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Abstract

The Swedish government and the Swedish Association of Local Authorities and Regions, came
together on a vision that Sweden will be the most advanced country in offering opportunities for
digitalization and e-health by the year of 2025. Self-monitoring is one aspect that can digitize
workflow in healthcare.

This master thesis sought to investigate the opportunities and restrictions when implementing
self-monitoring for heart failure patients in Swedish healthcare. Starting from the holistic
perspective as an analysis of the clinician’s interest and the need for self-monitoring systems
by conducting a mixed method approach. Surveys were sent out to different county councils
in Sweden working with heart failure patients, and interviews were conducted with
representatives from primary care, specialist care, and advanced home health care. Secondly,
interviews were conducted with stakeholders from the field of implementation in order to
gather qualitative results on the organizational, legal, and technical influencing factors,
challenges, and requirements in Swedish healthcare. The qualitative data were processed
through thematic analysis and the quantitative data was processed through descriptive analysis.

The results gathered from clinicians consisted of three areas regarding functionality demands
in self-monitoring systems. The results gathered in the aspect of implementation consisted of
three main organizational influencing aspects, three solution models from a legal perspective,
as well as three aspects related in the field of technology and IT.
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Sammanfattning

Sveriges regering och SKR gick samman om en vision om att Sverige ska vara det land som
har kommit längst med att erbjuda möjligheter till digitalisering av vård till år 2025. Egenmon-
itorering är en aspekt som kan digitalisera arbetsflöden i vården.

Detta masterarbete ämnade att undersöka möjligheter och begränsningar vid implementering
av egenmonitorering för hjärtsviktspatienter i svensk sjukvård. En mixad metodinriktning
genomfördes, som delades upp i två huvudsakliga delar. Första delen ämnade sig till kliniker,
där enkäter skickades ut till olika landsting i Sverige som arbetar med hjärtsviktspatienter,
samt intervjuer som genomfördes med representanter från primärvård, specialistvård och
avancerad hemsjukvård. Den första delen ämnade till att undersöka klinikers intresse och
behov av egenmonitorering. Den andra delen bestod av intervjuer med ämnesexperter inom
implementation och digitalisera system för svensk sjukvård. Intervjuerna med
implementationsexperterna genererade kvalitativa resultat utifrån ett organisatoriskt, juridiskt
och tekniskt perspektiv.

Den kvalitativa datan bearbetades genom en tematisk analys och den kvantitativa datan
bearbetades genom en deskriptiv analys. Resultaten som samlats in från kliniker bestod av tre
områden avseende funktionalitetskrav i egenmonitoreringssystem. Resultaten som samlades
in gällande implementationen i svensk sjukvård bestod av tre huvudsakliga organisatoriska
påverkande aspekter, tre lösningsmodeller ur ett juridiskt perspektiv, samt tre aspekter
relaterade till teknik och IT.
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HF - Heart Failure
CHF - Chronic Heart Failure
QOL - Quality Of Life
PGHD - Patient Generated Health Data
PROM - Patient Reported Outcome Measures
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1 Introduction

In 2016, The Swedish government and the Swedish Association of Local Authorities and
Regions, came together on a vision that Sweden will be the most advanced country in offering
opportunities for digitalization and e-health by the year of 2025. A digitized healthcare
increase the access to healthcare for all citizens, gives opportunity to physical healthcare to
become more efficient, and enables patients to become more involved in their own care (1).

An aging population results in an increase of patients with chronic diseases, which is one of
the most significant economic, health, and social challenges that we face today. The long-term
treatment leads to an increase in demand for healthcare services, reduces the QOL for patients,
and increases the healthcare cost for society (2). The cardiovascular diseases ischemic heart
disease and stroke have been stated to be one of the leading factors in the total healthcare cost
in the world. Ischemic heart disease is one of the leading causes of heart failure. Chronic heart
failure is estimated to appear with a frequency of about 2 - 3% in the population, and
approximately 10% for people over 80 years old (3), and it is a complex illness that accounts
for high mortality rates and hospitalization rates worldwide (4). In 2019, in Sweden, the total
cost of cardiovascular diseases was estimated to be approximately 60,2 billion SEK. The
annual healthcare cost for a patient with a less severe form of heart failure has been estimated
to be approximately 108 000 SEK/patient, and for patients in inpatient care, the annual cost
was estimated to be approximately 58 381 SEK/patient (5).

Self-monitoring (also called ”home monitoring”, ”telemonitoring” and ”remote patient
monitoring”), is when there is an ongoing registration, monitoring, and assessment of
measured values regarding a person’s state of health, where the individual carries out the
registration (6). While published studies show that there is an interest in self-monitoring for
heart failure patients, there is a gap in published work that is, separating and drawing parallels,
between the interest and clinicians’ actual need: How a realized self-monitoring system for
heart failure patients would be used, what vital parameters that are needed and how data
should be presented. Self-monitoring systems might just be the next big step for eHealth to
offer value-based care for the growing group of chronically ill patients. How can this be
integrated into the Swedish healthcare ecosystem with high usability?

This report is starting from a holistic perspective as an analysis of the interest and the need for
self-monitoring systems for heart failure patients in different regions of Sweden. Secondly, an
analysis is made of how clinicians would use self-monitoring in the treatment of heart failure
patients and putting that into the perspective of the systematic problems with interoperability
and standardization, technical dilemmas as well as legal and organizational problems.
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1.1 Objectives and Research Questions

This project aims to investigate the opportunities and restrictions for large-scale implemen-
tation of self-monitoring of heart failure patients, with machine-based PGHD in the Swedish
healthcare system. To obtain a holistic frame of reference, the project first maps out the user
requirements from the perspective of clinicians working with heart failure patients. This will
then be interrelated with an outline of influencing factors, challenges, and opportunities from
an implementation perspective. The implementation perspective includes the aspect of IT and
technology, legal requirements, and obstacles, in addition to the organizational influencing fac-
tors.

The project aims to address the following research questions:

• What are the functionality demands of a self-monitoring system for heart failure
patients from the perspective of clinicians?

– What data is essential/could be beneficial to transfer from a self-monitoring
system to a medical record system? How often is it needed and should there be
any trigger based on patient-generated data in the system?

– The purpose of self-monitoring data: How and when will the gathered information
be used?

• What are the main influencing factors, challenges and requirements for the
implementation of self-monitoring systems in the Swedish healthcare system, with
regards to the aspect of organization, laws and regulations, and technology and IT?

1.2 Demarcations

• The project is focused on heart failure and the healthcare system in Sweden, but can partly
be applicable to other countries and other chronic diseases.

• A selection of experts was made in order to limit the number of interviews.

• The study is limited to healthcare experts and technical experts, the perspective of patients
is limited to literature studies.
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2 Background

The Swedish Government and the Swedish Association of Local Authorities and Regions
have since 2016 the vision to become world-leading in the digitization of healthcare in the
year 2025. This includes using eHealth and the digitization of healthcare to ensure good and
equal health and welfare while improving persons’ Quality Of Life (QOL). The improvement
in QOL is the result of increasing individuals’ independence and participation in the life of
society by developing and strengthening their own resources (1).

There is a wide range of pilot studies for the initiation of self-monitoring of chronically ill
patients. The self-monitoring would allow a chronically ill patients to reduce the amount of
hospital visits, as well as having continuous control of their health by the help of technology.
The patients don’t have to adapt their life after hospital visits, as well as getting more involved
in their own health. self-monitoring would also make healthcare contacts more efficient since
it would extend the number of patients each nurse can meet and reduce the over crowded
health facilities enabling the urgent care being available for patients with the largest need. The
aim is not to replace physical care, but to make the dialog between patients and healthcare
more efficient (7).

Today it is known that there are great benefits in involving the patient in their own care as well
as supplying the health care with information, so-called patient-generated health data (PGHD).
Examples of PGHD are (1) forms where patients report on their health and (2) machine-based
data, where data is collected through a device, and transferred to the hospital/health facility.

This chapter aims to structure the different factors relevant to the implementation of
self-monitoring systems for heart failure patients. Starting with some main stakeholders in the
ecosystem of Swedish eHealth as well as a background to the topic of heart failure and
existing monitoring solutions. Having established the underlying base for the topic, henceforth
going into the background of implementation challenges of self-monitoring systems.

2.1 Ecosystem of Swedish eHealth

The Swedish eHealth ecosystem contains several actors influencing what, when and where so-
lutions such as monitoring systems are being incorporated into healthcare services. These actors
include patients, national agencies, organisations, care givers and companies from the industry.
In this section some main actors are explained.

2.1.1 SKR and self-monitoring

Swedish Association of Local Authorities and Regions (SKR) is a member and employer or-
ganization. All of Sweden’s municipalities and regions are members. SKR’s task is to support
and contribute to the development of municipalities and regions’ activities (8). Since several
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self-monitoring projects all over Sweden has been initiated, SKR has taken an initiative for a
competence forum where regions jointly collaborate and collaborate on issues such as concepts,
inclusion criteria, structure, administration, follow-up and research (7).

2.1.2 Inera

Inera is a company owned by regions, counties and SKR Företag AB. They aim to create the
conditions for digitizing welfare, by providing a common digital infrastructure and architec-
ture. The common digital infrastructure intends to facilitate interoperability and information
exchange between regions and municipalities (9).

National Service Platform and Service Contracts (NTjP, Nationella tjänsteplattformen in
Swedish) is a technical platform keeps track of what type of information there is in different
healthcare systems (HIS), as well as what IT-systems that are allowed to receive, change or
delete information. Information is shared with messages called service contracts
(Tjänstekontrakt in Swedish) that are managed by Inera. These service contracts specify
technically how questions- and response messages should be formulated (10).

2.1.3 eHealth Agency

The Swedish eHealth Agency (E-hälsomyndigheten in Swedish)) is a government agency that
coordinates initiatives regarding eHealth. Their assignation is to work for the achievement of
Vision for eHealth 2025 (11), with the vision to make Sweden the best in the world in using
digitisation and eHealth to achieve good and equal health and welfare (12).

2.2 Focus area of the study: Heart Failure

Heart failure is estimated to appear with a frequency about 2-3 % in the population, and approx-
imately 10% for people over 80 years old (3). This insinuates that population group with the
chronic condition heart failure will drastically increase with the fact that the world’s population
over 60 years of age will have nearly doubled between 2015 and 2050, and stand for approxi-
mately 22% of the population. Statistics also show that the population ageing has a much faster
pace than ever before (13).

Approximately 200,000 of the Swedish population are currently living with chronic heart
failure, and about 40,000 people are diagnosed each year. Chronic heart failure is a serious
disease and approximately 50% die within five years, which is a higher percentage than
several common forms of cancer (14). It is important to receive care in time, and early
medical treatment can reduce the risks (15). The annual healthcare cost, Sweden in 2019, for a
patient with less severe form of heart failure has been estimated to approximately 108 000
SEK/patient, and for patients in inpatient care the annual cost were estimated to approximately
58 381 SEK/patient (5).

4



2.2.1 Heart Failure

Heart failure (HF) a clinical syndrome, a state in which there is an insufficiency in the cardiac
output, resulting in an inadequate supply of blood to the body. There are different types of heart
failure depending on where the structural and/or functional abnormality of the heart is located.
The most common cause for HF is a dysfunction in the myocardium, either systolic, diastolic
or both. However, there can be other causes contributing to HF such as pathology of valves,
pericardium, and endocardium, as well as abnormalities of heart rhythm and conduction.

HF is commonly divided into two groups. First group is acute heart failure (AHF) that refers
to new HF or worsening symptoms from HF. The most severe forms of AHF are pulmonary
edema (fluid is collected in the lungs) and cardiogenic shock (inefficient ability to pump blood
in combination with severely low blood pressure). The second group is chronic, also called
congestive, heart failure (CHF) that is referring to patients with an established HF diagnosis or
patients having gradual onset of symptoms. Decompensated HF is an description of a sudden
or slow deteriorating CHF.

The heart, similarly to other muscles that are heavily used, will increase in size in case of an
increased strain on the heart due to structural and/or functional abnormalities. Alternately the
heart can stiffen due to increased blood pressure, diabetes or old age. When the heart no longer
can adapt to these conditions heart failure occurs. Additionally, there will be an increase of
blood pressure inside the heart resulting in less nutrients and oxygen supply to the cells, which
consequently lead to increased fatigue and shortness of breath.

An insufficiency in the cardiac output affects many organs. Stress hormones are released as an
adaptation method for the heart. The stress hormones strengthen the heart muscle, in an
attempt to have sufficient cardiac output to the body. The supply of stress hormones increases
the vascular resistance in the body as well as the heart rate, which furthermore puts additional
pressure on the heart which accelerates the transformation of the hearts normal function (16).
For more information, see Section A.7

2.2.2 Treatment

Heart failure is most commonly a chronic disease that is treated rather than cured. There are
effective drugs that can slow down or reverse the condition for improvement with the aim to in-
crease patients quality of life, relieve symptoms, reduce or avoid hospital admissions and extend
life expectancy. Treatment come in the form of medication, life style changes and/or surgery.
Supplements (tablets or infusions) for HF patients includes diuretic drugs, vasodilating drugs,
beta blockers, iron supplementation therapy, digitalis medicines, and SGLT2 inhibitors. Other
treatment methods can include medical procedures such as implanted CRT (Cardiac resynchro-
nization therapy) and ICD (implantable cardioverter defibrillator), balloon dilation and bypass
and for severe forms of HF heart transplant is an option.
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In addition to the medication and implants, HF patients can get help with other life style
changes. Exercise, reduction of salt intake and promotion of healthy eating, reduction of
alcohol consumption, keeping track on weight and swelling as well as avoiding stress are all
factors that are important for the HF not to deteriorate (16).

2.3 Definition: Self-Monitoring, Remote Patient Monitoring, Home Monitoring

In literature, there is no unambiguous term defined to describe the monitoring of a patient re-
motely. Many English written articles uses the definition Remote Patient Monitoring (RPM),
but also Home-Monitoring. Terms used in Swedish healthcare are Home-Monitoring (”hem-
monitorering” in Swedish) and Self-Monitoring (”egenmonitorering” in Swedish). This section
outline the different terms used in the study (literature study, gathering of data and data analy-
sis).

2.3.1 Self-monitoring, SKR definition

SKR has suggested and defined the term Self-monitoring (”Egenmonitorering” in Swedish).
Self-monitoring: Continuous registration, monitoring and assessment of measured values re-
garding a person’s state of health, where the person is conducting the registration. Two remarks
are added to the definition:

Remark 1: Self-monitoring is conducted with the support of digital or analogue technology
that indicates objective measurement values and/or subjective estimates. These can be made
available to both the person and the care unit.
Remark 2: The information collected through self-monitoring requires validation by health
care professionals to become a document in a person’s medical record.

SKR divide self-monitoring into three categories:

• Self-initiated self-monitoring: A person is taking certain measurements, on one’s own
initiative using their own equipment.

• Recommended self-monitoring: Authorized health care professionals recommends a per-
son to monitor certain measurement values with the help of the person’s own equipment.

• Prescribed self-monitoring: Decided by authorized licensed health care professionals,
where the health care is responsible for the measuring equipment and the incoming re-
porting of measurements.

The definition of self-monitoring was established by SKR Competence Forum in June 2021 (6).
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2.3.2 Remote Patient Monitoring (RPM)

Remote Patient Monitoring (RPM) is defined as a method using information technology to
collect patient data outside of the clinical settings of a health facility. The data gathered is
transmitted to healthcare systems where it can be analysed by professionals. Hence a patient
can be monitored outside of the clinical settings, allowing them to continue with their normal
activities. There are several target groups for RPM, with the common condition that there is
a need of being monitored continuously. The target groups include, among others, chronically
ill patients, post-surgery patients, neonates and elderly patients. The technology in question
collects vital signs such as heart rate, blood pressure, respiration rate, temperature and glucose
levels(17).

2.3.3 Home-Monitoring, SKR definition

According the report published by SKR in 2019, ”Healthcare offer with digital services for pre-
scribed self-care and home-monitoring” (”Vårderbjudande med digitala tjänster för ordinerad
egenvård och hemmonitorering” in Swedish), home-monitoring is defined as: Home-monitoring
(or distance-/telemonitoring) is a termwhich refers to measuring of health data outside a care fa-
cility. Home-monitoring can be preformed in various ways. For example, a person can share the
measured data with healthcare professionals and is sometimes referred to as self-measurement
or self-monitoring. There are services that offer automatic transfer of self-measured health data
to a care facility (18).

2.4 Interoperability in IT-solutions

Interoperability is the adaptability of systems such as devices, information systems and appli-
cations to access, exchange, integrate as well as cooperatively use data. The communication
can be across organizations or over regional, national or even international boundaries. The
purpose of interoperability in healthcare and health applications is to efficiently and seamlessly
have portable information in order to optimize healthcare, which can be accomplished by adopt-
ing standards (19).

Interoperability challenges
To enable interoperability between healthcare providers the data transmitted between systems
have to be standardized to establish communication between the systems. Standards are used
to define such data in EHR. There are however many different standards that are incompatible
with each other which results in that the systems can’t communicate (20). There are different
levels of interoperability and they can be separated as the following:

• Level 1, Foundational: Aims to establish the requirements needed for the
inter-connectivity of a system, so that the communication in terms of transmitting and
receiving data is secure.
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• Level 2, Structural: Aims to define the syntax, format and structure of data exchange to
enable interpretation.

• Level 3, Semantic: Aims to establish a shared understanding and meaning of common
underlying models and codification from publicly available value sets and coding
vocabularies.

• Level 4, Organizational: Contains elements such as governance, policy, social, legal and
organizational components that enables shared consent, trust and integrated end-user
processes and workflows. These components need to be considered to facilitate the
foundation interoperability with seamless and timely communication and use of data
between entities.

The architecture of the communication with health data, the application interfaces and
standards used enable data to be accessed and shared to a designed and purposeful extent
between relevant stakeholders, including the individual (19). Standards are used to enable
optimized interoperability. Standards can be divided into different categories depending on
purpose: vocabulary/terminology, privacy and security, transport, content and identifiers. In
the case of self-monitoring HL7 FHIR, Open EHR and SNOMED are of extra relevance. For
more information, see Section A.5

2.5 Self-monitoring - Cuviva pilot study

In 2018, the primary care unit in Borgholm, Kalmar County, conducted a pilot study together
with Cuviva AB. The aim that the pilot study was based on was the interest in digitizing home
healthcare with a priority on the patients with severe deterioration in health, which is why the
pilot study was conducted on the heart failure patient group. The modelling of the pilot study
was based on the following key aspects:

• Many of the individuals have difficulty handling digital assistive devices.

• The oldest patient was 95 year of age.

• Most patients interact with multiple care units such as home health care, home care,
county primary care, ambulance and urgent care (21).

Cuviva AB was chosen since the system offered was custom for the elderly. Cuviva is an open
platform that can connect and integrate sensors, wearable and devices. The Cuviva solution
consists of Cuviva Home (sensors and devices), Cuviva Cloud (data storage), MyCuviva (iPad
with tailored features for the use of the individual), Cuviva Communication (individual can
communicate with healthcare providers, family and friends). The individual has control over
personal data, and can share it with for example healthcare providers that can monitor the vital
parameters sent in real time. The solution enables real-time health data transfer and monitoring,
functionally for video, voice and messaging as well as online appointments (22).
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After four months of the study with 16 participants, results showed that:

• 100% of the patients experienced increased sense of security

• 100 % of the participants experienced an increase in communication with healthcare
professionals.

• 56 % of the participants experienced increased disease insight.

An evaluation of how healthcare professionals experienced the digitalization of healthcare
with the Cuviva solution showed that it was very appreciated. More information and increased
patient contact increased the quality of patient meetings. The organizational result included:

• There were no acute heart failure conditions in the pilot group.

• A number of medical interventions were made as a consequence of communication with
patients through Cuviva.

• The total time spent on each patient decreased. There were a smaller number of doctor
appointments, but a larger number of digitized appointments with nurses.

• The financial savings for 16 patients over four months was in Swedish krona, SEK
350,000. A direct upscaling of this result throughout Sweden with 220,000 individuals
would correspond to a saving of SEK 13 billion per year (21).
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3 Methodology

This section presents the methodology process for the project. Both qualitative and quantitative
data was collected. The project was divided into two parts:

• Part I: Representing the gathering of data from clinicians working with heart failure
patients. Investigating the needs and requirements for the implementation of a system
to be used for monitoring of heart failure patients. Collecting quantitative data from a
survey and qualitative data from semi-structured interviews.

• Part II: Representing the gathering of data from experts from the field of implementa-
tion and digitization of care. Investigating the implementation challenges: Considering
organisational, legal and IT-systems related aspects.

Figure 1: Flowchart of the methodology

3.1 Data Collection Design

To provide answers to the questions of the study a large volume of different experts and clin-
icians where reached out to. The primary target group to answer research question (a) were
clinicians, working with heart failure patients, from different Regions and County councils.
The second target, to answer research question (b)-(c), group consisted of a broader group of
experts and national stakeholders in the field of implementation and digitization of care.

3.1.1 Part I: Clinicians - The need and requirements

Amixed method approach was conducted to investigate the clinicians need and requirements in
the implementation of prescribed self-monitoring systems that are to be used by clinicians when
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providing heart failure patients with healthcare. The gathering of quantitative data was done
by a survey and the qualitative data was gathered with semi-structured interviews. The mixed
method approach in the framework of triangulation is well suited to establish whether qualitative
findings from the interviews with clinicians corroborate with the quantitative findings of the
survey, while leaving the possibility open of coming up with unanticipated findings (23). The
questions in both survey and interviews were tested by a reference group to assure that the data
gathered from clinicians would be usable. The result of this was suggestions on improvements
that would better the understanding of the questions, as well provision of new information that
enabled the questions to be asked from new angles.

Survey design
A web survey was constructed with Microsoft Forms. The survey consisted of three parts that
gathered both quantitative and qualitative data. The questions were mainly close-ended, but
but with the possibility of an open-ended answer if preferred by participants. The first part
was constructed with the aim to create categorization factors such as line of work, region and
care unit where participant works, as well as identifying how heart failure patients are offered
care today. The second section presents a scenario, where a patient is monitored from home
and the data gathered is presented to clinicians. The section was designed to map out the way
monitoring would be used. This includes what vital parameters that are required, when and
how the data gathered are to be used by clinicians, in addition to where clinicians prefer
looking at certain data (the options given was in the medical record system, or in a separate
system). The third section was designed to investigate clinicians interest in this kind of
digitization of care for heart failure patients in terms of facilitating quality of care as well as
efficient and reliable workflows. See Appendix A for the survey constructed.

Interview design
Semi-structured interviews were designed and based on the questions of the survey. The
interviews with clinicians were conducted to provide additional information on reason,
rationalization and argument behind clinicians responses in the survey. The interview protocol
(Appendix B) including an introduction letter was sent to the participants before the interview
to enable preparation.

3.2 Part II: Experts and national stakeholders - Challenges and opportunities in
clinical implementation

Qualitative data was gathered through semi-structured interviews. Broad questions were de-
signed (see Appendix C) in order to be adaptable to the expertise of the answering participant.
This type of flexible interview protocol was chosen in order to allow information generation be-
yond the information gathered before the in-depth interviews were conducted. The follow-up
questions and comments to a participants response allow the collection of the open-ended data
to include participants thoughts and experiences about a particular topic (24). The interview
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protocol (Appendix C) including an introduction letter was sent to the participants before the
interview to enable preparation.

3.3 Data Collection Process, Review and Validation

The section below clarifies who the participants are that were recruited for Part I and Part II.
The data gathered was reviewed simultaneously during the data collection process.

3.3.1 Part I: Clinicians, survey and interviews

The criteria for recruiting participants to take part of the survey included them working with
heart failure patients on a regular basis. Additionally, an attempt wasmade to gather participants
from different county councils, professions and care units.

The subjects for clinician-interviews were recruited with the criteria: spread of professions,
experience with the usage of self-monitoring and/or stakeholder in transitioning their care unit
to digitized care. The interviews conducted were semi-structured. The length of the interviews
were approximately one hour, and were held with one or two participants from the same care
unit. The interviews were audio-taped and transcribed. Notes that were written in the protocol
during the interview was added to the transcription. A summary of the most relevant
information from the transcribed material was sent to each interviewees in order to assure the
information gathered was correct.

3.3.2 Part II: Experts and national stakeholders, interviews

The data collection from implementation experts were done by conducting interviews of ap-
proximately one hour of length. The participants recruited for these interviews were based on
experience related to technical, organisational or legal aspects of digitising healthcare. For the
gathering of data related to organisational and legal aspects of self-monitoring, a criteria was set
to include participants that are working/have worked directly with aspects of self-monitoring.
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3.4 Data analysis

Qualitative data
The transcribed data from the interviews in Part I and Part II was reviewed iteratively with
thematic analysis. The data collected was labeled to extract and code relevant pieces of infor-
mation. The codes were then categorized into themes that could be interpreted and interrelated
when defining the final results from Part I and Part II. Themes were identified from concepts
such as:

• Differences and similarities

• Repetition of topics

• Transitions that made switching of content occurring naturally

Quantitative data
The quantitative data was organized, and then processed in excel and in RStudio with
descriptive statistics. This method was used to analyze the result of the survey in order to
describe characteristics of the data and showcase central tendencies.
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4 Results

The results presented are divided into two parts. The first and second part contains the results
on the identification of clinicians’ requirements and needs, divided into survey-data and data
gathered from the interviews. The third part presents the data gathered from the interviews with
experts on the perspective of implementation of self-monitoring.

4.1 Results, clinician survey

The distributed survey was answered by 21 clinicians: 14 nurses, five physicians, one chief
physician, and one district nurse. The participants were from six different county councils.
15 of the participants reported working in the specialist care unit, two reported working in the
primary care unit, and four participants reported working with heart failure patients in another
healthcare unit. Four of the participants, from the same county council, reported working with
the self-monitoring approach Cuviva today (for information about Cuviva, see Section 2.5).

4.1.1 Survey part 1: The way the participants offer healthcare to heart failure patients
today

The data compiled from the first part of the survey presents how the participants work with
heart failure patients today. Table 1 displays the communication paths used. Parameters used
in treatment for heart failure patients are presented in Figure 2. Figure 3 and Figure 4 are
differentiating the difference in frequency of patient contact between patients with a newly
diagnosed heart failure (see Figure 3) and a patients with chronic heart failure (see Figure 4).

Table 1: Communication path used today

Communication path Quantity of respondents
Physical visits only 1
Remote contact only 0
Physical visits mostly, but also remote contact 13
Remote contact mostly, but also physical visits 7

Figure 2: Parameters used when treating heart failure patients. Parameters added to ”Other”:
Electrocardiogram, body temperature, estimation of NYHA class, and heart ultrasound.
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As can be seen in Figure 3 and Figure 4, the total number of respondents for both categories
(newly diagnosed and chronically ill) were both 19 respondents out of the 21
survey-participants. The 19 respondents in each category are separated based on if they on
average daily, weekly, monthly or yearly contact with a patient. The x-axis distinguish how
many times during the period of time they have contact with a patient, and the colors separate
the patients by care-unit.

In Figure 3 (patients with a newly diagnosed heart failure), two of the respondents have daily
contact, 9 have weekly contact and 8 have monthly contact. No one answered that they have
yearly contact.

Figure 3: Respondents working with newly diagnosed heart failure patients

In Figure 4 (patients with a chronic heart failure), 12 of the respondents have weekly contact, 2
have monthly contact and 5 have yearly contact. No one answered that they have daily contact.

Figure 4: Respondents working with chronic heart failure patients
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4.1.2 Survey part 2: Scenario-thinking, The use of self-monitoring systems

The data gathered from the second part of the survey are compiled in Figure 5 and Table 2.
Figure 5 displays how they would see them self using the data gathered from a self-monitoring
system, and Table 2 showcase where they consider the data to be most appropriately displayed.

Figure 5: Area and time of usage: How and when respondents would use the data gathered on
a patient using a self-monitoring system

Table 2: Where to display data gathered from a self-monitoring system

Data to display The medical record system Separate system for
self-monitored data

All patient data, daily 7 5
Abnormalities in measured data 11 6
Compilation of parameters during
a specific period of time 16 8

I don’t know 0 1
Other 3 2
No data should be displayed here (Option not given) 9
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4.1.3 Survey part 3: The need of and trust in self-monitoring systems

The data gathered from the third part of the survey aim to display what the participants
thoughts are about digitizing healthcare for heart failure patients with self-monitoring.

Table 3 contains the average of the interval data gathered from the responses on five
questions. Table 4 displays three questions related to the topic of trust in data. The quantity of
respondents are separated into the four columns ’Yes’, ’No’, ’Don’t know’, and ’Other’.

Table 3: Clinicians, The actual need

Question
Average

1= ”No, not at all”
5 = ”Yes, absolutely”

Would a self-monitoring approach facilitate
and make your work more efficient? 3.86

Would a self-monitoring approach facilitate
a more safe and patient-centered care? 3.95

Do you consider the quality of data manually written/reported
by a patient equal to machine based PGHD? 3.29

Do you consider the quality of machine based patient
generated data equal to data gathered at a medical facility? 3.62

Do you believe that the patient will experience that
the healthcare provided is more safe? 4.24

Table 4: Trust in patient generated health data (PGHD)

Question Answer:
Yes

Answer:
No

Answer:
Don’t know

Answer:
Other

Would you have an increased trust in
machine based PGHD in comparison to
data reported manually by a patient?

9 5 5 2

Would you have an increased trust in
data gathered at a medical facility? 9 6 4 2

Is PROM a requirement in addition
to the machine based PGHD? 17 0 1 3

Table 5 is a compilation of reoccurring themes in comments gathered throughout the survey
related to potential disadvantages and concerns with the usage of self-monitoring systems.
The concerns are grouped in the categories ’Patient’ and ’Other’.
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Table 5: Disadvantages with self-monitoring

Patient Other

1. Some patients experience increased
stress and anxiety. Reason mentioned:
a) Feeling monitored.
b) Decreased trust in healthcare because of
reduced physical visits.
c) Overseeing their own vital parameters increase
their concern, and could furthermore increase
BP and pulse. Increasing the risk of a
deterioration in the heart failure.

2. Reduced trust in their own ability to feel when
something is wrong.

3. With time some tend to become unmotivated
to take their vital parameters.

1. There are no disadvantages,
it is the next step in healthcare.

2. Can’t replace all physical visits,
but self-monitoring can act as a
complement.

3. Reduced patient contact.

4. There is no capacity in healthcare
today to handle large amounts of data,
and would cause increased stress
for clinicians.

5. The greatest challenge with implementing
self-monitoring is not the gathering of data,
but to create routines and adjustments for
clinicians to follow so that they together
with the patients can trust the care offered.

4.2 Results, clinician interviews

Four semi-structured interviews were conducted, a list of participants can be seen in Table 6.
The data gathered from the interviewswith clinicianswere grouped to by analyzedwith thematic
analysis. The coding of the transcribed data resulted in seven sub-themes grouped into three
main themes: System requirements, SWOT, and Interest in self-monitoring. The sub-themes
were constructed from concepts such as reoccurring topics, differences and similarities, as well
as natural transitions between topics discussed during interviews (see Section 3.4).

Table 6: List of interview participants, clinical aspect

Participant num-
ber

Participants in
interview

Profession Care unit

1 and 2 2 District nurses Primary Care (digitizedwork-
flow)

3 1 Chief Physician Specialist Care
4 1 Chief Physician Specialist Care
5 1 Nurse Advanced Home Health Care

(LAH) until the year of 2019.

Four of the five participants that was interviewed are working, or have worked, with a
digitized workflow for heart failure patients. The interviews revealed that the current
workflow was similar at the specialist care units. They aim to titrate medication until the
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patient has reached the target medication treatment where the patient then has a chronic, but
stable, heart failure and can be transferred to the primary care units. At the primary care unit,
as for in the advanced home health care (LAH), medications are adjusted after the need of the
patient over time.

At both specialist care units the initial visit and the final visit before transferring to primary
care is conducted at the care facility together with a physician. The follow-up visits are done
by nurses, though the result show that the specialist care units differ slightly in frequency of
visits, and in the way patient contact is done. Participant 1 and 2 from primary care, as for
participant 5, are or have worked in a digitized workflow where patients are monitored daily.
Hence, the way of contact and frequency of contact are comparable between the two.

Figure 6 display an thematic analysis map of the summarized themes. Section 5.2.1-5.2.3
displays the result from the thematic analysis in continuous text, structured after the three
main themes.

Figure 6: Thematic analysis map with the identified themes. Three main themes, in
relationship to seven sub-themes. The primary connections are shown with solid lines, and
secondary connections with dotted lines.

4.2.1 System requirements

Extracts from interviews regarding system requirements can be seen categorized below in bullet
points bellow.

Presentation of data: Medical record and separate system

• Home monitoring is super good if you can get a graphic development and see the slow
weight gain. (...). We teach that they should take furix when they have this rapid weight
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gain which is sort of steep. But sometimes they have slow weight gain, gaining up to 10
kg before they end up in the emergency room (Participant 4: Chief Physician, Specialist
Care).

• Some are very pro for data being directly transferred to the medical record, but I’m a
little hesitant actually. Better if we analyse in home monitoring system, and then make a
short note in the medical record after that. Because it still requires an assessment on
our part. There will be incredible amounts of data otherwise (Participant 4: Chief
Physician, Specialist Care).

• ”I want to see when something deviates, then I want to go in and look. Do not want to
sit and watch a lot of normal weight curves, it will be completely useless”(Participant 4:
Chief Physician, Specialist Care).

• ”I think that it would actually be a huge advantage if all the data came into the medical
record system directly. So that I would not have to switch between different systems”
(Participant 5: Nurse, LAH).

Functionality demands

• You can hear if is feeling unwell on the phone, but when you see and hear each other it
gives so much more. So that functionality for video calls in combination with home
monitoring would be good. Some form of PROM would also be good, ie that a patient
hand in a form with some regularity, not too often. And that it is then also aggregated in
a diagram that shows how ”mood” , in combination with parameters, develops over
time (Participant 4: Chief Physician, Specialist Care).

• ”The system should take into account sliding changes, in addition to rapid daily
changes. But then I can think that it is also good to have a system that in the event of
deviations tells the patient to measure again” (Participant 3: Chief Physician, Specialist
Care).

• ”I want to be able to get a signal that the patient is using the system, for example a
color indicator that measurements are being made” (Participant 4: Chief Physician,
Specialist Care).

• ”The biggest disadvantage with home monitoring would be if you lost the patient’s
experience altogether. That it is just parameters. Some form of estimation of well being,
and communication with healthcare is also required” (Participant 5: Nurse, LAH).

Parameters:

• ”I do consider the data having higher if it is machine-based PGHD. When the patient
enter data manually, there are margins of error. They read and enter it wrongly, or
remember wrong or so. I absolutely do.”(Participant 5: Nurse, LAH).
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4.2.2 SWOT

The strengths, weaknesses, opportunities and threats that participants mentioned during inter-
views can be seen compiled in the SWOT analysis, Table 7. Two extracts from interviews can
be seen below in bullet points:

• ”The application must be so simple that you can handle it even when you have turned
65 years old and older. Many of the patients are 70, 75, 80, 85, years old” (Participant
4: Chief Physician, Specialist Care).

• ”A disadvantage is that the patient is reminded of his illness daily. (...) It is also a
problem if the systems deliver a lot of data that is difficult to handle, and have use for. It
takes a lot of our resources” (Participant 4: Chief Physician, Specialist Care).

Table 7: SWOT analysis - Clinicians’ perspective

Strengths Weaknesses

(1) Patient centered care
(2) An home environment can increase the
precision of data. Firstly because the
patient is in an low-stress home environment.
Secondly because the gathering of data
can become standardized, always
gathered under the same circumstances.
(3) Sense of security for the patient.

(1) Technology can’t meet the requirements.
(2) Who is responsibility of the technology.
(3) Technology, like a weighing scale, are not
adapted for the needs of an specific individual.
(4) Lack of resources and established routines
at healthcare providers.
(5) Lack of knowledge at healthcare providers.
(6) Medical records filled with data,
making them hard to read.

Opportunities Threats

(1) Reduced number of hospital
admissions.
(2) Patients get more involved in
their own care.
(3) Sense of security for the patient.
(4) Efficient adjustment in treatment
can reduce patient suffering.

(1) All patients does not have Mobile BankID.
(2) Not for all patients, some will experience
more stress.
(3) Older patients not being able to manage the
technology.
(4) If not machine based PGHD:
Reporting error by patient.
(5) Patient loose interest
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4.2.3 Interest in self-monitoring

Interview extracts compiled below display the interest shown by participants in self-monitoring,
categorized in bullet points:

• ”We think that this is something we can do ourselves, that we will have a digital
reception in the future”(Participant 4: Chief Physician, Specialist Care).

• ”The patient should be included in a contract. When you work person-centered, you are
included in a contract with the patient, which should state that using the
home-monitoring system is as important as the drug treatment” (Participant 4: Chief
Physician, Specialist Care).

• ”We have a somewhat skeptical attitude to home monitoring. What we really think is the
most important thing is that patients have an understanding of their disease and are
observant of changes. But if you are now going to monitor something, it is, for example,
heart rate, blood pressure and weight” (Participant 3: Chief Physician, Specialist Care).

• ”Healthcare, cardiac clinics, are not really dimensioned to take care of as many
patients that would benefit from being followed-up with us. Some would probably feel
better from being followed up with us instead of in primary care”(Participant 3: Chief
Physician, Specialist Care).

• ”I think that the greatest benefit of home monitoring systems would still apply when the
patient is first put on medications. But that would then require that the equipment was
fairly easy to handle and easy to install at home. That you bring a small bag home with
the necessary equipment. If you are to think a little freely. But I have a bit of a hard time
seeing that all patients have home monitoring, they are so many. But in a similar way,
one can imagine that those who were in the final stages of their illness would benefit
from a little closer monitoring” (Participant 3: Chief Physician, Specialist Care).
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Table 8: The interest in self-monitoring

Need for self-monitoring Future

Participant 1 and 2

Digitized
Primary care

(District nurses)

There is absolutely a need.
Since starting with Cuviva
patients participant 1 and 2
mean:
(1) Patients feel safe, just
a few that prefer traditional
care.
(2) It feels like a smooth
way into healthcare.
(3) It is interesting and fun to
work with, enrich the work of
nurses.
(4) Enable nurses having time
to see more patients.

Wish to continue with Cuviva.
See the digitization expand to
other illnesses and palliative
care.

Participant 3

Specialist care

(Chief physician)

Don’t really see that there is a
need for self-monitoring in
the specialist care. Skeptical
to the idea of self-monitoring
could replacing anything from
traditional care.
Maybe more relevant in primary
care since it is there where the
larger group of heart failure
patients is, the chronically ill.

Don’t see self-monitoring
being part of the specialist
care as for now.

Participant 4

Specialist care

(Chief physician)

Yes, there is a need.

In the future the participant
believe that their specialist
care unit have a digitized unit
connected. Most likely placed
at the care unit.
Both physical care and the
digitized care should be
offered to patients, depending
on circumstances.

Participant 5

Advanced home
health care
(LAH)

(Nurse)

Believe that there is a considerable
need for self-monitoring.

Self-monitoring is absolutely
a part of healthcare for
heart failure patients in the
future.
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4.3 Results, Implementation aspect

Nine interviews were conducted, with eight participants. Two separate interviews, one hour
of length, were conducted with one participant. A thematic analysis was made by the data
gathered, resulting in 28 themes organized under the three categories: ”Technology and IT”,
”Legal aspects” and ”Organizational aspects”. The themes were constructed from concepts
such as reoccurring topics, differences and similarities, as well as natural transitions between
topics discussed during interviews (see section 3.4).

Table 9: List of interview participants, implementation aspect

Interview
number Profession Organization

1 Computer Scientist Regional Office Örebro,
Digitization unit

2 Project Manager Regional Office Örebro,
Digitization unit

3 Compliance and Data Protection Officer Cambio Healthcare Systems

4 and 5 Lawyer focusing on eHealth,
privacy issues and IT

Sveriges Kommuner och Regioner
(SKR) and Inera AB

6 Project Manager, IT solutions and
medical record systems Cambio Healthcare System

7 Project Manager, digitization of healthcare
and registered nurse

Project Management Office at
Region Östergötland

8 Strategy and Service Manager,
Collaborative Architecture Inera AB

9 Coordinator and Strategist eHealth Sveriges Kommuner och Regioner
(SKR)

The implementation aspects is divided into the three main categories: ”Technology and IT”,
”Organizational aspects” and ”Legal aspects”. To visualize the data gathered a thematic map
was constructed (see Figure 7). The three categories are visualised with different colors, with
the themes organized vertically beneath. The primary connections are shown with solid
arrows, and secondary connections with dotted lines. The results is presented in the structure
of the three categories.
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Figure 7: Thematic analysis map with the identified themes. The three categories are
visualised with different colors, with the themes organized vertically beneath. The primary
connections are shown with solid arrows, and secondary connections with dotted lines.
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4.3.1 Organizational aspect

Part 1: Requirements, clinicians trusting the solution, quality

Participants agree that the requirements from clinicians include evidence on the quality of
gathered data. An overall agreement is also made that clinicians set higher demands on
machine based PGHD than if a patient would inform healthcare of equal self-gathered data in
a meeting. See extracts from interviews below:

“This is one of the major thresholds in the implementation. That we begin to question on
unclear grounds, the value ”quality”, which we would not have questioned if the patient had
called in by phone and communicated the measured value. One begins to demand evidence for
measured values. (...) The reason for this is most likely just that collecting data by patient has
always been done, but machine-based is unfiltered data without the clinician’s assessment.
Which results in uncertainty among clinicians” (Project Manager, Project Management
Office, Region Östergötland).

“Clinicians are uncertain about the quality of gathered data. If the implementation is not done
gradually, wanting to digitize everything at once, this will result in almost unreasonable
demands. A gradual implementation is necessary for realistic requirements to be set”
(Strategy and Service Manager, Inera AB).

Comments on ways of meeting requirements and creating trust from clinicians for data
gathered by self-monitoring can be seen below:

“The medical operations manager (Medicinsk verksamhetsansvarig in Swedish) has an
overall responsibility for patient safety in the operation, and then it is also reasonable for
these operations managers to decide which information is of value for ensuring quality and
patient safety, and that should be added to the medical record” (Lawyer, Inera and SKR).

“Clinicians rely on the guidelines, the national care programs. That is, if there are clear
guidelines, the Clinicians will most likely adapt to them. This requires that new scientific
evidence is produced for different scenarios, in order for clinics to trust gathered data
collected with self-monitoring.” ( Project Manager, Project Management Office, Region
Östergötland).

“There is still a lack of research when it comes to evidence of the quality of data. There is an
on-going discussion of additional measures of the quality of data in addition to CE-marking.
CE-marking is not enough, there is a need for some form of assessment evaluation of used
apps” (Coordinator and Strategist eHealth, SKR).

26



In addition to clinicians trusting the solution, self-monitoring has shown changing patients
requirements of provided care. The coordinator and strategist of eHealth, SKR representative,
states that the expectations and requirements from patients has increased since pilot studies
have shown that self-monitoring is not just “transfer of information”, but a new
patient-healthcare relationship. Hence, this creates new expectations on what the healthcare
relationship should provide. An example given was that the continuous monitoring provided
to a patient creates a sense of security, but as a result of this an increase in insecurity on days
where monitoring is not performed. Therefore a requirement from the patient perspective
might include that the monitoring should be provided all day, every day which requires
enormous amounts of healthcare resources.

Part 2: Shared objective and definition
The coordinator and strategist of eHealth, SKR representative, describes the importance of
having clear definitions on terms used in discussions regarding implementation of
self-monitoring. County councils and suppliers using the same definitions enables efficient
discussions and shared objectives.

Continuing with sharing that it was in the late 2020/beginning of 2021 that it was decided to
use ”Self-monitoring” instead of ”home monitoring” or ”distance monitoring” in all county
councils. The reason for this was that home monitoring became very focused on the home. We
want to show that it is site-independent. Distance monitoring was too much linked to the
feeling of ”distance in the relationship”, which you do not want either. Pilots have rather
shown that the relationship between the patient and the care is closer. It has been agreed on
”self-monitoring” as the individual has a major role and a responsibility in when using
self-monitoring. Also stating that the current content in the definition of self-monitoring may
need to be updated again soon. Pilot studies have shown that the original idea of
self-monitoring being an “information transfer” has shifted to rather being a new form of
relationship in healthcare. More of a relationship-building activity or a service rather than a
technical solution to current healthcare provided.

“Formulating clear definitions has proven to be very important. There has previously been
frustration from companies / digital services who believe that they constantly need to re-do
pilot studies, that they do not know what requirements are set”(Coordinator and Strategist
eHealth, SKR).

Stating that the clearer the definitions, the more reasonable the requirements of each
stakeholder since everyone has a shared objective of self-monitoring. Sitting down and
coming to a common definition also allows for expressions to live longer, and not just be used
as a buzzword that becomes political or used in propaganda. Other words used in discussion
regarding self-monitoring, such as health data and patient data, are also in need of being
defined for the same purpose.
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Part 3: Need and creating interest, implementation maturity, down-ripe organizations,
gradual implementation and final decision makers.
Many of the experts interviewed emphasize the importance of interest actually being
generated by the primary users, clinicians, in healthcare for an implementation of
self-monitoring to be successful. The project manager, Cambio Healthcare representative, put
it into perspective of earlier experience in implementing a pilot study for self-monitoring in
Region Uppsala in the specialized care unit for heart failure patients, to later be implemented
in primary care. The preparation for the implementation had been well established, as well as
a healthcare reference group being positive for the implementation. The project was halted
despite these circumstances since the project had not been sufficiently anchored with the
primary users. There was resistance from clinicians, since they feared for an increased
workload. Concluded with “It is important that there is a shared objective” (Project Manager,
Cambio Healthcare Systems).

One participant also states that healthcare requires evidence, proving that self-monitoring is as
good or better than traditional care. Concluding with “But the problem is, how do we know we
are providing the right care for patients today? How do we measure it? Unfortunately, the
answer is probably not at all“ (Project Manager, Project Management Office, Region
Östergötland). Another participant also concluded the importance of carefully stated
definitions in order to have a clearer message that healthcare can form an opinion about.
Concluding with “Incredibly important when it comes to creating interest in the county
councils” (Coordinator and Strategist, eHealth).

One participant states that there is an organizational obstacle in wanting to solve all possible
problems, as well as all current problems in healthcare, before implementation of a new
system will create impossible requirements on stakeholders. Stating that “Current healthcare
is practically from the Stone Age, but one still intends to solve all problems at once. A gradual
implementation will be necessary” (Strategy and Service Manager, Inera AB). Participant also
state that machine based PGHD is one of those areas that possibly should not be a priority
when implementing self-monitoring.

Another recurring aspect mentioned during interviews related to the interest in self-monitoring
systems was the implementation maturity. Context which implementation maturity was
mentioned included organizational, financial and digital maturity. See interview extracts
below:

• Digital maturity: ”Healthcare has not their own architectural strategy, but it becomes a
“super-procurement” to buy a platform that is able to meet all requirements” (Strategy
and Service Manager, Inera AB). Participant concluding with the necessity of a gradual
implementation for digital maturity.
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• Financial maturity: Pilot studies performed are driven by short-term funding. Despite
projects being successful, there is not yet a financial compensation model for the pilot
studies to be implemented on a large scale. “Which suggests that final decision makers
do not consider it mature yet to implement” (Strategy and Service Manager, Inera AB)

• Organizational healthcare maturity: Not enough interest established in healthcare.
“Historically, you often talk to the producer part of a county council, but there is a
necessity to involve the users of the system. Healthcare” Strategy and Service Manager,
Inera AB). There is also a deficiency in organizational healthcare maturity because of
the downpipe organization structure in healthcare. “The self-monitoring enables
preventive care, which increases the financial burden on primary care but reduces the
financial burden on specialist care. One must therefore review that one works across
borders and not according to the traditional downpipe format, switch to a more
patient-centered way of working” (Project Manager, Regional Office Örebro,
Digitization unit).

Part 4: Compensation model, profits and placement of unit
The implementation of self-monitoring requires a compensation model from how healthcare is
performed today, including both financial and organizational aspects. The coordinator and
strategist of eHealth, SKR, summarized many participants’ conclusion of the subject with
three questions: ”Who will pay for the infrastructure? Who will pay for the sensors and apps?
How should the monitoring it self be replaced?”.

Also stating that the lack of research, hence evidence, means that it is still not known which
patient groups that would benefit from self-monitoring. ”For example, it has been shown that
there are socio-economic benefits for self-monitoring of heart failure patients in all degrees of
severity, but that there are socio-economic benefits only for patients with severe chronic
obstructive pulmonary disease. The compensation model must therefor take into account (1)
For how long will a patient use the self-monitoring system? (2) What is the aim with
monitoring a patient? (3) What are the resulting major effects?” (Coordinator and Strategist
eHealth, SKR).

A designed compensation model must take the mentioned these things into account, ”There is
yet no national shared model for this. We still have to learn what self-monitoring entails”
(Coordinator and Strategist eHealth, SKR).

The main aspects brought up in relation to compensation model is summarized in Figure 8,
with some included comments by participants incorporated.

The conclusion drawn by participants is that self-monitoring is a form of preventative care,
where the profits are not necessarily gathered from the same part of healthcare as where the
costs lies.
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Figure 8: Compensation model, financial and organisational aspect

Preventative care increases the healthcare cost for a patient at an early stage, but decreases the
costs in the distant future. One participant state that ”One factor for making home monitoring
financially sustainable is that there must be a shift from treating symptoms, to conducting
preventative care. A method that Sweden does not really use yet” (Computer Scientist,
Regional Office Örebro, Digitization unit).

How a compensation model is designed also depends on how self-monitoring is organized in
healthcare, hence how it is offered to patients. These qualitative results was gathered under
the theme ”Placement of unit”. The placement of a self-monitoring unit affects the
compensation model aspect of financing infrastructure, hardware and software. In addition to
the financial aspect it affects the logistics aspect of the compensation model. Hence how the
monitoring should be replaced or incorporated in current healthcare offered. This includes
distribution of labor and responsibilities in healthcare when providing patients with equipment
for self-monitoring.

Options discussed for placement of unit where

• A centralized digitized unit, a national procured platform. Responsible for all data
gathered by self-monitoring systems, can include data gathered by other patient groups
in addition to heart failure patients.

• Several small units, each care unit’s own responsibility. The distribution of
self-monitoring systems is completely governed by the care units, and all data gathered
by a patient is monitored locally by designated clinicians at the care units.

As written concluded in Section 3, there is yet not widespread implementation maturity, which
participants concluded with when stating that a centralized digitized unit is not yet an option.
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A centralized unit could be used in many ways, but its main purpose discussed during
interviews were that a centralized digitized unit would monitor alarms caused by deviations in
vital parameters. When needed, the patient would be put in contact with responsible healthcare
facility. In comparison, several participants states that implementation of self-monitoring in
the near future require a setup alike pilot studies, several small implementation projects
located directly connected to specific healthcare units. ”Implementation in short term, should
start with several small units at specialist/primary care for specific purposes, such as heart
failure. (...) Can be used as a gradual transition to an overarching unit to create knowledge
and anchoring in the organization, thus better support for the change. Disadvantage: Not
sustainable in the long run” (Project Manager, Regional Office Örebro, Digitization unit).

Table 10: SWOT analysis - Centralized digitized unit responsible for data gathered by
self-monitoring systems. Patients from several patient groups, including heart failure patients.

Strengths Weaknesses

(1) A multimorbid patient can be treated
from one single platform, hence patient-
centered care is offered.
(2) Clinicians at the units are only called
in when there is an actual need.

(1) The need is yet not large enough
in healthcare organizations across
county councils.
(2) Patients might have less trust in the
monitoring.
(3) Clinicians might have less trust in the
monitoring.

Opportunities Threats

(1) Attractive for more healthcare units.
(2) Easier to establish interoperability
between self-monitoring system and
medical record system.
(3) The responsibility for logistics
such as technical support is centralized,
and not given to clinicians at healthcare
units.

(1) There is yet no platform advanced
enough.
(2) A large procurement resulting in a long
term commitment. Other suppliers on
the market might offer more competitive
platforms.
(3) The Swedish healthcare system is built
as downpipe organizations. Working across
boarders would require a new healthcare
structure, challenging to establish.
(4) Expensive to establish.

A reoccurring discussion with many participants when talking about a compensation model
was the medical boards as primary stakeholders. See excerpt from one participant: ”The
financial benefits are when we do not go in and monitor every day, but start handling alarms.
This requires that there is an organizational compensation model, that a medical board (or
equivalent) approves. (...) A board must formulate that this is the way this healthcare is to be
conducted. A financial and organizational remuneration model can only facilitate that
decision, but is secondary to the management’s opinion” (Project Manager, Project
Management Office, Region Östergötland).
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4.3.2 Legal aspect

The legal aspects of implementation was identified with 11 themes, divided into four sections.

Part 1: ”Healthcare” vs. ”Self-care”, and ”Patient data” vs. ”Health data”

Identified differences in experts interpretation of frequently used terminology. Including
”Healthcare” vs. ”Self-care”, and ”Patient data” vs. ”Health data”. The terminology was
discussed with the perspective of transferring self-monitoring data to the medical record, in
order to reduce the workload of clinicians. Question asked was ”When does health data
become patient data?”. See extracts:

• ”Patient data and health data are not legally defined expressions. They are freely used
with an implied meaning. More correct terminology to use is ”sensitive personal data”
(PDL) and ”personal data on health” (GDPR)” (Lawyer, Inera and SKR).

• ”I am confused about the use of health data, healthcare data and patient-registered
data. (...) But I can feel a little like, ”what do you really mean?” For me, it is the data
that is registered by the care provider vs the data that is registered by the individual”
(Coordinator and Strategist, eHealth).

Some experts used ”patient data” when referring to data from a specific individual, whilst
others meant that it was data in a patient’s medical record (requiring certain evidence) or that
it was a subset of sensitive personal data, a particular category of the GDPR. With the
terminology ”health data” there was an understanding that it was used in different ways, an
overall expression. Two experts emphasize that the ambiguous usage makes this terminology
misleading to use, creates barriers to establish shared objectives.

One participant emphasize that the more legally interesting perspective when constructing
self-monitoring systems is the difference in ”healthcare” and ”self-care”, stating that ”There is
still ambiguity in where the line goes between healthcare and self-care” (Lawyer, Inera and
SKR). ”Patient data” and ”health data” are both used in the sense of under what legal
requirements that are necessary (if they go under PDL or GDPR). When constructing the
infrastructure, creating interoperability between systems, it is the difference between
”healthcare” and ”self-care” that must be taken into consideration. See section 2.

Part 2: Medical record, health account, and export of data to a medical record

The terminology medical record and health account from a legal perspective, in correlation to
legal requirements when designing a system to handle self-monitoring data. During
interviews, an health account is referred to as an account with ”health data”, which can be
commercialized (GDPR requirements) or connected to healthcare (PDL requirements). A
medical record system have medical record data, that must be saved for 10 years. Lawyer
representative (Inera and SKR) states that the validation required for data to be medical record
data can be divided into two categories:
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• Data gathered must have sufficient quality

• Assessment if the data have enough significance to be medical record data

Stating that ”It is reasonably that it is the medical operation manager for a healthcare
organization who should, based on the healthcare given at their organization, assess what
should be added to the medical record” (Lawyer, Inera and SKR). Concluding that it is the
medical operation manager that has the overall responsibility for patient safety, hence it is
reasonable that they decide which information is of value for the quality and patient safety to
be added to the record. Additionally clarifying that everything in a medical record system is
not a medical record, it can also be care-documentation. Care-documentation include data
such as quality assurance, statistics, follow-up information, and logistics. The
recommendation for this data is to be saved for two years, in case on patient complaints or
similar circumstances. ”It is important that the care provider keeps track of what data is a
medical record, and should save for at least 10 years. Systems used must have functionality
that enables this” (Lawyer, Inera and SKR).

Extracts from two other participants correlated to medical record:

• ”Data from the medical record system should not automatically be entered in medical
records, but what is to be recorded is the decision made on the basis of the information
received from the monitoring system” (Project Manager, Project Management Office,
Region Östergötland).

• ”It would be natural for a medical record provider to create a service/platform for
self-monitoring. There is a need for a seamless transfer of information between
systems” (Coordinator and Strategist, eHealth).

Interviews emphasized the importance of careful consideration of which data that is medical
record data when constructing a self-monitoring system, including data presentation and data
storage. See Section 3.

Part 3: Data presentation and data storage

The legal aspect of data presentation and storage with regards to PDL and GDPR, and how
this correlates to the responsibility of deleting data under certain circumstances. Data storage
and data presentation are two aspects brought up by experts as key elements in the design and
implementation of self-monitoring systems used by healthcare. The presentation of data is
what creates usability, for clinicians and patients. Requirements of data presentation need to
be fulfilled when analyzing where to store the data, which is regulated by PDL, and/or GDPR.
Presentation of self-monitoring data has three identified purposed during interviews:

(i) Increase a patient’s understanding of their own health, involve them more in their own
care.
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(ii) Monitoring and communication with patients. An interface based on the needs of
clinicians. Require an intuitive user interface, for purposes such as monitor deviations
and alarms. Requirements identified in Results, subsection 5.1 and 5.2.

(iii) Analyze data with the purpose of making decisions of care.

In the definition of self-monitoring (see 2.3.1) there is a remark that self-monitored data have
to be validated before being entered in a patient’s medical record. One participant emphasize
that if a decision is made from self-monitored data, it has medical significance because it is the
basis for care. ”Data may be medical record data, even if clinicians only looks at the data
without acting. Hence, the decision is not to act” (Coordinator and Strategist, eHealth).

One participant states that even though there are already a number of suppliers on the market,
they have a niche on a specific diagnosis, such as heart failure. They become very good at
presenting data intuitively to patients and clinicians. The participant emphasizing that it will
not be organizationally sustainable with niche suppliers if implementing self-monitoring on a
large scale, including several diseases. ”There would be a lot of external services that you
have to manage and create integrations with. This makes it even more complicated for a
multimorbid patient. There is not yet a large platform provider that can handle all of these
diagnoses” (Project Manager, Regional Office Örebro, Digitization unit).

The lawyer representative (Inera and SKR), place emphasis on the parallel between who is the
Personal Data Controller, and where the data storage is. The Personal Data Controller is
legally obligated to protect personal data. Stating that before implementation of
self-monitoring systems, the purpose for storing data, as well as creating unambiguous
definition of the data responsibilities needs to be thoroughly investigated.

Two additional extracts can be seen below:

• One expert also state that ”You must be able to demonstrate the usefulness of the data
that you store. A question of interpretation” (Strategy and Service Manager, Inera AB).

• ”If the data storage is done by an external self-monitoring supplier, it becomes much
more difficult to have control of the data. It is easier legally that the data is stored in a
medical record system if the data is not completely anonymous” (Compliance and Data
Protection Officer, Cambio Healthcare Systems).

Part 4: Solution alternatives and gray zones

Solution alternatives when designing a self-monitoring system for Swedish healthcare, from a
legal perspective. Including the legal “gray zones” that are to be avoided. Three solution
alternatives for implementation of self-monitoring systems, from a legal perspective. The
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Table 11: Solution alternative 1, Healthcare provides the self-monitoring service

Alternative 1: Healthcare only
Logistics Comments

Healthcare procures medical devices and
sensors from a manufacturer, but all
infrastructure and data storage is within
the framework of healthcare.

Data storage: Medical record system
Personal Data Controller: Healthcare

A medical operation manager
should decide weather data is
a) Medical record data
(save for 10 years minimum)

b) Care documentation
(save for approximately two years)

Lawyer comment: ”The cleanest
solution from a legal perspective”

solutions are based on the results from the two interviews conducted with the Lawyer
representative (from Inera and SKR). The solution alternatives applies to prescribed
self-monitoring (see 2.3.1).

Table 12: Solution alternative 2, Supplier service, ADB-disclosure of data to healthcare

Alternative 2: Supplier service, ADB-disclosure of data to healthcare
Logistics Comments

Healthcare professionals suggest a patient to use
a self-monitoring platform through a supplier.
The patient creates an health account where vital
parameters can be uploaded. The data gathered is,
after an agreed amount of time, shared to a
medical health account with an ADB-disclosure
(regulations for disclosure patient-generated data
via a medium for automated processing.

1) Patient vital parameters that are uploaded to an
health account.
Personal Data Controller: Supplier

2) Patient gives consent to share some or all data
to an healthcare account. The data can then be
followed-up by clinicians.
Personal Data Controller: Healthcare
(for the data that is shared).

1) Complicated since the
Personal Data Controller
changes.

2) Requires consent.

Lawyer’s comment:
It is a form of follow-up within
the framework of self-care.
There is still ambiguity in the
regulations, for where the line
goes between self-care and healthcare.
Complicated solution, where the
legislation is unclear. Hence, a legal gray zone.
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Table 13: Solution alternative 3, Supplier service, Personal Data Processor to healthcare

Alternative 3: Supplier service, Personal Data Processor to healthcare
Logistics Comments

Similar to alternative 2, but the supplier service is
used as healthcare during the entire data collection
process.

Healthcare prescribes a self-monitoring service to
a patient. The patient measure their vital parameters
that are uploaded to the healthcare account at
a supplier service. Healthcare has continous access
to data gathered, which can be monitored.

Personal Data Controller: Healthcare
Personal Data Processor: Supplier

1) The supplier does not have
access to data gathered.

2) A supplier is able to, with an
agreement extract anonymized
data to develop the service.

3) Legally clean solution.

4.3.3 Technology and IT

With machine based PGHD data there are medical equipment containing sensors that transfer
the data to a software solution that process the data. Regarding what IT solution and technology
chosen for self-monitoring of heart failure patients four themes were identifies during inter-
views. The themes include ”User interface”, ”Features and functionality”, ”Medical equipment
and sensors”, and ”Interoperability”.

User interface: Must be an intuitive interface, to keep patients interested in using the product.
”There must be value to the patient in using the self-monitoring system” (Coordinator and
Strategist, eHealth). Additionally: “If you procure an actor that resolves the contact with the
patient, the integration between the external actor and the platform that clinicians use
becomes very important. Then a business-to-business interface might be required so that
physicians are able to make informed decisions for a patients health” (Strategy and Service
Manager, Inera AB).

Features and functionality: Many participants state that technology is not an obstacle for
implementation of self-monitoring systems, with one exception. One participant emphasize
that implementation of self-monitoring on a large scale implies increased demand on
technology. Referring to Danmark, that were supposed to offer self-monitoring to heart failure
patients and patients with chronic obstructive pulmonary disease. Explaining that technology
is the factor that extensively delayed the implementation. ”The procured supplier providing
the equipment could not live up to the requirements for features and functionality of the
product. There are many requirements that must be met for a national platform, it is not easy
to find an actor who can meet all of them (Coordinator and Strategist, eHealth).

Medical equipment and sensors: To ensure quality, CE marking is used today. Though one
participant also state that ”There are also other ways to measure quality than CE marking. It
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is an ongoing discussion if there should be additional assessment for apps to ensure the
requirements in healthcare. There is a need for this, CE marking alone is not enough”
(Coordinator and Strategist, eHealth). Additionally there is the questions of cost when it
comes to medical equipment and sensors, ”Should the cost for home monitoring systems be
subsidized from county councils, like ”medical aids”? Or who what is the compensation
model there?” (Computer Scientist, Regional Office Örebro, Digitization unit).

Interoperability: Regarding interoperability HL7 FHIR is the computer standard that is
brought attention to by experts interviewed in this field. Though they emphasize that:

• ”However, it is important that home monitoring data is defined, partly in accordance
with Swedish legislation, in order to know how standards similar to HL7 FHIR are to be
used. Decide, among other things, who the ”performer” is, and how this should be
stated in, for example, FHIR then” (Computer Scientist, Regional Office Örebro,
Digitization unit).

• “In the Nordics, I do not think that HL7 version 2 is a good option, but that you should
instead look at the HL7 FHIR profile. But one must know that FHIR is very little used. I
still think that FHIR is the most likely information protocol. At least use FHIR as
inspiration” (Strategy and Service Manager, Inera AB)

When established interoperability between a self-monitoring system, and a medical record
systems one participant emphasize that ”It is also important to be able to distinguish between
data in the medical record” (Computer Scientist, Regional Office Örebro, Digitization unit).
Data gathered from self-monitoring systems have to be defined and coded such that it can be
separated from other data in the medical record. Mentioned examples that should be separated
in the medical record system:

(i) Data gathered at a healthcare facility

(ii) Self-monitoring, Machine based PGHD

(iii) Self-monitoring, manually inserted data by patient
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5 Discussion

This section presents the discussion of the findings. Firstly reasoning is given about the exe-
cution of the work, affecting the outcome. Then follows the discussion of the results gathered,
starting with a discussion based on the findings related to the clinician’s needs and requirements,
followed up by the aspect of implementation.

5.1 Discussion of the methodology

The survey handed out delivered usable quantitative results, though the results can only be
analyzed with descriptive statistics. Only 21 clinicians ended up answering the survey, with
an uneven distribution of a number of representatives for the intended separation variables:
care units, profession, and county councils. The interviews with clinicians provided qualita-
tive results, adding additional valuable information for the analysis of clinicians’ views of the
implementation of self-monitoring systems.

The interviews conducted with experts in the field of implementation were conducted as
planned. The distribution of expertise covered the implementation aspects of the organization,
law as well as technology, and IT. Though in retrospect, additional information in the field of
IT, with a focus on interoperability specifically, would have been of interest in terms of
identifying opportunities and challenges with existing computer standards. However, the
results gathered for the field of implementation turned out to be broader than anticipated.
Hence, time was limited to investigate details in some findings related to the aspect of law and
IT. The qualitative data from the nine interviews, one-hour length, took more time than
expected to transcribe, thus adding interviews to gather information on those missing details
would have complicated delivering the results in the limited time frame.

5.2 Clinician's need and requirements

Part 1 of the survey identified how the responding clinicians were currently working with heart
failure patients. As can be seen in Table 1, almost all participants communicated remotely with
patients to some degree, despite the majority first and foremost meeting with patients at the
clinics, but also via phone. Implying that there is some established experience in communicating
with patients remotely. Figure 3 and Figure 4 show that there is no significant difference in
frequency of contact for the categories ”newly diagnosed heart failure patients” and ”chronic
heart failure patients”. Results show that it is most common with weekly patient contact for
both categories, though the frequency of contact is slightly higher for newly diagnosed heart
failure patients. Worth noting is that the majority of chronically ill heart failure patients are
treated in primary care, that are not represented evenly in the survey compared to specialist
care. Hence, in the sense of workload, that potentially could be reduced with self-monitoring,
no significant conclusion can be drawn regarding the difference in need for self-monitoring
between care units.
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The results from Part 2 of the survey showcase how the respondents would use
self-monitoring systems. These results are correlated to the results from interviews presented
in 4.2.1 System requirements. Data gathered with self-monitoring can have many purposes, as
can be seen in Figure 5. The primary reasons are decision-making for changing medications,
as well as prevention purposes. A majority of the clinicians also answer that the system would
be used for monitoring. The data gathered would primarily be used during medical
appointments, and if deviations appear in the data. The data would also be used for monitoring
patients without patient contact.

There are some differences in opinions regarding where participants consider the data should
be presented, in a medical record system or a separate system containing self-monitoring data
specifically. Table 2 show that a clear majority of participants consider that abnormalities in
data, as well as a compilation of data, should be presented in the medical record system. Nine
out of 21 who answered the survey stated that no data should be presented in a separate system.
When comparing these results to the qualitative data gathered in the interviews, a difference in
opinion can be seen. Only the LAH representative emphasizes the need of displaying all data
in the medical record system. The reason why some participants are hesitant to fill the medical
record with self-monitoring data is due to the fear of an unreadable medical record, on the
other hand, an identified fear with a separate system is the potential increased workload if a
clinician has to go back and forth between a separate system and a medical record system.

The data gathered would be used for different purposes as mentioned above, which correlates
with the functionality demands identified. The system used, regardless if it is a separate
system or a medical record system, must have the functionality to display data as single data
measurements, compilation of data over time as well as presenting deviations. Though the
main findings of the system requirements can be analyzed from the interview extracts under
Section 4.2.1, that emphasize recurring demands and key findings.

Healthcare, key findings part 1: Identified demands for self-monitoring systems:

1. Notifications when deviations are discovered for slow weight gain - A system that
notifies slow weight gain can reduce the number of hospitalizations. This functionality
of a system enables the detection of patients with a gradual deterioration so that actions
can be made to prevent severe deterioration and hospitalizations. Cases that traditional
care struggle to detect.

2. Decision support - Decision support to enable clinicians to prioritize patients. Meaning
detection of deviations, but another aspect mentioned was graphically showing that
patients are using the system. If no data is transferred from a patient’s sensors, over a
decided period of time, it would be necessary to make contact.

39



3. Place of data presentation - Differences in opinions. System design should prevent a
patient’s medical record is hard to read, though there is practical advantages for
clinicians not having to switch between systems which could reduce clinicians’
workload.

4. Deviations in parameters - Deviations discovered require assessment by a clinician
before entering a patient’s medical record. A suggestion was also made by interview
participant 3 (specialist care) that if deviations in specific parameters occur, the system
should possibly ask the patient to re-take the parameter to avoid errors.

5. Integration and established interoperability between self-monitoring systems and
medical record system - Even though assessment of parameters is required before
written in a patient’s medical record, it would be beneficial with an automated transfer
of data when decided by a clinician.

6. PROM - Both the participants in the survey as well as in the clinician interviews
emphasize the need for PROM, stating that machine-based PGHD is not enough.
Participant 5 from the interviews, an LAH representative, even stated that PROM is the
most important thing to gather, not losing how the patient experience their health. There
is also an interest to see how a patient’s experienced well-being develops over time,
aggregated with measured vital parameters.

7. Functionality for video calls - There should be a functionality for video calls. How a
patient looks provides valuable information, that goes undetected during regular phone
calls.

Part 3 of the survey intended to gather information regarding clinicians’ needs and interest in
self-monitoring systems, with the aim to identify what could create obstacles to the
implementation of self-monitoring caused by resistance from clinicians. As can be seen in
Table 3, the respondents made estimations on a scale from 1 (= ”No, not at all”) and 5 (= ”Yes,
absolutely”) on questions related to trust and interest in the usage of self-monitoring. The
respondents believe that self-monitoring would facilitate both a more efficient workflow (3.86
average among respondents) for clinicians, as well as more safe and patient-centered care for
patients (3.95 average among respondents). Participants are more indifferent when comparing
machine-based PGHD to data manually reported in by a patient, meaning that the quality of
data is comparable (3.29 average among respondents). Similarly when comparing
machine-based PGHD to data gathered at a health facility (3.62 average among respondents).
The most distinct result in Table 3 is the clear improvement in how safe clinicians believe that
patients experience the healthcare given (4.24 average among respondents).

Table 4 partially reinforces these results. 43 % of the respondents answer that they would have
increased trust in machine-based PGHD compared to manually reported by the patient. The
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same amount of respondents also says they would trust data gathered at a medical facility
more than machine-based PGHD. An important result from Table 4 is that 81 % of the
respondents answer that PROM is necessary in addition to machine-based PGHD. This is
consistent with key findings in part 1, number 6 presented above. Similar discussions were
held during interviews. Key findings identified below are based on the compilation of survey
data in Table 5, and interview data in Table 7 and Section 4.2.3 ”Interest in self-monitoring”.

Healthcare, key findings part 2: Identified need, and clinician’s thoughts of disadvantages
and advantages with self-monitoring systems:

1. Patients own perception of state of health matter - The system must encourage the
patient to not blindly trust the system and measured parameters.

2. Patient fears - Using a self-monitoring system might not be for everyone, traditional
care must be an option.

3. Clinician fear - Not enough resources and capacity in healthcare to handle large amount
of data, as well as being responsible for medical equipment, sensors, used by patients.

4. Need of organizational compensation plan - Clinician identify that the greatest
challenge in the implementation of self-monitoring is not the data gathering, but that
routines and adjustments need to be established so that clinicians, as well as patients,
would trust the idea of self-monitoring.

5. Patient contract - A contract established together with a patient could be necessary to
avoid losing healthcare resources because of patients choosing not to complete all
measurements.

6. More correct data - A low-stress environment, the patient’s home, can increase the
accuracy of gathered data.

7. Technology - Has to be easy and intuitive to use, the majority of patients are old and not
used of handling technology.

8. Implementation maturity - Mixed opinions regarding if the use of self-monitoring is
necessary today, based on that patient groups might not be large enough today. Though,
the majority of survey and interview participant do think that self-monitoring for heart
failure patients is beneficial.
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5.3 Implementation challenges

This section discuss key findings from 4.3 Results, Implementation aspect.

5.3.1 Organizational aspect

The implementation maturity for self-monitoring systems nationally can be interpreted as fairly
low considering the spread of aspects needing further investigations. A first step identified
in order to prepare a broader implementation is the need of proceed with further define self-
monitoring. In result section, organizational aspect part 1, it is clarified the importance of def-
initions to establish shared objective among stakeholders. Well defined definitions also enable
the development of compensation models, as self-monitoring seems to become a new form of
care and not just transfer of data incorporated in current forms of healthcare offered.

Compensation models are complex problems but required before implementation can be done
nationally. These have not yet been established on a national level, as stated in Part 4 under the
result, organizational aspect. This is due to the fact that (1) Investigations are needed to map
exactly where profits will occur, hence enabling the financials to be taken into consideration
(see Figure 8). Before this can be established, a plan seems to be required for the placement of
a digitized unit, also taking a gradual implementation into account. Most experts interviewed
identify a centralized unit as the long-term solution since it could be valuable for more aspects
of healthcare and not just niches such as heart failure patients. A more in-depth analysis of a
centralized unit can be seen in the SWOT diagram, Table 10. Though right now there is a lack
of implementation maturity. The results show that there is an identified need to put resources
into establishing a gradual implementation plan, as well as how and when fractionated
implemented self-monitoring solutions can turn into a centralized unit. For a centralized unit
to be established, there is a need for a large platform that can handle different diseases, which
have not yet been identified on the market. A centralized unit would increase patient-centered
care (reach patients from one single platform), as well as attract more healthcare units to
become digitized. Additional key findings for the organizational aspects are presented below:

Organizational aspect, key findings part 1: Inside healthcare organizations:
The responsibility of Medical Operation Officer, or equivalent - Part 1 under the result,
organizational aspect, have extracts from interviews regarding how to get clinicians to trust a
self-monitoring solution. Aspects that can be compiled from this are

1. Define what the quality of data is, and create corresponding guidelines. Enabling
clinicians to trust the self-monitoring system. This could reduce the questioning of the
quality of data on unclear grounds.

2. Define national care programs that include self-monitoring, enabling clinicians to adapt
to the digitized workflow. This includes enabling clinicians to deviate from traditional
care, hence taking full advantage of self-monitoring systems.
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Self-monitoring enables patients to have a more significant role in their own healthcare, hence
having more control. Some of the responsibilities are therefore put on the patient instead of
healthcare professionals. Organizationally this requires a structure in which healthcare can
ensure that the patients are aware of what responsibility is distributed to them and that they
have enough knowledge and cognitive understanding. Another possible consequence of
gathering a large amount of data from patients could arise in the phase where a clinician
analyze the gathered data if the data is not properly structured, a fear that was brought up by
clinicians in survey and interviews. This should be taken into account when defining care
programs.

Organizational aspect, key findings part 2: Outside healthcare organizations (other
stakeholders):

1. Establish a compensation model - The compensation model would represent the plan on
how current healthcare for heart failure patients can transition to digitized healthcare,
self-monitoring. Financially this implies taking costs and profits into account. This
requires a potential redistribution of resources as well as decisions regarding what the
patient should finance and what healthcare should be financially responsible for.
Sweden does yet not have prevention-based healthcare, which is emphasized in the
result subsection Organizational aspect, ”Part 4: Compensation model, profits and
placement of unit”. Since there is no monetary value on prevention yet this could be an
obstacle when creating a compensation model since it is affecting how resources are
distributed among healthcare units.

2. Set up model for gradual implementation - There are several aspects of implementation
maturity that require more investigation before implementation can be completed
nationally in Swedish healthcare. One key aspect brought up in Part 1 under the result,
organizational aspect, was the importance of gradual implementation. A plan for
gradual implementation would be beneficial to enable self-monitoring to be
implemented on a large scale.

3. Establish additional standards for sensor quality - There is a need to define some
additional measures of quality for sensors used for medical purposes, such as
self-monitoring.

4. Definitions are key for self-monitoring to be implemented nationally - Creates a shared
objective, making all stakeholders work in the same direction and not against each
other. See Part 2 under the result, organizational aspect. Terminology such as
self-monitoring, patient data, and health data.

5. Expand resources to anchor the opportunities with self-monitoring - Anchoring the
interest in self-monitoring systems at the primary users, the clinicians. Information
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needs to be shared on a broader spectrum than in the pilot studies performed.

6. Measurable results - Part 3 under the result, organizational aspect, discuss that
self-monitoring systems should have the functionality of compiling statistics, to enable
showcasing the utility of using self-monitoring systems. The statistics are needed for
broader implementation in Sweden.

5.3.2 Legal aspect

The legal aspect of implementation emphasizes one area that requires additional and new reg-
ulations, and that is the difference between self-care and healthcare in the legal perspective.
Other key legal aspects are the implementation solutions.

Three legally possible implementation solutions for self-monitoring were composed and
presented in Part 4 in the result section Legal aspect. Though, solution alternative 2, see Table
12, can be considered a risk until additional regulations are stated to differentiate self-care and
healthcare. This solution alternative could be extra interesting if the intention with a
self-monitoring platform were to be extended outside the aspect of prescribed self-monitoring,
and could also be used for recommended self-monitoring where all data might not be of value
for healthcare to be Personal Data Controller of.

Solution alternative 1 (see Table 11) puts healthcare in charge of everything, which can be
discussed unreasonable since the expertise in creating platforms like these are most likely
external supplier. Though, if already used medical record systems could provide a platform
meeting the requirements from both healthcare and patients (the intuitive interface needed),
then one can argue that the benefit of clinicians not having to switch between systems could be
achieved without the extra work of creating interoperability between different suppliers and
medical record systems. The disadvantage being that there is a need to create a compensation
model to handle questions regarding hardware used by patients (sensors and other medical
equipment). It can also be argued that solution alternative 1 is suitable for a broad
implementation nationally if data is gathered in a medical record system, due to the fact that
more healthcare units could use the platform hence enabling a more patient-centered care.

Solution alternative 3 (see Table 13) is as alternative 1 legally clean, and has the advantage of
using the expertise of external suppliers. Though, the disadvantage is that it is more
complicated to have the transfer of data to a medical record if many different suppliers are
used since interoperability is harder to achieve. The advantage is that there are several niche
external suppliers on the market today.

The solution alternatives, as well as where data is stored and displayed, affect not only a
specific healthcare professional and the relationship with a patient. It also affects how the
sharing of patient information can be facilitated between healthcare professionals and
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healthcare providers. An aspect extra relevant for a multi-morbid patient, where sharing
information could be key in order to achieve person-centered care where all healthcare units
connected to the patient can base healthcare decisions on the person’s entire health status.
Though, since the Swedish healthcare system is built up as downpipes with little
communication between healthcare units this also affects how information actually would or
could be shared until the structure of healthcare organizations are changed.

5.3.3 Technology and IT

Regarding technology and IT, one obstacle for a national implementation is the possible size
of procurement needed for wider implementation of self-monitoring. As mentioned above, no
external suppliers have been identified with the capacity to deliver a solution adaptable for
several diseases and healthcare needs. Other key findings for technology and IT are correlated
to obstacles and improvement measures needed.

Technology and IT aspect, key findings:

1. Interoperability - HL7 FHIR is suggested as the best-suited computer standard. Though,
experts interviewed emphasize that data from self-monitoring needs to be defined
according to Swedish legislation in order for standards such as HL7 FHIR to be
applicable. The knowledge about how to use HL7 FHIR could not be identified in detail
through interviews and would require additional research.

2. Data separation in medical record - Interlinked with the results regarding computer
standards are the identified need to define and distinguish between the way data has
been gathered in a medical record system.

5.4 Future work

Results gathered from this project make it clear that there is an established interest in self-
monitoring both looking from a clinician perspective as well as from the perspective of sup-
pliers. For self-monitoring to develop from the existing pilot studies, three main aspects are
identified for future work.

Firstly, the organizational aspect looked at during this project makes it clear that additional
work is needed to develop the compensation models taking both logistics and financial
questions into consideration. Future work is required to establish a gradual implementation
model, increasing the chances for national usage of self-monitoring systems.

Secondly, additional work is required to identify how HL7 FHIR could be used and what the
limitations are. Little knowledge is shown during the gathering of results to this study in what
is needed from HL7 FHIR, or how it should be adapted.
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Thirdly, to implement self-monitoring on a large scale there is an identified need to
communicate on a deeper level with healthcare about the opportunities that a digitized
workflow with heart failure patients could present. Further work in this aspect could be to
adopt a Technology Acceptance Model on a larger set of gathered data similarly to Section 4.1
and Section 4.2. This is in order to predict and explain clinicians’ acceptance of the use of
self-monitoring, as well as a more in detail investigation of the needed access to key functions
in the system (25).

Lastly, during the finishing phase of this study (3rd of May 2022) a new legal framework was
proposed by the European Commission ”The European Health Data Space, EHDS”. EHDS is
a legal framework for how health data can be used by the industry for innovation purposes
(26), and future work should include how EHDS affects the implementation of
self-monitoring in the Swedish healthcare system.
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6 Conclusion

The functionality demands of a self-monitoring system used for heart failure patients can be
summarized as

• Displaying data gathered as single data measurements, a compilation of data over time as
well as presenting deviations. The system should be sensitive to gradual weight gain, an
aspect that traditional care struggles to detect resulting in severe cases of heart failure and
hospitalizations. In addition to machine-based PGHD, some form of PROM is needed.

• There are differences in opinions regarding what data is essential to transfer to a medical
record system. It is beneficial for clinicians not to have to switch between a separate
system containing self-monitored data and a medical record system, though there is a
strong resistance among clinicians to risk the medical records being hard to read. Data
gathered has to be assessed by a clinician before being entered into a patient’s medical
record.

• Data gathered will be used for decision making in the titrations of changing medications,
as well as prevention purposes. A majority of the clinicians also answer that the system
would be used for monitoring. The data gathered would primarily be used during medical
appointments, and if deviations appear in the data.

The main influencing factors for the implementation of self-monitoring systems in Swedish
healthcare are identified as:
Organizational aspect

• Compensation models, considering two aspects: (1) The logistics regarding how
self-monitoring can be used instead of, or in combination with, traditional health care.
(2) The financial compensation, based on costs and profits.

• Shared objectives among stakeholders such as county councils, regions, specific care
units, system suppliers, and national organizations such as SKR. There is a need to
further define terminology such as ”self-monitoring”, ”patient data” and ”health data” to
enable the development of compensation models, as self-monitoring seems to become a
new form of healthcare and not just a transfer of data incorporated in current forms of
healthcare offered.

• The need for a gradual implementation plan, taking the clinical, technical and
organizational implementation maturity into consideration.

Legal aspect
Three different solutions for implementation models from a legal perspective were identified.
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• Solution alternative 1 is identified as better suited for large-scale implementation of
self-monitoring in Swedish healthcare.

• Solution alternative 2 shows promise for self-monitoring if implemented with the
purpose to combine recommended self-monitoring with prescribed self-monitoring.
Though, for this solution to be viable, there is a need for additional regulations
regarding the difference between ”self-care” and ”healthcare”.

• Solution alternative 3 is as legally viable as solution alternative 1, with the advantage of
using the expertise of external suppliers, but with the disadvantage of it being more
complicated to implement if self-monitoring is used for other medical conditions than
the niche of heart failure.

Technology and IT
Three key aspects related to technology and IT was identified as influencing factors with the
implementation of self-monitoring systems:

• Challenges in potential procurement of software and hardware that meets the
requirements of self-monitoring systems used for additional purposes than for heart
failure specifically.

• HL7 FHIR is identified as the most suitable computer standard to achieve
interoperability, though additional research is required to investigate how it can be
adapted.

• Data separation in medical records is required, hence foundational work is required to
define data gathered by a self-monitoring system in order for interoperability to be
achieved.
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A Theory

This State of the Art provides a background on the field of Remote Patient Monitoring (RPM)
systems and heart failure. Additionally it presents the current state of machine-based patient
generated health data for patients in different health sectors. The aim is to provide context and
background for this thesis.

A.1 Relevance and previous work

Healthcare services can become more efficient with RPM, allowing healthcare professional to
attend to a larger group of patients. Due to the continuous gathering of data RPM also has the
advantage of early detection of a worsening of a patient’s illness. This implies a reduction in
the number of preventable deaths, an increase in patients quality of life as well as a reduction
in the number of hospital admissions resulting in a reduction of hospitalization costs. Allowing
a patient to be monitored at home permits usual daily activities while the health facility obtain
more accurate readings(17).

Diagnostics, an international peer-reviewed open access journal on medical diagnosis
(publishing articles through MDPI), published the review-article ”Mobile Health in Remote
Patient Monitoring for Chronic Diseases: Principles, Trends, and Challenges” in March of
2021. The main directive of the article is to outline research directions on RPM with articles
from the year of 2015 to 2019. From the 56 RPM related articles a 3% small decline in
number of articles is shown from 2015 to 2017, followed by a rapid increase of 18% from the
year of 2017 to 2019. Indicating the increased research done on RPMs. The most common
chronic disease, treated in 28% of these articles, had elderly diseases (mental disease) as a
focus. The second most common, treated in 26% of the articles, was heart failure. It is stated
that there is an increasing need of development of eHealth systems such as remote patient
monitoring (RPM), electronic health record (EHR), telemedicine and e-visits. These systems
can contribute to reduce the healthcare cost while increasing the patients assurance as well as
awareness and responsibility over their own health. The monitoring system can be divided
into three main parts: (1) Data acquisition (the collection of vital parameters), (2) Data
transmission and storing (the transfer of data from patient device to intended storage to be
analyzed and processed), and (3) Back-end systems where data is analyzed and made available
to healthcare professionals. All three part come with their own obstacles, and in addition to
them there are separate legal and organisational obstacles to overcome in order to integrate
RPM into the healthcare system (27).

In 2021 a pilot study about self-monitoring in Sweden was published. It was a small scale
trial, with 65 patients with either diabetes, hypertension or heart failure. The patients
performed self-monitoring and reported their vital parameters to a nurse that registered the
measures. Each patient had continuous contact with nurses in order to allow adjustment in
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treatment to be communicated, discussed and followed up. The pilot study was performed
over the course of 6 months. The result of the study showed a positive attitude towards
self-monitoring both from patients and care givers. However, it is stated that in order for
self-monitoring to be worthwhile there is an extra need of human resources that should be
covered. These human resources are responsible for the incoming data and to make sure that
patients understand their diseases(28).

In 2020, Luleå University of Technology posted that Hälsocentralen in Pajala was first with
testing self-monitoring of patients with heart failure. 20 patients were given a digital blood
pressure monitor, a digital scale as well as a tablet connected to these devices. The patients
could then be remotely monitored via an app connected to the digital scale and the digital
blood pressure monitor. A district physician states that the ability to continuously monitor the
patients gives the care unit the possibility to act faster(29).

A comparable study was published in 2015. Similarly to the previously mentioned study,
patients were provided with a tablet, as well as commercially available sensing devices such
as blood pressure monitor, weighing scales and a pulse oximeter. The content of the study
included identifying if an iterative and systematic approach could be efficient in the
development of a self-monitoring system for heart failure patients in order to ensure long-term
engagement of patients in the use a self-monitoring system. 26 patients participated in the
study, and were requested to perform their measurements at home in addition to answering
symptom-specific questionnaires over a one-year study period. During the study an iterative
approach was presented to refine remote health monitoring systems that are based on
interactions between various actors such as patients, physicians, social scientists and
engineers. Moreover, quantitative and qualitative information regarding user experience and
engagement was collected.

Results from this study showed the importance for a self-monitoring system to have a
mechanism for rapid support and communication when a patient experiences technical
difficulties or usability issues. Additionally, the result presented a need for personalised
self-monitoring interface with sensors. This was because of the reason that all sensors showed
not to be suitable for every patient. It also implied that it was important to keep the
health-questionnaires very short and concise to avoid patients to stop engaging with the
system. Also, it was shown that there were fluctuations in the internet connection in many
homes, which is something that should be addressed in the back-end infrastructure to ensure
quality of data and efficient communication. The overall evaluation revealed that this iterative
approach showed high patient engagement. System effectiveness being defined as percentage
of successfully completed self-monitoring sessions resulted in a 98% system effectiveness in
blood pressure measurement, and 99% effectiveness in both weight and oximetry
measurements(30).
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The COVID-19 pandemic increased the interest in RPMs since the pandemic added
difficulties in the management of chronically ill patients(31). A study published in 2020 in the
official newsletter of the American Association of Heart Failure Nurses stated that some heart
failure patients had been turned away by urgent care centers because of the fear that they
would have spread the virus since symptoms of heart failure can be similar to symptoms of
COVID-19. In addition, patients showed reluctance of using the emergency care units due to
fear of getting infected. RPM and telehealth would allow patients to receive help during
pandemics in the future. Despite RPM no being able to replace physical care completely,
virtual exams and RPM of vital parameters could ease the burden for both care units and
patients. Limitations stated in the article include the requirement of additional equipment and
training, as well as increased work burden for the clinics requiring resources dedicated for the
digitized systems. Despite the limitations, it is stated that outpatient healthcare should become
the ’new normal’ and that innovations are needed to shift this care delivery paradigm(32).

CareLigo is a eHealth company in Sweden that offers a self monitoring solution designed for
chronic heart failure patients called OPTILOGG. They state that their solution improves the
self-care of heart failure patients as well as reducing the hospital admissions up to 50%. In
2018 OPTILOGG was bought by 3 county councils in Sweden and a pilot study was
performed in Finland(33). The equipment used for the OPTILOGG solution is a tablet
computer that is designed for elderly with no prior experience with smart phones, internet or
computers. The tablet is locked to CareLigos property software application and a weight
scale. When a patient stands on the scale, OPTILOGG calculates the appropriate dose of
loop-diuretics based on weight trends and the patient-specific treatment plan. Their solution is
a self-monitoring system, not connected to the healthcare systems in the county councils(34).

A.2 Health information systems (HIS)

A health information system (HIS) is an application that is designed to manage healthcare data.
HIS was introduced by Peter Reichertz in the 1980s, and has since then changed healthcare
organizations(35). The application has four main functions: data generation, compilation, anal-
ysis and synthesis, and communication and use(36). The data can then be used to improve pa-
tient outcomes, inform research and optimize workflow in hospital management. The aim of
HIS are aliened with the goals of self-monitoring and the PGHD and could therefor be used in
self-monitoring systems. Examples of HIS subcategories are(37):

• Electronic Health Record (EHR) and Electronic Medical Records (EMR)
Electronic Health Record (EHR) is designed to enable different healthcare providers to
access a specific patient’s healthcare data. The EHR also includes more health data,
test results and treatments than the EMR. The Electronic Medical Records, EMR, is the
electronic replacement of the paper version of a patients medical record. The EMR and
EHR is most commonly maintained by the treating care unit. A patient right to access its
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EHR or a part of its EHR differs between countries(38). The Swedish healthcare system
is based on the principles of equal access and regional autonomy, and all its residents over
the age of 16 have since 2020 full access to their EHR through the application ”Journalen”
from the national patient portal ”1177.se”(39).

• Master Patient Index (MPI)
The Master Patient Index (MPI) is an index connecting a patient’s medical records across
databases in order to reduce duplicates of patient’s records. Duplicates can lead to inac-
curate patient information.

• Remote Patient Monitoring (RPM)
Remote Patient Monitoring (RPM) refers to a healthcare method that uses specific tech-
nology for the monitoring of patient’s health outside of the clinical setting, and is a part of
the broader telemedicine industry. The information gathered from the specific technology
is transmitted between patients and healthcare professionals(40).

• Clinical Decision Support (CDS)
Clinical Decision Support (CDS) are systems that provide healthcare professionals with
an analysis from various clinical and administrative systems in order to act as a support
in making clinical decisions. The system can be used to avoid errors and adverse events,
as well as improving the efficiency in making clinical decisions leading to both patient
and health professional satisfaction(41). The incorporation of CDS in telemedicine is
proposed as a safety measure and quality improvement in self-monitoring systems(42).

A.3 Personal Health Records, PHR

The Personal Health Record (PHR) is a collection of a patients medical records that is main-
tained by the individuals themselves. The PHR can include details such as medical history,
blood type, whom to contact in the event of an emergency, as well as records of vital signs and
activity collected from personal devices such as smartphones. PHR contain data that can be
of medical interest, but are not included in the official medical health record, like the EHR or
the EMR. The aim of PHR is for individuals to be involved in their own health, while storing
data can have benefits such as having objective data points from the PHR to give to healthcare
professionals if needed. However, there are also possible negative aspects such as bias in self-
reporting data, increased anxiety by the constant recording of personal data as well as higher
healthcare utilization from individuals finding non existing patterns in collecting data creating
greater false positives(43). The interoperability between PHR and hospital record systems is
harder to achieve since the PHR aims to collect data, regardless of the system of the health
provider(20).
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A.4 Standardization organizations

The International Organization for Standardization (ISO) is an independent international orga-
nization that has over 160 national notified bodies as members. The standards developed by
experts are consensus-based and market relevant with the aim to ensure quality of a product
or a service. The standards are voluntary and exist all kinds of industries such as food safety,
agriculture, technology and healthcare(44).

The European Committee for Standardization (CEN) is recognized by EU and European Free
Trade Association (EFTA) as one of three standardization organisations to be responsible for
developing voluntary standards at the European level(45). CEN set up the first formal
standardization organisation in health informatics in 1990 called, CEN/TC 251. This
standardization organization is organised into four groups: Terminology and knowledge
representation, information models, security safety and quality as well as technology for
interoperability(46).

The Swedish Standards Institute (SIS) is the Swedish representative in ISO and CEN. SIS
develops Swedish standards to ensure safety and quality. It is an independent and non-profit
organisation working to develop international standards to create competitive, smart and
sustainable solutions in all kinds of field of work(47).

A.5 Interoperability

The architecture of the communication with health data, the application interfaces and
standards used enable data to be accessed and shared to a designed and purposeful extent
between relevant stakeholders, including the individual (19). Standards are used to enable
optimized interoperability. Standards can be divided into different categories depending on
purpose: vocabulary/terminology, privacy and security, transport, content and identifiers. In
the case of self-monitoring HL7 FHIR, Open EHR and SNOMED are of extra relevance.

A.5.1 HL7 standard

Health Level Seven International (HL7) is a standards developing organization with
members from 50+ countries, Sweden included. The organization consists of experts within
the field of healthcare that are collaborating over the development of standards for the
management, exchange and integration of electronic health information. HL7 aims to increase
the efficiency within healthcare by usage of standards, hence improving the interoperability
(48). There are several standards, available such as HL7 version 2, HL7 version 3, CDA and
FHIR. Below FHIR is described in more detail.

A.5.2 HL7 FHIR, standard

HL7 FHIR was developed as an alternative to HL7 version 2, HL7 version 3 and HL7 CDA
that are either outdated or turned out to be too complex for wide usage. In order to enable ef-

v



ficient communication between different healthcare information systems (HIS) standards like
HL7 version 2, HL7 version 3 and HL7 CDA are being or have been used. Healthcare is chang-
ing, and data needed is not necessarily within the healthcare systems anymore. Mobile devices,
home devices, pharmacies, laboratories are examples of where data can be gathered outside
hospitals, changing the way interoperability is done efficiently.

FHIR stands for Fast Healthcare Interoperability Resource and is an representational state
API that specifies how systems request and receive healthcare data. The development of FHIR
is based on that the data environment is changing from offline to online, the need of data
transparency and that data has become a mixture of narrative and codes. Two central concepts
in FHIR are resources and profiles.

• ”Resources” refers to a set of basic building blocks such as Patient, Medication,
Document, Care plan and Device. These resources have an URL and they have a known
location and a defined meaning.

• ”Profiles” are created for specific use cases. An example of a use case is Procedure
Profile. This can be a surgical procedure, laboratory procedure among many other
procedures. All procedures share a set of basic building block, FHIR Resources, such as
Patient, Practitioner, Condition (the reason why the procedure took place) and maybe a
Report (result of procedure). In addition to the defined value sets there can be FHIR
extensions (49).

In order to keep FHIR implementable and not too complex FHIR consist of data that is
represented in approximately 80% of existing systems, but a profile can extend a resource for
data that is within those remaining 20%. For instance, a profile needs the resource Patient
Nationality that is not included in the 80% margin, hence using FHIR extensions to extend the
resource Patient to Patient Nationality.

Interoperability is achieved when different parties that request and receive data use the same
FHIR profiles. Computer systems require very detailed descriptions in order to accept data
concepts when requesting and receiving data to fit the model of the computer system. These
descriptions are called Clinical Information Models. These clinical information models are
specified with a set of rules that apply to the data concept, definition of relationship between
data elements in that concept as well as terminology binding that is used to describe that data
concept.

Terminology binding is a central part in FHIR and corresponds to the required value set for a
certain element in the profile. These values are necessary in order to have a detailed
specification of what an element in a profile actually corresponds to. The values are one or
several code systems, referenced as an URL, that are accessed on the FHIR Terminology
Server. This architecture of FHIR allows for implementations to share FHIR value sets and
code systems with several HIS (50).
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HL7 FHIR can be applied to four different paradigms:

1. Messages, communication between systems

2. Documents, where data in the document is represented by FHIR resources

3. Rest API, an application programming interface

4. Services, such as decision support

HL7 FHIR is compared to the old standards not as widely applied, but is stated to be better
adapted to electronic health records (EHR) (51).

A.5.3 OpenEHR standard

OpenEHR is a technology, an open domain-driven platform, that can be used in the develop-
ment of flexible eHealth systems. OpenEHR consists of open clinical models, specifications
and software that can be utilized when creating standards as well to the development of infor-
mation and interoperability solutions for healthcare services(52). The independent technology
architecture includes

• Reference Model: Defines the logical structure of EHRs and demographic data.

• Archetypes: Detailed clinical models that include the full functionality of a specific type
of medical information. These are presented in an hierarchical structure. For instance,
blood pressure archetype contains BP data, protocol, state and event as well as subcat-
egories to those functionalities. The archetypes function as constraints on the reference
model of the openEHR.

• Templates: Assemble the constraints, archetypes, in order to model data-set specifically
for a particular context such as a message or a document (46).

A.5.4 SNOMED CT

SNOMEDCT is a system developed by The International Health Terminology Standards Devel-
opment Organisation (IHTSDO) with the aim to create a uniform, unambiguous and expedient
clinical documentation within healthcare. It is a terminology system used in many EHR and
HIS and contains of approximately 360 000 active terms and recommended terms. All these
terms have a unique connected code, which allows for complete understanding of specific terms
between different computer systems and different languages. The SNOMED CT in Sweden is
updated every 6 months by the Swedish National Board of Health andWelfare (Socialstyrelsen)
(53).
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A.6 Physiology of the heart

The heart is a muscle that can be viewed as a sequence of two separate pumps, where each pump
consists of two chambers (atrium and ventricle). Four different valves prevent the blood from
going in the wrong direction, and electrical impulses create the blood flow through the heart.
The diastole is defined as the phase when the heart muscle relaxes, and the atria fill with blood.
The systole is the phase when the heart muscle contracts, pumping the blood through the heart.

The right side of the heart collects deoxygenated blood to be transported to the lungs for
oxygenation. The deoxygenated blood is transported into the right atrium via the inferior vena
cava (blood coming from the trunk, viscera and lower limbs) as well as from the superior vena
cava (blood coming from the head, neck, upper limbs and chest). The left side of the heart
collects blood from the lungs, to be pushed from the heart supplying the body with oxygenated
blood. Blood discard carbon dioxide and picks up oxygen in the lungs. The blood is then
transported back into the heart through the four pulmonary veins leading the blood to the left
atrium.

When the heart is relaxed the right and left atrium are filled with blood. The sinoatrial node
(SA node), a group of cells located in the wall of the right atrium, creates the sinus rhythm.
The SA node initiates the heartbeat by sending out an electrical impulse that depolarizes the
atrial myocardial cells making the left and right atrium to contract. The SA node has a
spontaneous depolarization, generating electrical impulses around 90-100 times per minute.

The electrical signals from the SA node are converged in the atrioventricular node (AV node)
located between the atria and the ventricles. The collection of the electrical impulses in the AV
node generated by the SA node creates a small delay, which gives the blood time to be pushed
from the atria to the ventricles. The blood from the right atrium is pushed through the
tricuspid valve into the right ventricle and the blood from the left atrium is pushed through the
mitral valve into the left ventricle.

The electrical impulse collected in the AV node is after the small delay transmitted quickly via
atrioventricular bundle through the cardiac septum, down to the ventricular myocardium. The
electrical impulses is transmitted to the contractile myocardial myocytes causing them to
depolarize hence making the ventricles to contract. This results in that the deoxygenated blood
in the right ventricle to be pushed up through the pulmonary valve into the pulmonary artery
that splits into two branches leading the deoxygenated blood into the left and right lung.
Simultaneously oxygenated blood in the left ventricle is pumped up though the aortic
semilunar valve into the aortic arch. The aortic arch splits into 3 smaller branches and the
descending aorta. The three branches, located on the arch, leads oxygenated blood to the head
and arms. The descending aorta goes behind the heart, through the chest and continues down
through the abdomen. Hence transport the oxygenated blood to the pelvis and legs(54).

viii



A.7 Heart Failure
A.7.1 Left-sided heart failure

Most patients have both systolic and diastolic HF to some degree, both are left-sided HF.

Systolic heart failure
Approximately 50% of HF patients have systolic HF, meaning that the left ventricle has
expanded and has an and has an insufficient ability to contract. The oxygenated blood is
therefore not efficiently pumped into the aorta and further into the body. The most common
causes for systolic HF are hypertension (high blood pressure) and cardiomyopathy
(pathological condition in the heart muscle). Systolic HF can be divided into three groups
based on the percentage of how well the left ventricle can eject the blood, so-called left
ventricular ejection fraction (LVEF)(55).

• HF with reduced ejection fraction (HFrEF): HF with a significant reduction in the
systolic function of the left ventricle.

LV EF ≤ 40%

• HF with mildly reduced ejection fraction (HFmrEF): HF with a mild reduction in
the systolic function of the left ventricle.

LV EF : 41% − 49%

Diastolic heart failure
There is less research done on diastolic HF, but it is the HF that increases the most in the
population and is mostly occurring among older patients. Diastolic HF, similarly to systolic
HF occurring in left side of the heart, is also called HF with preserved ejection fraction
(HFpEF). This refers to an interference in the phase when the heart muscle relaxes, meaning
that there is an inefficiency in the filling of blood in the atria. The heart’s ability to eject blood
is maintained, but the ventricular wall has a reduced elasticity resulting in an expansion of the
left atrium, hence a deficiency in the filling of blood to the heart and ejecting the blood from
the heart(16).

• HF with preserved ejection fraction (HFpEF): HF with a preserved reduction in the
systolic function of the left ventricle(55).

LV EF ≥ 50%

A.7.2 Right-sided heart failure

HF can also be a result of a malfunction in the right side of the heart, a right ventricular (RV)
dysfunction. RV dysfunction is most commonly occurring as a result of left-sided HF. When
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the left sided ventricle is failing and the blood pressure increases to the extent that the blood is
transferred back through the mitral valve and into the lungs. This ultimately damages the right
side of the heart that consequently loses the its efficiency in the ejection of blood that instead
goes back into the veins of the body, resulting in swelling or congestion in the legs, ankles and
within the abdomen(56).
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B Method material

B.1 Interview protocol A

In Swedish
Del 1: Introduktion
1. Till och börja med, skulle du vilja berätta lite om dig och vad din roll är vid vård av hjärtsvik-
tspatienter?
2. Vet du hur många hjärtsviktspatienter ni vårdar varje år på din vårdenhet i *Region*?

Del 2: Vård av hjärtsviktspatienter idag
3. Var snäll och beskriv din vårdenhets arbetsflöde med hjärtsviktspatienter.

(a) När i sin sjukdom kommer patienten till er? Är patienterna kroniskt sjuka och/eller
nydiagnostiserade?

(b) Hur ser patientresan ut i stora drag?

(c) Hur ofta har någon på din vårdenhet kontakt med patienten?

(d) Vilka yrkesroller är inblandade i patients vård?

(e) Vilka parametrar utgår ni ifrån för att bedömma en patients mående?

4. I vilket syfte används uppmätta parametrar? (Tex för medicinering, diagnostik,
monitorering) Kan du beskriva användadet i ett sammanhang?
5. Hur ser kommunikationsvägen ut med patienten? Fysiska besök/digitala
besök/telefonsamtal
6. Hur långt är ett besök i snitt? Finns det förberedelser som du utför inför ett besök?
7. Utför ni hemmonitorering idag? Om ”Ja” - På vilket sätt?
8. Vad skulle du säga är svårigheterna i vården av hjärtsviktspatienter idag?

Del 3: Hemmonitorering
Låt säga att en hjärtsviktspatient gör mätningar varje dag (tar mått på tex vikt, puls och
blodtryck). Du hade kunna granska datan antingen i patientens journal, eller i ett separat
hemmonitoreringssystem.
9. Vilka parametrar anser du bör samlas in till ett hemmonitoreringssystem för att
hemmonitoreringen skulle kunna ersätta en stor del av dagens befintliga vård?
10. Vad för information hade man velat granska i patientens journal vs ett separat
hemmonitoreringssystem som du har tillgång till vid behov?
- All patientens data dagligen (Dvs alla mätvärden från varje dag ska kunna granskas separat)
- Avvikelser i parametrar (Händelsen att patientens mätvärden är utöver det normala). Alla
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avvikelser eller utvalda avvikelser?
- Sammanställning av parametrar efter en viss tid. Inte dagligen, utan mer sällan. Tex
parametrar över tid i form av en kurva, trendanlays av parametrar, medelvärden etc
- Annat?
11. Vilka funktioner (tex. olika beslutsstöd, dosplanering, triggers, visa trender etc) anser du
bör finnas, eller vore till hjälp, i ett hemmonitoreringssystem för att hemmonitoreringen skulle
kunna ersätta en stor del av dagens befintliga vård?
12. Ser du fördelar med att endast granska viss information i journalen? Om ”Ja” - Vilken
information och varför? Hur hade du önskat att den presenterades för dig?
13. Ser du fördelar med att granska viss information i ett separat system? Om ”Ja” – Vilken
information och varför? Hur hade du önskat att den presenterades för dig?
14. Anser du att det är samma kvalitet på datan som en patient själv rapporterar in/skriver in
som data som automatiskt samlas in från tekniken och skickas till sjukvårdens system? Hade
du litat mer på datan som automatiskt skickas från tekniken?
15. Anser du att det är samma kvalitet på datan som automatiskt samlas in från tekniken i ett
hemmonitoreringssystem som data som samlas in på en vårdenhet?

(a) Hade du litat mer på datan som samlas in på en vårdenhet?

(b) Hade du använt maskinbaserad patientgenererad data för tex dosplanering?

16. Vilka är de största fördelarna du ser med ett hemmonitoreringssytem som samlar in
maskinbaserad patientgenererad data?
17. Vilka är de största nackdelarna du ser med hemmonitoreringssytem som samlar in
maskinbaserad patientgenererad data?
18. Har du några kommentarer eller skulle du vilja utveckla något ytterligare?

In English
Part 1: Introduction
1. To begin with, would you like to tell us a little about yourself and what your role is in the
care of heart failure patients?
2. Do you know how many heart failure patients you care for each year at your care unit in *
Region *?

Part 2: Caring for Heart Failure Patients Today
Please describe your healthcare unit’s workflow with heart failure patients.

(a) When in his illness does the patient come to you? Are patients chronically ill and / or
newly diagnosed?

(b) What does the patient journey look like in general?
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(c) How often does someone in your care unit have contact with the patient?

(d) What professional roles are involved in patient care?

(e) What parameters do you use to assess a patient’s condition?

4. For what purpose are measured parameters used? (Eg for medication, diagnostics,
monitoring) Can you describe the use in a context?
5. What is the communication path with the patient? Physical visits / digital visits / phone calls
6. How long is a visit on average? Are there any preparations you make for a visit?
7. Do you perform home monitoring today? If ”Yes” - In what way?
8. What would you say are the difficulties in the care of heart failure patients today?

Part 3: Home Monitoring
Let’s say that a heart failure patient takes measurements every day (takes measurements of eg
weight, heart rate and blood pressure). You could have reviewed the data either in the patient’s
medical record, or in a separate home monitoring system.
9. What parameters do you think should be collected for a home monitoring system in order
for the home monitoring to be able to replace a large part of the current existing care?
10. What information would you like to review in the patient’s medical record vs a separate
home monitoring system that you have access to when needed?
- All patient data daily (ie all measurement values   from each day must be able to be examined
separately)
Deviations in parameters (The event that the patient’s measured values   are beyond normal).
Any deviations or selected deviations?
- Compilation of parameters after a certain time. Not daily, but less often. Eg parameters over
time in the form of a curve, trend analysis of parameters, averages etc.
- Other?
11. What functions (eg different decision support, dose planning, triggers, show trends, etc.)
do you think should exist, or would be helpful, in a home monitoring system so that home
monitoring could replace a large part of today’s existing care?
12. Do you see the benefits of only reviewing certain information in the journal? About ”Yes”
- What information and why? How would you like it to be presented to you?
13. Do you see the benefits of reviewing certain information in a separate system? About
”Yes” - What information and why? How would you like it to be presented to you?
14. Do you think that it is the same quality of data that a patient himself reports / enters as data
that is automatically collected from the technology and sent to the healthcare system? Had
you relied more on the data that is automatically sent from the technology?
15. Do you think that the quality of the data that is automatically collected from the
technology in a home monitoring system is the same as the data that is collected at a care unit?
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(a) Had you relied more on the data collected on a healthcare device?

(b) Had you used machine-based patient-generated data for eg dose planning?

16. What are the biggest benefits you see with a home monitoring system that collects
machine-based patient-generated data?
17. What are the major disadvantages you see with home monitoring systems that collect
machine-based patient-generated data?
18. Do you have any comments or would you like to develop something further?
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B.2 Interview protocol B

In Swedish
Del 1: Introduktion
1. Till och börja med, skulle du vilja berätta lite om dig, vad du jobbar med idag samt vad du
har för tidigare erfarenhet?
2. På vilket sätt har du kommit i kontakt med frågor som rör digitalisering av vård?
Del 2: Patientgenererad data
3. Vad krävs för att insamlad hälsodata ska bli patientdata?
4. Skulle data som lagras i ett hemmonitoreringssytem (dvs ej i en patients journal) vara pa-
tientdata eller hälsodata?
- Anser du att det kan skilja sig i olika scenarios? Om ja, sätt gärna skillnaden i olika samman-
hang.
5. Finns det/bör det finnas någon definerad skillnad på patientgenererad data som en patient
själv rapporterar in till sjukvården och patientgenererad data som teknisk utrustning automa-
tiskt överför till sjukvårdssystemen?
6. Bör man särskilja patientgenererad data i journalen från data insamlat i sjukvården? Om ”Ja”
– På vilket sätt?
7. Vad krävs för att hemmonitorering ska vara ekonomiskt hållbart?
8. Vad krävs för att hemmonitorering ska vara strategiskt/organisatoriskt hållbart?
9. Anser du att de ISO/CEN/SIS standarder som finns är täckande för att kunna leverera kvalitet-
och patientdatasäkra hemmonitoreringssystem?

(a) Ja – Är det några specika standarder som du tänker?

(b) Nej – Uteveckla vad du tror saknas

Del 3: Hemmonitoreringsystem
10. Med din expertis, hur skulle ”hemmonitorering” kunna kategoriseras i det svenska sjukvårdsys-
temet rent systemmässigt?
- Skulle det skilja sig beroende på om all insamlad data blir journaldata eller om viss data är
hälsodata?
11. Från ditt perspektiv och din erfarenhet, vad behöver man ha i åtanke i framtagandet av
hemonitoreringssystem när det kommer till ...

(a) Lagring

(b) Systemstöd

(c) Ägande av data

12. Från ditt perspektiv, vad behöver man ha i åtankte i diskussion om vad data från hemmon-
itoreringssystem används till när det kommer till ...
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(a) Lagring

(b) Systemstöd

(c) Ägande av data

13. Vid integrering av hemmonitoreringssystem till sjukvården, vilka organisatoriska/strategiska
problem ute i regionerna tror du skulle kunna uppstå?
14. Vem skulle vara försäkringsansvarig för patienter som använder ett hemmonitoreringssytem?
15. Vad krävs för att uppnå hög interoperabilitet för insamlandet av data, hantering av data och
användandet av data mellan hemmonitoreringssystem och sjukvårdens system?
16. Vilka systemstandarder kommer vara aktuella för att uppnå hög interoperabilitet?
Del 4: Avrundning
17. Vilka är de största fördelarna du ser med ett hemmonitoreringssytem som samlar in mask-
inbaserad patientgenererad data?
18. Vilka är de största nackdelarna du ser med hemmonitoreringssytem som samlar in maskin-
baserad patientgenererad data?
19. Har du några kommentarer eller skulle du vilja utveckla något ytterligare?
20. Är det någon du tycker att jag borde vända mig till för att också intervjua om det här ämnet?

In English
Part 1: Introduction
1. To begin with, would you like to tell us a little about yourself, what you work with today
and what your previous experience is?
2. In what way have you come into contact with questions concerning the digitization of care?
Part 2: Patient Generated Data
3. What is required for collected health data to become patient data?
4. Would data stored in a home monitoring system (ie not in a patient’s medical record) be
patient data or health data?
- Do you think that it can differ in different scenarios? If so, feel free to put the difference in
different contexts.
5. Is there / should there be a defined difference between patient-generated data that a patient
himself reports to the healthcare system and patient-generated data that technical equipment
automatically transmits to the healthcare systems?
6. Should patient-generated data in the medical record be distinguished from data collected in
healthcare? About ”Yes” - In what way?
7. What is required for home monitoring to be financially sustainable?
8. What is required for home monitoring to be strategically / organizationally sustainable?
9. Do you consider that the existing ISO / CEN / SIS standards are comprehensive in order to
be able to deliver quality and patient data-secure home monitoring systems?
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(a) Yes - Are there any specific standards you are thinking of?

(b) No - Develop what you think is missing

Part 3: Home Monitoring System
10. With your expertise, how could “home monitoring” be categorized in the Swedish
healthcare system purely systemically?
- Would it differ depending on whether all collected data becomes medical records data or
whether certain data is health data?
11. From your perspective and your experience, what do you need to keep in mind when
developing a home monitoring system when it comes to ...

(a) Storage

(b) System Support

(c) Data ownership

12. From your perspective, what do you need to keep in mind when discussing what data from
home monitoring systems are used for when it comes to ...

(a) Storage

(b) System Support

(c) Data ownership

13. When integrating home monitoring systems into healthcare, what organizational / strategic
problems do you think could arise in the regions?
14. Who would be the insurance manager for patients using a home monitoring system?
15. What is required to achieve high interoperability for data collection, data management and
the use of data between home monitoring systems and healthcare systems?
16. What system standards will be relevant to achieve high interoperability?
Part 4: Rounding
17. What are the biggest benefits you see with a home monitoring system that collects
machine-based patient-generated data?
18. What are the major disadvantages you see with home monitoring systems that collect
machine-based patient-generated data?
19. Do you have any comments or would you like to develop something further?
20. Is there anyone you think I should contact to also interview on this topic?
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B.3 Survey

The following appendix presents the survey given to clinicians, see short description in English
below:

The survey aims to
(1) Create an overall picture of what the patient journey looks like for a heart failure patient in
different regions / care units and
(2) Investigate caregivers need and interest in home monitoring (self-monitoring) for heart
failure patients. Home monitoring in this context refers to monitoring a patient in their home
environment.
The survey is divided into 3 parts: The current role a care provider has for heart failure
patients today, scenario with home monitoring, and the need for home monitoring.
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