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BACKGROUND: Current expert consensus recommends remote monitoring for cardiac implantable electronic devices, with
at least annual in-office follow-up. We studied safety and resource consumption of exclusive remote follow-up (RFU) in
pacemaker patients for 2 years.

METHODS: In Japan, consecutive pacemaker patients committed to remote monitoring were randomized to either RFU or
conventional in-office follow-up (conventional follow-up) at twice yearly intervals. RFU patients were only seen if indicated
by remote monitoring. All returned to hospital after 2 years. The primary end point was a composite of death, stroke, or
cardiovascular events requiring surgery, and the primary hypothesis was noninferiority with 5% margin.

RESULTS: Of 1274 randomized patients (50.4% female, age 77£10 years), 558 (RFU) and 550 (Conventional follow-up)
patients reached either the primary end point or 24 months follow-up. The primary end point occurred in 10.9% and 11.8%,
respectively (P=0.0012 for noninferiority). The median (interquartile range) number of in-office follow-ups was 0.50 (0.50—
0.63) in RFU and 2.01 (1.93-2.05) in conventional follow-up per patient-year (P<0.001). Insurance claims for follow-ups
and directly related diagnostic procedures were 18800 Yen (16 500-20700 Yen) in RFU and 21400 Yen (16 700-25 900
Yen) in conventional follow-up (F<0.001). Only 1.4% of remote follow-ups triggered an unscheduled in-office follow-up, and
only 1.6% of scheduled in-office follow-ups were considered actionable.

CONCLUSIONS: Replacing periodic in-office follow-ups with remote follow-ups for 2 years in pacemaker patients committed
to remote monitoring does not increase the occurrence of major cardiovascular events and reduces resource consumption.

REGISTRATION: URL: https://clinicaltrials.gov; Unique identifier: NCTO1523704.
VISUAL DVERVIEW: A visual overview is available for this article.
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1A recommendation for the use of remote monitor- ~ These recommendations are mostly based on results

Recent consensus recommendations assign a Class  receiving cardiac implantable electronic devices.'?
ing (RM) for postimplant management of patients  of implantable cardioverter defibrillators and cardiac
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WHAT IS KNOWN?

* Patients with implanted pacemakers are typically
seen for device checks in hospital twice per year.
 Expert opinion suggest that this can be reduced to
once per year, if the patients are followed by remote

monitoring.

WHAT THE STUDY ADDS?

* Replacing periodic in-office follow-ups with remote
follow-up and monitoring for 2 years in pacemaker
patients does not increase the occurrence of major
cardiovascular events.

* This strategy reduces resource consumption.

Nonstandard Abbreviations and Acronyms

CFU conventional follow-up

COMPAS comparative follow-up schedule with
home monitoring

CRT cardiac resynchronization therapy

HM home monitoring

IQR interquartile range

PREFER Pacemaker Remote Follow-Up
Evaluation and Review

RFU remote follow-up

RM remote monitoring

resynchronization therapy devices given the scarcity
of data for outcomes of remote management of pace-
makers, although these represent the majority of car-
diac implantable electronic devices.®® This discrepancy
may be responsible for (and result of) the lower rate of
RM implementation in pacemakers worldwide than in
implantable cardioverter defibrillators and cardiac resyn-
chronization therapy devices.

Even with active RM, in-office evaluations are required
at least yearly because of the lack of data on safety of
longer intervals.? Thus, we conducted a prospective ran-
domized trial with scheduled in-clinic evaluations reduced
to once in 2 years, in pacemaker patients committed to
RM in the Japanese healthcare setting. We assessed
safety and further hypothesized that overall in-office
evaluations and follow-up costs would be reduced by the
remote management plan.

METHODS

The prospective, multicenter At-Home Study (Comparison of
the Safety and Efficacy of the Management of Pacemaker
Patients Followed Via Home Monitoring Versus Conventional
In-Office Follow-Ups) was a noninferiority, open-label, paral-
lel group randomized controlled trial comparing 2 follow-up
schemes: remote follow-up (RFU) or conventional in-office
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follow-up (CFU) in 6-month intervals, both combined with
daily automatic Home Monitoring (Biotronik SE & Co. KG,
Berlin, Germany), for 2 years.

The study was done in 85 Japanese academic and nonaca-
demic hospitals. It followed ICH Good Clinical Practice guide-
lines and the Declaration of Helsinki, including approval of the
study protocol by appropriate national and local ethics commit-
tees. Patients provided written informed consent. The study is
registered at clinicaltrials.gov (NCT01523704). The data that
support study findings are available from the sponsor via the
corresponding author upon reasonable request.

Patient Selection
Consenting patients were enrolled if they were at least 20 years
old, had a pacemaker indication according to Japanese guide-
lines, had received (within 45 days) or were about to receive
a Biotronik pacemaker with RM capabilities, were willing and
able to comply to study procedures including daily automatic
RM surveillance, were geographically stable and likely to return
for in-office evaluations over a follow-up period of 27 months.
Patients were excluded if they had a life expectancy shorter
than 27 months, were likely to undergo heart transplant within
27 months, or were participating in another cardiology study.

Pacemakers and the RM System Studied

Single- or dual-chamber pacemaker from the Biotronik “Evia”
family were used, with embedded Home Monitoring (HM)
technology as described in the literature.” In brief, a patient
device named CardioMessenger, typically located in the
patient's bedroom, receives data from pacemakers wirelessly
in 24-hour intervals without active participation of the patient.
The CardioMessenger relays the data automatically via mobile
network to the manufacturer's central repository, the Home
Monitoring Service Center.

Transmitted HM data include heart rate and rhythm sta-
tistics, records of mode switch episodes during atrial tachyar-
rhythmia, lead parameters including pacing thresholds, battery
status, patient activity levels, and intracardiac electrograms.
Healthcare providers at hospitals and clinical centers can
review all transmitted data on a secure website at any time.
Furthermore, they receive automated alert notifications by
email if prespecified criteria are met.

Randomization and Follow-Up

Daily automatic HM was enabled after enroliment in all patients
as recommended by the HRS experts? Three months later,
patients were randomized 1:1 to RFU or CFU by a central-
ized, concealed randomization process stratified by site. Neither
investigators nor patients were masked to treatment allocation.
Device programming, HM alert settings, reactions to alerts and
how to handle HM data if no alerts were received were at the
discretion of the investigator.

In RFU, no in-clinic evaluation was scheduled for 2 years
following randomization. Instead, remote follow-up sessions
consisting of an analysis of the accumulated HM data were
scheduled and conducted by the attending physician at 6, 12,
and 18 months after randomization. These required no patient
participation since data were automatically relayed by HM.
The physicians sent letters to inform patients about remote
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follow-up findings and to schedule an in-office evaluation if
HM data were indicative. In CFU, patients underwent standard
in-office evaluations at 6, 12, and 18 months after random-
ization. In both study groups, the final in-office evaluation was
performed at 24 months after randomization (27 months after
enrollment). In either group, additional unscheduled in-office
follow-ups could be initiated by patients or by physicians, based
on symptoms, HM findings, or during hospital admissions. The
physician or a technician/nurse at hospitals could review all
transmitted data on the Home Monitoring Service Center web-
site at any time. Furthermore, they received automated alert
notifications for ventricular or supraventricular tachyarrhythmia
episodes or intermittent or permanent capture or sensing fail-
ure. Each in-office follow-up was classified by investigators as
actionable if clinically significant changes of the pacemaker
settings or drug therapy were introduced.

Adverse events were assessed in both groups by screening
hospital files.

Study End Points and Hypotheses

The primary end point was defined as a composite of death,
stroke, or cardiovascular surgical procedure. An indepen-
dent Clinical Event Committee consisting of 3 physicians,
blinded to randomization assignment and investigational
site, adjudicated primary end points by reviewing docu-
mented adverse events.

The primary hypothesis was that RFU is not inferior to CFU
in freedom from primary end points, using a 5% noninferior-
ity margin. Secondary hypotheses were that the numbers of
in-office follow-up visits per year and costs to medical insur-
ance would be reduced in RFU. Since a purpose of follow-up is
battery management, we tested battery longevity in both arms.
Further, we recorded all patient's travel and waiting time and
means of transport at the randomization and termination visits.
Costs were calculated as the sum of insurance claims for in-
office or/and remote follow-up (both types of follow-ups are
reimbursed in Japan) and for diagnostic procedures performed
associated with follow-ups, for example, 12-lead ECG, chest
X-ray, or biochemical test.

Statistical Analysis

It was estimated that 477 patients per study group are needed
to support the primary hypothesis with a power of 80% and
o level of 0.05.° To compensate for drop-out during to the
long study period, 30% were added to the enrollment target,
resulting in 682 per group. When it was clear that the drop-
out was in fact lower, the sponsor concluded enroliment by
October 31,2013.

Ten percent of patients in both groups were assumed to
experience a primary end point and the noninferiority margin
was defined with 5%. The primary end point rate was calcu-
lated from all patients who either experienced an end point or
remained in the study until the regular termination (per-pro-
tocol), and noninferiority was tested according to Farrington-
Manning. All patients of the analysis cohort were analyzed as
randomized. In addition to the per-protocol analysis, we esti-
mated the end point rate and its Cl at 24 months with the
Kaplan-Meier method to correctly consider drop-out (inten-
tion-to-treat). Continuous variables are shown as mean+SD

Circ Arrhythm Electrophysiol. 2020;13:e007734. DOI: 10.1161/CIRCER.119.007734

Remote Pacemaker Management: the At-Home Study

and/or median and interquartile range (IOR) and compared
using the 2-sided ttest or Mann-Whitney Utest as appropriate.
Categorical variables are given as numbers and percentages
and compared with Fisher exact test. A 2-sided A<0.05 was
considered significant. Multiple tests were corrected with the
Bonferroni-Holm method. Rates of follow-ups and costs per
patient-year were calculated patient-individually in all patients
with data, and their distributions were statistically compared
with the Mann-Whitney U test. Reduction of in-office follow-
up burden and of costs was estimated by comparing the quo-
tients of the population total divided by the cumulative study
duration. The battery status at study termination was taken
from the last HM data transmission in the study period, if this
message was at least 24 months after enrollment. Syncopes,
fractures, and falls were identified from the adverse event
reporting. All deaths were adjudicated by the Clinical Event
Committee based on a copy of the death certificate submitted
by the participating physicians. Statistical analyses were con-
ducted with the SAS software package 9.4 (SAS Institute, Inc,
NC) and with R 3.3 statistical software (R Development Core
Team, Vienna, Austria).

RESULTS

Patients

From January 2012 to October 2013, 1327 patients
were enrolled, slightly less than planned because of an
organizational issue. At the 3-month follow-up, 1274
patients were randomized, 636 to RFU and 638 to
CFU (Figure 1). Follow-up ended in February 2016.
Eighty-five Japanese sites took part in the study (see
Data Supplement).

Patient baseline characteristics were well bal-
anced between study groups (Table 1). The mean age
was 77£10 years. Both sexes were evenly distributed.
Rhythm disturbances were sick sinus syndrome (45.2%),
atrioventricular block (51.5%) including pacemaker-
dependent patients, and atrial fibrillation (33.9%). Major
comorbidities were hypertension (61.1%), heart failure
(25.0%), and diabetes mellitus (20.5%).

Follow-Up Period

After randomization, median (IQR) follow-up was 728
days (700-735) in RFU and 728 days (690-736) in
CFU (P=0.40). Cumulative follow-up was 1324 (RFU)
versus 1296 patient-years (CFU). In all patients, fol-
low-up was done according to randomization. Regular
study termination at 24 months post-randomization
was achieved in 1009 patients (79.3% of the random-
ized cohort), 509 in RFU (80.0%), and 500 in CFU
(78.4%). In patients who did not experience a primary
end point, the reasons for premature termination in
RFU and CFU were loss to follow-up (8.2% versus
9.2%), withdrawal of consent (3.0% versus 3.8%),
and exclusion per protocol (1.1% versus 0.8%; all P
>0.2; Figure 1).
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1327 patients enrolled

53 excluded
17 died

A,

Y

8 lost to follow-up
4 excluded per protocol
24 withdrew consent

1274 randomly assigned

|

l

636 allocated to 6-monthly REMOTE follow-up + daily
automatic Home Monitoring

638 allocated to 6-monthly CONVENTIONAL follow-up +
daily automatic Home Monitoring

l

)

2 years of follow-up

509 patients completed follow-up
49 terminated prematurely with endpoint
78 terminated prematurely without endpoint
52 lost to follow-up
19 withdrew consent
7 excluded per protocol

2 years of follow-up

501 patients completed follow-up
49 terminated prematurely with endpoint
88 terminated prematurely without endpoint
59 lost to follow-up
24 withdrew consent
5 excluded per protocol

}

}

558 patients contributed to per-protocol analysis:
497 completed follow-up without endpoint
12 completed follow-up with endpoint
49 had an enpoint and did not complete FU

61 of 558 patients (10.9%) reached primary endpoint

550 patients contributed to per-protocol analysis:
485 completed follow-up without endpoint
16 completed follow-up with endpoint
49 had an enpoint and did not complete FU

65 of 550 patients (11.8%) reached primary endpoint

Figure 1. Trial flowchart.
FU indicates follow-up.

Primary End Point and Its Components

For the per-protocol analysis, 1108 of 1274 patients con-
tributed who had either completed the 24-month follow-
up or reached the primary end point, or both. The primary
end point occurred in 61 of 558 contributing RFU patients
(10.9% [95% ClI, 8.8%—13.1%)]) and in 65 of 550 contrib-
uting CFU patients (11.8% [95% CI, 9.5%—-14.1%)]). The
primary hypothesis of noninferiority with 5% margin was met
(P=0.0012). The intention-to-treat incidences of the primary
end point at 24 months estimated with the Kaplan-Meier
method are very close to the per-protocol result (Figure 2).
The occurrence of primary end point components is
shown in Table 2. Among 136 events in 126 patients, the
majority were deaths (64.0%) followed by cardiovascular
surgery (25.0%) and stroke (11.0%). The majority of deaths
were noncardiac, and none were device related. There were
no significant differences between study groups. The inci-
dence of stroke was as low as 0.006 per patient-year.

In-Office and Remote Follow-Ups

The median (IQR) number of patient-individual in-
office follow-ups per year in RFU and CFU were 0.50

Circ Arrhythm Electrophysiol. 2020;13:e007734. DOI: 10.1161/CIRCEPR.119.007734

(0.60-0.63) and 2.01 (1.93-2.05; A<0.001). Between
randomization and 24-month follow-up, there were 201
in-office patient evaluations in RFU (all unscheduled)
versus 1775 in CFU (sum of scheduled and unsched-
uled). Including the 24-month visit, 710 scheduled and
unscheduled in-office follow-ups were performed in RFU
(0.54 per patient-year) versus 2275 in CFU (1.76 per
patient-year). This translates into a 69.5% reduction of
in-office follow-ups in the population. The proportion of
actionable in-office follow-ups was =1.5% for scheduled
visits and ~10% for additional unscheduled visits, irre-
spective of the study group (Table 3).

When inclusive of remote follow-ups, RFU had 1.85
follow-ups per patient-year after randomization, versus
1.76 in CFU. Only 25 of a total of 1738 remote follow-
ups (1.4%) indicated a need for in-office follow-up, the
majority to verify lead function (n=14), for medical (n=6)
or other reasons (n=Db). Patients received letters about
the findings of 1507 remote follow-ups (86.7%). In 14
of 1274 randomized patients (1.1%), a lead dislocation
or infection was reported.

Of 304 additional follow-ups in both groups, 205
(67%; RFU 129, CFU 76) were conducted because
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Table 1. Patient Characteristics at Enroliment
RFU (n=636) | CFU (n=638)
Age, y 75.849.7 77.2+9.7
Female sex 297 (46.7%) 345 (54.1%)
Height, cm 157115 15519
Weight, kg 57+12 55+12

History of arrhythmia

Sick sinus syndrome* 271 (42.6%) 305 (47.8%)

Persistent sinus bradycardia 82 (12.9%) 88 (13.8%)

Sinus arrest or sinoatrial block 91 (14.3%) 117 (18.3%)

Bradycardia-tachycardia syndrome 100 (15.7%) 100 (15.7%)

Atrioventricular block 345 (54.2%) 311 (48.7%)

13 (2.0%)
91 (14.3%)
241 (37.9%)
217 (34.1%)
128 (20.1%)
89 (14.0%)

12 (1.9%)
81 (12.7%)
218 (34.2%)
215 (33.7%)
138 (21.6%)
77 (12.1%)

First degree

Second degree

Third degree

Atrial tachyarrhythmia

Paroxysmal

Persistent

Comorbidities

103 (16.2%)
392 (61.6%)

96 (15.0%)
386 (60.5%)

Coronary artery disease

Hypertension

Cardiomyopathy 28 (4.4%) 24 (3.8%)
Heart failure 155 (24.4%) 164 (25.7%)"
NYHA class I/1I/11I/IV 45/88/20/2 58/78/22/4

138 (21.7%)
76 (11.9%)

123 (19.3%)
77 (12.1%)

Diabetes mellitus

Renal insufficiency#

Chronic pulmonary disease 22 (3.5%) 22 (3.4%)
Medications§
Antiarrhythmic drug 61 (9.6%) 59 (9.2%)
-Blocker 114 (17.9%) 108 (16.9%)
ACE inhibitor/ARB 267 (42.0%) 256 (40.1%)
Anticoagulant 169 (26.6%) 177 (27.7%)
Antiplatelet 175 (27.5%) 153 (24.0%)
Calcium channel blocker 250 (39.3%) 224 (35.1%)
Digitalis 13 (2.0%) 16 (2.5%)

Implanted pacemaker

544 (85.5%)
92 (14.5%)
90 (14.2%)

547 (85.7%)
91 (14.3%)
81 (12.7%)

Dual-chamber

Single-chamber

Pacemaker replacement procedure

Data are mean£SD or number (%). There were no statistically significant
differences between study groups after correction for multiple testing. ACE
indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker;
CFU, conventional follow-up; NYHA, New York Heart Association; and RFU,
remote follow-up.

*In subcategories, multiple choices are possible.

tNYHA class is missing in 2 of 164 patients with heart failure.

+General definition with eGFR<60 (mL/min per 1.73 m?).

§Medication is not known in one patient in each randomization group.

the patient presented with symptoms or was in hospi-
tal for other reasons. Only 67 (22%; RFU 49, CFU 18)
took place for events reported by HM. In 35 cases, this
was for pacing threshold issues (RFU 31, CFU 4), most
often related to the failure of the automatic threshold
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measurement. Additional follow-ups after medical events
reported by HM (arrhythmia in all cases) were rare and
evenly distributed between the groups (N=21, 7%; RFU
12, CFU 9). The 304 additional follow-ups occurred in
217 patients, which did not differ in indication for pacing,
history of coronary artery disease, atrial fibrillation, heart
failure, hypertension, diabetes mellitus, or renal failure
(those with actionable follow-up were a minority (n=38)
precluding meaningful statistical comparison).

Costs Connected to Follow-Up

The median (IQR) patient-individual follow-up costs per
year were 18800 Yen (16 500-20700 Yen) in RFU and
21400 Yen (16700-25900 Yen) in CFU (F<0.001;
100 Yen ~1 US Dollar during the study). Total costs
connected to pacemaker follow-up were reduced by
11.0% (Table 4). Follow-up reimbursement per year in
RFU was slightly higher because of the slightly higher
rate of total (remote and in-office) follow-ups, but the
costs associated with additional diagnostic procedures
were lower (Table 4).

Further Results

Incidence of syncope, fractures, and falls were not
increased in the RFU group (Table 2). The mean travel-
ling time to a follow-up facility were 33+24 and 34£26
minutes in RFU and CFU, and waiting times were 591+45
and 59150 (P=ns). Common ways of transportation
were cars (63.8% of visits) and public transport (23.3%).
Of all patients attending the randomization visit, 16.2%
were still employed.

Of 1274 randomized patients, 1271 were registered
at the HM system. Defined as the number of days with
message divided by the study duration in the cumulated
randomized period of these 1271 patients, the HM
performance was 90.1%. Sixteen registered patients
(1.3%) did not transmit any HM data. Median (IQR) of
the patient-individual transmission success was 96.6%
(89.6-99.0) in RFU and 95.5% (86.1%-98.6%) in
CFU (P=0.03). The remaining battery capacity at study
termination was 85.4+£3.2% and 85.7+2.9% in RFU
and CFU (P=0.21).

DISCUSSION

In this large, randomized trial of pacemaker recipients,
we found that 2 years of follow-up based completely on
daily automatic RM was safe, and significantly reduced
in-office visits and follow-up costs, compared with a reg-
ular 6-monthly in-office follow-up integrated with alert-
based RM. The results suggest that scheduled in-office
evaluations of pacemaker patients may be avoided for
extended intervals when connectivity to automatic RM is
maintained. The patients of the remote follow-up group
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Figure 2. Kaplan-Meier curves of incidence of primary end points, starting at randomization.

CFU indicates conventional follow-up; and RFU, remote follow-up.

complied with the strategy, as we observed no cross-over
and similar numbers of withdrawal of consent in both
groups. Patient satisfaction with the proprietary technol-
ogy used in this study has been studied before and found
to be excellent.’®

Current recommendations for postimplant monitoring
of cardiac implantable electronic device recipients advo-
cate utilization of alert-based RM, integrated with at least
yearly in person evaluation.'? This is built on the strength
of data from recent randomized trials, which, however,
have largely tested implantable cardioverter defibrillator
and cardiac resynchronization therapy platforms. Further,
they compared remote management to control without
RM. In our trial, alert-based RM was used in both groups
(in alignment with recommendations), and we assessed
the value of additional periodic in-clinic follow-up com-
pared with RFU for pacemaker management. Patient
outcomes did not differ between those with and without
scheduled 6 monthly in-office checks.

Historically, the purpose of in-office evaluation has
been to ensure device safety and detect lead and gen-
erator problems. We show that the occurrence of these
was very infrequent (in 1.1% of patients). In any case,
when they do occur these are more reliably notified by
RM.'" Further, we showed that regular in-office checks
did not lead to a meaningful effect on the device bat-
tery. Notably, in our trial, no in-clinic evaluation was
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scheduled in RFU for 2 years, which is a significant
extension to prior trials testing RM and to recent rec-
ommendations.”? Thus, our study provides compelling
evidence to reduce the frequency of scheduled in-
office evaluations to at least biennially when employing
effective remote management.

The current study is also unique for being the larg-
est randomized trial, and with the longest follow-up, of
remote management of pacemaker patients. The PRE-
FER trial (Pacemaker Remote Follow-Up Evaluation
and Review) evaluated a patient activated system.® Early
detection of significant events was >5 months, render-
ing this system ineffective for early detection and inter-
vention. This technology has since been superseded by
automatic continuous RM.%'2 The COMPAS study (Com-
parative Follow-Up Schedule With Home Monitoring)
was the first to test such a system and indicated safety
of remote management but in a smaller study population
with a follow-up period of only 18 months and, impor-
tantly, with pacemaker-dependent patients excluded.*
Moreover, HM was deactivated in the control arm, and
scheduled in clinic follow-up was left to implanters’ dis-
cretion. Thus, we are able to isolate the value of in-office
evaluations during RM. In our test group, the reduction of
pacing clinic visits was more effective (69.5% from 1.76
to 0.54 per patient-year) than in COMPAS (36.2% from
1.63 to 1.04 per patient-year).
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Table 3. Number of In-Office and Remote Follow-Ups

RFU CFU RFU CFU
Group size 558 550 Individual in-office visits ppy*
Patients with primary end point 61 (10.9%) | 65 (11.8%) Group size 534 600
Primary end points incl. recurrent events 68 68 Median (interquartile range)t 0.50 2.00
Death 6 » (0.50-0.62) | (1.93-2.05)
Heart failure 6 5 MeanSD 0.6910.43 | 2.00+0.40
Stroke 4 1 Regular in-office FUs post-rand
Other cardiovascular 4 0 6/12/18-mo FU 0/0/0 579/563/530
Pulmonary 5 10 24-mo FU 509 500
Cancer 6 o Total 509 2172
Other noncardiovascular 6 6 Actionable FUs (% of total)# 8 (1.6%) 31 (1.4%)
Unknown 15 10 Additional in-office FUs post-rand 201 108
Stroke (fatal and nonfatal) 8 7 Actionable additional in-office FUs§ 18 (9.0%) 12 (11.7%)
Cardiovascular surgery 14 20 Total in-office FUs post-randomization 710 2275
Coronary angioplasty 4 6 FU duration post-rand, patient-years 1324 1296
Ablation o 7 Rate of in-office FUs ppy 0.54 1.76
Valve procedure 4 9 Remote FUs post-randomization 1738 0
Other 4 5 Total FUs (in-office+remote) post-rand 2448 2275
Other safety events Population rate of total FUs ppy 1.85 1.76
Fracture/fall 7 14 CFU indicates conventional FU; FU, follow-up; ppy, per patient-year; and RFU,
remote FU.
Syncope 0 2 *Patients with no hospital visit post-randomization are not included.

Patients contributed to the analysis of the primary end point if they reached
the composite primary end point or/and were followed for 24 months post-
randomization. CFU indicates conventional follow-up; and RFU, remote follow-up.

Apart from facilitating efficient follow-up, RM prom-
ises improved patient care.'® Our study was not designed
to assess the effect of RM on clinical outcome because
both groups had RM. Mortality was similar in both study
groups, and no death was attributed to a device issue.
Syncope, fractures, and falls were not increased in the
RFU group. Given the occurrence of few significant
events in this general pacemaker population, demonstra-
tion of a clinical benefit would require powering a much
larger trial. In COMPAS, less hospitalizations for atrial
arrhythmias (4 versus 10) and less strokes (2 versus
8) were observed with remote management, though the
trial may have been underpowered to assess this.*

Costs of remote monitoring are relevant, and the
lack of reimbursement has been identified as one bar-
rier to implementaion.' The cost benefit of remote man-
agement of pacemakers has been a source of debate.
This is because pacemaker systems have less system-
related problems to troubleshoot compared with implant-
able cardioverter defibrillator/cardiac resynchronization
therapy platforms, and pacemaker patients generally
have few comorbidities and are considered to benefit
less from alerts. In this regard, our cost analysis is illumi-
nating. Although in-office visits were not scheduled for
2 years in RFU, remote follow-up was continued at 6
monthly intervals, following guidelines, and unscheduled
visits (which had higher actionability) continued. Despite
the fact that the overall number of remote and in-office
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+R<0.0001 (Mann-Whitney U test).
$P=0.81 for intergroup difference.
§P=0.42 for intergroup difference.

follow-ups was larger in RFU (1.85 versus 1.76 per
patient-year), remote management was associated with
11.0% reduced costs in RFU because of the reduced
need for additional diagnostic procedures, such as rou-
tine ECG and laboratory tests, which followed in person
evaluation. In health systems that do not reimburse for
remote care, the majority, the cost benefit of remote
management will be greater than those we have demon-
strated here.” Notably, our analysis underestimated total
cost savings since it concentrated on payer costs and
did not account for nursing and physician time, which is
considerably reduced with remote management'®'” and
patient costs (entailing time away from work, travel time,
etc). Hence, our analysis represents a conservative esti-
mate of cost reduction associated with RM.

Implications

The study confirms the low actionability (1.5%) of cal-
endar-based pacemaker follow-ups, and that these may
be replaced safely for 2 years by complete remote man-
agement and evaluation on basis of unscheduled visits.
These occurred infrequently (0.15 visits per patient-year)
between randomization and the 24-month follow-up but
more often required significant adjustment of pacing or
medical therapy or important in-person evaluation (9.0%).
Whether the interval between scheduled visits may be
safely extended further requires further investigation.
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Table 4. Costs of Pacemaker Follow-Up

RFU CFU
Group size 635 634

Individual insurance claims for FU and related diagnostics ppy, Yen*t

Median (interquartile range)# 18800 21400
(16500-20700) | (16700-25900)
Mean+SD 21100£23100 23500%£24000
Individual insurance claims for FU ppy, Yent
Median (interquartile range) 15500 15200

(14700-16600) (13700-15800)

Individual insurance claims for related diagnostics ppy, Yent

Median (interquartile range) 3100 7000
(1300-4200) (2500-10400)

19400 21800

Population costs ppy, Yen

CFU indicates conventional FU; FU, follow-up; ppy, per patient-year; and RFU,
remote FU.

“Patients are included if they terminated study participation later than at
randomization point.

tExchange rate: 100 Yen ~1 US Dollar during the study.

$#R<0.0001 (Mann-Whitney U test).

Strengths and Limitations

We used one RM platform exclusively. This maintained
continuous RM with 90.1% daily transmission success
over 2 years, matching rates observed in other (shorter)
trials using the same system'® and associated with more
efficacious notification ability.’® Whether our results are
transferable to other RM platforms is uncertain. The
importance of maintaining connectivity was observed in
a cohort analysis, in which mortality varied significantly
between those maintaining lesser compared with greater
connectivity (3.0% versus 5.4%; R<0.001).2° In our study,
all patients were seen at 3 months after implantation.
Whether this is necessary remains to be investigated.
Further, our study was conducted in a single country
(Japan), but the result are fully compatible with COMPAS
which was conducted in France.*

The number of patients lost to follow-up (112/1274;
8.9%) during 2 years was less than the 30% catered for
during study design but is not insignificant. We confirmed
that at least 67 patients (36/62 in RFU and 31/60 in
CFU) were alive in the week before the scheduled study
termination because their remote transmissions remained
active. In view of the low mortality rate observed in this
pacemaker trial, it is improbable that a significant num-
ber of end points (which were largely deaths) were over-
looked. Moreover, the fact that the event rates and their
Cls estimated by the Kaplan-Meier method match the
per-protocol analysis indicates that no bias is introduced
by the drop-out.

We did not record symptomatic bradycardia in a sys-
tematic fashion. Further, we did not assess patient sat-
isfaction since both groups had RM enabled, and prior
studies testing this fully automatic RM technology have
indicated excellent patient satisfaction.® Thus, in our
study, patients of the remote follow-up group complied
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with the strategy. The 5% noninferiority margin may be
considered too wide to be truly meaningful. However, our
study size exceeds all earlier studies of remote monitor-
ing in pacemaker patients (and most studies with other
cardiac implantable electronic devices) and a lower non-
inferiority margin would have resulted in a prohibitive
sample size.

Conclusions

Automatic RM may supplant the majority of routine in-
office evaluations. It does not increase the occurrence
of major cardiovascular events and provides efficient
and cost-effective management of pacemaker recipi-
ents that is well accepted by patients. The demonstra-
tion of these benefits with biennially scheduled in-clinic
evaluation supports an adjustment to current follow-up
recommendations.'?
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