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Abstract: Introduction: Remote device monitoring is indicated under class I A standard of care
according to the latest HRS/EHRA/APHRS/LAHRS Expert Consensus Statement on Practical
Management of the Remote Device Clinic. Despite this strong endorsement and the supporting
data, the adoption of remote monitoring practices remains lower than expected. One cause of the
underutilization of telemonitoring devices is work overload. Thus, a crucial point for improving
the adoption of remote monitoring systems is ensuring their sustainability. Materials and Method:
After analyzing the resources necessary to manage a device telemonitoring clinic, we initiated a
process to reduce redundant transmissions: 1. eliminated scheduled loop recorder transmissions,
retaining only alert transmissions; 2. reduced the frequency of the scheduled transmissions of
pacemakers from four to one per year and the scheduled transmissions for defibrillators from four
to two per year; and 3. optimized and customized the programming of device alerts with two
primary interventions. Results: These strategies allowed us to significantly reduce the number of
transmissions/patient/year from 7.3 to 4.7. The first change was made in January 2020, which
eliminated scheduled transmissions for loop recorders, reduced transmissions per patient from
14 to 10.4 for loop recorders, and decreased global transmissions per patient from 7.6 to 6.5. The
subsequent adjustment in January 2021, which reduced the scheduled transmissions of pacemakers
and defibrillators, further lowered transmissions per patient from 6.5 to 5.2 for pacemakers and from
4.7 to 3.1 for defibrillators. Additionally, enhanced attention to device reprogramming starting in
January 2022 resulted in a further reduction in transmissions per patient from 5 to 4.7. Conclusion:
Carrying out some simple changes in the number of scheduled transmissions and optimizing the
programming of the devices made it possible to reduce the number of transmissions and make the
remote monitoring of the devices more sustainable
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1. Introduction

A series of studies have demonstrated the advantages of remote monitoring in sev-
eral key areas: reducing response times to clinical problems with devices [1,2]; improv-
ing the survival rates of patients with remotely monitored devices [3,4]; and decreasing
hospitalizations [5], urgent visits [6], and outpatient visits [7]. Remote device monitor-
ing can also be a valuable resource in the daily management of patients with heart fail-
ure [8]. Due to the substantial evidence from these studies, remote device monitoring has
been classified under class IA standard of care for these patients according to the latest
HRS/EHRA/APHRS/LAHRS Expert Consensus Statement on Practical Management of
the Remote Device Clinic [9]. Despite this strong endorsement and the supporting data,
the adoption of remote monitoring practices remains lower than expected. According to
the AIAC Survey published in 2021 [10], the second leading cause of the underutilization
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of device telemonitoring in Italy is work overload, with the primary cause being the lack
of recognition for performance in many contexts. Thus, a crucial point for improving the
adoption of remote monitoring systems is ensuring their sustainability. This involves re-
ducing non-significant or redundant transmissions, thereby allowing healthcare providers
to focus more time on patients with actual clinical issues.

2. Materials and Methods

Our telecardiology clinic in Rovereto (TN, Italy) is staffed with three nurses who
have undergone specialized training within our hospital. On average, two nurses are
always on duty. They deliver the remote monitoring system to patients (before discharge,
if possible, in the presence of a caregiver or a patient’s family member), perform remote
monitoring of devices, and respond to patient phone calls. Two nurses are also certified
for the implantation of loop recorders. On pre-established days, they perform these im-
plantations, supported by a doctor who provides informed consent for the procedure and
drafts the outpatient report. Subsequently, they provide remote monitoring, ensuring a
comprehensive patient care process.

We have established procedures to manage various device alerts [11,12], with a refer-
ence doctor available every afternoon for two hours to address significant clinical issues.

After analyzing the resources necessary to manage a device telemonitoring clinic, we
initiated a process to reduce redundant transmissions:

1. In January 2020, we eliminated scheduled loop recorder transmissions, retaining only
alert transmissions [13].

2. In January 2021, following the publication of our analysis on the volume of transmis-
sions generated by scheduled interrogations [14], we reduced the frequency of the
scheduled transmissions of pacemakers from four to one per year and the scheduled
transmissions for defibrillators from four to two per year.

3. Since January 2022, we have been optimizing and personalizing the programming of
device alerts with two primary interventions:

Reprogramming loop recorders that generated many false alerts.
Extending the cut-off for the detection of atrial high-rate episode burden to 24 h

for patients already on anticoagulant therapy (while keeping the alert active for atrial
fibrillation with high ventricular response).

Statistical Analysis

Transmission rates were computed for each calendar year in the study population and
represented as events per patient year by calculating the ratio between the event counts and
their respective follow-up durations. A p value of <0.05 was considered significant for all
tests. All statistical analyses were performed by means of R: a language and environment
for statistical computing (R Foundation for Statistical Computing, Vienna, Austria).

3. Results

The number of patients followed at the center and the volume of procedures carried
out from 2018 to 2023 are reported in Table 1. The device reprogramming and optimization
policy has allowed us to reduce the number of transmissions per patient over time, despite
the increase in the number of devices implanted and controlled remotely. The change made
in January 2020, which eliminated scheduled transmissions for loop recorders, reduced
transmissions per patient from 14 to 10.4 for loop recorders and decreased global trans-
missions per patient from 7.6 to 6.5. The subsequent adjustment in January 2021, which
reduced the scheduled transmissions of pacemakers and defibrillators, further lowered
transmissions per patient from 6.5 to 5.2 for pacemakers and from 4.7 to 3.1 for defibrillators.
Additionally, enhanced attention to device reprogramming starting in January 2022 resulted
in a further reduction in transmissions per patient from 5 to 4.7.
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Table 1. Number of patients followed at the center and the volume of procedures carried out from
2018 to 2023.

2018 2019 2020 2021 2022 2023

Patients with
monitored

devices
1887 2029 2309 2378 2625 2741

Pacemaker 1078 1120 1274 1337 1485 1571

Defibrillators 402 406 423 393 402 418

ILR 407 503 612 648 738 752

Transmissions 13,859 15,414 14,954 12,453 13,084 12,775

Pacemaker 5714 5996 5991 4107 4823 4837

Defibrillators 2416 2376 2554 1672 1693 1546

ILR 5729 7042 6409 6674 6568 6392

Nurses 1 2 2 2 2 2

Transmissions/
patient year # 7.3 (7.2–7.5) 7.6 (7.5–7.7) * 6.5 (6.4–6.6) * 5.2 (5.1–5.3) * 5.0 (4.9–5.1) * 4.7 (4.6–4.7) *

Pacemaker 5.3 (5.2–5.4) 5.4 (5.2–5.5) 4.7 (4.6–4.8) * 3.1 (3.0–3.2) * 3.2 (3.2–3.3) * 3.1 (3.0–3.2) *

Defibrillators 6.0 (5.8–6.3) 5.9 (5.6–6.1) 6.0 (5.8–6.3) 4.3 (4.1–4.5) * 4.2 (4.0–4.4) * 3.7 (3.5–3.9) *

ILR 14.1 (13.7–14.4) 14.0 (13.7–14.3) 10.4 (10.2–10.7) * 10.2 (10.0–10.5) * 8.9 (8.7–9.1) * 8.5 (8.3–8.7) *

*: p < 0.05 vs. 2018; #: event rates (95% confidence intervals).

4. Discussion

The heart of telecardiology lies not only in the technology that allows the remote moni-
toring of devices but, more importantly, in the organizational model. In many telemedicine
studies, telecardiology has yielded variable results. However, as demonstrated by the
IN-TIME study [4], telecardiology significantly impacts important endpoints when the
organizational model ensures prompt responses to alerts. The successful model, as doc-
umented in the literature, involves dedicated clinics with trained nurses and technicians
who monitor patients with devices. These healthcare professionals are responsible for
remote monitoring, reviewing transmissions, and addressing patient questions about the
devices, with support from doctors when necessary. Educating patients about the benefits
and limitations of remote monitoring is essential for their engagement. Providing clear
instructions on using RM equipment and setting expectations can reduce anxiety and
improve compliance. Continuous education and certification programs for nurses and
technicians are vital to maintaining high standards of care. Device manufacturing compa-
nies can play a fundamental role in this by offering training and updates [9]. Additionally,
manufacturers are crucial in promptly informing healthcare providers about device recalls
and managing technical problems. Another critical aspect of remote monitoring is ensuring
reliable connectivity, which is essential for providing quality service. Each center should
have procedures in place to verify and guarantee patient connectivity. The organization
must have clear protocols for data review and patient management. These protocols should
outline the responsibilities of each team member, define criteria for escalating care, and
establish timelines for reviewing and responding to alerts [9]. Informed consent is also
crucial. Patients must be informed about what remote monitoring can provide, the center’s
response times based on available resources, and the procedures in place. This ensures that
patients understand and consent to the monitoring process.

In 2016, at Rovereto Cardiology, we followed approximately 1800 device patients in
person and conducted around 5000 visits and device checks per year, resulting in waiting
times of eight months for a visit. At that time, we performed around 300–350 device
implantations per year, and this would have made the working model unsustainable,
with the need for additional medical staff to manage the patient follow-up. The 2015
HRS consensus document included a Class I recommendation for remote monitoring
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for patients with a recalled device and classified remote monitoring as equivalent to in-
person monitoring. Therefore, in 2017, we decided to provide all our patients with remote
control/monitoring for their devices. With the technological change, it was also necessary
to rethink our organization. Consequently, we established a nursing clinic for the remote
monitoring of devices, with a dedicated nurse and a doctor providing support for two
hours a day. In our organization, all pacemaker operations were transitioned from in-office
visits to remote control, with in-person visits as needed. ICDs maintained 1 in-person
check-up per year in addition to remote monitoring, while biventricular devices were
monitored remotely with 1–2 check-ups per year in our heart failure clinic. This approach
reduced our waiting lists from 8 months to 18 days by the end of 2018, saving our patients
200 km/year per patient. In terms of clinic staff, we calculated that one dedicated nurse
and 0.14 of a doctor’s time were needed to monitor 1000 patients with our organizational
model. However, over time, the number of implantations and, consequently, the number
of patients monitored remotely increased. As of December 2018, the average number of
transmissions per patient was 11.7. We began thinking about optimizing our organizational
model, believing it was essential for the success of telecardiology to make the model
sustainable and manageable with a limited number of staff.

Ways to optimize information flows include the following:

1. Maintaining clinically meaningful transmissions with events and reducing redundant
ones: Indeed, our work published in 2021 demonstrated that alert transmissions
generate a greater need for medical supervision and additional in-person evalua-
tions compared to scheduled ones. Therefore, in our model, we reduced scheduled
transmissions (one/year for pacemakers, two/year for defibrillators and biventricular
devices, and no scheduled transmissions for loop recorders) [14].

2. Correctly programming the devices and reprogramming those that transmit fre-
quently [13] or optimizing the alerts that are no longer clinically meaningful: for
example, if the patient goes into permanent atrial fibrillation, the atrial fibrillation
alert can be turned off.

Another proposal to optimize the organization could be to create telecardiology centers
for large areas that manage patients from multiple hospitals, referring them to the reference
center in case of problems. This model requires the implementation of the electronic health
record visible to the centers involved and would allow resources to be optimized even if
the overall care of the patient by the implanting center is lost, which is also the basis of the
relationship established with the patients.

5. Limitations

In our study, we evaluated the impact of certain organizational changes, such as reducing
scheduled transmissions and optimizing device programming, on workload. However, we
did not assess the potential impact on clinical outcomes. Previous studies have suggested that
an alert-based management approach is not inferior to structured intermittent device follow-
up in terms of safety. This approach has also been associated with the almost immediate
detection of actionable events, improved patient retention, enhanced follow-up, and better
quality of life [15]. While it is plausible that increased efficiency could lead to improved patient
care, further studies are needed to substantiate this.

6. Conclusions

Some simple changes in the number of scheduled transmissions and optimizing
the programming of the devices made it possible to reduce the number of redundant
transmissions and make the remote monitoring of the devices more sustainable.
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