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Remote monitoring is beneficial for the management of patients with cardiovascular
implantable electronic devices by impacting morbidity and mortality. With increas-
ing numbers of patients using remote monitoring, keeping up with higher volume of
remote monitoring transmissions creates challenges for device clinic staff. This inter-
national multidisciplinary document is intended to guide cardiac electrophysiologists,
allied professionals, and hospital administrators in managing remote monitoring clin-
ics. This includes guidance for remote monitoring clinic staffing, appropriate clinic
workflows, patient education, and alert management. This expert consensus state-
ment also addresses other topics such as communication of transmission results, use
of third-party resources, manufacturer responsibilities, and programming concerns.
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Take-Home Messages

1. For patients with cardiovascular implantable electronic devices
(CIED), remote monitoring (RM) is the standard of care.

2. Prompt patient enrollment and maintenance of regular con-
nectivity with long-term adherence to RM accomplished by in-
dividualized patient and caregiver education is essential to an
effective RM program.

3. Adequate staffing using both clinical and nonclinical personnel
with appropriate patient-to-staff ratios and dedicated time to
perform defined roles and responsibilities are essential for man-
aging RM clinic workflows.

4. Clinical staff in the RM clinic should be appropriately educated
and/or certified and participate in ongoing quality assurance and
improvement programs.

5. Programming alerts specific to device type and indication with
established mechanisms for promptly dealing with high-priority
alerts can moderate increasing data volume and workload for
RM programs.

6. Communicating RM device results with patients, their health
care providers, and the patient electronic medical record in a
secure and confidential manner should be accomplished accord-
ing to individual device clinic workflows.

7. Arelationship between RM clinics and device manufacturers for
bidirectional exchange of ideas for staff training, patient educa-
tion, patient care services, and management of safety advisories
and recalls is imperative.

8. Use of third-party resources may offer financial and practical
benefits for dealing with increased device clinic volume.

9. Pediatric patients with CIEDs on RM require scheduling similar
to that for RM of adult patients but may have special needs re-
quiring additional considerations.

10. Implantable loop recorders require immediate connectivity to
RM with special programming needs based on the patient's clini-
cal indication for the implantable loop recorder.

11. Alert-based RM that relies on continuous connectivity al-
lowing for extended time intervals between in-office device

interrogations.

SECTION 1 | INTRODUCTION

1.1 | Preamble

The Heart Rhythm Society (HRS) has developed scientific and clini-
cal documents that have guided clinical care in the management of
cardiac arrhythmias since 1996. This HRS-led expert consensus
statement was developed in partnership with the European Heart
Rhythm Association (EHRA), the Asia Pacific Heart Rhythm Society
(APHRS), and the Latin American Heart Rhythm Society (LAHRS),
and in collaboration with the American College of Cardiology (ACC),
the American Heart Association (AHA), the Pediatric and Congenital
Electrophysiology Society (PACES), and the International Society for
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Holter and Noninvasive Electrocardiology (ISHNE). This international
expert consensus statement is intended to provide comprehensive
guidance to cardiac electrophysiologists, allied professionals, and
other supportive health care technicians and administrative profes-
sionals who participate in the management of cardiovascular implant-
able electronic device (CIED) remote monitoring (RM) programs.

1.2 | Document scope and rationale
The years since the publication of 2015 HRS Expert Consensus Statement
on Remote Interrogation and Monitoring of Cardiovascular Implantable
Electronic Devices (2015 HRS Expert Consensus Statement on RM)1
have seen several key factors that have had direct and lasting impact on
RM and RM management. The number of CIEDs implanted on an annual
basis has grown to approximately 1.7 million worldwide.? The number
of patients followed remotely has increased significantly. Possible driv-
ers of this increase in RM have been the class 1 recommendation in the
2015 HRS Expert Consensus Statement on RM to use RM for CIED
patients as standard of care and the use of RM for staff safety during
the COVID-19 pandemic. Also, implantable loop recorders (ILRs), which
are designed for alert-based management, have added significantly to
the daily volume of data generated for RM clinic workflow.®

The overarching goal of this document is to provide evidence-
based and expert consensus recommendations on how to effectively
operate an RM clinic, whether hospital or nonhospital based. This
takes a joint effort from RM clinic staff—which includes clinical and
nonclinical personnel—hospital and health system administrators,
payers, manufacturers, and regulators. Many topics considered for
this document were identified through a survey of RM device clinic
staff. RMis aninternational issue, but different jurisdictions face very
different challenges related to RM availability and reimbursement.

Although RM is beneficial, its increased use can place an extra
strain on already limited device clinic resources. This additional work-
load magnifies preexisting challenges associated with CIED RM. Some
of the issues identified by RM clinic stakeholders include managing
differences unique to each CIED manufacturer (eg, monitoring hard-
ware, connectivity, programmability, nomenclature, accessibility, and
web-based platforms) as well as the dynamic evolution and complex-
ity of new devices and technology. There are other issues specific to
the needs of individual RM clinics, which include the coordination of
patient enrollment, scheduling, reporting, billing, and interfacing with
electronic medical records. Adequate staffing with both clinical and
nonclinical personnel is required for an effective and efficient RM
program. Appropriate staffing roles, ratios, and credentialing are dis-
cussed. Third-party services have emerged that allow for outsourc-
ing some or all RM services. Some of the advantages, challenges, and
costs that can come with these third-party services are presented.
While RM is available around the world, some regions and jurisdic-
tions face challenges in RM availability, uptake, and reimbursement.
The barriers that lead to this disparity in RM use are explained.

Patients and their caregivers are central to the RM process.
Education is key to maintaining patient adherence and connectivity.
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Concepts related to patient and caregiver engagement are suggested
for guiding RM clinics in maintaining their interest and understanding
the value of the benefits of RM. The pediatric section reviews spe-
cific needs of the pediatric patient with a CIED as it relates to RM.
Although the pediatric RM recommendations are similar to the adult
recommendations, it is recognized that the needs of pediatric patients
may be different in specific circumstances. Industry partnership is es-
sential for updating key stakeholders to maintain quality initiatives
related to ever-emerging new technology and the potential need to
coordinate safety notifications and advisories. Some ideas presented
in this document may be a “wish list” of ideas with the hope that man-
ufacturers can provide the means to accomplish certain goals as a
collaborative team inclusive of patients and their caregivers.

The document finishes with a discussion of future research and
goals for improving RM. Knowledge gaps are evident, and it is only
through the ongoing process of acquiring evidence through research
that these gaps in knowledge can be addressed.

1.3 | Editorial independence

This expert consensus statement is sponsored by the HRS and was
developed without commercial support. All writing committee mem-
bers volunteered their time to the writing and review efforts.

1.4 | Organization of the writing committee

The writing committee consisted of internationally recognized experts
from 11 countries in the fields of clinical electrophysiology, cardiology,
pediatric cardiology, and heart failure (HF) nominated by the partnering
and collaborating organizations. HRS strives to ensure that the writing
committee contains both requisite expertise and diverse representation
from the broader medical community. This is achieved by selecting par-
ticipants from a wide range of backgrounds representing different geo-
graphicregions, genders, races, ethnicities, intellectual perspectives, and
scopes of clinical practice and by inviting organizations and professional
societies with related interests and expertise to participate as partners
or collaborators. In addition, three patient partners were included in the
writing committee to ensure a focus on delivering optimal patient care
that is in alignment with patients’ wants, needs, and preferences.

HRS has rigorous policies and methods to ensure that documents
are developed without bias or improper influence. The HRS policy
on relationships with industry (RWI) and other entities can be found
the HRS Code of Ethics and Professionalism: Appendix C and in the HRS
Clinical Document Development Methodology Manual and Policies. A
majority of the writing committee was free of relevant RWI through-
out the development of the document and sections with recommen-
dations were written by the writing committee members who were
free of relevant RWI. For full transparency, Appendix 1isacompre-
hensive list of RWI (both relevant and nonrelevant to the document
topic) disclosed by the writing committee members. Appendix 2 is a
comprehensive list of RWI disclosed by the peer reviewers.

1.5 | Evidence review and formulation of
recommendations

This expert consensus statement was developed in accordance with
the clinical practice methodology processes detailed in the HRS
Clinical Document Development Methodology Manual and Policies:
Executive Summary,* and with the standards issued in 2011 by the
Institute of Medicine (now National Academy of Medicine).®

The writing committee reviewed evidence gathered by electronic
literature searches (MEDLINE, PubMed, Embase, Cochrane Library,
Ovid). No specific year was chosen for the oldest literature. The aster-
isk (*) was used for truncation to search for all forms of a word, the plus
(+) symbol was used to search for plural and singular forms of a word,
and the pound symbol (#) was used as a wildcard to search for variant
spellings or hyphenation of a word. Search terms included but were not
limited to the following: 3rd party, action®, active transm*, adher*, agree®,
AICD?* alert, alert#burden, alert#driven, allied professional, arrhythmi®,
artifact®, artificial, cardiac, cardiac implantable electronic device®, cardiac
resyn* therap®, cardiovert®, care utilization, child*, CIED, clinic*, clinical
outcomes, communic®, complian®, comply*, connecti”, consistent, continu®,
contract”, cost effective®, CRT-device”, customiz*, defibrillator®, devic*, dis-
parit*, economic impact, economic model, economic outcomes, educat”,
efficient™, EHR, electronic health record”, electronic#device®, enrol*, event”,
geograph’, heart failure, HF, home monitor”*, ICD, implant*, implantable loop
recorder, in#office visit, in#person, inclus®, industry, inform®, initiati*, insert-
able cardia monitor, instruct, interrog™, leadless, letter”, loop record”, man-
age”, manufactur®, mode*, monitor*, noise*, nurse, optimiz*, organization”,
organizational model, outsource®, pacemaker®, passive transm* patient
compli*, patient educat®, patient monitor*, patient portal, patient#driven,
pediatri*, personnel, physiologic* monitoring, program®, randomized con-
trolled trial, RCT, reimburs®, remote monitor*, remote®, report, reportable
results, resource, responsibility”, routine results, schedul®, socio#econom”,
staff*, subcutaneous cardiac monitor, surveil®, task*, techn*, technical over-
view, telehealth, telemetry, telemonitor”, third-party, tim*, transm”, utility
analysis, utilization, variabil*, website , work#flow*, workforce, workload.
Literature searches focused whenever possible on randomized con-
trolled trials, but systematic reviews, nonrandomized and registry stud-
ies, cohort studies, and case series were included. Case reports were
not used to support recommendations. Evidence tables are included in
Appendix 3 and summarize the evidence used by the writing commit-
tee to formulate recommendations. References are representative of
the totality of data and are not meant to be all-inclusive. Limitations of
the evidence base are discussed in individual sections.

To assess consensus after discussions, the writing commit-
tee members participated in surveys. A predefined threshold
of 70% approval for each recommendation was required, with
a minimum quorum of two-thirds of the writing committee. An
initial failure to reach consensus was resolved by subsequent dis-
cussions, revisions as needed, and re-voting. Writing committee
members with RWI did not vote on recommendations concerning
relevant topics. The final mean consensus over all recommenda-
tions was 98.9%, with 46 of 59 recommendations reaching 100%

consensus.
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TABLE 1 ACC/AHA recommendation system: Applying class of recommendation and level of evidence to clinical strategies, interventions,
treatments, and diagnostic testing in patient care (updated May 2019)

CLASS (STRENGTH) OF RECOMMENDATION LEVEL (QUALITY) OF EVIDENCE$

CLASS 2a (MODERATE) Benefit >> Risk

Suggested phrases for writing recommendations:
* |s reasonable
o Can be useful/effective/beneficial
o Comparative-Effectiveness Phrasest:
— Treatment/strategy A is probably recommended/indicated in

preference to treatment B LEVEL C-LD (Limited Data)
- It is reasonable to choose treatment A over treatment B

e Randomized or nonrandomized observational or registry studies with
limitations of design or execution

e Meta-analyses of such studies

® Physiological or mechanistic studies in human subjects

LEVEL C-EO (Expert Opinion)

e Consensus of expert opinion based on clinical experience

COR and LOE are determined independently (any COR may be paired with any LOE).

A recommendation with LOE C does not imply that the recommendation is weak. Many
important clinical questions addressed in guidelines do not lend themselves to clinical
trials. Alithough RCTs are unavailable, there may be a very clear clinical consensus that a
particular test or therapy is useful or effective.

*

The outcome or result of the intervention should be specified (an improved clinical
outcome or increased diagnostic accuracy or incremental prognostic information).

—

For comparative-effectiveness recommendations (COR 1 and 2a; LOE A and B only),
studies that support the use of comparator verbs should involve direct comparisons
of the treatments or strategies being evaluated.

+

The method of assessing quality is evolving, including the application of stan-
dardized, widely-used, and preferably validated evidence grading tools; and for
systematic reviews, the incorporation of an Evidence Review Committee.

COR indicates Class of Recommendation; EO, expert opinion; LD, limited data; LOE, Level
of Evidence; NR, nonrandomized; R, randomized; and RCT, randomized controlled trial.

Adapted with permission from the American College of Cardiology (ACC) and the American Heart Association (AHA).

1.6 | Class of recommendation and literature used to justify the LOE rating, which are also summarized

level of evidence in their evidence tables (Appendix 3). Each recommendation is ac-

companied by explanatory text. Flow diagrams and appropriate ta-

Recommendations in this expert consensus statement are desig- bles provide a summary of the recommendations, intended to assist
nated with both a class of recommendation (COR) and a level of evi- clinicians at the point of care.

dence (LOE). The COR denotes the strength of the recommendation

based on the assessment of the magnitude and certainty of the bene-

fits in proportion to the risks. The LOE reflects the quality of the evi- 1.7 | Document review and approval

dence that supports the recommendation based on type, quantity, and

consistency of data from clinical trials and other sources (Table 1).¢ The HRS invites public and stakeholder involvement in document
For clarity and usefulness, each recommendation is linked to development. In addition to patient representation in the writ-

the supportive evidence through the specific references from the ing committee, draft recommendations were posted for public
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TABLE 2 Relevant clinical practice documents

Title

Publication
Year

2021 ISHNE/HRS/EHRA/APHRS Collaborative Statement on mHealth in Arrhythmia Management: Digital Medical Tools for 2021

Heart Rhythm Professionals’

2021 ESC Guidelines on Cardiac Pacing and Cardiac Resynchronization Therapy® 2021

2021 PACES Expert Consensus Statement on the Indications and Management of Cardiovascular Implantable Electronic 2021

Devices in Pediatric Patients’

Guidance for Cardiac Electrophysiology During the COVID-19 Pandemic from the Heart Rhythm Society COVID-19 Task 2020
Force; Electrophysiology Section of the American College of Cardiology; and the Electrocardiography and Arrhythmias

Committee of the Council on Clinical Cardiology™°

HRS/EHRA/APHRS/LAHRS/ACC/AHA Worldwide Practice Update for Telehealth and Arrhythmia Monitoring During and 2020

After a Pandemic!!

EHRA/HRS/APHRS/LAHRS Expert Consensus on Risk Assessment in Cardiac Arrhythmias: Use the Right Tool for the Right 2020

Outcome, in the Right Population*?

HRS White Paper on Interoperability of Data From Cardiac Implantable Electronic Devices®® 2019

Transparent Sharing of Digital Health Data: A Call to Action** 2019

HRS Expert Consensus Statement on Remote Interrogation and Monitoring for Cardiovascular Implantable Electronic 2015
Devices?

ISHNE/EHRA Expert Consensus on Remote Monitoring of Cardiovascular Implantable Electronic Devices (CIEDs)'® 2012

HRS/EHRA Expert Consensus on the Monitoring of Cardiovascular Implantable Electronic Devices (CIEDs): Description of 2008
Techniques, Indications, Personnel, Frequency and Ethical Considerations®®

Recommendations from the Heart Rhythm Society Task Force on Device Performance Policies and Guidelines endorsed by 2006

the American College of Cardiology Foundation (ACCF) and the American Heart Association (AHA) and the International

Coalition of Pacing and Electrophysiology Organizations (COPE)Y’

comment, and contribution was solicited from regulatory agencies
and patient organizations.

This expert consensus statement was approved by the writing
committee and underwent internal review by the HRS Scientific and
Clinical Documents Committee. The document underwent external
peer review by reviewers appointed by HRS and each of the collab-
orating societies, and revisions were made by the chairs. A record of
writing committee response to reviewer comments and rationale is
maintained by the HRS.

1.8 | Document updates

The HRS Scientific and Clinical Documents Committee reviews
each clinical practice document for currency at least every
5years, or earlier in the event of newly published data. The litera-
ture is routinely monitored to evaluate the continued validity of

recommendations.

1.9 | Relevant clinical practice documents

Table 2 lists pertinent guidelines and expert consensus statements
that the writing committee considered for this document. The in-
cluded documents contain relevant information for the practical

management of the remote device clinic.

SECTION 2 | GENERAL CONCEPTS

Studies since 2015 have continued to show the value of RM and
its potential positive effects on morbidity and mortality, cementing
RM as an essential part of CIED patient care.®23 This has led to a
deluge of patients on RM,?* resulting in large amounts of RM data
and an increase in RM-related workload.?>"2® While the 2015 HRS
Expert Consensus Statement on RM?! provides recommendations on
the benefits of RM and the importance of integrating RM into CIED
patient care, it does not account for the challenges related to RM
that have been realized in the intervening years. These include the
need for organizational RM infrastructure, staffing, and workflow to
handle RM data and RM-related work. It also includes ensuring that
patients with CIEDs on RM remain connected and at the center of
RM programs. There is also a need for developing an improved RM
reimbursement structure. The RM device clinic includes a multidisci-
plinary team involved with the monitoring of CIEDs. The increasing
number of CIEDs implanted as well as unexpected challenges such
as the COVID-19 pandemic have resulted in high demands on in-

person services and a shift toward virtual outpatient clinics.t??

2.1 | Definitions

To standardize the terminology used in the description of RM, terms

used in this expert consensus statement are defined in Table 3.
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TABLE 3 Definitions

Term

Programmer

Device interrogation

Device programming

Home monitor

Remote monitoring (RM)

e Individual-based RM
e Site-based RM

RM platform

Third-party resources

Scheduled transmission

Definition
A manufacturer-specific device designed to receive and transmit information from CIEDs and allow temporary and
permanent programming of CIEDs.

Data transmission from the CIED to the programmer, including device settings and data stored in the CIED memory.
The data can be viewed and stored directly on the programmer or transformed to a report that can be exported to a
computer, dedicated CIED follow-up software, and internet servers.

Bidirectional telemetry allowing the programmer operator to assess CIED function, select CIED settings, and optimize
system performance tailored to the individual patient's condition in a noninvasive and reversible manner.

Remote telemetry device, either a strategically positioned device in the proximity of the patient or a smartphone-based
application, able to communicate with the CIED, which serves as a substation to transmit the encrypted data to
dedicated servers.

Automated remote transmissions of predefined alerts related to clinical events (eg, ICD therapies) or related to device
functioning (eg, lead integrity alerts).

RM where the manufacturer-specific transmitter is assigned to an individual patient at enroliment.

RM where the manufacturer-specific transmitter is assigned to a specific site and could be used to collect device data
for many individual patients (even if they are not individually enrolled).

Manufacturer-specific remote web-based communication system allowing access to the encrypted data transmission
from the home monitor to individual clinic and/or third-party resources.

External services available using manufacturer-specific RM systems to collect and communicate patient data. This
could be software based, which collates data, or personnel based, which can outsource some of the clinics’ work.

Programmable scheduled transmissions during which routine CIED parameters are collected remotely from the RM

platform by members of the remote device clinic team in a format like that obtained during a routine in-person

clinic visit.
Nonscheduled transmission

o Patient-initiated
interrogation

e Alert-initiated Interrogation
actionable event.

Actionable event

Continuous connectivity

Nonscheduled data transmission initiated by the patient due to experiencing real or perceived clinical events, for which
the patient is seeking expert evaluation.

Nonscheduled data transmission initiated by predefined programmed parameters for alerting the clinic of a potentially

Device-related or clinical event that requires intervention prior to the next scheduled in-person clinic visit.

Continuous data collection within the device with automatic transmission using manufacturer-specific transmission

frequency, which often occurs once daily. While the data collection is continuous, the transmissions and monitoring

are not continuous.

Noncontinuous monitoring

Noncontinuous data collection requiring manual transmission using manufacturer-specific transmission either

scheduled by the clinic or initiated by the patient.

CIED = cardiovascular implantable electrical device; ICD = implantable cardioverter-defibrillator; RM = remote monitoring.

2.2 | Remote monitoring considerations

Since the 2015 HRS Expert Consensus Statement on RMl, more re-
cent studies have strengthened the evidence for the organizational
benefits of RM and have offered new insights into the impact of
RM on patient outcome, particularly in those with HF. RM as first-
line strategy for CIED follow-up has been established by the 2020
HRS/EHRA/APHRS/LAHRS/ACC/AHA Worldwide Practice Update for
Telehealth and Arrhythmia Monitoring During and After a Pandemic**
and in 2021 ESC Guidelines on Cardiac Pacing and Resynchronization

Therapy.8

Recommendations for RM considerations

COR LOE

References
1,11,30-38

Recommendations

1. In patients with CIEDs, RM
is recommended as part of
the standard of care.

B-R 2. In patients with CIEDs on
RM, routine surveillance of
lead function and battery
status is recommended to
ensure device integrity.

C-EO 3. In patients with CIEDs on
RM with a device capable
of continuous connectivity,
connectivity should be
maintained.

30,39,40

Synopsis

In patients with CIEDs, RM is recommended as standard of care in
the 2015 HRS Expert Consensus Statement on RM.! Several large,
randomized studies as well as large registries and observational
studies consistently demonstrated major organizational benefits,
such as follow-up optimization, and clinical benefits, with improved
patient management and clinical outcome associated with RM.
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Recommendation-specific supportive text

1. RM reduces the number of health care visits and increases fol-
low-up adherence and patient retention. It provides earlier detec-
tion of actionable events such as atrial and ventricular arrhythmias
without compromising safety.3°=%® It has been demonstrated to
be useful in reducing inappropriate implantable cardioverter-
defibrillator (ICD) shocks by early detection of atrial fibrillation
(AF) with rapid ventricular response rates,** T-wave oversensing,
electromagnetic interference, and device malfunction. No study
to date has shown a reduction in appropriate ICD shocks with
RM. RM can facilitate early detection and quantification of AF
episodes and arrhythmia burden that may prompt clinical reaction,
preventing adverse events such as stroke, shock therapy, and HF.
Continuous connectivity allows individualized patient treatment
and continuous updating of therapeutic strategy. Observational

42744 sybanalysis of randomized trials,®” and metanalysisZ°

studies,
suggest potential benefits of RM in preventing stroke; these
findings have yet to be confirmed by randomized studies.*®

The ability of RM to prevent disease progression and improve
outcomes with HF is still controversial. Modern implantable de-
vices continuously provide diagnostic information to monitor for
HF decompensation, creating opportunities for early intervention
prior to deterioration and hospitalization. Some trials demon-
strated significant benefits of RM#® in reducing hospitalizations

47,48 49

and mortality, as corroborated by real-world large registries.

Continuous connectivity‘:’o'51

23,52,53

and prompt and structured reaction to

alerts may be key to improving patient outcomes. Automatic

53-55

multiparameter monitoring seems promising in prevention of

2256 showed improved

HF exacerbation. Analysis of mega-cohorts
survival in patients followed by RM, with high connectivity being
the greatest benefit. This is consistent with the pooled analysis
of 3 trials®® in which RM reduced all-cause mortality and the
composite endpoint of all-cause mortality or worsening HF hos-
pitalization. The similar magnitudes of absolute risk reductions
for worsening HF and cardiovascular endpoints suggest that the
benefit of RM is driven by the prevention of HF exacerbation.
RM is generally regarded as cost-effective, depending on the
health care model and items assessed,57 as it results in reduc-
tion of in-hospital scheduled and emergency visits, reduction of
diagnostic test burden, and reduction of follow-up duration and
physician and nurse time.>®"¢° RM also reduces patient costs for
travel to in-person visits, time off from work, and interruption
of daily activities of patients and accompanying persons.
Conflicting results do exist regarding the impact of RM on
patient acceptance and quality of life. Several studies have
reported a high rate of patient satisfaction for diverse aspects
such as the patient's perceived relationship with their health
care providers, ease of use, psychological impact, and the ability
to maintain follow-up compliance.®>%2-%° Other studies observed
neutral effects.®¢¢8

2. RM allows effective and safe surveillance of device function-

ing with alerts for battery depletion, circuit disruption, and lead

failure, ensuring device function and integrity. Early detection
of malfunctions when the patient is still asymptomatic may pre-
vent catastrophic consequences, particularly in cases of lead or
device advisory.?*37¢?71 RM also allows for continuous con-
nectivity of pacing thresholds, allowing optimization of battery
longevity.”?74
3. For patients with continuous connectivity, consistent connectiv-
ity depends on appropriate functioning of the RM home device
as well as on telecommunication system availability and patient
adherence to the follow-up plan. Many manufacturers currently
provide mobile smartphone applications’® that can facilitate CIED
RM transmission and alert patients to the status of RM connec-
tivity, encouraging patient engagement and partnership vital to
maintaining RM.”¢78 Consistent connectivity is critical to maxi-
mize RM benefits by early detection of actionable events, allowing
for early intervention for arrhythmias and HF decompensation,
with potential to improve overall patient outcomes.?21:22:56.69-72
Timely reaction to implanted system technical failure as well as to

changes in clinical status may impact patient outcomes.”™">

2.3 | Remote monitoring payment/
reimbursement models

Recommendations for RM payment/reimbursement models

COR LOE Recommendations References
B-NR 1. For the care of patients 35,57-60,
with CIEDs on RM, it is 62,66,79-

recommended that health 89
care payers adopt adequate
reimbursement for RM

that is tailored to regional

health system care patterns

and facilitates sustainable

and cost-effective CIED

follow-up care.

Synopsis

There are an increasing number of economic studies that report the
cost-effectiveness®® (ie, increased clinical benefits for additional
costs that fall within country-specific, societally accepted thresholds
for health care value) or cost savings of RM compared to conven-
tional in-clinic visits,>”5%:60:62:66.79-858790.91 pncsihle mechanisms of
economic benefit include fewer clinic visits without clinically action-
able events,”? reduction in hospitalizations or emergency depart-

ment visits due to earlier detection of clinical deterioration,>”°

or
a reduction in patient- and caregiver-borne costs related to travel
and missed work.>? It is important to note that these prior studies
describe the economic outcomes associated with the RM of ICDs,
cardiac resynchronization therapy (CRT) devices, and pacemakers
(PMs), but not ILRs, for which the evidence of clinical benefit is less

certain. Lack of reimbursement is frequently cited as a barrier to
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widespread adoption of RM84 that varies widely by country,15 and

within country by health jurisdiction. ?°

Recommendation-specific supportive text

1. Given the fundamental differences in the health care financing
across health systems, a single prototypic reimbursement model
is likely unsuitable for all settings. More generally, however,
implementation or reform of existing reimbursement should
consider several cost categories: (a) costs associated with the
RM system itself, such as hardware, software, and industry
service reimbursement; (b) physician fees for RM data inter-
pretation; and (c) hospital- and nonhospital-based clinic overhead
costs including those for allied health professionals (AHPs) and
administrative and nonclinical personnel. In particular, reimburse-
ment models should account for the effort required to coordinate
care (for instance, between device clinics and HF clinics) and
the added indirect workload when managing an RM clinic that
is not reflected by in-clinic patient evaluations. This additional
work may include triaging and reviewing frequent remote trans-
missions, and timely management of alerts.® Reimbursement
will also need to be adaptable to the potentially evolving land-
scape of industry charges and ongoing expenses for RM infra-
structure, data servers, and technical support personnel. Ideally,
reimbursement models should be aligned with the broader goals
of the health care system, which may include access, sustain-
ability, quality, and equity. RM could decrease health care costs
by reducing and shortening hospital stays if implemented prop-
erly.®® Innovative models may be required to facilitate the goals
of access and equity, particularly among patients without cell
phone coverage or internet access.”® Without focused policy
efforts, there is a risk of exacerbating care disparities and ex-
cluding vulnerable patients from the potential benefits of RM.

SECTION 3 | ADMINISTRATIVE AND
NONCLINICAL STAFF

As device clinics are burdened with the increased volume of re-
mote transmissions sent from patient with CIEDs on RM, there is
an opportunity to review responsibilities that could be completed
by administrative and nonclinical staff to assist in optimizing prompt
patient enrollment, patient follow-up, and workflow efficiencies.
This could include but is not limited to tasks such as assisting with
patient enrollment, handling missed appointment notices, managing
patient connectivity, ordering monitors, handling patient transfer
requests, scheduling, and maintaining patient information on manu-
facturer web-based platforms. It is important to define the scope of
practice when evaluating appropriate duties for administrative and
nonclinical staff.
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Recommendations for patient enrollment techniques

COR LOE Recommendations References

1 C-EO

Patient enroliment techniques

1. In patients with an ILR,
enrollment in an RM program
is recommended prior to
discharge given the daily
availability of diagnostic data.

2. In patients with a CIED, it can 97,98
be beneficial to initiate RM
prior to discharge or within
2weeks of CIED implantation.

2a B-NR

Synopsis

The concept of RM should be discussed as part of patient educa-
tion before CIED implantation, allowing assessment of the preferred
connection method that may affect device selection in certain cir-
cumstances. For ILRs, diagnostic data might be available very soon
after discharge. It is important that RM enrollment occurs prior to
discharge from the hospital or clinic. For non-ILR CIEDs, there is sig-
nificant variability in practice regarding the timing of patient enroll-
ment in RM. Ideally, patients would be enrolled prior to discharge,
with chosen RM equipment. For same-day discharge, this would as-
sure additional safety by providing immediate remote surveillance,
replacing what was previously hospital-based surveillance. There
are challenges and limitations to this model. Patients may need time
to process the life change a CIED implementation could represent.
Technical limitations (eg, lack of hardware availability) and patient
characteristics (eg, absence of primary caregivers) could also limit
the opportunity to initiate RM prior to discharge. In these circum-
stances, patients should be enrolled virtually or at the first post-
implantation in-office visit. Both enrollment options have been used
in clinical trials without direct comparison for any clinical outcome.
As up to 50% of patients fail to activate their RM receiver,???? the
use and confirmation of a successful “handshake transmission” can
minimize the proportion of patients who fail to activate RM. In-
office setup with pairing of the CIED and the RM receiver has been
shown to be feasible and to increase the proportion of patients with
a successful first RM transmission after discharge.*®°

Recommendation-specific supportive text

1. ILRs have daily diagnostic data available, and their entire raison
d’étre is to provide diagnostic information. Important diagnostic
information could occur in the days immediately following ILR
implantation. To avoid missing this information, it is important
that RM be initiated prior to discharge. In this way, symptom-
rhythm correlation will not be lost when the patient is no

longer monitored in the hospital.'°
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2. It can be beneficial to enroll patients with a CIED in an RM pro-
gram within 2weeks of CIED implantation, and ideally prior to
discharge if feasible. In a randomized trial comparing RM with
conventional follow-up, enrollment in RM before discharge was
associated with earlier detection of actionable events without
increasing unnecessary in-patient evaluations.”® RM enrollment
within 3 months of implant was associated with improved survival
in all CIED types, but the survival benefit was greatest in patients

with cardiac resynchronization therapy defibrillators (CRT-Ds).?”

3.2 | Managing and updating
manufacturer websites

Recommendations for managing and updating manufacturer
websites

COR LOE Recommendations References

C-EO 1. For the care of patients with
CIEDs on RM who undergo
device change or upgrade,
have a change in vital status,
or request clinic transfer,
it is recommended that
there is a process to update
patient information on the
manufacturer web-based
platform in a timely manner
to avoid gaps in RM.

Synopsis

In patients with CIEDs on RM, timely updates of the device manu-
facturer's web-based platform are needed to avoid gaps when a pa-
tient undergoes device change or upgrade, dies, or requests clinic
transfer, or when there are other equipment changes. For continu-
ous optimal care of patients with CIEDs on RM with these circum-
stances, updating baseline device/demographic information on
the manufacturer web-based platform is essential to avoid clinical
or demographical gaps with ongoing use of RM. This information-
updating process also contributes to maintaining a more accurate
roster of patients being followed by device clinic staff, thus improv-
ing workflow efficiency.

Recommendation-specific supportive text

1. RM staff in clinic- or hospital-based programs need to update
patient information on the manufacturer web-based platform
for those who undergo device change or upgrade before dis-
charge to ensure ongoing monitoring and compatibility of new
device with existing RM equipment. These updates on the
manufacturer website are also required in the case of a change
in vital status (such as patient death), a change in patient's

contact information (telephone number or address), or a patient
transfer from or to another clinic. Workflows should be es-
tablished to address whether administrative or clinical staff

should address these updates.

33 |

Recommendations for techniques to optimize patient connectivity

COR LOE Recommendations References

C-EO 1. For the care of patients
with CIEDs on RM
who lose connectivity,
it is recommended
that clinics have an
established process
that includes dedicated
clinic staff to facilitate
reconnection.

Techniques to optimize patient connectivity

Synopsis

Established processes for overcoming challenges with connectivity
increase efficiency, thereby reducing response time necessary to
address patients’ concerns as well as minimizing time that patients

remain disconnected.

Recommendation-specific supportive text

1. Patient connectivity to RM is critical for the success of an
RM program and most importantly for the patient to realize
the known benefits of RM (see Section 2.2). Rapid manage-
ment of disconnected patients is imperative. This respon-
sibility falls on the patient and the device clinic. It is im-
portant that every reasonable effort be made by the clinic
to reach the disconnected patient. Manufacturers as col-
laborative partners can assist by providing a notification
directly to the patient about a disconnection and can provide
technical support if needed. This time-intensive process that
includes contacting the patient and troubleshooting the
issue(s) can be accomplished by adequately trained nonclini-
cal or clinical staff with adequate time budgeted for this

important task.

SECTION 4 | STAFFING OF REMOTE
MONITORING CLINICS

The 2015 HRS Expert Consensus Statement on RM identified the
roles and responsibilities of the RM team members.! The docu-
ment identified the following as members of the team: physician,
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advanced practice provider, allied professional, and ancillary staff.
In addition, the original document clearly stipulated that an event
detected by RM can trigger a full interrogation, office visit, or even
an emergency department evaluation, each of which would be as-
sociated with the appropriate communication with the patient's
additional health care providers. Inherent to RM is the work effort
needed to consistently operate and maintain an effective and effi-
cient RM clinic. Furthermore, several important developments have
transpired since the 2015 HRS Expert Consensus Statement on RM
was published. These include an increase in the number of patients
on RM, the availability of ILRs that transmit data daily for years at a
time, the continued absence of a national coverage determination
that provides a uniform reimbursement model for RM, and the pro-
liferation of multiple operational models to conduct an RM program.
These developments require us to reconsider the appropriate staff-
ing requirements for RM clinics.

4.1 | Recommended staffing requirements for

remote monitoring

Recommendat for staffing requirements for RM

COR LOE

References

1,25,28,29,53,
90,102-109

Recommendations

1. For the care of patients
with CIEDs on RM, a
team-based organizational
model with formal policies,
procedures, and clear
definitions of the roles and
responsibilities of qualified
staff is recommended to
optimize all related RM
tasks.

2. For the care of patients
with CIEDs on RM,, it is
recommended that there
is adequate dedicated
time to perform all RM
tasks, including scheduled
and nonscheduled
transmissions, patient
follow-up, and
administrative tasks.

25,28,57,104,
106,110

3. For the care of patients
with CIEDs on RM,, it is
recommended that the
staff-to-patient ratios
in RM clinics reflect the
increasing unscheduled
transmission workload.

3,28,59,111,112

2a C-LD 4. For the care of patients 27
with CIEDs on RM,, it is
reasonable for clinics to
have a minimum of 3.0
full-time equivalents per
1000 patients on RM,
comprising both clinical
and administrative staff.
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Synopsis

The 2015 HRS Expert Consensus Statement on RM assigned a
class 1 recommendation to RM in all CIED patients.1 The adop-
tion of RM was further facilitated by the COVID-19 pandemic,
which prompted adoption of digital and virtual technologies to
provide safe, uninterrupted monitoring and care for CIED pa-
tients.101124118 However, staffing challenges are multifaceted, in-
terrelated, and continue to persist (Figure 1). The value of RM and
its benefits may not be widely known or accepted, which can af-
fect resourcing, reimbursement, and ultimately allocation of staff-
ing for RM monitoring within an institution.?®7>114 CIED RM work
hours are incorporated into a “virtual” space; while the patient may
not be physically in the clinic, the work burden related to manag-
ing CIED RM patients still exists on multiple levels.?® The success
of CIED RM programs is directly related to the ability to absorb
and complete this workload in an efficient manner. This requires
organizational models and infrastructure, with policies and pro-
cedures to govern operations and workflow and dedicated time,
space, and equipment.2>:28:2990.102-104,108 citic 4| to this organiza-
tional model is a team of CIED RM personnel with clearly defined
roles—physicians and advanced allied professionals, nurses and/

or cardiac physiologists, technicians, and administrative support
staff 1:25:28.29,102,103,107

Recommendation-specific supportive text

1. The continued uptake of RM has led to a deluge of data from
scheduled and unscheduled RM transmissions. Some institutions
report receiving >100,000 transmissions annually.>'%® Although
RM transmission volume can be extremely high, RM transmission
review can be highly efficient, as long as staff, workflow, and
decision trees are in place.29’103'1°7'111 The Italian HomeGuide
Registry structured organizational model of a primary nurse
and physician team to review RM transmissions and manage
RM patients was found to be highly effective, safe, and effi-
cient.??'% Subsequent observational studies have corroborated
the use of structured organizational models with dedicated
staff, workflows, and decision trees, showing improvements
in patient management, timely detection of actionable events,
and gains in clinic efficiencies.”®1031819? gryctured workflow
with dedicated RM staff (a central monitoring unit) and duties
(RM transmission review with forwarding of events to clinical
teams) may have contributed to improved outcomes in patients
on RM in the implant-based multiparameter telemonitoring of
patients with HF randomized controlled trial (IN-TIME).>® These
data led to a position paper from the Italian Association of
Arrhythmology and Cardiac Pacing calling for RM organizational
model standardization and formally recommending the use of
dedicated, trained teams to manage RM transmissions in CIED

patients.102
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Remote Monitoring Staffing Challenges

Challenges in obtaining staff

% Lack of dedicated
RM personnel

Challenges facing staff

A Overwhelming RM data
|:||:| burden (“data deluge”)

Challenges facing staff

—— Lack of dedicated time
po
LN,

r RM management
(“invisible work”)

Poor understanding of
RM value/benefits

Lack of adequate
reimbursement
arrangement

Poor understanding of
RM data burden &
RM-related work tasks
(“invisible work”)

@ Poor understanding of
— need for RM
@ @®@®  organizational model

(roles/responsibilities)

fo B0

3el

0
0

Lack of dedicated RM
personnel

Need for organizational
workflow

Need for decision trees for
RM transmission review/
standardization of alert
criteria

¢ Alert-based RM
transmission review
Programming
optimization

* Al algorithms

r’%)
=

2\
i

O
@

ﬁ ((( )))
y

Transmission triage
(Access software, ID alerts/
events/routine transmissions)

Initial transmission
review

Triage for secondary
review

Patient management
activities/telephone work

Technology/connectivity
troubleshooting

Lack of resources &
need for outsourcing

EiS

2. The growth of RM and RM transmissions has been accompa-

nied by an exponential increase in workload.>?>281%3 | addi-
tion to reviewing RM transmissions, other RM-related tasks
must be completed to appropriately manage CIED patients
on RM,28:57103105106.110112 \while review of RM transmissions
is rapid, the total RM-related work burden is high.}?%112 The
EuroEco (European Health Economic Trial on Home Monitoring in
ICD Patients) trial showed that total staff time required to manage
home monitoring “on” vs home monitoring “of f” groups was similar
(176 vs 178 min, P = NS).%” In 2021, an international study of RM
time-motion workflow?® found that for each RM transmission, at
least 15 tasks needed completion, including transmission review
and diagnosis, patient communication and clinical action, and elec-
tronic charting and billing. Furthermore, there were 17 additional
tasks, including triage and scheduling, technology and connectiv-
ity troubleshooting, and telephone work, to completely manage a
CIED patient on RM.28 Without investment in infrastructure and
personnel with dedicated time for RM, the benefits of RM on clinic
efficiencies, on patient adherence, satisfaction, and quality of life,
and, most importantly, on patient morbidity and mortality cannot

be realized, and systems become overwhelmed,32°28:90.95104-106

B 470 [>

Need for outsourcing

Administrative

% (documentation/EHR, billing,
[«

scheduling)

FIGURE 1 Staffing challenges with remote monitoring. Al = artificial intelligence; EHR = electronic health record; RM = remote
monitoring.

Lack of formalized policies to perform the “invisible work” of RM
prevents personnel from performing at the top of their license,
especially if also tasked with other non-RM responsibilities. This
leads to job dissatisfaction, burnout, and high staff turnover in

under-resourced teams.3?2528,90.95,104-106

. Clinical trials have highlighted the efficiencies and time saved

by an RM scheduled follow-up vs an in-clinic follow-up.1°%12

However, many patients will have unscheduled transmissions
in addition to their scheduled follow-ups and each of these
requires triage, data review, and documentation with an as-
sociated time cost.® Unscheduled remote transmissions com-
prise 27-40% of clinic workload, and as such, sufficient staff
resources will need to be provided to review this data.''!
Additionally unscheduled transmissions have more actionable
events that require longer time for clinical management; this
also needs to be taken into consideration when calculating the
number of staff required.?®?2 When integrating this evidence
into clinical practice, the actual remote clinic workload may be
underestimated, and thus staffing has become an important
issue for many clinics as the number of patients followed by RM

continues to increase.
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2015 HRS Guidelines: Personnel Based

i

Physician
* Obtains medical history, reviews
transmissions, make recommendations
for management
« Participates in patient enroliment &
Mid-level education, interpretation of routine
Provider transmissions, documentation and billing

(NP/PA) « Provides oversight of allied professionals

&

Has IBHRE certification or experience on

m par with certification
« Reviews data with criteria for involving
Allied physician or mid-level & patient contact

Professional

« Performs nonclinical actions:
@ ¢ Appointment reminders
m *  Patient connectivity/troubleshooting

Clinic technology/customer support

Ancilla
v Collects data for review

staff

. .

*American Board of Internal Medicine (ABIM) Clinical Cardiac Electrophysiology
certification, American Board of Pediatrics Cardiology certification, or the International
Board of Heart Rhythm Examiners (IBHRE) device certification.

Open Acces:
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2023 HRS Guidelines: Task Based (Implications for Staffing)

Task Issues Under Evolution
Connectivity/Troubleshooting T
* Appointments
« Connectivity Ancillary
* Patient questions staff
Patient Education/Enrollment APP

What is remote monitoring?
Why is it needed?
Choice of monitor

AR

Device Tech

Data Triage & Review, options:
@) ¢ Third-party software
Single web-based data
Device portal
Technician Device and patient
or RN management

CIED Data Triage & Review
¢ Website monitoring
« Initial data processing
* Initial communication with
health care team

- - Final sign-off
o Final Slng-O Interpretation (middleware vs
Final interpretation in-EHR)
Final communication with « Information interoperability
health care team

(between EHRs)
* Documentation for billing

Closing the loop with patients

Physician,
Alert M " A_P',)/ . Alert Management
* Patient calls i * In-office CIED management
 In-office evaluations * Hospital-based remote CIED

* Charting and communication interrogations

* After-hours alert management

FIGURE 2 2015 HRS Expert Consensus Statement on RM? vs 2023 HRS Expert Consensus Statement. APP = advanced practice
provider; CIED = cardiovascular implantable electronic device; EHR = electronic health record; HRS = Heart Rhythm Society; NP = nurse
practitioner; PA = physician assistant; RN = registered nurse; Tech = technician.

4. CIED RM comprises multiple tasks; these include patient edu-
cation and enrollment, connectivity and troubleshooting, data
triage and review, alert management, and final sign-off, which
includes documentation, communication, and billing. Figure 2
shows task-based responsibilities and implications for staffing
as compared to prior guidelines that were personnel based.
Requirements for documentation and communication vary
extensively from region to region. Each of these tasks is best
performed by a different member of the RM team, which in-
cludes physicians, advanced practice providers, registered
nurses, physiologists, device technicians, and ancillary staff. It
is important to understand how many staff members are re-
quired to manage RM, keeping in mind that RM does not exist
in a vacuum, but rather adds to the non-RM workload inher-
ent to ongoing in-person device evaluations. Future research is
needed to establish specific models balancing in-office vs RM

roles.

A recent analysis attempted to quantify the mean cumulative
staff time required per remote transmission and in-person clinic
visit, in a population of clinics using guideline-recommended RM in
combination with in-person device follow-up for their patients.?®
The analysis determined the average staff time required to review
these transmissions, both scheduled and unscheduled, stratifying
data for device type (PM, ICD, CRT, and ILR) and location (United

States vs Europe). The combined workload of RM transmission

review and in-person device follow-up varied based on device type,
ranging in the United States from 2.1 hours per patient per year
with a PM to 9.3 hours per patient per year with an ILR. Another
analysis of a large multicenter cohort of patients undergoing RM
and using proprietary patient management software reported the
following breakdown of devices: 46.7% PMs, 18.8% non-CRT ICDs,
18.7% CRT-Ds, and 15.7% ILRs.® Based on these two data sets,
assuming a 40-hour work week, an estimated 53.5 hours a week
(equivalent to 1.34 full-time equivalent [FTEs]) in Europe and 64.2
hours a week (equivalent to 1.61 FTEs) in the United States are
required to manage 1000 CIED patients followed via a combination
of RM and in-clinic visits. As the proportion of patients with ILRs
monitored remotely increases, the associated workload increases
in a disproportionate manner.>?* Modeling the aforementioned
data with an increase in proportion of ILRs to 30% increases the
staffing needs to 2.3 FTEs.!*® This also did not account for the
workload from additional RM-related tasks shown in Figure 2.
Furthermore, institutions need to account for time away from the
office and the potential need to monitor on weekends. Thus, we
estimated that 3.0 FTEs are required to support the care of 1000
CIED patients managed with a combination RM and in-clinic visits
with varying proportions of the type of personnel (clinical vs non-
clinical) depending on individual clinic workflows and mix of de-
vices being followed. This staffing ratio will differ in practices using
third-party staffing resources and may also vary based on other
local circumstances.
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4.2 | Staff credentialing and qualifications for
remote monitoring

Recommendations for staff credentialing and qualifications for RM

COR LOE Recommendations References

C-EO 1. For the care of patients
with CIEDs on RM, it
is recommended that
clinical providers who
independently prescribe,
interpret, and document
RM possess appropriate
education and/or
certification.

C-EO 2. For the care of patients
with CIEDs on RM, it is
recommended that clinics
regularly conduct quality
improvement reviews to
support current evidence-
based standards.

Synopsis

Similar to the 2015 HRS Expert Consensus Statement on RM, this
document upholds the recommendation that providers who oversee
or independently review, manage, or document and bill for CIED RM
demonstrate specific expertise in CIED management by holding ap-
propriate education and/or certification. Certification and education
should be supported by the institute/center of employment. Quality
improvement review is essential for maintaining high-quality care. All
members of the RM team should receive training and continuing educa-
tion specific to RM. All staff/personnel involved with CIED RM should
engage in quality improvement review to support current evidence-
based standards. All related complications should be reviewed at these
meetings, and a process should be in place for reporting outcomes and
complications with a goal of continuous improvement.

Recommendation-specific supportive text

1. The International Board of Heart Rhythm Examiners (IBHRE),
Certified Cardiac Device Specialist (CCDS) or Cardiac Device
Remote Monitoring Specialist (CDRMS), or American Board of
Internal Medicine (ABIM), are currently recognized options for
certification of CIED clinic personnel.l’9 For AHPs performing
initial review and/or triage of RM who do not possess ap-
propriate certification, final remote interpretation should be
completed by an appropriately trained professional with such
certification. AHPs are eligible for the IBHRE CCDS certification,
which focuses on comprehensive clinical knowledge pertinent
to CIED management, or CDRMS certification, which focuses
specifically on RM technology and interpretation of remote CIED
transmissions. Additional details and eligibility requirements for

these examinations are listed on the IBHRE website (www.ibhre.
org). The 2021 HRS Educational Framework for Clinical Cardiac
Electrophysiology recommends continuing education for both
physicians and AHPs who provide clinical care for heart rhythm
patients.’® It provides a topical framework for education for
all professionals delivering heart rhythm care and can be used
to structure existing or new education through the HRS. The
IBHRE supports continuing education through IBHRE-C3—a
program providing up-to-date accredited continuing education
(ACE) options for maintenance of certification. Additional op-
tions for RM continuing education are available through various
entities such as the HRS's online learning platform, HRS 365
(heartrhythm365.0rg), or the annual Heart Rhythm conference.
2. Quality improvement is an important part of health care delivery
and has been the focus of many international and multidisciplinary
collaborations such as the IMPACT registry (Improving Pediatric

)17 and Pediatric Cardiac Critical

and Adult Congenital Treatments
Care Consortium (PC*.18 These registries support the review and
transparency of internal data, which then can be compared to other
similar programs with the goal of improving care. The Intersocietal
Accreditation Commission (IAC) accredits facilities meeting high
standards of process and now has accreditation for the CIED clinic
that focuses on postprocedural onsite and longitudinal RM of im-
plantable cardiac devices. IAC accreditation requires programs to

perform regular quality improvement review.!*’

SECTION 5 | TECHNICAL
CONSIDERATIONS IN REMOTE
MONITORING

RM technology differs widely by manufacturer. Some RM technolo-
gies offer continuous connectivity capabilities, and others offer non-
continuous monitoring capabilities. Continuous connectivity involves
continuous data collection within the device with automatic trans-
mission using manufacturer-specific transmission frequency, which
often occurs once daily. This assures ongoing surveillance of device
and lead parameters with the potential of rapid communication when
there is a problem. These monitors are not transmitting on a minute-
by-minute, or even hourly, basis. This transmission frequency should
be communicated to patients, their caregivers, and their other health
care providers. They are not substitutes for an emergency medical
system. Noncontinuous monitoring involves noncontinuous data col-
lection and requires manual efforts for transmission to occur. This
can be either scheduled by the clinic or initiated by the patient.

Whereas continuous connectivity may be preferred as it expe-
dites transmission of actionable events, intermittent monitoring
should at least meet the recommended frequency of in-person
device interrogation. Some centers may be without on-site device
interrogation capabilities but still have a need for acute device
surveillance. In these instances, site-based RM and an established
workflow to connect with device experts may help to reduce time to
getting diagnostic information from the device.


http://www.ibhre.org
http://www.ibhre.org
https://www.heartrhythm365.org/
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5.1 | Devices with noncontinuous
remote monitoring

Recommendations for devices with noncontinuous RM

COR LOE Recommendations References

1 C-EO 1. In patients with CIEDs

on RM in the absence of
continuous connectivity,
remote transmissions are
recommended at least every
3-12 months for PMs and
every 3-6 months for ICDs.

1 C-EO 2. In patients with CIEDs on RM

in the absence of continuous
connectivity, as the device
approaches elective
replacement, the frequency
of remote transmissions
should be increased to every
1-3 months.

Synopsis

Remote device management may consist of multiple types of trans-
missions. The first, full remote device interrogation at scheduled in-
tervals, mimics in-office visits. The second, automatic unscheduled
RM transmission, consists of continuous connectivity with ongoing,
real-time assessment of device function following predefined alert
events. In the final type, patients can initiate a remote transmission
when they experience an event (Figure 3).8 Evidence regarding the
frequency of remote follow-up interrogations and transmissions is
lacking. In general, transmissions for ICDs should be more frequent
than for PMs due to the increased complexity of their function as
well as the in general, sicker population. There will be some circum-
stances (eg, if a patient is PM dependent) where the transmission
frequency for PMs may match or exceed that for some ICDs. In most
cases, a CRT-D could be treated like an ICD and a cardiac resynchro-
nization therapy pacemaker (CRT-P) could be treated like a PM for
RM follow-up.

Recommendation-specific supportive text

1. In patients without continuous connectivity, the frequency of
routine remote device transmissions should be based on the
recommendations for in-office visits of devices that are not
monitored remotely. This approach uses a remote platform to
mimic traditional in-office visits and does not offer ongoing
monitoring and timely communication of any potential problem
between visits. We have not altered the previously recom-
mended interval between visits for these patients based on
the prior guidelines and expert consensus statements. 181516

Patients may need to be evaluated more frequently in spe-

cific circumstances. These circumstances could include patients

Souwnal py’ ' Of’zz/gylé//zizl

who are PM dependent, those whose device is under safety
advisory, or those who have other medical conditions that
warrant closer assessment.

2. The 1-3 month frequency of transmissions for devices on RM that
approach elective replacement due to battery depletion, and that
do not have continuous connectivity, match the indicated fre-
quency of follow-up of cardiac devices without RM.18¢ As the
CIED approaches end of life and the battery depletes, more fre-
quent monitoring is needed due to the unpredictable risk of rapid
falls in battery voltage. As the device gets closer to its elective
replacement indicator, or beyond it, monthly monitoring will likely
be needed, as the expected operational longevity of the device
is only 90days from that point. This recommendation is not sub-
stantively different than those from prior guidelines and expert

consensus statements.>81¢

5.2 | Site-based remote monitoring

Recommendations for site-based RM
COR LOE
2a C-EO

Recommendations References

1. For patients with CIEDs in
centers without onsite device
interrogation capability, it
is reasonable to use site-
based remote interrogation
technology to facilitate access
to care.

2a C-EO 2. For patients with CIEDs in

centers with onsite device
interrogation capability, it
is reasonable to use site-
based remote interrogation
technology to provide
expedited care.

Synopsis

CIED patients frequently encounter situations whereby an imme-
diate, unscheduled device interrogation is clinically necessary. The
most common settings for these encounters are the emergency de-
partment or perioperative areas where the patient may have pre-
sented with cardiac or CIED-related symptoms such as perceived
shocks, or unrelated conditions, for urgent surgical interventions,
magnetic resonance imaging (MRI) scans, or unplanned hospitaliza-
tions. In the past, a device physician, a trained AHP, or a manufac-
turer representative would be notified. The person notified would
then travel to perform the interrogation and discuss the findings
with the attending clinician or implanting electrophysiologist. This
arrangement is costly, time-consuming, and associated with signifi-
cant delays to clinical decision-making. A more recent alternative is
site-based RM. In this type of RM, a special manufacturer-specific
transmitter is provided to a clinical site and can be used to interrogate
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FIGURE 4 Traditional personal 1:1 vs site-based remote monitoring. With traditional personal 1:1 remote monitoring (RM), each patient
is individually enrolled into the RM program and the RM data is routed to both the facility and the patient's device clinic. With site-based
RM, multiple patients can use the system, even if they are not individually enrolled into the RM program, and the RM data is shared with that

facility's clinic in addition to the patient's home clinic.

CIEDs belonging to the associated manufacturer, even if the patient ability to reprogram the device. This tool can be used to expedite
is not individually enrolled in RM. Figure 4 depicts the difference CIED device interrogation and patient care when onsite CIED inter-

between traditional and site-based RM. These transmitters have no rogation is not immediately available.
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Recommendation-specific supportive text

1. To leverage the capabilities of RM, most device manufacturers
have developed site-based (rather than individual-based) remote
transmission systems. These can be placed in clinical areas with
the largest need for unscheduled interrogations, including from
patients not enrolled in an RM system.}?%!2! This could include
hospital and urgent care centers without on-site device inter-
rogation capabilities. These transmitters can perform manual
download of device data onto the manufacturers’ proprietary
web portal. They can be downloaded by trained technical staff
through a CIED clinic or a third-party monitoring service for
review and interpretation by an expert device clinician. (Figure
5). These systems could be used to extend the reach of RM into
rural, isolated, inaccessible, or other underserved areas. Device
reprogramming is not possible using these monitoring devices.

2. Using the Medtronic CareLink Express system to handle 7044
transmissions from the emergency department and operating
room, time to device interrogation/interpretation was reduced by
78% to a mean of 22 +14 minutes, compared to calling for the
local device representative to physically attend the patient's loca-
tion.1%° Only 9.1% of interrogations were clinically actionable. In
the overwhelming majority of cases, the device was functioning
normally, no device or arrhythmia concerns were found after an
expert technical review of the transmitted data, and the attend-
ing clinician could be notified and provided with a report of the
interrogation. In the minority of cases where there are concerns
about device function or reprogramming is required, an in-person
evaluation by trained electrophysiology staff with a program-
mer can be arranged immediately or nonurgently when the clinic
reopens. Similarly, using a Boston Scientific LATITUDE Consult
installed in 42 hospital facilities to evaluate 509 discreet unsched-
uled transmissions, device evaluation was completed in less than
15 minutes for 89% of cases and only 10% of transmissions were
classified as urgent.1?! These site-based RM workflows provide a
time-efficient and cost-effective strategy to manage unscheduled
device interrogations, even when there are on-site device inter-

rogation capabilities.

SECTION 6 | ALERT-BASED REMOTE

MONITORING

The follow-up and management of increasing numbers of patients
with CIEDs is generating larger workloads for clinical staff. Advances
in telecommunication technologies can minimize this burden by
monitoring chronic conditions during ambulatory care, thus cre-
ating more efficient health care systems. In the 2015 HRS Expert
Consensus Statement on RM, the recommendation was to interro-
gate CIEDs every 3 months, either in-person or remotely. In clinical
practice, this regimen requires significant effort from both patients
and clinic staff. These scheduled visits miss interim events until the
next scheduled visit, delaying treatment of actionable alerts. RM
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CIED patient has an acute condition

Patient presents to an emergency
department that does not have onsite
device interrogation capability

Emergency department staff performs
device interrogation using a site-based
interrogator

()

&

Device interrogation data are uploaded to
the manufacturer cloud

Offsite clinical staff interprets the device
interrogation data

Interpreted device interrogation data are
relayed to the attending emergency
physician

s

Patient proceeds to treatment

FIGURE 5 |lllustrative example of unscheduled cardiovascular
implantable electronic device interrogation using a site-based
remote monitoring transmitter. CIED = cardiovascular implantable
electronic device.

systems are evolving to continuous connectivity, where device and
disease-related alerts are generated as and when they occur and
transmitted often within 1 day.??> Continuous connectivity may fa-
cilitate the implementation of alert-based RM, which is a combina-
tion of continuous connectivity with clinic visits that are prompted
only by the detection of actionable events.
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Recommendations for alert-based RM

COR LOE Recommendations References

1 B-R 1. In patients with CIEDs 18,29,31,32,35,
and a component with 39,42,123,124
a safety advisory, it
is recommended that
continuous connectivity
be added to scheduled
remote or in-person
interrogation to enable
early detection of
actionable events.

2a B-R 2. In patients with PMs on
RM with consistent and
continuous connectivity,
and in the absence of
recent alerts or other
cardiac comorbidity, it is
reasonable to schedule
in-person visits every 24
months.

37,125,126

2a B-R 3. In patients with ICDs on 31,35,57,92,98

RM with consistent and
continuous connectivity,
and in the absence of
recent alerts or other
cardiac comorbidity, it is
reasonable to schedule
in-person visits every 24
months.

Synopsis

The implementation of continuous connectivity extends remote pa-
tient management beyond periodic calendar-based follow-up (see
Figure 3, Continuous).122 In randomized clinical trials, RM was as-
sociated with a reduction of hospital use and staff workload and a
shorter time to clinical decisions 31:323592125126 «plart-hased RM”
was increasingly used during the COVID-19 pandemic out of neces-
sity.!! The practice was effective and yielded a positive experience.
This form of remote management has the potential to replace struc-
tured intermittent device follow-up (whether in-person or remote).”?
This could minimize low-value effort, optimize clinic visits for action-
able events, and decrease health care costs.?? For alert-based RM to
be effective, there must be near-perfect connectivity, robust sys-
tems to assure connectivity from the manufacturers, and excellent

patient compliance.

Recommendation-specific supportive text

1. During the last few decades, the number of safety adviso-
ries for CIED components has increased due to the increasing
complexity of the technology.127’128 Monitoring compromised
CIED system integrity is challenging due to the unpredictabil-
ity of CIED malfunction and the need for immediate action.

The addition of continuous connectivity to regularly scheduled
remote or in-person follow-up has been shown to allow for
more rapid detection of and response to actionable events,
including system malfunction,18:2%3132.3539.404271,123,124,128
2. In randomized trials, alert-based RM in patients with a PMs was
safe, cost-effective, and an efficient substitute for conventional
follow-up, reducing hospital visits and staff workload and facili-
tating early detection of actionable events. If, however, continu-
ous connectivity is not present, the connectivity is inconsistent
for any reason, there have been CIED alerts, or there are concom-
itant comorbidities, then more frequent in-person visits might be
necessary.2”12>126 |f shorter follow-up intervals are necessary
due to cardiac comorbidities, the most recent RM data may be
referenced and an in-person device check may not be necessary.
3. Randomized trials comparing alert-based RM with conventional
follow-up in patients with ICDs on continuous connectivity have
shown reduced in-person visits, lower staff workload, almost im-
mediate detection of actionable events, and also improved patient
retention, follow-up, and quality of life. 3173335579298 |t there are
inconsistent and noncontinuous connectivity issues, recent CIED
alerts, or concomitant cardiac comorbidities, more frequent in-
person visits may be necessary.33>%%9298 |f shorter follow-up
intervals are necessary due to cardiac comorbidities, the most re-
cent RM data may be referenced and an in-person device check

may not be necessary.

SECTION 7 | PROGRAMMING
CONSIDERATIONS FOR OPTIMAL REMOTE
MONITORING

RM of CIEDs has facilitated effective surveillance of device func-
tion as well as follow-up for arrhythmic events that require clinical
intervention, regardless of CIED type.! RM significantly reduces the
volume of in-person evaluations and can decrease the delay from
arrhythmia onset to clinical decision, without undermining safety
concerns.?1323546 To optimize the efficient use of RM, both opti-
mal device programming and an infrastructure of trained clinicians,
who can interpret massive information derived from RM, are re-
quired. Although the programming details might vary by platform,
preferred programming strategies are those that enable the most
accurate detection of arrhythmia or problems, enable earlier detec-
tion of arrhythmia or problems, and facilitate subsequent therapeu-
tic measures. All types of CIEDs should be programmed to alert for
intrinsic changes of device function that need attention. CIEDs that
are capable of monitoring atrial arrhythmia should be programmed
to improve detection rate of sustained atrial arrhythmia and its bur-
den. Since CIEDs are utilized by different patient populations with
distinct cardiovascular needs, RM should be programmed and strati-
fied according to the indications for the CIED. Patients with ICD or
CRT often have underlying HF, which necessitates specific moni-
toring for signs of HF decompensation. In contrast, monitoring for
right ventricular (RV) pacing burden may be of interest in patients
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without CRT pacing. Programing can reduce nonactionable alerts
(see Section 8.2) for patients that have known clinical conditions,
such as sinus tachycardia especially during exercise (especially in
younger patients), chronic AF, or complete heart block with 100%
RV pacing. CIEDs that are indicated for diagnostic purpose rather
than therapeutic indication (such as ILRs) should be programmed
to optimize diagnostic accuracy and reduce false-positive events

caused by undersensing or oversensing.

71 |

Recommendations for manufacturer and device-specific knowledge

COR LOE Recommendations References

1 C-EO

Manufacturer and device-specific knowledge

1. For the care of patients
with CIEDs on RM,, it is
recommended that clinic
staff are knowledgeable
about the specific
differences between, and
within, manufacturers’
devices and their RM
platforms to optimize patient
care.

Synopsis

Proper management of patients with CIEDs on RM essentially de-
pends on specific knowledge of the system in use. This knowledge
includes the differences in layout and presentation of the various in-
formation displayed, but, more importantly, relates to the program-
mability of parameters and alerts. It is essential that the team that
will remotely monitor the patient has a full understanding about the
specific system that will be used. This should be considered even be-
fore implanting the device, since specific device-related differences
may make one CIED/RM system preferable to another system for a
particular patient. Manufacturers’ support for training staff about

their systems is imperative.

Recommendation-specific supportive text

1. Although the different RM systems share common principles,
they differ significantly in philosophy and practical applica-
tion, the type and number of programmable alerts, and some
proprietary algorithms. The programming and information
display screen itself differs considerably among different
manufacturers.'?’ The capabilities and limitations of the dif-
ferent RM systems should be understood when considering
the best CIED system for an individual patient. Some examples
of these differences between manufacturers are outlined in
Table 4.
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7.2 | Programming for clinical indications with
different types of cardiovascular implantable
electronic devices

Recommendations for programming for clinical indications with

different types of CIEDs
COR LOE

References

48,92,108,111,130

Recommendations

1. In patients with
CIEDs on RM,, it is
recommended that
alert parameters be
customized to clinical
indications.

1 C-LD 2. In patients with 35,36,39,48,92,131
ICDs on RM,, it is

recommended that the

ICD be programmed

to alert the clinic for

all ventricular shock

therapies.

2a B-R 3. In patients with CIEDs
on RM,, it is reasonable
to remotely monitor
HF diagnostics to
detect incident HF

and/or progression.

19,23,46-55,72,74,
88,132-134

2a C-LD 4. In patients with 48,131
CIEDs on RM with

CRT, it is reasonable

that the CIED be

programmed to alert

the clinic when there

is a low percentage of

biventricular pacing.

5. In patients with CIEDs
on RM with atrial
arrhythmia monitoring
capabilities, it is
reasonable that the
CIED be programmed
to alert the clinic of
the first episode, a
prolonged episode, or
a high burden of atrial
arrhythmia.

6. In patients with ICDs 131
on RM, it is reasonable
that the CIED be
programmed to
alert the clinic for all
ventricular anti-
tachycardia pacing
therapies.

31,45,123,131

2a C-EO 7. For the care of patients
with CIEDs on RM, it
is reasonable that the
CIED be programmed
to alert the clinic for
excessive percentage
of RV pacing.
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Synopsis

The programming of the devices that will be remotely monitored

must be customized based on the capabilities of the system and

according to the type of device itself, the clinical characteristics of

each patient, and the expectation of the occurrence of clinically rel-

evant outcomes. Some information is important regardless of device

type, such as lead integrity, battery longevity, and AF occurrence.

In contrast, diagnostics related to HF, risk of life-threatening ven-

tricular arrhythmias triggering shock oranti-tachycardia pacing (ATP)

therapies, and percentage of ventricular or biventricular pacing are

parameters that will not be relevant for all patients. (Figure 6.)

Recommendation-specific supportive text

1.

2.

RM alerts should be programmed at a minimum to monitor
battery/lead status, lead integrity, and arrhythmic events in
virtually all scenarios. Beyond those basic parameters, the pa-
tient's clinical profile and needs will drive a customized pool
of programming. Examples include the use of LV/biventricular
pacing in a patient with a CRT device.

The clinic needs to quickly know about significant CIED events
that may indicate the necessity of reprogramming or system re-
vision (eg, battery status; increasing pacing threshold; AF and
ventricular tachycardia [VT]/ventricular fibrillation [VF] detec-
tion and shock therapy). Shock therapy is usually related to a
high-risk event, or a device sensing problem, and the cause of the
shock discharge should be checked and appropriately managed.
Hemodynamically destabilizing rhythms (VT/VF), unnecessary
therapy (nonsustained ventricular tachycardia), inappropriate
therapy (AF, oversensing, sinus tachycardia), and noise interfer-
ence (lead failure) all can result in harm to the patient. Likewise,
electrical storm and repeat device discharges can result in ad-
verse physical and psychological effect, in addition to draining
the battery.

CIEDs are currently able to monitor several parameters such as
heart rate and rhythm, daily activity, and transthoracic imped-
ance for estimating fluid status that can help to identify the pa-
tient's clinical status. RM-based risk stratification of HF patients
can indicate the possibility of clinical decompensation. A recent
meta-analysis of three randomized controlled trials (TRUST
[Lumos-T Safely Reduces Routine Office Device Follow-Up],
ECOST [Effectiveness and Cost of ICD Follow-up Schedule With
Telecardiology], and IN-TIME [Influence of Home Monitoring on
the Clinical Status of Heart Failure Patients]) demonstrated im-
proved survival and a reduced composite endpoint of all-cause
mortality or HF hospitalizations with RM.>°

. Oneimportant reason for CRT nonresponse is inadequate biven-

tricular pacing. A direct correlation between CRT response and
maintenance of high percentage of biventricular pacing (CRT%)
has been well proven. The relation between optimal CRT% and
clinical outcomes has been studied on different cut-off values

(from >80% to >98.47%). RM seems to be the best tool for early
identification of those patients at risk for CRT% loss and the cut-
off >95% should be the target. Using alert-based RM strategy for
CRT% makes it possible to restore optimal biventricular pacing as

quickly as possible. 4856135136

. Early detection of AF may help to reduce clinical complications,

such as preventing inappropriate ICD therapies (the ECOST trial
showed a 74% reduction in the number of inappropriate shocks
related to supraventricular tachycardia in the RM arm compared
with standard follow-up).*®” AF may trigger hemodynamic insta-
bility and worsen congestive HF, both directly and via the loss
of adequate CRT%. The IN-TIME study showed more favorable
outcomes and survival in patients with HF and RM of their ICD
([1] patients with a history of AF benefited more from RM than
did the patients without AF, and [2] AF was the RM alert that
most often led to patient contact).®¥” Early detection of AF may
lead to initiation of anticoagulation therapy after appropriate risk
stratification. A large proportion of AF episodes are asympto-
matic, and RM shortens the time to its detection (1 to 5 months
earlier). Furthermore, an electrogram of an AF episode that has
been initially stored in the device, but not yet transmitted, may
be absent from the ICD records if overwritten by more recent

episodes.??3537

If the patient is known to have a high burden of
AF where additional transmissions documenting atrial arrhyth-
mias will not alter management, then these alerts can be turned

off (see Section 8.2).

. Nonshocked ventricular therapy episode alerts allow reduction

in time to medical evaluation for VT and VF events, as shown
in the TRUST trial.3! Such episodes may relate to supraventricu-
lar tachycardia, P/R/T-wave oversensing, noise oversensing, or
lead dysfunction. RM systems that generate alerts following ATP
delivery could reduce emergency presentations for ICD shock
by 24% 138 Asymptomatic cancelled shock therapy (whether for
actual VT or noise) may reduce battery longevity. Their early
identification provides an opportunity for prevention of therapy
and battery preservation. Early RM notification of ventricular ar-
rhythmia episodes enables preemptive action to avoid further in-

appropriate shock therapy and/or aborted shocks.”312%138:130.139

. Conventional pacing from the right ventricle results in altered

electromechanical ventricular activation that can have detrimen-
tal effects on myocardial perfusion and metabolism.**° This can
lead to progressive ventricular remodeling, function deteriora-
tion, and HF (pacing-induced cardiomyopathy).*** Even though
only a subset of patients with RV pacing develop cardiomyopathy
(9- 19.5%),142714> the MOST (Dual-Chamber and VVI Implantable
Defibrillator) and DAVID (Mode Selection Trial in Sinus-Node
Dysfunction) trials suggested a threshold of RV pacing of more
than 40% for the development of pacing-induced cardiomyo-
pathy.'*® Another study identified a RV pacing burden >33%
as a risk factor.®¥” Early knowledge of high RV pacing burdens
could lead to mitigation strategies that could lower the rate of
RV pacing.¥” Conduction system pacing (His area or left bun-
dle branch area), with its advantage of minimizing or eliminating
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; CIED = cardiovascular implantable electronic

eene

Conformité Europ

This is current as of the publication date of this document and is subject to change over time. App = application; CE

Food and Drug

device; CRT = cardiac resynchronization therapy; CRT-D = cardiac resynchronization therapy defibrillator; CRT-P = cardiac resynchronization therapy pacemaker; FDA

Administration; FU = follow-up; ICD

implantable loop recorder; IPG = implantable pulse generator; PM =

intracardiac electrogram; ILR =

implantable cardioverter-defibrillator; IEGM =

Short Message Service.

pacemaker; RF = radio frequency; RM = remote monitoring; SMS

electromechanical dyssynchrony, is emerging as an attractive al-
ternative and this concern may not apply.*® If the clinic is aware
that the patient is chronically paced in the right ventricle 100% of
the time, then this alert is not required.

7.3 | Special programming considerations for
implantable loop recorders

Recommendations for special programming considerations for ILRs

COR LOE Recommendations References

1. In patients with ILRs on RM, itis  3,25,149,150
recommended that clinic staff
confirm an actionable event
transmission by reviewing
the electrograms to exclude
misdiagnoses.

2. In patients with ILRs on RM, 3,25,149
it is recommended that
programmed alerts be tailored
to the clinical indication.

3. In patients with ILRsonRM and  3,25,149,150
frequent undersensing and/or
oversensing, reprogramming is
recommended.

4. In patients with ILRs on RM 25,149
for unexplained syncope, it is
recommended to emphasize
to the patient the need to
perform a symptom marking
or manual transmission
immediately following syncope
to obtain a symptom-rhythm
correlation.

5. In patients with ILRs on RM 25,149
for cryptogenic stroke,
it is reasonable to adjust
the sensitivity to improve
detection of AF.

C-EO 6. In patients with ILRs on RM with
consistent connectivity, in-
office visits are not indicated
for routine patient care.

Synopsis

ILRs can have some unique challenges when implementing RM.
These include a high burden of transmissions, frequent misdiagnoses,
and the need for a symptom-rhythm correlation in some cases. Due
to the relatively high false-positive rate for both AF and sinus pauses
with ILRs,2>14%1%0 clinical staff must confirm putative dysrhythmias
by manually reviewing electrograms of individual events to exclude
misdiagnosis.® The sensitivity of detection of atrial arrhythmias could
be increased in patients with cryptogenic stroke, to improve detec-
tion of symptomatic or asymptomatic AF. Conversely, this might not
be desired when the ILR is implanted for unexplained syncope. In
this group, educating the patient about the importance of a manual
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Patient with a
CIED on RM
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—

ICD —
Program alert for
ventricular ATP
therapies
(2a, C-LD)

.

Monitor for incident
HF or progression
(2a, B-R)

—

A 4

Program alert for
1% episode,
prolonged, or high
burden atrial
arrhythmias
(2a, C-LD)

PPM >

Program alert for
excessive % RV
pacing
(2a, C-EO)

—

Program alert for
low % biventricular

CRT _— K
pacing
(2a, C-LD)

FIGURE 6 Alert recommendations by device type. Color corresponds to the class of recommendation (COR) in Table 1. ATP = anti-
tachycardia pacing; CRT = cardiac resynchronization therapy; HF = heart failure; ICD = implantable cardioverter defibrillator; PM =
pacemaker; RV = right ventricular.

activation at the time of syncope is critical to obtain a symptom-

rhythm correlation.

Recommendation-specific supportive text

1.

In 2021, Geneva Remote Technicians archived 20% of all
ILR transmissions due to oversensing or undersensing. The
most common cause of an archived false alert was mis-
identification of AF (54%), followed by Pause (33%).*°! This
analysis demonstrates the burden of false arrhythmic events
in remote ILR data management and suggests the need for
improved arrhythmia detection algorithms and greater atten-
tion to ILR programming of sensitivity and blanking periods.
Factors for false-positives of bradycardic episodes in ILRs
may include undersensing of small R-wave amplitude, vari-
able signal amplitude, nonphysiologic flatline from loss of
electrode contact, and/or saturated sense amplifiers. The
incidence of false-positive detections of AF during RM has
been reported in 46-86% patients,*’ although this might
improve with newer devices and newer algorithms.**® When
monitoring for tachycardia episodes, low detection and false-
positives from undersensing and oversensing due to noise

may cause frequent false-positives. To avoid misdiagnosis

and potential errors in clinical management, device clinic

staff need to confirm an actionable event transmission by

reviewing the electrograms.®2>14?

. Programming of alert setting on RM should be optimized for dif-

ferent clinical indications.>'*’ In unexplained syncope patients,
alert transmission is essential for the patient's symptom-rhythm
correlation. In patients with symptomatic AF, programmed alert
transmission should be set based on rate, frequency, duration, or
AF burden. In cryptogenic stroke patients, it important to detect
correctly for symptomatic or asymptomatic AF. Careful and tai-
lored programming will help maximize the diagnostic benefit of

ILRs 25,149

. Primary causes of false-positives in ILR transmissions are

signal dropout, undersensing, and atrial and ventricular ec-
topy.>1*? More recent ILR algorithms use a combination of R-R
variability, beat variation, ventricular scatter, heart rate den-
sity index, P-wave morphology, artificial intelligence (Al), and
filters that evaluate QRS morphology, noise discrimination,
and/or pattern detection to aid in rejecting false-positives.**°
This advancement of technologies may reduce the false-
positive transmissions with ILRs and may help to avoid misdi-
agnosis. Clinical staff still need to confirm each transmission
by reviewing the electrogram for accuracy. If the presence
of a false-positive transmission is confirmed after review,
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reprogramming the ILR could help to minimize future false-

positive transmissions.**?

4. The purpose of an ILR in the setting of unexplained syncope is
to determine if the syncope is due to an arrhythmia. Many pa-
tients can have an arrhythmia that is incidental to their syncope.
A symptom-rhythm correlation is critical to establish that the
arrhythmia is truly causing syncope. The patient needs to be in-
structed to initiate a symptom marking or manual transmission
directly following the event to communicate the symptoms to the
clinic.32°

5. ILRs allow clinics to alter their sensitivity to make it more likely,
or less likely, to detect AF. For patients in whom the ILR was
implanted for cryptogenic stroke, it is of paramount importance
that diagnostic episodes of AF are not missed.!*’ In these pa-
tients, the sensitivity of the ILR for AF should be maximized,
even if this is at the cost of reduced specificity.25 Device clinic
staff need to confirm the AF transmission by reviewing the
electrograms and clinically determining if anticoagulation is
appropriate.zs"“?’99

6. After ILR insertion, if ILR alerts are appropriately programmed
for device indication, a wound check has been satisfactorily com-
pleted in a timely manner, and continuous RM connectivity is
confirmed, future routine in-office visits are not indicated until

battery depletion.

SECTION 8 | MANAGING ALERTS
RM of CIEDs allows both scheduled remote follow-up and automatic
unscheduled transmission of data for predefined alerts. There is
clear evidence of a significant reduction in the time to diagnosis and
clinical decision-making for unscheduled actionable events, com-
pared to in-clinic follow-up alone 3% Early notification of action-
able events is associated with improved outcomes and reductions
in hospitalizations and health care costs.>¢°%87138 A significant re-
duction in all-cause mortality for systems with daily RM has been
reported in systematic reviews and meta-analyses.>%>!
Unscheduled transmissions generate a significant workload for
clinics, since all transmissions require triage, review, and documen-
tation.® The number of alert transmissions received by clinics will
vary depending on the programming practices of each individual
clinic, device indication, and patient engagement.?® Some manufac-
turers provide auditory or vibratory alerts to the patient directly,
and the use of RM of these alerts can allow the clinics to advise
the patients as to the nature of the alert. Given that there are fun-
damental differences between manufacturers in the number and
type of programmable alerts, and how and when these are commu-
nicated, this introduces further complexity for clinics in RM alert
management.?7152153 Remote clinics will require robust organiza-
tional models and processes in place to safely manage alerts and

workload.??70:108

81 |

Recommendations for defining high-priority alerts

COR LOE Recommendations References

B-R 1. In patients with 31,40,48,108,139
CIEDs on RM,, it is
recommended that for
concerns related to
critical device or lead
function, high-priority
alerts be programmed
to promptly notify the
clinic.

Defining high-priority alerts

Synopsis

The definition of high-priority alerts, and of the response to them,
is crucial for organization of care pathways, prioritization of review
of alerts, and definition of acceptable response timelines. A signifi-
cant percentage, if not the majority, of alerts transmitted from re-
motely monitored CIED are nonactionable alerts (such as detection
of known AF)>?7 and concern events that do not require immediate
action. In contrast, and as demonstrated in randomized studies, re-
action to alerts concerning battery capacity, lead integrity, and ther-
apies delivered by ICDs for ventricular tachyarrhythmias has been
shown to reduce adverse outcomes.??**3813? Arrhythmic events such
as shock therapies or ATP therapies delivered by the ICD not only
indicate an increased risk for subsequent therapies, but may also in-
dicate lead integrity issues.}>* Reaction to these alerts may reduce
adverse clinical events.

Recommendation-specific supportive text

1. Alerts related to lead impedance or pacing threshold may
indicate lead failure leading to adverse clinical events, similar
to alerts related to battery capacity, as shown in randomized
trials.3%*8 These alerts should be considered high-priority alerts.
“Red alerts” are “critical alerts” that could potentially leave
the patient without device therapy, whereas "yellow alerts”
are important alerts that do not rise to the level of a critical
alert but do warrant review or investigation. Figure 7 indicates
what constitutes CIED red and yellow alerts. Shock therapies
may indicate clinical deterioration requiring corrective action
but may also indicate lead failure.3%*®'>* The capability to
differentiate between effective and ineffective shocks is not
currently available, and therefore multiple shocks delivered
(>2) should be programmed as a red alert. Evidence for the
high-priority character of ATP therapies delivered by the ICD

is weaker than for shock therapies. Nevertheless, observational
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Device
VF detection/therapy off
End of service/low battery voltage
Device reset/safety mode

.
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Device
Recommended replacement
MRI mode

Device 7 y 0
Integrity ong charge time
Alerts Lead Lead
* Shock impedance out of range * RA/RV/LV
* RV pacing impedance out of range * Pacing impedance out of range
* Noise episode + Pacing threshold out of range
ICD Therapy
ALERTS « Single shock delivered
* ATP delivered
Arrhythmias
Clinical Therapy * Atrial Fib burden > programmed
Alerts « Multiple Shocks (22) delivered? Wtz -
* Ventricular rate in atrial
arrhythmia > programmed value
* NSVT in select patients
Pacing
* RV pacing > programmed value
* CRT pacing < programmed value
RED (CRITICAL) ALERTS
Device Device
* In PM-dependent patients: * Recommended replacement
¢ Low battery voltage * MRI mode
 Device reset or in safety mode * In non-PM-dependent patients:
Device . Low_ battery volt_age
. « Device reset or in safety mode
Integrity
Alerts Lead Lead
* In PM-dependent patients + RA/RV/LV pacing
* RV pacing impedance out of range * Pacing impedance out of range
* Noise episode  Pacing threshold out of range
PACEMAKER * Noise episode (non-PM-dependent)
ALERTS
Arrhythmias
* Atrial fibrillation burden >
programmed value
* Ventricular rate in atrial arrhythmia
Clinical > programmed value
None A B
Alerts * NSVT in select patients
Pacing
* RV pacing > programmed value
* CRT pacing < programmed value
RED (CRITICAL) ALERTS
Device
Integrity None * Battery depletion or reset
Alerts
Bradycardia Bradycardia
* HR < 30bpm (with complete * <30 bpm (without complete
ILR heart block) heart block)
ALERTS * Asystole/pause 2 6 seconds * Asystole/pause > 3 seconds
Clinical ; .
Alerts Tachycardia Tachycardia

* 30 beats > 231 bpm

Arrhythmias
Atrial fibrillation > 6 minutes in
cryptogenic stroke patients

16 beats > 180 bpm

Arrhythmias
Atrial fibrillation > 6 min with
indication other than cryptogenic
stroke

FIGURE 7 Red and yellow alerts for pacemakers and implantable cardioverter-defibrillators. Red alerts are defined as critical alerts
requiring urgent review. Yellow alerts are those that, with early review, may lead to an action that impacts patient outcomes. *Multiple
shocks could demonstrate clinical deterioration or be ineffective. ATP = anti-tachycardia pacing; bpm = beats per minute; CRT = cardiac
resynchronization therapy; LV = left ventricular; ICD = implantable cardioverter-defibrillator; ILR = implantable loop recorder; MRI =
magnetic resonance imaging; NSVT = nonsustained ventricular tachycardia; PM = pacemaker; RA = right atrial; RV = right ventricular; VF =
ventricular fibrillation.
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studies indicate that review of alerts related to ATP may be
associated with reduced consequent adverse events such as
shocks and emergency presentations.138'139 Therefore, it is
reasonable to consider such alerts high-priority alerts (Figure
8). Regarding ICD alerts, one set of alerts was tested in a
randomized controlled trial and found to be safe during alert-
based monitoring.*>®

8.2 | Programming considerations to minimize
inappropriate alerts

Recommendations for programming considerations to minimize
inappropriate alerts

COR LOE Recommendations References

1 C-EO 1. In patients with CIEDs on RM
from whom sufficient clinical
data have been received, it
is recommended that alert
parameters be reprogrammed
to avoid nonactionable alerts.

Synopsis

Unscheduled alert transmissions and the associated workload are
an ongoing concern for RM clinics.® Alerts for arrhythmias that are
already known, and where further alerts will not lead to any clini-
cal action, can contribute to this workload.’® In an observational
study, two-thirds of transmissions were reported to have shown
at least one abnormal event, with the majority requiring no clinical
action.'®® Most nonactionable alerts occur for known arrhythmias.
Individualizing RM alerts to suit patients’ individual clinical cir-
cumstances can improve clinic efﬁciency.24 Ideally, optimized alert
programming would occur at the time of implantation based on indi-
vidual clinical circumstances.

Recommendation-specific supportive text

1. Once sufficient information has been gathered regarding a
particular alert and there is no further requirement to receive
this information, it is recommended that RM settings should
be adjusted to receive only those alerts that will result in
a clinical action and minimize further nonactionable alerts
(Figure 9). The ongoing triage and review of unscheduled
alerts has a significant impact on clinic workload and pro-
ductivity. In one study, many unscheduled alert transmissions
were not clinically relevant, as the information was already
known and action had already been taken.'®” Alert transmis-
sions occur more frequently in patients with known AF. Alert
settings could be adjusted based on the patient's clinical

111

situation to minimize unnecessary alerts. In addition,

Morimoto et al. describe a high abnormal event rate (66.7%)
in remotely monitored patients, but a low “critical event”
rate (4.1%).156 One method to reduce the volume of incoming
transmissions is by reprograming alert criteria from the CIED
default settings to allow only critical events to be received.!®®
This may include turning off alerts for a high burden of
ventricular pacing in patients with known AV block or turning
off AF alerts in patients known to have a high burden of

chronic AF.

8.3 | Timeline recommendations for
alert management

Recommendations for timeline recommendations for alert
management

COR LOE Recommendations References

1 C-EO 1. For the care of patients

with CIEDs on RM,, it is
recommended that patients
and their caregivers be
informed that automatic alerts
transmitted by RM do not
substitute for an emergency
management system.

2a C-EO 2. For the care of patients with

CIEDs on RM, it is reasonable

for clinics to review and react

to high-priority alerts within 1
business day.

Synopsis

Management of alerts is a crucial part of the workflow in each
remote device clinic. Reactions to critical alerts and noncritical
alerts need to be tailored to the individual patient. Reactions to
alerts transmitted during nonbusiness hours are frequently a par-
ticular concern for RM clinics. Concerns include potential liabil-
ity for nonimmediate response to incoming high-priority alerts.
Nevertheless, there is no evidence for the need of an immediate
response to alerts outside of the working hours. Most RM sites
are not able to provide an immediate response. For this reason,
it is crucial that patients and their care providers realize that RM
should not be misinterpreted as a replacement for an emergency

system.

Recommendation-specific supportive text

1. For logistical and organizational reasons, the vast majority of
RM sites operate during normal working hours*®® and are not
able to provide review and response to these alerts outside
of their normal business hours. The benefit of reactions to
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High Threshold High
Priority
Alerts

High / Low
Impedance

Anti-Tachycardia
Pacing

FIGURE 8 Remote monitoring alerts that should be
considered “high-priority.” Red corresponds to red alerts, and
yellow corresponds to yellow alerts. High/low impedance can be
considered a red or yellow alert. ICD = implantable cardioverter-
defibrillator.

alerts outside of the normal business hours has not been
investigated. It is important that patients and their caregivers
have an emergency management plan for a device problem
in addition to RM.

2. Timely review and appropriate reaction to high-priority alerts
are considered crucial. The definition of the term “timely” re-
garding RM is unclear, as there are no direct comparisons of
clinical outcomes based on differing reaction times to critical
alerts. Prompt review of alerts is important. Indirect evidence
shows that daily transmissions have better patient outcomes
than less frequent transmissions.’* Most device clinics are not
designed for 7 days per week and/or 24-hour per day monitor-
ing. Alerts should be addressed within 1 business day, with red
alerts prioritized. A workflow based on review of transmissions
within 1 business day was highly effective for detection and
management of clinical events without overwhelming staff and
resources.?’ It should be emphasized to patients that RM is not
an emergency management system.

SECTION 9 |
REPORTING

REMOTE MONITORING

A report of the results of RM must offer detailed information on
device functioning and clinical status of the patient. RM device
transmissions include continuous or noncontinuous, alert-based,
and patient-activated manual transmissions. Each transmission in-
cludes comprehensive data on device technical functioning and data
related to arrhythmias and HF. All data should be stored in the medi-
cal record.

T g ) 277
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CIED
transmission
alert

Clinical review

Is this a known
clinical event?

Yes No

Consider Further clinical
programming information
alert OFF needed
Review and
adjust alert
programming

FIGURE 9 Minimizing alerts for nonactionable events. Each
cardiovascular implantable electrical device transmission alert is
critically reviewed by a credentialed clinician. If the event is a known
clinical event that has been previously addressed, the specific alert
may be programmed OFF and it is no longer considered an actionable
event. If this is not a known clinical event, more information is
needed about the patient's status. Based on the review of additional
information, the alert may be adjusted or programmed OFF. CIED =
cardiovascular implantable electronic device.

9.1 | Communication of the remote monitoring
report to patients

Recommendations for communication of the RM report to patients

COR LOE Recommendations References

2a C-EO 1. For the care of patients with
CIEDs on RM, it is reasonable
for the results of all remote
device transmissions to be
shared with patients, based
on patient preferences
for content and mode of
communication, and clinic
workflows.
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Synopsis

Patient awareness of RM transmissions is critical to improve compli-
ance and maximize clinical benefits. Sharing results of patient trans-
missions should take into account patient preference, considering
culture and psychological and social status, as well as clinic workflow
to avoid work overload. Modes of communication must be consist-

ent with local regulations.
Recommendation-specific supportive text

1. Timing and mode of communication of transmission results to
patients depend on clinical relevance and actionability of de-
tected events. Actionable events should be promptly com-
municated, and clinical reaction performed with a timely plan.
Routine transmission and nonactionable event reports, as well
as billing, may be delivered periodically. According to patient
preference and clinic workflow, reports may be delivered by
mail, secure e-mail, patient portal, or directly during in-person
visits. Patient health information privacy should be emphasized.
Incorporating device reports into the electronic health record
(EHR) is crucial for data availability to all hospital services.
This may include routinely to the primary care provider or
urgently during emergency needs, to maintain optimal patient

care.

9.2 | Components of a comprehensive report

Similar to reports generated from in-clinic device visits, the content
of an RM report will depend on clinical and technical factors as well
as the type of CIED.Y'® An additional consideration for RM is the
context of remote transmission (ie, scheduled vs automatic/alert-
driven). Suggestions for the components of a comprehensive remote

follow-up/interrogation report are provided in Figure 10.

9.3 | Techniques for incorporating reports into
electronic health records

Recommendations for techniques for incorporating reports into
EHRs

COR LOE Recommendations References

1 C-EO 1. For patients with CIEDs on
RM, it is recommended that
patient health information
privacy be maintained when
incorporating reports into

EHRs.

2a C-EO 2. For the care of patients with

CIEDs on RM, it can be
beneficial to use universally
accepted data element
definitions and exchange
formats when incorporating
reports into EHRs.

2b C-LD 3. For the care of patients with 28

CIEDs on RM, it may be
beneficial to use patient
management software to
incorporate reports into
EHRs.

Synopsis

RM information must be private but also should be available in the
patient's health record. The element definitions and report formats
should be universally accepted, regardless of the manufacturer, to
be compatible with management software that can be incorporated
into EHRs. Manual or automatic capability for populating databases
is essential both for the regular follow-up and for unscheduled
transmission including site-based interrogations that can occur in
emergency departments, intensive care units, or even long-distance
service.

Recommendation-specific supportive text

1. Solutions for data management continue to evolve. The goal is
to be able to access data stored in CIEDs in a timely fashion,
review the data for clinically valuable information, and present
this information in a contextual and relevant format in the EHR
system for the physician following the patient with a CIED.
Device data downloads need to be accessible to, for example,
operating rooms and emergency departments for interpretation
by trained technical staff. With accessibility, however, comes
challenges to maintaining the privacy of patient health infor-
mation as well as potential issues related to liability when
using RM-related services.'>

2. Patient device data is regarded as a part of the patient file and
should be stored in the hospital information system. The manu-
facturer's web-based platform provides data in a protected en-
vironment that are suitable for incorporation into the hospital
information system. However, the diversity and incompatibility of
sources for current device data is a barrier to high-quality patient
care. Universally accepted data element definitions and exchange
formats facilitate accurate and efficient data transfer (regardless
of manufacturer) from RM servers and programmers to EHRs
and other data repositories, thereby increasing clinical and ad-
ministrative efficiency, patient safety, regulatory post-marketing
surveillance, product advisory recall management, and clinical

research.},2>160.161
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Category

Data Element*

PM

ICD | CRT | ILR | Scheduled | Alert-Drivent

Patient Information

Clinical indication

Presenting rhythm

Battery

Voltage

Estimated replacement time

Battery impedance

NN PYPY

NENENPYES
NN

Capacitor charge time

Programming

Sensing

Bradycardia settings

<

&

Tachycardia settings

Sensing thresholds for all leads

NSNS N EN PR PR

NSNS ENEN PR PN
<

Serial trend in sensing threshold(s)

Oversensing/undersensing

Pacing

Pacing thresholds for all leads

Serial trend in pacing threshold(s)

Impedance

Heart Rate

Lead impedance(s) for all leads

Serial trend in lead impedance(s)

'NEN N LS EN LN LS

NINININEN NS

Shock impedance

Shock impedance out of range

Polarity switch

% Atrial pacing

v

Heart Rate, Rhythm,

v

o ININENENININEN ENENEN
NESINININEN AN ENENEN
<

Heart Failure

Q
=2

<
AN

% Ventricular pacing

v

(V)

Characterize atrial and/or
ventricular rate histograms
(optional)

v

SIS IS
<
&

Arrhythmia(s)

AF/AT (% burden, maximum
duration)

Mode switches (optional)

Ventricular high-rate events
episodes (number, duration, and
EGMs)

Therapies required for VT/VF
termination (appropriate vs
inappropriate)

Electrogram morphology template
(for VT discrimination algorithm)
(optional)

Pause (number and duration)

Patient activated (symptom
rhythm correlation)

v |V (co)| Vv v

Heart Failure

% Biventricular or LV pacing

Thoracic impedances (optional)

Heart failure algorithms (optional)

3. For both remote transmission review and in-person clinic vis-

its, time-saving protocols are driven by steps for documenta-

tion in EHRs. The staff time required per remote and in-person

device check is less when a vendor-neutral CIED management

software is used. A recent publication demonstrated that
sites using management software reduced, on average, the
total staff time to review a remote transmission by 2.1 min-
utes (11.5 vs 13.6 minutes) and an in-clinic visit by 2.2 minutes
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FIGURE 10 Suggested components of remote monitoring report.

*Additional manufacturer-specific features can be added if these data will influence patient care/management and be used by the local
device clinic (eg, activity monitor, heart rate variability, heart failure algorithms). Listed data elements (') would be considered the
mandatory minimal data set for a remote monitoring report, unless otherwise denoted. tAvailability of alerts are manufacturer specific.
These may include but are not limited to RV lead integrity alert, RV lead noise, lead impedance out of range, AT/AF daily burden (as per

user set threshold), excessive charge time, and low battery voltage. Alert programming should balance patient safety and actionable

clinical information with the burden of nonactionable alerts that device clinics may encounter with undiscerning programming. AF = atrial
fibrillation; AT = atrial tachycardia; CIED = cardiovascular implantable electronic device; CRT = cardiac resynchronization therapy; EGM =
electrogram; ICD = implantable cardioverter-defibrillator; ILR = implantable loop recorder; LV = left ventricular; PM = pacemaker; RV = right

ventricular; VT = ventricular tachycardia; VF = ventricular fibrillation.

(50.4 vs 52.6 minutes). When extrapolated to an average clinic
size of 5758 patients, the use of such software was associated
with an estimated 10.1 cumulative staff hours saved during a
clinic day (50.7 hours per week) based on 171 weekly clinic
visits and 1335 weekly remote transmissions. Annually, this
translates to 2639 hours of staff time saved, equivalent to 1.4
annual FTEs.?8

SECTION 10 | PATIENT EDUCATION FOR
REMOTE MONITORING

Device implantation represents the beginning of a lifelong rela-
tionship between patients and their device clinic care providers.
It requires communication and trust between patients and provid-
ers. Anticipating patients’ concerns before and after device im-
plantation as well as adapting to their changing needs over time
increases the likelihood that patients understand and adhere to
the quality-improving and life-saving implications of RM,104162:1¢3
Evidence to support specific algorithms for timing and meth-
odologies of patient education is sparse. Available evidence is
confounded by technology complexity, including different trans-
mission platforms supported by the various device companies.162
In-person instruction after device implantation is optimal, espe-
cially in the early follow-up period, to establish personal rela-
tionships with device clinic staff.1**%> This is often not possible
based on a patient's geographic distance from a device clinic.
Also, patients may be overwhelmed by the experience of device
implantation, so their retention of in-hospital education may be
suboptimal. There are different phases of patient education on
RM (Figure 11); (1) BEFORE device implantation that promotes
shared decision-making, (2) SHORTLY AFTER device implantation
that increases patient satisfaction and adherence,’?1¢4165 and (3)
ONGOING education that adapts to the changing needs of the pa-
tient over time. The communication should be transparent, with
clarity about the emergency action plan. An engaged patient is
critical to the success of this partnership. Finally, the specific
needs of the patient will vary with their technological skills, edu-

cational attainment, and facility with language.

10.1 | Patient education for participation and
compliance

Recommendations for patient education for participation and

compliance
COR LOE Recommendations References
C-LD 1. In patients with CIEDs on RM, 166,167

patient education should be
delivered in plain language, at

a basic reading level, and be
individualized to support patient
communication preferences and
educational needs throughout the
continuum of care.

C-EO 2. In patients with CIEDs on RM,
comprehensive patient education
about RM is recommended for
patients, families, and caregivers
prior to device implantation to
guide shared decision-making
regarding device selection.

C-EO 3. In patients with CIEDs on RM, it
is recommended that patient
education start before implant and
include the importance of ensuring
ongoing connectivity to improve
post-implant patient compliance
and monitoring effectiveness.

C-LD 4. In patients with CIEDs on RM, 163
providing a hands-on education
session with the RM device can be
beneficial.

Synopsis

High-quality patient education is delivered when the patient's level
of comprehension and dynamic communication preferences are con-
sidered. To promote maximal engagement of the patient in decision-
making, family members should be included, and ideally the educational
process should begin prior to device implantation. An initial in-person

hands-on education session can promote trust and engagement.
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Partnership

FIGURE 11 Patient as ateam member in remote monitoring.

Recommendation-specific supportive text

1. In a study that assessed the readability of patient education
materials on ICDs from a variety of sources (including in-
dustry, hospital resources, and patient support organizations),
it was determined that 95% of the materials exceeded the
recommended 8" grade reading level. Accordingly, this may
explain the acknowledged disparity that patients with a pref-
erence for RM tend to have higher educational attainment.*¢’
As part of identifying patients’ individual needs for optimal
comprehension, information should be adapted to address
personal and cultural preferences that will optimize commu-
nication. Beyond patients’ reading skills, additional factors
that may limit their comprehension should be considered
when personalizing education including age, language barriers,
learning preferences for written vs auditory information, so-
ciodemographic factors, and physical limitations such as visual
or auditory impairment. It is also relevant to acknowledge
that an individual's educational preferences may change over
time as individuals age.

2. Shared decision-making, especially for nonurgent procedures,
ensures patient understanding and that their choices align with
their goals and values.¢® Sensitivity to this topic is essential in
acknowledging the impact this may have on a patient's decision
to proceed with a CIED implantation. With a focus on patient-
centered care, the Centers for Medicare and Medicaid Services
(CMS) mandated documentation of an evidence-based patient

decision aid for individuals receiving primary prevention ICDs

Patient

Partnership

Sowwnal of O%ng%ﬂw'a_wl LEYM

Lifelong learning
"
* Tailored: Independent vs 1:1
* Inclusive: Family & caregivers

« Continuous: Periprocedural
& on-going

Two-way transparency

)

LI ITIICEUTDY . clinic policies are clear

» Contact method: Electronic
vs telephone
* Emergency action plan

for systolic HF.2%3 The engagement of patients’ family members
and caregivers supports this process to promote the highest
level of understanding possible. An additional factor regarding
shared decision-making for a CIED implant can be the choice
of manufacturer. What best aligns with an individual patient's
preferences for RM interaction, such as app-based software,
should be considered.

. Formalized education on RM is an opportunity to enhance

the understanding of practical device function and alert man-
agement.168 For nonurgent device implants, patients may be
overwhelmed by hospital events surrounding the device im-
plantation procedure. It is recommended that these educa-
tional efforts begin prior to implantation, preferably during
the discussion for indication of the device. As ongoing con-
nectivity is paramount for appropriate monitoring, the impor-
tance of its maintenance should be included in standardized

education.

. Survey-based studies have demonstrated that patients feel

they receive less information and interact less with providers
when they are remotely monitored than if they had in-person
care.’>1¢? Doing an in-person, hands-on demonstration of the
manufacturer-specific transmitter or the software that the pa-
tient will use for RM can provide an opportunity to answer all
questions about the system. While this is not feasible for all pa-
tients all of the time, it should be considered as part of the initial
educational process to establish trust. Increased knowledge and
understanding may improve patient adherence and connectivity
to RM.
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10.2 | Patient education of clinic-specific policies

Recommendations for patient education of clinic-specific policies

COR LOE

Recommendations References

2a C-EO 1. In patients with CIEDs on
RM, it is reasonable to
communicate clinic-specific
policies associated with RM
to the patient.
Synopsis

The monitoring of patients with a CIED is a partnership between
patients and their device clinic staff. When providing patient
education, dialogue on clinic-specific policies sets clear expecta-
tions for patients who will be remotely monitored by that device
clinic.

Recommendation-specific supportive text

1. Clinic-specific policies should be established and presented
to patients. In addition to verbal communication, this could
also include an educational brochure or a patient/clinic agree-
ment form. This information may include hours of clinic
operation, remote scheduling, billing information, communica-
tion preference for device transmission report, use of third-
party resources (see Section 12), and commitment to main-
taining follow-up. The importance of updated and current
contact information for the patient should be emphasized.
It is critical to clarify that remote transmissions do not re-
place emergent care. Patients should develop an emergency
plan in advance of a crisis situation. Instructions will be
provided to the patient regarding who to contact for home
monitoring troubleshooting including the manufacturers’ tech-

nology service phone numbers.

SECTION 11 | MANUFACTURER
RESPONSIBILITIES WITH REMOTE
MONITORING

Manufacturers have a central role in the development of technol-
ogy and in ensuring its safety and effectiveness. Responsibilities
include (1) informing clinic staff and patients about any disrup-
tion in the RM service, (2) communication about recalls and ad-
visories to CIED clinic providers and patients in a transparent
and timely manner, and (3) refraining from direct patient care
(either within the clinic or at home). Although manufacturer rep-
resentatives can play an important role in training clinic staff, it

is not their role to perform, collect, or triage data on behalf of
the clinic staff or be used as a staffing resource in lieu of local
qualified personnel. It is the responsibility of industry to ensure
RM systems function across varying geographies. This includes
a need to overcome problems related to the telephone network,
communication evolution, and the impossibility of using the elec-
tromagnetic spectrum band of the CIED already assigned for
other uses. As the data reside on servers owned and managed
by the manufacturers, the onus lies with the manufacturers to
maintain the servers in a secure and encrypted environment.
Privacy is of paramount consideration. The minimal standard is
to maintain privacy in accordance with local and national laws.
The data pooled from the servers are important to industry for
quality assurance purposes (eg, tracking device performance and
watching for early signs of device trouble) and for making im-
provements to the CIED technology. The data are also of value
to individual CIED programs for improving the quality of their
processes. Finally, these data are essential to investigators, inde-
pendent of industry, and so it is important for manufacturers to
have in place a procedure to process requests for an independent

scientific review.

11.1 | Manufacturers’ role to optimize individual
patient care

Recommendations for manufacturers’ role to optimize individual
patient care

COR LOE Recommendations References

C-EO 1. For the care of patients
with CIEDs on RM,
manufacturers should
provide clinic staff with
adequate training, education,
and technical support to
optimize individual patient
connectivity.

C-EO 2. In patients with CIEDs on RM,
the manufacturer should
provide an RM system that
is reliable, safe, accurate,
and meets the needs of the
patient.

C-EO 3. For the care of patients
with CIEDs on RM,
manufacturers should include
key stakeholders in the
design and development of
technologies for RM.

C-EO 4. For the care of patients
with CIEDs on RM,
manufacturers should
provide prompt notification
of disconnection to the clinic,
and to the patient to restore
connectivity.
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Synopsis

Successful and ongoing connectivity of individual patients is associ-
ated with challenges for RM clinics.?® Industry plays an important
role in supporting clinics to provide and maintain this connectivity.
This starts with the design and development of RM technology and
continues through providing education to clinic staff and to patients
directly. Patient care can benefit from the early notification of criti-
cal events, and this requires ongoing compliance with RM.

Including patient partners and clinic staff in the development
and design of RM products will ensure that the technology will con-
tinue to evolve and meet stakeholder needs from the perspectives
of ease of use, flexibility, and reliability.?%*?! Systems designed to
clearly indicate, to both patients and the clinics, when connectivity
has been interrupted will allow for the timely resumption of moni-
toring. Recent studies have highlighted the large workloads for RM
clinics associated with maintaining connectivity.?® Technology that
empowers patients to independently troubleshoot their RM systems

would be optimal.

Recommendation-specific supportive text

1. Ensuring optimal connectivity for remotely monitored CIED pa-
tients enhances patient safety and can aid in clinical decision-
making. Manufacturer representatives are important partners
in the training and education of RM clinic staff. This may take
the form of onsite support (such as enrolling patients into an
RM platform) or suggesting manufacturer-specific programming
settings for alert parameters. This manufacturer support also
extends to providing online, telephone, or in-person (in the
clinic) technical help when troubleshooting connectivity concerns
of individual patients.

2. As new devices and RM platforms are developed and upgraded,
it is important to remember that no single RM transmitter tech-
nology will be suitable for all patients. Fraiche et al. recently
highlighted a lack of understanding by patients about how RM
works.?®? Timmermans et al. found that patients with negative
RM experiences will opt for in-clinic follow—up.170 Manufacturer
partners should consider having alternate systems available for
those patients who have limited mobile connectivity or digital lit-
eracy. As technology upgrades can place a financial burden on
a patient, mobile device applications should allow compatibility
with all smartphone manufacturers. Ideally, the RM transmitter
will match the lifetime of the implanted device. Given the inter-
national mobility of patients, the RM systems should be designed
to work in different jurisdictions. Security concerns, including cy-
bersecurity, are important to ensure both patient safety and the
safety of their personal health information.

3. There are workload implications for clinics when there are high
volumes of alerts and calls with patients to troubleshoot connec-

tivity.>?8 The involvement of key stakeholders, including patients
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and clinic staff, in the development of RM technology will ensure
that ongoing product designs will meet needs as technology rap-
idly evolves and changes. In addition, this collaborative approach
with industry will lead to increased efficiency and satisfaction for
stakeholders.

4. Studies have demonstrated that patient outcomes are directly
correlated to RM adherence.???” Clinics need to be notified about
disconnected patients in a prompt manner. Manufacturer moni-
tors, or mobile applications, should provide a clear indication to
patients about transmission status and should provide easy-to-
follow instructions to re-establish connection when connectiv-
ity is lost. Dechert et al. have found that when patients perceive
a lack of device feedback (lack of recognition that the device is
transmitting), patient-initiated transmissions increase, resulting in
more extraneous data for the RM teams to review.'’? If patients
are able to troubleshoot and resolve connectivity issues unas-
sisted, patient will spend less time disconnected, clinic work load
will decrease, and clinical care will improve.®

11.2 | Manufacturers’ role in the management of
patient safety advisories via remote monitoring

As the implantation of CIEDs has become more commonplace,
there have been more device hardware and software errors or fail-
ure, leading to manufacturer safety advisory or recalls. Data from
as early as the 1990s and early 2000s found escalating numbers
of recalls and advisories,'”? with a subsequent review of U.S. Food
and Drug Administration (FDA) Enforcement Reports from 2000-
2008 revealing a 26.4% recall alert of either device generator or
leads.’”® Though there were no major complications attributed
to these alerts, the patient burden related to extra visits or pro-
cedures did lead to an increased cost burden. Additional studies
confirmed the high volume of patients affected, though there con-
tinued to be no evidence of associated of increased mortality.'*
Acknowledging these challenges, in 2005 the HRS and the FDA
convened a conference on PM and ICD performance. The result-
ing taskforce called for improved communication from manufac-
turers to physicians and patients regarding recalls and advisories,
and generally more cooperation among industry, the FDA, and the
physician community.?”*”® Industry was asked to use the Patient
Device Advisory Notification letter format to communicate with
physicians and use patient registration information found at the
time of implant to communicate with patients. The HRS Task
Force on Lead Performance Policies and Guidelines further rec-
ommended that manufacturers should develop and adapt RM
technology to monitor longitudinal lead performance.t’® The in-
creased number of advisories have had a significant impact on pro-
vider workflow, financial costs, patient anxiety, and patient safety.
Patients can experience a range of emotions, including outrage, if
such information is learned through media outlets and not from

their clinical team.!”” The clinical team requires early access to
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recall and advisory information to preserve trust in the patient-

provider relationship.

Recommendations for manufacturers’ role in the management of
patient safety advisories via RM
COR LOE Recommendations References
CEO 1. For the care of patients
with CIEDs on RM,
manufacturers should
contact the managing
clinics with details of a
safety advisory and assist
in identifying affected

patients both immediately
and on a regular basis.

CEO 2. For the care of patients with
CIEDs with an advisory
and on RM, manufacturers
should provide guidance
to clinics on optimal alert
settings to manage the
safety advisory.

Synopsis

Manufacturers and industry representatives play a vital role in the
management of patients affected by CIED safety advisories by
providing timely patient reports to the clinical team when devices
meet advisory conditions. To help navigate vendor-specific nuances,
manufacturer guidance is critical for the clinical team to best man-
age the advisory through device reprogramming or reprogramming
alert settings. Manufacturers provide ongoing support to the clinical
team with updated patient lists and safety advisory details, and they

should continue to do so.

Recommendation-specific supportive text

1. It is important that manufacturers directly contact the clinical
team as soon as device safety advisories or recalls are issued.
Providing the clinical team with a list of affected patients and
specific system components involved in the advisory could
help enable a timely response. Industry representatives should
continue to contact clinical providers using different modalities
(email, certified mail, or in-person communication) until confir-
mation of communication is received. Updates to the safety
advisories should be ongoing.

2. Many safety advisory and recall communications deal with issues
that are particular to the system of the involved manufacturer.
Therefore, it is important that manufacturers or industry repre-
sentatives provide detailed guidance about how to manage the
safety advisory through device reprogramming or alert settings.
This may include changing the frequency of remote transmission
or modifying details of critical alerts, or the development of novel

advisory-specific alerts. Manufacturer representatives should also
share planned or suggested long-term solutions to the safety advi-

sory such as software updates or potential lead or device removal.

11.3 | Support surrounding implantation from
manufacturers

Recommendations for support surrounding implantation from

manufacturers

COR LOE

Recommendations References

C-EO 1. For patients undergoing
CIED implantation, it
is recommended that
manufacturers provide
adequate resources,
including personnel as
appropriate, to ensure
enrollment and connectivity
to RM platforms before
discharge or within 2weeks
of implantation.

C-EO 2. For the care of
patients undergoing
CIED implantation,
it is recommended
that manufacturer
representatives provide the
clinic staff with adequate
training to properly
program remote alerts
specific to the clinical
indication to minimize
inappropriate alerts and
need for consequential
reprogramming.

Synopsis

RM platforms and device programming across manufacturers con-
tinue to have many distinct differences between manufacturers.
Each manufacturer has a different RM interface that processes and
reports alerts differently.3 Manufacturers vary in what is consid-
ered a red vs yellow alert and in when these data get transmitted to
the clinics.”® For example, some devices provide continuous con-
nectivity, while others provide only noncontinuous (or intermittent)
connectivity. Some device RM systems are connected to a mobile
transmitter, while others utilize a stationary transmitter. This impacts
the speed and frequency with which information can be shared with
the clinical team. Each manufacturer uses unique CIEDs algorithms
and software (and sometimes multiple algorithms/systems within
a manufacturer), which can make it challenging for an implanter to
recall the nuances of each system and device. Guidance on optimal
manufacturer-specific alert parameters relevant to a clinical scenario
can minimize inappropriate alerts and need for immediate future

reprogramming.
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Recommendation-specific supportive text

1. Manufacturers should provide personnel as appropriate (in-
person manufacturer representatives), adequate support of
clinic staff through education, or “on-demand” off-site support
to ensure that patients are properly enrolled into the manu-
facturer's RM platform. This should ideally be accomplished
prior to discharge, but no later than 2weeks after discharge.
This includes confirming that the chosen RM interface matches
the patient's technology literacy and ability. For example,
connecting a patient living in a rural area with poor internet
or cellular service to a cellular-based/wireless device may
prevent successful remote transmissions and result in poor
patient care.

2. CIED manufacturer-specific algorithms and software can pose
challenges for implanters or clinic staff related to the nuances of
each system and device. For example, criteria for a red (critical)
alert can differ between manufacturers. Industry support dur-
ing and immediately after implant can help ensure optimal device
programming to meet the clinical indications. This guidance on
optimal manufacturer-specific alert parameters relevant to a clini-
cal scenario can minimize inappropriate alerts. Industry support
during and immediately after implant can help ensure timely and
optimal device programming.

SECTION 12 | THIRD-PARTY RESOURCES
FOR REMOTE MONITORING

There is a high volume of data captured through RM systems.
The amount of data can make it challenging to manage these
data without adequate clinical staff and administrative support.
To address this challenge, some hospitals and clinics have turned
to third-party resources to aid in RM (Figure 12). Third-party
resources refer to hiring an outside service to help with any of
the tasks described later in this section. The use of third-party
resources has potential clinical, financial, and workflow benefits
but may also have drawbacks. The goal is to ease the workload
on overwhelmed staff in order to improve timeliness of remote
transmission review and enhance patient communication. Risks
of using third-party resources include exposing private patient
data to maleficence (hacking). Adoption of third-party resources
into an RM program requires careful thought and consideration to
ensure patient safety and optimize communication between the
patient and medical team.

Third-party resources may be task specific (eg, only review-
ing CIED alerts) or encompass the entire RM process. Third-party
resources should not include professional decision-making. Some
third-party providers act as “middleware services,” centralizing
data from multiple manufacturers. Others offer comprehensive
services that include facilitating patient enrollment on RM, as-
sessing and addressing compliance to transmission, providing re-
view of routine and acute CIED transmissions with accompanying
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report, notifying the medical team of actionable data, generating
a service charge, and integrating report data with the electronic
medical record to support patient communication. They can as-
sist with troubleshooting, patient feedback, and biIIing.179 These
third parties may use either cloud-based or server-based services
to store patient data.

12.1 | Use of third-party resources in
remote monitoring

Recommendations for use of third-party resources in RM

COR LOE Recommendations References

2a C-EO 1. For the care of patients

with CIEDs on RM, it is
reasonable to use third-
party resources to
alleviate RM workload
for staff.

2a C-EO 2. For the care of patients

with CIEDs on RM,

it is reasonable to
inform patients about
the use of third-party
resources to facilitate
patient care.

Synopsis

As stated above, there are many benefits associated with utilizing
third-party resources with device clinics. In some cases, they can
help to increase revenues and, in other cases, could assist programs
with undersized staffing resources to meet the standards of care
expected for an efficient RM program. The use of third-party re-
sources poses many challenges, including cybersecurity risks, de-
pendency on data processors to share clinical information, and
potential financial burden. Third-party personnel should be well
trained in device interrogation management and ideally have cre-
dentials that verify this training. Many third-party resources are
cloud based and rely on cloud data storage. This can introduce a risk
for data breach or loss, which may affect patient data privacy and
safety. It is important for patients to be informed that the institution
utilizes third-party services. Furthermore, institutions can become
dependent upon the third-party resources to initially review and tri-
age patient clinical information in an accurate and timely manner.
Third-party resource workforce shortages or novice employees may
risk missing actionable event transmissions, thus affecting patient
care and safety.r”?'8% The costs of such third-party resources can
become a financial burden in some cases.?*® One less technical con-
cern is that the use of a third-party service may change the patient's
perception of the patient-medical team relationship. The loss of a
more personal connection with the clinic team may decrease patient

compliance and satisfaction.
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Recommendation-specific supportive text

1. Third-party resources have created the infrastructure to manage
high-volume data. Offloading administrative tasks from clini-
cal personnel (nurses, advanced practitioners, and physicians)
can improve staff efficiency with resulting financial benefits.
Furthermore, redistribution of administrative tasks can help
alleviate burnout associated with such burdensome tasks.'8!

Quality of care and communication between providers and

patients may improve when outsourcing to third parties if

more data can be reviewed and results communicated in a

timely manner.17%180

2. RM is a communication process that transmits patient data
between data controllers and data processors.182 Institutions
have traditionally been the data controllers, with manufactur-
ers or third-party resources acting as data processors. Using
third-party resources for their monitoring or reporting services
adds an additional layer between the processor and controller
(Figure 12). Each additional interface between the processor
and controller introduces the opportunity for potential ma-
leficence (hacking). Traditional data processors (device manu-
facturers) either use their own secure servers or engage the
hosts’ servers through a virtual private network connection.
The legal and regulatory implications of outsourcing patient
data must also be considered.’® For example, the General
Data Protection Regulation (GDPR) in the European Union
was implemented in 2018 and provides a legal framework for
participating countries. This requires patient consent for the
transfer of data to a third party. Other countries across the
globe are working to emulate this landmark regulation. CIED
patients need to be aware of the use of third-party services in
order to properly provide their informed consent for enrolling
in an RM program.

FIGURE 12 Remote monitoring
outsourcing to third-party resources.
CIED = cardiovascular implantable
electrical device.

Hospital Team

SECTION 13 | PEDIATRIC
CONSIDERATIONS WITH REMOTE
MONITORING

As in the adult population, RM in pediatric patients (defined as those
<18years of age or followed by a pediatric provider) has significant
benefit allowing the medical team to detect and intervene on CIED
issues, such as battery depletion, lead or device malfunction, or ar-
rhythmic issues.t?183185 RM can be useful to identify acute lead
malfunction after new implants.?®* Younger age was associated
with an increase in lead/device malfunction.’®* Although the over-
all likelihood of an actionable event in pediatric patients is low, RM
is recommended for early detection and management of device or
arrhythmia concerns, as the patient may be asymptomatic.!83-18°
Tachyarrhythmia is the most common abnormality found on RM
transmissions in younger patients.'®* A pediatric study showed the
median time between RM interrogations was every 91days and the
median time between last follow-up and occurrence of actionable
events was 46 days.185 Pediatric studies supportinterrogations every
3 to 12 months RM for PM and every 3 to 6 months for ICDs.'83-18
Frequency of RM noncontinuous device interrogations should be
increased as the device reaches elective replacement, as device re-
placement is an actionable event and needs clinical attention.*®*
The recommendations outlined in this document for the
adult population are applicable to the pediatric population.
Recommendations detailing indications, management, and timing/
frequency for pediatric patients with CIEDs on RM were outlined
in the 2021 PACES Expert Consensus Statement on the Indications
and Management of Cardiovascular Implantable Electronic Devices in
Pediatric Patients.” Additional considerations for pediatric patients
include the importance of engaging the patient early in their life
to promote independence, and compliance as they reach adult-
hood. Transition, defined as the active process that focuses on the
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medical, psychosocial, and educational/vocational needs of adoles-
cents as they move toward adulthood, to adult CIED care should be
the eventual goal. The transition process is dynamic, and duration of
transition can vary from patient to patient. Shared medical decision-
making that promotes open dialogue and exchange of medical in-
formation between the child, parents, and provider can also help to
support compliance, transition to adult care, and better outcomes.
Implementation of focused patient education to adolescent patients
has been shown to increase self-management and knowledge of
their medical condition in a recent clinical trial. At each follow-up
visit, pediatric CIED providers should evaluate transition readiness
and provide targeted education on device care and the importance

of RM beginning in the young adolescence period.

SECTION 14 | GEOGRAPHIC DIFFERENCES
WITH REMOTE MONITORING PRACTICES

Despite near global availability of RM by a limited number of manu-
facturers, there is significant geographic variability in the uptake of
RM, both within countries and between countries and regions.ZZ'186
Significant variability also exists as to how RM is conducted, includ-
ing the frequency of scheduled transmissions, enrollment criteria for
RM, and the technologies used for RM.187188 Disparity exists due to
a multitude of barriers that include insufficient reimbursement for
patients and care teams, a lack of personnel resources, and inad-

equate infrastructure for RM.38¢
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Recommendations for availability of RM

COR LOE Recommendations References

1 C-EO

Availability of remote monitoring

1. For the care of patients with
CIEDs, health systems should
identify local barriers, and
develop strategies to optimize
the successful use of RM
globally.

Synopsis

RM has been developed to address limitations with in-office follow-up,
such as late detection of clinical or technical actionable events, by pro-
viding need-based care and continuous surveillance of CIED devices. In
2013, an update on the use of RM in the Asia-Pacific region reported
a global availability of RM, but the actual use of RM was highly vari-
able.’®? Although the use of RM was very limited in South East Asia,
India, and Hong Kong, up to 50% of patients with an ICD or CRT in
Japan were provided with RM. Availability is a necessary prerequisite,
but it does not necessarily lead to adequate use and patient compliance.
Real-world data from 2014 on the RM of ICDs and CRT-Ds illustrated
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large geographical variability in the compliance of RM within the United

States, with noncompliance rates ranging between 8.5% and 19.5%.7°

Recommendation-specific supportive text

1. There is very limited data available on geographical disparities
in RM availability, use, and compliance. Future research should
focus on identifying barriers to RM adoption and compliance
as well as their respective solutions. Examples of these barriers
include geographical and socioeconomic disparities. The optimal
approach to this research would involve a collaboration between

patients, health systems, and RM providers.

SECTION 15 | KNOWLEDGE GAPS AND

FUTURE NEEDS

The innovations in RM technologies over the last few decades have
greatly contributed to the advancement in the “standard of care” for
patients with CIEDs. The vast potential of these technologies is just
starting to be harnessed. Advances are still needed on many fronts—
technology development, policy leadership, payment reform, and
patient-centered communications. Seven important challenges re-
lated to remote care of patients are enumerated below. If these can
be adequately addressed in the coming years, there is great potential
to improve the quality of care able to be delivered to patients.

15.1 | Remote monitoring can “shorten” large
geographic distances

While some countries are geographically small with a high population
density, other countries are large with areas of very low population
density. Examples of the latter in North America might be in parts
of the central regions of the United States or in the Canadian North.
Patients may need to travel great distances in order to receive CIED
care. RM might be able to address this problem. It is likely not feasible
to establish CIED clinics with trained staff in every rurality. However,
site-based RM in smaller towns with transmission interpretation per-
formed by off-site, trained CIED staff could be a solution. A network
of site-based remote monitors could be deployed that could decrease
the financial, time, and travel burden to patients as well as infrastruc-
ture and personnel costs for local municipalities. If the CIED interro-
gation is reassuring, then no further action would be required.

15.2 | Remote programming

One of the most notable benefits of RM is the ability to provide
high-quality care to patients who are not near a CIED clinic (or a
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programmer). Currently, these benefits accrue primarily to those
patients in whom the programmed settings are optimal. If the re-
mote interrogation provides actionable information necessitating
reprogramming, the patient needs to travel to a CIED clinic (or at
least to a physical CIED programmer) for care. Fortunately, this
applies only to a minority of interrogations.

Remote programming has recently become available for
newer-generation ILRs. The next frontier will encompass not only
RM of patients with CIEDs, but true “remote programming.”** In
the future, care needs to be delivered to the patient where the
patient lives—ideally in the patient's home. More recently, remote
programming has been reported in a case series from China,*’?
in the context of reprogramming a CIED before and after an MRI
scan,”® and a small feasibility study from Bordeaux, France, with
ongoing testing in a larger cohort.'?* Each of these have used a
model of remote programming that requires a programmer near
the patient, and remote control of that programmer to be per-
formed by an off-site clinician. These small forays into remote
programming need to be expanded to the point that they do not
require the patient to be in a health care facility. The engineer-
ing challenges are likely easily s3urmountable. It is critical that
this technology be deployed in a manner that instills confidence
in both patients and providers about the safety and security of
RM. Certain “high risk” features (eg, noninvasive programmed
stimulation) should probably not be available to be programmed
remotely. Conversely, the reprogramming of RM alert features

should be easily accessible.

15.3 | Inequitable access to cardiovascular
implantable electronic device remote monitoring

RM was strongly recommended for most CIED patients in the 2015
HRS Expert Consensus Statement on RM. Across the world in 2022,
most CIED patients did not have access to RM. There are significant
disparities in the use of RM both between and within counties, with
differing reasons for these disparities. In some cases, they relate to
the cost burden on some national health systems. In other cases, the
telecommunications infrastructure might not be able to provide a
stable support for RM. In some smaller city-states, the value propo-
sition has not been clear to the payers given the short distances be-
tween the citizens and the CIED clinics. Within the United States,
patients are often required to make a recurring co-payment for their
RM. Without obvious benefits that are tangible to the patient, many
patients decline further RM.

There are many different problems leading to this variability
in access to RM, so there need to be many different solutions. In
some cases, the solutions are changes to government policy; in other
cases, technological solutions are needed; and in some cases, novel
reimbursement models are required. Efforts will be required on mul-

tiple fronts to decrease these disparities.

15.4 | Reimbursement reform for
remote monitoring

There are currently many challenges with the reimbursement model
for RM. First, there is a large variability in what the Medicare pro-
gram pays for RM visits across the United States. This variability
makes RM financially challenging in some parts of the United States.
This makes little sense, especially since the background structural
costs of RM are likely similar for central monitoring services.

Second, the co-payments required for RM (mentioned above)
serve as a barrier to optimal patient care. In the United States, while
co-payments are often required for diagnostic care and for treat-
ments, co-payments can be waived for preventative care and screen-
ing tests. Most CIED RM could be considered a form of preventative
care. The remote visits are to ascertain whether there is a problem
that might be treated, even in the absence of symptoms, to prevent
progression to more serious and potentially life-threatening problems.

Third, there is significant worldwide heterogeneity in the reim-
bursement for RM.8¢189195 | Europe, many clinics receive no reim-
bursement for RM, and this has been identified as a major barrier to
the use and expansion of RM. 86195 Uptake of RM has slowed in parts
of the Asia-Pacific region, with a lack of reimbursement identified as
a barrier in many locales.*®’

Finally, a larger shift may be needed in how we think about RM
of CIEDs. Currently, most remote visits are scheduled in advance at
a prespecified interval. This is a relic from the CIED clinic visits that
were used exclusively prior to RM. Most of these visits (both remote
and in person) conclude that the CIED is working properly and that no
further action is needed. One could argue that those visits are of “low
value” to the patients, but they still require a significant effort from
trained clinic staff (with the related costs). While clinic reimburse-
ments are tied to these visits, this “low-value care” will continue. To
shift efforts to an “alert-based” model of care that focuses on clinic
visits for an actionable event will require a restructuring of CEID clin-
ics and their reimbursement models. The reimbursement would need
to shift from the current model of reimbursement on a per visit basis
to a model of reimbursement for remote and in-person care over a
window of time (eg, annually). We need a model where the system of
reimbursement is designed to match the optimal care for the patient,
instead of the care of the patient being designed to match the system
of reimbursement. Such a change will require the involvement of a
myriad of stakeholders, including patients, physicians, clinics/offices,

and payers, to determine the optimal models and time windows.

15.5 | Better information, not more information

RM has generated a lot of information. CIED providers are already
suffering from “information overload” with frequent transmissions,
especially from ILRs. The increasing use of wearable technologies

with transmission capabilities will only make this problem worse.
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The problem is that while some of these data are valuable, most
of these data are not useful. It can be very labor intensive and costly
to manually review all these data to find clinically actionable events
or trends. Here, Al might prove to be particularly valuable. There
have already been some early publications about Al models improv-
ing the classification accuracy of diagnoses by ILRs.}”® There are also
studies assessing whether Al could be used to predict ventricular

arrhythmia events and ICD therapies.*”’

If these algorithms could be
used to enrich the quality of the data that requires manual review by
staff, this would enhance patient care.

A critical first step in this regard is standardizing the nomencla-
ture used by the devices and RM systems across manufacturers and
implementing new technical standards. This will make it easier for
the transfer of information from the manufacturers’ proprietary sys-
tems to EHRs or middleware providers. This is a necessary step to
accelerate the ability to use Al-based analytical approaches at scale.
There is currently an HRS working group that is in the process of
creating such standards.

15.6 | Direct patient access to device information

Some patients want to know about all their CIED parameters, while
other patients just want to know that everything is okay. Both types
of patients are entitled to information about the function of their
CIED in their desired manner. This must be approached from the
viewpoint that the patient owns their health information. Some ju-
risdictions have laws in place mandating this, such as the European
Union regulation 2016/679 (General Data Protection Regulation)
Article 20: Right to Data Portability'’® and the United States 21°

Century Cures Act.r??

Whether or not it is the local law, taking a
patient-centric perspective is the correct approach. The challenge
is in presenting this information in a way that conveys informa-
tion effectively and efficiently to the patient, in accordance with
their preferences. Manufacturers need to provide clinics with bet-
ter tools to aid in this communication. Further discussions among
stakeholders are needed to determine if this communication to the
patient is best kept via the clinics or whether there should be com-
munication to the patient directly from the manufacturers. This is
critical if our goal is to care for the patient and not just care for the
device.

15.7 | Summary: Further research about
remote monitoring

RM technologies are evolving quickly, and there has been a need to
adapt, even without clear data on outcomes and best practices. Many
of the recommendations in this document are based on expert opinion.
This is a stopgap solution. Moving forward, research studies should ide-
ally be performed to determine optimal models of RM clinics, including
workflows, staffing, and management of alerts. Value can be defined in
terms of patient satisfaction, costs, efficiencies, and improved patient
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outcomes. These benefits need to be better studied and quantified. It
will be important to assess whether RM can impact or improve impor-

tant patient outcomes such as decreasing the rates of stroke or mortality.

15.8 | Summary: Past, present, and future

RM has already enhanced the care of CIED patients, which is why
the use of RM is a class | recommendation in the 2015 HRS Expert
Consensus Statement on RM.! The early models of care with RM
followed the same pattern as the prior clinic visits, with the sessions
scheduled and planned. This is still the pattern with noncontinuous
monitoring. Most of these visits confirm that the device is working
appropriately and do not require any intervention from the clinic
staff. The current schedule of RM visits is often driven by the reim-
bursement schedule for RM visits. For example, if reimbursement
for RM is provided every 91days, then clinics are incentivized to
schedule these RM visits every 91 days.

Increasingly, we are seeing RM platforms with continuous con-
nectivity of devices that can transmit to the clinic information about
the lead function, device function, and the patient's clinical status
(eg, development of AF) shortly after problems develop. This could
allow for the transition to alert-based care. In this model, there
would be fewer routinely scheduled “low-value visits” (and perhaps
eventually none), with visits scheduled based on device alerts sug-
gesting that device reprogramming or other intervention is needed
for patient care (“high-value visits”). We can move to a model of care
driven by optimizing care for the patient.

For this to happen, all stakeholders need to participate.
Manufacturers need to transition more completely to RM platforms
that offer reliable continuous connectivity. Health care facilities
need to staff their clinics properly to address both the volume of
RM transmissions and the unpredictable nature of alert-based RM.
Payers need to develop novel payment schemes that provide pay-
ment to clinics for managing the patient with CIED for a duration of
time (eg, annually), and not only for a visit.

This paradigm shift has the potential to reduce the requisite clinic
resources, to decrease health care costs, to save time and money for

patients, and to improve patient satisfaction.
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