Review article

Rev Esp Cardiol. 2024;77(1):88-96

New technologies for the diagnosis, treatment, and monitoring "
of cardiovascular diseases

Lorenzo Facila Rubio,®* Cristina Lozano-Granero,” Rafael Vidal-Pérez, Vivencio Barrios,"

and Roman Freixa-Pamias®

2 Servicio de Cardiologia, Consorcio Hospital General Universitario de Valencia, Universitat de Valéncia, Valencia, Spain

b Servicio de Cardiologia, Hospital Universitario Ramon y Cajal y Centro de Investigacion en Red de Enfermedades Cardiovasculares (CIBERCV), Madrid, Spain
€ Servicio de Cardiologia, Complejo Hospitalario Universitario de A Coruria, A Coruiia, Spain

dServicio de Cardiologia, Hospital Universitario Ramén y Cajal, Universidad de Alcald (UAH), Madrid, Spain

€ Servicio de Cardiologia, Complex Hospitalari Moisés Broggi, Sant Joan Despi, Barcelona, Spain

Article history:

Received 16 March 2023
Accepted 20 July 2023

Available online 12 October 2023

Keywords:
Telemonitoring
Portable devices
Cardiovascular diseases
Telemedicine

Palabras clave:
Telemonitorizacién
Dispositivos portatiles
Enfermedades cardiovasculares
Telemedicina

INTRODUCTION

ABSTRACT

Telemedicine enables the remote provision of medical care through information and communication
technologies, facilitating data transmission, patient participation, promotion of heart-healthy habits,
diagnosis, early detection of acute decompensation, and monitoring and follow-up of cardiovascular
diseases. Wearable devices have multiple clinical applications, ranging from arrhythmia detection to
remote monitoring of chronic diseases and risk factors. Integrating these technologies safely and
effectively into routine clinical practice will require a multidisciplinary approach. Technological
advances and data management will increase telemonitoring strategies, which will allow greater
accessibility and equity, as well as more efficient and accurate patient care. However, there are still
unresolved issues, such as identifying the most appropriate technological infrastructure, integrating
these data into medical records, and addressing the digital divide, which can hamper patients’ adoption
of remote care. This article provides an updated overview of digital tools for a more comprehensive
approach to atrial fibrillation, heart failure, risk factors, and treatment adherence.

© 2023 Sociedad Espafiola de Cardiologia. Published by Elsevier Espafia, S.L.U. All rights reserved.

Nuevas tecnologias para el diagnostico, tratamiento y seguimiento de las
enfermedades cardiovasculares

RESUMEN

La telemedicina permite la prestacion de atencion médica a distancia mediante tecnologias de la
informacion y la comunicacién, que hacen posible el envio de datos, la participacion del paciente,
la promocién de habitos cardiosaludables, el diagndstico, la deteccion precoz de las descompensaciones
agudas, la monitorizacion y el seguimiento de las enfermedades cardiovasculares. Los dispositivos
portatiles tienen multiples aplicaciones clinicas, que van desde la deteccion de arritmias hasta el control
a distancia de enfermedades cronicas o los factores de riesgo. Serd necesario un enfoque
multidisciplinario para integrar de manera efectiva y segura estas tecnologias a nuestra practica
clinica habitual. Los avances tecnologicos y la gestion de los datos conllevaran un incremento de las
estrategias de telemonitorizacién, que permitirdn mayores accesibilidad y equidad, asi como una
atencion sanitaria mas eficiente y precisa de los pacientes. Todavia quedan cuestiones no resueltas, como
la infraestructura tecnoldgica mas adecuada, la integracion de estos datos en la historia clinica y la
brecha digital que puede dificultar al paciente la adopcion de la atencién a distancia. En este articulo se
ofrece una vision general actualizada de las herramientas digitales para un mejor abordaje de la
fibrilacion auricular, la insuficiencia cardiaca, los factores de riesgo y la adherencia al tratamiento.

© 2023 Sociedad Espariola de Cardiologia. Publicado por Elsevier Espaiia, S.L.U. Todos los derechos reservados.

Conventional in-person follow-up for these conditions has several
drawbacks, such as geographical barriers, logistic challenges,

Cardiovascular disease is one of the leading causes of morbidity ~ accessibility limitations, and cost and time expenditure, and
and mortality worldwide and a paradigm of chronic diseases. =~ imposes a significant burden on the health care system. The
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situation is worsened by progressive population aging and the
rising prevalence of cardiovascular risk factors and diseases.
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Furthermore, despite the availability of effective evidence-
based therapies for these conditions, the long-term benefits in real-
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Abbreviations

AF: atrial fibrillation
ECG: electrocardiography
HF: heart failure

TM: telemonitoring

life practice do not match those achieved in clinical trials, possibly
due to a lack of adherence to the treatments prescribed.

For some time now, we have been immersed in a digital
revolution. The recent COVID-19 pandemic accelerated the
adoption of telemedicine and eHealth strategies, as health care
professionals were compelled to reduce in-person visits. Telemed-
icine, a method for delivering medical services through the use of
information and communication technologies to provide remote
care, enables healthcare professionals to assess, diagnose, and treat
patients without the need for an in-person encounter.

Health care based on telemedicine and portable devices that
provide all the necessary information offer an opportunity to
redesign and improve the care of cardiovascular disease patients.
However, as they are medical devices, these tools should be
regulated by competent authorities.

This review offers an up-to-date overview of currently available
digital tools to provide a more comprehensive approach to
arrhythmias, heart failure, and cardiovascular risk factors, as well
as personal recommendations by the authors based on current
evidence.

TOOLS FOR DETECTING AND MONITORING ARRHYTHMIAS
Digital tools for arrhythmia detection

Timely detection of arrhythmias enables prompt implementa-
tion of appropriate invasive and pharmacological interventions, and
insome cases, leads toreductions in morbidity and mortality.' In this
regard, 12-lead electrocardiography (ECG) remains the standard for
diagnosing arrhythmias. Nonetheless, access to an ECG study may be
limited and evaluations with this technique can prove ineffective for
diagnosing paroxysmal arrhythmias if the test is performed between
episodes. Other conventional screening methods such as ambulato-
ry Holter monitoring may be limited by restricted availability and a
relatively short monitoring time. Implantable event recorders
overcome this obstacle, but their high initial cost limits their
use.” Driven by the COVID-19 pandemic, the development of digital
devices for detecting and monitoring cardiac arrhythmias has
intensified. Although many professionals have already incorporated
these devices into their clinical practice, there are concerns
regarding their accuracy and usefulness, as well as their suitability
for integration into treatment algorithms.> The European Heart
Rhythm Association recently published a document to guide the use
of these technologies.’> While they offer multiple advantages,
clinicians must become familiar with the acquisition and interpre-
tation of the data they provide, as well as their limitations.

According to their technological basis, the devices fall into
2 main categories: those that use electrocardiographic signals and
those that rely on non-electrocardiographic signals, with photo-
plethysmography being a notable example of the latter. These
technologies can be incorporated into wearables in the form of
clothing or accessories, such as smartwatches, patches, and
textiles, or into portables, such as smartphones and dedicated
devices (figure 1).

The diagnostic accuracy of these devices depends on the
incorporated algorithm, the population using them, the conditions

under which the recording is carried out, and the professional
interpretation of the tracings. Recommendations for their use
should be based on the frequency of symptoms, the desired
monitoring time, the center’s infrastructure, and the patients’
digital proficiency and personal preferences.

Devices based on electrocardiographic signals

These options use electrodes to obtain electrocardiographic
tracings, which a trained health care professional can directly
analyze and interpret to diagnose cardiac arrhythmias.

There are numerous commercially available devices for this
purpose, many of which have been validated in clinical studies.
They are mainly designed to detect atrial fibrillation (AF), and some
have CE marking certification. Among wearables, smartwatches
are particularly popular. These contain electrodes built into the
watch case or crown to generate single-lead ECG tracings that can
be reviewed on the device’s screen or stored in mobile applications
(figure 2A). Another option is patches, which are simple-to-use
water-resistant adhesive devices that have shown a high
diagnostic yield. Their main limitations are related to battery life,
the adhesive component (although some are reusable), and chest
bands. In addition, there are numerous portable devices, which
mainly provide single-lead tracings (usually lead I), although some
allow for up to 6 leads (figure 2B).

Devices based on non-electrocardiographic signals

Photoplethysmography stands out among nonelectrocardio-
graphic technologies. This optical technique uses a light source and
a sensor capable of detecting variations in blood volume on the
skin surface through changes in the intensity of reflected light. The
technique enables heart rate monitoring through the peripheral
pulse. Information from the pulse wave is analyzed by integrated
algorithms that can detect abnormalities. When AF is suspected,
the patient is issued an alert. However, a subsequent electrocar-
diographic recording is needed to confirm the finding and establish
a definite diagnosis of arrhythmia. Some devices allow for the
analysis of raw data (figure 2C) and provide visual depictions using
tachograms (figure 2D), which display the heart rate for each beat,
and Poincaré plots (figure 2E), which show the R-R interval of each
beat compared with the preceding beat. Some graphical repre-
sentations can offer insights into the presence of specific
arrhythmias other than AF.*

Photoplethysmography is commonly used in medical devices
that measure heart rate and oxygen saturation but can also be
incorporated into all types of wearables (wristbands, smart-
watches, chest bands, rings, headphones) and portable devices
(mainly smartphones, which use the flash as a light source and the
camera as a sensor). Thus, it becomes an affordable, convenient and
widely available tool for detecting different types of arrhythmias.

Other technologies that do not rely on electrocardiographic
signals are also available. These include mechanocardiography,
which uses motion sensors (such as accelerometers or gyroscopes,
also present in smartphones) to detect mechanical cardiac activity,
and contactless photoplethysmography (also known as video
plethysmography or image-based photoplethysmography), which
analyzes pulsatile body signals captured by video.

SCREENING FOR ATRIAL FIBRILLATION
The European Heart Rhythm Association recommends system-

atic AF screening in stroke patients, individuals older than 75 years,
and those older than 65 years with comorbidities. Opportunistic
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Technology| Format Type Sensors Tracing Examples with CE marking
AppleWatch, Samsung Galaxy Watch,
Smartwatch 12 . 2 electrodes ECG 1 lead Google Pixel Watch, Huawei Watch,
Ba ASUS Watch, Fitbit, Withings, Prixton
Wearable | Chestband ~O— 2 electrodes ECG 1 lead Suunto Movesense Medical
ECG Bardy Dx Carnation Ambulatory
ECG 1 Monitor, BioTel Mobile Patient
Patch 2 to 4 electrodes Telemetry, BodyGuardian Mini Patches,
to 3leads $Ea i 2
Life Signal Biosensor Patch, S-Patch
Cardio, VitalPatch, VivaLink, Zio XT/AT
1 AliveCor Kardia, Beurer ME 90, Coala
Porfable N 2 10 3 electrodes ECG1 Heart Monitor, EFGCheck, E'ko DUQ,
device = to 6 leads HeartCheck CardiBeat, MyDiagnostick,
Zenicor-ECG
Wearables | Wristbands 1 sensor Pulse wave Huawei Band
PPG
Portable Smartoh - 1 sensor Tachogram Fibrichek, Preventicus Heartbeats,
device martphone - (camera) and Poincaré plot CardioSignal

Figure 1. Principal digital devices for detecting and monitoring arrhythmias. CE: Conformité Europeenne; ECG, electrocardiography; PPG, photoplethysmography.

Images: Flaticon.com, Freepik.

screening is recommended in people over 65 years old with no
comorbidities, and in younger individuals with comorbidities.> To
this end, devices based on ECG or photoplethysmography are
preferred over pulse measurement; photoplethysmography has
shown a high positive predictive value for diagnosing AF in large
population studies.®” Screening is not recommended for healthy
individuals younger than 65 years, although portable digital
devices may be useful for patients with symptoms consistent with
AF.

DIGITAL TOOLS FOR MONITORING AND FOLLOW-UP OF
ARRHYTHMIA PATIENTS

Beyond arrhythmia detection, these digital tools have also
proven useful for patients with known AF. They can monitor heart
rate, allowing remote adjustment of rate-controlling medications,
and can track heart rhythms in patients attempting to maintain
sinus rhythm. In this scenario, their use could assist wait-and-see
strategies (outpatient treatment with deferred cardioversion) for
emergency patients with recently diagnosed AF, by helping to
identify those who may eventually need cardioversion due to a lack
of spontaneous conversion to sinus rhythm.® These devices could
also improve the follow-up of patients undergoing ablation.
Extended monitoring would provide better detection of recurrent
disease than conventional strategies using in-office ECG testing or
limited Holter monitoring.®

Lastly, digital tools based on mobile platforms and applications
could be of help in the treatment of AF patients. They can be useful
for optimizing anticoagulation, facilitating decision-making when
managing symptoms, and improving control of risk factors and

comorbidities through education and promotion of healthy
lifestyle habits. This has a proven impact on the development of
clinical events (thromboembolic events, hemorrhages, AF recur-
rence, symptoms, hospitalizations, and heart failure).'®

Authors’ considerations

The authors suggest using digital devices for screening AF in
individuals with indications for anticoagulation therapy, such as
those older than 65 years and those with comorbidities. These
devices could also be useful in patients with confirmed AF for
monitoring heart rate and rhythm and to provide comprehensive
management to reduce clinical events. Lastly, although there is
much less supporting evidence, the authors believe that digital
devices, particularly ECG-based ones, could be recommended for
diagnosing paroxysmal arrhythmias in patients with consistent
symptoms, especially if the episodes are infrequent or of short
duration.

TOOLS FOR FOLLOW UP OF HEART FAILURE PATIENTS

Most of the expenditure related to heart failure (HF) manage-
ment derives from outpatient visits to the emergency room and
hospitalizations.!! Up to 40% of HF patients require at least
4 hospital stays during the course of their illness, and each
hospitalization increases the risk of death.!' One factor contribut-
ing to repeat hospital admissions is the patients’ failure to adhere
to prescribed medications, and particularly, to the recommended
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Figure 2. Examples of heart rhythm records provided by digital devices. A: single-lead ECG recording obtained using an Apple Watch smartwatch (Apple,
United States) in a patient with sinus rhythm and a ventricular extrasystole. B: 6-lead ECG recording obtained using the Kardia Mobile 6L dedicated device
(AliveCor, United States) in a patient with sinus rhythm. C: photoplethysmographic signal obtained using a smartphone and processed with the FibriCheck
application (Corda Campus, Belgium) showing the intensity of the photoplethysmographic signal for each heartbeat over 1 minute in a patient with sinus rhythm.
D: tachogram derived from the previous photoplethysmographic signal showing the duration of the R-R interval for each heartbeat. E: Poincaré plot obtained from
the previous photoplethysmographic signal showing the randomness of the cardiac rhythm by representing the R-R interval of each beat relative to the previous
beat. F: photoplethysmographic signal, tachogram, and Poincaré plot obtained with the same application in a patient with atrial fibrillation. Note the irregular
signal intensity and beat intervals, as well as the dispersion of points on the Poincaré plot, indicating the random nature of the rhythm. PPG, photoplethysmography.
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lifestyle changes. Adherence to these therapies tends to decrease
over time after the hospital stay.!'?

Furthermore, as patients are often unable to recognize the early
signs and symptoms of worsening, they delay seeking medical
attention, which negatively affects the prognosis.

The significant recent efforts invested in telemedicine methods
for HF patients have resulted in numerous benefits (table 1). These
methods have proven to enhance patient adherence, predict and
prevent episodes of worsening HF, and provide closer monitoring
without the need to visit health care centers.

One part of telemedicine is telemonitoring (TM), which enables
remote transmission of patients’ health data, such as symptoms,
weight, heart rate, and blood pressure, stored in electronic devices.
These data can then be used to seek medical advice or to adjust
treatment, either directly or through a health care professional.
Home-based TM can help maintain or improve the quality of care,
facilitate rapid access to medical attention when needed, reduce
patients’ travel expenses, and decrease the frequency of in-person
appointments.'> The interruption of medical visits in many
countries mandated by the COVID-19 pandemic has brought to
light the potential advantages of home TM.'*

Studies on home TM for predicting HF decompensation have
yielded diverse results. One limitation is that adherence to the
measurements tends to be incomplete, and another is that
the algorithms for detecting decompensation are not entirely
accurate. Systems focused on optimizing treatment and improving
adherence have the advantage of only requiring staff during
standard working hours, but those offering assistance demand
additional resources.

The comparative effectiveness and cost-effectiveness ratio of
these strategies is uncertain. However, systems focused on
continuously optimizing care (the health maintenance approach)
seem to be more effective than those attempting to anticipate and
treat decompensation episodes. The latter approach could result in
false positives, which would generate unnecessary resource
consumption and demotivate health care staff due to needless
alert signals.'® The development of artificial intelligence algo-
rithms that incorporate data from various aspects of a patient’s life
(big data) may help to refine the alerts and make them more
accurate. In addition, we should remember that TM systems can be
used to effectively educate and motivate patients, but adapting and
integrating them with existing health care services remains an
unresolved issue in our setting.'®

A 2017 Cochrane review, which identified 39 significant studies
on home TM in HF patients based on assessment of symptoms,
weight, heart rate, heart rhythm, and blood pressure, showed that
TM was associated with a 20% reduction in all-cause mortality and
a 37% reduction in HF-related hospitalizations.!” Since then,
several related studies have been published, most showing no
significant results and one reporting positive findings.!>18-20
However, the differences in study settings (single-center vs

Table 1
Advantages of telemedicine in heart failure

e Improved access to specialized care, especially in rural locations or areas with
a shortage of human or material resources

e Optimized clinical follow-up and therapy adjustments through the use of
devices that can monitor parameters such as weight, blood pressure, heart rate,
and blood oxygen levels, and collect information about symptoms

and treatment adherence

e Prevention and early detection of acute decompensations

e Health care education and empowerment of patients through programs that
promote self-care, disease knowledge, and management of risk factors

e Decreases in heart failure-associated health care costs by reducing
unnecessary in-person visits, emergency room visits, hospitalizations,
and mortality

multicenter) and the absence of a standardized TM strategy
across clinical units and patient groups may have influenced the
results.

The German TIM-HF2 study?° included 1571 previously hospi-
talized chronic HF patients, randomly assigned to receive standard
care plus daily TM or standard care alone for 12 months. The TM
group experienced 21% fewer days hospitalized due to cardiovas-
cular causes (17 vs 22 days per 100 patient-years) and 36% fewer
deaths from any cause (4 vs 7 deaths per 100 patient-years) than
the group without TM (both, P < .001). In the Spanish iCOR?' study,
178 HF patients were randomized to in-person follow-up or
telemedicine support, which involved daily reporting of signs and
symptoms through TM and structured follow-up via video or
audioconferencing. The primary endpoint of the study was
nonfatal HF episodes (decompensations requiring parenteral
treatment) after 6 months of follow-up, which showed a 65%
reduction in the TM group (0.35; 95% confidence interval [95%CI],
0.20-0.59; P <.001). In addition, HF readmissions decreased by
61% (0.39; 95%CI, 0.19-0.77; P=.007) and cardiovascular read-
missions by 57% (0.43; 95%CI, 0.23-0.80; P =.008) in patients with
TM. Mortality was similar in the 2 groups, and there was a
significant mean net reduction in direct hospital costs of €3546
per patient. The results of this proof-of-concept report were
corroborated in the multicenter HERMeS?? study, including
506 patients recently hospitalized. The preliminary results,
presented at the European Heart Failure Congress in May 2023,
showed a 59% reduction in the combined endpoint of cardiovas-
cular death or worsening HF, with a number needed to treat of
4 patients.?®

Specific devices for measurement and telemonitoring

Although noninvasive, portable devices are available for
monitoring heart rate and pulmonary congestion (using bioimpe-
dance), it is not entirely clear whether they provide additional
benefits compared with conventional TM.?* As for invasive TM
devices, the latest implantable systems (cardiac resynchronization
therapy, implantable automatic defibrillators) provide wireless
remote access to information about the device itself (generator and
electrode functioning), arrhythmias, and the patient’s physiologi-
cal data (heart rate, activity, heart sounds, bioimpedance data).
These systems also incorporate algorithms for detecting conges-
tion (eg, Optivol, Medtronic, United States and HeartLogic, Boston
Scientific, United States). Several studies have shown that this type
of TM is useful for detecting device malfunction and arrhythmias
such as AF. However, there is no strong evidence demonstrating
that these devices reduce HF hospitalizations or mortality by
detecting congestion.>>~2” Other implantable TM devices could
also be useful, such as subcutaneous loop recorders, which can
monitor heart rate and rhythm and detect activity and bioimpe-
dance.

Devices designed for pulmonary artery implantation, such as
CardioMEMS (Abbott, United States), have been developed to
monitor pressure within the vessel. An increase in pulmonary
artery diastolic pressure is one of the earliest signs of congestion,
and detection of this increase enables timely treatment adjust-
ments. However, the outcomes vary. Some studies show a
reduction in the risk of HF-related hospitalizations?® and an
improvement in quality of life.?® Others, however, such as the
GUIDE-HF*° randomized clinical trial including more than
1000 stable chronic HF outpatients, found no differences in the
primary outcome of all-cause mortality, hospitalization, or
emergency room visits when comparing treatment based on
CardioMEMS measurements to standard care. Nevertheless, the
authors suggest that these results may have been influenced by the
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COVID-19 pandemic, as benefits were observed in the cohort
enrolled before its outbreak.®!

Artificial intelligence

The most ambitious goal of eHealth in HF may be the
anticipation of decompensations. Artificial intelligence with big
data-based prediction algorithms can be a valuable complement to
provide additional benefits to TM. A recent review>? described the
performance of artificial intelligence-based algorithms for pre-
dicting hospital admissions in HF patients. Among the studies
analyzed, 16 predicted hospital readmissions within 30 days and
over periods ranging from 6 months to 3 years, with areas under
the curve of 0.61 to 0.79. The most accurate predictions were
observed in studies including TM parameters. For example, a
prospective study evaluating a disposable sensor patch worn at
home post-hospitalization achieved an area under the curve of
0.89 for predicting admission.>> The study included a 7-day patch
that continuously recorded ECG waveform, 3-axis accelerometry,
skin impedance and temperature, and provided information on
activity and posture. The data obtained were integrated with the
patient’s administrative data and medical history, and analyzed
using machine learning and deep learning models (figure 3).

Other artificial intelligence-related telemedicine options in HF
involve speech analysis for detecting pulmonary fluid overload. An
application for mobile devices has been developed that success-
fully identifies clinical conditions affecting the mechanics of vocal
cord vibrations through the use of voice sound analysis. By
recording just 6 phrases daily, the HearO application (Cordio,
Israel) detected more than 90% of voice changes indicating
increased congestion.>* HearO is a speech processing and analysis
application able to distinguish speech characteristics at hospital
admission (wet) from those at discharge (dry). In a recent
preliminary analysis of data from 253 HF outpatients, the
application detected 80% of decompensation episodes with a
mean lead time of 22.5 days compared to the conventional

Administrative data, big data

strategy, and with very few false positives (2.8 false alerts per
year).

Authors’ considerations

Based on the available data mentioned above, the clinical
practice guidelines of the European Society of Cardiology>’ suggest
that TM can be used both noninvasively and invasively (pulmonary
artery pressure) with a low recommendation (IIb) and level of
evidence B (table 2). We suggest that the studies conducted, the
lack of standardized methods, poor adaptation to local contexts,
difficulties in integrating the techniques into existing computer
systems (data security and confidentiality), insufficient funding,
and a lack of incentives for real-life use do not adequately reflect
the potential value of telemedicine and TM. In the setting of HF, we
believe that telemedicine, including TM, should be used as follows:
a) to assist the prompt detection of decompensations, b) to
motivate patients and improve their treatment adherence, and
c) to educate patients about their condition. Furthermore, even if
TM does not outperform in-person patient visits in terms of health
benefits and is only similarly effective, the overall balance of its
inclusion would be positive (convenience for patients, time and
resource savings). In the authors’ opinion, the recent results from
the multicenter HERMeS?? study, which showed a very small
number of patients needed-to-treat to prevent an event, should
carry substantial weight in future guidelines to strengthen this
recommendation.

TOOLS TO IMPROVE THE MANAGEMENT OF RISK FACTORS

Telemedicine can help with addressing risk factors, improving
treatment adherence, and managing symptoms. The process of
modifying risk factors includes monitoring and improving blood
pressure and lipid levels, promoting exercise and dietary changes,
and providing counseling to support smoking cessation.>® Simple

Probability of
HF decompensation

Deep learning
Machine learning

Figure 3. Central illustration. Diagram showing the process of integrating different data from various sources and analyzing them using machine learning and deep

learning models. Prepared with data from Stehlik et al.>® HF, heart failure.
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Table 2

Recommendations for telemonitoring in heart failure
Recommendations Class Level
Noninvasive TM may be considered for HF patients to reduce the risk of recurrent hospitalizations due to HF and cardiovascular b B
conditions, and the risk of cardiovascular death
Monitoring of pulmonary arterial pressure based on wireless hemodynamic systems may be considered for HF patients to improve IIb B

clinical outcomes

Recommendations for telemonitoring in heart failure according to the European guidelines on heart failure, as per McDonagh et al.>® HF, heart failure; TM, telemonitoring.

tools such as phone calls, short text messages, and online portals
can be used to track vital signs and laboratory results, adjust
dosage, and encourage physical activity, proper diet, and treatment
compliance. Results from small randomized controlled trials and
meta-analyses have shown a significant improvement in risk
factors with telemedicine, although the long-term effectiveness of
the interventions remains uncertain.>®>® Comprehensive
approaches to cardiovascular risk factors have been extensively
assessed in cardiac rehabilitation programs, and the guidelines
recommend telemedicine as a valid follow-up option to enhance
long-term adherence (recommendation level IIb, evidence level
B).>9 However, the role of telemedicine in cardiac rehabilitation is
beyond the scope of this article.

Digital tools for hypertension
Digital devices for blood pressure measurement

Research into blood pressure monitoring focuses on two main
issues: the first is to make existing cuff-based measurement
systems easier to use and better suited to use in daily life, while the
second seeks to develop a technique that uses readily accessible
biomedical signals to measures blood pressure with reasonable
accuracy. Regarding the first issue, the main goal for newer devices
is to make them more compact, efficient, and robust, as their
precision level is already sufficient. The main concerns regarding
the second issue are device accuracy and resolving complexities
such as their applicability in different age groups and other
factors.*°

Similar to developments in heart rate monitoring, there is an
effort to achieve continuous noninvasive blood pressure monitor-
ing with devices that do not rely on plethysmography and pulse
waves.*!

Nonetheless, these cuffless devices must show better perfor-
mance before they can be recommended for clinical use. Currently,
there are substantial concerns regarding their reproducibility, and
they still require validation.*? For these reasons, scientific societies
have not recommended them®® up to now, and methods for
validation have recently emerged** to address these concerns.

Devices for improving blood pressure management

Certain devices can assist in blood pressure control and remote
monitoring based on mobile applications that combine telemedi-
cine and health education. There are many recent examples. A
systematic review found that home TM for blood pressure
monitoring with automatic data transmission can be more
effective than conventional hypertension therapy, with studies
using smartphone applications showing particularly beneficial
effects.*> Another recent example of the role of these applications
in blood pressure management is the HERB DH1 study.*®

These TM strategies have been successfully incorporated into
prevention programs together with management of other risk
factors (such as lipid levels) and have led to a reduction in visits to
health care centers.?’

Digital tools for dyslipidemia

Several studies have shown that control of low-density
lipoprotein cholesterol in secondary prevention is often insuffi-
cient.*® Telemedicine-based solutions may offer an opportunity to
improve this situation. One approach that has provided beneficial
results is the concept of virtual lipid visits*® based on rigorous
virtual follow-up (electronic medical records and phone calls)
after hospital discharge, with consecutive analyses and adjustment
of lipid-lowering therapy. This strategy has shown effective
control of low-density lipoprotein cholesterol following an acute
coronary syndrome.

These TM strategies for managing lipid levels have been
included in prevention programs together with the treatment of
other risk factors such as hypertension, with proven success.*’

Digital tools for diabetes
Digital devices for glucose measurement

Well-established invasive or direct devices for continuous
glucose measurement are currently in use for type 1 and type
2 diabetes.®

There are now ongoing efforts to develop noninvasive methods
for glucose assessment®! that will likely become available to
consumers in the same way as devices for arrhythmia detection.>?
Hence, it is important to be well-informed about these technolo-
gies to assess their future use and determine the appropriate
indications.

Digital tools for managing diabetes

Digital tools in the form of applications have been proven to
enhance diabetes control in several ways,>® particularly by
influencing lifestyle.>* The benefits seem to be more evident in
younger patients and in systems that provide feedback with health
care personnel.

Digital tools to address smoking

Itis essential to address smoking in cardiovascular conditions,>®
and telemedicine has proven to be of considerable value in the
setting of respiratory diseases.’® There is evidence that telemedi-
cine-based strategies using messaging can help individuals stop
smoking.”’

Digital tools to promote adherence

Treatment adherence is vital in the management of cardiovas-
cular diseases.”® Strategies such as polypill drug combinations®®
have been used for this purpose, but there may also be a role for
telemedicine-based approaches.

Several reports have described strategies to improve adherence
using methods that range from messaging, which has proven
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unsuccessful,®° to approaches that integrate various tools, which
have shown some success.5!

Authors’ considerations

At this time, we do not recommend cuffless devices for blood
pressure monitoring. Instead, we suggest TM with automatic
transmission of blood pressure values, particularly systems based
on applications and integration with clinical records. To improve
lipid control, we suggest implementing strategies and algorithms
in the clinical records that can trigger alerts, such as phone calls or
messaging reminders. We do not recommend noninvasive devices
for glucose monitoring; when accurate monitoring is required,
invasive devices should be used. To enhance diabetes control,
smoking cessation, and treatment adherence, we suggest using
application-based systems, validated by clinical studies. We do not
recommend strategies that rely solely on messaging to improve
adherence.

FUTURE CHALLENGES

Future challenges that should be addressed in telemedicine for
cardiovascular diseases include:

e Ensuring that patients have universal access to the necessary
technology and knowledge of its use.

e Establishing privacy and data security measures to protect this
information.

e Promoting a multidisciplinary approach (nursing, primary care,
etc.) with seamless integration and interaction with the medical
history.

o Generating additional evidence that assesses the quality of care,
clinical outcomes, and patient satisfaction.

e Providing adequate training to both patients and professionals in
telemedicine use, and imparting knowledge of its benefits and
limitations.

o Integrating telemedicine with artificial intelligence and big data,
which will enable more personalized medical care, timely
detection, support for clinical decision-making, and remote
patient monitoring.
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