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Abstract

Background: Chronic heart failure (CHF) isamajor cause of morbidity and mortality worldwide, placing a significant burden
on health care systems. The concept of telemedicine for CHF was first introduced in the late 1990s, and since 2010, studies have
demonstrated its potential to improve patient outcomes and reduce health care costs. Over the following decade, technological
advancements and changes in health care policy led to the development of more sophisticated telemedicine solutions for CHF,
including remote patient management through invasive or noninvasive telemonitoring devices, mobile apps, and virtua
consultations. Years of public funding in Germany have generated evidence that remote patient management improves outcomes
for patients with CHF, such as quality of life, and reduces hospital admissions. Based on these data, the Federal Joint Committee
(Gemeinsamer Bundesausschuss, G-BA) decided, independently of the current European Soci ety of Cardiology recommendations,
to incorporate telemedicine as a standard digital intervention for high-risk patients with reduced left ventricular gjection fraction
in Germany in 2020.

Objective: Thisreview aimstoillustratethejourney from theinitial concept through pioneering studiesthat led to telemedicine’'s
integration into standard care, and to share current experiences that have positioned Germany as a leader in cardiovascular
telemedicine.

Methods: We review and discuss existing literature and evidence on the development and implementation of telemonitoring
for CHF in Germany over the past 20 years. Relevant studies, reports, and guidelines were identified through a comprehensive
search of electronic databases, including PubMed, Google Scholar, and specialized journals focused on CHF telemonitoring.

Results: Pioneering studies, such asthe TIM-HF2 (Telemedical Interventional Management in Heart Failure I1) and IN-TIME
(Influence of Home Monitoring on Mortality and Morbidity in Heart Failure Patients with Impaired Left Ventricular Function)
trials, demonstrated the effectiveness of remote patient management applications for patients with CHF in Germany and their
applicability to current practices involving both invasive and noninvasive methods. Collaborations between researchers and
technology developers overcame barriers, leading to sustainable improvements in patient care. Ongoing research on artificial
intelligence applications for prioritizing and interpreting individual health datawill continue to transform digital health care.

Conclusions: The establishment of telemedical care for patients with HF across Europe is likely to benefit from experiencesin
Germany, where significant improvements have been achieved in the care of patients with HF.

(J Med Internet Res 2024;26:€63391) doi: 10.2196/63391
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Introduction

The Origins of Telemedicine

The history of telemedicine is closely tied to the technical
innovations of itsera, beginning in the 19th century with Samuel
Morse'sinvention of thetelegraph and Morse code system. The
introduction of the telephone by Philipp Reisin 1861, and its
subsequent development by Alexander Graham Bell in 1876,
opened new possibilities for telemedicine, enabling remote
diagnosis for thefirst time. In 1911, radio technology wasfirst
used in maritime shipping for telemedical consultations. Since
1931, Cuxhaven Hospital in Germany has provided medical
advice to seafarersviaradio [1].

Over the past 150 years, advances in telecommunications have
driven new telemedical applications. However, it is primarily
inthelast 20 yearsthat tel emedicine has been increasingly used
for the outpatient care of chronically ill patients. Since the
advent of smartphones in 2007, telemedicine has become part
of daily life, supporting both asynchronous care—through

https://www.jmir.org/2024/1/e63391

electronic exchange of telemedical data—and real-time
consultations via video or telephone conferencing.

Telemedicine thus has 2 primary application scenarios: on the
one hand, it facilitates professional exchanges between
geographically distant health care providers (known as
“doc-to-doc telecardiology”). On the other hand, it enables a
direct connection between doctors and patients within the
patient's home environment, using information and
communication tools (referred to as “doc-to-patient
telecardiology”).

In Germany, theimplementation of telemonitoring was notably
delayed dueto restrictive legislation, including along-standing
legal ban on remote treatment, which was only eased in 2018.
Although direct doctor-patient contact remains the standard
practice, telemedical cocare is now an available option.
However, a complete replacement of outpatient care with
telemedicine remains excluded.

All other fundamental requirements—such as the personal
delivery of services, adherence to specialist standards, medical
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duty of care, patient confidentiality, and the obligation to inform
patients of treatment risks—must aso be upheld in
telecardiological cotreatment and are outlined in a treatment
contract. A particular requirement isthat patients, most of whom
lack medical training, must be ableto perform ssimple diagnostic
procedures (eg, measuring blood pressure and recording
electrocardiograms [ECGs]) with adeguate precision.

Telemedicinein Heart Failure: A Life Prolonging and
Economic Digital Measure

Cardiac decompensation isthe most common and prognostically
significant complication of chronic heart failure (CHF), with
an average survival time of about 2.5 years following its first
occurrence [2]. Each day, approximately 1250 patients are
admitted to hospitalsin Germany dueto cardiac decompensation
[3]. Since 2005, it has been the leading single diagnosis for
hospital admissions, representing asubstantial economic burden
on the health care system [4].

The decline in cardiac function often begins gradually and can
progressto life-threatening decompensation, marked by changes
in specific vital parameters. With modern sensor technology,
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early shifts in these vital signs can be detected remotely and
transmitted immediately to the attending physician, enabling
an effective doctor-to-patient telemedicine care model. Thefirst
evidence of the efficacy of home telemonitoring asa preventive
strategy was provided by the 2005 TEN-HMS study
(Trans-European Network-Home-Care Management System).
The study demonstrated areduction in the average hospital stay
by 6 days and a significantly lower 1-year mortality rate (29%)
compared with usual care (45%) in patients with CHF and a
left ventricular gjection fraction (LV EF) below 40% [5].

Telemonitoring can be categorized as either invasive or
noninvasive, based on the type of sensors used to record vital
signs (Figure 1). In invasive telemonitoring, disease-specific
vital signs are monitored using active or passive implanted
devices. In noninvasive telemonitoring, patients record vital
signs daily using external home measuring devices, such as
scales, blood pressure monitors, external ECG devices, or
wearables. Through active self-measurement, patients provide
treating physicians with up-to-date information on their current
health status.

Figure 1. Selected types of sensors used in telemonitoring. CIED: cardiac implantable electronic device.

Devices for non

invasive measurement

CIEDs for invasive
measurement

Implants for hemodynamic
telemonitoring:
pressure sensors

i A

oel% puanm
@ moTRonyt

© Charité

© Biotronik

Among the 6 landmark studies (Figure 2) on the efficacy of
cardiovascular telemedicine, 3 were conducted in Germany, 2
of which received public funding. These studies ultimately
verified telemedicine as an independent treatment method. As
a direct result, the German Federal Joint Committee
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(Gemeinsamer Bundesausschuss, G-BA) has included
telemedicine asadigital intervention for high-risk patientswith
heart failure (HF) with reduced | eft ventricul ar gjection fraction
in the benefits catalog in Germany.
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Figure 2. Highlighted trials and randomized controlled trials (RCTs) on telemonitoring from 2009 to present.
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This overview presents the German perspective, tracing the
journey fromtheinitial study ideathrough evidence generation
to implementation in standard care. It reports on current
experiences in Germany and offers insights into future
developments.

Methods

Thisnarrative review synthesizesexisting literature and evidence
regarding the development and implementation of
telemonitoring for CHF in Germany over the past 20 years.
Relevant studies, reports, and guidelineswereidentified through
a comprehensive search of electronic databases, including
PubMed, Google Scholar, and specific journals focused on
telemonitoring for CHF.

The selection of literature was guided by its relevance to the
topic, emphasizing major studies, clinical trials, and policy
papers that significantly contributed to the evolution of
telemedicine in HF care. Sources were not restricted to
randomized controlled trials, observational studies, expert
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XSL-FO

RenderX

opinions, and case studies were also included to provide a
comprehensive understanding of the field.

The review process involved criticaly analyzing and
summarizing the findings, focusing on key milestones,
technological advancements, and their impact on clinica
practice. Additionally, insightsfrom ongoing and future research
initiatives were incorporated to highlight emerging trends and
potential future directionsin telemedicine for HF care.

Results

Evidence on the Efficacy of Noninvasive
Telemonitoring

Overview

Noninvasive devices, such as scales, blood pressure monitors,
ECG devices, and wearables, have demonstrated benefits in
multiparametric data transmission, ease of use, integrative
monitoring of comorbidities (eg, diabetes), and
cost-effectiveness.
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Evidence for the efficacy of noninvasive cardiovascular
telemonitoring first emerged in the mid-2000s, leading to a
differentiation between trials based on invasive or noninvasive
sensor technology. Three major landmark trials—INH
(Interdisciplinary Network for Heart Failure), TIM-HF
(Telemedical Interventional Monitoring in Heart Failure Study),
and TIM-HF2 (Telemedical Interventional Management in Heart
Failure II)—were conducted in Germany and received public
funding from the German Ministry of Education and Research,
as well as the Federal Ministry for Economic Affairs and
Climate Protection.

The INH-Study Program (2004-2022)

The randomized, controlled, multicenter INH (Interdisciplinary
Network for Heart Failure) study program (1SRCTN23325295)
investigated the effects of regular telephone-based monitoring
and education provided by HF nurses as part of an intensified
care approach by a specialized HF center. The remote patient
management strategy emphasized patient self-monitoring of
vital parameters and HF symptoms. The first phase of the trial
assessed the 6-month risk of mortality and morbidity in 715
patients with an LVEF of <40%, al of whom had been
hospitalized for acute decompensated HF.

The composite primary outcome for time to all-cause death or
rehospitalization was neutral between the telemonitoring group
(n=352) and the usua care control group (n=363). This
observation was influenced by a significant reduction in
all-cause mortality to 38% in the remote patient management
group, which was associated with a trending increase in
hospitalization rates in the intervention arm. Additionally,
patientsin the telemonitoring group demonstrated improvements
in quality of life, functional class, and adherence to medical

therapy.

A long-term evaluation of the INH tria (the“E-INH study”) in
alarger population (n=1022) demonstrated that telephone-based
monitoring over an 18-month period led to a significant
reduction in all-cause and cardiovascular mortality after 120
months in the group of survivors who had received remote
patient management (33% vs 40%; P=.04). Additionaly,
HF-related and cardiovascular hospitali zations were significantly
reduced at 18, 36, and 60 months by —25%, —29%, and —30%,
respectively. Aspreviously noted, the telemonitoring procedures
did not include automated transmission of patient-recorded vital
signs. Instead, they relied on postdischarge telephone
monitoring, where specialized nurses reviewed patients
self-monitored results. These nurses also provided information,
education, and guidance on optimal medical therapies; advised
on appropriate actionsin case of suspected HF decompensation;
supported self-adjustment of diuretic agents; and coordinated
specialist care as needed.

Overdll, the INH study program suggests that telephone-based
monitoring and education alone can improve short-term quality
of life and mortality, with a sustained long-term impact
demonstrated by reduced all-cause and cardiovascular mortality,
fewer hospitalizations, and improved quality of life[6,7].

https://www.jmir.org/2024/1/e63391
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The TIM-HF Study Program (2005-2024)

The TIM-HF study (NCT00543881) and the TIM-HF2 study
(NCT01878630) were large, randomized, controlled, open,
paralel telemedical trias that investigated the efficacy of
noninvasive, multiparameter telemonitoring in a population
with moderate to severe HF (New York Heart Association
[NYHA] class|lI or 111).

Both studies were fully publicly funded. The core element of
this telemedical care model was a telemedical center staffed
with experienced HF speciaists and nurses, offering regular
and emergency telemedical services 24 hours a day, 7 days a
week, functioning as a“virtual emergency department” [8].

The TIM-HF trial was atelemedical randomized controlled trial
conducted between 2008 and 2010 across 4 German federa
states:.  Berlin,  Brandenburg,  Saxony-Anhat, and
Baden-Wirttemberg. Themaininclusion criteriawerean LVEF
below 35% and ahistory of HF hospitalization within 24 months
before randomization. The primary endpoint was all-cause
mortality. The study concluded on a predetermined date (April
30, 2010), resulting in varying follow-up periods for each
patient, with a minimum of 12 months and a maximum of 28
months (mean follow-up 21.5 months, SD 7.2 months). The
results for the primary endpoint were neutral [9]. However, a
post hoc analysisidentified asubset of patientswho may benefit
most from telemonitoring [10].

TIM-HF2 was anationwide telemedical randomized controlled
trial conducted between 2013 and 2018 across 13 German
federal states. The maininclusion criteriawereinformed by the
post hoc analysis of the TIM-HF study. Patients were enrolled
regardless of their LVEF status if they had experienced an
HF-related hospitalization within 12 months before
randomization. A total of 1538 patientswere randomized equally
into either atelemedical intervention arm or acontrol arm. The
study follow-up period was 1 year. The primary endpoint was
defined as “days lost due to unplanned cardiovascular
hospitalization or death within 1 year.” The secondary endpoint
was total mortaity. Telemedical intervention showed a
significant benefit in the primary endpoint, with 17.8 days lost
inthetelemedical group compared with 24.2 daysin the control
group (P=.046). Additionally, there was anearly 30% reduction
in 1-year mortality in the telemedical group, with a mortality
rate of 7.9% per 100 patient-years (95% Cl 6.14-10.10)
compared with 11.3% per 100 patient-yearsin the control group
(95% CI 9.21-13.95). This corresponded to a hazard ratio of
0.70 (95% CI 0.50-0.96; P=.028) [11].

The 2 subsequent TIM-HF studies offered robust evidence
supporting the efficacy of noninvasive telemonitoring in a
specific subgroup of patients with HF.

Evidence on Invasive Telemonitoring Using Cardiac
Implantable Electronic Devices

Overview

Active implants, also known as cardiac implantable electronic
devices (CIEDs), not only serve their primary function of
treating cardiac arrhythmias through defibrillators or cardiac
resynchronization therapy, but also provide an option for
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telemonitoring. In the context of telemonitoring, these devices
periodically transmit data on physica activity, submit ECG
readings, and may detect changes in pulmonary impedance.
However, this active home monitoring application is limited to
aspecific subgroup of patientswith HF who meet the eligibility
criteriafor CIED therapy.

TheIN-TIME (Influence of Home Monitoring on Mortality and
Morbidity in Heart Failure Patients with Impaired Left
Ventricular Function) landmark trial marked the beginning of
an eracharacterized by technol ogy-based, industry-funded study
designs, moving away from reliance on governmental funding.
This shift has paved the way for the generation of fundamental
evidence and has further shaped the research landscape in
telemedicine. As aresult, companies providing device therapy
have become involved as principal investigating parties in
telemedical research.

The IN-TIME Trial (2007-2014)

TheIN-TIME trial (NCT00538356) is currently the only study
that hasinvestigated device-based multiparameter telemonitoring
using active CIEDs and hasreported apositive primary endpoint
for acomposite score that includes all-cause mortality.

Thisinternational multicenter randomized trial was conducted
at 36 centersacross|sradl (2 sites), Australia(1 site), and Europe
(33 sites), including 26 sites in Germany, and was funded by
BIOTRONIK SE & Co. KG. A total of 664 patients with
congestive heart failure classified as NYHA class II-I11, with
an LVEF of less than 35%, who had undergone implantation
of a dua-chamber CIED, either an implantable cardiac
defibrillator (ICD) or a cardiac resynchronization therapy with
adefibrillator (CRT-D), wererandomizedinal:lratioto either
the standard care control arm or the device-based telemonitoring
in addition to standard care arm.

Thetelemonitoring softwareinstalled in the CIEDstransmitted
daily tracked data to the manufacturer’s online platform. These
data included not only arrhythmic events but also parameters
related to the device'sfunctionality. For the intervention group,
any subsequent abnormalities were further forwarded to the
study centers, where HF nurses conducted structured interviews
to assess typica HF symptoms and discussed potential
interventions with physicians.

With the primary endpoint defined asa*“ modified Packer score,”
which includes the incidence rate of all-cause mortality,
HF-related hospitali zations, changesin NY HA class, and quality
of life assessments, the intervention group receiving
telemonitoring demonstrated a significantly lower occurrence
rate of the composite clinical endpoint compared with the control
arm (18.9% vs 27.2%, respectively; P=.013). Importantly, total
mortality was significantly lower in the telemonitoring arm
compared with the control arm (3.0% vs 8.2%; hazard ratio
0.36; P=.004). However, the rates of hospital admissions for
worsening HF did not differ significantly between the 2 groups.
In apost hoc analysis, no interactions were found between the
effect of telemonitoring and device type (ICD or CRT-D),
NYHA classat enrollment, or age (<67 or >67 years), indicating
a consistently significant impact of telemonitoring across all
subgroups.
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Thus, the IN-TIME trial demonstrated the beneficial impact of
device-based telemonitoring in patients with HF through daily
data transmission. Consequently, these results may not be
directly transferableto remote monitoring platformsthat utilize
less frequent data transmissions [12].

The OptiLink-HF Trial (2009-2015)

Intheinvasivetelemonitoring OptiLink-HF study (Optimization
of Heart Failure Management using Medtronic OptiVol Fluid
Status Monitoring and CareLink Network; NCT00769457), a
total of 1002 patients were enrolled following implantation of
an ICD or CRT-ICD [13]. These CIEDs dso included the
capability to measure intrathoracic impedance. In the event of
a significant decrease in thoracic impedance, indicative of
pulmonary fluid overload, the devicestransmitted fluid threshold
crossing aerts.

Patient enrollment occurred across 65 centersin Germany from
October 2008 to April 2013. The mandatory inclusion criteria
for participants included CHF classified as NYHA class |1 or
I11, an LVEF of lessthan 35%, and at |east one of the following:
an HF hospitalization within the past 12 months, the use of
intravenous diuretic medication for outpatient treatment, or an
increase in natriuretic peptide levels within the preceding 30
days.

Patients were randomized in a 1:1 ratio, with the telemedicine
function either turned on or off. Physicians were required to
respond within 2 working days using a prespecified intervention
algorithm [14]. During these phone contacts, discussions
included changesin body weight, medication adjustments, and
symptoms of decongestion. The initiation of therapeutic
measures was at the discretion of the physicians, allowing for
arange of responses from no action to reprogramming thefluid
threshold crossing alert threshold. If fluid threshold crossing
alerts continued for morethan 12 days, patients were prompted
to attend an in-office or in-hospital visit for further evaluation.

The follow-up period for all study participants was set at 18
months, with an option for reinformed consent to extend
follow-up until thelast patient completed their study visit. This
led to a mean follow-up duration of 22.9 months for the
participants.

The primary endpoint of the study was the rate of death from
any cause and the rate of cardiovascular hospitalizations.
Notably, the primary composite endpoint and its individual
components were not achieved. Major limitations of the study
included technical issues, with 24% of the impedance alarms
failing to transmit to the treating physicians. Additionally,
inappropriate responses to the alerts were observed in 40% of
cases, which included instances of no patient contact at all
(12.4%); patient contact exceeding the 2-working-day threshold
(10.8%), particularly during weekends and public holidays
(4.0%); and alack of appropriate medical intervention (32.8%).

Interestingly, a post hoc analysis of the OptiLink-HF trial
suggested that impedance-based telemonitoring could have
significant prognostic effects when aert transmissions were
managed appropriately [15]. Additionally, the intervention was
found to significantly decrease the primary endpoint in patients
with preserved renal function, while it did not demonstrate the
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same benefit in those with chronic kidney disease [16]. This
highlights the critical importance of timely and effective
management of aert transmissions, especially in these
vulnerable patients [17].

Trial-Based Evolution of I nvasive Hemodynamic
Telemonitoring

Overview

The alterationsin intracardiac filling pressures, which serve as
theideal surrogate for incipient congestion, are not well reflected
by changes in body weight. Invasive hemodynamic
telemonitoring provides the advantage of earlier detection of
impending cardiac decompensation events [18]. However,
regardless of the underlying technical devicesused, reliable and
prompt integration into the workflows of telemedical centersis
considered crucial for achieving therapeutic effectiveness.

Intracardiac filling pressures can be monitored by tracking the
pulmonary artery pressure (PAP), right ventricle, or left atrium.
These implants enable the transmission of tracked valuesin a
“passive” manner upon query with awireless external readout
device.

The CardioMEMS HF System

The electrode- and battery-free PAP sensor CardioMEMS
(Abbott Laboratories) isimplanted in a proximal branch of the
pulmonary artery and calibrated to the individual patient.
Changes in pulsatile flow are converted into a pressure
derivative and wirelessy transmitted to a remote dashboard,
such as that at atelemedical center. Daily measurements must
beinitiated actively by the patient, and specialized staff regularly
interrogate the PA P trends accumul ating over timeto determine
whether and which actions need to be taken. In the
Abbott-funded CHAMPION tria (NCT00531661) [19],
conducted in the United States and Canada, 550 patients in
NYHA functiona class Ill, regardless of LVEF, had PAP
sensors implanted. The CHAMPION tria reported a 39% risk
reduction in HF-related hospitalizations after 6 months in
patients who received physician-led interventions based on the
assessed PAP values compared with the control group [19].
These effects were sustained after 12 months and remained
consistent in the nonrandomized 3-year extended follow-up
period[20]. The prospective MEM S-HF registry (CardioMEM S
European Monitoring Study for Heart Failure) had an
observational design and yielded comparable effects when
utilized within the European health care system [21].

Thesefindingswere corroborated by the pre-COV ID-19 impact
analysisof the GUIDE-HF trial (NCT03387813), which studied
1000 patients in NYHA class |1 or 111 from the United States
[22], and therecent MONITOR-HF trial (NTR7673), conducted
in 348 NYHA class |1l patients in the Netherlands [23]. Both
trials indicated a sizeable benefit of PAP-guided management
on HF hospitalization rates compared with the control group.

The CardioMEMS HF System in Germany: The
PASSPORT-HF Trial

As aforementioned, the G-BA evaluates medical innovations
for inclusion in the medical services covered by hedth
insurance. Given the mgjor differences in health care systems
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between the United States and Germany, the G-BA made a
novel decision to directly fund a telemedicine randomized
controlled trial across 50 study centers. The still ongoing
PASSPORT-HF tria (Pulmonary Artery Sensor System Pressure
Monitoring to Improve Heart Failure Outcomes, NCT04398654)
aims to recruit 554 patients in NYHA class Ill who have
experienced an HF hospitalization within the last 12 months.

PASSPORT-HF is investigating whether PAP-guided care,
supported by HF nurses and utilizing daily monitoring of PAP
values with the CardioMEMS system (Abbott), reduces the
number of unplanned HF-related hospitalizations or all-cause
mortality after 12 months.

In the PASSPORT-HF trial, patients with CHF are being
randomized in a 1:1 ratio to either device implantation or, in
contrast to the CHAMPION trial, no deviceimplantation in the
control arm. Both groups will receive structured telephone
support from HF nurses in addition to guideline-compliant
pharmacotherapy, which exceeds standard practicein Germany.
Therefore, PASSPORT-HF aims to evaluate whether the
previously reported benefits of PAP-guided hemodynamic
monitoring as anovel HF management tool in routine outpatient
telemedical care can be replicated in the German health care
setting. Initial study results are expected in 2026 [24].

Recent Innovations: The CordellaHF Management
System

The Cordella HF Management System (Cordella, Endotronix
Inc.) comprises an implantable, battery-free PAP sensor and an
external handheld patient reader. This system was evaluated in
the SIRONA study program (NCT03375710).

The Cordella HF Management System is the first to facilitate
the simultaneous recording of both invasive PAP data and
externally measured parameters, such as blood pressure, heart
rate, body weight, and oxygen saturation. This capability offers
a more comprehensive overview of a patient’s compensation
status to the HF care team. Additionally, the system enables
patients to access their trending data through an easy-to-use
handheld device for PAP measurement. Unlike the
CardioMEM SHF system, the CordellaHF Management System
allows for PAP measurements to be taken in various body
positions and under stress conditions. This flexibility is
particularly important, as patients have expressed a clear
preference for measurements conducted while seated [25].

The Cordella systemwasinitially evaluated in afirst-in-human
study involving 15 patients, where the PAP difference measured
90 days after implantation showed no significant difference
between the val ues obtained from the Cordella sensor and those
from right heart catheterization. Notably, patient compliance
with daily remote monitoring exceeded 98% [26]. Following
this, the SIRONA-2 multicenter, single-arm, open-label study
(NCT03375710) included 70 patients with HF in NYHA class
Il across 4 sitesin Ireland and Belgium, aswell as 3 centersin
Germany.

The primary efficacy endpoint that compared the Cordella PAP
sensor measurementswith established catheter-derived reference
pressure at 90 days was met (mean PAP difference 0.0-2.9
mmHg, P=.003), remaining in good agreement for up to 12
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months of observation. There were no reports of sensor failures
or deaths within the 90-day period [25], and improvementsin
NYHA class and 6-minute walk distance were observed [27].
Hence, the Cordella management system appears feasible and
safeand iscurrently under investigationin the PROACTIVE-HF
single-arm study (NCT04089059), which has prespecified safety
and effectiveness endpoints to provide objective evidence of a
similar risk-benefit profile to the CardioMEMS system in 450
patientsin NYHA class |11 (Figure 2).

The Regulatory Process. From Trialsto Standard
Health Carein Germany

Telemonitoring in patients with CHF, as a digitally supported
type of care, has been recognized as an independent examination

Spethmann et a

and treatment method by the G-BA in March 2021 [28].
Consequently, telemonitoring became a standard health care
service for this patient group in Germany [29].

Since 2009, health insurance has been compulsory for all
German residents, as ruled by the German Insurance Contract
Act [30]. As of 2022, approximately 87% of residents are
covered by statutory health insurance, while about 10% have
private insurance [31]. Both types offer telemonitoring as a
service; however, private insurers define new aspects regarding
current indication criteria (Textbox 1).

Textbox 1. The current inclusion criteriafor heart failure telemonitoring (according to Gemeinsamer Bundesausschuss decision and reimbursement for

private insurance).

« New York Heart Association I1-111 stage heart failure with aleft ventricular g ection fraction <40%.

« Implanted cardiac device (implantable cardiac defibrillator or cardiac resynchronization therapy with a pacemaker/defibrillator) or heart failure

hospitalization due to cardiac decompensation in the past year.

«  Present treatment according to current guidelines (guideline-directed medical therapy).
«  Absence of identifiable factors that compromise the transfer of monitoring data or that would interfere with patient self-management.

« If other prerequisites are fulfilled: patients with private health insurance who have chronic heart failure and exhibit a left ventricular gjection
fraction >40%; also including hospitalization for decompensated heart failure within the last 12 months.

Reimbursement by statutory health insurance companiesrequires
aprior assessment of benefit, necessity, and cost-effectiveness.
For the evaluation of digital care services such astelemonitoring,
the G-BA has the statutory task of conducting a qualitative
benefit assessment. The submission of research projects for
assessment by the G-BA is subject to a particularly strict
“1-shot” strategy, meaning that projects can only be submitted
once.

Research on the efficacy of telehealth interventions in the care
of patients with CHF is inconsistent. Reasons for the differing
clinical endpointsarevariationsin thetelemedica systemsused
(invasive measurement sensors vs noninvasive monitoring) and
different concepts of guided care, such as the involvement of
HF nurses. Additionally, the response times to abnormally
transmitted val ues varied, with some studies defining responses
during regular consultation hours while others provided 24/7
care through a telemedicine center.

Despite these differencesin study design, the German TIM-HF2
landmark trial, among others, identified high-risk patients with
a 12-month history of HF-related hospitalization as the
population that benefits most from telemedical cocare.

Thefact that thereis no treatment benefit in the absence of such
a recent HF hospitalization is an important evidence-based
selection criterion for the indication of telemonitoring, thereby
avoiding unnecessary resource use [29].

Since 2016, the Ingtitute for Quality and Efficiency in Health
Care (Institut fur Qualitdt und Wirtschaftlichkeit im
Gesundheitswesen [QWIiG]), asthe highest joint self-governing
body of the German health care system, has been investigating
the benefits of invasive telemonitoring with active implantsand
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noninvasive telemonitoring in CHF on behalf of the G-BA. The
aforementioned IN-TIME trial for invasive telemonitoring and
the German TIM-HF and TIM-HF2 trials for noninvasive
telemonitoring formed the basis of an assessment regarding
additional health care benefits [11,12,32]. In its assessment of
October 2019, the IQWIG identified a statistically significant
reduction in cardiovascular mortality through telemonitoring
as a sufficient additional benefit [33].

According to the aforementioned G-BA decision, telemonitoring
iscurrently only indicated for patients with CHF with reduced
LVEF. This selection criterion isinconsistent with current trial
data, which also revealed a benefit for patients with CHF with
preserved LVEF [11]. A reevaluation by the G-BA and,
ultimately, by the IQWIiG for trandlation into medical care is
currently pending.

The Role of Medical Scientific Societiesin
Telemonitoring | mplementation Processes

The German Cardiac Society (Deutsche Gesdllschaft fur
Kardiologie [DGK]) provides an important basis for the
development of collaborative projects in telemedicine for
patients with CHF. In 2005, the DGK founded a telemedicine
working group (Working Group 33) that also addresses the
certification criteriafor telemedicine centers[34]. Accordingly,
aposition paper on the certification processes ensuring quality
standards for telemedical centers, aligned with legal
requirements, was published in 2022 [35].

A thorough understanding of the available technical capabilities
is essentia for the effective collaboration of different study
groups and the development of joint projects. Therefore, the
working group on CHF (Working Group 10) developed
guidelines for patients planning long-distance travel [36]. Asa
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straightforward and intersecting approach to telemedical
surveillance, remote monitoring of implanted devices (such as
pacemakers, ICDs, and implantable cardiac monitors) has been
recommended and further implemented by the European Society
of Cardiology (ESC) [37-39].

Another important step toward representing professional
interests at the national level was the establishment of the
“Digita Transformation in Internal Medicineg” Commission of
the German Society of Internal Medicine (Deutsche Gesell schaft
fur Innere Medizin [DGIM]) in 2019. The DGIM, founded in
1882, is the largest medical society in Germany, steeped in
tradition with over 30,000 members[40-42]. First, in 2014, the
DGIM published guiding principles for the implementation of
telemedical service provision [43]. The commission further
servesits self-conception as a platform to impart literacy, offer
training opportunities, and provide scientific support services.

From a European perspective, the ESC defined telemedical care
concepts in a position statement in 2015 as 1 of 7 application
areas of eHealth in cardiology [44]. As a result of technical
developments and updated evidence, this paper was considered
preliminary; therefore, the ESC Digital Health Committee was
established in 2016 and is continuously discussing scientific
updates in this area. The recent guidelines of the ESC on the
diagnosis of acute HF and CHF [45] differentiate between
hemodynamic, invasive telemonitoring using implants that
measure PAP and noninvasive telemonitoring with external
measuring devices. This distinction has led to the issuance of
class11-B recommendations for both telemedical technologies.

International Cooper ations

The German research and development project focused on
telemedicine for patients with HF has always been linked to
international advancements in this area. A notable example is
the German-Austrian project “ Telemed5000” (project number
FKZ-01MD19014A), which explored the applicability of
artificial intelligence (Al) within the workflow of atelemedical
center. With a budget of approximately €2.4 million (US $2.6
million), this project was funded by the German Federal
Ministry of Economic Affairsand Climate Action and cofunded
by the Austrian Federal Ministry of Climate Action,
Environment, Energy, Mobility, Innovation, and Technology
[46].

There has been and continues to be an intensive international
exchange regarding scientific results related to telemedicinein
patients with HF, as well as insights from Germany’s
implementation process, particularly with neighboring European
Union countries. For instance, the German Foundation for the
Chronically 1ll (Deutsche Stiftung flir chronisch Kranke)
organized a roundtable of experts from 7 European
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countries—France, Germany, Italy, Poland, Spain, the
Netherlands, and the United Kingdom—in December 2023.
Thisgathering aimed to review the current state of telemedicine
in the participating countries, facilitate mutual learning, and
provide impetus for European cooperation.

Establishing reliable regulations, overcoming regiona
differences, redefining roles and processes, personalizing health
care services, promoting innovation and research, utilizing Al,
and efficiently managing and safeguarding health care data have
been identified as key levers for the further development of
telemedicine.

Current Practicein Germany

An estimated 150,000-200,000 patients with CHF in Germany
are currently digiblefor telemedical cocare [47]. Additionally,
the G-BA in Germany has defined criteria for the inclusion of
current cardiovascular telemonitoring (Textbox 1).

Accordingly, careis provided by the primary physician (either
a primary care doctor or a specialist in internal medicine or
cardiology) in cooperation with a consulting physician
(cardiologist) at the telemedicine center. Therefore, the entire
care process is designed for outpatient settings only and is
completely separated from in-hospital stakeholders.

Cardiologists who wish to provide telemonitoring must hold a
license for treating patients within the framework of public
health insurance. Additionally, the establishment of a
telemonitoring center requires the presence of a technical
infrastructure and alicense for the follow-up of CIEDs[28,48].

After a patient has consented to telemonitoring, qualified HF
nurses conduct training on the proper use of the issued
equipment. This training is essential for ensuring adequate
patient adherence, which forms the foundation for accurate
measurements and subsequent data transfer. By contrast, the
monitoring of CIEDs is automated, with individually
programmed aerts transmitted as soon as a connection is
established between the CIED and the transmitter. An 80% data
transmission rate is mandatory and must be reported by the
telemedicine center annually. The center isrequired to evaluate
patient data at least 5 days a week or daily for severely ill
patients under “intensified monitoring.” If a response is
necessary, such as a change in medication, the telemedicine
center is obligated to contact the primary care physician or
interact directly with the patient if the physician is unavailable.
These responses must adhere to specified time frames. the
processing of an aert must not exceed 24 hours, while the
transmission of a subsequent clinical need for action should
reach the primary attending physician within amaximum of 48
hours (Figure 3).
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Figure 3. Components of telemonitoring in heart failure according to the G-BA (Federa Joint Committee/Gemeinsamer Bundesausschuss) approval

in Germany.
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Furthermore, a quality assurance program for telemonitoring
has been implemented, focusing on adherence to guidelines,
daily data review, aarm management, and tracking
hospitalizations for decompensated HF and other relevant
scenarios.

Further Digital Applicationsin Germany

Digital health applications offer prescription-enabled mobile
apps that differ from classic telecardiology by providing daily
evaluations of transferred values and deriving subsequent
actions. These apps constitute the third pillar of patient
management, incorporating mobile health (mHealth), and
primarily aim to empower patients to manage chronic diseases
through lifestyle and behavioral modifications.

The central website of the German Federal Institute for Drugs
and Medical Devices (Bundesinstitut fir Arzneimittel und
Medizinprodukte [BfArM]) offersadirectory of availabledigital
health apps [49] categorized into 12 different medical fields,
providing relevant information for both patients and health care
providers. To date, only 1 Digital Health Application (DiGA),
“ProHerz,” has been provisionally approved for patients with
HF. However, it is recognized that long-term engagement with
digital apps is achieved by only a small number of users; for
instance, the 30-day retention rates for patients using mental
health apps were only 3.3% [50].

To enhance adherence, future “DiGAs 2.0” that incorporate Al
applications promise feasible transmission of vital parameters
tracked by wearable devices. Thisadvancement could facilitate
more effective therapies in the remote analysis of HF
compensation but necessitates thorough scientific evaluation.
Theinitial narrative of aDiGA designed for sole use by patients
is currently being reevaluated to explore higher scalability for
remote monitoring and a more detailed integration into the
medical practices of general practitioners and specialists.

https://www.jmir.org/2024/1/e63391

RenderX

with physicians and nurses

Inpatient and outpatient care

HEART FAILURE CARE

Outlook on Upcoming Challenges

Unmet Questions of Remote Patient Monitoring

Telemonitoring is an effective technology regarding availability,
accessibility, and affordability. However, improvements in
outcomesfor patients with CHF through telemedicine have not
been universally demonstrated acrossall availabl e technol ogies
and devices. Refining the current evidence remains challenging
due to unresolved questions about the most appropriate
monitoring technology for individual patients, the optimal time
to initiate telemonitoring, and, most importantly, the duration
of monitoring following cardiac decompensation [51].

Furthermore, thereisaneed to incorporate current evidencefor
special patient populations, such as patients with HF with
preserved gection fraction [52], into the catalog of services
provided by statutory health insurance without requiring a
complete restart of the authorization process.

In contrast to the introduction of anew drug therapy, transferring
adigital therapy from acontrolled study setup to routine health
careissignificantly more complex. To facilitate theintroduction
of noninvasive telemedicine in HF, the publicly funded
prospective phase |V registry study, “TIM-HF4" (Telemedical
Interventional Management in Heart Failure 4), will commence
in 2025. This study aims to investigate patient acceptance and
the effectiveness of noninvasive telemonitoring in HF under
real-life conditions, focusing on outcomes such as repeated
hospitalizations due to HF, death from any cause, and health
economic criteria.

The transferability of telemonitoring to other cardiological
indications has not been sufficiently explored in scientific trials
to date. However, telemonitoring could be beneficial in clinical
settings by improving discharge processes, such asaccelerating
patient discharge following rhythmological interventions and
enhancing aftercare. Notably, telemedical supervision may
facilitate faster and more reliable uptitration of
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guideline-directed medical therapy, taking into account patients
clinical tolerability and vital signs. The STRONG-HF trial
highlighted this potential, demonstrating a significantly reduced
risk of HF readmission, and alleviated symptoms when
guideline-directed medical therapy was uptitrated within 2 weeks
of discharge, alongside monitoring of the clinical status and
evaluation of laboratory values [53].

In the context of a prehospital setting, the ongoing randomized
controlled study, ResKriVer-TAVI, funded by the Federal
Ministry for Economic Affairs and Climate Action (German
Clinical Trials Register DRKS00027842), is investigating
whether telemedical interventional management enhances
clinical outcomes, specifically cardiovascular hospitalization
and death from any cause, in patients with aortic stenosis
awaiting transcatheter aortic valve implantation [54].

While feasibility studies demonstrate the proof of concept for
the latest technologies, there is a critical need for randomized
trials to evaluate the clinical efficacy of cutting-edge
telemonitoring devices and their eventual integration into routine
practice. Asit stands, it remains unclear whether noninvasive
measurements obtained through wearable devices are equally
effective compared with implanted cardiac devices.
Additionally, the potential advantages of combining methods
that integrate multiple sensors have yet to be tested against a
single-sensor approach for superiority.

Al-Supported Applicationsin Telemonitoring and
Remote Patient Management

Asthe number of patientsdigiblefor telemedical care continues
to grow, machine learning tools hold significant promise for
addressing the challenges of numerical scaling and the
preprocessing of complex heath data from diverse sources.
Currently, triaging vital parametersis an established practice.
In the future, advancementsin pattern recognition are expected
to enhance prioritization and improve the prediction of
individual decompensation thresholds.

Nevertheless, Al applications are currently not eligible for
standard cardiovascular telemedicine care. With the
implementation of the European Al Act in March 2024 [55],
clear transparency requirements and specific obligations for
higher-risk Al applications will create a wide range of
opportunities for research into their applications in
telemonitoring patient care.

Al isalsoapromisingtool for identifying novel HF parameters:
Al applications could integrate smartwatch-based data with
established intracardiac and extracardiac device monitoring
data. A real-time analysis of wearable-derived intrinsic
hemodynamic changes (such as heart rhythm, heart rate, level
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of activity, pedometer data, and oxygen saturation) could further
enhance patient-rel ated outcomes by providing instant alertsto
the telemedical center.

Thetelemedical sensor system will likely be complemented by
automated speech analysis to detect pulmonary congestion, as
promising data showed a prediction of HF events up to 3 weeks
in advance [56]. The “Cordio HearO” smartphone app was
introduced in a pilot study including 40 patients with acute
cardiac decompensation [57]. This innovative strategy is
currently investigated as part of the “Telemed5000-Stimme”
observational study (DRKS00020763) in patients on regular
hemodialysis [58] in Germany, as well as the “VAMP-HF”
study (Al-Based Voice Analysis for Monitoring Patients
Hospitalized With Acute Decompensated Heart Failure) in
patients with acute decompensated HF at the Deutsches
Herzzentrum der Charité and the US Mayo Clinic [59].

Besides their promising transformative potential, the
implementation of Al tools in cardiovascular telemonitoring
remains a challenge in terms of ethical scenarios and data
protection.

Discussion

The development of telemedicine for the care of patients with
HF in Germany has been an extremely long and difficult process,
paved by public funding. Important milestones are major
pioneering studies such as the TIM-HF2 and IN-TIME trials,
which demonstrated the effectiveness of telemedicine
approaches using various technological methodologies. The
success of these initiatives was largely due to the close
cooperation between researchers and technology developers,
who created innovative solutions for clinical practice. One
significant hurdle that had to be overcome was the traditionally
strong separation between inpatient and outpatient care settings
in Germany.

With the gradua introduction of telemedical servicesfor patients
with HF, research in this area has not come to an end. Instead,
the knowledge gained will be used to continuously improve
care and advance the digital transformation of the health care
system. Care research approaches, such as the forthcoming
TIM-HF4 study, play a crucia role in evaluating the efficacy
of noninvasive telemonitoring in areal-life setting, particularly
regarding health economic criteria.

Asafuture approach, the establishment of telemedical carefor
patients with HF across Europe is likely to benefit from the
experiences gained in Germany. Despite the lengthy journey,
these efforts have resulted in significant improvements in the
care of patients with HF.

S Spethmann and FK equally drafted the manuscript. GH, KK, MB, BA, M Moecke, M Mittermaier, S Stoerk, ML, DR, RB,
AA, SvH, TMH, CEA, S Sack, TB, WG, MK, GE, CV, SW, CM, JW, BZS, ND, JZ, and FK contributing textual content. FK

https://www.jmir.org/2024/1/e63391

JMed Internet Res 2024 | vol. 26 | €63391 | p. 11
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Spethmann et al

und S Spethmann supervised manuscript writing and provided continuous guidance. All authors read and approved the fina
manuscript.

Conflictsof Interest

Stefan von Haehling has been a paid consultant for and/or received honoraria payments from AstraZeneca, Bayer, Boehringer
Ingelheim, BRAHMS, Chugai, Edwards Lifesciences, Grunenthal, Helsinn, Hexal, Novartis, Novo Nordisk, Pharmacosmos,
Respicardia, Roche, Servier, Sorin, and Vifor. S.v.H. reports research support from Amgen, Boehringer Ingelheim, IMI, and the
German Center for Cardiovascular Research (DZHK).

Thomas M. Helms does not have a financial interest / arrangement or affiliation with one or more organizations that could be
perceived as areal or apparent conflict of interest in the context of the subject of this paper.

Ralph Bosch received lecture honoraria and consultant remuneration from BIOTRONIK and Medtronic.

Birgit Assmus received speaking and / or consulting fees outside the submitted work from the following companies: Abbot,
AstraZeneca, Bayer, Boehringer-Ingelheim, BM S, Edwards, Novartis, NovoNordisk, Pfizer, Vifor CSL, ZOLL.

Friedrich Koehler received research grants from the German Federal Ministry of Education and Research (BMBF) aswell asthe
German Federal Ministry of Economic Affairsand Climate Action (BMWK). He received consultant remuneration from Biotronik.

References

1. Flesche CW, Jalowy A, Inselmann G. Telemedicine in the maritime environment--hightech with afine tradition. Med Klin
(Munich). Mar 15, 2004;99(3):163-168. [doi: 10.1007/s00063-004-1026-5] [Medline: 15024490]

2. Setoguchi S, Stevenson LW, Schneaweiss S. Repeated hospitalizations predict mortality in the community population with
heart failure. Am Heart J. Aug 2007;154(2):260-266. [doi: 10.1016/j.ahj.2007.01.041] [Medline: 17643574]

3.  Statistisches Bundesamt. Diagnosedaten der patienten und patientinnen in krankenhdusern (einschl. sterbe- und stundenfalle)
- fachserie 12 reihe 6.2.1 - 2016 (letzte ausgabe - berichtsweise eingestellt). Statistisches Bundesamt. 2016. URL: https./
ww.destatis.de/DE/Themen/Gesel | schaft-Umwel t/Gesundheit/K rankenhaeuser/Publikationen/Downl oads-K rankenhaguser/
diagnosedaten-krankenhaus-2120621167005.html [accessed 2024-06-01]

4. NeumannT, Biermann J, Erbel R, Neumann A, Wasem J, Ertl G. Heart failure: the commonest reason for hospital admission
in Germany: medical and economic perspectives. Dtsch Arztebl Int. 2009;106(16):269-275. [doi: 10.3238/arztebl.2009.0566]

5. Cleland JGF, LouisAA, Righy AS, Janssens U, Bak AHMM, TEN-HMS Investigators. Noninvasive home telemonitoring
for patients with heart failure at high risk of recurrent admission and death: the Trans-European Network-Home-Care
Management System (TEN-HMS) study. JAm Coll Cardiol. May 17, 2005;45(10):1654-1664. [FREE Full text] [doi:
10.1016/j.jacc.2005.01.050] [Medline: 15893183]

6.  Angermann CE, Stork S, Gelbrich G, Faller H, Jahns R, Frantz S, et al. Competence Network Heart Failure. Mode of action
and effects of standardized collaborative disease management on mortality and morbidity in patients with systolic heart
failure: the Interdisciplinary Network for Heart Failure (INH) study. Circ Heart Fail. Jan 2012;5(1):25-35. [doi:
10.1161/CIRCHEARTFAILURE.111.962969] [Medline: 21956192]

7. Angermann CE, Sehner S, Faller H, Giider G, Morbach C, Frantz S, et a. INH Study Groupof the Competence Network
Heart Failure. Longer-term effects of remote patient management following hospital discharge after acute systolic heart
failure: the randomized E-INH trial. JACC Heart Fail. Feb 2023;11(2):191-206. [FREE Full text] [doi:
10.1016/j.jchf.2022.10.016] [Medline: 36718715]

8.  Winkler S, Koehler K, Prescher S, Koehler M, Kirwan B-A, Tajsic M, et al. |s 24/7 remote patient management in heart
failure necessary? Results of the telemedical emergency service used in the TIM-HF and inthe TIM-HF2 trials. ESC Heart
Fail. Oct 2021;8(5):3613-3620. [FREE Full text] [doi: 10.1002/ehf2.13413] [Medline: 34182596]

9.  Koehler F, Winkler S, Schieber M, Sechtem U, Stangl K, Béhm M, et a. Telemedical Interventional Monitoring in Heart
Failure Investigators. Impact of remote telemedical management on mortality and hospitalizations in ambulatory patients
with chronic heart failure: the telemedical interventional monitoring in heart failure study. Circulation. May 03,
2011;123(17):1873-1880. [doi: 10.1161/CIRCULATIONAHA.111.018473] [Medline: 21444883]

10. Koehler F, Winkler S, Schieber M, Sechtem U, Stangl K, Bohm M, et a. Telemedicine in heart failure: pre-specified and
exploratory subgroup analyses from the TIM-HF trial. Int J Cardiol. Nov 29, 2012;161(3):143-150. [doi:
10.1016/j.ijcard.2011.09.007] [Medline: 21982700]

11. Koehler F, Koehler K, Deckwart O, Prescher S, Wegscheider K, Kirwan BA, et a. Efficacy of telemedical interventional
management in patients with heart failure (TIM-HF2): arandomised, controlled, parallel-group, unmasked trial. Lancet.
Sep 22, 2018;392(10152):1047-1057. [doi: 10.1016/S0140-6736(18)31880-4] [Medline: 30153985]

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

13. BO6hmM, Drexler H, Oswald H, Rybak K, Bosch R, Butter C, et a. OptiLink HF Study Investigators. Fluid statustelemedicine
alertsfor heart failure: arandomized controlled trial. Eur Heart J. Nov 01, 2016;37(41):3154-3163. [doi:
10.1093/eurheartj/ehw099] [Medline: 26984864]

https://www.jmir.org/2024/1/e63391 JMed Internet Res 2024 | vol. 26 | e63391 | p. 12
(page number not for citation purposes)


http://dx.doi.org/10.1007/s00063-004-1026-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15024490&dopt=Abstract
http://dx.doi.org/10.1016/j.ahj.2007.01.041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17643574&dopt=Abstract
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Gesundheit/Krankenhaeuser/Publikationen/Downloads-Krankenhaeuser/diagnosedaten-krankenhaus-2120621167005.html
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Gesundheit/Krankenhaeuser/Publikationen/Downloads-Krankenhaeuser/diagnosedaten-krankenhaus-2120621167005.html
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Gesundheit/Krankenhaeuser/Publikationen/Downloads-Krankenhaeuser/diagnosedaten-krankenhaus-2120621167005.html
http://dx.doi.org/10.3238/arztebl.2009.0566
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(05)00484-5
http://dx.doi.org/10.1016/j.jacc.2005.01.050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15893183&dopt=Abstract
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.111.962969
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21956192&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2213-1779(22)00642-4
http://dx.doi.org/10.1016/j.jchf.2022.10.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36718715&dopt=Abstract
https://europepmc.org/abstract/MED/34182596
http://dx.doi.org/10.1002/ehf2.13413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34182596&dopt=Abstract
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.018473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21444883&dopt=Abstract
http://dx.doi.org/10.1016/j.ijcard.2011.09.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21982700&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(18)31880-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30153985&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(14)61176-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25131977&dopt=Abstract
http://dx.doi.org/10.1093/eurheartj/ehw099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26984864&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Spethmann et al

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Brachmann J, Béhm M, Rybak K, Klein G, Butter C, Klemm H, et al. OptiLink HF Study Executive BoardInvestigators.
Fluid status monitoring with a wireless network to reduce cardiovascular-rel ated hospitalizations and mortality in heart
failure: rationale and design of the OptiLink HF Study (Optimization of Heart Failure Management using OptiVol Fluid
Status Monitoring and CarelLink). Eur JHeart Fail. Jul 2011;13(7):796-804. [FREE Full text] [doi: 10.1093/eurjhf/hfr045]
[Medline: 21555324]

Wintrich J, Pavlicek V, Brachmann J, Bosch R, Butter C, Oswald H, et al. Remote monitoring with appropriate reaction
to alertswas associated with improved outcomesin chronic heart failure: resultsfrom the OptiLink HF study. Circ Arrhythm
Electrophysiol. Jan 2021;14(1):e008693. [doi: 10.1161/CIRCEP.120.008693] [Medline: 33301362]

Wintrich J, Pavlicek V, Brachmann J, Bosch R, Butter C, Oswald H, et al. Differences in management of telemedicine
alerts on weekdays and public holidays: results from the OptiLink heart failure trial. J Telemed Telecare. Jan
2024;30(1):173-179. [doi: 10.1177/1357633X 211039398] [Medline: 34524925]

Wintrich J, Pavlicek V, Brachmann J, Bosch R, Butter C, Oswald H, et a. Impedance-based remote monitoring in patients
with heart failure and concomitant chronic kidney disease. ESC Heart Fail. Oct 2023;10(5):3011-3018. [FREE Full text]
[doi: 10.1002/ehf2.14387] [Medline: 37537796]

Zile MR, Bennett TD, St John Sutton M, Cho YK, Adamson PB, Aaron MF, et al. Transition from chronic compensated
to acute decompensated heart failure: pathophysiological insights obtained from continuous monitoring of intracardiac
pressures. Circulation. Sep 30, 2008;118(14):1433-1441. [doi: 10.1161/CIRCULATIONAHA.108.783910] [Medline:
18794390]

Abraham WT, Adamson PB, Bourge RC, Aaron MF, Costanzo MR, Stevenson LW, et al. CHAMPION Trial Study Group.
Wireless pulmonary artery haemodynamic monitoring in chronic heart failure: arandomised controlled trial. Lancet. Feb
19, 2011;377(9766):658-666. [doi: 10.1016/S0140-6736(11)60101-3] [Medline: 21315441]

Abraham WT, Stevenson LW, Bourge RC, Lindenfeld JA, Bauman JG, Adamson PB, et al. CHAMPION Tria Study
Group. Sustained efficacy of pulmonary artery pressure to guide adjustment of chronic heart failure therapy: complete
follow-up results from the CHAMPION randomised trial. Lancet. Jan 30, 2016;387(10017):453-461. [doi:
10.1016/S0140-6736(15)00723-0] [Medline: 26560249]

Angermann CE, Assmus B, Anker SD, Asselbergs FW, Brachmann J, Brett ME, et al. MEM S-HF Investigators. Pulmonary
artery pressure-guided therapy in ambulatory patientswith symptomatic heart failure: the CardioMEM S European Monitoring
Study for Heart Failure (MEM S-HF). Eur JHeart Fail. Oct 2020;22(10):1891-1901. [doi: 10.1002/ejhf.1943] [Medline:
32592227]

Lindenfeld J, Zile MR, Desai AS, Bhatt K, Ducharme A, Horstmanshof D, et al. Haemodynamic-guided management of
heart failure (GUIDE-HF): arandomised controlled trial. Lancet. Sep 11, 2021;398(10304):991-1001. [doi:
10.1016/S0140-6736(21)01754-2] [Medline: 34461042]

Brugts JJ, Radhoe SP, Clephas PRD, Aydin D, van Gent MWF, Szymanski MK, et al. MONITOR-HF investigators. Remote
haemodynamic monitoring of pulmonary artery pressuresin patientswith chronic heart failure (MONITOR-HF): arandomised
clinical trial. Lancet. Jun 24, 2023;401(10394):2113-2123. [doi: 10.1016/S0140-6736(23)00923-6] [Medline: 37220768]
Stork S, Bernhardt A, Bohm M, Brachmann J, DagresN, Frantz S, et al. Pulmonary artery sensor system pressure monitoring
to improve heart failure outcomes (PA SSPORT-HF): rationale and design of the PASSPORT-HF multicenter randomized
clinical trial. Clin Res Cardiol. Nov 2022;111(11):1245-1255. [FREE Full text] [doi: 10.1007/500392-022-01987-3]
[Medline: 35246723]

Sharif F, Rosenkranz S, Bartunek J, Kempf T, Assmus B, Mahon NG, et al. Safety and efficacy of awireless pulmonary
artery pressure sensor: primary endpoint results of the SIRONA 2 clinical trial. ESC Heart Fail. Oct 2022;9(5):2862-2872.
[FREE Full text] [doi: 10.1002/ehf2.14006] [Medline: 35686479]

MullensW, Sharif F, Dupont M, Rothman AMK, WijnsW. Digital health care solution for proactive heart failure management
with the Cordella Heart Failure System: results of the SIRONA first-in-human study. Eur J Heart Fail. Oct
2020;22(10):1912-1919. [doi: 10.1002/ejhf.1870] [Medline: 32476191]

Sharif F, Rosenkranz S, Bartunek J, Kempf T, ABmus B, Mahon NG, et al. Twelve-month follow-up results from the
SIRONA 2clinical trial. ESC Heart Fail. Apr 2024;11(2):1133-1143. [FREE Full text] [doi: 10.1002/ehf2.14657] [Medline:
38271076]

Beschluss des Gemeinsamen Bundesausschusses (iber eine &nderung der richtlinie methoden vertragsirztliche versorgung:
telemonitoring bei herzinsuffizienz. Gemeinsamer Bundesausschuss. 2020. URL : https://www.g-ba.de/beschl uesse/4648/
[accessed 2024-05-14]

Spethmann S, Kéhler F. Telemedicine in chronic heart failure-From clinical studiesto standard care. Internist (Berl). Mar
2022;63(3):266-273. [doi: 10.1007/s00108-022-01268-1] [Medline: 35138432]

Versicherungsvertragsgesetz vom 23. November 2007 (BGBI. | S. 2631), das zuletzt durch Artikel 4 des Gesetzesvom 11.
April 2024 (BGBI. 2024 | Nr. 119) gedndert worden ist. Gesetze im Internet. Apr 11, 2024. URL: https://www.
gesetze-im-internet.de/vvg_2008/BIJNR263110007.html [accessed 2024-06-09]

vdek-basi sdaten des gesundheitswesensin Deutschland 2024. Verband der Ersatzkassen e. V. URL : https://www.vdek.com/
presse/daten.html#urheberrecht [accessed 2024-06-09]

https://www.jmir.org/2024/1/e63391 JMed Internet Res 2024 | vol. 26 | e63391 | p. 13

(page number not for citation purposes)


https://europepmc.org/abstract/MED/21555324
http://dx.doi.org/10.1093/eurjhf/hfr045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21555324&dopt=Abstract
http://dx.doi.org/10.1161/CIRCEP.120.008693
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33301362&dopt=Abstract
http://dx.doi.org/10.1177/1357633X211039398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34524925&dopt=Abstract
https://europepmc.org/abstract/MED/37537796
http://dx.doi.org/10.1002/ehf2.14387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37537796&dopt=Abstract
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.783910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18794390&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(11)60101-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21315441&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(15)00723-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26560249&dopt=Abstract
http://dx.doi.org/10.1002/ejhf.1943
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32592227&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(21)01754-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34461042&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(23)00923-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37220768&dopt=Abstract
https://europepmc.org/abstract/MED/35246723
http://dx.doi.org/10.1007/s00392-022-01987-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35246723&dopt=Abstract
https://europepmc.org/abstract/MED/35686479
http://dx.doi.org/10.1002/ehf2.14006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35686479&dopt=Abstract
http://dx.doi.org/10.1002/ejhf.1870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32476191&dopt=Abstract
https://europepmc.org/abstract/MED/38271076
http://dx.doi.org/10.1002/ehf2.14657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38271076&dopt=Abstract
https://www.g-ba.de/beschluesse/4648/
http://dx.doi.org/10.1007/s00108-022-01268-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35138432&dopt=Abstract
https://www.gesetze-im-internet.de/vvg_2008/BJNR263110007.html
https://www.gesetze-im-internet.de/vvg_2008/BJNR263110007.html
https://www.vdek.com/presse/daten.html#urheberrecht
https://www.vdek.com/presse/daten.html#urheberrecht
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Spethmann et al

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,
50.

51.

52.

Koehler J, Stengel A, Hofmann T, Wegscheider K, Koehler K, Sehner S, et al. Telemonitoring in patients with chronic
heart failure and moderate depressed symptoms: results of the Telemedical Interventional Monitoring in Heart Failure
(TIM-HF) study. Eur JHeart Fail. Jan 2021;23(1):186-194. [FREE Full text] [doi: 10.1002/ejhf.2025] [Medline: 33063412]
Dierks C, Nitz G, Grau U, Mehlitz A. Datengestiitztes, zeithahes management in zusammenarbeit mit einem &rztlichen
telemedizinischen zentrum fiir patientinnen und patienten mit einer fortgeschrittenen herzinsuffizienz - rapid report. In:
IQWIiG und Industrie — Rechtliche Fragen zum Institut fir Qualitit und Wirtschaftlichkeit im Gesundheitswesen.
Berlin/Heidelberg, Germany. Springer; Apr 03, 2008.

Helms TM, Perings C, Sommer P, Kéhler F, Frey N, von Haehling S, et al. Positionspapier zur zertifizierung von
telemedizinzentren. Kardiologe. Dec 06, 2021;16(1):6-20. [doi: 10.1007/s12181-021-00522-4]

Helms T, Perings C, Sommer P, Kéhler F, Frey N, von Haehling S, et a. Positionspapier zur zertifizierung von
telemedizinzentren. Kardiologe. Dec 06, 2021;16(1):6-20. [FREE Full text] [doi: 10.1007/s12181-021-00522-4]

von Haehling S, Birner C, Dworatzek E, Frantz S, Hellenkamp K, Israel CW, et al. Travelling with heart failure: risk
assessment and practical recommendations. Nat Rev Cardiol. May 2022;19(5):302-313. [doi: 10.1038/s41569-021-00643-7]
[Medline: 34992256]

European Society of Cardiology (ESC), European Heart Rhythm Association (EHRA), Brignole M, Auricchio A,
Baron-Esquivias G, Bordachar P, 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). Europace. Aug 2013;15(8):1070-1118. [doi:
10.1093/europace/eut206] [Medline: 23801827]

Dubner S, Auricchio A, Steinberg JS, Vardas P, Stone P, Brugada J, et al. ISHNE/EHRA expert consensus on remote
monitoring of cardiovascular implantable el ectronic devices (CIEDs). Europace. Feb 2012;14(2):278-293. [FREE Full text]
[doi: 10.1093/europace/eur303] [Medline: 22232544]

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. Jul 2015;12(7):e69-100.
[doi: 10.1016/j.hrthm.2015.05.008] [Medline: 25981148]

DGIM:History. Die Deutsche Gesellschaft furr Innere Medizine.V. (DGIM). URL : https://www.dgim.de/ueber-uns/historie/
[accessed 2024-06-06]

Vogelmeier CF, Kohler F. "Digitalization in internal medicine" - not "digitalization of internal medicine" - a promising
perspective from non-digital natives. Dtsch Med Wochenschr. Apr 2019;144(7):425. [doi: 10.1055/a-0746-5964] [Medline:
30925594]

Deutsche Gesellschaft fur Innere Medizin. Ordentliche Mitglieder. Deutsche Gesellschaft fiir Innere Medizin (DGIM).
URL: https://www.dgim.de/mitglieder/ordentliche-mitgliedschaft/

#:~text=Werden%:20Si €%620M itglied%620in%20der,wi ssenschaftli chen%620Fachgesel | schaften%620in%620Europae20z%6C3%A4hit
[accessed 2024-06-10]

DGIM:Positionspapiere/ Stellungsnahmen. Deutsche Gesell schaft fiir Innere Medizin (DGIM). URL: https.//www.dgim.de/
veroeffentlichungen/positionspapi ere/stellungnahmen/ [accessed 2024-06-06]

Cowie MR, Bax J, Bruining N, Cleland JG, Koehler F, Malik M, et al. e-Health: a position statement of the European
Society of Cardiology. Eur Heart J. Jan 01, 2016;37(1):63-66. [FREE Full text] [doi: 10.1093/eurheartj/ehv416] [Medline:
26303835]

McDonagh TA, MetraM, Adamo M, Gardner RS, Baumbach A, B6hm M, et al. ESC Scientific Document Group. 2021
ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur Heart J. Sep 21,
2021;42(36):3599-3726. [FREE Full text] [doi: 10.1093/eurheartj/ehab368] [Medline: 34447992]

Kohler F. Telemed5000 Projekt: Telemedizin: Klinische Studien: Telemed5000-HF. URL : https://www.tel emed5000.de/
telemedizin/klinische-studien/tel emed5000-hf/ [accessed 2024-05-12]

Schneider D, Kohler K, Kéhler F. Telemedicine in cardiology - what is new? Dtsch Med Wochenschr. Jun
2023;148(12):767-773. [doi: 10.1055/a-1928-0362] [Medline: 37257479]

Vereinbarung von qualitatssicherungsmal3nahmen nach § 135 Abs. 2 SGB V zur kontrolle von aktiven kardialen
rhythmusimplantaten (qualitétssicherungsvereinbarung rhythmusimplantat-kontrolle). KBV - Kassendrztliche
Bundesvereinigung. URL : https://www.kbv.de/media/sp/Rhythmusi mpl antat-Kontrolle.pdf [accessed 2024-05-14]
Bundesinstitut fiir Arzneimittel und Medizinprodukte (BfArM). URL: https.//diga.bfarm.de/de [accessed 2024-11-02]
Baumel A, Muench F, Edan S, Kane JM. Objective user engagement with mental health apps: systematic search and
panel-based usage analysis. JMed Internet Res. Sep 25, 2019;21(9):€14567. [FREE Full text] [doi: 10.2196/14567] [Medline:
31573916]

Bekfani T, Fudim M, Cleland JGF, Jorbenadze A, von Haehling S, Lorber A, et al. A current and future outlook on upcoming
technologies in remote monitoring of patients with heart failure. Eur J Heart Fail. Jan 2021;23(1):175-185. [FREE Full
text] [doi: 10.1002/ejhf.2033] [Medline; 33111389]

Kerwagen F, Koehler K, Vettorazzi E, Stangl V, Koehler M, Halle M, et al. Remote patient management of heart failure
across the gjection fraction spectrum: a pre-specified analysis of the TIM-HF2 trial. Eur JHeart Fail. Sep
2023;25(9):1671-1681. [FREE Full text] [doi: 10.1002/ejhf.2948] [Medline: 37368507]

https://www.jmir.org/2024/1/e63391 JMed Internet Res 2024 | vol. 26 | e63391 | p. 14

(page number not for citation purposes)


https://onlinelibrary.wiley.com/doi/10.1002/ejhf.2025
http://dx.doi.org/10.1002/ejhf.2025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33063412&dopt=Abstract
http://dx.doi.org/10.1007/s12181-021-00522-4
https://doi.org/10.1007/s12181-021-00522-4
http://dx.doi.org/10.1007/s12181-021-00522-4
http://dx.doi.org/10.1038/s41569-021-00643-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34992256&dopt=Abstract
http://dx.doi.org/10.1093/europace/eut206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23801827&dopt=Abstract
https://doi.org/10.5167/uzh-75614
http://dx.doi.org/10.1093/europace/eur303
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22232544&dopt=Abstract
http://dx.doi.org/10.1016/j.hrthm.2015.05.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25981148&dopt=Abstract
https://www.dgim.de/ueber-uns/historie/
http://dx.doi.org/10.1055/a-0746-5964
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30925594&dopt=Abstract
https://www.dgim.de/mitglieder/ordentliche-mitgliedschaft/#:~:text=Werden%20Sie%20Mitglied%20in%20der,wissenschaftlichen%20Fachgesellschaften%20in%20Europa%20z%C3%A4hlt
https://www.dgim.de/mitglieder/ordentliche-mitgliedschaft/#:~:text=Werden%20Sie%20Mitglied%20in%20der,wissenschaftlichen%20Fachgesellschaften%20in%20Europa%20z%C3%A4hlt
https://www.dgim.de/veroeffentlichungen/positionspapiere/stellungnahmen/
https://www.dgim.de/veroeffentlichungen/positionspapiere/stellungnahmen/
https://europepmc.org/abstract/MED/26303835
http://dx.doi.org/10.1093/eurheartj/ehv416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26303835&dopt=Abstract
https://hdl.handle.net/2268/290864
http://dx.doi.org/10.1093/eurheartj/ehab368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34447992&dopt=Abstract
https://www.telemed5000.de/telemedizin/klinische-studien/telemed5000-hf/
https://www.telemed5000.de/telemedizin/klinische-studien/telemed5000-hf/
http://dx.doi.org/10.1055/a-1928-0362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37257479&dopt=Abstract
https://www.kbv.de/media/sp/Rhythmusimplantat-Kontrolle.pdf
https://diga.bfarm.de/de
https://www.jmir.org/2019/9/e14567/
http://dx.doi.org/10.2196/14567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31573916&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1002/ejhf.2033
https://onlinelibrary.wiley.com/doi/10.1002/ejhf.2033
http://dx.doi.org/10.1002/ejhf.2033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33111389&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1002/ejhf.2948
http://dx.doi.org/10.1002/ejhf.2948
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37368507&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Spethmann et al

53.

55.

56.

57.

58.

59.

Mebazaa A, Davison B, Chioncel O, Cohen-Solal A, Diaz R, Filippatos G, et al. Safety, tolerability and efficacy of up-titration
of guideline-directed medical therapies for acute heart failure (STRONG-HF): amultinational, open-label, randomised,
trial. Lancet. Dec 03, 2022;400(10367):1938-1952. [doi: 10.1016/S0140-6736(22)02076-1] [Medline: 36356631]

Mattig I, Koehler K, Barzen G, Hiddemann M, Kugel E, Roemmelt C, et al. Telemedical management in patients waiting
for transcatheter aortic valve implantation: the ResKriVer-TAVI study design. Front Cardiovasc Med. 2023;10:1352592.
[FREE Full text] [doi: 10.3389/fcvm.2023.1352592] [Medline: 38322273]

Gesetz Uber kinstliche Intelligenz: Legidative Entschliel3ung des Européischen Parlaments vom 13. Mérz 2024 zu dem
Vorschlag fiir eine Verordnung des Européischen Parlaments und des Rates zur Festlegung harmonisierter Vorschriften
fiir kiinstliche Intelligenz (Gesetz iber kiinstliche Intelligenz) und zur Anderung bestimmter Rechtsakte der Union
(COM(2021)0206 — C9-0146/2021 — 2021/0106(COD)). Europdisches Parlament. URL : https.//www.europarl .europa.eu/
doceo/document/TA-9-2024-0138 DE.pdf [accessed 2024-06-10]

Abraham WT. The HearO Community Study: remote speech analysisto predict worsening heart failure events. ESC 365.
May 21, 2022. URL : https://esc365.escardio.org/presentation/250301 [accessed 2024-06-15]

Amir O, Abraham WT, Azzam ZS, Berger G, Anker SD, Pinney SP, et al. Remote speech analysisin the evaluation of
hospitalized patients with acute decompensated heart failure. JACC Heart Fail. Jan 2022;10(1):41-49. [FREE Full text]
[doi: 10.1016/j.jchf.2021.08.008] [Medline: 34969496]

Koehler F. Telemed5000 Projekt: telemedizin: klinische studien: Telemed5000-Stimme. TELEMEDS000. URL: https:/
/www.tel emed5000.de/tel emedi zin/klini sche-studi en/tel emed5000-stimme/ [accessed 2024-05-12]

Kinstliche intelligenz erkennt herzerkrankungen am klang der stimme: neue studie am DHZC. Informationsdienst
Wissenschaft. Apr 3, 2024. URL : https://www.dhzb.de/presse/news/detail ansi cht-mel dungen/ansi cht/pressedetail/
eine-fabel-zweimal-taeglich [accessed 2024-05-18]

Abbreviations

Al: artificial intelligence

BfArM: Bundesinstitut fir Arzneimittel und Medizinprodukte

CHF: chronic heart failure

CIED: cardiac implantable electronic device

CRT-D: cardiac resynchronization therapy with a defibrillator

DGIM: Deutsche Gesellschaft fur Innere Medizin

DGK: Deutsche Gesellschaft fur Kardiologie

DiGA: Digital Health Application

ECG: electrocardiogram

ECG: European Society of Cardiology

G-BA: Federa Joint Committee (Gemeinsamer Bundesausschuss)

HF: heart failure

INH: Interdisciplinary Network for Heart Failure

IN-TIME: Influence of Home Monitoring on Mortality and Morbidity in Heart Failure Patients with Impaired
Left Ventricular Function

IQWIG: Institut fur Qualitat und Wirtschaftlichkeit im Gesundheitswesen
LVEF: left ventricular gjection fraction

mHealth: mobile health

NYHA: New York Heart Association

PAP: pulmonary artery pressure

TIM-HF: Telemedical Interventional Monitoring in Heart Failure Study
TIM-HF2: Telemedical Interventional Management in Heart Failure 11

Edited by G Eysenbach; submitted 18.06.24; peer-reviewed by EP Greenup, M Nomali; commentsto author 24.07.24; revised version
received 13.08.24; accepted 26.09.24; published 04.12.24

Please cite as:

Soethmann S, Hindricks G, Koehler K, Stoerk S, Angermann CE, BohmM, Assmus B, Winkler S Mdckel M, Mittermaier M, Lelgemann
M, Reuter D, Bosch R, Albrecht A, von Haehling S, Helms TM, Sack S, Bekfani T, Groschel JW, Koehler M, Melzer C, Wintrich J,
Zippel-Schultz B, Ertl G, Vogelmeier C, Dagres N, Zernikow J, Koehler F

Telemonitoring for Chronic Heart Failure: Narrative Review of the 20-Year Journey From Concept to Sandard Care in Germany

J Med Internet Res 2024;26:e63391

URL: https.//www.jmir.org/2024/1/e63391

doi: 10.2196/63391

PMID:

https://www.jmir.org/2024/1/e63391 JMed Internet Res 2024 | vol. 26 | e63391 | p. 15

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1016/S0140-6736(22)02076-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36356631&dopt=Abstract
https://europepmc.org/abstract/MED/38322273
http://dx.doi.org/10.3389/fcvm.2023.1352592
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38322273&dopt=Abstract
https://www.europarl.europa.eu/doceo/document/TA-9-2024-0138_DE.pdf
https://www.europarl.europa.eu/doceo/document/TA-9-2024-0138_DE.pdf
https://esc365.escardio.org/presentation/250301
https://linkinghub.elsevier.com/retrieve/pii/S2213-1779(21)00477-7
http://dx.doi.org/10.1016/j.jchf.2021.08.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34969496&dopt=Abstract
https://www.telemed5000.de/telemedizin/klinische-studien/telemed5000-stimme/
https://www.telemed5000.de/telemedizin/klinische-studien/telemed5000-stimme/
https://www.dhzb.de/presse/news/detailansicht-meldungen/ansicht/pressedetail/eine-fabel-zweimal-taeglich
https://www.dhzb.de/presse/news/detailansicht-meldungen/ansicht/pressedetail/eine-fabel-zweimal-taeglich
https://www.jmir.org/2024/1/e63391
http://dx.doi.org/10.2196/63391
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Spethmann et al

©Sebastian Spethmann, Gerhard Hindricks, Kerstin Koehler, Stefan Stoerk, Christiane E Angermann, Michael Bohm, Birgit
Assmus, Sebastian Winkler, Martin Mdckel, Mirja Mittermaier, Monika Lelgemann, Daniel Reuter, Ralph Bosch, Alexander
Albrecht, Stephan von Haehling, Thomas M Helms, Stefan Sack, Tarek Bekfani, Jan Wolfgang Groschel, Magdalena Koehler,
Christoph Melzer, Jan Wintrich, Bettina Zippel-Schultz, Georg Ertl, Claus Vogelmeier, Nikolaos Dagres, Jasmin Zernikow,
Friedrich Koehler. Originally published in the Journal of Medical Internet Research (https:.//www.jmir.org), 04.12.2024. Thisis
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 the Journal of Medical Internet Research (ISSN 1438-8871), is properly cited. The

complete bibliographic information, a link to the original publication on https://www.jmir.org/, as well as this copyright and
license information must be included.

https://www.jmir.org/2024/1/e63391 JMed Internet Res 2024 | vol. 26 | e63391 | p. 16
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

