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Abstract

Remote monitoring (RM) is increasingly being integrated in the management of patients
with heart failure (HF) with cardiac implantable electronic devices (CIEDs). The aims
were to identify benefits and challenges of RM and to assess the contribution of
pulmonary fluid status RM in patients with HF.

A literature review was conducted using PubMed® and applying the search terms ‘heart
failure’” AND ‘digital health” AND ‘remote monitoring’ to identify benefits and challenges
of RM in HF patients. Inclusion criteria were peer-reviewed articles, available as free full
text, in English and published between 2012 and 2021. A cohort study was conducted at
the Department of Cardiology of Mater Dei Hospital, including all patients (January 2015-
December 2021) diagnosed with HF and with a CIED incorporating a pulmonary fluid
status monitoring feature (OptiVol™ 2.0) which tracks intrathoracic impedance changes
over time and has the possibility of being monitored remotely. A data collection sheet
was developed and validated by an expert panel. Outcomes were assessed over one-
year post-CIED implantation using hospital records.

From 54 articles screened in the literature review, 25 eligible articles were appraised.
Benefits of RM included improved patient health status (n=11), new opportunities to
identify and manage risk factors (n=5) and feasibility (n=3). Challenges included cost
issues (n=1), data privacy concerns (n=1), maintenance of system efficiency and data
quality (n=1). From the cohort of 45 patients assessed (35 male, 20 aged between 71
and 80 years, mean left ventricular ejection fraction 29%, 23 classified as New York Heart
Association Class Il), 21 patients had RM switched on. Alerts were recorded in 19 of these

patients, which led to no action deemed necessary (n=12) or action taken (n=7) by the



cardiologist. Actions taken were increase in diuretic dose (n=5), hospital admission (n=3),
limiting fluid intake (n=1) and/or increase in dose of disease-modifying drug (n=1).

The literature review showed that benefits of RM in patients with HF outweigh the
challenges. In practice, pulmonary fluid status RM identified patients who required
therapy optimisation in the outpatient setting or hospital admission. More than 50% of
the patients opted to have RM switched off, indicating a need for more patient

awareness on the benefits of RM.
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Chapter 1 Introduction



1.1 Development of digital health in healthcare

Digitalisation in healthcare has progressed rapidly in recent years and is revolutionising
healthcare systems (Whitelaw et al., 2021; Cuff, 2023).! Digital health involves the effective
and efficient use of information technology (IT) systems for patient care, research, training of
healthcare personnel, and disease and public health monitoring (Madhavan et al., 2021).
Digital health may be regarded as a broad-spectrum term which encompasses the use of
wearable devices, mobile applications, electronic health records, telehealth and telemedicine,
which allow for the diagnosis and management of health conditions using artificial intelligence
(Al), machine learning and remote monitoring (RM) (Abernethy et al., 2022). Although
adopting innovation may be challenging, history has shown that it is essential for technological
progress to occur in the medical and healthcare fields (Bond and Peace, 2021). As stated by
the World Health Organization Director-General in a report published in 2019, “the creative
use of digital health has the potential to close the gap of health access inequities, by improving

medical outreach to patients and strengthening health systems”.?

The variety, amount, speed, veracity, and importance of data has increased significantly over
the years, and IT-based methods of practicing health care are creating a platform of data
storage transformation and retrieval worldwide (Banerjee, 2017). Digital advancement is a

vital tool for the modernisation of current healthcare systems and to improve overall patient

1 International Pharmaceutical Federation (FIP). Digital Health in pharmacy education: Global showcase of
initiatives from pharmacy schools [Internet]. FIP; 2021 [cited 2024 Jul 1]. Available from:
https://www.facebook.com/FIPpharmacists

2 World Health Organization (WHO). WHO releases first guideline on digital health interventions [Internet].
Who.int. World Health Organization: WHO; 2019 [cited 2024 Jul 1]. Available from:
https://www.who.int/news/item/17-04-2019-who-releases-first-guideline-on-digital-health-interventions


https://www.facebook.com/FIPpharmacists
https://www.who.int/news/item/17-04-2019-who-releases-first-guideline-on-digital-health-interventions

health, which further empowers patients and healthcare providers to be more involved in

patients’ progress and to achieve higher standards of care (Zwack et al., 2023).

In the era of the COVID-19 pandemic, the increased need and growth in value of digital
services in healthcare demonstrated how healthcare can be optimised with the help of digital
technology, and this experience could be imparted to future generations of practitioners
(Mahajan et al., 2020). The transition to digital platforms which was beneficial during the
COVID-19 pandemic (Antoniades et al., 2021) is advantageous today for busy working people,
reducing issues related to traffic to and from hospital, parking and time spent waiting to
receive an appointment with a specialist (Kumar et al., 2013), while allowing for earlier
detection of conditions.3 Digital Health allows for better communication between healthcare

professionals and patients (Frederix et al., 2019).

1.2 Digital technologies for remote monitoring

The development of wearable devices has gained popularity over the past years (Schyvens et
al., 2024). Smartwatches, bands, heart rate devices, and smart rings are examples of monitors
which may be used in the management of chronic conditions. These non-invasive sensors lead
to efficient and relatively low-cost remote monitoring of patient parameters such as blood

pressure, heart rate, oxygen saturation and body temperature (Lu et al., 2024).

3 Prescher S, Koehler J, Koehler F. e-Health in cardiology: remote patient management of heart failure patients.
Escardio.org [Internet]. 2020 [cited 2024 Jul 1];18(26). Available from: https://www.escardio.org/Journals/E-
Journal-of-Cardiology-Practice/Volume-18/e-health-in-cardiology-remote-patient-management-of-heart-
failure-patients


https://www.escardio.org/Journals/E-Journal-of-Cardiology-Practice/Volume-18/e-health-in-cardiology-remote-patient-management-of-heart-failure-patients
https://www.escardio.org/Journals/E-Journal-of-Cardiology-Practice/Volume-18/e-health-in-cardiology-remote-patient-management-of-heart-failure-patients
https://www.escardio.org/Journals/E-Journal-of-Cardiology-Practice/Volume-18/e-health-in-cardiology-remote-patient-management-of-heart-failure-patients

As the most common means of communication, smartphones are the way forward for remote
monitoring (Boulos et al, 2011). This is particularly important due to the global ageing
population which poses a greater financial burden on healthcare systems due to increased risk
of developing chronic conditions (Majumder et al, 2017). Real time data may be accessed by
both the patient and clinician, and is particularly useful during medical appointments upon
making a new diagnosis or when monitoring progression of the condition (Callum et al., 2021).
These devices may encourage patient empowerment, whereby patients are more
knowledgeable about their conditions and treatments, and are able to make more informed

decisions and take a greater interest in their health (Andersen and Carlsen, 2024).

Mobile applications have become widely available for installation on smartphones. They are
mostly free of charge or relatively cheap, easy to carry around and simple to use (Del Toro et
al., 2023). They offer easy to follow, guided instructions on how to use the applications which
facilitate their use even by patients who may be less technologically literate. Using mobile
applications, patients can record and track their symptoms, as well as enhance medication
adherence through the use of reminders and alarms for the management of chronic
conditions (Pratiwi et al., 2023). These applications can further educate patients by explaining
more about their condition and highlighting symptoms they should look out for and inform
their clinician about. Such personalised care is an educational resource which provides
relevant feedback regarding the patient’s progress. Logged data may be easily displayed by
the automatic generation of graphs and charts to display the patient’s history and current
status, allowing for easy analysis. A useful feature is the ability to share data from these
applications with the healthcare provider to access real-time information allowing for swift

interventions to occur (Jat and Morten Grgnli., 2023).



1.3 Digital health in the cardiology specialty

Prevention is the most economically efficient intervention in cardiology (Saner and Van der
Velde, 2016), and carries the greatest potential to reduce the financial burden of
cardiovascular disease (CVD). CVD is a leading cause of mortality and morbidity globally (Jiang
et al., 2019; Ogungbe et al., 2024) and is a major cause of reduced quality of life (Whitelaw et
al., 2021). The outcomes of telehealth and digital health may contribute to different aspects
of care in cardiology (Vervoort et al., 2020), including primary prevention along with acute

care management of conditions and rehabilitation (Wade and Stocks, 2017).

According to results from the European Society of Cardiology (ESC) Atlas project, application
of Digital Health could play a very important role in primary prevention, whereby solutions
including online counselling by telemonitoring, telemedicine and telecardiology through
mobile applications and instant messaging services, as well as monitors for self-tracking, can
improve overall patient health and wellbeing (Timmis et al., 2017). Digital Health is currently
being used to treat and follow up complex clinical syndromes and conditions such as heart
failure (HF) (Kitsiou et al, 2021; Kwon et al., 2021). Digital Health is being used to prevent
cardiac decompensation in ischaemic heart disease (Ibanez et al, 2017), to monitor automated
electrocardiogram analysis to detect coronary occlusion (De Jaegere, 2021), and to monitor
hypertension (Parati et al, 2019). Digital Health is proving to be useful in assuring adherence
to essential medications (Campbell et al, 2021). Digital health technology is seen as an
attractive powerful tool, especially amongst more IT literate patients, to increase awareness

and empowerment in cardiovascular health management due to the rising popularity of



owning smartphones and wearables, which in turn has led to more investment within this

sector (Johnson et al., 2023).

Although the use of digital health in cardiology is still in its initial stages and is relatively slow-
moving (Solberg, 2019; Martin, 2024), the notion of transforming cardiology onto a digitally
driven platform through the convergence of science and technology is a promising one
constituting very fertile ground for innovation (Ladejobi et al., 2020). The importance of home
telemonitoring in HF in helping to maintain quality of care, facilitating rapid access to care
when needed, reducing patient travel costs, and minimising frequency of clinic visits, is also
emphasised in the 2021 European Society of Cardiology guidelines for the diagnosis and

treatment of acute and chronic heart failure (McDonagh et al., 2021).

1.4 Applications of Digital Health in different countries

Over the past few years, medical call centres for use by patients have been set up in countries
such as in the United States of America (USA), Australia and China. Most of these centres use
non-invasive devices, such as blood pressure and pulse monitors. These devices are
particularly effective when offering a ‘round-the-clock’ assistance and detection service,

including during weekends and public holidays (Brahmbhatt and Cowie, 2019).

A study carried out in Australia introduced a telehealth cardiology pharmacist-led clinic. The
study demonstrated that a cardiology pharmacist consultation carried out prior to
consultation with the cardiologist significantly reduced the time spent by the cardiologist
gathering medical information, decreased medication uncertainty, and provided the

cardiologist with greater confidence in making treatment decisions. Patients who participated



in the study and met with the pharmacists first, were more likely to attend their cardiologist

consultation, lowering the rate of ‘no show’ missed appointments (Livori et al., 2021).

Artificial Intelligence (Al) is being incorporated in the digitalisation of cardiology healthcare
(Ladejobi et al., 2020). One example is the development of an Al nurse launched in China in
April 2020 (Robert, 2019). This technology served as a patient needs-led digital platform,
supporting patients and healthcare workers in the management of HF in accordance with the
‘Healthy China 2030’ plan which has been implemented with the objective of improving health

priorities, science, and technological innovations. 4

A similar Al-based system introduced by the Japanese government was found to be capable
of predicting one-year mortality for hospitalised patients suffering from HF (Tohyama et al.,
2020). This Al-based system included a financial incentive mechanism which greatly
encouraged healthcare professionals to use this platform. The outcome was that results
collected did not require any further quantitative laboratory or physiological data, or any other
additional information (Tohyama et al., 2020). This permits the evolution of cardiovascular
medicine (Antoniades et al., 2021), promoting patient self-monitoring to the digitally engaged

patient (Lupton, 2013), and increasing patient-centricity (Bhavani et al., 2016).

Another study carried out in rural areas in Italy on a sample of 200 people demonstrated that
a high proportion (86%) of people expressed an interest in using telehealth and digital

technologies for everyday health issues. While this survey indicated a favourable response for

4 Healthy China 2030 (from vision to action). World Health Organization [Internet]. 2023 [cited 2024 Jul 1];
Available from: https://www.who.int/teams/health-promotion/enhanced-wellbeing/ninth-global-
conference/healthy-china



the use of telemedicine, it indicated that patient education and awareness on the matter is

still limited (Dossi et al., 2020).

Many Digital Health companies in the USA have partnered with technological companies to
introduce platforms to the health care delivery market. However, a number of barriers have
hindered the smooth implementation of such systems. Barriers include clinicians’ concern of
increased workload, lack of a payment model, high demand for data which requires
continuous physiological monitoring, and difficulty in determining which digital technologies
to use.” Possibly as a result of these barriers, according to the American College of Cardiology
(ACC), healthcare delivery to improve efficiency in the prevention of certain undesired health
outcomes has not advanced in the same way as ‘high tech’” medicine that is currently being

used in cardiovascular disorders (Sharma et al., 2018).

1.5 Remote monitoring for fluid status in heart failure patients

Remote monitoring (RM) offers an opportunity for enhancing healthcare (Meehan., 2024). RM
is an aspect of digital health in cardiology which is increasingly being integrated in clinical
practice in managing HF patients with cardiac implantable electronic devices (CIEDs)
(Vandenberk and Raj, 2023). RM has the potential for identification of patients at risk of
worsening HF and for efficient optimisation of therapy (Rosman et al., 2021). Patients with

CIEDs need regular follow-up and RPM enables management of HF symptoms and provides

5 Roadmap For the Digital Transformation of Health Care: Lead, Facilitate and Partner - American College of
Cardiology [Internet]. American College of Cardiology. 2019 |[cited 2024 Jul 3]. Available from:
https://www.acc.org/latest-in-cardiology/articles/2019/11/02/24/42/roadmap-for-the-digital-transformation-
of-health-care-lead-facilitate-and-partner


https://www.acc.org/latest-in-cardiology/articles/2019/11/02/24/42/roadmap-for-the-digital-transformation-of-health-care-lead-facilitate-and-partner
https://www.acc.org/latest-in-cardiology/articles/2019/11/02/24/42/roadmap-for-the-digital-transformation-of-health-care-lead-facilitate-and-partner

an opportunity to facilitate such follow-up (Catalan Matamoros et al., 2022; Silvetti et al.,
2022).

Through the use of CIEDs with RM, a continuous flow of information can be provided to
clinicians, and clinically relevant outcomes may be identified pre-emptively to allow timely

action to be taken for the benefit of patients (Cowie and Lam., 2021).

One aspect of RM in heart failure patients involves monitoring of intrathoracicimpedance and
fluid status. The OptiVol™ 2.0 fluid status monitoring feature in CIEDs can track intrathoracic
impedance changes over time by means of electrical impulses to help in the assessment of
congestion in heart failure patients by means of graphs and alerts (Yu et al., 2005; Yamokoski
et al., 2007; Yang et al., 2013; Wintrich et al., 2021). However, conflicting results have been
reported regarding its use. Data shows that changes in intrathoracic impedance and fluid
increase in the thoracic cavity or lungs are inversely correlated (Yu et al., 2005). If the daily
impedance (average of each day’s multiple impedance measurements) falls below the
relevant reference range (the average impedance calculated per patient), this may indicate
that there is fluid accumulation in the thoracic cavity (inversely proportional). The clinician is
able therefore to understand on a more accurate and precise level how the patient’s fluid
status reacts to changes in medications, new clinical events, and the overall status of patient’s

health.®

A study reported by the American Heart Association investigated the impact of RM based on

measuring intrathoracic impedance using the OptiVol™ fluid status monitoring device.

6 OptiVol Fluid Status Trend Feature. Medtronic Academy [Internet] 2024 [Cited 2024 Jul 9]. Available from:
https://www.medtronicacademy.com/features/optivol-fluid-status-trend-
feature#:~:text=The%200ptiVol™%20fluid%20trend,outcomes,%20and%20overall%20patient%20status.



Reactions to alerts were analysed to note if there was an improvement in patients with heart
failure and CIEDs. Results of this study noted that appropriate timely reactions to RM alerts

gave rise to significantly improved outcomes in HF patients (Wintrich et al., 2021).

1.6 Local relevance and study rationale

In Malta, comparable to global trends, an ageing population is noted. This factor, coupled with
a high tendency for obesity, poses a higher risk for development of CVDs, which constituted
the single largest cause of death in the Maltese community in 2022.7 From slightly over 2,600
patients in 2017, over 4,300 patients were being treated at the HF clinic of Mater Dei Hospital
in 2023.8 Despite the significant improvement in prognosis for many HF patients due to
increased availability of drugs, enhanced surgical techniques and specialised pacemakers,
effective HF care and improved quality of life depends greatly on early detection, quick
medication initiation and timely referral to specialists. The use of digital technology such as
RM may help towards early detection and reduce the impact of CVDs identifying patients at
higher risk of mortality and facilitating monitoring (Ahmed et al., 2022). It was deemed
relevant to understand to what extent this opportunity is being availed of within the Maltese
health sector, to analyse the factors which may hinder use of such technology and to discuss

how challenges may be overcome.

7 Cardiovascular disease was Malta’s leading cause of death in 2022. [internet] 2024. [Cited 2024 Jul 17].
Available from:
https://www.maltatoday.com.mt/news/national/127818/cardiovascular_disease_was_maltas_leading_cause_
of_death_in_2022#:~:text=0ld%200r%20older-
,Cardiovascular%20disease%20was%20Malta's%20leading%20cause%200f%20death%20in%202022,1%2C080
%200f%20the%20total%20victims.

8 New cardiology consultants soon to be appointed as patients boom. [Internet] 2024. [Cited 2024 Sept 2].
Available  from:  https://timesofmalta.come/article/new-cardiology-consultants-soon-to-be-appointed-as-
patients-boom.

10



1.7 Aims of the Study
The aims of the research were to:
1) Identify benefits and challenges of RM in heart failure

2) Assess the effect of fluid status RM in heart failure patients with CIEDs.

11



Chapter 2 Methodology
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2.1 Study Design

The research design was divided into two phases. In phase 1, a literature review was
conducted to understand the potential of RM in the management of HF, including studies that
have already been carried out using OptiVol™2.0. This was followed by a cohort study in phase
2 which involved development and validation of a data collection sheet, ethics approval,
patient identification according to inclusion criteria and data collection with data provided
from hospital records by an identified intermediary. Patient follow up for specified outcomes

was carried out over a one-year period at specified intervals from the date of CIED

implantation using data from hospital records, followed by data analysis (Figure 2.1).

4 A
Literature Review
. J
4 ™
Development and Validation of
Data Collection sheet
for cohort study
\_ J
/ ™
Patient Identification
\_ J

Figure 2.1: Methodology Overview

4 N
Data analysis
. J
4 N\
Patient follow up for outcomes
. J
4 N\
Data Collection
. J




2.2 Ethics Approval
Ethics approval was obtained from the University of Malta Faculty of Medicine and Surgery

Research Ethics Committee (MED-2022-00128) (Appendix 1).

2.3 Literature Review

Appraisal of relevant literature was carried out to identify the benefits and challenges of digital
health and RM in HF. This was undertaken using the online research database PubMed® with
the following search terms and Boolean operator: ‘heart failure’ AND ‘digital health” AND
‘remote monitoring’. Inclusion criteria were peer-reviewed articles, available as free full text,
published between the years 2012 and 2021, and available in the English language. The results
were filtered accordingly, using the ‘Preferred Reporting Items for Systematic Reviews and
Meta-Analysis’ (PRISMA) guidelines as a reporting tool, and a PRISMA flow diagram was
formulated. Microsoft® Office Excel® was used to categorise publications according to date,

type, impact factor and country of publication.

2.4 Cohort Study
A cohort study was carried out to assess outcomes of pulmonary fluid status RM with the
OptiVol™ 2.0 device in heart failure patients with CIEDs. The cohort study was conducted at

the Department of Cardiology at Mater Dei Hospital (MDH).

14



2.4.1 Development and Validation of Data Collection Sheet

A data collection sheet (Appendix 2) was developed and validated for content,

comprehensiveness and presentation by an expert panel consisting of 3 cardiologists, 2

pharmacists and 1 ECG technician. The data collection sheet included 7 sections covering

patient details, risk factors and comorbidities, HF medications at CIED implantation, relevant

investigations, outcomes, changes in medications during the follow-up periods, and a final

section for patients who had RM switched on (Table 2.1).

Table 2.1: Sections of developed Data Collection Sheet

Section Title Content
1 Patient Gender, Age at CIED implantation, Date of CIED implantation,
Details NYHA Classification, Type of CIED, whether patient has RM
2 Risk Factors | Cardiovascular, respiratory, metabolic, endocrine, smoking
and status, alcohol consumption and other relevant risk factors and
Comorbidities | comorbidities
3 HF
Medications | Drug Class
at CIED
Implantation
4 Relevant LVEF, NT-proBNP, Blood Pressure, Heart rate, Potassium, eGFR,
investigations | Sodium Creatinine, Urea, Haemoglobin, LDL Cholesterol,
Weight, Height, BMI
5 Outcomes Outcomes at each follow up:1-4 weeks, 3 months, 6 months,
12 months
6 Changes in
Medications | Drug Class
during follow-
up
7 Patients with | Number of alerts, date or alert, false alarm, Action taken, Close
RM switched | monitoring at HF clinic, Change in treatment, Admission to
ON hospital.
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2.4.2 Patient Recruitment and Data Collection

Inclusion criteria for patient recruitment were a diagnosis of HF and having an implantable
cardioverter device (ICD) or cardiac resynchronisation therapy defibrillator (CRT-D) device
incorporating the pulmonary fluid status monitoring feature (OptiVol™ 2.0), which can be
monitored remotely by the heart failure clinic at MDH. All patients meeting the
abovementioned inclusion criteria in the period between 2015 and 2021 were identified by
an intermediary using information from the Cardiovascular Information Management System
(CVIS) and iSOFT at the Department of Cardiology, MDH. A total of 45 patients were identified
and were included in the study. There was no contact with patients at any point during the

study.

2.4.3 Patient Follow Up

Patients were followed up at intervals of 1-4 weeks, 3 months, 6 months, and 12 months post-
CIED implantation for outcomes, including timely therapy optimisation, patient status,
hospital admission and mortality. Any alerts were recorded for those patients with RM

switched on, and any action taken following alerts were noted.

2.4.4 Data Analysis

All data collected was analysed using Microsoft® Office Excel® for Mac version 16.77.

2.5 Dissemination of findings
An abstract was accepted for poster presentation at the 82" FIP World Congress of Pharmacy
and Pharmaceutical Sciences 2024, Cape Town, South Africa in September 2024.

(See list of Publications and Abstracts)
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Chapter 3 Results
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3.1 Findings from the Literature Review

In the initial search, a total of 54 records were retrieved and screened. There were no

duplicate publications. Upon applying the inclusion criteria, 14 publications were not available

as full text, 14 were outside the specified date range and 1 article was excluded since it was

not related to digital health and remote monitoring. A total of 25 records were included in the

literature review (Figure 3.1).

[ Identification of studies via databases and registers

Records removed before screening:

No duplicate records removed

Records excluded
Non free full text
(n=14)

Reports not retrieved
Not in the last 10 years
(n=14)

Reports excluded:

Study unrelated to digital health and remote
monitoring (n = 1)

~
o
- Records identified from:
1,9-: PubMed® (N = 54)
-
-
—
s
Records screened
(N =54)
Reports sought for retrieval
(=) (n =40)
£
=
)
: '
7]
(7]
Reports assessed for eligibility
(n =26)
—
°
‘§ Studies included in review
E (n = 25)

Figure 3.1: PRISMA flow diagram
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The 25 records included in the review were categorised according to year of publication. An
increase in records was seen with most articles published in 2020 (n=9) and 2021 (n=8) (Figure

3.2).
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Figure 3.2: Number of publications according to year (N=25)

The publications were mostly review articles (n=12) (Figure 3.3).

= Original Research Article = Review Article = Clinical Trial

Figure 3.3: Types of Publications (N=25)
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The publications were classified according to country of publication. The highest number of
publications originated from the United Kingdom (n=7), followed by the United States of

America (n=6) and Canada (n=6) (Figure 3.4).

7
6 6
5
4
3
2
1 1
1

England United States Canada Switzerland South Korea Germany

Number of Publicarions
H

Country of Publication

Figure 3.4: Number of publications according to the country of publication (N=25)

The impact factor for each journal was reviewed and tabulated from highest to lowest (Table
3.1). Impact factor ranged from 0.27 (Journal of Community Hospital Internal Medicine

Perspectives) to 49.42 (Nature Reviews Cardiology).
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Table 3.1: Journal Impact Factor of articles appraised (N=25)

Journal Name Impact Factor, Number References
Year of articles

Nature Reviews Cardiology 49.42 2021 1 Cowie & Lam, 2021

Journal of the American College | 24.09 2020 1 Krishnaswami et al, 2020

of Cardiology

American College of Chest | 10.26 2021 1 Mackinnon & Brittain,

Physicians 2020

European Journal of Heart 7.91 2021 2 Koehler et al, 2018;

Failure Mullens et al, 2020

Journal of Medical Internet 7.08 2021 1 Ding et al, 2020

Research

Digital Biomarkers 6.90 2021 1 Kramer et al, 2020

International Journal of Heart 5.71 2022 1 Bhatia & Maddox, 2020

Failure

Telemedicine and E-Health 5.03 2021 1 Evans et al, 2016

Journal of Medical Internet 4.95 2022 1 Zan et al, 2015

Research for Mobile health and

Ubiquitous health.

Journal of Medical Internet 4,51 2021 1 Lefler et al, 2018

Research for Aging

European Heart Journal 4.42 2022 1 Di Lenarda et al, 2017

Supplements

Sensors 3.58 2020 2 Duncker et al, 2021;
Bleda et al, 2019

The British Journal of Cardiology 3.49 2021 1 Sze, 2020

Journal of Medical Internet 3.23 2022 1 Park et al, 2019

Research for Medical

Informatics

Healthcare 3.16 2021 1 Sagaro et al, 2021

Yearbook of Medical Informatics 2.96 2022 1 Indraratna et al, 2021

Cardiac Failure Review 2.50 2022 1 Singhal & Cowie, 2021

Cardiovascular Digital Health 2.00 2021 1 Toscos et al, 2020

Journal

Current Treatment Options in 1.87 2022 1 Farwati et al, 2021

Cardiovascular Medicine

Journal of Medical Internet 1.85 2021 2 Herkert et al, 2020;

Research for Research Protocols Ho et al, 2016

Health Informatics Journal 1.83 2017 1 Gjeka et al, 2021

Journal for Community Hospital 0.27 2019 1 Sattar et al, 2021

Internal Medicine Perspectives

Of the 25 publications reviewed, all reported on the benefits/outcomes of digital health and

remote monitoring in patients with heart failure. The most common outcome was improving

the overall patient health (n=11) (Table 3.2).
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Table 3.2: Benefits of digital health and remote monitoring in patients with heart failure

(N=25)
Outcome Number of Articles References
Improve patient health 11 Mackinnon & Brittain, 2020;
Krishnaswami et al, 2020;
Farwati, Riaz & Tang 2021, Park
et al, 2019; Gjeka, Patel, Reddy
& Zatsche, 2021; Mullens, et
al, 2020; Di Lenarda et al,
2017; Sattar et al, 2021, Di
Lenarda et al, 2017, Ho et al,
2016, Herkert et al, 2020
New opportunities for 5 Duncker et al, 2021, Koehler et
identification and al, 2018; Bleda et al, 2019,
management of risk factors Farwati, Riaz & Tang, 2021,
Kramer et al, 2020
Feasibility 3 Lefler et al, 2018; Zan et al,
2015, Gjeka, Patel, Reddy &
Zatsche, 2021
High level of patient 2 Ding et al, 2020; Foreman et al,
weight monitoring 2021
Older adults able to reside 1 Evans et al, 2016
longer in their own homes
Ease of collecting data 1 Cowie & Lam, 2021
remotely
Use of remote monitoring 1 Sagaro, Canio, Talevi &
onboard ships Amenta, 2021
Patient empowerment 1 Toscos et al, 2020

Four publications reported on challenges in the implementation of digital health and remote

monitoring in patients with heart failure (Table 3.3).

Table 3.3: Challenges of digital health and remote monitoring in patients with heart failure

(n=4)
Challenges Number of Articles References
Cost issues 1 Singhal & Cowie, 2021
Data privacy concerns 1 Cowie & Lam, 2021
Achievement of effective care 1 Duncker et al, 2021
outcomes
Maintenance of system 1 Sze, 2020

efficiency and data quality

22



3.2 Findings from the Cohort Study
Patient characteristics, comorbidities, HF pharmacotherapy, investigations, outcomes during

patient follow-up, RM alerts recorded and actions taken are reported in this section.

3.2.1 Patient Characteristics
From the cohort of 45 patients assessed, 35 were male and 10 were female. Patients were
classified according to age, with most patients aged between 71 and 80 years (n=20) and 61

and 70 years (n=15) (Table 3.4).

Table 3.4: Age at CIED implantation (N=45)

Age Range in years Number of Patients
41-50 2
51-60 6
61-70 15
71-80 20
>80 2

From the 45 patients assessed, 22 were classified as Class | and 23 patients as Class Il according
to the New York Heart Association (NYHA) classifications system.

The most common type of CIED was a cardiac resynchronisation therapy device (CRTD) (n=20),
followed by an implantable cardioverter defibrillator (ICD) device (n=19). Most implantations

took place in 2018 (n=12), 2021 (n=12) and 2015 (n=8).

3.2.2 Comorbidities and Risk Factors
The most common comorbidities were hypertension (n=37), hyperlipidaemia (n=23), diabetes

mellitus (n=22) and coronary artery disease (n=18) (Table 3.5).
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Table 3.5: Comorbidities and Risk Factors (N=45)

Comorbidity Number of Patients
Hypertension 37
Hyperlipidaemia 23
Diabetes 22
Coronary Artery Disease 18
Atrial Fibrillation 10
COPD 7
Liver Disease 2
Previous Ml 2
Previous TIA 2
Hypothyroidism 2
Anaemia 1
Hyperthyroidism 1
Previous Stroke 0

Previous Revascularisation

11 (9 CABG, 2 PCl)

Regular Alcohol Consumption

13

Not reported n=8

Smoker

7 (Current)

18 (Never)

15 (Past)

5 (Not
reported)
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3.2.3 Relevant Medications at CIED Implantation

The most common drug classes prescribed were beta-blockers (n=39) and statins (n=34) (Table

3.6).

Table 3.6: Relevant Medications at CIED Implantation (N=45)

Medication Number of Patients
Beta-Blocker 39
Statin 34
Antiplatelet 31
Loop Diuretic 25
ACEi 24
Mineralocorticoid Receptor Antagonist (spironolactone) 22
ARB 6
Ivabradine 6
ARNI (sacubitril/valsartan) 3
Empagliflozin 3
Digoxin 1
Other 38

From the 45 patients assessed, 38 were taking other medications. The most common ‘other’

medications were metformin (n=18) and omeprazole (n=14).
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3.2.4 Investigations

Relevant parameters taken close to the date of CIED implantation are presented as minimum,

maximum and mean results (Table 3.7).

Table 3.7: Analysis of investigations (N=45)

Parameter Minimum Maximum Mean
LVEF 10% 47% 29.17%
Blood Pressure mmHg
Systolic 80 180 126.84
Diastolic 55 80 71.87
Heart rate 55 95 70.26
Serum Creatinine 57 465 108.42
LDL cholesterol 1.26 5.1 2.13
NTproBNP 106 8993 1611.22
Potassium 1.12 5.96 4.5
eGFR 8.0 134 69.60
Haemoglobin
Males 6.1 17.4 13.68
Females 7.6 13.5 11.17
Weight 54.8 131 83.27
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3.2.5 Outcomes during patient follow-up

A change in medication such as changing drug or dose was noted for 30 patients throughout

the follow-up period. Outcomes for all patients were tabulated at each follow-up period, with

the most common symptoms being shortness of breath (n=15), lower limb oedema (n=11)

and fatigue (n=11) (Table 3.8). Lifestyle modifications such as increasing daily exercise and

limiting fluid intake were documented for 6 patients.

Table 3.8: Outcomes (N=45)

Number of Patients

Outcomes 1-4 3 6 1 Total
weeks | months | months | year
Shortness of Breath 8 2 1 6 15
Lower Limb Oedema with weight gain 3 3 8 5 11
Fatigue 7 2 1 2 11
Hospital admission - Non-Cardiac 2 5 5 4 10
Hospital admission - Cardiac 2 2 1 4 8
Chest Pain 4 1 1 2 8
Palpitations 1 2 0 1 4
Syncope 1 2 2 0 4
Mortality 0 0
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3.2.6 Alerts for Patients with RM

From the 45 patients assessed, 21 patients had the RM feature switched on. Alerts were
recorded in 19 of these patients, which led to no action being deemed necessary by the
cardiologist in 12 cases. Action was taken by the cardiologist in 7 cases. The main actions taken

were to increase diuretic dose (n=5) and hospital admission (n=3) (Table 3.9).

Table 3.9: Alerts due to RM and action taken

Alerts (n=19) led to: Number of Patients
No action deemed necessary by cardiologist 12
Action needed — Close monitoring at HF clinic 7
Close monitoring (n=7) led to: Number of Patients
Increase in diuretic dose 5
Hospital admission 3
Increase in dose of disease modifying drug 1
Limit in fluid intake 1

28



Chapter 4 Discussion
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4.1 Reflections on research findings

Positive outcomes and challenges identified in the research conducted are reflected upon and

discussed in this chapter.

4.1.1 Points in favour of remote monitoring in patients with heart failure

The literature review showed that the benefits of remote monitoring (RM) in patients with
heart failure outweigh the challenges. Improvement in patient health with RM was reported,
achieving a positive effect on care outcomes due to better overall patient management.
Remote patient monitoring systems and digital health platforms have been shown to be an
asset in the hospital setting by improving patient monitoring and safety as well as alleviating
staff workload. Furthermore, advantages included significant time savings on routine tasks

and high satisfaction levels reported by both patients and staff (Pavithra et al., 2024).

In practice, the analysis of pulmonary fluid status RM in the cohort study led to the
identification of patients requiring closer outpatient monitoring, pharmacological and non-
pharmacological therapy optimisation and hospital admission. The small sample size studied,
despite screening a six-year period, limited the extent of research that could be conducted
and the conclusions that could be drawn. For instance, it could not be established whether
RM led to a lower incidence of morbidity and mortality when compared to patients not
availing themselves of the RM facility. Nevertheless, the research showed cases where
medical interventions occurred in a timely manner as a result of RM, and which may have not
been identified and managed in a timely way if constant monitoring was not in place. These
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results are comparable to a study carried out in 2013, whereby Optivol™ Fluid Index predicted
worsening of heart failure with high sensitivity (Yang et al., 2013). The MOMOTARO study on
the effectiveness of RM concluded that intrathoracic impedance decrease detected with

OptiVol® alerts was indicative of HF deterioration (Nishii et al., 2015).

Apart from its ability to ensure more timely intervention in higher risk cases, RM offers a
practical solution by reducing the frequency of physical visits to one’s physician or to hospital
for routine monitoring overcoming limitations caused by distance and/or the availability of
transport (Claggett et al., 2024). However, this aspect was not assessed in the present study.
Digital health and remote patient monitoring platforms can help in the reduction of day-to-
day challenges related to waiting in traffic to and from hospital, parking issues and time spent
waiting to receive an appointment, allowing for earlier detection of conditions, improving
efficiency of patient monitoring, and easing communication between healthcare professionals
and patients (Frederix et al., 2019). This observation is pertinent locally due to the increasing
number of patients with CVD. Moreover, despite Malta’s small size and short distance to

hospital, the high degree of traffic congestion limits efficiency to attend hospital visits.
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4.1.2 Challenges and facilitators of remote monitoring and digital health

There have been evidence-based medical and pharmacological advancements in the
management of heart failure (HF), however, such management remains challenging,
particularly in the ambulatory setting (Theuns et al., 2021). Telemonitoring in HF aims to
predict and prevent worsening of HF, improve self-care through implementation of RPM and

overall patient survival (Planinc et al., 2020).

The literature review identified challenges that hinder the more widespread use of RM namely
achievement of effective care outcomes and health care professional perception, cost
considerations, data privacy concerns and the maintenance of system efficiency and data

guality, as well as patient considerations.

An impediment to the more widespread use of RM is that certain medical practitioners may
harbour doubts about the general efficacy of RM or on its suitability in certain circumstances.
The Optilink HF study reported by the American Heart Association (Wintrich et al., 2021)
investigated the impact of RM based on measuring intrathoracic impedance using the fluid
status monitoring device OptiVol™. The study showed that after 20% of alerts given off,
patients were not appropriately contacted and only 34% of the alerts resulted in medical
intervention by the physician. It was concluded that the OptiVol™ device and RM did not
directly improve clinical outcomes in heart failure patients, however served to ensure a
timelier reaction due to the alerts generated. This emphasises the importance of intensifying
the use of digital health, including within the cardiology area, which if handled correctly, could

attain its full potential to help decrease hospitalisation and mortality rates (Cowie et al., 2016).
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Another study consisted of a systematic review and interestingly evaluated the perception of
remote monitoring from the healthcare professionals’ point of view (Serrano et al., 2023). It
was shown that health care practitioners are of the opinion that RM is a feasible option and
that telemonitoring will grow in popularity in the future. Remote monitoring technologies are
likely to play a significant role in areas such as personalised medicine, drug discovery and

population health management (Abernethy et al., 2022).

At the same time there is no room for complacency in the drive to enhance the reliability and
quality RM outcomes. Limitations of remote monitoring in cardiology may include the lack of
accuracy and reliability of some of the available devices, whereby false alarms may be
troublesome (Wang et al., 2017). A study reported inconsistencies in measurements obtained
from wearable devices, such as heart rate monitors and activity trackers (Cadmus-Bertram et
al., 2015). Due to the ongoing progress of new technologies, constant research and
development are required to maintain and improve the functioning of any device used for RM.
Improvement of the accuracy of all such devices is fundamental for patients and medical

practitioners to accept and integrate RM systems into patient care (Kasoju et al., 2023).

Regarding cost related considerations, the introduction of RM based on CIEDs typically entails
a high initial fixed investment in the technological and human resources required to set up the
infrastructure. Furthermore, integration of remote monitoring technologies can be
challenging and time-consuming, requiring significant resources and could possibly lead to
workflow disruptions and challenges in data management (Jung et al., 2017; Simonson et al.,

2023). Once the initial investment required has been made, the resultant system cost per
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patient would typically decrease as more patients make use of the system, while at the same
time avoiding the cost related to alternative monitoring procedures that depend on for

example repetitive visits to one’s physician or to hospital (Simonson et al., 2023).

The cost of RM is likely to reduce moving ahead due to two other considerations. The first
consideration is the constant pace of technological development that is continually serving to
enhance the IT tools available to healthcare systems at a cheaper price. The second
consideration is the advancement of artificial intelligence (Al) and its potential to reduce the
need for human intervention in the RM process, also serving to reduce cost. The growing
awareness of the various applications of Al has gained momentum. This innovative technology
needs to be embedded in healthcare systems due to its ability to detect different events at
earlier stages when compared to human reaction times (Nishii et al., 2024). Al has the ability
of forming algorithms which can interpret and predict the worsening of certain conditions
through alerts transmitted from CIEDs (Lazarus et al., 2023). Al can be employed into the
development of mobile diagnostic clinics whereby certain consultations may be carried out by
these advanced technology systems and reducing the need for face-to-face appointments to

be set up in non-severe cases (Baron and Haick., 2024).

Patient attitudes have an impact on the extent of use of RM. With respect to patient
considerations, the present study indicated that 24 out of the 45 patients assessed (53.3%)
are not availing themselves of the RM opportunity. Possible reasons for apprehension towards
RM reported in literature include anxiety due to alarms, feeling intimidated by the technology
involved in RM systems, worry about the ability to understand results, or use the system

effectively, concerns about privacy and security of health information transmitted through RM
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systems and some patients prefer face-to-face consultations with clinicians (Serafini et al,
2010; Walker et al., 2019). Noting more than 50% of the patients opting to have RM switched
off, indicates a need for more patient awareness on the benefits of RM. The research carried
out points towards possible room for improvement in the further development of RM as a
means of improving health care. The need for more education on the benefits of RM was

highlighted in recent studies (Middlemass et al., 2017; Dossi et al., 2020; Hareem et al., 2024).

Awareness efforts locally are ongoing such as by the Maltese Cardiac Society. During HF
Awareness Week held in April/May 2024, the Society organised two events. The first event
was directed to the public, where the HF team conducted a community talk focused on
educating people about signs and symptoms of HF to ensure timely detection and treatment
of the condition. The second event targeted general practitioners where various topics were
discussed including recent HF guidelines, the role of the HF clinic at Mater Dei Hospital and
the importance of encouraging HF patients to exercise and ensure good -cardiac

rehabilitation.’®

Digitalisation allows for efficient data collection and analysis in large quantities, opening a new
window for researchers to facilitate understanding of CVDs and to develop more effective
treatments (Haleem et al., 2021). Following the increasing age of the global population having
CVDs, there is a need for further studies and research on the topic to allow healthcare
professionals to make better-informed and timely decisions regarding patient care to ensure

optimal outcomes (Wongvibulsin et at., 2019).

° Detecting the undetected: Recognising the signs and symptoms of heart failure. Times of Malta [Internet] 2024
[Cited 2024 Aug 27]. Available from: https://timesofmalta.com/article/detecting-undetected-recognising-signs-
symptoms-heart-failure.1092477.
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4.1.3 Pharmacotherapy for heart failure

In accordance with the latest European Society of Cardiology (ESC) guidelines for HF, the “four
pillars’ of heart failure pharmacotherapy include ACE inhibitors/ARBs/Angiotensin Receptor-
Neprilysin inhibitors (ARNI), Sodium-Glucose Co-Transporter 2 inhibitors (SGLT2i) such as
empagliflozin, beta-blockers and mineralocorticoid receptor antagonists (McDonagh et al.,
2023). The cohort study revealed that in line with the guidelines, most patients were
prescribed a beta-blocker and an ACE inhibitor/ARB. However, only around half of the patients
were taking spironolactone, only 3 patients were prescribed sacubitril/valsartan and only 3

patients were prescribed empagliflozin.

The lower number of patients on spironolactone may be attributed to side-effects such as risk
of hyperkalaemia in renal impairment, particularly since most of the patients were elderly.
The low number of patients on sacubitril/valsartan may be attributed to the drug not being
currently available on the Maltese government formulary hence having to be purchased by
costly out of pocket payment. Intolerance to sacubitril/valsartan due to side-effects such as
hypotension may be another attributing factor. The low number of patients on empagliflozin
may be since during the study period, which was until 2021, empagliflozin was not yet
integrated into the Maltese government formulary and strong evidence favouring its use in HF
patients irrespective of diabetes has increased over recent years. It is expected that the
number of patients on empagliflozin has increased in the past two years. However, use of
empagliflozin is still limited locally since it is currently available on the formulary only for

diabetic patient with HF.

36



4.3 Study Limitations

A limitation of this study is that the total population of eligible patients was small, hence
generalisability of data is limited. Since the data was collected from hospital records via an
intermediary, patients opting to have RM switched off were not interviewed to identify
possible reasons as to why this decision was made. Another limitation is that patient records
indicate when a RM alert led to an intervention, however detailed documentation in the
records that could indicate how crucial the intervention was is rarely available. Insufficient
data documentation, such as patient weight and height was another limitation encountered,

hence body mass index could not be calculated.

A limitation with regards to the literature review is that only one database was used. Using
other databases and searching for reports from different countries using a Google search
could have yielded more comprehensive data. Moreover, the articles selected were only
screened and appraised by the researcher and not by other reviewers limiting systematic

robustness of the review.
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4.4 Recommendations for Future Studies

Assessing a larger sample over a longer study period is recommended to allow for better
evaluation of the benefits of remote monitoring. The quality of the evaluation would be
improved by carrying out a case control study comparing outcomes in patients with and
without RM. Further study could explore reasons patients opted to have RM switched off, as

well as patient expectations and experiences of RM by means of directly interviewing patients.

Following ongoing advancements in technology, the need for further studies and research on
the topic to determine the long-term efficacy and impact of remote monitoring interventions
on clinical outcomes in heart failure is warranted (Lee et al., 2019). Noting the significant rise
in publications during 2020 and 2021, likely influenced by the COVID-19 pandemic, it would

be interesting to investigate whether this trend persisted in the following years.

4.5 Conclusion

The literature review showed that benefits of RM in patients with HF outweigh the challenges.
The research carried out indicates that pulmonary fluid status RM helps in the assessment of
HF congestion and in the identification of patients requiring therapy optimisation, whether in
the outpatient or inpatient hospital setting. More than half the patients opted to have RM

switched off, reflecting a need for more patient awareness on the benefits of RM.
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Remote Monitoring in the Management of Heart Failure
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Background: Remote monitoring (RM) is increasingly being integrated in the management of
heart failure (HF) patients with cardiac implantable electronic devices (CIEDs).

Purpose: The aim was to assess the contribution of pulmonary fluid status RM in HF patients.
Method: The study was carried out at the main acute general hospital in Malta. After ethics
approval, all patients (January 2015-December 2021) diagnosed with HF and with a CIED
incorporating a pulmonary fluid status monitoring feature (OptiVol™ 2.0) which tracks
intrathoracic impedance changes over time and has the possibility of being monitored
remotely, were included in the study. A data collection sheet was developed and validated by
an expert panel. Outcomes were assessed over one-year post-CIED implantation using
hospital records.

Results: From the cohort of 45 patients assessed (35 male, 37 aged 261 years, mean left
ventricular ejection fraction 29%, 23 classified as New York Heart Association Class Il), the
most common comorbidities were hypertension (n=37), dyslipidaemia (n=23), diabetes (n=22)
and coronary artery disease (n=18). Pharmacotherapy for heart failure included beta-blockers
(n=39), loop diuretics (n=25), angiotensin converting enzyme inhibitors (n=24),
mineralocorticoid receptor antagonists (n=22), angiotensin Il receptor blockers (n=6),

ivabradine (n=6), empagliflozin (n=3), sacubitril/valsartan (n=3), and digoxin (n=1).
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Twenty-one patients had the RM feature switched on. Alerts were recorded in 19 of these
patients, which led to no action deemed necessary (n=12) or action taken (n=7) by
cardiologist. Actions taken were increase in diuretic dose (n=5), hospital admission (n=3), limit
fluid intake (n=1), and/or increase in dose of disease-modifying drug (n=1).

Conclusions: Pulmonary fluid status RM helped in the assessment of congestion and identified
patients requiring therapy optimisation in the outpatient setting or hospital admission. More
than half the patients opted to have RM switched off, indicating a need for more patient
awareness on the benefits of RM. It is recommended to explore reasons for patients preferring
to have RM switched off. Since data was collected from hospital records, patients who opted
to have RM switched off were not interviewed to identify reasons. Possible reasons for
apprehension towards RM reported in literature include anxiety due to alarms, feeling
intimidated by the technology involved in RM systems, worry about the ability to understand,
or use the system effectively, concerns about privacy and security of health information
transmitted through RM systems and some patients prefer face-to-face consultations with
clinicians.?

Reference:

Walker RC, Tong A, Howard K, Palmer SC. Patient expectations and experiences of remote
monitoring for chronic diseases: Systematic review and thematic synthesis of qualitative

studies. Int J Med Inform. 2019;124:78-85.
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INTRODUCTION
Remote monitoring (RM) is increasingly being integrated in To assess the contribution of pulmonary fluid status RM in
the management of patients with heart failure (HF) with patients with HF

cardiac implantable electronic devices (CIEDs).*

+ Adata collection sheet was developed and validated by an expert panel.
+ Following ethics approval, all patients diagnosed with HF and with a CIED incorporating the pul y fluid
monitoring feature OptiVol™ 2.0 during the period J y 2015 to D ber 2021 were identified. OptiVol™ 2.0 tracks

intrathoracic impedance changes over time and has the possibility to be monitored remotely.

* Outcomes induding RM alerts and actions taken were assessed over one-year post-CIED implantation using hospital

« 45 patients were assessed (35 male, 37 aged 261 years, Table 1: RM alerts and action taken (n=21)
Outcome of RM Number of
mean left ventricular ejection fraction 29%, 23 classified as Patients
Alerts recorded 19
New York Heart Association Class I1).
No action deemed necessary by 12
* Most common comorbidities: hypertension (n=37), cardiologist
Action taken by cardiologist 7
hyperlipid ia (n=23), diab mellitus (n=22). by
* Pharmacotherapy for HF: beta-blocker (n=39), loop diuretic Table 2: Action taken following RM alerts (n=7)
Number of
(n=25), ACE inhibitor (n=24), spironolactone (n=22), ARB (n=6), m Patients
ivabradine (n=6), empagliflozin (n=3), sacubitril/valsartan Increase diuretic dose 5
(n=3), digoxin (n=1). Hospital admission 3
Limit fluid intake &
* 21 patients had the RM feature switched on. Alerts and actions
Increase dose of 1
disease modifying drug

taken following RM alerts are presented in Tables 1 and 2.

Pulmonary fluid status RM helped in the of congestion and identified patients requiring therapy optimisation in
the outpatient setting or hospital admission. More than half the patients opted to have RM switched off, indicating a need
for more patient awareness on the benefits of RM. A limitation of the study was that since data was collected from hospital

records, patients opting to have RM switched off were not interviewed to identify reasons. Further study could explore

these reasons, as well as patient expectations and experiences of RM.

1. Vandenberk B, Raj S. Remote patient What have we I d and Where are we going?. Curr Cardiovasc Risk Rep. 2023;17(6):103-115. Doi: 10.1007/512170-023-00720-7.
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Appendix 1: Ethics Approval
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M5 Elena Mirone,
40, il-Farn
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The Facuity Research Fthics Committee is granting ethical
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Professor Anthony Serracino Inglott
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Facully Resesrch Ethics Commitlee
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Faculty of
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University of Maita
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19 September 2022
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approval for the above-mentioned
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Appendix 2: Data Collection Sheet

Remote Monitoring in the Management of Heart Failure
Elena Mirone
Data Collection Sheet
To be completed using information from CVIS and iSOFT provided by the identified

intermediary

Patient Study Number:

Section A: Patient Details
Gender Type of CIED
O Male 0 1cb

Ll Female [ Single chamber
O Other [J Dual chamber

] CRT-D

] CRT-P
Age at CIED Implant (years)

] 18-30
] 31-40
41-50
51-60
61-70
71-80

O O 00 0

80+

NYHA Classification

L] Class |

L] Class |l
L] Class Il
L] Class IV
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Date of CIED implantation:

Patient has Optivol® fluid status monitoring feature
] Yes
Patient also has Remote monitoring feature
L1 Yes
] No
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Section B: Risk Factors and comorbidities

Yes / No (vV'/ X)
Anaemia
Atrial Fibrillation
Chronic Obstructive Pulmonary Disease
Diabetes Mellitus
Hyperlipidaemia
Hypertension
Coronary Artery Disease
Liver Disease
Previous Myocardial Infarction
Date
Previous Revascularisation L] PClI
] CABG
Date
Previous Stroke
Previous TIA
Smoker ] Active
L] Past
O Never
Thyroid disorders ] Hyperthyroidism
] Hypothyroidism
Alcohol L] Yes
1 Regularly (daily)
] Socially (weekly)
[ Socially (occasionally)
] No
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Section C: Relevant Current Medications at CIED Implantation

Drug Class
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Section D: Most Recent Investigations Near Date of CIED Implantation

LVEF (>50%)

NT-proBNP
(<125pg/ml 0-74yrs

<450pg/ml 75-99yrs)

Blood Pressure
Systolic/ Diastolic

(120/80 mmHg)

Heart rate (pulse)

Haemoglobin

(14.1-17.2)
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Weight (Kg)

Height (cm)

BMI (Kg/m?)

[J Underweight <18.5
[J Normal 18.5-24.9
[] Overweight 25-29.9
[1 Obese 30+
[0 Class 1 (30.0 — 34.9)
[J Class 11 (35.0 - 39.9)
Class Il (>40)
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Section E: Outcomes (follow-up)

1-4 Weeks

3 Months

6 Months

Death

0 Cardiac
1 Non-cardiac

Death

[0 Cardiac
1 Non-cardiac

Death

0 Cardiac
1 Non-cardiac

Hospital admission due to
HF

] Yes
0 cardiac

] Non-cardiac
] No

Signs and symptoms of HF
Respiratory Distress
] Orthopnoea
1 Paroxysmal
Nocturnal Dyspnoea
(PND)

[0 Shortness Of Breath
(SOB)

Oxygen Saturation <90%

] Yes
1 No

Oedema
] Lower Limb (LL)
1 Pulmonary
Fatigue

] Yes
] No

Hospital admission due to
HF
] Yes
[1 Cardiac
[] Non-cardiac
] No
Signs and symptoms of HF
Respiratory Distress
[J Orthopnoea

[1 PND
[1 soB

Oxygen Saturation <90%

] Yes
0 No

Oedema

O LL

1 Pulmonary

Fatigue

O] Yes
] No

Hospital admission due to
HF
L1 Yes

0 cardiac
] Non-cardiac

] No
Signs and symptoms of HF
Respiratory Distress

] Orthopnoea

1 PND
SOB

Oxygen Saturation <90%

O] Yes
1 No

Oedema

O L
[1 Pulmonary

Fatigue

] Yes
0 No
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Chest Pain

] Yes

] No
Palpitations

] Yes

1 No
Syncope

] Yes

] No
Stroke

[1 Disabling

[J Non-disabling
TIA

] Yes

] No

Upgraded ICD to CRT-D

L] Yes
1 No

Other Relevant

Observations

Chest Pain

] Yes

] No
Palpitations

] Yes

] No
Syncope

] Yes

] No
Stroke

[1 Disabling

[] Non-disabling
TIA

] Yes

] No

Upgraded ICD to CRT-D

] Yes
1 No

Other Relevant

Observations

Chest Pain

] Yes

J No
Palpitations

] Yes

] No
Syncope

] Yes

] No
Stroke

[1 Disabling

[J Non-disabling
TIA

] Yes

] No

Upgraded ICD to CRT-D

1 Yes
1 No

Other Relevant

Observations
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1 Year

Death

0 cCardiac
1 Non-cardiac

Hospital admission due to
HF
] Yes
[] Cardiac
] Non-cardiac
] No
Signs and symptoms of HF
Respiratory Distress
[J Orthopnoea
O PND
SOB

Oxygen Saturation <90%

] Yes
] No

Oedema

Ol LL

1 Pulmonary
Fatigue

L1 Yes

1 No

Chest Pain

] Yes
] No
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Palpitations

] Yes

] No
Syncope

] Yes

1 No
Stroke

[J Disabling

[J Non-disabling
TIA

1 Yes

] No

Upgraded ICD to CRT-D

] Yes
1 No

Other Relevant

Observations
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Changes to Medications during follow-up

72



For Optivol® group only

Number of Alerts Received:

Dates when alert was recorded:

Number of False Alarms:

Remote monitoring findings correspond with clinical picture:

O Yes
O No
O N/A

Action taken based on alert/s

] Yes
] No

Close monitoring (at the HF clinic)

] Yes
] No

Change in treatment

] Yes
[ Increase diuretic dose
L] Limit fluid intake
] Other

] No

Admitted to hospital

O Yes
] No
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