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Abstract

Background: Remote management is partially replacing routine follow-up in patients implanted with cardiac implantable
electronic devices (CIEDs). Although it reduces clinical staff time compared with standard in-office follow-up, a new definition
of roles and responsibilities may be needed to review remote transmissionsin an effective, efficient, and timely manner. Whether
remote triage may be outsourced to an external remote monitoring center (ERMC) is still unclear.

Objective: Theaim of this health care quality improvement project was to evaluate the feasibility of outsourcing remote triage
to an ERMC to improve patient care and health care resource utilization.

Methods: Patients (N=153) with implanted CIEDswerefollowed up for 8 months. An ERMC composed of nursesand physicians
reviewed remote transmissions daily following a specific remote monitoring (RM) protocol. A 6-month benchmarking phase
where patients’ transmissions were managed directly by hospital staff was evaluated as a term of comparison.

Results: A total of 654 transmissions were recorded in the RM system and managed by the ERM C team within 2 working days,
showing a significant time reduction compared with standard RM management (100% vs 11%, respectively, within 2 days;
P<.001). A total of 84.3% (551/654) of the transmissions did not include a prioritized event and did not require escalation to the
hospital clinician. High priority was assigned to 2.3% (15/654) of transmissions, which were communicated to the hospital team
by email within 1 working day. Nonurgent device status events occurred in 88 cases and were communicated to the hospital
within 2 working days. Of these, 11% (10/88) were followed by a hospitalization.

Conclusions: The outsourcing of RM management to an ERMC safely provides efficacy and efficiency gainsin patients’ care
compared with a standard in-hospital management. Moreover, the externalization of RM management could be a key tool for
saving dedicated staff and facility time with possible positive economic impact.

Trial Registration: Clinical Trials.gov NCT01007474; http://clinicaltrials.gov/ct2/show/NCT01007474

(JMIR Cardio 2019;3(2):€9815) doi: 10.2196/cardio.9815
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visits [4,6], without negative effects on patient outcome [7,8];
some studies have also shown the positive clinical impact of
RM [9-12]. Although RM can reduce clinical staff time
compared with standard in-office follow-up [13-15],
organizational workflow changes and a new definition of roles
and responsibilities may be needed to review remote

Introduction

Remote monitoring (RM) management of patients implanted
with cardiac implantable electronic devices (CIEDSs) (such as
implantable defibrillators) enables early detection of clinically
relevant events and complications while partialy replacing

routine follow-up [1-5]. A number of studies have recently
demonstrated that RM reduces the total number of in-office

https://cardio.jmir.org/2019/2/€9815

transmissionsin an effective, efficient, and timely manner [16].
A model where nurses might have the responsibility for
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screening the transmission reports and for discriminating the
ones that possibly require clinica escalation and where
physicians interpret and document the most critical remote
reports, may, in fact, rationalize and optimizethein-clinic daily
practice, in the sense of amore extensive and differentiated role
organization. Considering that most RM datado not require any
clinical escalation [1,14], it has been hypothesized that the
remote triage may be outsourced to an external remote
monitoring center (ERM C) composed of nurses and physicians
skilled tointerpret CIED dataand to troubleshoot CIED-rel ated
problems, resulting in the optimization of the time allocation
of highly skilled health care professionals[17].

Efficient allocation of health care professionals' timeiscrucia
due to the limited resources available for RM activities today
and prospectively in the future, given the patient population
growth and accompanying follow-up burden [18]. Outsourcing
part of the RM activities could, therefore, have a positive impact
on both the health care system and patient care [19].

The aim of this quality improvement project is to evaluate the
feasibility of outsourcing the triage of CIED remote follow-up
in the management of relevant clinical and technical eventsin
a timely manner. We would like to assess if this approach is
safe, effective, and efficient and to evaluate the implicationsin
hospital resource utilization. Our purpose, in other words, isto
demonstrate that the proposed triage model consents prompt
event management, compl eteness of remote transmission review,
and ability in detecting and prioritizing events (efficacy and
safety) and that it might imply areduction in the use of hospital
resources required for dailly remote CIED management
(efficiency).

Methods

Project Design and Patient Population

From April 2016 to December 2016, an ERMC composed of 1
trained nurse and 1 supporting physician (HTN Spa, Brescia,
Italy) performed daily reviews of remote transmissions from
153 CIED patientsimplanted in the hospital, S Raffaele Giglio
Hospital of Cefall (ltaly): 62 single- or dual-chamber
pacemakers (IPGs), 15 single- or dua-chamber implantable
cardioverter  defibrillators (ICDs), and 76 cardiac
resynchronization therapy defibrillators (CRT-Ds). The
presented experience is included in the validation effort of
Medtronic FOCUSON, aservice aiming to savetimefor health
care professionals to enable a higher quality of care. The
FOCUSON service is built around a highly skilled team that
classifies transmitted patient data based on agreed protocol and
promptly notifiesthe physician, allowing efficient and effective
patient treatment.

All consecutive patients enrolled in the CareLink network (CLN)
in the considered time frame were considered for thisanalysis.
CLN is an internet-based service that provides device-related
and physiologic patient data similar to data that formerly
required an office visit, together with training and support
services. The key component of the CLN is the CareLink
monitor, an in-home monitor for patients who have received a
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Medtronic implanted cardiac device. All patientswereincluded
in the ClinicaService project (ClinicalTrials.gov,
NCT01007474). Thismedical care quality improvement project
was approved by the medical director and conforms to the
principles outlined in the Declaration of Helsinki. Each patient
provided informed consent for data collection and analysis. The
activity is based on awell-defined legal framework, where the
parts agree on responsihility, safety requirements, data
ownership, datamanaging, and compliance and compare current
remote management models.

Asstandard practice before outsourcing, there were 3 physicians
performing electrophysiology and ambulatory activities. No
nurse was dedicated to the ambulatory service, so RM relied
on physicians only. All staff were well trained to manage RM
activities, even in the absence of aprespecified shared protocol.
Despite RM being considered as an important part of clinical
practice, remote follow-up was often carried out in the middle
of other activitiesin freetime slots. Patients usually transmitted
data 3 times per year, with a specific date scheduled by the
physician during the annual in-office visit. These routine,
scheduled, remote device interrogations were structured to
mirror in-office device checks. Prespecified alerts related to
devicefunctionality and clinical events(called CareAlerts) were
activated and were able to trigger automatic transmissions, for
the purpose of emergency clinical and technical RM of patients
implanted with a device with wireless capabilities, but without
any check planned for lost transmissions or disconnected
monitors.

The New Remote M anagement M odel

External Remote Monitoring Center Staff Management

The patientsincluded in the service were enrolled by the health
care provider in CLN, and details from the patient file as well
astheir identification numberswere recorded. Thisanonymous
patient identification number was used in al formal
communi cations between ERM C and the health care providers.
Patients clinical history (eg, implant indication, cardiomyopathy
etiology, and atria fibrillation history) and relevant information
(eg, pacemaker dependency, drug therapy with a special
attention to oral anticoagulation therapy, and implanted device
and leads details) were available for the monitoring center
through the Comments and Notesfield of the CareLink website.
Periodic transmissions were scheduled every 3 months or per
individual patient needs (eg, to monitor the evolution of a
clinical event or to evaluate the battery status in the presence
of battery voltage near recommended replacement time). A
shared protocol of transmissions review and reporting was
defined in agreement with our hospital staff and the ERMC
nurse, and the supporting physicianswere accurately trained on
its application. A daily check to the CarelLink website was
mandatory (with exclusion of weekends and bank holidays).
The protocol required that all transmissions had to be reviewed
by ERMC within 1 working day from when they appear on the
CareLink website. A flowchart describing timings, roles, and
responsibilities was agreed between the hospital physiciansand
the ERMC staff (Figure 1).
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Figure 1. Remote management flowchart. Green events are all transmissions not reporting device detections listed as low or high priority. In case of
missed scheduled transmissions or disconnected monitors, the external remote monitoring center (ERMC) inform the technical team responsible for
contacting the patient. RRT: recommended replacement time; TAO: ora anticoagulation therapy; AT/AF: atrial tachyarrhythmia/atrial fibrillation;
CRT: cardiac resynchronization therapy; SV C: superior vena cava. DOO, VOO, and AOO are programming modes.
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With the aim of effectively reviewing transmissions and
managing al possibleclinically and technically relevant events,
a transmission color-code classification was predefined by the
hospital physicians to prioritize device clinical and technical
conditions. The different types of relevant eventsrelated to each
color code arerepresented in Figure 1. Depending on the priority
level assigned to the transmission, the flowchart indicated the
maximum time to report the permitted and required modality
of communication to the hospital. In particular, in case of
high-priority events (red transmissions), the hospital was to be
informed by email and phone within 1 working day, whereas
for low-priority events (amber transmissions), the protocol
planned an email communication within 2 working days. No
action was required when the transmission did not contain any
prioritized event (green transmissions). When transmissions
contained data fulfilling more than 1 color code, the
transmissions were managed by using the highest priority color
code. In case of an actionable transmission (red or amber), a
note was added to the related transmission on the CarelLink
website. Using this method, both the ERMC nurses and
physicians and the hospital staff had the same Web-based
clinical repository available at patient level. In case of missed
scheduled transmissions or disconnected monitors, the ERMC
was instructed to inform the technical team responsible for
contacting the patient.
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Clinical Response to External Remote Monitoring
Center Activity

Onthe basis of the received RM data, the clinical response was
at the discretion of the involved clinicians. When the patient
had to be contacted, a standardized telephone interview was
conducted by the medical staff to evaluate the patient’s health
condition (worsened dyspnea, increased weight, patient’s
compliance with the medical therapy, etc). In addition to the
interview details, the hospital staff reported all follow-up clinical
actions on the CareLink website. In some cases, prioritized
events would not require any action, for example, in case of an
event already managed with the appropriate therapy (eg, atrial
arrhythmias with optimized drug therapy, intrathoracic fluid
accumulation, and other events previously known to the staff),
or for which clinicians would rather wait to monitor the status
of the event.

Resear ch Obj ectivesand Outcome M easur es, Efficacy,
and Safety

The aim of this health care quality improvement project was to
assess if outsourcing the triage of CIEDS' remote follow-up is
safe, effective, and efficient to manage relevant clinical and
technical events in a timely manner and improve hospital
resource utilization. Timeto review all transmissions and time
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to report prioritized events, according to the protocol flowchart,
were considered as end points for efficacy and safety.

Efficiency: Comparison With the Benchmark Phase

Efficiency was defined as the ability to improve transmission
review and event analysis with reduced hospital resources and
was evaluated, in the same recipient of patients, through the
comparison with the standard practice of the same hospital in
the 6 months preceding the project.

Statistical Analysis

Continuous data were summarized as mean and SD or median
and the first and the third quartiles (Q1-Q3), categorical data
as counts and percentages. Differences in proportions were
compared by applying chi-square analysis. Continuous Gaussian
variables were compared by the Student t test for independent
samples, whereas skewed distributions were compared using
the Mann-Whitney nonparametric test. To represent the time
distributions, box-and-whiskers plots were used. The
transmission rates and their 95% Cls were reported. For the
scope of thetiming analysis, 45 out of 654 (6.9%) transmissions
were excluded, asthey occurred outside the review time defined
inthe protocol. The comparison of the number of transmissions
reviewed by ERM C in the monitoring center phase with respect
to the benchmark phase was performed by means of a Poisson
model. Comparison was performed on the subset of patients
included in both the monitoring center and standard practice
phases (no differences between those patients and the full
population were found). The incidence rate ratio (IRR) was
reported together with its 95% CI. Missing data were not
inputted into any of the analysis. The rate of transmissions, the
detected event, as well astime to review al transmissions and
time to report prioritized events were retrospectively retrieved
from the CLN database for both the ERMC and benchmark
phases. All results will be reported for the whole population
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and separately by device type, as RM protocol may vary
according to patients’ treatment indi cation and to the implanted
device.

Anaphalevel of .05was considered for each test. All statistical
analyseswere performed using SAS 9.4 version software (SAS
Ingtitute Inc, Cary, NC, USA).

Results

Patients

A total of 153 patients with an implanted CIED were included
in the project and followed remotely on the CareLink RM
network (Medtronic, Minneapolis, MN) for 8.4 (SD 1.1) months,
with atotal follow-up period of 107 years.

Demographics and basdline patient characteristics are presented
in Table 1. Mean age of inclusion was 68 (SD 11) years, with
73.2% (112/153) male patients. Considering devicetype, 49.7%
(76/153) of patients had a CRT-D implanted, whereas 9.8%
(15/153) were implanted with single- or dual-chamber ICDs
and 40.5% (62/153) with an | PG (of which only 1 was a CRT-P
[cardiac resynchronization therapy pacemaker]).

Efficacy and Safety

Transmission Management

From April 2016 to December 2016, 654 transmissions were
recorded and reviewed by ERMC corresponding to 613 (95%
Cl 568-662) transmissions for 100 patient-years. In particular,
CRT-D devices transmitted more than the other CIEDs, with
802 (95% Cl 729-882) transmissions per 100 patient-years.
Transmissionswith prioritized events represented 15.7% of the
total transmissions, with 82.5 (95% CI: 66.9-102) amber
transmissionsand 14.1 (95% Cl 8.5-23.3) red transmissions per
100 patient-years (Table 2).
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Table 1. Demographics and baseline patient characteristics.

Patient characteristics Total (N=153) CRT-D#(N=76) ICDP(N=15) |IPG+CRT-F® (N=62)

Demographics
Age at first implant (years), mean (SD) 68 (11) 69 (9) 64 (13) 68 (13)
Male, n (%) 112(73.2) 55 (72) 15 (100) 42 (68)

Medical history , n (%)
Ischemic cardiopathy 56 (37) 31 (41) 11 (73) 14 (23)
Acute myocardial infarction 35(23) 28 (37) 7 (47) 0(0)
History of heart failure 107 (70.0) 67 (88) 5(27) 35 (56)
New York Heart Association I11-1V 54 (35) 56 (74) 2(13) 0(0)
History of ventricular tachycardia/ventricular fibrillation 36 (24) 27 (36) 5(33) 4(7)
Ventricular fibrillation/flutter 2(1) 23 0(0) 0(0)
History of atrial tachycardia/atrial fibrillation 72 (47) 18 (24) 3(20) 51 (82)
L eft bundle branch block 54 (35) 46 (61) 0(0) 8(13)
History of stroke/transischemic attack 10 (7) 6 (8) 4(27) 0(0)
Diabetes 41 (27) 19(25) 4(27) 18 (29)

M edications at baselined, n (%)

Beta-blocker 75 (61) 54 (75) 7 (64) 14 (34)
Diuretic 74 (60) 56 (78) 8(73) 10 (24)
Antiplatelet 18 (15) 15(21) 0(0) 3(7)
Oral anticoagulants 21(17) 16 (22) 2(18) 3(7)
Amiodaron 4(3) 4(6) 0(0) 0(0)
Calcio-antagonist 6(5) 3(4) 0(0) 3(7)
Angiotensin-converting enzyme-inhibitor/angiotensin receptor 51 (41) 39 (54) 5 (46) 7(17)
blockers 2

Digitalis 1(1) 1(1) 0(0) 0(0)

Implantation time®, n (%)

Lessthan 12 months 29 (20) 26 (36) 2(13) 1(2)
12-36 months 59 (41) 43 (59) 7(47) 9(16)
More than 36 months 57 (39) 4 (6) 6 (40) 47 (83)

8CRT-D: cardiac resynchronization therapy defibrillator.

bicp: single- or dual-chamber implantable cardioverter defibrillator.

IPG + CRT-P: single- or dual-chamber pacemaker + cardiac resynchroni zation therapy pacemaker.
4124 patients with data about medication at baseline, 72 CTR-Ds, 11 ICDs, and 41 |PGs.

145 patients with available date of implant, 73 CRT-Ds, 15 ICDs, and 57 |PGs.
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Table 2. Rate of transmission, overall and by priority.
Transmission priority All (n=153,107  CcRT-D?(n=76,53 ICD(n=15,10  IPG®(n=61,61 CRT-P"(n=1,1
patient-years) patient-years) patient-years) patient-years) patient-year)
All transmission
Transmissions, n 654 426 50 176 2
Annual rate of transmissions per 100 613 (568-662) 802 (729-882) 504 (382-665) 410 (354-476) _e
patient-years (95% CI)
No prioritized event (green transmissions)
Transmissions, n (%) 551 (84.3) 364 (85.4) 40 (80.0) 147 (83.5) 0(0.0)
Patients with green transmission, n 141 67 14 60 0
Annual rate of transmissionsper 100 517 (475-561) 648 (585-718) 393 (288-536) 333(283-391) —
patient-years (95% Cl)
L ow-priority events (amber transmissions)
Transmissions, n (%) 88 (13.5) 53 (12.4) 9(18.0) 24 (13.6) 2 (100)
Patients with amber transmission, n 50 28 4 17 1

Annual rate of transmissions per 100
patient-years (95% CI)

82.5 (66.9-102)

High priority events (red transmissions)

94.4 (72.1-124)

88.4(46.0-170)  54.3(36.4-8L.1) 277 (69.2-1106)

Transmissions, n (%) 15(2.2) 9(2.2) 1(2.0) 5(1.7) 0(0.0)
Patients with red transmission, n 9 5 1 3 0
Annual rate of transmissions 14.1 (8.5-23.3) 16.0 (8.3-30.8) 9.8 (1.4-69.7) 11.3(4.7-27.2) —

per 100 patient-years (95% Cl)

8CRT-D: cardiac resynchronization therapy defibrillator.

bicD: single- or dual-chamber implantable cardioverter defibrillator.
CIPG: single- or dual-chamber pacemaker.

dCRT-P: cardiac resynchronization therapy pacemaker.

®Not applicable.

Most of the amber transmissions reported arrhythmia events,
whereas two-thirds of the red transmissions presented system
issues (Figure 2). Almost al transmissions (99.7%) were
reviewed within 1 working day and 86.7% within 24 hours,
considering sometransmissions occurred outside working hours,
as defined in the protocol. Our analysis did not show any
predictors of low- or high-priority transmissions, neither
considering implanted device type (when compared with the
others, IRR for CRT-D was 1.52 [95% CI 0.93-2.50; P=.095]
and IRR for IPG+CRT-Pwas 0.63 [95% CI 0.37-1.05; P=.078])
nor considering other risk factors (all P>.1).

Prioritized Events Communication

Following the protocol, ERMC communicated all high-priority
(red) transmissions to the hospital within 24 hours of

https://cardio.jmir.org/2019/2/€9815

transmission review, and 96.4% of the amber transmissions
were reported within 48 hours. Overall, when we consider the
additional time from transmission reception to transmission
review and the time from review to communication, 91.7% of
red transmissionswere reported within 1 working day and 95.4%
of amber transmissions within 2 working days (Figure 3).

Prioritized Events Management

Red transmissions required urgent visit or hospitalization in
60% (9/15) of the cases, whereas 92% (81/88) of amber events
were managed totally remotely (Table 3). Most of the remotely
managed events were related to an already treated arrhythmia
or lung fluid impedance-related events.
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Figure 2. (A) Distribution of transmission by priority; (B) low-priority detected events; and (C) high-priority detected events. CRT-D: cardiac
resynchronization therapy defibrillator, ICD: single- or dual-chamber implantable cardioverter defibrillator, IPG: single- or dual-chamber pacemaker,

CRT-P: cardiac resynchronization therapy pacemaker.
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Clinical response Total (N=103), n (%) Amber (n=88), n (%) Red (n=15), n (%)
Heath care utilization required 16 (15.5) 7 (8.0) 9(60.0)
Hospitalization for device replacement 7(6.8) 4(4.5) 3(20.0)
Hospitalization for lead revision 2(1.9) —a 2(13.3)
Hospitalization for cardiovascular reasons 1(1.0) — 1(6.7)

In-office visit required 6 (5.8) 3349 3(20.0)

Event resolved remotely 87 (84.5) 81 (92.0) 6 (40.0)

New transmission required 17 (16.5) 11 (12.5) 6 (40.0)

Not urgent action? 70 (68.0) 70 (79.5) —

3Not applicable.

bEvent previously managed, monitoring the status of the event. The proportions are calculated on the total number of reported events (103, 88 amber,

and 15 red).

Efficiency: Comparison With the Benchmark Phase

Among the 153 patientsfollowed by ERMC, 126 were remotely
managed in the hospital from June 2015 to December 2015. In
the ERMC phase, the median time to review was significantly
reduced from 11 days (Q1-Q3: 4-25 days) to lessthan 24 hours
(Q1-Q3: 0-1 day; Figure 4). During the standard follow-up
phase, 21% of the transmissions had not been reviewed after 1
month, whereas during the monitoring center phase, al the
transmissions were reviewed within 2 working days (Figure 4).

During the ERMC phase, patients were more compliant to the
remote transmissions schedul e than in the benchmarking phase,
and the total number of annual transmissions per 100 patients
increased from 350 to 608, respectively (P<.001). Nevertheless,
only 78 (21.2%) transmissions required escalation to hospital
staff, thus reducing the number of transmissions to review by
75% (IRR 0.25; 95% CI 0.66-0.81; P<.001). All data, separated
by device type, are reported in Table 4.

Figure4. (A) Distribution of time from transmission to review, benchmarking phase versus external remote monitoring center (ERMC) phase; and (B)
Percentage of reviewed transmissions, benchmarking phase versus ERMC phase. RM: remote monitoring.
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Table 4. Rate of reviewed transmissions, benchmarking phase versus external remote monitoring center phase.

Devicetype Benchmarking phase Monitoring center phase P value

Total exposure Reviewed Annual rate of hospital Total exposure Reviewed Annual rate of hospital

time (years) TX2 n physicianreviewed TX per time (years) X, n physicianreviewed TX per

100 patient-years (95% Cl) 100 patient-years (95% CI)

Overall (patients, 105 368 350 (316-387) 89 780 88 (69-109) <.001
n=126)
CRT-D®(n=55) 41 214 527 (461-603) 39 42 108 (78-146) <.001
Icpd (n=12) 10 35 366 (263-509) 8 6 75 (28-163) <.001
IPGE (n=58) 54 115 213 (177-255) 4 5 12 (4-28) <.001
CRT-P (n=1) 1 4 411 (154-1096) 1 0 9 —

3TX: transmissions.

b10 (14.79%) were classified as red.

CCRT-D: cardiac resynchronization therapy defibrillator.

dicD: single- or dual-chamber implantable cardioverter defibrillator.
€IPG: single- or dual-chamber pacemaker.

fCRT-P: cardiac resynchronization therapy pacemaker.

9Not applicable.

Discussion

Principal Findings

This research showed that externalizing part of RM follow-up
is safe, effective, and efficient in supporting a hospital
previously challenged to guarantee high-quality standards of
RM follow-up interms of (1) timeto review transmissions, both
scheduled and unscheduled, to enable timely medical action as
necessary; (2) dedicated staff and facility time to perform RM;
and (3) patient compliance to RM, measured as the rate of
transmissions per year.

Safety and Practicability of External Remote
Monitoring Center

The ERMC's staff reviewed and managed all high-priority
transmissions within 2 hours and 96.4% of the low-priority
events within 2 working days, escalating only 15.7% of all
transmissions to hospital staff due to a prioritized event being
detected. Thefrequency of prioritized eventswasrelatively high
compared with the 8.2% presented by Cronin et al [14], but a
direct comparison ischallenging because of different approaches
depending on the target population and, above all, because
different variables, for example, learning curve, need to betaken
into consideration when a third party is involved in the
monitoring pathway. Once referred to the hospital staff, 15.5%
of escalated transmissions led to a clinical action, in line with
the 15.4% reported by Facchin et a [1], showing that ERMC
isaprecioustool to triage patients implanted with a CIED and
to screen relevant events requiring clinical intervention. A total
of 84.5% of escalated events did not |ead to medical action but
were nevertheless essential to hospital staff to monitor the
evolution of patient clinical condition with respect to their
ongoing treatment and medical history, inlinewith the definition
of prioritized eventsin the protocol.

https://cardio.jmir.org/2019/2/€9815

Efficiency of External Remote Monitoring Center

Itiswell known that RM isavaluabletool that isableto support
the follow-up of patients with an implanted CIED; however, it
requires organizational changes in the hospital workflow to
achieve optimal patient follow-up [16]. As such, reducing the
time to review remote transmissions to a minimum is an
essential aspect to achieve the full benefits of RM for optimal
quality of care by enabling fast medical action [20]. Although
staff reorganization is essential when aiming for optimal
in-hospital RM management, there was no specific RM protocol
in the hospital to follow up patients in a systematic way. To
avoid bias and to expose all the possible challenges[20] of RM
management, an RM protocol was not introduced during the
benchmarking phase. In the 6-month period preceding the
externalization of RM management, only one-third of the
transmissionswere processed within 1 week. Duringthe ERMC
phase, al transmissions were reviewed within 2 working days,
and when a prioritized event occurred, the salient information
was promptly communicated to the hospital. This result is
comparable with the 2 to 4 days from actionable event onset to
related clinical decision required in a number of previous
controlled experiences [3,5].

Ensuring patient compliance is another key component to
optimal follow-up, especially as patients can get disconnected
from the system and may need support to reconnect. Moreover,
with time, patient attention can decrease during follow-up and
the use of RM may become intermittent. Our data showed that
during the ERMC phase, the total number of remote
transmissions increased by 74% as the monitoring center also
communicated with the technical team to ensurethat all patients
would remain connected. This can aso contribute to avoid
variability in care between patients aswell as encourage patient
engagement in follow-up.

Regarding staff burden, with the escalation of prioritized events
only, even with the large increase in the number of
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transmissions, the proportion of transmissionsrequiring review
was reduced by 75%. If we apply the time to review
transmissions (including administrative time) considered in
Cronin et al [14], 21 min for prioritized events and 10 min for
other transmissions, and the repartition of prioritized or other
events found in the ERMC phase (21.2%/78.8%) to the
benchmark phase, staff time required to follow up 100 patients
would bereduced from 72 to 27 hours per year (62% reduction).
Staff burden reduction can have an important organizational
impact for the hospital ashighly skilled health care professionals
may then devote more time to treat more patients in need, thus
optimizing patient access to care. It can aso contribute to
facilitate the implementation of best practice recommendations
for follow-up of patients [16] as RM often requires important
reorganization that hospitals with limited resources cannot
achieve, in the sense of amore extensive and differentiated role
organization. The presented research experience has been
conducted in a small Italian hospital where cardiologists have
to deal with the screening of all remote transmissions. In such
a case, the cost of RM triage externalizations would represent
an efficient, that is, a cost-saving, alternative and would save
cardiologists’ time for more important clinical tasks[21].

Limitations

We reported results of a single center experience, sharing the
problems with efficacy and efficiency of the RM in a hospital
where there was no standard center-specific protocol established
for RM apart from the Heart Rhythm Soci ety recommendations.
Moreover, our practice may not be the standard of care across
different health care systems. Further studies are required to
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deeply investigate if an ERMC strategy will be recommended
in centerswith alarger number of monitored patients and with
predefined RM strategies.

Due to the limited sample size, we were not able to identify
specific subgroups more eligible than othersto receive external
remote monitoring triage. Future studies could possibly be
designated to address the topic.

Once the ERMC phase was completed, we noted that some
areas of improvement are still required in the process of
externalization of RM, such asrefining prioritization of events
based on ongoing medica therapy (eg, oral anticoagulant

therapy).

Whether the externalization of RM management is able to
improve the adherence to guidelines and recommendations and
its effects on clinical outcome were not in the scope of this
study.

Conclusions

This experience in Cefalu Hospital’'s cardiology department
demonstrated that outsourcing part of the remote follow-up of
patients through an ERMC is safe, effective, and efficient
compared with standard RM performed at a hospital level. All
the transmissions were reviewed within 2 working days and
prioritized events were communicated promptly by ERMC,
leading to a faster review of important events by hospital staff
without the triaging burden. In a scenario of limited resources,
such externalization of RM could be akey tool to save dedicated
staff and facility time for more crucial patient care activities.

The authors wish to thank Dr Gardini (Health Telematic Network Spa, Brescia, Italy) for his efforts in the external remote
monitoring center management and Renato Gardelli, Lorenza Mangoni di S Stefano, Emmanuelle Nicolle, Mirko De Mdlis, and
Matthew Cook, all Medtronic Inc employees, for project management activities, datamanagement technical support, and statistical
analysis. This research was performed within the framework of the Italian Clinical Service project, anational cardiovascular data
repository and medical care project funded by Medtronic Italia, an affiliate of Medtronic Inc. No other funding sources were
involved in the research. The authors are responsible for the design and conduct of this research.

Conflictsof Interest
None declared.

References

1. Facchin D, Baccillieri MS, Gasparini G, Zoppo F, Allocca G, Brieda M, et a. Findings of an observational investigation
of pure remote follow-up of pacemaker patients: isthe in-clinic device check still needed? Int J Cardiol 2016 Oct
01;220:781-786. [doi: 10.1016/j.ijcard.2016.06.162] [Medline: 27394974]

2. VarmaN, Epstein AE, Irimpen A, Schweikert R, Love C, TRUST Investigators. Efficacy and safety of automatic remote
monitoring for implantable cardioverter-defibrillator follow-up: the Lumos-T Safely Reduces Routine Office Device
Follow-up (TRUST) trial. Circulation 2010 Jul 27;122(4):325-332 [FREE Full text] [doi:
10.1161/CIRCULATIONAHA.110.937409] [Medline: 20625110]

3. Crossley GH, Boyle A, Vitense H, Chang Y, Mead RH, CONNECT Investigators. The CONNECT (Clinical Evaluation
of Remote Notification to Reduce Timeto Clinical Decision) trial: the value of wireless remote monitoring with automatic
clinician alerts. JAm Coll Cardiol 2011 Mar 08;57(10):1181-1189 [FREE Full text] [doi: 10.1016/j.jacc.2010.12.012]
[Medline: 21255955]

4.  LandolinaM, Perego GB, Lunati M, Curnis A, Guenzati G, Vicentini A, et al. Remote monitoring reduces healthcare use
and improves quality of carein heart failure patientswith implantable defibrillators: the evolution of management strategies
of heart failure patients with implantable defibrillators (EVOLVO) study. Circulation 2012 Jun 19;125(24):2985-2992.
[doi: 10.1161/CIRCULATIONAHA.111.088971] [Medline: 22626743]

https://cardio.jmir.org/2019/2/€9815 JMIR Cardio 2019 | vol. 3| iss. 2| €9815 | p. 10

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.ijcard.2016.06.162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27394974&dopt=Abstract
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=20625110
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.937409
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20625110&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(10)05068-0
http://dx.doi.org/10.1016/j.jacc.2010.12.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21255955&dopt=Abstract
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.088971
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22626743&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR CARDIO Giannolaet &

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Boriani G, daCosta A, Ricci RP, Quesada A, Favale S, lacopino S, MORE-CARE Investigators. The MOnitoring
Resynchronization dEvices and CA Rdiac patiEnts (M ORE-CARE) randomized controlled trial: phase 1 results on dynamics
of early intervention with remote monitoring. JMed Internet Res 2013 Aug 21;15(8):€167 [FREE Full text] [doi:
10.2196/jmir.2608] [Medline: 23965236]

Hindricks G, Elsner C, Piorkowski C, Taborsky M, Geller JC, Schumacher B, et al. Quarterly vs. yearly clinical follow-up
of remotely monitored recipients of prophylactic implantable cardioverter-defibrillators: results of the REFORM trial. Eur
Heart J 2014 Jan;35(2):98-105 [FREE Full text] [doi: 10.1093/eurheartj/eht207] [Medline: 23868932]

Boriani G, daCosta A, Quesada A, Ricci RP, Favale S, Boscolo G, MORE-CARE Study Investigators. Effects of remote
monitoring on clinical outcomes and use of healthcare resources in heart failure patients with biventricular defibrillators:
results of the MORE-CARE multicentre randomized controlled trial. Eur JHeart Fail 2017 Mar;19(3):416-425. [doi:
10.1002/ejhf.626] [Medline: 27568392]

Bohm M, Drexler H, Oswald H, Rybak K, Bosch R, Butter C, OptiLink HF Study Investigators. Fluid status telemedicine
alertsfor heart failure: arandomized controlled trial. Eur Heart J 2016 Nov 01;37(41):3154-3163. [doi:
10.1093/eurheartj/ehw099] [Medline: 26984864]

Crossley GH, Chen J, Choucair W, Cohen TJ, Gohn DC, Johnson WB, PREFER Study Investigators. Clinical benefits of
remote versus transtelephonic monitoring of implanted pacemakers. JAm Coll Cardiol 2009 Nov 24;54(22):2012-2019
[FREE Full text] [doi: 10.1016/j.jacc.2009.10.001] [Medline: 19926006]

Hindricks G, Taborsky M, Glikson M, Heinrich U, Schumacher B, Katz A, IN-TIME study group. Implant-based
multiparameter telemonitoring of patients with heart failure (IN-TIME): arandomised controlled trial. Lancet 2014 Aug
16;384(9943):583-590. [doi: 10.1016/S0140-6736(14)61176-4] [Medline: 25131977]

Zoppo F, Facchin D, Molon G, Zanotto G, Catanzariti D, Rossillo A, et a. Improving atrial fibrillation detection in patients
with implantable cardiac devices by means of aremote monitoring and management application. Pacing Clin Electrophysiol
2014 Dec;37(12):1610-1618. [doi: 10.1111/pace.12474] [Medline: 25113510]

Guédon-Moreau L, Lacroix D, Sadoul N, Clémenty J, Kouakam C, Hermida J, ECOST trial Investigators. A randomized
study of remote follow-up of implantable cardioverter defibrillators: safety and efficacy report of the ECOST trial. Eur
Heart J 2013 Feb;34(8):605-614 [FREE Full text] [doi: 10.1093/eurheartj/ehs425] [Medline: 23242192]

Raatikainen MJ, Uusimaa P, van Ginneken MM, Janssen JP, Linnaluoto M. Remote monitoring of implantable cardioverter
defibrillator patients: a safe, time-saving, and cost-effective means for follow-up. Europace 2008 Oct;10(10):1145-1151
[EREE Full text] [doi: 10.1093/europace/eun203] [Medline: 18703585]

Cronin E, Ching E, VarmaN, Martin D, Wilkoff B, Lindsay B. Remote monitoring of cardiovascular devices: atime and
activity analysis. Heart Rhythm 2012 Dec;9(12):1947-1951. [doi: 10.1016/j.hrthm.2012.08.002] [Medline: 22864266]
Calo L, Gargaro A, deRuvo E, Palozzi G, SciarralL, Rebecchi M, et al. Economic impact of remote monitoring on ordinary
follow-up of implantable cardioverter defibrillators as compared with conventional in-hospital visits. A single-center
prospective and randomized study. J Interv Card Electrophysiol 2013 Jun;37(1):69-78. [doi: 10.1007/s10840-013-9783-9]
[Medline: 23515883]

Slotwiner D, Varma N, Akar JG, Annas G, Beardsall M, Fogel RI, et al. HRS expert consensus statement on remote
interrogation and monitoring for cardiovascular implantable electronic devices. Heart Rhythm 2015 Jul;12(7):e69-100.
[doi: 10.1016/j.hrthm.2015.05.008] [Medline: 25981148]

Gimbel JR. Remote device interrogation: when "nothing" really does matter. Heart Rhythm 2012 Dec;9(12):1952-1953.
[doi: 10.1016/j.hrthm.2012.08.040] [Medline: 23063863]

Dahl6f B. Cardiovascular disease risk factors: epidemiology and risk assessment. Am J Cardiol 2010 Jan 04;105(1
Suppl):3A-9A. [doi: 10.1016/j.amjcard.2009.10.007] [Medline: 20102968]

Boriani G, Gasparini M, LandolinaM, Lunati M, Proclemer A, Lonardi G, Clinical Service cardiac centres. Incidence and
clinical relevance of uncontrolled ventricular rate during atria fibrillation in heart failure patients treated with cardiac
resynchronization therapy. Eur JHeart Fail 2011 Aug;13(8):868-876 [FREE Full text] [doi: 10.1093/eurjhf/hfr046] [Medline:
21558331]

Sneha S, Varshney U. Enabling ubiquitous patient monitoring: model, decision protocols, opportunities and challenges.
Decis Support Syst 2009 Feb 03;46(3):606-619. [doi: 10.1016/j.dss.2008.11.014]

Ricci RP, Morichelli L, VarmaN. Remote monitoring for follow-up of patients with cardiac implantabl e electronic devices.
Arrhythm Electrophysiol Rev 2014 Aug;3(2):123-128 [FREE Full text] [doi: 10.15420/aer.2014.3.2.123] [Medline:
26835079]

Abbreviations

CIED: cardiac implantable electronic device

CLN: CareLink network

CRT-D: cardiac resynchronization therapy defibrillator
CRT-P: cardiac resynchronization therapy pacemaker
ERMC: external remote monitoring center

https://cardio.jmir.org/2019/2/€9815 JMIR Cardio 2019 | vol. 3|iss. 2|€9815 | p. 11

(page number not for citation purposes)


http://www.jmir.org/2013/8/e167/
http://dx.doi.org/10.2196/jmir.2608
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23965236&dopt=Abstract
http://eurheartj.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=23868932
http://dx.doi.org/10.1093/eurheartj/eht207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23868932&dopt=Abstract
http://dx.doi.org/10.1002/ejhf.626
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27568392&dopt=Abstract
http://dx.doi.org/10.1093/eurheartj/ehw099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26984864&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S0735-1097(09)03196-9
http://dx.doi.org/10.1016/j.jacc.2009.10.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19926006&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(14)61176-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25131977&dopt=Abstract
http://dx.doi.org/10.1111/pace.12474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25113510&dopt=Abstract
http://europepmc.org/abstract/MED/23242192
http://dx.doi.org/10.1093/eurheartj/ehs425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23242192&dopt=Abstract
http://europace.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=18703585
http://dx.doi.org/10.1093/europace/eun203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18703585&dopt=Abstract
http://dx.doi.org/10.1016/j.hrthm.2012.08.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22864266&dopt=Abstract
http://dx.doi.org/10.1007/s10840-013-9783-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23515883&dopt=Abstract
http://dx.doi.org/10.1016/j.hrthm.2015.05.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25981148&dopt=Abstract
http://dx.doi.org/10.1016/j.hrthm.2012.08.040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23063863&dopt=Abstract
http://dx.doi.org/10.1016/j.amjcard.2009.10.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20102968&dopt=Abstract
https://doi.org/10.1093/eurjhf/hfr046
http://dx.doi.org/10.1093/eurjhf/hfr046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21558331&dopt=Abstract
http://dx.doi.org/10.1016/j.dss.2008.11.014
http://europepmc.org/abstract/MED/26835079
http://dx.doi.org/10.15420/aer.2014.3.2.123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26835079&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR CARDIO Giannolaet &

ICD: implantable cardioverter defibrillator
IPG: single- or dua-chamber pacemaker
IRR: incidencerate ratio

RM: remote monitoring
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