcomes as we were not able to con-
fidently retrieve data on CPM’s lead revision and de-
vice pocket complications or on LPM’s embolization/
dislodgement. Moreover, such data are already well
described in the IDE and PAR studies.

Data on anticoagulation were not available in our
database. Results on major bleeding must be ana-
lyzed with caution. However, results are similar before
and after matching on baseline characteristics such as
atrial fibrillation, which is one of the main reasons for
anticoagulation among our population.

Device parameters at discharge or during follow-up
were lacking because they are not available in this ad-
ministrative nationwide database. However, the French
health care system provides a routine follow-up by a
cardiologist experienced in cardiac devices. We may
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consider that appropriate care was given when needed
in both groups.

A referral center bias may also exist in our analy-
sis. Indeed, some centers with appropriate patients for
LPM selection may not have access to this modality or
do not have the capacity to make an immediate referral
and may prefer a CPM implantation.

CONCLUSIONS

Mortality is high among unselected patients implanted
with ventricular permanent pacemakers, whether lead-
less or conventional pacemaker are used.

Patients treated with leadless VVI pacemakers had
better clinical outcomes in the first month compared
with the patients treated with conventional VVI pacing.

During a mid-erm follow-up, risk of all-cause death,
cardiovascular death, and endocarditis in patients
treated with leadless VVI pacemaker was not statisti-
cally different after propensity score matching.

ARTICLE INFORMATION
Received January 10, 2022; accepted June 17, 2022.

Affiliations

Service de Cardiologie, Centre Hospitalier Universitaire Trousseau (A.Bodin,
N.C., A.Bisson, B.P,, J.H., D.B., L.F) and Service d’information médicale,
d’épidémiologie et d’économie de la santé, Centre Hospitalier Universitaire
et EA7505 (J.H.), Faculté de Médecine, Université Frangois Rabelais, Tours,
France.

Sources of Funding
None.

Disclosures

Nicolas Clementy reports consulting or speaking for Abbott, Biotronik,
Medtronic, and Microport. Bertrand Pierre reports consulting or speaking for
Abbott, Biotronik, Boston Scientific, and Microport. Dominique Babuty re-
ports consulting or speaking for Biotronik, Boston Scientific, and Medtronic.
Laurent Fauchier reports consulting or speaking for Bayer, BMS/Pfizer,
Boehringer Ingelheim, Medtronic, and Novartis. The remaining authors have
no disclosures to report.

Supplemental Material

Tables S1-S2
Figures S1-S2

REFERENCES

1. Cantillon DJ, Exner DV, Badie N, Davis K, Gu NY, Nabutovsky Y,
Doshi R. Complications and health care costs associated with trans-
venous cardiac pacemakers in a Nationwide assessment. JACC Clin
Electrophysiol. 2017;3:1296-1305. doi: 10.1016/j.jacep.2017.05.007

2. Clémenty N, Carion PL, Léotoing L, Lamarsalle L, Wilquin-Bequet F,
Brown B, Verhees KJP, Fernandes J, Deharo J-C. Infections and asso-
ciated costs following cardiovascular implantable electronic device im-
plantations: a nationwide cohort study. Europace. 2018;20:1974-1980.
doi: 10.1093/europace/eux387

3. Clémenty N, Fernandes J, Carion PL, de Léotoing L, Lamarsalle
L, Wilquin-Bequet F, Wolff C, Verhees KJP, Nicolle E, Deharo J-C.
Pacemaker complications and costs: a nationwide economic study. J
Med Econ. 2019;22:1171-1178. doi: 10.1080/13696998.2019.1652186

4. Reynolds D, Duray GZ, Omar R, Soejima K, Neuzil P, Zhang S,
Narasimhan C, Steinwender C, Brugada J, Lloyd M, et al. Micra


https://doi.org/10.1016/j.jacep.2017.05.007
https://doi.org/10.1093/europace
https://doi.org/10.1080/13696998.2019.1652186

Bodin et al

J Am Heart Assoc. 2022;11:€025339. DOI: 10.1161/JAHA.122.025339

transcatheter pacing study group. A leadless intracardiac transcath-
eter pacing system. N Engl J Med. 2016;374:533-541. doi: 10.1056/
NEJMoal1511643

Roberts PR, Clementy N, Al Samadi F, Garweg C, Martinez-Sande JL,
lacopino S, Johansen JB, Vinolas Prat X, Kowal RC, Klug D, et al. A
leadless pacemaker in the real-world setting: the Micra transcatheter
pacing system post-approval registry. Heart Rhythm. 2017;14:1375—
1379. doi: 10.1016/j.hrthm.2017.05.017

El-Chami MF, Al-Samadi F, Clementy N, Garweg C, Martinez-Sande
JL, Piccini JP, lacopino S, Lloyd M, Vifolas Prat X, Jacobsen MD, et
al. Updated performance of the Micra transcatheter pacemaker in the
real-world setting: a comparison to the investigational study and a
transvenous historical control. Heart Rhythm. 2018;15:1800-1807. doi:
10.1016/j.hrthm.2018.08.005

Bodin A, Bisson A, Gaborit C, Herbert J, Clementy N, Babuty D, Lip
GYH, Fauchier L. Ischemic stroke in patients with sinus node disease,
atrial fibrillation, and other cardiac conditions. Stroke. 2020;51:1674—
1681. doi: 10.1161/STROKEAHA.120.029048

Chantry AA, Deneux-Tharaux C, Cans C, Ego A, Quantin C, Bouvier-
Colle M-H, GRACE study group. Hospital discharge data can be used
for monitoring procedures and intensive care related to severe ma-
ternal morbidity. J Clin Epidemiol. 2011;64:1014-1022. doi: 10.1016/].
jclinepi.2010.11.015

Lorgis L, Cottenet J, Molins G, Benzenine E, Zeller M, Aube H, Touzery
C, Hamblin J, Gudjoncik A, Cottin Y, et al. Outcomes after acute
myocardial infarction in HIV-infected patients: analysis of data from a
French nationwide hospital medical information database. Circulation.
2013;127:1767-1774. doi: 10.1161/CIRCULATIONAHA.113.001874
Fauchier L, Clementy N, Pelade C, Collignon C, Nicolle E, Lip
GYH. Patients with ischemic stroke and incident atrial fibrillation: a
Nationwide cohort study. Stroke. 2015;46:2432-2437. doi: 10.1161/
STROKEAHA.115.010270

Gilbert T, Neuburger J, Kraindler J, Keeble E, Smith P, Ariti C, Arora S,
Street A, Parker S, Roberts HC, et al. Development and validation of
a hospital frailty risk score focusing on older people in acute care set-
tings using electronic hospital records: an observational study. Lancet.
2018;391:1775-1782. doi: 10.1016/S0140-6736(18)30668-8

Nashef SAM, Roques F, Sharples LD, Nilsson J, Smith C, Goldstone AR,
Lockowandt U. EuroSCORE Il. Eur J Cardio-Thorac Surg 2012;41:734—
744; discussion 744-745. doi: 10.1093/ejcts/ezs043

Lantelme P, Lacour T, Bisson A, Herbert J, Ivanes F, Bourguignon T,
Quilliet L, Angoulvant D, Harbaoui B, Babuty D, et al. Futility risk model
for predicting outcome after transcatheter aortic valve implantation. Am
J Cardiol. 2020;130:100-107. doi: 10.1016/j.amjcard.2020.05.043
Mehran R, Rao SV, Bhatt DL, Gibson CM, Caixeta A, Eikelboom J,
Kaul S, Wiviott SD, Menon V, Nikolsky E, et al. Standardized bleeding
definitions for cardiovascular clinical trials: a consensus report from the
bleeding academic research consortium. Circulation. 2011;123:2736—
2747. doi: 10.1161/CIRCULATIONAHA.110.009449

Brignole M, Auricchio A, Baron-Esquivias G, Bordachar P, Boriani G,
Breithardt O-A, Cleland J, Deharo J-C, Delgado V, Elliott PM, et al. 2013
ESC guidelines on cardiac pacing and cardiac resynchronization ther-
apy: the task force on cardiac pacing and resynchronization therapy

20.

21.

22,

23.

24,

25.

Leadless and Conventional Transvenous Pacemakers

of the European Society of Cardiology (ESC). Developed in collabora-
tion with the European heart rhythm association (EHRA). Eur Heart J.
20183;34:2281-2329. doi: 10.1093/eurheartj/eht150

Pyatt JR, Somauroo JD, Jackson M, Grayson AD, Osula S, Aggarwal
RK, Charles RG, Connelly DT. Long-term survival after permanent
pacemaker implantation: analysis of predictors for increased mortality.
Eurospace. 2002;4:113-119. doi: 10.1053/eupc.2002.0233

El-Chami MF, Clementy N, Garweg C, Omar R, Duray GZ, Gornick
CC, Leyva F, Sagi V, Piccini JP, Soejima K, et al. Leadless pacemaker
implantation in hemodialysis patients: experience with the Micra tran-
scatheter pacemaker. JACC Clin Electrophysiol. 2019;5:162-170. doi:
10.1016/j.jacep.2018.12.008

Piccini JP, EI-Chami M, Wherry K, Crossley GH, Kowal RC, Stromberg
K, Longacre C, Hinnenthal J, Bockstedt L. Contemporaneous com-
parison of outcomes among patients implanted with a leadless vs
transvenous single-chamber ventricular pacemaker. JAMA Cardiol.
2021;6:1187-1195. doi: 10.1001/jamacardio.2021.2621

El-Chami MF, Bockstedt L, Longacre C, Higuera L, Stromberg
K, Crossley G, Kowal RC, Piccini JP. Leadless vs. transvenous
single-chamber ventricular pacing in the Micra CED study: 2-year
follow-up. Eur Heart J. 2021;43:1207-1215. doi: 10.1093/eurheartj/
ehab767

El-Chami MF, Soejima K, Piccini JP, Reynolds D, Ritter P, Okabe T,
Friedman PA, Cha Y-M, Stromberg K, Holbrook R, et al. Incidence
and outcomes of systemic infections in patients with leadless pace-
makers: data from the Micra IDE study. Pacing Clin Electrophysiol.
2019;42:1105-1110. doi: 10.1111/pace. 13752

Habib G, Erba PA, lung B, Donal E, Cosyns B, Laroche C, Popescu BA,
Prendergast B, Tornos P, Sadeghpour A, et al. Clinical presentation, ae-
tiology and outcome of infective endocarditis. Results of the ESC-EORP
EURO-ENDO (European infective endocarditis) registry: a prospective co-
hort study. Eur Heart J. 2019;40:3222-3232. doi: 10.1093/eurheartj/ehz620
Habib G, Lancellotti P, Antunes MJ, Bongiorni MG, Casalta J-P, Del
Zotti F, Dulgheru R, El Khoury G, Erba PA, lung B, et al. 2015 ESC
Guidelines for the management of infective endocarditis: the Task Force
for the Management of Infective Endocarditis of the European Society of
Cardiology (ESC)endorsed by: European Association for Cardio-Thoracic
Surgery (EACTS), the European Association of Nuclear Medicine (EANM).
Eur Heart J. 2015;36:3075-3128. doi: 10.1093/eurheartj/ehv319

Garg A, Koneru JN, Fagan DH, Stromberg K, Padala SK, EI-Chami MF,
Roberts PR, Piccini JP, Cheng A, Ellenbogen KA. Morbidity and mor-
tality in patients precluded for transvenous pacemaker implantation:
experience with a leadless pacemaker. Heart Rhythm. 2020;17:2056—
2063. doi: 10.1016/j.hrthm.2020.07.035

Norberg J, Béckstrom S, Jansson J-H, Johansson L. Estimating the
prevalence of atrial fibrillation in a general population using validated
electronic health data. Clin Epidemiol. 2013;5:475-481. doi: 10.2147/
CLEP.S53420

Bisson A, Bodin A, Herbert J, Lacour T, Saint Etienne C, Pierre B,
Clementy N, Deharo P, Babuty D, Fauchier L. Pacemaker implantation
after balloon- or self-expandable transcatheter aortic valve replacement
in patients with aortic stenosis. J Am Heart Assoc. 2020;9:e015896.
doi: 10.1161/JAHA.120.015896

10


https://doi.org/10.1056/NEJMoa1511643
https://doi.org/10.1056/NEJMoa1511643
https://doi.org/10.1016/j.hrthm.2017.05.017
https://doi.org/10.1016/j.hrthm.2018.08.005
https://doi.org/10.1161/STROKEAHA.120.029048
https://doi.org/10.1016/j.jclinepi.2010.11.015
https://doi.org/10.1016/j.jclinepi.2010.11.015
https://doi.org/10.1161/CIRCULATIONAHA.113.001874
https://doi.org/10.1161/STROKEAHA.115.010270
https://doi.org/10.1161/STROKEAHA.115.010270
https://doi.org/10.1016/S0140-6736(18)30668-8
https://doi.org/10.1093/ejcts
https://doi.org/10.1016/j.amjcard.2020.05.043
https://doi.org/10.1161/CIRCULATIONAHA.110.009449
https://doi.org/10.1093/eurheartj
https://doi.org/10.1053/eupc.2002.0233
https://doi.org/10.1016/j.jacep.2018.12.008
https://doi.org/10.1001/jamacardio.2021.2621
https://doi.org/10.1093/eurheartj
https://doi.org/10.1093/eurheartj
https://doi.org/10.1111/pace.13752
https://doi.org/10.1093/eurheartj
https://doi.org/10.1093/eurheartj
https://doi.org/10.1016/j.hrthm.2020.07.035
https://doi.org/10.2147/CLEP.S53420
https://doi.org/10.2147/CLEP.S53420
https://doi.org/10.1161/JAHA.120.015896

SUPPLEMENTAL MATERIAL



Table S1. Odds ratio (95% CI) associated with leadless VVI pacing (vs conventional VVI pacing) for incident outcomes at day 30.

Model A Model B Model C
All-cause death 0.635 (0.527-0.765) 0.679 (0.552-0.834) 0.583 (0.456-0.744)
Cardiovascular death 0.568 (0.405-0.797) 0.661 (0.463-0.942) 0.413 (0.271-0.629)
Tamponade 1.526 (0.204-11.436) 1.248 (0.131-11.883) 1.000 (0.062-16.004)
Pneumothorax 1.340 (0.324-5.544) 1.451 (0.322-6.544) 2.001 (0.181-22.099)
Hemothorax 1.308 (0.176-9.728) 1.013 (0.116-8.826) 1.000 (0.062-16.004)
Major bleeding 0.447 (0.328-0.609) 0.536 (0.388-0.739) 0.523 (0.348-0.786)
Transfusion 0.422 (0.293-1.194) 0.478 (0.328-0.697) 0.481 (0.296-0.780)

Model A: unadjusted.
Model B: adjusted on all risk factors from Table 1.
Model C: propensity score matched analysis.



Table S2. Hazard ratio (95% CI) associated with leadless VVI pacing (vs conventional VVI pacing) for incident outcomes.

Model A Model B Model C
All-cause death 1.519 (1.296-1.780) 1.594 (1.350-1.881) 1.178 (0.952-1.457)
Cardiovascular death 1.179 (0.894-1.553) 1.308 (0.983-1.742) 0.782 (0.550-1.112)
Infective endocarditis 2.108 (1.119-3.973) 1.222 (0.620-2.406) 1.543 (0.643-3.700)

Model A: unadjusted.
Model B: adjusted on all risk factors from Table 1.
Model C: propensity score matched analysis.



Figure S1. Standardized percentages of bias across main baseline characteristics in

unmatched and matched patients with conventional or leadless VVI pacing.
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percutaneous coronary intervention, VVI: ventricular permanent pacemaker.



Figure S2. Propensity score distribution for unmatched and matched populations of

patients with conventional or leadless VVI pacing.

o |
]
81|
e ||
g 11|
w
(=
o ||l
=2 |
2 I
['7]
2
=
° T T T T T T
0 2 4 6 8 1
propensity scores BEFORE matching
Leadless VVI Conventional VVI
© -
L=
Q
Q
a
=
(7]
=
S
° T T T T T
0 2 4 6 8
propensity scores AFTER matching
Leadless VVI Conventional VVI

VVI: ventricular permanent pacemaker.



	Leadless or Conventional Transvenous Ventricular Permanent Pacemakers: A Nationwide Matched Control Study
	Methods
	Data Access
	Study Design
	Study Population
	Outcomes
	Statistical Analysis

	Results
	Clinical Outcomes at Day 30
	Clinical Outcomes During Midterm Follow-­Up

	Discussion
	Population Characteristics
	Postoperative Complications
	Midterm Outcomes
	Study Limitations

	Conclusions
	Sources of Funding
	Disclosures
	REFERENCES


