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Aims This study compares clinical outcomes between leadless pacemakers (leadless-VVI) and transvenous ventricular pacemakers
(transvenous ventricular permanent-VVI) in subgroups of patients at higher risk of pacemaker complications.

Methods This study is based on the Micra Coverage with Evidence Development (CED) study. Patients from the Micra CED study

and results were considered in a high-risk subgroup if they had a diagnosis of chronic kidney disease Stages 4-5 (CKD45), end-stage
renal disease, malignancy, diabetes, tricuspid valve disease (TVD), or chronic obstructive pulmonary disease (COPD) 12
months prior to pacemaker implant. A pre-specified set of complications and reinterventions were identified using diagnosis
and procedure codes. Competing risks models were used to compare reinterventions and complications between leadless-
VVI and transvenous-VVI patients within each subgroup; results were adjusted for multiple comparisons. A post hoc com-
parison of a composite outcome of reinterventions and device complications was conducted. Out of 27 991 patients, 9858
leadless-VVI and 12 157 transvenous-VVI patients have at least one high-risk comorbidity. Compared to transvenous-VVI
patients, leadless-VVI patients in four subgroups [malignancy, HR 0.68 (0.48-0.95); diabetes, HR 0.69 (0.53-0.89); TVD,
HR 0.60 (0.44-0.82); COPD, HR 0.73 (0.55-0.98)] had fewer complications, in three subgroups [diabetes, HR 0.58
(0.37-0.89); TVD, HR 0.46 (0.28-0.76); COPD, HR 0.51 (0.29-0.90)) had fewer reinterventions, and in four subgroups (ma-
lignancy, HR 0.52 (0.32-0.83); diabetes, HR 0.52 (0.35-0.77); TVD, HR 0.44 (0.28-0.70); COPD, HR 0.55 (0.34-0.89)] had
lower rates of the combined outcome.

Conclusion In a real-world study, leadless pacemaker patients had lower 2-year complications and reinterventions rates compared with
transvenous-VVI pacing in several high-risk subgroups.
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Graphical Abstract

2-Year Outcomes of Leadless vs. Transvenous Single
Chamber Ventricular Pacemaker in High-risk Subgroups
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What’s new?

® The Micra leadless pacemaker (leadless-VVI) has been shown to
have lower chronic complications and device-related reinterven-
tions compared to transvenous ventricular pacemakers
(transvenous-VVI) in a large, real-world population. This study ex-
tends the findings of the previous study to demonstrate the benefits
of leadless pacing among patients with a higher risk of complications
with transvenous pacing.

® |eadless-VVI patients with malignancy, diabetes, tricuspid valve dis-
ease, and/or chronic obstructive pulmonary disease had fewer
chronic complications, and patients with diabetes, tricuspid valve dis-
ease, and/or chronic obstructive pulmonary disease had fewer
device-related  reinterventions  than  patients  receiving
transvenous-VV| pacemakers.

® |eadless-VVI patients with malignancy, diabetes, tricuspid valve dis-
ease, and/or chronic obstructive pulmonary disease had lower rates
of the combined outcome of device complications and select
device-related reinterventions than transvenous-VVI patients.

Introduction

Leadless pacemakers are an alternative therapeutic device to traditional
transvenous pacemakers that obviate the need for transvenous pacing
leads. Additionally, they have the potential to reduce pocket related
complications since the entire device is implanted within the heart.
Evidence from the Micra” Transcatheter Pacing System Investigational
Device Exemption (IDE) study showed a 48% reduction in major com-
plications,1 with no dislodgements or procedure-related infections re-
ported. In a post-approval study (PAS), Micra patients had a 63% lower
risk of major complications through 12 months post implantation than
patients with transvenous pacemakers.”

e System reintervention ® Complications ® High-risk patients

After its approval for use in USA in 2016, the Center for Medicare and
Medicaid Services (CMS) mandated that all leadless (leadless-VVI) pace-
maker procedures claimed under CMS coverage be included in a registry
as part of its Coverage with Evidence Development (CED) program.’
Linking this registry to claim-based data of patients with traditional
transvenous single-chamber (transvenous-VVI) pacemaker procedures
from the same implanting sites, the Micra CED study previously demon-
strated no differences in aggregate complications and mortality 30 days
after implantation (with a statistically higher rate of 30-day pericardial
effusions and/or perforations and a lower rate of 30-day device-related
complications in the leadless-VVI cohort).* A follow-up report demon-
strated a 31% reduction in chronic complications and a 38% reduction in
device-related reinterventions 2 years after implant among leadless-VVI
patients compared to transvenous-VVI patients.® Additionally, a multi-
centre study outside of the CED program found that leadless pacing
was associated with reductions in device-related complications 1 year
after implant compared to transvenous pacing.®

Prior studies have shown that patients with certain co-morbidities
may be at increased risk for transvenous pacemaker-related complica-
tions.”® Whether these observations translate to patients undergoing
leadless pacemaker implantation remains poorly understood. The ob-
jective of this study is to compare acute and chronic complications, re-
intervention rates, and mortality in patients implanted with leadless-VVI
vs. transvenous-VVI| pacemakers in subgroups of patients with a higher
risk of transvenous pacemaker complications.

Methods
Study design and population

This study is a retrospective, observational research study based on the lon-
gitudinal Micra Coverage with Evidence Development (CED) study
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Table 1 High-risk subgroup patient count

Total
N (% of total)

Leadless-VVI,

Transvenous-VVI, N

Overall population
COPD
Diabetes
Diabetes with high aDCSI
ESRD or CKD Stages 4 and 5
ESRD
CKD Stages 4 and 5
Malignancy
Malignancy without treatment
Tricuspid valve disease
No high-risk comorbidities
1 comorbidity
2 comorbidities

> 2 comorbidities

27991 (100%)
8372 (29.9%)
11936 (42.6%)
6786 (24.2%)
3453 (12.3%)
2032 (7.3%)
2477 (8.8%)
7764 (27.7%)
6602 (23.6%)
8162 (29.2%)
5976 (21.3%)
9928 (35.5%)
7269 (26.0%)
4818 (17.2%)

High-risk comorbidities are chronic kidney disease Stages 4 and 5, chronic obstructive pulmonary disease, diabetes with low adapted Diabetes Complication Severity Index, diabetes with
high adapted Diabetes Complication Severity Index, end-stage renal disease, malignancy with treatment, malignancy without treatment, and tricuspid valve disease. ESRD and CKD Stages

4 or 5 are not mutually exclusive.

aDCSl, adapted Diabetes Complication Severity Index; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; ESRD, end-stage renal disease.

Table 2 Thirty-day acute complications results

Diabetes

Diabetes with high aDCSI

ESRD or CKD Stages 4 and 5

ESRD

CKD Stages 4 and 5

Malignancy

Malignancy without treatment

Tricuspid valve disease

All acute complications

9.8

13.2

145

126

8.8

8.6

8.8

79

10.6

120

10.6

7.8

79

8.1

Unadjusted OR
(confidence interval)

1139
(0916-1.416)
1227
(1.012-1.487)
1279
(0.987-1.656)
1279
(0.938-1.745)
1.254
(0.820-1.915)
1208
(0.838-1.742)
1.146
(0.905-1.451)
1102
(0.852-1.427)
1.105
(0.878-1.391)

Adjusted OR

(confidence interval)

1.049
(0.833-1.322)
1077
(0.879-1.319)
1.100
(0.837-1.447)
1.061
(0.755-1.490)
1.115
(0.716-1.737)
1.030
(0.697-1.522)
1.053
(0.827-1.340)
1.024
(0.785-1.335)
1.056
(0.832-1.339)

Odds ratios of 30-day acute complication rates between leadless-VVI patients and transvenous-VVI patients for each high-risk subgroup, estimated with logistic regression models.
Confidence Intervals adjusted for multiple comparison (number of tests =9). ESRD and CKD Stages 4 or 5 are not mutually exclusive.
aDCSl, adapted Diabetes Complication Severity Index; COPD, chronic obstructive pulmonary disease; ESRD, end-stage renal disease; CKD, chronic kidney disease; L-VVI, leadless-VVI;

OR, odds ratios; TV-VVI, transvenous-VVI.
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Unadjusted Adjusted
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Figure 1 Two-year chronic complications results. Notes: Hazard ratios of 2-year chronic complication rates between leadless-VVI patients and
transvenous-VVI patients for each high-risk subgroup, estimated with Fine—Gray competing risk models. Spikes represent Bonferroni-adjusted confi-
dence intervals (number of tests =27). aDCSI, adapted Diabetes Complication Severity Index; COPD, chronic obstructive pulmonary disease; CKD,
chronic kidney disease; ESRD, end-stage renal disease. ESRD and CKD Stages 4 or 5 are not mutually exclusive.

(NCT03039712), from which it takes the data source, the initial population,
and the baseline characteristics and outcome definitions. The Micra CED
study is a continuous-enrolling, longitudinal cohort study that uses adminis-
trative claims data to compare complications and reinterventions between
patients receiving leadless-VVI pacing systems and patients receiving
transvenous-VVI pacemakers in the US Medicare population. Additional de-
tails and comparisons of outcomes for the overall population on the Micra
CED study have been published previously.*** The study was approved by
the Western Institutional Review Board with a waiver of informed consent
and is registered on ClinicalTrials.gov (NCT03039712).

Data

Medicare claims data from 9 March 2017 to 31 December 2019 were used,
following the already published protocols on data linkage to the manufac-
turer device registration data, transvenous-VV| pacemaker patient selec-
tion, and general inclusion criteria;4'5'9 this study includes an additional
yearly cohort of patients than the 2-year result studies (i.e. those implanted
during 2019). Leadless-VVI patients were identified by linking Medicare
claims with a registry of patients implanted with Micra leadless pacemaker
(Model MC1VRO1, Medtronic, Inc.), and identified transvenous-VVI patients
using the International Classification of Diseases, 10th Revision, Procedure
Coding System (ICD-10-PCS) or Current Procedural Terminology for im-
plants occurring in the inpatient hospital setting or the outpatient hospital
setting, respectively (see Supplementary material online, Table ST7). Patients
with transvenous-VVI pacemakers were excluded if they were implanted by
hospitals without any concurrent experience implanting leadless-VVI pace-
makers to minimize any selection effects due to transvenous-VVI patients
not having the opportunity of receiving a leadless-VVI pacemaker.
Patients with less than 12 months of continuous enrolment in Medicare
Fee-For-Services prior to implant and patients with a prior cardiovascular
implantable electronic device (CIED) were also excluded.

We included in this study as high-risk comorbidities those conditions for
whom higher rates of transvenous pacemaker complications have been
noted in the literature (higher likelihood of device-related infection,'
bleeding? or the desire to preserve vascular access'') and are identifiable
in administrative claims within the scope of the Micra CED study.
High-risk patients were identified using evidence of a diagnosis present
on any encounter during a 12-month lookback period. Patients with end
stage renal disease (ESRD) were identified using both diagnosis codes and
Medicare enrolment data. Patients with chronic kidney disease (CKD)
Stages 4 and 5, malignancy, diabetes, tricuspid valve disease (TVD), and
chronic obstructive pulmonary disease (COPD) were identified using diag-
nosis codes listed in Supplementary material online, Table S2. Diabetes pa-
tients were further characterized as to whether they had high-complication
diabetes, defined as an adapted Diabetes Complications Severity Index
(aDCSI) > 4."? Other clinical baseline patient characteristics, including cor-
onary artery disease, peripheral vascular disease, atrial fibrillation, left bun-
dle branch block, supraventricular tachycardia, ventricular arrhythmia,
steroid use, heart failure, hyperlipidaemia, hypertension, history of any car-
diovascular events and procedures (acute myocardial infarction, coronary
artery bypass graft, transcatheter aortic valve, and percutaneous coronary
intervention), and concomitant transcatheter aortic valve replacement and
atrial ablation were identified with diagnosis and procedure codes, listed in
Supflementary material online, Table $3, as in previous Micra CED stud-
ies.*> A Charlson comorbidity index was calculated for each patient.'
Patient demographic characteristics, including age and sex, were identified
in the CMS enrolment file.

Outcomes

This study compares acute complications, chronic complications, device re-
interventions, and mortality between leadless-VVI and transvenous-VVI pa-
tients. Acute complications were defined as embolism and thrombosis,
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Table 3 Chronic complications by type

All chronic complications

Device-related complications

Other complications

L-vVvi TV-VVI Adjusted HR  L-VVI
rate (%) rate (%) (confidence rate (%)
interval)
COPD 531 6.73 0.734 2.80
(0.550-0.980)
Diabetes 4.88 6.26 0.688 263
(0.530-0.894)
Diabetes with  5.62 6.74 0.739 291
high aDCSI (0.531-1.030)
ESRD or CKD  6.82 7.07 0.820 3.70
Stages4and 5 (0.522-1.288)
ESRD 7.49 7.65 0.908 4.01
(0.503-1.637)
CKD Stages 4 6.65 712 0.794 3.51
and 5 (0.467-1.348)
Malignancy 4.54 6.21 0.677 2.03
(0.481-0.954)
Malignancy 4.35 6.18 0.661 2.1
without (0.459-0.953)
treatment
Tricuspid valve ~ 4.51 7.07 0.604 236

disease

(0.443-0.824)

TV-VVI Adjusted HR  L-VVI TV-vVI Adjusted HR
rate (%) (confidence rate (%) rate (%) (confidence
interval) interval)
5.16 0.500 2.51 1.72 1397
(0.348-0.718) (0.874-2.233)
4.86 0.478 2.19 1.59 1.234
(0.352-0.649) (0.810-1.877)
5.26 0.484 2.67 1.71 1.459
(0.322-0.729) (0.854-2.493)
5.36 0.586 3.27 1.94 1475
(0.341-1.006) (0.689-3.158)
5.10 0.715 3.61 2.94 1.180
(0.352-1.455) (0.467-2.981)
5.59 0.544 3.22 1.71 1.651
(0.282-1.051) (0.684-3.986)
471 0.417 2.72 1.81 1.350
(0.269-0.645) (0.826-2.205)
4.69 0.438 2.52 1.81 1.260
(0.278-0.690) (0.745-2.131)
5.78 0.394 2.20 1.62 1.262

(0.269-0.576)

(0.750-2.214)

Hazard ratios adjusted using overlapping weights. Confidence intervals adjusted for multiple comparisons (number of tests = 27). ESRD and CKD Stages 4 or 5 are not mutually exclusive.
aDCSl, adapted Diabetes Complication Severity Index; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; ESRD, end-stage renal disease; HR, hazard ratio;

L-VVI, leadless-VVI; TV-VVI, transvenous-VVI.

events at the puncture site, cardiac effusion and/or perforation,
device-related complications, and other complications, including
device-related acute myocardial infarction, postprocedural hematoma or
haemorrhage, intraoperative cardiac arrest, pericarditis, vascular complica-
tions, haemothorax, and pneumothorax. Chronic complications were
defined as those most likely attributable to the device implant or the device
itself that may continue to occur outside the acute period and included em-
bolism, thrombosis, device-related complications, including device break-
down, dislodgment, infection, and pocket complications, pericarditis, and
haemothorax. Device reinterventions were defined as system revision,
lead revision or replacement, system replacement (e.g. replacing a
leadless-VVI with a leadless-VVI), system removal, switch to the alternative
type of system (switch from leadless-VVI to transvenous-VVI or
transvenous-VVI to leadless-VVI), upgrade to a dual-chamber system, or up-
grade to a cardiac resynchronization therapy (CRT) device. Mortality was
defined as all-cause patient death. Acute complications were identified in
any claim in the 30-day period after implant, while chronic complications
and device reinterventions were identified in any claim in the 2-year period
after implant; all acute and chronic complications and reinterventions were
prospectively defined. However, we defined a post hoc composite outcome
of selected reinterventions (system revision, lead revision or replacement,
system replacement, system removal) and device-related chronic complica-
tions (device breakdown, dislodgment, other mechanical complications, in-
fection, device-related pain, stenosis, and pocket complications) in order to
capture events more likely to drive health expenditures. Mortality was mea-
sured at both 30-day and 2-year periods after implant using Medicare enrol-
ment data; 30-day mortality rates include intra-operative deaths. Codes
that identify all outcomes are in Supplementary material online, Table S4.
Billing claims were available through 31 December 2020; patients without
an event were censored on that date.

Statistical analysis

Overlap weights were used to account for differences in baseline and en-
counter characteristics between the leadless-VVI and transvenous-VVI co-
horts, as in previous studies.*> A logistic regression model that included
patient baseline and encounter characteristics was used to compute the
propensity (i.e. probability) for each patient within each high-risk subgroup
to be implanted with a leadless-VVI pacemaker. These scores were used to
construct an overlap weight for each patient within each high-risk subgroup
and used as weights in the regression models. The overlap weights adjust-
ment strategy uses the probability of receiving therapy with the opposing
treatment based on characteristics used to construct the propensity score
to place the most weight on patients considered the most exchangeable and
the least emphasis on patients who are least likely to receive the opposing
therapy.'*'®

Logistic regression models were used to estimate unadjusted and
overlap-weight adjusted odds ratios of 30-day acute complication rates
and 30-day mortality rates and Fine—-Gray competing risk models were
used to estimate unadjusted and overlap-weight adjusted Hazard ratios
of 2-year chronic complication rates, device-related reinterventions rates,
mortality rates, and the post hoc composite outcome rates between
leadless-VVI patients and transvenous-VVI patients for each high-risk sub-
group. Additionally, Fine-Gray competing risk models were estimated by
type of chronic complication (device-related complications or other com-
plications) and the components of the composite outcome (device-related
complications and selected reinterventions). Standard errors were corre-
lated at the hospital level to account for within-hospital correlation.

A single patient can have more than one comorbidity classified in each
high-risk subgroups identified previously. In order to test how leadless pa-
cing performs in patients with multiple high-risk comorbidities, a categorical
measure of the number of comorbidities (no high-risk comorbidities, 1
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Unadjusted Adjusted
0.554 0.505
COPD . °
. 0.604 0.575
Diabetes * *
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Diabetes with high aDCSI ® *
0.580 0.593
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0.565 0.556
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0.646 0.640
CKD Stages 4-5 ® *
. 0.743 0.701
Malignancy ® ®
X . 0.760 0.707
Malignancy without treatment * °
0.497 0.460
Tricuspid value disease A *
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Hazard ratio

Figure 2 Two-year device-related reinterventions. Notes: Hazards ratios of 2-year device-related reintervention rates between leadless-VVI patients
and transvenous-VVI patients for each high-risk subgroup, estimated with Fine—Gray competing risk models. Spikes represent Bonferroni-adjusted
Confidence Intervals (number of tests =9). aDCSI, adapted Diabetes Complication Severity Index; COPD, chronic obstructive pulmonary disease;
CKD, chronic kidney disease; ESRD, end-stage renal disease; ESRD and CKD Stages 4 or 5 are not mutually exclusive.

comorbidity, 2 comorbidities, more than 2 comorbidities) was created and,
as a post hoc sensitivity analysis, chronic complications, reinterventions,
and the composite outcome between leadless-VVI patients and
transvenous-VVI patients within each level of this measure.

To correct for the increased probability of false positives due to multiple
hypotheses testing, Bonferroni adjustments were used to the standard 5%
statistical significance level according to the number of high-risk subgroups
and outcomes: by 9 for acute complications, mortality, and reinterventions
(9 high-risk subgroups), and by 27 for chronic complications and the com-
posite outcome (9 high-risk subgroups and 3 disaggregated levels of the
outcome). With Bonferroni adjustments, comparing P-values to the stand-
ard 5% statistical significance level could be misleading. To avoid confusion
about the statistical significance of the Odds and Hazard ratios,
Bonferroni-adjusted confidence intervals are reported only where statistic-
al significance is achieved when these intervals do not include 1. Events oc-
curring between one and 10 patients were analyzed but not reported to
protect beneficiary privacy as required by CMS."® All statistical analyses
were conducted in SAS version 9.4 (SAS Institute).

Results

High-risk subgroups

There are 27 991 de novo implant procedures (12 326 leadless-VVI and
15 665 transvenous-VVI) identified during the study period in the over-
all cohort, of which 9858 leadless-VVI patients (80.0%) and 12157
transvenous-VVI patients (77.6%) have at least one high-risk comorbid-
ity; Table 1 shows the number of patients in each of the 9 subgroups
defined previously. The largest high-risk subgroup is diabetes (11936
patients, 42.6%), while the subgroups of patients with ESRD or CKD
Stages 4-5 have the fewest patients, accounting for 2032 (7.3%) and

2477 (8.8%) respectively; if these patients are grouped into a single sub-
group, they account for 3453 (12.3%) patients. At the same time, the
ESRD and CKD Stages 4-5 subgroups have the highest percent of
leadless-VVI patients: 74.9% in ESRD patients and 55.2% in CKD
Stages 4-5, and 61.1% in the subgroup of ESRD or CKD Stages 4-5 pa-
tients. Supplementary material online, Tables S5A—I show patient and
implant characteristics of patients in all high-risk subgroups.

Acute complications

Table 2 shows the unadjusted and adjusted odds ratios of the 30-day
acute complication rate of leadless-VVI patients compared to
transvenous-VVI| patients in each of the high-risk subgroups. Acute
complication rates of leadless-VVI patients range from 8.6% in the ma-
lignancy without treatment subgroup to 14.5% in the ESRD subgroup,
and acute complication rates of transvenous-VVI patients range from
74% in the diabetes subgroup to 12.0% in the ESRD subgroup.
There are no differences in 30-day acute complication rates between
leadless-VVI patients and transvenous-VVI patients adjusting for patient
characteristics in any of the high-risk subgroups. Supplementary
material online, Table S6A and B show the rates of the components
of the 30-day acute complications. Leadless-VVI patients have higher
unadjusted rates of cardiac effusion and perforations but lower rates
of device-related complications than transvenous-VVI| patients in all
subgroups.

Chronic complications

Figure 1 shows the unadjusted and adjusted Hazard ratios of the 2-year
chronic complication rates of leadless-VVI patients compared to
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Unadjusted Adjusted

0.593 0.548

COPD . °

. 0.579 0.521
Diabetes * *

. . . 0.606 0.550
Diabetes with high aDCSI A *

0.725 0.625
ESRD or CKD stages 4-5 * °
0.897 0.809
ESRD * *

0.671 0.590

CKD Stages 4-5 L °

. 0.538 0.515
Malignancy ° °

. . 0.547 0.525
Malignancy without treatment ® °
0.461 0.443

Tricuspid value disease ® *
0 5 15 0 5 1 15 2

Hazard ratio

Hazard ratio

Figure 3 Two-year combined device-related chronic complication and select reinterventions. Notes: hazards ratios of 2-year combined
device-related chronic complications (device breakdown, dislodgment, other mechanical complications, infection, device-related pain, device-related
stenosis, and pocket complications) and select reinterventions (system revision, lead revision or replacement, system replacement, system removal)
rates between leadless-VVI patients and transvenous-VVI patients for each high-risk subgroup, estimated with Fine-Gray competing risk models.
Spikes represent Bonferroni-adjusted confidence intervals (number of tests =27). aDCSI, adapted Diabetes Complication Severity Index; COPD,
chronic obstructive pulmonary disease; CKD, chronic kidney disease; ESRD, end-stage renal disease. ESRD and CKD Stages 4 or 5 are not mutually

exclusive.

transvenous-VVI patients for the high-risk subgroups. Prior to adjust-
ment, only the TVD subgroup have a significantly lower chronic com-
plication rate among leadless-VVI compared with transvenous-VVI
patients [unadjusted hazard ratio (HR)=0.64, Bonferroni-adjusted
confidence interval (BA-Cl) (0.47-0.86)]. Following adjustment for pa-
tient characteristics, the COPD, diabetes, malignancy, malignancy with-
out treatment, and TVD subgroups have lower chronic complication
rates among the leadless-VVI patients [COPD: adjusted HR=0.73,
BA-CI (0.55-0.98); diabetes: adjusted HR =0.69, BA-CI (0.53-0.89);
malignancy: adjusted HR = 0.68, BA-CI (0.48-0.95); malignancy without
treatment: adjusted HR = 0.66, BA-CI (0.46—0.95); TVD: adjusted HR =
0.60, BA-CI (0.44-0.82)]. When evaluating chronic complications by
type, leadless-VVI patients have lower device-related chronic complica-
tions than transvenous-VVI patients in all high-risk subgroups except
ESRD and CKD Stages 4 and 5 (Table 3). Supplementary material
online, Table S7A and B show the rates of the components of the
2-year chronic complications.

Reinterventions

Figure 2 shows the unadjusted and adjusted Hazard ratios comparing
2-year reintervention rates for leadless-VVI patients compared to
transvenous-VVI patients among the high-risk subgroups. The COPD,
diabetes, and TVD subgroups show lower reintervention rates in
leadless-VVI patients [COPD: adjusted HR =0.51, BA-CI (0.29-0.90);
diabetes: adjusted HR =0.58, BA-CI (0.37-0.89); TVD: adjusted HR =
0.46, BA-CI (0.28-0.76)]. These results are robust to the overlapping

weights adjustment. Unadjusted rates are reported in Supplementary
material online, Table S8. Supplementary material online, Table S9A
and B show the rates of the components of the 2-year reinterventions.

Composite outcome

Figure 3 shows the unadjusted and adjusted Hazard ratios comparing
the 2-year rates of the composite outcome of device-related complica-
tions and select reinterventions for leadless-VVI patients compared to
transvenous-VVI patients among the high-risk subgroups. In all high-risk
subgroups except those with CKD Stage 4-5 and ESRD, leadless-VVI
patients have lower rates of the composite outcome than
transvenous-VVI patients [COPD: adjusted HR =0.55, BA-CI (0.34—
0.89); diabetes: adjusted HR =0.52, BA-CI (0.35-0.77); diabetes with
high aDCSI: adjusted HR =0.55, BA-Cl (0.37-0.82); malignancy: ad-
justed HR =0.52, BA-CI (0.32-0.83) ; malignancy without treatment:
adjusted HR=0.53, BA-Cl (0.32-0.85); TVD: adjusted HR =0.44,
BA-CI (0.28-0.70)]. The difference was driven by device-related chron-
ic complications as there are no statistically significant differences in the
selected reintervention rates observed across any subgroup, as seen in
the results for the components of this composite outcome in
Supplementary material online, Table S10.

Mortality

Table 4 shows the unadjusted and adjusted odds ratios and Hazard ra-
tios comparing the 30-day and 2-year all-cause mortality rates between


http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad016#supplementary-data
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Table 4 Mortality rates at 30 days and 2 years

L-vvi TV-VVI Unadjusted Adjusted OR L-vViI TV-VVI Unadjusted Adjusted HR
rate (%) rate (%) OR (confidence rate (%) rate (%) HR (confidence
(confidence interval) (confidence interval)
interval) interval)
COPD 5.84 5.69 1.031 0.928 42.53 40.64 1.110 1.048
(0.795-1.339) (0.710-1.215) (1.003-1.229) (0.944-1.164)
Diabetes 4.72 4.50 1.053 0.871 37.05 3357 1.175 1.041
(0.816-1.358) (0.671-1.131) (1.072-1.288) (0.946-1.146)
Diabetes with ~ 5.92 5.84 1.013 0.901 44.46 40.93 1.147 1.049
high aDCSI (0.751-1.365) (0.661-1.228) (1.031-1.277) (0.936-1.175)
ESRD or CKD 8.48 8.34 1.016 1.003 54.41 5473 1.018 1.004
Stages 4 and 5 (0.714-1.447) (0.688-1.462) (0.893-1.161) (0.873-1.155)
ESRD 8.48 11.37 0.722 0.802 57.56 60.98 0913 0.978
(0.451-1.156) (0.491-1.309) (0.765-1.090) (0.814-1.175)
CKD Stages 4 877 748 1.199 1138 55.12 5347 1.090 1.039
and 5 (0.813-1.768) (0.754-1.719) (0.934-1.272) (0.882-1.225)
Malignancy 4.97 4.22 1.205 1.033 34.95 3315 1116 1.023
(0.902-1.608) (0.770-1.386) (1.003-1.242) (0.916-1.143)
Malignancy 4.32 397 1.098 0.975 31.85 31.16 1.072 1.010
without (0.782-1.543) (0.691-1.375) (0.950-1.209) (0.892-1.142)
treatment
Tricuspid valve 4.73 412 1.150 1.024 34.66 3287 1113 1.044
disease (0.841-1.573) (0.745-1.408) (1.000-1.24) (0.935-1.167)

30-day mortality

2-year mortality

Hazard ratios and odds ratios adjusted using overlapping weights. Confidence Intervals adjusted for multiple comparisons (number of tests = 9). ESRD and CKD Stages 4 or 5 are not

mutually exclusive.

aDCSl, adapted Diabetes Complication Severity Index; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; ESRD, end-stage renal disease; HR, hazard ratio;

L-VVI, leadless-VVI; OR, odds ratio; TV-VVI, transvenous-VVI.

leadless-VVI patients and transvenous-VVI patients per high-risk sub-
group. While unadjusted all-cause mortality rates are higher in
leadless-VVI patients in all subgroups except ESRD, there is no statistic-
ally significant difference in adjusted all-cause mortality rates either at
30-day or 2-year periods in any subgroup.

Sensitivity analysis

Table 1 includes the patient count by number of high-risk comorbidities.
Most patients have only one comorbidity (N=9928, 35.5%); 21.3%
(N =5976) of all eligible patients do not have any high-risk comorbid-
ities. Patients with more high-risk comorbidities are more likely to have
a leadless-VVI pacemaker than a transvenous-VVI pacemaker. Figure 4
shows the Hazard ratios comparing chronic complications, reinterven-
tions, and the composite outcome between leadless-VVI patients and
transvenous-VVI patients within each level of the number of high-risk
comorbidities measure. Leadless-VVI patients that have 0, 1, and 2
high-risk comorbidities have between 30% and 45% lower chronic
complications than transvenous-VVI patients [0 comorbidities: adjusted
HR =0.55, BA-CI (0.39-0.78); 1 comorbidity: adjusted HR=0.57,
BA-Cl (0.43-0.76); 2 comorbidities: adjusted HR=0.70, BA-CI
(0.51-0.95)]. For device-related reinterventions and the composite
outcome, at all levels of number of comorbidities, leadless-VVI patients
have better outcomes than transvenous-VVI patients [reinterventions
—O0 comorbidities: adjusted HR=0.47, BA-Cl (0.29-0.75); 1 co-
morbidity: adjusted HR=0.61, BA-CI (0.40-0.94); 2 comorbidities:
adjusted HR =0.53, BA-CI (0.30-0.93); >2 comorbidities: adjusted

HR =0.54, BA-CI (0.31-0.95)]. Composite outcome—0 comorbidities:
adjusted HR =0.44, BA-CIl (0.30-0.66); 1 comorbidity: adjusted HR =
0.53, BA-CI (0.34-0.84); 2 comorbidities: adjusted HR =0.47, BA-ClI
(0.28-0.79); > 2 comorbidities: adjusted HR = 0.63, BA-CI (0.43-0.92).

Discussion

This evaluation of comparative safety of leadless pacemakers shows
that leadless-VVI patients with malignancy, diabetes, TVD, and COPD
had fewer 2-year chronic complications, and leadless-VVI| patients
with diabetes, TVD, and COPD had significantly fewer 2-year reinter-
ventions, compared to patients contemporaneously implanted with a
transvenous-VVI. Leadless-VVI patients with malignancy, diabetes,
TVD, and COPD had lower rates of the combined outcome of device
complications and select reinterventions. Transvenous-VVI patients
have a higher chronic complication or device-related reintervention
rates than leadless-VVI patients in all high-risk subgroups. Adjusted all-
cause mortality rates are not statistically different between leadless-VVI
and transvenous-VVI patients in any high-risk subgroup. These results
confirm the value of leadless-VVI pacemakers in high-risk groups, which
is in line with the 2021 ESC guidelines that give a lla indication in this
setting.!” These results are also in line with previous results from other
studies on leadless pacing using real world evidence®* and clinical trial
data.!

The main results from this study show that many patients at higher
risk of transvenous pacemaker complications have similar reductions in
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Chronic complications

Reinterventions

Composite outcome

. . o 0.549 0.466 0.442
No high-risk comorbidities * * °
o 0.570 0.613 0.534
1 comorbidity * * °
o 0.695 0.528 0.467
2 comorbidities ® ® -
>2 comorbidities 0'7:81 0'5537 0'230
0 5 1 0 5 1 0 5 1
Adj. HR Adj. HR Adj. HR

Figure 4 Sensitivity analysis results. Notes: Hazard ratios adjusted using overlapping weights. Confidence intervals adjusted for multiple comparisons
(number of tests=12). P-values of interactions are 0.0962 (chronic complications), 0.5408 (reinterventions), and 0.2319 (composite endpoint).
High-risk comorbidities are chronic kidney disease Stages 4 and 5, chronic obstructive pulmonary disease, diabetes with low adapted Diabetes
Complication Severity Index, diabetes with high adapted Diabetes Complication Severity Index, end-stage renal disease, malignancy with treatment,
malignancy without treatment, and tricuspid valve disease. ESRD and CKD Stages 4 or 5 are not mutually exclusive. Conf. Int., confidence internal;

HR, hazard ratio; L-VVI, leadless-VVI; TV-VVI, transvenous-VVI.

complications and device-related reinterventions associated with lead-
less pacing than the overall population, including those at higher risk of
device infection (COPD, diabetes, malignancy).” We also find that these
reductions in complications that exist for high-comorbidity patients are
extended to patients with lower risk of pacemaker complications:
results from the sensitivity analysis show that the benefits of leadless
pacing are not exclusive to patients with higher risk of complications,
as leadless-VVI patients with no high-risk comorbidities also have fewer
complications and device-related reinterventions than transvenous-VVI
patients with no high-risk comorbidities.

Given the higher likelihood of transvenous pacing complications in
patients with end-stage renal disease or receiving haemodialysis, it is ex-
pected that leadless pacing would have reduced complications in this
population. However, in this subgroup, our study did not find a statis-
tically significant difference in outcomes of leadless-VVI patients vs.
transvenous-VV| patients. EI-Chami et al."® found a successful Micra im-
plantation rate in patients in haemodialysis (98.0%), but no statistically
significant differences in major complications 12 months after implant.
In our study, the lack of statistical evidence of reduction in complica-
tions in ESRD patients from leadless pacing contrasts with the volume
of ESRD patients that receive a leadless pacemaker: in the ESRD sub-
group, three out of four patients receive a leadless-VVI pacemaker,
and in the subgroup related to kidney disease, it was the pacemaker
of choice for the majority of the patients. This may have been due to
the fact that many ESRD patients in the leadless cohort would have
been deemed precluded from transvenous pacing, which further con-
tributes to the difficulty in comparing outcomes in this population.

Prior research from Garg et al."® has shown leadless pacing to be a
safe and effective alternative for precluded patients, with low and com-
parable complications rates. Our present analysis, which compares
ESRD patients who received a leadless pacemaker with ESRD patients
deemed appropriate candidates to receive a transvenous pacemaker,
likely underestimates the benefits of leadless pacing in this population.
Despite the known benefits of larger sample sizes in observational ana-
lyses, the observed sample of ESRD and advanced kidney disease pa-
tients is small, particularly patients with transvenous-VVI devices, and
our comparison of outcomes in this population is underpowered;
more research is warranted for this population. In addition, some of
the perceived benefits of leadless-VVI pacemaker in this group could
be related to the lower rate of infection. Patients with ESRD on haemo-
dialysis are at risk of recurrent bacteremia with gram positive organ-
isms. Around 70% of patients with Staphylococcus bacteremia and
transvenous implantable devices have evidence of endocardial device
infection necessitating device removal. Data from the Micra IDE study
showed that this is unlikely with leadless-VVI pacemaker.' It is likely
that the 2-year follow-up is not long enough to show this benefit.
Reducing pacemaker complications in high-risk patients is relevant
for at least two important reasons: first, high-risk patients are more
likely to have a complication; second, the complications in high-risk pa-
tients could have more severe outcomes than in the overall population,
like pneumothorax in COPD patients or venous complications in dia-
betic or chronic kidney disease patients. Given the demonstrated ben-
efits of leadless pacing in patients at high risk for pacemaker
complications, efforts should be made to expand access to leadless
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pacing for these patients in places where it is not currently accessible to
them, and to increase awareness of these benefits in order to eventually
refer high-risk patients to tertiary centres that perform leadless pacing
implantations when necessary.

Limitations

This study has several limitations. First, the measured outcomes could
be missed, improperly coded, or inadequately documented in adminis-
trative claims; prior analyses suggest that this probability is low.”
Second, the overlap weights adjustment are unable to adjust for unob-
served confounders that may be correlated with the decision of treat-
ing a patient with a leadless-VVI patients, and the study outcomes.
However, the overlap weights include several comorbidities related
to pacemaker complications, thus reducing the likelihood of bias.
Third, there are several conditions that are associated with higher pace-
maker complications (e.g. high BMI, previous device infection, cardiac
valve replacements) that are not included in this study, as some of these
measures are not consistently identifiable in claims data (BMI), not ob-
servable given the Micra CED research design (previous device infec-
tion), or inadequate sample size (cardiac valve replacements, or a
close overlap with the overall sample for hypertension as 93% of the
CED population has a history of hypertension). Fourth, a limited sample
size of patients with ESRD or advanced chronic kidney disease limits
our ability to compare complications in these subgroups. Fifth, our
follow-up period is limited to two years, thus we are unable to observe
long-term outcomes such as normal device battery depletion. Lastly,
the results may not be generalizable to populations outside those eli-
gible for Medicare Fee-For-Services population, particularly younger
populations.

Conclusions

In a real-world study of US. Medicare patients, the leadless-VVI
pacemaker is associated with fewer chronic complications and
device-related reinterventions at 2 years compared with
transvenous-VVI pacing in several populations with a higher risk of
pacemaker complications with transvenous devices. These reductions
in complications and reinterventions are also observed in patients with-
out any comorbidity associated with a higher risk of pacemaker compli-
cations. These results indicate that patients at higher risk of pacemaker
complications also benefit from leadless pacing. Expanded access to this
therapy should be considered.

Supplementary material

Supplementary material is available at Europace online.
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