
Original Paper

Clinic Time Required for Remote and In-Person Management of
Patients With Cardiac Devices: Time and Motion Workflow
Evaluation

Amber Seiler1, NP, MSN, FHRS, CEPS, CCDS; Eliana Biundo2, MSc; Marco Di Bacco3, PharmD, MS; Sarah

Rosemas3, MPH; Emmanuelle Nicolle3, MSc, MD; David Lanctin3, MPH; Juliette Hennion2, MSc; Mirko de Melis3,

PhD; Laura Van Heel4, BSN
1Cone Health Medical Group, Greensboro, NC, United States
2Deloitte, Brussels, Belgium
3Medtronic, Mounds View, MN, United States
4Centracare, St. Cloud, MN, United States

Corresponding Author:
David Lanctin, MPH
Medtronic
8200 Coral Sea Ct NE
Mounds View, MN, 55112
United States
Phone: 1 800 633 8766
Email: david.lanctin@medtronic.com

Abstract

Background: The number of patients with cardiac implantable electronic device (CIED) is increasing, creating a substantial
workload for device clinics.

Objective: This study aims to characterize the workflow and quantify clinic staff time requirements for managing patients with
CIEDs.

Methods: A time and motion workflow evaluation was performed in 11 US and European CIEDs clinics. Workflow tasks were
repeatedly timed during 1 business week of observation at each clinic; these observations included all device models and
manufacturers. The mean cumulative staff time required to review a remote device transmission and an in-person clinic visit were
calculated, including all necessary clinical and administrative tasks. The annual staff time to manage a patient with a CIED was
modeled using CIED transmission volumes, clinical guidelines, and the published literature.

Results: A total of 276 in-person clinic visits and 2173 remote monitoring activities were observed. Mean staff time required
per remote transmission ranged from 9.4 to 13.5 minutes for therapeutic devices (pacemaker, implantable cardioverter-defibrillator,
and cardiac resynchronization therapy) and from 11.3 to 12.9 minutes for diagnostic devices such as insertable cardiac monitors
(ICMs). Mean staff time per in-person visit ranged from 37.8 to 51.0 and from 39.9 to 45.8 minutes for therapeutic devices and
ICMs, respectively. Including all remote and in-person follow-ups, the estimated annual time to manage a patient with a CIED
ranged from 1.6 to 2.4 hours for therapeutic devices and from 7.7 to 9.3 hours for ICMs.

Conclusions: The CIED patient management workflow is complex and requires significant staff time. Understanding process
steps and time requirements informs the implementation of efficiency improvements, including remote solutions. Future research
should examine heterogeneity in patient management processes to identify the most efficient workflow.

(JMIR Cardio 2021;5(2):e27720) doi: 10.2196/27720
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Introduction

Background
The number of patients receiving and living with cardiac
implantable electronic devices (CIEDs), including permanent
pacemakers, implantable cardioverter-defibrillators (ICD),
cardiac resynchronization therapy (CRT) devices, and insertable
cardiac monitors (ICMs), has increased significantly in the past
several years [1-3]. Accordingly, the burden for device clinics
to manage follow-up visits has increased. Such follow-up visits,
consisting of device interrogation and subsequent care changes
(ie, reprogramming device settings and acting upon clinical
findings), have traditionally been performed in person. Their
frequency, essentially based on clinical guidelines, may vary
depending on the facility, physician and patient preferences,
and available resources [4]. As an alternative or complement
to in-person visits, remote monitoring (RM) has become a
guideline-recommended method for managing patients with
CIEDs [5,6]. RM capabilities are a standard feature of modern
CIEDs, and data are continuously transmitted through landlines
or mobile networks, which supplies health care providers with
critical clinical (eg, arrhythmias) and device-related (eg, battery
longevity) information that allows them to adjust and optimize
patient treatment accordingly. In the 2015 Heart Rhythm Society
(HRS) Consensus Statement on remote interrogation and
monitoring for CIEDs, endorsed by European Heart Rhythm
Association and other international societies, RM combined
with an annual in-person visit is recommended rather than
in-person evaluation alone, with the strongest (class I)
recommendation and the highest level of evidence (A) [5]. This
recommendation is primarily because of earlier detection of
clinical events, including atrial fibrillation, ventricular
arrhythmias, and pause arrhythmias, to which RM enables faster
clinical response and appropriate medical action [7-9]. Several
studies have confirmed the clinical and economic benefits of
RM, including improved patient outcomes and reduced health
care use [5,9-13].

Furthermore, the literature has shown that the review of an RM
transmission requires less staff time than an in-office
interrogation, and RM is associated with greater patient
adherence to device follow-up checks and a reduction in
scheduled, often nonactionable in-office visits [10,14,15].
However, implementation in clinical practice of an overall
management process for patients with CIEDs, incorporating
both RM and in-person visits, can be challenging because of
the scarcity of information on organizational models and
requirements. The specific steps involved and the health care
professional time required for these activities are poorly
understood, which may hinder the implementation of optimal
follow-up strategies, including remote solutions.

Objective
This study aims to characterize the workflow processes and
clinic staff time required for remote and in-person device
follow-up of patients with CIEDs.

Methods

Data Collection
A time and motion workflow evaluation was performed in 11
CIED clinics internationally to characterize the discrete activities
and associated time required for all tasks related to managing
patients with CIEDs. Among the participating clinics, 6 were
located in the United States, and 5 were located in Europe (3
in the United Kingdom, 1 in France, and 1 in Germany).
Participating clinics were actively managing an average of 5758
(range: 870-22,000) patients with CIEDs, an average of 4217
patients in the United States and 7606 in Europe. All 11 clinics
used guideline-recommended RM in combination with in-person
device follow-up. Half (3) of the US clinics were located within
academic institutions, and 3 of the 5 European clinics were
academic.

A third-party observer prospectively collected data for one
business week (5 days) at each clinic, recorded the tasks
performed by the staff, and measured each task's duration with
a stopwatch. Workflow measurements included all CIED types
(permanent pacemaker, ICD, CRT, ICM) across any device
manufacturer found within the clinic during the study week
(Abbott, Biotronik, Boston Scientific, Medtronic, and
Microport).

The observations included all activities related to managing
patients with CIEDs and were categorized into 3 groups of
activities: in-person clinic visits, remote transmission review,
and other patient management activities not attributable to a
specific patient device check (eg, patient triage and scheduling,
identifying patients lost to follow-up, and telephone
communication with patients). Owing to insufficient data
collection on remote transmission review workflow activities
at the German site, these observations were excluded from the
analysis.

Statistical Analysis

Staff Time Per Device Check for Remote and In-Person
Device Follow-ups
Multimedia Appendix 1 lists all observed workflow steps
occurring within each activity category (in-person clinic visit,
remote transmission review, and other patient management
activities). The differences in observed steps between categories
are because of differences in device check scope; for example,
assessing patient vitals or reprogramming device therapy are
specific to in-person clinic visits. These lists are comprehensive
of all possible steps observed, but all steps may not have
occurred during each device check or in sequence as listed, as
practices and workflow vary widely. Thus, to quantify the
workload associated with an average patient device check
(remote or in-person), the unit steps were weighted based on
each step's likelihood of occurring in a given device check. The
weighting factors are listed in Multimedia Appendix 2
[5,14,16-21] and were based on study observations where
possible, supplemented by data from the literature. The mean
time per remote and in-person device checks was calculated,
including all clinical tasks and any administrative tasks related
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to that device check (eg, software access, documentation,
scheduling follow-up, and sending information for billing).

For remote transmission review tasks, consideration of the
transmission type and review process enabled further analyses.
Transmissions were classified as nonactionable versus actionable
(ie, requiring clinical follow-up because of either abnormal
device functioning or a clinical patient event, such as an
arrhythmia). It was assumed that 27% of transmissions would
be actionable, based on a previously published time and motion
evaluation [14]. Scenario analyses were performed to test the
sensitivity of this parameter using additional literature-derived
estimates [14,22,23]. We also estimated staff time spent on first-
and second-line review of remote transmission data, considering
that transmissions sometimes require escalation to more
experienced staff for review and clinical decision-making. We
assumed that 8.2% of transmissions would be sent for
second-line review based on the aforementioned time and
motion study [14]. For in-person clinic visits, 21.8% (27/124)
of the visits were actionable based on study observations.

Annual Staff Time Per Patient for Remote and In-Person
Device Follow-ups
On the basis of the calculated mean time per activity category,
the annual staff time required to manage each patient with a
CIED was modeled. The volume of remote transmissions per
patient per year was based on real-world device transmissions
from the calendar year 2016-2017 and included routine and
alert-driven transmissions (Multimedia Appendix 2). For
in-person clinical visits, it was assumed that each patient would
have a routine visit per year according to clinical guidelines [6]
and a number of unscheduled visits (ie, device alert or
symptom-driven) based on the frequencies reported in the
remotely monitored arm of published RM trials for each CIED
type [16-20].

Annual Staff Time for Other Patient Management
Activities
The annual time spent on other patient management activities
not attributable to a specific patient device check was calculated
based on observed clinic norms for performing tasks (eg, weekly
identification of patients with disconnected monitors), whereas
the frequency of telephone calls between the clinic and patient
was based on a previous workflow study [21]. The per-patient
workflow for in-person clinic visits, remote transmission review,
and other patient management activities were extrapolated to
the clinic level based on the average size of the clinics
participating in the study (5758 patients).

Predictors of Clinic Efficiency
Prespecified subanalyses were performed to identify efficient
clinical practices. Leveraging the same approach described
above for modeling staff time per remote and in-person device
check, the staff time per device check was modeled separately
for the 3 US clinics in which vendor-neutral CIED management
software (Medtronic Paceart Optima) was used during on-site
observations, in comparison with 3 US clinics without
management software. Similarly, the staff time per in-person
visit was modeled separately for observations in which a tablet

programmer was used versus visits in which a tablet programmer
was not used.

Ethical Considerations
As this study was a workflow process evaluation that collected
no patient or clinical data and only collected staff time
measurements, the study protocol did not require approval from
a local ethics committee or institutional review board. This
study adhered to the General Data Protection Regulation and
Health Insurance Portability and Accountability Act data privacy
guidelines in Europe and the United States, respectively. The
included sites consented to participate in the data collection
process in accordance with their privacy requirements.
Participating sites were required to have more than one
employee of any given type (eg, nurse, physiologist, and
physician) to preserve employee privacy, with all workflow
data pooled across a staff of the same type.

Results

Data Collection
A total of 54 distinct workflow steps were observed and timed
during the management of patients with CIEDs: 31% (17/54)
for remote transmission review, 39% (21/54) for in-person clinic
visits, and 30% (16/54) for other patient management activities
such as patient phone calls and patient triage. The average time
associated with each step is reported in Multimedia Appendices
3-5. During 11 total business weeks of data collection,
observations included 276 in-person clinic visits (124/276,
44.9% the United States and 152/276, 55.1%, Europe), 1948
(1269/1948, 65.14% the United States and 679/1948, 34.86%
Europe) individual remote transmission review tasks (not every
step could be observed for each given transmission, as they
often did not occur sequentially), and 440 other patient
management tasks (the United States only). Considering all
individual time recordings, approximately 50.21% (2424/4828)
of the observations were in patients using pacemakers, 17.13%
(827/4828) were in patients using ICD, 20.89% (1009/4828)
were in patients using CRT, and 11.76% (568/4828) were in
patients using ICM.

Staff Time per Device Check for Remote and In-Person
Device Follow-ups
Mean cumulative staff time required to review a remote device
transmission ranged from 9.4 to 13.5 minutes (16.1-21.7 minutes
for actionable and 6.1-11.2 minutes for nonactionable
transmissions) for therapeutic devices (pacemaker, ICD, or
CRT) and 11.3 to 12.9 minutes (17.3-20.3 minutes for actionable
and 8.0-11.3 minutes for nonactionable transmissions) for ICMs.

Participating clinics generally used a two-level
transmission-review process. A nurse or device technician
performed a preliminary review (first-line review) to determine
if the transmission requires the intervention of an advanced
practitioner (second-line review performed by a nurse
practitioner, physician assistant, or medical doctor). The staff
time for a first-line review ranged from 11.9 to 13.0 minutes in
the United States and 9.63 to 11.1 minutes in Europe, depending
on device type. A second-line review ranged from 7.2 to 7.9
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minutes in US clinics and 6.72 to 9.23 minutes in European
clinics (Table 1).

Cumulative staff time per in-person clinic visit ranged from
37.8 to 51.0 minutes and 39.9 to 45.8 minutes for therapeutic
devices and ICM, respectively (Table 1). For both remote
transmission review and in-person clinic visits, the overall
percentage of labor performed by each staff type (nurses,
technician or medical assistants, medical doctors, physician
assistants, or nurse practitioners, administrative assistants, and
physiologists) is characterized by country in Table 2.
Furthermore, the staff performing administrative tasks differed
by site and region. In the United States, 46.3% (348/751) of all
administrative workflow observations were performed by
medical and administrative assistants, whereas 53.7% (403/751)
of administrative tasks were performed by clinical practitioners.
In the United Kingdom, all administrative workflow

observations (n=165) were performed by clinical staff, including
nurses, physiologists, and other advanced practitioners (Table
2).

Given that the estimated time to review an average remote
transmission was dependent on the likelihood of a transmission
being actionable, a series of scenario analyses were performed
to test the sensitivity of this parameter. On the basis of the range
of available literature-derived estimates (ranging from 8% to
27%), the time to review a transmission in the United States
ranged from 11.9 to 13.5 minutes for patients with pacemakers,
10.8 to 12.7 minutes for patients with ICDs, 10.8 to 11.9 minutes
for patients with CRTs, and 11.7 to 12.9 minutes for patients
with ICMs. In Europe, the time ranged from 7.7 to 9.4 minutes
for patients with pacemakers, 9.8 to 11.6 minutes for patients
with ICDs, 10.7 to 12.4 minutes for patients with CRTs, and
9.6 to 11.3 minutes for patients with ICM.

Table 1. Mean cumulative staff time required per remote transmission review and in-person clinic visit.

EuropeUnited StatesWorkflow activity

ICMCRTICDPMICMdCRTcICDbPMa

Remote device transmission review

11.312.411.69.412.911.912.713.5Staff time per average transmissione, minutes

35.65.95.13.638.95.14.63.7Number of transmissions per year (both scheduled and unscheduled

transmissions)f

6.71.21.00.68.41.21.00.8Annual staff time for remote transmissions per patient, hours

In-person clinic visits

39.940.937.841.245.843.451.050.1Staff time per visit, minutes

1.31.71.71.51.31.71.71.5Number of visits per year (both routine and event-driven visits)

1.01.11.11.01.01.21.41.3Annual staff time for clinic visits per patient, hours

7.72.42.01.69.32.42.42.1Total annual per patient staff time, hours

Type of remote device transmission

Staff time required to review actionable versus nonactionable transmissions, minutes

20.321.720.618.317.316.120.119.8Staff time per actionable transmission

8.09.08.36.111.310.39.911.2Staff time per nonactionable transmission

Distribution of staff time for first-line versus second-line review of remote transmissions, minutes

10.711.110.49.612.511.912.213.0Staff time for first-line transmission review (relevant for all trans-
missions)

8.09.26.78.07.87.27.97.8Staff time for second-line transmission review (required for only
8.2% of transmissions)

aPM: permanent pacemaker.
bICD: implantable cardioverter-defibrillator.
cCRT: cardiac resynchronization therapy.
dICM: insertable cardiac monitors.
eThe time required for an average transmission was modeled based on the assumption that 27% of transmissions are actionable and 73% of transmissions
are nonactionable [14].
fThe transmission volume is based on real-world data, and generalizability to other clinics will vary significantly depending on device programming
practices, patient indications, and patient education.
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Table 2. Percentage of cardiac implantable electronic devices management workload by staff type and region.a

Physiologistb, n
Administrative assis-
tant, n

Medical doctor, physi-
cian assistant, or nurse
practitioner, n

Technician or medi-
cal assistant, nNurse, nStaff type and region

In-person clinic visits

02452924United States

5204602United Kingdom

Remote transmission review

03351053United States

1000000United Kingdom

Other patient management (eg, calls and connectivity troubleshooting)c

0105148United States

Time contribution by staff type: overall

02342044United States

8001901United Kingdom

aLabor share was calculated in the United States and the United Kingdom due to having multiple clinics observed in each country (6 and 3, respectively).
As only one clinic was observed in Germany and France, there were insufficient data to perform this analysis in these countries.
bClinical cardiac physiologists in the United Kingdom carry out procedures and investigations on patients related to diagnosis, monitoring, and treatment.
cThe Other Patient Management data were only collected in the United States.

Annual Staff Time Per Patient for Remote and
In-Person Device Follow-ups
The mean number of transmissions per year per patient
(including scheduled and unscheduled transmissions) ranged
from 3.6 to 5.9 for therapeutic devices and 35.6 to 38.9 for ICMs
(Table 1). In contrast, the number of expected in-person clinic
visits per year ranged from 1.3 to 1.7 per patient. Although we
seek to model time for an average clinic, the frequency of
in-person and remote device checks will vary significantly
between clinics depending on device programming practices,
patient indications, and patient education.

Multiplying the staff time for each expected remote and
in-person device check by the annual frequencies of device
checks per year yielded an estimated total annual staff time of
1.6 to 2.4 hours to manage a patient with a therapeutic device
and 7.7 to 9.3 hours for a patient with an ICM (Table 1). The
higher staff time to manage a patient with an ICM was attributed
to the increased transmission volume observed.

Annual Staff Time for Other Patient Management
Activities
The staff time required for other patient management tasks such
as calling patients, troubleshooting device connectivity issues,
identifying loss to follow-up, and triaging patients or
transmissions (full task list provided in Multimedia Appendix
5) was estimated to be 17.3 minutes per patient annually. At
the clinic level (based on the average 5758-patient clinic size
of participating clinics), this translates to 1659.2 hours of staff
time per year (31.9 hours per week).

Predictors of Clinic Efficiency
A series of prespecified subanalyses were conducted to identify
the predictors of clinic efficiency.

Vendor-Neutral Patient Management Software
The staff time required per remote and in-person device check
was modeled separately for the 3 US clinics in which
vendor-neutral CIED management software (Medtronic Paceart
Optima) was used during on-site observations in comparison
with the 3 US clinics without management software. On average,
the total staff time to review a remote transmission was 2.1
minutes lower at sites with management software (11.5 vs 13.6
minutes). The staff time associated with an in-clinic visit was
2.2 minutes lower at clinics with management software (50.4
vs 52.6 minutes). For both remote transmission review and
in-person clinic visits, the time savings were driven by the steps
involved in electronic health record documentation. 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 full-time equivalents.

Tablet-Based Programmers
In-person clinic visit staff time was modeled separately for visits
in which a tablet-based CIED programmer was used (n=599
total observations) compared with visits in which a legacy
programmer—which is large and cumbersome—was used
(n=794). A tablet-based programmer was associated with an
average of 5.2 minutes lower staff time (54 vs 49 minutes; 9.6%
reduction) for a clinic visit, driven by reduced time for
programmer device transport to a patient room and improved
data connectivity with the electronic health record.
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Discussion

Principal Findings
This study characterized the staffing resources necessary for
cardiac device clinics to manage patients with CIEDs, including
detailed time associated with each workflow step and
breakdowns by device, geographic region, and staffing types.
Although differences were observed across device types and
geographic regions, the overall workload was found to be
consistently substantial, regardless of CIED type and region.

As CIED technology advances, so do device data capabilities
to inform and optimize patient care. The benefits of RM have
been illustrated in several clinical studies, including faster event
detection, improved patient outcomes, and reduced health care
use. However, data alone will not result in clinical and economic
benefits unless timely clinical action is taken. Clinical workflows
must be optimized to capture the value of the device data.

The HRS consensus statement on RM outlined the importance
of implementing a streamlined organization with clear roles and
responsibilities to manage RM data in parallel with in-person
follow-ups [5]. However, there is limited literature on how
patients with CIEDs are managed in practice, including the
workflow steps and the staffing requirements associated with
each task, creating implementation challenges for new RM
users. Protocols for remote management of patients with CIEDs
have been developed, including the HomeGuide registry study
[24], which implemented a dedicated nurse-physician team
strategy. Similar to most sites in this study, a two-tiered remote
transmission review structure was leveraged, in which nurses
(or other similar practitioners) performed the initial transmission
review and escalated critical events to a physician. However,
this model may not apply to all device clinics, depending on
the size, RM infrastructure, and staff resources available.

Although different organizational models, staff types, and
workflows may exist in practice depending on the setting and
available resources, the essential tasks required to manage
patients with CIEDs remain similar. This evaluation sets a
baseline by describing the essential activities performed by
clinical staff to manage a population of patients with CIEDs
and the time required to execute it. It also underscores the
complexity of the current management of patients with CIEDs,
identifying 54 distinct workflow tasks across three categories
(remote transmission review, in-person clinic visits, and other
patient management activities, such as patient phone calls and
triaging).

Mean staff time required per remote transmission review and
in-person clinic visit ranged from 9.4 to 13.5 minutes and 37.8
to 51.0 minutes, respectively, depending on device type. This
validates previous research demonstrating the efficiency
opportunities for RM [14]. The annual time per patient required
for in-person device checks was relatively consistent across
device types (1.0-1.4 hours), perhaps because of the low
frequency of office visits required for patients being
continuously monitored with RM. The annual time per patient
for RM was higher in patients with diagnostic devices (ICMs:
6.7-8.4 hours per year vs only 0.6-1.2 hours for therapeutic

devices) because of increased device transmissions both for
routine data review and programmable automatic device alerts.
However, it should be noted that the magnitude of the device
transmission frequency with ICMs is highly dependent on the
alert programming settings, patient indications, and patient
education. The overall annual time required to follow and
manage a patient with a CIED is lower for a patient with a
therapeutic device (1.6-2.4 hours) than a patient with a
diagnostic device (ICM: 7.7-9.3 hours).

As revealed by the predictors of efficiency analysis described
above, even small improvements in the efficiency of CIED
clinics can have a significant positive impact on time savings.
Although our study observed meaningful time savings associated
with the use of patient management software and tablet-based
programmers, further research is needed to identify other
strategies for optimal patient follow-up. For instance, the
growing number of technologies capable of transmitting patient
data to CIED clinics represents a challenge for data management
[25,26]. Further innovation on solutions for integrating and
storing data from this multitude of sources could enhance the
efficient management of patients with CIEDs. This software
also presents an opportunity for closer clinical care and patient
safety; previous studies using the triaging and analytic
capabilities of the PaceArt Optima system showed an improved
enrollment of patients in RM [27] and identification and
successful interventions for patients with suboptimal ICD
programming [28] and low CRT pacing [29,30].

Our study observed a significant workload associated with
fielding patient calls and troubleshooting connectivity, which
is consistent with a recent study that found that more than 40%
of patient calls received by CIED clinics pertain to
troubleshooting RM equipment and transmission status [21].
Strategies to improve device connectivity—for instance,
Bluetooth-enabled, smartphone-paired, or widespread use of
other wireless monitors—could alleviate this significant
workload burden on CIED clinics. Furthermore, optimizing the
appropriate staffing types for each activity (eg, administrative
tasks performed by administrative staff) could help clinics
balance operational costs and resource availability.

A number of studies have previously estimated the time to
perform remote and in-person device checks, yielding a wide
range of time estimates, suggesting that there may be significant
clinic-to-clinic variability [14,31-33]. To our knowledge, this
study is the first multicenter, multinational study to describe
comprehensive work requirements for managing patients with
CIEDs. Considering the significant time-consuming activities
related to follow up patients with CIEDs, appropriate funding
needs to be in place to ensure that this crucial part of the patient
care pathway is not overlooked. As RM is considered a
guideline-recommended standard of care for all patients with
CIEDs, hospital or clinic budget holders, payers, and
reimbursement authorities should financially support its
implementation and day-to-day practice. Funding and
reimbursement of RM are variable and remain a challenge in
many geographies today, as all stakeholders involved in this
continuous service provision are often not remunerated or
insufficient. Such a barrier affects RM adoption and its
implementation as a standard of care. For this time and motion
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evaluation, countries where RM reimbursement is available
were selected to avoid the influence of this lack of financial
incentives on patient management organizations, which could
be reflected in time measures. However, local reimbursement
challenges persist, including limitations on specific cardiac
devices, settings, and health care professionals in France and
Germany. RM may not be suitable for every patient for different
reasons (technical, clinical, or patient preference) but should be
proposed to all eligible patients, in line with the medical
recommendations and considering the current environment
[34,35]. With the COVID-19 pandemic, RM benefits have been
reinforced, also underlining the need to establish an appropriate
infrastructure to manage patients remotely, which requires
human, time, and financial investment.

Although it is widely acknowledged today that RM is a valuable
tool for optimal follow-up of patients with CIEDs, to achieve
this objective, infrastructure investments are required, including
equipment (eg, additional computer or monitors) and setting up
a specific clinic workflow organization involving sufficient
human resources. As this infrastructural investment might not
be an option in all settings, outsourcing remote patient
management to other clinics or third-party arrhythmia review
services could be an alternative to in-house implementation, as
has been shown previously [36].

Limitations
This study had several limitations. Owing to the real-world
observational nature of this analysis, study measurements were
reliant on the workflow taking place during the data collection
week and were not systematically controlled for patient or center
characteristics. This study describes the workflow observed at
11 centers in the United States and Europe, but the
generalizability of these observations to other centers with

different device populations and staffing resources is unknown.
However, this is the first attempt at characterizing cardiac device
clinic workflow in full and provides a first step in filling the
knowledge gap around patient management practices and
resource requirements.

In addition, as the time and motion methodology was designed
as a clinic-perspective workflow characterization and did not
follow patients longitudinally, we were unable to measure
patient clinical metrics, such as device connectivity success and
patient adherence to follow-ups. Finally, extrapolations were
made using externally published data (eg, proportion of device
checks requiring second-line assessment) and HRS guidelines
for patient follow-up, and these assumptions may not be
generalizable to all clinics. A series of sensitivity analyses were
performed to test the impact of our assumption on transmission
actionability. Although device check-level and annual resource
use will be dependent on individual workflow practices,
individual workflow step measurements can readily be used to
create a workflow framework that is highly customizable to
individual centers and circumstances.

Conclusions
This observational study confirmed the complexity of the
management of patients with CIEDs. The associated workflows
require significant clinical and administrative staff time across
in-person clinic visits, remote transmission review, and other
patient management tasks. RM is an efficient component of
managing patients with CIEDs, allowing for continuous
follow-up of patients with reduced staff time required per device
check. Detailed recommendations on organizational models for
managing patients with CIEDs are warranted to ensure
homogeneous follow-up, support RM implementation, and
enable optimal patient care.

Acknowledgments
The authors would like to thank each of the 11 participating clinics for permitting observation of their workflow. Data collection
and analysis were funded by Medtronic.

Conflicts of Interest
MDB, SR, EN, DL, and MM are Medtronic employees and shareholders. Data collection for this study, performed by Deloitte,
was funded by Medtronic.

Multimedia Appendix 1
Workflow steps observed during the management of cardiac implantable electronic devices patients.
[DOCX File , 46 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Modeling inputs.
[DOCX File , 17 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Mean staff time required per instance for remote transmission review steps.
[DOCX File , 38 KB-Multimedia Appendix 3]

JMIR Cardio 2021 | vol. 5 | iss. 2 | e27720 | p. 7https://cardio.jmir.org/2021/2/e27720
(page number not for citation purposes)

Seiler et alJMIR CARDIO

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=cardio_v5i2e27720_app1.docx&filename=7bd19cbe653d899b21a61cedd932e457.docx
https://jmir.org/api/download?alt_name=cardio_v5i2e27720_app1.docx&filename=7bd19cbe653d899b21a61cedd932e457.docx
https://jmir.org/api/download?alt_name=cardio_v5i2e27720_app2.docx&filename=399b29b22751ff47aca9d1c159720b31.docx
https://jmir.org/api/download?alt_name=cardio_v5i2e27720_app2.docx&filename=399b29b22751ff47aca9d1c159720b31.docx
https://jmir.org/api/download?alt_name=cardio_v5i2e27720_app3.docx&filename=29090441bd6b4ae9482e4f410ff7c6d0.docx
https://jmir.org/api/download?alt_name=cardio_v5i2e27720_app3.docx&filename=29090441bd6b4ae9482e4f410ff7c6d0.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/


Multimedia Appendix 4
Mean staff time required per instance for in-person clinic visit steps.
[DOCX File , 42 KB-Multimedia Appendix 4]

Multimedia Appendix 5
Mean staff time required per instance for other patient management activities.
[DOCX File , 37 KB-Multimedia Appendix 5]

References

1. Mond HG, Irwin M, Ector H, Proclemer A. The world survey of cardiac pacing and cardioverter-defibrillators: calendar
year 2005 an International Cardiac Pacing and Electrophysiology Society (ICPES) project. Pacing Clin Electrophysiol 2008
Sep;31(9):1202-1212. [doi: 10.1111/j.1540-8159.2008.01164.x] [Medline: 18834475]

2. Uslan DZ, Tleyjeh IM, Baddour LM, Friedman PA, Jenkins SM, St Sauver JL, et al. Temporal trends in permanent pacemaker
implantation: a population-based study. Am Heart J 2008 May;155(5):896-903 [FREE Full text] [doi:
10.1016/j.ahj.2007.12.022] [Medline: 18440339]

3. Kurtz SM, Ochoa JA, Lau E, Shkolnikov Y, Pavri BB, Frisch D, et al. Implantation trends and patient profiles for pacemakers
and implantable cardioverter defibrillators in the United States: 1993-2006. Pacing Clin Electrophysiol 2010 Jun
01;33(6):705-711. [doi: 10.1111/j.1540-8159.2009.02670.x] [Medline: 20059714]

4. Nishii N. Remote monitoring of cardiac implantable electronic devices. Journal of Arrhythmia 2014 Dec;30(6):395-412
[FREE Full text] [doi: 10.1016/j.joa.2014.03.009]

5. Slotwiner D, Varma N, Akar JG, Annas G, Beardsall M, Fogel RI, et al. HRS Expert Consensus Statement on remote
interrogation and monitoring for cardiovascular implantable electronic devices. Heart Rhythm 2015 Jul;12(7):69-100. [doi:
10.1016/j.hrthm.2015.05.008] [Medline: 25981148]

6. Brignole M, Auricchio A, Baron-Esquivias G, Bordachar P, Boriani G, Breithardt O, ESC Committee for Practice Guidelines
(CPG), Document Reviewers, et al. 2013 ESC Guidelines on cardiac pacing and cardiac resynchronization therapy: the
Task Force on cardiac pacing and resynchronization therapy of the European Society of Cardiology (ESC). Developed in
collaboration with the European Heart Rhythm Association (EHRA). Eur Heart J 2013 Aug;34(29):2281-2329. [doi:
10.1093/eurheartj/eht150] [Medline: 23801822]

7. Crossley GH, Boyle A, Vitense H, Chang Y, Mead RH. The CONNECT (Clinical Evaluation of Remote Notification to
Reduce Time to Clinical Decision) trial: the value of wireless remote monitoring with automatic clinician alerts. J Am Coll
Cardiol 2011 Mar 8;57(10):1181-1189 [FREE Full text] [doi: 10.1016/j.jacc.2010.12.012] [Medline: 21255955]

8. Sanna T, Diener H, Passman RS, Di LV, Bernstein RA, Morillo CA, et al. Cryptogenic stroke and underlying atrial
fibrillation. N Engl J Med 2014 Jun 26;370(26):2478-2486. [doi: 10.1056/NEJMoa1313600] [Medline: 24963567]

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

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

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

12. Bogyi P, Vamos M, Bari Z, Polgar B, Muk B, Nyolczas N, et al. Association of remote monitoring with survival in heart
failure patients undergoing cardiac resynchronization therapy: retrospective observational study. J Med Internet Res 2019
Jul 26;21(7):e14142 [FREE Full text] [doi: 10.2196/14142] [Medline: 31350836]

13. Dario C, Delise P, Gubian L, Saccavini C, Brandolino G, Mancin S. Large controlled observational study on remote
monitoring of pacemakers and implantable cardiac defibrillators: a clinical, economic, and organizational evaluation.
Interact J Med Res 2016 Jan 13;5(1):e4 [FREE Full text] [doi: 10.2196/ijmr.4270] [Medline: 26764170]

14. Cronin EM, Ching EA, Varma N, Martin DO, Wilkoff BL, Lindsay BD. Remote monitoring of cardiovascular devices: a
time and activity analysis. Heart Rhythm 2012 Dec;9(12):1947-1951. [doi: 10.1016/j.hrthm.2012.08.002] [Medline:
22864266]

15. Varma N, Michalski J, Stambler B, Pavri BB, TRUST Investigators. Superiority of automatic remote monitoring compared
with in-person evaluation for scheduled ICD follow-up in the TRUST trial - testing execution of the recommendations. Eur
Heart J 2014 May 21;35(20):1345-1352 [FREE Full text] [doi: 10.1093/eurheartj/ehu066] [Medline: 24595864]

JMIR Cardio 2021 | vol. 5 | iss. 2 | e27720 | p. 8https://cardio.jmir.org/2021/2/e27720
(page number not for citation purposes)

Seiler et alJMIR CARDIO

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=cardio_v5i2e27720_app4.docx&filename=007b79c94fed3fbbdf9340cd1d78f7e0.docx
https://jmir.org/api/download?alt_name=cardio_v5i2e27720_app4.docx&filename=007b79c94fed3fbbdf9340cd1d78f7e0.docx
https://jmir.org/api/download?alt_name=cardio_v5i2e27720_app5.docx&filename=3c9a32d6ffd9b987312c22f72f41749c.docx
https://jmir.org/api/download?alt_name=cardio_v5i2e27720_app5.docx&filename=3c9a32d6ffd9b987312c22f72f41749c.docx
http://dx.doi.org/10.1111/j.1540-8159.2008.01164.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18834475&dopt=Abstract
http://europepmc.org/abstract/MED/18440339
http://dx.doi.org/10.1016/j.ahj.2007.12.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18440339&dopt=Abstract
http://dx.doi.org/10.1111/j.1540-8159.2009.02670.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20059714&dopt=Abstract
https://tinyurl.com/f28mufz4
http://dx.doi.org/10.1016/j.joa.2014.03.009
http://dx.doi.org/10.1016/j.hrthm.2015.05.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25981148&dopt=Abstract
http://dx.doi.org/10.1093/eurheartj/eht150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23801822&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S0735-1097(10)05068-0
http://dx.doi.org/10.1016/j.jacc.2010.12.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21255955&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa1313600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24963567&dopt=Abstract
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=22626743
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.088971
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22626743&dopt=Abstract
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=20625110
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.937409
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20625110&dopt=Abstract
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2552405/pdf/eun203.pdf
http://dx.doi.org/10.1093/europace/eun203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18703585&dopt=Abstract
https://www.jmir.org/2019/7/e14142/
http://dx.doi.org/10.2196/14142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31350836&dopt=Abstract
https://www.i-jmr.org/2016/1/e4/
http://dx.doi.org/10.2196/ijmr.4270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26764170&dopt=Abstract
http://dx.doi.org/10.1016/j.hrthm.2012.08.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22864266&dopt=Abstract
http://europepmc.org/abstract/MED/24595864
http://dx.doi.org/10.1093/eurheartj/ehu066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24595864&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


16. Mabo P, Victor F, Bazin P, Ahres S, Babuty D, Da CA, et al. A randomized trial of long-term remote monitoring of
pacemaker recipients (the COMPAS trial). Eur Heart J 2012 May;33(9):1105-1111 [FREE Full text] [doi:
10.1093/eurheartj/ehr419] [Medline: 22127418]

17. Calò L, Gargaro A, De RE, Palozzi G, Sciarra L, Rebecchi M, et al. Economic impact of remote monitoring on ordinary
follow-up of implantable cardioverter defibrillators as compared with conventional in-hospital visits. A single-center
prospective and randomized study. J Interv Card Electrophysiol 2013 Jun;37(1):69-78. [doi: 10.1007/s10840-013-9783-9]
[Medline: 23515883]

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

19. Heidbuchel H, Hindricks G, Broadhurst P, Van Erven L, Fernandez-Lozano I, Rivero-Ayerza M, et al. EuroEco (European
Health Economic Trial on Home Monitoring in ICD Patients): a provider perspective in five European countries on costs
and net financial impact of follow-up with or without remote monitoring. Eur Heart J 2015 Jan 14;36(3):158-169 [FREE
Full text] [doi: 10.1093/eurheartj/ehu339] [Medline: 25179766]

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

21. Van Heel L, Seiler A, Cirocco T, Bayer J, Epstein LM, Kalenderian D, et al. Characterization of patient calls at cardiac
device clinic: Economic implications and opportunities for improved efficiency. Circulation 2019;140:A11847 [FREE Full
text]

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

23. Ricci RP, Morichelli L, Santini M. Home monitoring remote control of pacemaker and implantable cardioverter defibrillator
patients in clinical practice: impact on medical management and health-care resource utilization. Europace 2008
Feb;10(2):164-170 [FREE Full text] [doi: 10.1093/europace/eum289] [Medline: 18199570]

24. Ricci RP, Morichelli L, D'Onofrio A, Calò L, Vaccari D, Zanotto G, et al. Effectiveness of remote monitoring of CIEDs
in detection and treatment of clinical and device-related cardiovascular events in daily practice: the HomeGuide Registry.
Europace 2013 Jul;15(7):970-977 [FREE Full text] [doi: 10.1093/europace/eus440] [Medline: 23362021]

25. Bashi N, Karunanithi M, Fatehi F, Ding H, Walters D. Remote monitoring of patients with heart failure: an overview of
systematic reviews. J Med Internet Res 2017 Jan 20;19(1):e18 [FREE Full text] [doi: 10.2196/jmir.6571] [Medline:
28108430]

26. Albahri OS, Albahri AS, Mohammed KI, Zaidan AA, Zaidan BB, Hashim M, et al. Systematic review of real-time remote
health monitoring system in triage and priority-based sensor technology: taxonomy, open challenges, motivation and
recommendations. J Med Syst 2018 Mar 22;42(5):80. [doi: 10.1007/s10916-018-0943-4] [Medline: 29564649]

27. Allen M, Kaplon R, Rosemas S. Use of vendor neutral clinic management software to improve cardiac device patient
enrollment in remote monitoring. Heart Rhythm 2020;17(5 Suppl):S210 [FREE Full text]

28. Seiler A, Kaplon R, Rosemas S, Allred J. Use of analytics to optimize tachycardia therapy programming. Heart Rhythm
2020;16(5 Suppl):S236 [FREE Full text]

29. Davenport E, Cooper T, Leahy R, Gupta S, Kaplon R, Emig M, et al. Percent biventricular pacing in cardiac resynchronization
therapy: is more always better? Heart Rhythm 2011 Sep;8(9):1476-1477 [FREE Full text]

30. Seiler A, Clegg A, Kaplon R, Rosemas S, Allred J. Use of analytics to identify patients with sub-optimal cardiac
resynchronization therapy pacing. J Card Fail 2019 Aug;25(8):S5. [doi: 10.1016/j.cardfail.2019.07.542]

31. Ricci RP, Morichelli L. Workflow, time and patient satisfaction from the perspectives of home monitoring. Europace 2013
Jun 04;15 Suppl 1(suppl 1):i49-i53. [doi: 10.1093/europace/eut113] [Medline: 23737231]

32. Guédon-Moreau L, Finat L, Boulé S, Wissocque L, Marquié C, Brigadeau F, et al. Validation of an organizational
management model of remote implantable cardioverter-defibrillator monitoring alerts. Circ Cardiovasc Qual Outcomes
2015 Jul;8(4):403-412. [doi: 10.1161/CIRCOUTCOMES.114.001433] [Medline: 26105725]

33. Massey A, May P, Murphy C, Norman A, Reid C, Robinson A, et al. Clinician time required to complete in-person and
remote cardiac device evaluations. Heart Rhythm 2019:A [FREE Full text]

34. Cleland JG, Clark RA, Pellicori P, Inglis SC. Caring for people with heart failure and many other medical problems through
and beyond the COVID-19 pandemic: the advantages of universal access to home telemonitoring. Eur J Heart Fail 2020
Jun;22(6):995-998 [FREE Full text] [doi: 10.1002/ejhf.1864] [Medline: 32385954]

35. Gorodeski EZ, Goyal P, Cox ZL, Thibodeau JT, Reay RE, Rasmusson K, et al. Virtual visits for care of patients with heart
failure in the era of COVID-19: a statement from the Heart Failure Society of America. J Card Fail 2020 Jul;26(6):448-456
[FREE Full text] [doi: 10.1016/j.cardfail.2020.04.008] [Medline: 32315732]

JMIR Cardio 2021 | vol. 5 | iss. 2 | e27720 | p. 9https://cardio.jmir.org/2021/2/e27720
(page number not for citation purposes)

Seiler et alJMIR CARDIO

XSL•FO
RenderX

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3341630/pdf/ehr419.pdf
http://dx.doi.org/10.1093/eurheartj/ehr419
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22127418&dopt=Abstract
http://dx.doi.org/10.1007/s10840-013-9783-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23515883&dopt=Abstract
http://europepmc.org/abstract/MED/23242192
http://dx.doi.org/10.1093/eurheartj/ehs425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23242192&dopt=Abstract
http://europepmc.org/abstract/MED/25179766
http://europepmc.org/abstract/MED/25179766
http://dx.doi.org/10.1093/eurheartj/ehu339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25179766&dopt=Abstract
http://dx.doi.org/10.1002/ejhf.626
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27568392&dopt=Abstract
https://www.ahajournals.org/doi/10.1161/circ.140.suppl_1.11847
https://www.ahajournals.org/doi/10.1161/circ.140.suppl_1.11847
http://dx.doi.org/10.1016/j.ijcard.2016.06.162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27394974&dopt=Abstract
https://tinyurl.com/fc6e9njn
http://dx.doi.org/10.1093/europace/eum289
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18199570&dopt=Abstract
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3689436/pdf/eus440.pdf
http://dx.doi.org/10.1093/europace/eus440
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23362021&dopt=Abstract
http://www.jmir.org/2017/1/e18
http://dx.doi.org/10.2196/jmir.6571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28108430&dopt=Abstract
http://dx.doi.org/10.1007/s10916-018-0943-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29564649&dopt=Abstract
https://cslide-us.ctimeetingtech.com/hrs20/attendee/eposter/poster/172
https://cslide-us.ctimeetingtech.com/hrs19/attendee/eposter/poster/805?s=pn
https://cslide-us.ctimeetingtech.com/hrs19/attendee/eposter/poster/1221?s=pn
http://dx.doi.org/10.1016/j.cardfail.2019.07.542
http://dx.doi.org/10.1093/europace/eut113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23737231&dopt=Abstract
http://dx.doi.org/10.1161/CIRCOUTCOMES.114.001433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26105725&dopt=Abstract
https://cslide-us.ctimeetingtech.com/hrs19/attendee/eposter/poster/493
http://europepmc.org/abstract/MED/32385954
http://dx.doi.org/10.1002/ejhf.1864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32385954&dopt=Abstract
http://europepmc.org/abstract/MED/32315732
http://dx.doi.org/10.1016/j.cardfail.2020.04.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32315732&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


36. Giannola G, Torcivia R, Airò Farulla R, Cipolla T. Outsourcing the remote management of cardiac implantable electronic
devices: medical care quality improvement project. JMIR Cardio 2019 Dec 18;3(2):e9815 [FREE Full text] [doi:
10.2196/cardio.9815] [Medline: 31845898]

Abbreviations
CIED: cardiac implantable electronic device
CRT: cardiac resynchronization therapy
HRS: Heart Rhythm Society
ICD: implantable cardioverter-defibrillator
ICM: insertable cardiac monitor
RM: remote monitoring

Edited by G Eysenbach; submitted 04.02.21; peer-reviewed by G Boriani, M von Wagner; comments to author 09.03.21; revised
version received 02.04.21; accepted 31.05.21; published 15.10.21

Please cite as:
Seiler A, Biundo E, Di Bacco M, Rosemas S, Nicolle E, Lanctin D, Hennion J, de Melis M, Van Heel L
Clinic Time Required for Remote and In-Person Management of Patients With Cardiac Devices: Time and Motion Workflow Evaluation
JMIR Cardio 2021;5(2):e27720
URL: https://cardio.jmir.org/2021/2/e27720
doi: 10.2196/27720
PMID: 34156344

©Amber Seiler, Eliana Biundo, Marco Di Bacco, Sarah Rosemas, Emmanuelle Nicolle, David Lanctin, Juliette Hennion, Mirko
de Melis, Laura Van Heel. Originally published in JMIR Cardio (https://cardio.jmir.org), 15.10.2021. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR
Cardio, is properly cited. The complete bibliographic information, a link to the original publication on https://cardio.jmir.org, as
well as this copyright and license information must be included.

JMIR Cardio 2021 | vol. 5 | iss. 2 | e27720 | p. 10https://cardio.jmir.org/2021/2/e27720
(page number not for citation purposes)

Seiler et alJMIR CARDIO

XSL•FO
RenderX

https://cardio.jmir.org/2019/2/e9815/
http://dx.doi.org/10.2196/cardio.9815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31845898&dopt=Abstract
https://cardio.jmir.org/2021/2/e27720
http://dx.doi.org/10.2196/27720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34156344&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

