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ABSTRACT

This Master's thesis describes the redesign of the HeartEye 
portable Electrocardiogram (ECG) device to enable home use for 
patients with coronary artery disease (CAD). The initiative aimed to 
transition the medical-grade 12-lead ECG from a clinical setting to 
a user-friendly, home-based application, maintaining the device’s 
diagnostic integrity while enhancing accessibility for non-expert 
users.

The project was done in collaboration with HeartEye, TU Delft, and 
NPK Design, applying the double diamond design framework that 
works with four key phases: Discover, Define, Develop, and Deliver.

Discover Phase: The redesign began with an examination of 
the existing HeartEye ECG device, assessing its design and 
functionality. Following research explored the opportunities in 
E-Health, highlighting trends and innovations that could inform 
HeartEye's integration into telemonitoring service centres. In-depth 
user group research was conducted to understand the specific 
needs, behaviours, and experiences of CAD patients, guiding 
the development of user personas. This phase also looked at the 
regulatory landscape to ensure that the redesigned device would 
comply with the most important medical device standards and to 
address potential future regulations related to AI and sustainability 
in healthcare. A quick dive into machine learning interpretability 
was completed. Additionally, market strategies were evaluated to 
discover if they would have an impact on the to be designed device. 
Gender-specific issues of heart disease and care were addressed as 
well. Lastly, a qualitative study enriched by direct patient feedback 
provided deeper insights into the personal impact of CAD.

Define Phase: Using the knowledge from the Discover phase, a 
start was made to discover potential use scenarios. A well evaluated 
choice was made to choose for the rehabilitation to rehabilitation 
period as the use scenario to be designed for. Once this was 

defined, we scoped down the design space to only encompass 
the physical design considerations and set up some boundaries 
to help make design decisions later on in the project. Lastly, we 
defined four determinants that determine what makes a good 
measurement based on expert feedback and research. 

Develop Phase: Factors influencing measurement quality were 
developed, allowing for the exploration of a broad range of 
directions. Ideas were iteratively conceptualized, prototyped, 
and refined, with three main directions chosen for further 
development: housing geometry, feedback methods, and electrode 
material. These were prototyped and tested in a structured user 
test, consisting of four parts: quantitative evaluation of device 
geometries, qualitative interviews about user experiences, a card 
game to discuss feedback needs and methods, and an internal 
test on electrode material effects on contact resistance. The results 
informed design guidelines for the redesign.

Deliver Phase: This phase explored the practical implications of 
the developed design guidelines, by designing, optimizing, and 
evaluating a concept design. Moreover, some recommendations 
are given for the future implementation of the insights generated 
over the course of this project.

The resulting redesigned HeartEye portable ECG device could 
empower patients to monitor their cardiac health effectively at 
home, combining  clinical-grade monitoring capabilities with an 
accessible, user-centric design to potentially reduce CAD-related 
mortality through timely and frequent monitoring.
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Background

Cardiac health complications are the number one cause of death 
globally, according to the global burden of disease study (IHME, 
2020). Coronary artery disease (CAD), in particular, presents 
a considerable healthcare burden, for example in the United 
States accounting for a third of the deaths of people older than 
35 (Ralapanawa & Sivakanesan, 2021). A majority of cardiac 
arrest incidents occur outside the hospital environment, where 
immediate medical intervention is often not available (Vervueren 
et al., 2012; Norris, 1998). The early stages of CAD normally go 
a-symptomatic, making pre-symptomatic check-ups an invaluable 
tool that can result in timely interventions preventing further 
development of the disease (Tan et al., 2018). 
 
Electrocardiography (ECG) has stood at the forefront of cardiac 
diagnostic methods for over a hundred years (Barold, 2003), 
providing essential data for detecting and assessing the risk of CAD 
(Mayo Clinic staff, 2022). The clinical standard 12-lead ECG systems 
are the benchmark tool, offering a possibility for the detection 
of CAD symptoms (McDonagh et al., 2021). While these systems 
are proven to be robust and reliable, their application is largely 
confined to the hospital due to their size, complexity, and the need 
for trained personnel. Consequently, this restricts the potential 
for frequent pre-hospitalization ECGs which have been shown to 
decrease time-to-treatment and mortality (Diercks et al., 2009). 
 
Existing portable ECG devices offer a measure of convenience 
and accessibility. However, they are typically limited by a reduced 
number of leads, which in turn limits their accuracy and diagnostic 
capabilities (Bansal & Joshi, 2018). This compromise on medical-
grade monitoring capability reveals a notable gap in cardiac care 
that is yet to be filled. Specifically, the need for an at-home ECG 
monitoring solution that combines the comprehensive diagnostics 
of a 12-lead ECG with the accessibility and user-friendliness suited 
for non-expert users. 
 
This project aims to address this gap by redesigning the HeartEye 
for home use. The objective is to develop a concept product-service 

system that empowers individuals to take control of their cardiac 
health outside of clinical settings. The hope is that this project will 
contribute to the ultimate goal of reducing CAD-related mortality 
by providing people with easy, portable, and cheaper medical-
grade cardiac monitoring. 

INTRODUCTION

Figure 0: Current design of the HeartEye ECG device
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Project goal
HeartEye has developed the first iteration of its product service 
system. The current design is intended to be used in hospitals 
by medical professionals. However they have grander plans, in 
the future, they aim to make the system more widely available 
by making it usable for home use by cardiac patients. For this to 
become a reality a lot of work is still to be done and this is where 
this graduation project comes into the picture.  

This project aims to propose a concept product that empowers 
patients to make ECGs by themselves with the HeartEye 
technology. 

However, the whole product service system will not be taken into 
account (device, digital interaction, possible service, and e-health 
aspect) as this would not fit within the timeframe of this graduation 
project. Thus, to create the necessary and grounded focus, different 
interesting directions will be explored at each step of the way and 
subsequently the most relevant will be selected and continued 
with.  

Project structure
The project is structed according to the double diamond design 
framework (Design Council, n.d.)(see figure 1). It consist of diverging 
and then converging on more specific and relevant areas, and 
to make it a double diamond we do that twice. That makes four 
phases in total which are defined as follows:

Discover. The first diamond helps us understand, rather than simply 
assume, what the problem is. It involves speaking to people who 
are affected by the issues and experts in the field. For this project 
we will delve deep into all the facets of the problem during the 
discovery phase, trying to find interesting areas to further explore 
and to get a complete overview of what is needed to take on 
designing a portable handheld ECG for home use.

Define. With the insights gathered from the discovery phase,  we 
can define the design challenge better and develop the specific use 
scenario. For example, we will define who we are going to design 
for, when they might use the product, how they should use it, and 
where they might use it.  

Develop. In the first half of the second diamond, we try to explore 
different answers to the defined scenario. We take the defined 
design space and try to come up with interesting directions to 
explore based on all the previously gained knowledge and expertise.  

Deliver. Delivery involves testing out different directions at a 
small-scale, rejecting those that will not work, and improving 
the ones that will. The goal is for the resulting findings to guide 
future designs to improve the device for home use. As an initial 
exploration, these findings will be used to create a novel concept of 
the HeartEye ECG intended for home use.

Figure 1: Schematic overview of the double diamond deisgn framework

Discover Define Develop Deliver

Figure 2: Detailed overview of the project
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•	 AI:  Artificial Intelligence is an algorithm that performs complex 
tasks by optimizing itself based on example data.  

•	 USP: Unique Selling Point is a distict feature of a product/service 
that sets it apart from other products/services.

•	 PCB: Printed Circuit Boards is a, often green, thin board for 
connecting and carrying smaller electronic components. 

•	 12-Lead ECG:  is a ECG that provides 12 different views (or leads) 
of the heart's electrical activity. These 12 leads correspond to 
12 separate derivations or graphs, not the amount of physical 
electrodes.

•	 Electrodes: Electrodes are conductive, low contact resistant 
pads placed on the skin that act as an interface between the 
skin or electrical activity of the heart and the ECG device.

Lastly, it is important to keep the accompanying appendix to this 
report nearby as many more in-depth explanations or analysis are 
located there.  

Reading Help
Throughout this report we will be talking about the HeartEye team, 
their device, technology and system a lot. Therefore it is wise to 
define what is meant with each of these:

•	 HeartEye: is the company itself, including their team.
•	 The HeartEye ECG: is the physical device 
•	 The HeartEye system: is the whole product service 			 

system that device is included in (for example, the app / 		
platform or e-health system)

•	 The current or original design: Is the current physical 		
design as designed by NPK design and meant for use in 		
hospitals and GP offices.

Next to this, also the major abbreviations and technical terms, 
which are explained in the report itself,  are also listed her, if you 
ever get confused:

•	 CAD: Coronary Artery Disease is a prevalent condition where the 
coronary arteries become damaged or blocked, usually due to 
the build-up of cholesterol-containing plaques.

•	 ECG: Electrocardiogram, is a medical test that records the 
electrical activity of the heart over a period of time using 
electrodes placed on the skin.

•	 MDR: Medical Device Regulations refers to the European 
Union Medical Device Regulations, which provide guidelines 
and standards for medical devices to ensure their safety, 
performance, and quality.

•	 EHR: Electronic Health Record is a digital version of a patient's 
medical records. 

•	 IP: Ingress Protection is a standard that indicates how well a 
device or product is protected against solids (like dust) and 
liquids (like water). 

•	 ABS: Acrylonitrile Butadiene Styrene is a type of plastic

Project team

This project involves three main parties besides myself; HeartEye, 
TU Delft, and NPK Design. They have all provided guidance and 
support throughout the project ensuring a meaningful result. In the 
following section, each party and their role is explained in short. In 
this report, I will refer to these stakeholders as the project team.

HeartEye
HeartEye, the client for this project, provides 
a blend of medical expertise, medical product 
development experience, and business insights. 
The involvement of Rien van der Zee, the 
company's founder and former cardiologist, 
brings easy access to invaluable medical 
knowledge that guided the development 
process from the start. Furthermore, Heleen 
Willemsen (CTO) and  Tjebbe Tauber (CEO) 
provided fundamental knowledge and 
experience of the product and its technology 
in combination with offering business and 
regulation perspectives crucial for aligning the 
project with market demands and healthcare 
industry standards. 

TU Delft
As part of the Master's Integrated Product 
Design program at TU Delft, this graduation 
project benefits from the expert guidance of 
two university professors, prof. Jan-Carel Diehl 
is the chair of this project and Prof. Maaike 
Kleinsmann is the mentor. They both have a 
truly expert understanding of various areas 

of this project and provided guidance and 
direction to this project, as well as their wide 
connections in the academic field. This support 
was vital for maintaining the project's academic 
goals and aligning it with current research in 
healthcare technology. 

NPK Design
From NPK Design, the design studio responsible 
for the current physical design of the HeartEye 
device, Jos Oberdorf and Martin Steffner offered 
their technical and design expertise. Their role 
was to provide feedback and guidance to ensure 
the resulting design is not only functionally 
effective but also user-friendly, manufacturable 
and suitable for its intended environment. Their 
extensive expertise in product development 
helped avoid common pitfalls and maintain a 
clear goal and vision. 
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This part of the thesis explores broad set subjects in order to gain a deep 
understanding of what is needed for a feasible, desirable and viable 
design. In the eight chapters that follow, seven subjects will be explored, 
these were selected as interesting to explore through discussions with 
the project team during the first meetings and personal interest. 

First, the current design of the HeartEye device is analysed, assessing 
its features and capabilities. The next chapter evaluates potential target 
groups for the HeartEye device, followed by a detailed look into the 
basic regulatory requirements. Then, we examine the growing trend 
in E-health. Subsequently, we explore the market strategies, focusing 
on possible distribution channels and the possibility to be covered 
by insurance. This is followed by an investigation into the integration 
of machine learning in to the HeartEye system. Finally, we include a 
qualitative analysis based on forum posts among heart patients and 
insights gathered from two interviews with individuals suffering from 
heart conditions. 

Each chapter of this phase concludes with a list of design considerations 
synthesised from the analysis in the chapter. In the body of each 
chapter the origin of the design considerations is marked with DC 
and then the corresponding number in parentheses, like this: "(DC 
1)". These considerations will be clustered in the conclusion chapter 
of this phase into eleven design considerations.  Together, they form 
a comprehensive understanding of the (problem) context and of 
what needs to be taken into account when designing the HeartEye 
system for home use. In the next phase of this report - define - we will 
narrow the focus on the physical design considerations, limiting our 
scope. Ultimately leading to a design that is focussed on the physical 
requirements, while being grounded in a broad understanding of the 
context.

Therefore, this chapter shows a extensive exploration of multiple 
facets related to the context, laying a solid foundation for focussed and 
informed design decisions. 

DISCOVER
Understanding the Problem

Figure 2: Overview of the chapters in the discover phase
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As this project encompasses the redesign of the HeartEye ECG 
device it is important to do a short analysis of the current design 
(see figure 3).  
 
First, it’s use is explained, followed by the rationale for the need 
for a rapid and portable 12-lead ECG within this context. Then the 
ergonomics of the device are looked into. Followed by an overview 
of the different interfaces incorporated into the system. Next, a 
quick summary of the hardware that makes up the device is given 
and finally how the device is meant to be used is illustrated. 

Target use
The HeartEye portable ECG is designed to cater to healthcare 
professionals who use the device for fast and portable cardiac 
assessment within hospitals and GP offices.  
Designed specifically for medical practitioners, the HeartEye can 
be used as a faster and cheaper alternative to the standard large 
12-lead ECG currently used, which makes it suitable for a variety of 
scenarios ranging from routine check-ups to emergency diagnoses.

Why a 12-lead portable ECG
The 12-lead ECG has been the cornerstone of cardiac diagnostics 
for over a hundred years (Barold, 2003), offering a multidimensional 
view of the heart’s activity. 
HeartEye’s capacity to provide a clinically proven (De Vries, 2023; 
Zepeda-Echavarria et al., 2024) medical-grade 12-lead recording 
makes its diagnostic capabilities beyond what was possible 
with typical portable devices, which are often restricted to fewer 
leads. The information that can be gathered by the 12-lead ECG 
is indispensable for many diagnoses in the hospital or GP office, 
making the current HeartEye design useful in scenarios where 
a slow, large, and expensive machine and specialized on-site 
knowledge are not available.

The Technology
Where HeartEye innovates is the ability to make a clinical grade 
12-lead ECG from only four dry electrodes positioned on the 
chest for no more than one minute. The electrodes need to be 
positioned from each other by a fixed distance and the four 
electrodes need to be positioned within 4 cm of the specified 
area. The placement of the device should be in the middle 
with the bottom electrodes on the same height as the bottom 
of sternum, in figure 4 you can see the a visualization of this 
placement and in figure 5 you can see where the sternum is 
located. These requirements for number of electrodes, distance 
between electrodes and placement location on the chest cannot 
be altered and thus will form the base for any future design. 

CURRENT DESIGN OF 
THE HEARTEYE ECG

Figure 3: Current design of the HeartEye ECG device

Figure 4: Schematic of the correct placement 
location of the HeartEye ECG device

Figure 5 Location of the 
sternum (Rohit, 2023)

Ergonomics
The current design is designed to be used by a medical 
professional administering care to the patient. This means that 
it was never intended to be used on the users themselves. The 
design reflects this, with its slanted top and button position being 
ideal for holding the device away from the user whilst leaving 
room for the fingers to grip the device steadily under the top 
ledge without coming in contact with the patient's skin. 
Although this grip was well tested by NPK design for the current 
scenario, it was not yet tested for taking self-measurements. 

Interface
The current HeartEye system has two main interfaces: The 
physical device itself and the accompanying phone application.

Physical Interface
The HeartEye ECG is outfitted with two LED indicators 
that communicate operational statuses. The first indicator 
communicates the connectivity status with the phone (either 
connected or searching state). The second one indicates battery 
level and power status. There also is a semi-circle of LEDs that 
communicate the progress of the measurement during use and 
the battery level during charging. 
There are also two buttons on the device. One power button can 
be used to turn the device on by pressing it once and to turn off 
the device by holding the button for five seconds. The second 
button is the record button. The device starts a recording once 
this button is pressed and the device is set up correctly. 

Phone Interface
HeartEye has developed its mobile application together with 
Q42. This interface facilitates interaction with the device and 
wrangles the incoming data into an ECG. Below an overview is of 
the various capabilities of the current application:
•	 It links the device and the resulting ECG data to the user.
•	 It instructs the user on how to use the device, e.g. where to 

place the device.
•	 It converts the sensor data into the 12 ECG derivations with 

algorithms and filters.
•	 It sends the data to the cloud storage or somewhere else like 

a local printer or email.
•	 It shows a real-time single lead ECG preview during 

measurement to ascertain if the measurement is going okay.
•	 It facilitates the viewing of the ECG reports it generates. 
•	 The app is also capable of exporting the ECG report as a PDF 

file in order to fit with the established practice of handling 
ECG reports.

•	 The application can also be set up to send the ECG data to a 
cloud server for further integration into healthcare systems

1514



Construction
The HeartEye is designed with intense use in a hospital 
environment in mind. Its construction is watertight and 
alcohol-proof in order to withstand thorough sterilization 
practices. 
Furthermore, the device is made to endure physical stress, 
including accidental falls, something regular ECG devices 
are not equipped for. The main material of the housing is a 
medical grade ABS and PP mixture, this was chosen to comply 
with medical device regulations.

PCB
The device features a PCB that handles the sensor input, initial 
filtering of the signal, power management, and the hardware 
control interfaces of the device. It also features Bluetooth 
connectivity used to make contact with the user's phone. The 
rough dimensions of the PCB are 90 mm x 40 mm.

Battery
The HeartEye portable ECG is designed to be able to record 
50 ECG measurements within a span of 24 hours without the 
need to recharge the battery. The rough dimensions of the 
battery are 35 mm x 45 mm x 5 mm.

Electrodes     
The electrodes are positioned to make simultaneous 
contact with the patient's skin, on a variety of chest sizes and 
shapes. The device's electrodes are designed to meet safety 
regulations, by being made from medical-grade stainless steel.

Charging Dock
The system features a charging dock which is connected via a 
USB type-C cable. The device can simply be put into this dock 
and it will snap into place with magnets. The dock is designed 
so that there is no way to incorrectly place the device into the 
charging dock, decreasing the chance of users picking up a 

device with an empty battery.  
 
HeartEye chose to include a proprietary charging dock to lower the 
chance of users charging the device wrong, reducing the risk of 
malfunctioning. Furthermore, it is detrimental that there is no way 
that the device would be charged while the device is placed on a 
patient.  
 

2.	 The measurement takes approximately 45 
seconds to complete. 
The phone creates the 12 derivations and shows 
them as an ECG report which can be printed on 
a local printer, read directly from the device, or 
exported to a cloud service.  
The device is returned to the dock and starts 
charging again.  

Curernt Use Scenario
The current use scenario is illustrated in figure 7, 
in order to gain a better understanding of how the 
device is intended to be used.

1.	 A patient comes into the ward and the doctor 
decides an ECG is needed to help diagnose the 
patient. 
A medical professional picks up the HeartEye 
and accompanying phone from a central 
location in the ward. 
The medical professional connects the phone to 
the HeartEye device by scanning the QR code 
on the back. 
The medical professional puts the device in the 
correct position on the patient’s chest. Once the 
medical professional deems the ECG preview 
on the phone to be good. They press record on 
the ECG device or the phone and the HeartEye 
device starts the measurement.

Figure 7: Use scenario of the current HeartEye system
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Hardware
In this section an overview is given of the hardware components, by 
defining their function and features (see figure 6):
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Figure 6: Simplified exploded view of the current 
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Design considerations
Concluding, there already has been done extensive development 
into the current design of the HeartEye device. It would be a shame 
to not incorporate some of the findings from this excellent work 
into this project. The following design considerations were found to 
be the most relevant findings to take on board: 

•	 Medical-grade material: The material choice of medical-grade 
ABS and stainless steel, were carefully made decisions to 
optimize price, form freedom, and structural integrity, whilst 
complying with regulations. As the material requirements will be 
similar in the future version, it is possible to take on this material 
choice for this project.

•	 Waterproof: The current design is waterproof (IP68) to: reduce 
the risk of malfunctioning due to water damage, regulatory 
reasons, and to be able to clean the device effectively. This 
should be taken on in this project as well.

•	 PCB components: The size of the current PCB can be used as 
a starting point for internal dimensional requirements for the 
redesigned device. 

•	 Charging dock: The charging dock mitigates several risks for 
misuse and malfunctions. Therefore, it is preferable to also take 
on this aspect of the current device to not have to deal with 
mitigating the risks in another way.

•	 Battery size: The battery size in the current design can be used 
as a starting point for the internal dimensional requirement for 
the redesigned device.

•	 Technology requirements: There are fixed requirements for the 
number of electrodes, the distance between electrodes, and 
placement location on the chest and thus cannot be altered. 

THE OPPORTUNITIES 
IN E-HEALTH

The trending field of E-Health presents significant opportunities 
to address the escalating challenges in healthcare, particularly in 
managing heart failure, a condition that makes up 1 - 2 % of the 
worldwide healthcare budgets (Ski & Rocca, 2020; Lesyuk et al., 
2018). With the prevalence of heart failure on the rise, exacerbated 
by increasing comorbidities like diabetes and obesity and an aging 
population (Savarese, 2020), the strain on healthcare systems 
intensifies. However, it has been long known that many hospital 
admissions for heart failure can be preventable (Michalsen et al., 
1998). This suggests a new way to provide care might be needed. 
 
E-health – defined as: "the application of both digital information 
and communication to support and/or improve health and 
healthcare.” (Van Lettow & Wouters, 2019) - can be a part of the 
solution. It is a rapidly growing field that utilizes digital technologies 
to revolutionize healthcare delivery. With the advancements in 
these digital technology and their adoption, E-Health has gained 
significant attention as a promising solution for improving patient 
care, increasing access to healthcare services, and reducing 
healthcare costs. 
 
This chapter will explore the current state of E-Health in 
cardiovascular care, mainly in the Netherlands. First, a look at 
examples of other ECG telemonitoring devices currently on the 
market. Followed by an exploration of the services that connect 
telemonitoring devices with healthcare providers. The next section 
looks at considerations to be taken into account when developing 
an e-health system. Finally, a conclusion and discussion on what the 
implications for the project are.

Created by Made
from the Noun Project
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Exploration of ECG telemonitoring devices
A thorough exploration of the currently available or currently in 
development ECG devices was done and a surprising amount of 
already available ECG devices to facilitate cardiac health monitoring 
outside the clinical were uncovered. In appendix K a full description 
of all the researched products is listed and in table 1 an overview 
and comparison of the products can be found.  
 
These devices, which range from wearable to implantable, 
share a common goal of empowering patients with the tools 

for self-monitoring, while also ensuring seamless integration 
with healthcare systems for efficient data management. Despite 
their common objectives, these products differ significantly in 
other areas such as the methods of data collection, with some 
offering continuous monitoring capabilities and others designed 
for episodic use. Additionally, the number of health parameters 
tracked, the interface through which the user interacts with the 
device, and the specific technologies employed to capture cardiac 
data, all varied between the researched devices. This variation can 
be seen as a reflection of the still-evolving landscape of e-health 

E-health services revealed a wide range of diverse platforms all 
aimed at enhancing cardiac care through digital connectivity 
between patients and healthcare providers. In appendix K a 
full description of each researched platform can be found. The 
platforms cannot easily be compared directly to each other because 
these services fulfill different functions in the home monitoring 
ecosystem from simple messaging platforms to facilitating the 
analysis of data of various home monitoring devices. This large 
variation again illustrates a still-evolving field and a significant 
variety in patient needs and preferences across the field. 
 
From this analysis, we learned that not only patients but also 
medical professionals are users of such a platform. Furthermore, 
inspiration can be taken from these services as a basis to innovate 
further (DC 7 - 10).

technologies and signals the ongoing innovation required to meet 
a wide range of patient needs and preferences for personalized 
cardiac care.  
 
From this wide range of systems, we can see that the HeartEye 
system does have its little niche, with none of the other home 
monitoring devices being able to make 12-lead ECGs, except the 
two Phillips Holters, but those are aimed at detecting arrhythmias 
and not CAD. Thus from this analysis, we learn that HeartEye's 
unique selling point is being able to make 12-lead ECGs in a home 
monitoring context (DC 11). 

Exploration of E-health services
Next to the devices, the already existing or in development E-health 
services were also explored (see figure 8). This investigation into 

Table 1: overview of analysed ECG telemonitoring devices

Figure 8: Overview of the analysed e-health services compared on four features
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monitoring assistants, are there to analyze basic health data and 
verify if deviating values are real and require further intervention, 
and the third layer, the home monitoring medical professionals, 
can connect multiple health data sources like the electronic 
patient dossier to analyze and interpret the incoming signal in 
depth.  

3.	 There are protocols in place that the telemonitoring team can 
set in motion when needed, based on an incoming signal. These 
could be, contacting the patient, calling emergency services, or 
sending the signal further to the supervision layer, which are the 
doctors in hospitals.  

4.	 In this way, Santeon aims to efficiently and effectively handle 
large amounts of incoming health data generated by home 
monitoring devices. 

HeartEye could collaborate with a telemonitoring center such as 
the Zorg Bij Jou platform, as they are open for external services to 
join. This would significantly reduce the investment cost, time-to-
market, and expertise required to operate an effective, safe, and 
scalable home-monitoring ECG service (DC 1).  
 

Effectiveness of telemonitoring in cardiovascular 
care
The effects of telemonitoring in cardiovascular care are already 
well-studied in clinical trials. In appendix L, several studies on the 
subject are explored. Based on these studies, we can conclude 
that telemonitoring in general has been shown to have a high 
potential in improving cardiovascular care in a multitude of ways 
such as: reducing anxiety and depression, reducing cost, reducing 
the number of hospital admissions and days spent in the hospital, 
improve health outcomes and more.  

Use of tele-monitoring in healthcare
In 2021, 111.195 telemonitoring insurance declarations were made 
by GPs and medical specialists in the Netherlands, in comparison 
to 84.416 in 2020 and 57.896 in 2019 (Nederlandse vereniging 
ziekenhuizen, 2022). The largest portion of which is for cardiological 
diseases (van der Vaart et al., 2022). van der Vaart et al. (2022) 
also found that 30% of the GPs and medical specialists in the 
Netherlands want to intensify the use of telemonitoring. Thus it can 
be concluded that there is a clear trend in telemonitoring visible. 

Tele-monitoring centres
As seen in the section on e-health services, telemonitoring centers 
already exist and many more are in development. Experts agree 
that these centers will become a key part of the transition to hybrid 
care (Deloitte Netherlands, 2023; Zorgverzekeraars Nederland, 2022)   
A tele-monitoring center provides services that enable patients to 
receive care with digital support as much as possible in their living 
environment (Nederlandse Vereninging Ziekenhuizen, 2022). The 
service they provide that is most relevant for HeartEye is that they 
analyze and interpret medical data gathered by home monitoring 
devices.  
In an interview, the quartermaster medical service center of 
Santeon explained how they plan to operate their telemonitoring 
center, Zorg Bij Jou, in the future (see figure 9): 
Incoming signals are routed through several platforms from 
different companies, like Luscii or the Philips home monitoring 
platform.  

1.	 They first get routed automatically based on their importance. 
Meaning, that signals that are within expected values set by 
medical professionals are not further analyzed, but incoming 
signals like questions and deviating vitals are sent further into 
the system. 

2.	 Then the data gets into the telemonitoring center, where there 
are three distinct layers, with each layer increasing the need 
for expertise. This means the first layer (digital reception) is for 
answering basic questions on the health data or for connecting 
people to the right resources. The second layer, the home 

Figure 9: Schematic overview of the workings  of a telemonitoring service centre
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that should guide e-health-based programs aimed at promoting 
healthy living, in the realm of prevention and rehabilitation of 
cardiovascular diseases.  

1.	 Providing continuous care (DC 9)
2.	 Reduce burden on healthcare professionals (DC 1)
3.	 Providing a human-centred approach (DC 3)
4.	 Supporting the patients’ autonomy (DC 6)
5.	 Providing means for patients to stay healthy, feel safe, and help 

prevent new cardiovascular disease incidences (DC 8)
6.	 Inclusion of patients’ social environment, improving social 

support (DC 13)
7.	 Simplicity and guidance (DC 2)
8.	 Personal contact (DC 14)
9.	 Trustworthy (DC 5)
10.	 Financially self-supporting (DC 4)

These guidelines made by leading experts are used in the design 
considerations noted in brackets after each guideline. 

patients due to telemonitoring
•	 90% of the GPs and medical specialist think they are digitally 

literacy is sufficient.

However, there are also still several obstacles to take into account:
1.	 Perception of added burden
2.	 Inadequate infrastructure and training
3.	 Navigating the change

These barriers are further substantiated and explained in appendix 
N. These barriers are represented in design DC 1 and 12. 

1.	 Lack of national guidelines and standards
2.	 Reimbursement
3.	 ICT infrastructure
4.	 Interoperability
5.	 Privacy, security, and quality concerns

These barriers are further substantiated and explained in appendix 
O. We are not listing these in the design considerations because 
they are not related to the HeartEye system specifically but rather 
to the E-health market as a whole and HeartEye lacks the resources 
to have a substantial impact. They are mentioned here for context 
and completeness. 

Guidelines on the development of E-Health
It is helpful to look into already established guidelines for the 
development of e-health solutions, to not fall into any already 
discovered pitfalls. Breeman et al. (2021), from the Dutch BENEFIT 
for All Cardiovascular e-health consortium, identified 10 values 

Barriers for e-health adoption
E-health implementations offer the potential to revolutionize 
healthcare service delivery. Yet, certain barriers exist for patients and 
healthcare providers. The HeartEye system should overcome these 
barriers to become successful.

1.	 Low personal motivation
2.	 Scared of change in patient-doctor relationship
3.	 Fear of diminished care quality
4.	 Lack of support from outside
5.	 Preference for a hybrid model
6.	 Limited health literacy
7.	 Type of digital technology and trustworthiness of the provider
8.	 Missing patient-Centric design

These barriers are further substantiated and explained in appendix 
M. All of these barriers should be taken into account when 
designing the new HeartEye system and therefore are included in 
the design considerations 2 to 6

•	 More then 80% noticed an increase in the quality of care
•	 90% was either neutral or saw an increase in work pleasure
•	 90% were either neutral or saw an decrease in healthcare cost 

due to telemonitoring
•	 95% were either neutral or saw an increase in self-sufficiency of 
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Design considerations
Concluding, e-health has shown to be a clear trend, which the 
HeartEye system is poised to benefit from by learning from 
existing devices and services and being guided by patient 
and medical professional experiences with those devices. The 
following design considerations were synthesised from the 
analysis in this chapter. 

1.	 Integration with healthcare systems: The system should 
be integrated into healthcare systems and a telemonitoring 
service centre. This mainly entails collaborating with a 
telemonitoring service centre to have them interpret the 
ECG data but also includes providing compatibility with 
existing electronic health records and patient portals, 
ensuring that the data can be easily accessed and utilized 
by healthcare providers.

2.	 User-friendliness and accessibility: The system should be 
intuitive and straightforward to use for individuals without 
medical training. This includes simple instructions, ease 
of setup, and clear interpretation of results, ensuring that 
patients can use the system correctly and effectively in their 
own homes.

3.	 Patient-centric design: The design should focus on 
patient needs and expectations. This involves not just 
technical aspects but also considering the emotional and 
psychological comfort of the users. The system should 
foster trust and confidence among users, making them feel 
secure and supported in their health monitoring journey.

4.	 Low cost to patient: To ensure broad accessibility, the 
system should be low cost or no-cost for the patient. This is 
particularly important to make the technology available to 
diverse socioeconomic groups, ensuring that no patient is 
left behind due to financial constraints.

5.	 Adress patient fears:  Patients have shown to be hesitant 
about adopting e-health systems because of being 
unfamiliar with e-health or having a bad experience with 
another system. These fears should be addressed by the 
HeartEye system to increase adoption chances. 

Patient-related barriers
Patients have expressed an overall positive attitude 
towards e-health systems (Thomas et al., 2021; Carla 
Plymen, 2023; Ajčević et al., 2021). Citing, among other 
positive impacts, an improvement in quality of life and 
quality of care (Huygens et al., 2021). However, there are 
also several obstacles and considerations to take into 
account when designing an e-health system:

Healthcare provider-related barriers
According to the E-Healthmonitor 2022 (van der Vaart 
et al., 2022), medical specialists and GPs are generally 
positive about the use of telemonitoring:

Other barriers
Government organisations and patient- and medical 
organisations are actively campaigning for the adoption 
of e-health solutions (Ministerie van Volksgezondheid, 
Welzijn en Sport, n.d.; Landelijke Huisartsen Vereniging, n.d.; 
European Heart Journal - Digital Health, n.d.). Developing 
guidelines, infrastructure and much more. However, some 
general industry-wide obstacles should still be taken into 
account:
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data with their healthcare providers promptly. This could enable 
early detection of potential heart problems and facilitate timely 
interventions. Furthermore, it could lead to earlier discharge 
from hospitals and fewer visits or consultations.

3.	 General consumers who want to self-track their health 
would appreciate the HeartEye ECG device's potential to 
provide insights into their overall heart health and well-
being, particularly for individuals who are interested in sports 
performance, stress management, or general health monitoring. 
The device could also serve as a motivator for maintaining a 
healthy lifestyle.

The current design of the HeartEye ECG is designed with the first 
group (healthcare professionals) in mind. To limit the scope of this 
project it was chosen, together with the project team, that this 
project should focus on the high-risk patients only.

It is essential to understand the diverse group of people who will 
interact with this technology. This chapter dives deep into the 
research surrounding the target groups and stakeholders for the 
HeartEye system, breaking down their unique needs, experiences, 
and expectations. 
 
First, the initial scope of users is defined. Then the chapter explores 
their health statuses, lifestyles, and interactions with medical 
technology. The roles of medical professionals and secondary 
users, such as family members, are also considered for their 
impact on the device's usage. Furthermore, an overview of all the 
identified stakeholders is given and finally, three personas are 
shown which will be used to test and guide future design decisions 
on. As a conclusion, design considerations that need to be taken 
into account when further developing the HeartEye system are 
summed up. 

HeartEye context of target users
HeartEye has specified a three-phase plan for targeting different 
users with different versions of their ECG devices. Each phase is 
targeted at a different target audience which is defined below:

1.	 Healthcare professionals, such as cardiologists and GPs, would 
find the HeartEye ECG device useful for its portability, ease 
of use, and ability to provide quick ECG readings. It could be 
used as a much cheaper alternative to the standard 12-lead 
ECG, particularly in situations where portability and speed are 
important, for example in emergency rooms or GP offices.

2.	 High-risk patients would benefit from the HeartEye ECG 
device's ability to monitor their heart health at home, allowing 
them to track changes in their heart rhythm and share their 

TARGET GROUP 
RESEARCH

1

2

3

6.	 Support for patient autonomy through data: The system 
should support and encourage patient autonomy by providing 
understandable insights into their health status. This could contribute 
to enabling patients to make more informed decisions about their 
health.

7.	 Patient Education and Engagement Features: Incorporate features 
for patient education and engagement, such as those seen in Lucii's 
monitoring programs. This can include interactive tutorials, progress 
tracking, and personalized health tips based on ECG readings.

8.	 Adaptability for Remote Rehabilitation Programs: Design the device 
to be compatible with remote rehabilitation programs, offering 
functionalities that support patients' recovery and ongoing health 
management, similar to the approach in telemonitoring centres.

9.	 Real-time data transmission: Incorporate features for real-time data 
transmission to healthcare providers, similar to services provided by 
HartWacht and PASSION-HF, Instead of opting for a-synchronous 
data transmission. This allows for immediate professional analysis and 
intervention if necessary. 

10.	 Automated Alert System: Implement an automated alert system that 
notifies healthcare providers when abnormal readings are detected, 
similar to the mechanism used in Heartcare at home. This system can 
also inform patients if they need to seek immediate medical attention. 

11.	 Focus on USP: As there are plenty of other devices in the home 
monitoring market, the HeartEye system should focus on enhancing 
the HeartEye's unique capability to perform 12-lead ECGs within a 
home monitoring context.

12.	 Support the Healthcare provider: Not only the patient but also the 
healthcare provider should be supported with educational content. 
Helping them navigate the change and make a system more efficient 
instead of adding burdens.

13.	 Social Support Integration: Facilitate the inclusion of a patient's social 
network to support the patient. This could enhance the patient's 
emotional well-being and provide an additional layer of support.

14.	 Provide Personal Support: Develop a system for contact between 
patients and healthcare providers. This could include scheduled 
virtual check-ins or the ability for patients to request consultations. 
Such features should be designed to build trust and ensure patients 
feel valued and listened to.
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meaningful impact on numerous patients. 
These reasons make patients diagnosed with coronary artery 
disease an impactful scenario and an interesting group to focus on 
for the further development of the HeartEye system. 

Demographics
Coronary artery disease is an age-related disease, making the 
elderly a significant demographic for heart health monitoring 
devices. Dr. Rien van der Zee put the age target between 55 and 70 
years old However, the scope broadens when considering middle-
aged adults, especially those who have known CAD risk factors like 
family members with CAD. These people are maybe even more 
interesting to take into account as they have the potential for more 
healthy years ahead. Such an example underscores the importance 
of inclusive monitoring solutions catering to a loosely specified and 
broad demographic. 

Exploring the target group
In this section the target group is explored by looking at the three 
potential users of the system; the patient, the secondary user and 
the medical professional.

The Patient
In this section, the main target group of high-risk patients is further 
explored on several important themes.

Coronary Artery Disease
This project will focus on coronary artery disease (CAD). Coronary 
artery disease is: “the foremost single cause of mortality and 
loss of Disability Adjusted Life Years worldwide.” (Ralapanawa & 
Sivakanesan, 2021). Coronary artery disease is a prevalent condition 
where the coronary arteries become damaged or blocked, usually 
due to the build-up of cholesterol-containing plaques. When these 
plaques build up, they can narrow the arteries, reducing blood 
flow to the heart muscle and potentially leading to serious health 
implications such as heart failure. 
 
During an interview, Dr Rien van der Zee (ex-cardiologist and 
founder of HeartEye) highlighted the potential benefits of directing 
the HeartEye device towards individuals suffering from CAD. 
 
First of all, a relatively large impact can be made here as currently, 
a lot of patients suffer from the complications of CAD, while it could 
be treated relatively well if further complications are diagnosed 
early enough. Furthermore, The incidence of new coronary artery 
problems is highest among people who have already been 
diagnosed, making home monitoring of diagnosed patients extra 
relevant. The HeartEye device could make this possible thanks to 
the early warning signs that a 12-lead ECG can reveal. 
Next to that, postoperative or post-diagnosis monitoring of patients 
can be vital in managing their condition by keeping track of 
deterioration and diagnosing possible new issues. Lastly, in a study 
by Leening et al. (2013), it was estimated that there are 730.000 
people diagnosed with coronary artery disease in the Netherlands. 
This large number further highlights that improving the 
accessibility of cardiac diagnostic tools has the potential to make a 

•	 Dealing with identity change: The “patient identity” influences 
behaviour and social interaction. (DC 11)

•	 Concerns about new responsibilities: being monitored makes 
patients aware that they, themselves, are responsible for making 
sure that the clinicians have a basis for diagnosing them. (DC 12)

•	 Having expectations: because patients are putting a substantial 
effort into the monitoring, some also expect the clinicians to 
show sympathy and take the time to give feedback. (DC 13)

These themes again highlight the importance of catering to a wide 
range of needs within the target group (DC 1).

Patient types
As previously suggested it is important to acknowledge that there 
are many different types of patients who all have different needs 
and wants. It is out of the scope of this project to define all the 
different profiles associated with CAD, but it is still relevant to look at 
some of the literature-identified profiles and keep these in the back 
of our minds when developing the future HeartEye system. For 
example, Tenbult et al. (2023) found a large inter-individual variation 
in the need for information in cardiovascular patients and Warth 
(2011) listed 15 patient profiles ranging from the pleasant patient to 
the depressed. Some interesting profiles are: 

•	 Demanding patients require a lot of attention.
•	 Anxious patients require a lot of reassurance.
•	 Non compliant patients do not follow prescription 
•	 Direct patients like to be in control
•	 All-knowing patients tend to believe that they are very 

knowledgeable about medical subjects

Although ungrounded, these profiles do showcase a wide range 
of differing informational demands. As well as highlighting the 
importance of a personalised patient journey (DC 1 & 3).

Patient needs
Next to a vast range of patient types, there is also a broad range of 
different needs of patients. It is again out of the scope of this project 
to delve too deep into the general patient needs, but to illustrate 
what we are dealing with we show an example of six themes 
uncovered in a study by Andersen et al. (2017) on the patient 
experience in cardiac remote monitoring:

•	 Consistency: Confirmation of symptoms creates relief and 
missing detection of signs creates frustration and despair. (DC 5 
& 6)

•	 Being informed: Information and feedback on clinic 
transmissions help patients understand and relate to their 
condition, even if there is no news. (DC 4 & 6)

•	 Feeling uncertain and anxious: Waiting produces uncertainty, 
Information reduces uncertainty. (DC 7 & 14)
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Adherence
Non-adherence to telemonitoring devices has been cited as a 
major problem in elderly heart failure patients, by Van Der Wal & 
Jaarsma (2008). In their study, they defined factors contributing 
to non-adherence. For example: the complexity of the regime, the 
prevalence of depression or the fact that a necessity for extensive 
lifestyle changes decreases adherence significantly.  
 
Adherence can be improved in various ways, such as by addressing 
the patient needs described earlier or by increasing health 
literacy also previously discussed. These examples illustrate that 
adherence isn't just a design consideration on its own but instead 
is the objective, which is why it is not listed as a separate design 
consideration. 
 
Accessibility
For older people with heart conditions, using health devices like 
HeartEye can be tough. Several issues commonly observed with 
heart diseases are physical dexterity, frailty, sensory impairments, 
cognitive dysfunction and mental health. In appendix Y a more in-
depth analysis of these issues and sources can be found.  
 

Technology affinity
The target audience is a diverse group, united by medical 
necessity rather than a voluntary interest in health technology. 
Their experience with and trust in medical devices are influenced 
by a plethora of factors. For example: performance expectancy, 
effort expectancy, and perceived privacy and security are direct 
predictors of the telehealth adoption rate among the elderly (Van 
Houwelingen et al., 2018; Schomakers et al., 2019). Next to that, older 
adults in the Netherlands are less likely to adopt new technologies 
(Vorrink et al., 2017). Factors like these make the adoption of- and 
trust in the system a vital requirement for a successful product. 
Thus in the design of the HeartEye system, we should consider 
supporting these less tech-savvy users (DC 7) and perhaps make 
the device not overly high-tech in appearance (DC 8), but instead 
try to convey its medical value to foster greater trust (DC 9). 

Health literacy
In addressing health literacy, it is important to recognize its role 
in the effective use and adherence to telemonitoring systems like 
the HeartEye system, especially for patients managing chronic 
conditions such as coronary artery disease (CAD). Health literacy 
extends beyond the basic understanding of health information; 
it includes the ability to access, comprehend, and apply health 
information to make informed decisions on their health (DC 
6). Accommodating for lower health literacy is significant as 
health literacy directly correlates with health outcomes. For 
instance, patients with lower health literacy levels may find it 
challenging to perform necessary lifestyle changes (Peltzer et al., 
2020), furthermore it potentially leads to decreased adherence 
to telemonitoring devices and medication regimes, which can 
negatively affect health outcomes (Hussey & Gilliland, 1989; 
Oscalices et al., 2019; Van Der Wal & Jaarsma, 2008). 
To address these challenges, the HeartEye system's design and 
patient education materials should be tailored to accommodate a 
wide spectrum of health literacy levels (DC 1  & 4). 

Accessibility features to cater to these patients are shown to be 
important to consider (DC 2), but as a starting telemonitoring 
service, the HeartEye system will always be prescribed to patients 
through shared decision-making between the doctor and the 
patient. Meaning, they will both decide if the system is effective 
and usable for the patient. If the system is not suited for the patient 
due to a lack of sufficient accessibility features, then that patient 
will receive regular care instead of telemonitoring. Therefore it is 
for this project more important that most people can use this first 
generation system, instead of focussing on including everyone. In 
future developments, HeartEye should look into specific physical or 
ergonomic features to improve the accessibility of their systems.  

Secondary users
After having taken an in-depth look into the main target group 
of the system, we will now take a more shallow look at the people 
around the heart patients who might help the user use the device 
and thus could be seen as secondary users. 
 
Transitions in the approach to long-term care in the Dutch 
healthcare system have stimulated older adults to stay at home 

longer (Schoot, 2014). This caused the responsibility of care to shift 
from the healthcare system to the elderly themselves and their 
close contacts and relatives. It is thus to be expected that the 
people operating the device are in some cases going to be these 
informal caregivers or let’s call them secondary users. 
Next to operating the device, these secondary users could also 
act as motivators for continued use of the device and might 
be interested to be able to remain informed of any insights the 
measurements provide.  
 
This behaviour might even be something HeartEye should promote 
as family involvement in the care can positively improve the anxiety 
of heart patients (Soleimani et al., 2023). Next to that, lack of social 
support has been found to be a risk factor for non-adherence to 
prescribed therapy in elderly heart failures (Artinian et al., 2002). This 
lack of support also is related to worse health outcomes in patients 
with heart failure (Tremethick, 2001; Horsten et al. 2000). 
Concluding,  the system will need to cater to the needs of these 
secondary users or the possible lack of, them when designing the 
next-generation system (DC 10). 
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Personas
To narrow down the target audience for 
this project, three detailed personas were 
developed (see figure 10). Personas are not real 
persons, but rather hypothetical archetypes 
of the envisioned user (Goodwin, 2009) 
which, in this case, were created through 
interviews with heart patients, a study of 
heart patient forums -which will be discussed 
in a later chapter- and findings of a study 
on understanding patient experience by 
Andersen et al. (2017). The embedded quotes 
you will find for each persona are from the 
heart forum study and interviews. These 
personas were deemed useful to make in 
this project due to the vast range of inter-
individual informational needs among heart 
patients (Tenbult et al., 2023).  
The specific personas help convey these 
differences and show that an overly 
generalized solution would fail to meet the 
nuanced demands of a diverse target group 
(Cooper, 2004). These personas will be used 
to evaluate designs within later phases of the 
project. 
 
The personas are described using the persona 
framework used by Muzus & Lost Lemmon 
(2018). Which entails nine questions that the 
persona answers. The quotes included in each 
question are actual quotes from the previously 
mentioned interviews or heart forum study.  
 

Figure 10: Overview of personas organised on two axis: Hopeful Vs Anxious and Proactive Vs 
Reactive

Medical professionals
The last target group is the medical professionals who prescribe 
the device and also will need to analyse the data provided by the 
system. These healthcare professionals have their considerations to 
ensure the device is desirable for them. According to the E-health 
monitor 2022 (van der Vaart et al., 2022) and interviews with medical 
professionals (I1, I4 & I7) several considerations were found:

•	 Patient Compliance and Usability: GPs and cardiologists will 
want a device that their patients can use without difficulty, thus 
they will judge the usability of the device when deciding if the 
device is desirable. (DC 12)

•	 Telemonitoring Capabilities: As the device will be used for 
telemonitoring, it should include features which support 
efficient remote management of patients, reducing the need 
for in-person visits and allowing for efficient use of healthcare 
resources. For example: A system to flag abnormal readings 
automatically could be implemented, enabling healthcare 
professionals to prioritize patients who may require immediate 
attention. (DC 5 & 13)

•	 Ease of Data Interpretation: The software application should 
present the ECG data in a clear and concise manner, which is 
easily accessible and preferably in a format that is familiar to 
healthcare professionals. They already need to learn many new 
systems throughout their careers, thus lowering the barrier of 
adoption is essential for widespread adoption. (DC 6)

•	 Integration with Clinical Systems: The ability to integrate with 
existing electronic health records or clinical management 
systems is important for making the change to a telemonitoring 
system as easy as possible. (DC 13)

•	 Cost-effectiveness: The device should offer value for the 
healthcare system, balancing the costs with the benefits it 
brings in terms of improved patient monitoring and outcomes. 
(DC 15)

•	 Clinically verified and trust: Medical professionals emphasized 
the importance of being able to trust the resulting ECG reports 
in order to be able to adopt the system.

•	 Training and Support: Adequate training materials and 
support for healthcare professionals is needed to help them 
to understand the full capabilities of the device and how to 
troubleshoot common issues, making the transition into a new 
system more seamless. (DC 7)

In conclusion, making an easy-to-use system that medical 
professionals trust and can easily adapt to their current way of 
working is essential to make this system desirable for this influential 
group. 
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This is me 
After experiencing a heart attack at age 62 due to coronary artery 
disease, I've had to adjust significantly to living with a chronic heart 
condition. I'm an individual who is actively seeking to understand 
and manage my health, but I often find it challenging to navigate 
the complexities of my condition and the healthcare system. I 
am motivated to take charge of my health, but I need reliable 
information and support to do so effectively.

"I feel like I'm fighting a losing battle with heart failure. Every day 
is a struggle, but I'm trying to find happiness where I can." 

This is what holds me back 
The unpredictability of my heart condition and the fear of 
recurrence often lead to anxiety. I struggle with the physical 
limitations imposed by my condition, which affects my daily life and 
work. Communicating effectively with healthcare providers can be 
challenging, and I sometimes feel overwhelmed by medical jargon 
and unclear advice. 

“If a doctor sees that the patient does not understand or agree 
with something they should make an effort to make it more clear 
for them.”

"I'm getting fed up with telling my cardiologist this is worryingly 
angina pain... even unstable. It's like my concerns are not being 
heard."

"I've been to A&E over 10 times now... All readings for HA ok but no 
one is looking for anything else.”

This is how you seduce me 
Show me how the HeartEye can empower me in managing 
my condition. Provide clear, practical information on how it can 
help monitor my heart health and alert me to potential issues. 
Demonstrate its ease of use and reliability, which are crucial for me 
to trust the technology.

"Take me along in the test and the results. During my heart film, 

THE RESILIENT NAVIGATOR
"Adapting to my new normal with heart disease."

management.

"I've had it with medics and hospitals... After being discharged, 
I'm left with a bunch of meds and no clear guidance on what 
to do next. It feels like I'm just expected to figure it all out on my 
own."

people were very focused on the technique and not on me." 

This is my goal 
My main goal is to live as normal a life as possible while effectively 
managing my heart condition. I want to feel confident in my ability 
to monitor and respond to changes in my health, and to have 
constructive conversations with healthcare professionals about my 
care.

"I just want to enjoy life again and am in denial that this might 
not be the case."

This is how I feel about it 
I am cautiously optimistic about using technology like the HeartEye 
to manage my heart condition. I see its potential to help me live a 
better life, but I need to trust that it's accurate and user-friendly.

This is what motivates me 
I am motivated by the desire to regain control over my life and 
health. I want to feel confident and secure, knowing that I am doing 
everything I can to manage my condition effectively.

"I need to know the difference between panic and actual cardiac 
events."

This is when I disengage 
I disengage when faced with overly complex technology or when 
I feel that my concerns are not being addressed. If the HeartEye 
appears too technical or if I don't see clear benefits in using it, I may 
lose interest.

"I have had some results through and am just trying to make 
sense of them in plain English!”

These are my conditions 
I need tools that are straightforward and offer clear, actionable 
insights. They should facilitate and enhance my own understanding 
and communication with healthcare professionals, providing 
me with a greater sense of security and control over my health 
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This is Me 
I have experienced a significant heart event due to coronary 
artery disease at age 58. Since then, life has been a rollercoaster of 
emotions and fears. I constantly worry about my health, particularly 
about the possibility of another heart event. Simple activities like 
going for a walk or even just resting can trigger anxiety, as I'm 
hyper-aware of every sensation in my body.

"Every single twinge I get makes me think I am having another 
heart attack."

This is what holds me back 
My life is dominated by fear and uncertainty. I struggle with the 
constant worry that my heart might fail me again. This anxiety 
affects not just my physical activities but also my mental health and 
relationships. I often feel isolated and misunderstood, even when 
surrounded by people.

"I'm now frightened...I feel isolated, lonely and frightened, despite 
having my wife with me who is brilliant and understanding."

This is how you seduce me 
Approach me with empathy and understanding. Show me that my 
fears are valid but also manageable. Help me find strategies to cope 
with my anxiety, and connect me with others who have successfully 
navigated similar paths. Provide me with resources that are both 
reassuring and informative.

"I never realized how much my heart condition affected my 
mental health until I started talking about it with others who 
understand." 

This is my goal 
My primary goal is to regain a sense of normalcy and control over 
my life. I want to manage my health effectively without being 
consumed by fear. I also aim to reconnect with the activities and 
people I love, finding a new balance in my post-heart event life.
"I feel stuck in a cycle of worry and I just can’t find a way out."
This is how I feel about it

THE ANXIOUS SURVIVOR
"Living in the Shadow of Uncertainty”

I oscillate between hope and despair. While I am grateful to have 
survived a heart event, the lingering fear of recurrence dampens my 
spirits. I crave stability and peace of mind but often feel that these 
are just out of reach.

"I'm scared to close my eyes at night. I worry about not waking up 
in the morning."

This is what motivates me 
Hearing success stories of others who have overcome similar 
challenges gives me hope. Learning practical strategies for 
managing anxiety and heart health, and seeing tangible 
improvements in my condition, motivates me to keep pushing 
forward.

"I just want to get mentally better and stop having my husband 
wake me in the morning to make sure I’m alive."

This is when I disengage 
I tend to withdraw when I feel overwhelmed by health concerns 
or when my anxieties are dismissed. If the support I receive feels 
generic and doesn’t address my specific fears, I lose interest and 
become more isolated.

"I feel like I am going nuts... First thing I think of in the morning 
and last thing on my mind at night."

These are my conditions 
I need a compassionate and understanding approach. Information 
and support tailored to my situation, recognizing the psychological 
impact of living with a heart condition, are essential for me to stay 
engaged and hopeful.

“I am frustrated that I cannot link in with a medical person. I feel 
so darn ill, I sleep away the day, awake to eat and go to the loo." 
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This is Me 
My approach to health has always been traditional and conservative, 
relying heavily on the expertise and advice of medical professionals. 
I'm not one to chase after the latest health trends or to question 
the recommendations of my doctors. After being diagnosed with 
coronary artery disease at 68, I've become more aware of my 
well-being. While I understand the importance of being an active 
participant in my health care, I tend to take a backseat, allowing the 
experts to lead the way. I don't actively seek out health information 
or tools, I am open to and optimistic about using them.

“They told me I should keep doing that until I visited the 
cardiologist again to make a echo. That seemed to go well so I 
kept doing it.“

This is what holds me back 
My reactive nature means I often wait for health issues to arise 
before taking action. I'm hesitant to ask for help and unless it gets 
unavoidable or my peers push me to look for help, I tend to adopt a 
'wait-and-see' approach.

“No,  I don’t think I need to go back to the GP, unless it gets really 
bad of course.”

This is how you seduce me 
Win me over with reassurance wrapped in simplicity. Show me how 
the HeartEye is the compass I didn’t know I needed. I want to be 
guided towards taking action in my own health journey. 

“I needed to be relaxed and careful, as they said I was still a 
hospital patient.”

This is my goal 
I see my health journey as a temporary detour, not a permanent 
redirection. I believe that by following medical advice, I can navigate 
through this phase and get back on the familiar track of my life.

"I'm starting to feel a bit down, bit old and vulnerable. I wasn’t 
before."

THE FAITHFUL PASSENGER
"The doctors knows best, right?”

This is how I feel about it
I feel confident that I will get through this. This trust is what keeps 
me together and eases the burden of worry, allowing me to focus 
more on recovery and less on doubt. 

“Those moments it is less pleasant. But well I know that nothing 
is going to happen. But something can always happen, right?”

This is what motivates me 
My motivation is driven by knowing that the steps I'm taking are 
making a positive difference in my health. Trust in the effectiveness 
of my treatment and the healthcare system as a whole is 
fundamental to maintaining my commitment.

"Being able to immerse myself in all things cardio is like having a 
warm hug."

This is when I disengage 
I get doubtful, when I start to feel uncertain or distrustful about 
the treatment or advice I'm receiving. If I can't see or understand 
the benefits of a particular health strategy, or if something doesn't 
feel right, I become hesitant and may start to pull back from 
participating in my health management.

“Well, personally I don’t have much trouble doing that. I assume 
that it is well tested, right?”

These are my conditions 
I need feedback like signposts, showing me the benefits of my 
efforts and reassuring me that I am not lost in the woods of my 
healthcare journey. I need this feedback to be straightforward and 
goal-oriented, aligning with the advice I receive from my healthcare 
providers.

“It would be very helpful to be able to show my doctor what I feel 
at home.”
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User-centred relational stakeholder mapping
Stakeholder mapping is a key step in redesigning the HeartEye 
portable ECG. It helps to understand all the different groups and 
people who have an interest in this device. 
 
An in-depth investigation was done into each stakeholder 
connected to the HeartEye ECG system according to the 
stakeholder analysis method as described by Ashby (2015). For this 
method, three questions are answered for each stakeholder: A. who 
they are, B. what they want and C. how they might try to achieve 
their goals. This analysis can be found in appendix Q.  
 
The stakeholders and their relations were then mapped in a 
diagram based on the analysis, as can be seen in figure 11.  
In this version of a stakeholder map stakeholders are divided into 
three groups: the main stakeholders like patients and doctors, who 
are directly in contact with the device, secondary stakeholders like 
the company making the device or distributors, these have a direct 
influence on the system, and tertiary stakeholders like regulatory 
bodies, who only indirectly influence the system.  
 
Furthermore, the connections between stakeholders indicate 
which stakeholders are in contact with whom. Illustrating the 
complex network of interactions and dependencies that exist in the 
development and implementation of the HeartEye portable ECG. 
 
Concluding, through the stakeholder analysis we can convey the 
intricate web of relationships. Furthermore, this analysis is used as 
a starting point to ensure that all the stakeholders are taken into 
account throughout the project. 

Figure 11: User-centred relational stakeholder map
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post-market surveillance, risk management, and a robust quality 
management system for HeartEye as these elements are critical 
for maintaining the device's required safety, performance, and 
traceability throughout its lifecycle. However, these aspects are not 
deemed useful to incorporate into the design considerations, as 
they are not something this project encompasses. 

Algorithmic diagnosis
There is an option to integrate algorithmic diagnosis into the 
HeartEye system. If that would be implemented, there are 
some legislative obstacles and unknowns to consider, which are 
documented in these sections. 

The MDR and algorithms
First, there are the EU Medical device regulations to take into 
account again. Annex 8, Chapter 2, Section 3.7 of the European 
Medical Device Regulation (2017) defines that: “A device is 
considered to allow direct diagnosis when it provides the diagnosis 
of the disease or condition in question by itself or when it provides 
decisive information for the diagnosis.” Thus according to the 
MDR, the device needs to be able to provide a full explanation and 
reasoning on why it diagnosed something. This would mean that 
if the HeartEye system were to diagnose people it can not do it via 
deep neural networks, as these are not considered interpretable 
(see the chapter machine interpretability). 

In this chapter, we will survey the current regulatory landscape. This 
way it is possible to conceptualize ideas that conform with the most 
important regulatory requirements, even though it is not within 
the scope of the project to test a final concept against regulatory 
requirements.  
 
First, the most important set of regulations for the HeartEye system 
are analysed; the EU Medical Device Regulations (MDR). Then 
an analysis is done on regulations in the context of algorithmic 
diagnosis. Finally, the potential impact of future eco-design 
regulations is taken into account. Then, as per usual, the concluding 
design considerations are compiled from this regulatory research.

Medical device regulations
The EU Medical Device Regulations (MDR) (European Committee 
for Electrotechnical Standardization, 2021A) form the cornerstone of 
regulatory compliance for the HeartEye system. These regulations 
mandate considerations for environmental operating conditions, 
usability, safety against hazards, accuracy, and construction 
robustness to ensure the device's efficacy and safety in home 
settings. A full analysis of the applicable sections and their 
considerations can be found in appendix R.  
 
The HeartEye system would be classified as a Class IIa device. This 
means the MDR emphasizes the need for conformity assessments, 
clinical evaluations, comprehensive technical documentation, 

REGULATORY 
REQUIREMENTS

7.	 Support and Assistance: Plan for customer service and technical 
support for users who may require assistance in setting up their 
ECG device. 

8.	 Convey medical value: The device should convey its medical 
value to foster trust with the target audience. While, still fitting 
into a home environment. 

9.	 Evade the high-tech product look: As technology affinity is 
found to be a potential obstacle it is important not to get lost 
in making the design too technology driven. Meaning, features 
should be limited to the necessities and the design should feel 
familiar and trustworthy to the user.

10.	 Involvement of family and friends: The social circle has been 
found to be of immense importance in helping patients use 
telemonitoring devices.

11.	 Minimize stigma: design to minimize stigma associated with 
medical devices, making it so patients can use without feeling 
like they are no more then a patient in constant need of care. 
Adherence can be enhanced in various ways, such as by 
addressing the patient needs outlined earlier or by boosting 
the health literacy also previously discussed. These examples 
illustrate that adherence isn't just a design consideration on its 
own but is instead the objective, which is why it's not listed as a 
separate design consideration.

12.	 Ease of Use: The device should have a user interface that is 
intuitive and easy to navigate. Clear instructions and prompts 
can help users to operate the device correctly and confidently, 
reducing anxiety associated with the use of medical devices.

13.	 Integration with healthcare providers: For seamless healthcare 
provider interaction, integrating telehealth features that allow 
for easy sharing of ECG data and virtual consultations could be 
valuable.

14.	 Emotional Support and Encouragement: Incorporating features 
that provide emotional support, such as motivational messages 
or success stories from other users, could help alleviate anxiety 
and boost user morale.

15.	 Cost-effective: the system should be cost-effective when 
compared to the current physical care.

Design considerations 
In conclusion, the target group does not only exist of multiple 
stakeholders but is also incredibly diverse. Making it important to 
develop and convey the group's needs and wants in personas and 
stakeholder maps. However, this diversity also offers an opportunity 
for identifying unique considerations that may not be apparent in 
a more homogeneous user group. It allows for the exploration of 
design modifications that can make the HeartEye more accessible, 
intuitive, and effective for a wider range of users. The following 
design considerations were gathered from the analysis in this 
chapter: 

1.	 Personalised Patient Experience: Design a more personalisable 
experience to accommodate the wide range of patients needs 
and types.

2.	 Accessibility Features: Catering to users with potential 
limitations, such as diminished vision, hearing, cognitive 
challenges, or manual dexterity might provide interesting 
design directions. This could involve high-contrast screens, large 
buttons, audio output, and design elements that do not require 
fine motor skills to operate, e.g. large buttons.

3.	 Adaptability to Lifestyle: Design the device to suit various 
lifestyles within the demographic, enabling users to continue 
their routine activities without significant interruption or 
inconvenience from device use.

4.	 Patient education: Patients must understand how to use the 
device and interpret the feedback it provides. This could include 
built-in tutorials, easy-to-understand readouts, or supplemental 
educational materials.

5.	 Real-time feedback: Functionality that allows the patient to 
verify the quality of the ECG recording in real-time can help 
them understand whether they need to adjust the positioning 
or usage of the device, leading to better outcomes and less 
frustration.

6.	 Convey measurement data: The device should be able to 
convey the resulting measurement in an understandable 
manner, through for example visualizations and comparisons to 
previous measurements. 

Created by Made
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Design considerations
Concluding, while direct compliance testing against 
regulatory standards is out of the project's scope, 
we've undertaken a comprehensive exploration of 
the existing regulatory environment. We found the 
European regulatory landscape for medical devices 
to be quite strict and currently a bit of a mess due to 
upcoming, but not yet final regulations. Therefore it 
is important to at least try to integrate the proposed 
regulations into the design process. This sets the new 
HeartEye system up for success in the regulatory 
landscape of the future. The following considerations 
were synthesised from this chapter:

1.	 Legislative opportunity: Compliance with the 
future regulation of the ESPR and AI act could 
position HeartEye as a frontrunner in the market, 
particularly at a time when older products are still 
adapting to these new standards. This creates an 
opportunity for HeartEye to fill a market gap with a 
product that is both technologically advanced and 
regulatory compliant.

2.	 Human Specialist Evaluation: Human specialist 
evaluation is the norm for the coming time, 
making a system that provides human specialist 
evaluation detrimental to the success of the 
HeartEye system.
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The proposed ESPR aims to establish requirements related 
to product durability, reliability, reusability, upgradability, 
reparability, maintenance, refurbishment, energy and resource 
efficiency, recycled content, remanufacturing, recycling, carbon 
and environmental footprints, and waste generation (European 
Commission, 2020; Directorate-General for Environment, 
2022). Furthermore, the regulation introduces a digital 
product passport to provide detailed product sustainability 
information (European Commission, 2020; Directorate-General 
for Environment, 2022). When these regulations will come into 
effect is yet unclear, but it is expected to be ratified in late 2023 
and then the member states have 24 months to incorporate it 
into their law (Bakker et al., 2023). 
 
Incorporating these proposed regulations into the design 
of the new HeartEye system will thus be critical and provide 
a great opportunity to take a pioneering leap ahead of the 
competitors (DC 1). Especially aspects like; durability, repairability 
and recyclability are amazing opportunities to showcase the 
possibilities of HeartEye’s new technology and form factor. 

AI regulations
The existing rules for 'normal' medical devices also apply to medical 
devices based on AI (Ministerie van Volksgezondheid, Welzijn en 
Sport, 2021). 
 
However, AI systems create a responsibility gap (Geurts & Bergman, 
2023): who is responsible for the outcomes that the AI produces? 
How does this affect the relationship between the patient and the 
caretaker? This gap challenges existing legislative frameworks, 
which traditionally hold human practitioners accountable 
for medical decisions. With AI-driven devices like HeartEye, 
determining responsibility for diagnostic outcomes becomes 
complex. 
 
The European Parliament’s proposals on AI liability are starting to 
address these issues by suggesting amendments to the existing 
Product Liability Directive to include AI systems. According to 
article 6 of the proposed AI act, a potentially AI-driven diagnosis-
support within the HeartEye system would be classified as a: “'High-
risk AI system” (EU AI Act Compliance, n.d.). This means that for 
example, stricter regulations on human oversight, transparency 
and risk management would apply, a more in-depth analysis of the 
applicable articles of this act can be found in appendix S.  
 
In conclusion, implementing a diagnosing AI system is very difficult 
at this point and the future of this field is very uncertain still. Making 
the involvement of human specialist evaluation still the norm for 
the coming time (DC 2). 

Eco-design regulations
Currently, the rules that govern the design of environmentally 
friendly products in the European Union, like the HeartEye portable 
ECG, are mainly based on the Eco-design Directive (2009/125/EC) 
and the developing Eco-design for Sustainable Products Regulation 
(ESPR) (Bakker et al., 2023). 
 
The current 2009 directive sets the framework for establishing 
specific eco-design requirements for various product groups, 
focusing on energy-related products (The European Parliament 
& The Council of the European Union, 2009). It doesn't prescribe 
detailed product-specific design criteria but empowers the EU to 
develop and enforce regulations that set energy efficiency and 
other environmental performance standards for these products. 
Some implemented regulations include the well-known energy 
labelling (A to G) and the requirements on energy consumption for 
specific products (European Commission, 2020). But, none of these 
seem to apply to the HeartEye system. 
 
However, the newly proposed ESPR – which is currently being 
negotiated- does cover all product categories with only limited 
exceptions such as food or medicinal products. And just to be 
clear medicinal products are: “A substance or combination of 
substances that is intended to treat, prevent or diagnose a disease, 
or to restore, correct or modify physiological functions by exerting 
a pharmacological, immunological or metabolic action.” (European 
Medicines Agency, n.d.) Thus, making the ESPR requirements are 
also applicable to medical devices such as the HeartEye system. 
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system gets reimbursed by insurance companies themselves, 
but this route seems unlikely in the time frame of this project. For 
example, the Freestyle libre by Abbot (Abbott, n.d.) is a glucose 
monitoring system, which is currently fully reimbursed for certain 
patients in the Netherlands (Ministerie van Volksgezondheid, 
Welzijn en Sport, 2019) and 60 other countries (Abbott, 2023C). 
Abbott, the multi-billion dollar company (Reuters, n.d.) has achieved 
this by years of cultivating partnerships (Abbott, 2023A) and talks 
with insurance companies and government organisations (Abbott, 
2023B). Thus, making this route does not look like a viable option for 
HeartEye as they lack the immense resources required for such a 
long procedure.   

Distribution channels
In order to find out if we need to take the specific distribution 
channel into account when redesigning the HeartEye system, we 
are going to explore potential distribution channel strategies from 
other similar successful products.

Through a e-health service
The Kardia mobile is a six-lead ECG for monitoring Heart rhythm 
and is fully reimbursed when it is rented with the e-health 
telemonitoring service Hartwacht (HartWacht, 2022). HartWacht 
incorporated the Kardia mobile into their e-health service 
themselves. After the Kardia mobile was already on the market.

Consumer store
As previously mentioned, telemonitoring devices are only 
reimbursed when it is prescribed by a medical professional. 
However, even without reimbursement there are several successful 
non-reimbursed devices such as the single-lead wearable ECG 
from Qardio (Qardio, 2023). This device is not reimbursed, but 
sold through several consumer-oriented stores, together with a 
subscription where a nurse will check the submitted ECGs every 90 
days. Because of this it is marketed as a lifestyle product, oriented 
at people who want to monitor their health status and through that 
improve their lifestyle.
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Design considerations
Concluding, in this stage the market strategy for the HeartEye 
system might still need to be envisioned as a dynamic 
blueprint, thus being able to respond to the new and 
evolving market. By learning from others and focusing on 
current opportunities, HeartEye might successfully navigate 
the complexities of the new market. The following design 
considerations should therefore be taken into account:  

1.	 Cost target: Currently aiming for a costs of less than 164,13 
euros every three months would mean that the system 
would be fully covered by its home monitoring use case 
alone.  

2.	 Replace current care: The HeartEye system should be 
able to replace current care. This could for example be 
replacing the need to go to the hospital for an ECG check-
up or replacing centre based rehabilitation with home-
based rehabilitation.

Distributed by the healthcare institution
Some healthcare institutions - like the Jeroen Bosch Hospital (2023) 
- have a home monitoring department at their location which takes 
care of the distribution of the equipment to the patients. These 
departments currently use off-the-shelf monitoring devices and 
integrate them into their service.  
 
In conclusion, HeartEye has several options in choosing 
their distribution channel which do not seem to have large 
consequences for the compatibility of the design with any one of 
the channels, as the mentioned examples for each distribution 
channel were also not developed for that specific distribution 
channel. We will therefore not take the distribution channel into 
account during this project.

 This new market can be seen as a double-edged sword. On the one 
hand is it more difficult to know if a business model will be viable, as 
reimbursement and distribution systems, are not yet standardized 
and underdeveloped.  But, on the other hand, it also creates 
opportunities for novel business models to thrive.  
Although developing a viable business model for the HeartEye 
system is out of scope for this project it is useful to open up the 
possibility for novel business models to be used, which is relevant as 
that might influence the design of the new HeartEye system.  

Reimbursement by insurance companies
From the first of January 2023 onwards, telemonitoring is partially 
reimbursed by basic health insurance for up to 164,13 euros every 
three months (De Nederlandse Hartstichting, 2023). Healthcare 
providers can declare the costs for telemonitoring themselves to 
health insurers, so patients do not need to do anything for this. This 
makes 164 euros a cost target to aim for to stay fully covered by 
basic health insurance (DC 1). 
 
There are however some limitations and requirements that need 
to be taken into account. They are summarized in appendix 
CC according to the requirements set by the Dutch healthcare 
authority (Nederlandse Zorgautoriteit, 2023) and information 
provided by the Federation of Medical Specialists (Federatie 
Medische Specialiste, 2022). The most important requirement 
relevant to the project is that telemonitoring should replace current 
care to be covered by the insurance (DC 2).  
There is a second option for reimbursement, where the HeartEye 

Medical devices are notorious for having a lot of obstacles before 
being able to deploy to market. It is therefore interesting to look at 
what different pathways there could be for the HeartEye device and 
service into the market. 

This chapter first looks at the emerging market. Next, the 
chapter looks into what is needed to be reimbursed by insurance 
companies. Finally, some possible distribution channels are 
evaluated. Concluding, with some design considerations that were 
gathered from this chapter.

A new market
Increasing healthcare costs is an enormous challenge for healthcare 
providers, stimulating them to focus on improving patient value. 
(Lee & Porter, 2013). These value-based healthcare principles are 
starting to be applied in cardiac care, by medical professionals, 
hospitals and insurance companies (Theunissen et al., 2023). This 
shift is driving the adoption of technologies that enable patients 
to monitor their health from home, thus reducing the need for 
expensive hospital stays. This is one of the reasons that has caused a 
new market for these monitoring systems to emerge.  

MARKET 
CONSIDERATIONS
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Design considerations
By understanding that the HeartEye system needs 
interpretable machine learning models The HeartEye 
system incorporates interpretability into the core of its 
system and creates a more convincing design that might 
have a higher chance of being adopted and approved. 
The following design considerations were found to be 
relevant for this project:

1.	 Explaining algorithmic predictions: Design the 
system to provide clear and understandable 
explanations for its predictions. This means the 
algorithm should not only indicate the likelihood 
of coronary artery disease but also offer insights 
into why a particular conclusion was reached, by 
for example using previously described methods to 
make the predictions more interpretable. 

2.	 Adaptability to User Needs: Different users require 
different levels of detail in explanations. While a 
cardiologist might need in-depth information, a 
home user might prefer a simplified overview and a 
concerned partner might want to delve deeper into 
understanding their partners risks. The system should 
cater to these varying needs.

Factors that affect interpretability
In appendix T, factors are given that affect the interpretability of 
machine learning models. Some of the examples are the monoticity 
of the model, sparsity and size of the model or providing a sense of 
control over the models.

Examples of interpretable machine learning
Appendix T also provides examples from the literature on how to 
make machine learning models more interpretable. For example: 
the SHapley Additive exPlanations (SHAP) method (see figure 12) or 
a method for generating prototypical parts (see figure 13).
 

Figure 12: Example of a SHAP visualization of feature imporances for 
predicting CAD in females (Overmars, 2024)

Figure 13: Visualization of how prototypical parts can 
be used (Chen et al., 2019)
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(Doshi-Velez & Kim, 2017) it must also answer the why. So, why 
does this patient have a certain chance of getting coronary artery 
disease? This is by no means trivial to implement, as interpretability 
is a domain-specific problem (Rudin, 2019) and dependent on who 
is interpreting the results different types of explanations might be 
more useful in different scenarios (Morik, 2006). For example, the 
patient with a home-use ECG device might not want to get a full list 
of how all the intricate deviations in their ECG affect their diagnosis, 
but a cardiologist might need it as they are obliged to be able to 
give reasoning on the decisions they make (Freitas, 2014) (DC 2). 
 
Another reason can be found when looking at the way humans and 
machine learning decision support systems cooperate. Humans 
excel in intuition and reasoning, an ability machine learning should 
complement. For machine learning to be effective as a decision-
support tool, it cannot only make useful predictions but should 
also communicate them in a human-understandable manner 
to tap into our intuition and reasoning (Varshney et al., 2018). 
Then machine learning can be effectively used to bridge the gap 
between raw data and our decision-making. Interpretability is thus 
fundamental for the success of machine learning in these high-
stakes decision-making scenarios the HeartEye system would fall 
under (DC 1). 
 
Lastly, Ribeiro et al. (2016) have argued that “if the users do not 
trust a model or a prediction, they will not use it”. Consequently, 
interpretability is crucial for humans to trust and accept the model 
(DC 1). 

The HeartEye ECG system is planned to have a machine learning 
algorithm to detect coronary artery disease from the ECGs users are 
taking. While this has the potential to be revolutionary in terms of 
preventing heart failures and unburdening the healthcare system, it 
will be paramount to design a decision system that is interpretable 
which means “the ability to explain or to present in understandable 
terms to a human” (Doshi-Velez & Kim, 2017). Most of the current 
machine learning decision support systems are complex black 
boxes, which means that their internal logic is hidden which makes 
it difficult to fully understand the reasoning behind the predictions 
(Carvalho et al., 2019). Especially because machine learning 
algorithms can only be as good as the real-world data and thus the 
biased data it is trained on (Honegger, 2018). All of this makes it a 
worthwhile subject to explore. 
 
This chapter explores machine learning interpretability in depth. 
First, discuss the need for interpretable machine learning and then 
continue by exploring factors that affect model interpretability. 
Lastly, the chapter introduces various examples of interpretability 
methods. 

Why do we need interpretable machine learning
The need for interpretability in machine learning algorithms stems 
from an incorrect definition of the task to begin with. For example, 
the task we give the model is: What is the chance that patient X 
has of attracting coronary artery disease? The resulting prediction 
only answers the what. However, because of safety, ethics and the 
inherent uncertainty of the objective of machine learning models 

MACHINE LEARNING 
INTERPRETABILITY
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Jamison et al. (2018) state that forum posts are a suitable source of 
data for a qualitative study on patient experience. Furthermore, the 
included forums are moderated on quality and keeping the content 
on-topic. A second approach utilized in this study is to do qualitative 
semi-structured interviews with heart patients. These two methods 
of data collection are combined and analysed together. How the 
data was gathered exactly will be explained in the next sections.

Semi structured interview
Two ex-heart patients were approached through direct 
connections. During the interview, the interviewee was asked to 
provide their expert view on the whole patient experience based 
on a patient journey which was used as a visual aid in the interview 
(see appendix A). The interview was held online and recorded via 
Microsoft Teams. The recording was transcribed and anonymised 
afterwards.

Heart forum analysis
Online forum posts were collected from heart forum posts 
associated with HealthUnlocked.com, an organisation that 
provides the technology for creating health forums for over 600 
health organisations worldwide. Next to that, the forum posts of 
Hartpatienten.nl were also included in the data set.  
A Python script (appendix B) was created to scrape these 
data sources. In total 727,881 posts were collected from the 
HealthUnlocked forums and 9589 posts were collected from the 
Hartpatienten forum. 
The next step was filtering the HealthUnlocked posts based on their 
relevance to heart disease-related experiences. This filtering was 
also done using a Python script (appendix B) narrowing down the 
HealthUnlocked dataset to 16,580 posts. 
This means that in total 26,169 posts were analysed, with each post 
not only containing the original message but also all the replies 
other users posted under that post. 

A lot of digital healthcare innovations are focused too heavily on 
clinical and technological advancements and lack the patient 
perspective. Consequently, they lead to low patient satisfaction, 
despite their potential (Wildevuur, 2017). The design of the HeartEye 
is no different. 
 
Literature already exists on the experience of heart patients (Jeon 
et al., 2010; Andersen et al., 2017). However, much of this literature 
is limited in scope, often focusing on clinical outcomes and the 
medical aspects of heart disease, rather than on the personal and 
day-to-day experiences of patients. This gap in understanding the 
experiences of heart patients can lead to a disconnect between 
the capabilities of technological solutions like HeartEye and the 
actual needs and preferences of the end users. To bridge this gap, 
it is crucial to delve deeper into the real-world experiences and 
challenges faced by heart patients. 
 
In this chapter, we will discuss the method of used to complete the 
study and gain the previously mentioned necessary insights. Of 
course, the resulting insights will be discussed as well. Followed by a 
discussion of the resulting insights. Then, the ethical considerations 
of the study are explained in short. Lastly, as usual, will the 
synthesised design considerations gathered from this chapter be 
set out.

Method
In the following sections the method of this study is explained.

data collection
An approach to gain the necessary data is through the analysis 
of discussions and posts on heart-related forums. These forums 
provide a rich, unfiltered source of patient perspectives, experiences, 
and needs. By exploring these discussions, a wealth of information 
about the daily struggles, concerns, and questions that a diverse 
group of heart patients have can be uncovered. Furthermore, 

QUALITATIVE STUDY

under-diagnosis and treatment gaps. The algorithmic side of the 
system is something we will not be able to further develop in 
this project, but the possibilities it provides are still an interesting 
scenario to remember. While algorithmic developments are beyond 
the project’s scope, HeartEye itself should recognize this pressing 
opportunity to improve the situation.  
 
Practically, two aspects are essential to consider in this context: 
differences in disease processes and symptoms between men and 
women, and differences in physiology. This project can incorporate 
the latter ergonomic considerations to ensure the HeartEye device 
is accessible and comfortable for women. This involves designing 
with women's unique chest ergonomics in mind, such as the 
presence of breasts and the wearing of bras (DC 1). As well as, 
considering societal sensitivities around women measuring in a 
public setting (DC 2).
 

Design considerations

1.	 Ergonomics for Women: Tailoring the HeartEye device for a 
women's chest requires more consideration due to the presence 
of breasts and the wearing of bras.  

2.	 Socialtal Sensitivity for Women: The process of taking 
measurements in public settings may present unique 
challenges for women, given societal sensitivities towards the 
visibility of women's breasts compared to men's chests.

In redesigning the HeartEye portable ECG device for home use, 
understanding the differences in cardiovascular diseases between 
men and women is worthwhile. As traditionally research has 
focused predominantly on men, leaving a gap in knowledge about 
women's heart health. This disparity is an even larger problem than 
it first appears to be because women experience higher mortality 
rates from cardiovascular diseases with their symptoms and 
treatment often being under-recognized. To make a difference here 
we first need to understand what these differences are and if there 
are possibilities to change the current state of affairs. Unfortunately, 
this was found to be largely out of scope for this project which is 
why you can find the main analysis in appendix U.  
 
Appendix U first delves into the unique cardiovascular risk factors 
women encounter, emphasizing the negative impact of sex-
specific differences in disease processes on women's health. 
It also addresses the diagnostic challenges presented by the 
varying symptoms of heart disease in women. Furthermore, it 
highlights the significant differences in sex for treatment and the 
underdiagnosis of heart disease for women, highlighting the need 
for medical diagnostics to account for these differences. Lastly, it 
underscores the importance of designing medical devices like the 
HeartEye to meet the specific anatomical and societal needs of 
women. 
 
From the analysis in appendix U we can conclude that HeartEye’s 
biggest opportunity lies in its unique position to provide large 
amounts of long-term high-quality 12-lead ECG data to ease the 
burden of heart disease on women and the healthcare system by 
enabling higher quality data-driven sex-specific decision support 
algorithms using machine learning, thus directly addressing the 

WOMEN IN 
HEARTDISEASE
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Figure 15: plot of each forum post, colour coded to the cluster they belong

Step 4: Calculate the top 100 most representative posts based on 
their distance to the cluster centroid
Within each cluster, the top 100 posts that were closest to the 
cluster's centroid were selected (appendix E). These posts are 
considered most representative of the themes and topics within 
each cluster and are used further in analysis. The number of posts 
was limited because large language models only have a limited 
context window they can analyse at once. Using more than 100 
posts would exceed this limit. Furthermore, analysing all the posts 
would increase the costs of this study significantly.

Step 3: Cluster embeddings in clusters with K-means clustering
The embedding representations from Step 1 were clustered using 
the K-means algorithm as described and implemented by Sklearn 
(n.d.A). This unsupervised learning method partitions the multi-
dimensional vector representation of the posts into clusters, with 
each post belonging to the cluster with the nearest centre. The 
placement of these centres is optimized over many iterations to 
optimize for the mean distance of all the posts to their cluster’s 
centre. The number of clusters used was determined from the 
optimal number identified in Step 2. Appendix D contains the 
Python script and a more in-depth explanation. 
The dimensionality of the embeddings was reduced with the 
T-distributed Stochastic Neighbour Embedding algorithm (Sklearn, 
n.d.B) to two to visualize them in a 2-dimensional diagram. In Figure 
15, you can see a visualization of the 16580 embeddings colour-
coded according to which cluster they belong. 

Figure 14: plot that shows the WCSS Vs the number of clusters 

Step 2: Find optimal N clusters in K-means cluster with elbow 
method
The elbow method was used to determine the optimal number 
of clusters for the K-means clustering algorithm (which will be 
later described), as detailed by Verma (2023). For this method, the 
Within-Cluster Sum of Squares (WCSS) is calculated for a range of 
N clusters (0 to 200 in this case). The WCSS is a measure used to 
evaluate the performance of a K-means clustering algorithm. Then 
by plotting the WCSS against the number of clusters (see figure 
14), you can observe the rate at which the WCSS decreases as the 
number of clusters increases. The 'elbow point' in this plot typically 
suggests the optimal number of clusters. This is where the rate of 
decrease sharply changes, indicating that adding more clusters 
doesn't significantly improve the fit of the data.

Data analysis
In this study, AI was extensively used to comb through all the data 
efficiently. The method used to do this is based on the NLPGPT 
approach as prescribed by Gamieldien et al. (2023) and is shown to 
have similar effectiveness compared to a manual thematic analysis.

Step 1: Generating embedding representation
Each forum post was transformed into an embedding 
representation, using a machine-learning model. This process 
involves converting the textual data into a numerical form (a 
1536-dimensional vector) that can be processed and analysed 
computationally. Embedding representations are essential for 
capturing the semantic meaning of the text, allowing for more 
effective clustering and analysis in subsequent steps. 
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5.	 Lifestyle Adjustments and Self-Management (DC 4)

6.	 Impact on Work and Daily Functioning (DC 5)

7.	 Shared Decision Making and Empowerment (DC 6)

8.	 Coping with Chronicity and Long-Term Adjustments (DC 7)

Results
In total 89 key insights (see appendix G) and 102 quotes (see 
appendix H) were gathered from the 70 clusters. As explained in 
step 7, these were condensed further into a final 16 overarching 
themes, which are explained more in depth in appendix II:

1.	 Abrupt Adjustment to New Realities (DC 1)

2.	 Emotional Journey and Mental Health (DC 1)

3.	 Navigating Healthcare and Communication Challenges (DC 2)

4.	 Role of Support Systems in Recovery (DC 3)

Post-op recovery is tough, not 
just physically but mentally. 
Some days I feel like I've made 
progress, other days it's like I'm 
starting over. "

"

I'm still waiting for a follow-up 
appointment... Is this what it's 
come to? No sideways thinking, 
just sent on your way. "

"

[It's nice] to hear other people’s 
views and how the health 
issues we have affect each of us 
differently. "

"

I've been told its this, its that 
causing it. I've watched videos on it. 
Some say it's not because you don't 
do enough exercise, it's to do with 
the meds you take or certain types 
of food. "

"

I feel completely debilitated. I tried 
going to the gym, however after 8 
minutes on the treadmill, my heart 
played up and I had to stop... I miss 
living life normally. "

"

I'm not sure when I'll next be 
able to have the surgery as I go 
back in October for yet another 
consultation I can't really afford 
to keep travelling to! "

"

I have had some results 
through and am just trying to 
make sense of them in plain 
English! "

"

I'm terrified the damage is 
done and my heart is now not 
going to be able to give me a 
lifetime of service. "

"

1

2

3

4

5

6

7

8

Step 5: Generate cluster summary and extract important 
quotes
A summary for each cluster was generated using GPT-4 
(OpenAI, 2023) to encapsulate the key topics and themes 
represented in the cluster. Additionally, important quotes 
were extracted from the representative posts. These 
quotes provide direct insights and highlight the significant 
issues and opinions expressed by forum members. This 
was done by sending a structured query with a carefully 
created prompt as a system message, the top posts from 
step 4 as context and a final reference to the system 
message to increase the model’s adherence to the 
instructions to the GPT-4 API. A more in-depth explanation 
together with the code can be found in appendix E. 

step 6: Manual interpretation of clusters summary and 
quotes
This step involved a manual, in-depth analysis of each 
cluster's summary and the extracted quotes from the 
previous step. The goal was to interpret the underlying 
meanings, sentiments, and themes from the posts into 
key insights. During this step, each extracted quote was 
manually verified with the source data to make sure 
that no hallucinations ended up in the findings. Lastly, 
key insights from the interviews were added to the key 
insights from the forum data during this step as well.

step 7: Construct themes
Based on all the gathered key insights from the manual 
interpretation in Step 6, overarching themes were 
constructed by manually clustering the insights together. 

I had a month-long 
holter that started 

making noises at me 
after 2 days... it turned 
out it hadn’t recorded 

from the beeping 
onwards.

I need to know the 
difference between 
panic and actual 

cardiac events.

I had a heart attack... nearly 
didn’t make it... The past 6 

months my breathing has got 
worse... suspected my CAD has 

‘progressed’.

I'm just over 4 months from 
having had a double bypass... still 

experiencing some discomfort chest 
wise. Getting mixed messages from 
GP and hospital... family are telling 
me I went back to work too soon so 
need some re-assurance that I am 

doing the right thing. "

"

"

"

"

"

"

"
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Discussion

The general theme of the resulting clusters showcases the potential 
of a holistic approach that transcends clinical monitoring. Further 
strengthening the case that we need to ensure that the HeartEye 
system is both a sophisticated health monitoring tool and a source 
of motivation and education, instilling hope and optimism in 
patients' health journeys.  
 
For example, the findings show patients' struggles with the 
abrupt adjustments and emotional turmoil following heart 
disease diagnosis, highlighting the importance of a device that 
not only tracks health data but also offers emotional support and 
reassurance. Furthermore, effective communication between 
patients and healthcare providers is crucial, suggesting the need 
for features that facilitate easy sharing of ECG data and feedback. 
Moreover, the results advocate for empowering patients through 
self-management functionalities and leveraging support systems, 
indicating the device should enable connections with both 
healthcare professionals and personal support networks.  
 
In conclusion, the study revealed previously unknown user 
perspectives and needs, which can be used in this project as 
another part of a solid foundation to develop the new HeartEye ECG 
system.

13.	 Reconfiguring Personal Identity and Self-Perception (DC 1)

14.	 Uncertainties and Challenges of Medication Management

15.	 Future Perspectives and Hope (DC 1)

9.	 Navigating Uncertainty and Fear of Recurrence (DC 8)

10.	 Technological Integration and Health Monitoring 

11.	 Physical Recovery and Rehabilitation (DC 9)

12.	 Emotional Impact of Diagnostic Processes (DC 10)

I’ve had no symptoms 
whatsoever, and it feels like a 
ticking time bomb. "
"

I have a Fitbit Charge 3, which 
I purchased before my MI, but 
I'm not convinced about its 
accuracy. "

"

I thought I was doing everything 
right with diet and exercise, but 
my cholesterol still went up. It's 
frustrating to feel like you're doing 
all you can and not seeing the 
results you want. "

"

I thought I was going to die before 
my son graduated university. He 
graduated over a year ago now. 
The impact on my mental health at 
the time of diagnosis was far worse 
than any physical effects from the 
heart failure. "

"

I'm now frightened...I feel 
isolated, lonely and frightened, 
despite having my wife 
with me who is brilliant and 
understanding."

"

I've had it with medics and 
hospitals... I've been discharged 
with a bucket load of meds and 
told to get on with it! "

"

I'm only 50 and I don't plan 
anything anymore. I feel I won't 
see my kids grow up if the chest 
pain I'm experiencing every day 
is unstable angina or coronary 
artery spasm. "

"

9

10

11

12

13

14

15
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2.	 Role of Support Systems in Recovery: Connecting with family, 
friends, and communities.

Healthcare integration
1.	 Navigating Healthcare Communication: Easy data sharing 

capabilities and reporting formats.
2.	 Integration with Healthcare Providers: Seamless telehealth 

features for ECG data sharing.
3.	 Integration with Healthcare Systems: Compatibility with 

electronic health records and patient portals.
4.	 Automated Alert System: Notifying healthcare providers and 

patients about abnormal readings.
5.	 Real-time Data Transmission: For immediate analysis and 

intervention.
6.	 Adaptability for Remote Rehabilitation Programs: Compatibility 

with remote rehabilitation functionalities.
7.	 Shared decision making and empowerment: educational 

content or data visualization that patients can understand and 
use to make informed decisions and facilitate discussions with 
healthcare providers.

Supporting lifestyle changes
1.	 Lifestyle adjustments and self-management: Features could 

include tracking for diet and exercise, reminders for medication, 
and personalized health tips.

2.	 Physical recovery and rehabilitation: Features supporting 
physical recovery, like exercise tracking and recovery milestones, 
can be included.

Educational support
1.	 Support for patient autonomy though health literacy: Providing 

understandable insights into their health status.
2.	 Patient Education: Interactive tutorials, progress tracking, and 

personalized health tips based on ECG readings.

Understanding the measurement data
1.	 Adaptability to User Needs: Catering to varying levels of detail 

required by different users.
2.	 Trust through Compliance: Ensuring compliance to AI act to 

Concluding, broad research into various aspects of the future 
HeartEye system is done, with each chapter yielding a set of 
design considerations which can be used to redesign the current 
HeartEye design. These design considerations will now be clustered, 
based on features for the redesign. This will make it easier to later 
comprehend what is necessary for each aspect of the redesign.

Digital platform features

Emotional Support
1.	 Emotional Support and Encouragement: Motivational messages, 

success stories.
2.	 Coping with Chronicity and Long-term Adjustments: Tracking 

progress and adapting to health changes.	
3.	 Navigating Uncertainty and Fear of Recurrence: Managing fears 

with alerts and accessible professional help.
4.	 Emotional Journey and Mental Health: Features addressing 

psychological impacts.
5.	 Emotional impact of diagnostic processes: The device should be 

designed to minimize anxiety during the diagnostic process, by 
providing immediate, easy-to-understand feedback.

6.	 Future perspectives and hope: Features that encourage a 
positive outlook, such as setting and achieving long-term health 
goals, could be beneficial.

Social support
1.	 Involvement of Family and Friends: Importance in aiding device 

use.

CONCLUSION 
DISCOVERY PHASE
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4.	 Lifestyle adjustments and self-management: The service 
should support patients in managing their condition and 
making lifestyle adjustments. Features could include tracking 
for diet and exercise, reminders for medication, and personalized 
health tips.

5.	 Impact on work and daily functioning: Design the device to be 
discreet and convenient for use in various settings, including 
work, to minimize disruption to daily life.

6.	 Shared decision making and empowerment: Empower 
patients with information and tools to actively participate in 
their healthcare. This could be through educational content, 
data visualization that patients can understand and use to make 
informed decisions, or features that facilitate discussions with 
healthcare providers.

7.	 Coping with chronicity and long-term adjustments: 
Acknowledge the long-term nature of living with a heart 
condition. Features that track progress over time and adapt to 
changing health conditions could be essential.

8.	 Navigating uncertainty and fear of recurrence: Include features 
that help manage fear and uncertainty, such as alerts for 
abnormal readings with actionable advice, or easy access to 
professional help.

9.	 Physical recovery and rehabilitation: Features supporting 
physical recovery, like exercise tracking and recovery milestones, 
can be included.

10.	 Emotional impact of diagnostic processes: The device should 
be designed to minimize anxiety during the diagnostic process, 
possibly by providing immediate, easy-to-understand feedback.

11.	 Future perspectives and hope: Features that encourage a 
positive outlook, such as setting and achieving long-term health 
goals, could be beneficial.

Ethics
The research was conducted according to the code of the Human 
Research Ethical Committee (HREC) of the Technical University of 
Delft and the Data Steward of the industrial design engineering 
faculty. All quotes reported in this study were anonymised and 
paraphrased to protect individuals' privacy. Furthermore, only 
publicly available posts were used. Lastly, the forums were verified 
to allow web scraping and they were emailed to inform them of the 
use of the data and the possibility to not include their data. For the 
interviews, special care was taken to ask for permission to make use 
of the anonymised data and communicate the intent of the research 
in the form of a written consent form. In this form, interviewees were 
informed of the risks of participation and the possibility to not answer 
questions or withdraw their data from the project.

Design Considerations
As mentioned in the discussion, the study revealed another set of 
design considerations which can be used to create a more patient 
centred system with. The following design considerations will be 
used further in the project:

1.	 Emotional journey and mental health: Incorporate features that 
address the psychological impacts of heart conditions, such as 
stress and anxiety. This could include calming design elements, 
motivational messages, or links to mental health resources.

2.	 Navigating healthcare and communication challenges: Ensure 
the device facilitates clear and effective communication with 
healthcare professionals. This could involve easy data sharing 
capabilities, straightforward reporting formats, or features that 
help articulate patients' experiences and symptoms more clearly.

3.	 Role of support systems in recovery: The device could facilitate 
connection with support systems, including family, friends, 
and online communities. Features like shared access to data or 
integration with online support forums could be beneficial.

Created by Made
from the Noun Project
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DEFINE
Defining the Challenge

5.	 Charging dock: Incorporate a charging dock to mitigate some 
important mis-use risks.

6.	 Technology requirements: Fixed technology specifications 
for number of electrodes, distance between electrodes and 
placement location of the users chest.

Form / design
1.	 Evade High-Tech Product Look: Balancing technology and user 

comfort.
2.	 Convey Medical Value: Fostering trust in the device’s 

effectiveness.
3.	 Fit into home-environment: Making people feel less like a 

patient and more at ease.
4.	 Impact on work and daily functioning: Design the device to be 

discreet and convenient for use in various settings, including 
work, to minimize disruption to daily life.

5.	 Adaptability to Lifestyle: The device should suit various 
lifestyles within the demographic, enabling users to continue 
their routine activities without significant interruption or 
inconvenience from device use.

6.	 Minimize stigma: design to minimize stigma associated with 
medical devices, making it so patients can use without feeling 
like they are no more then a patient in constant need of care.

Market considerations
1.	 Low Cost to patient: Broad socio-economic accessibility.
2.	 Cost Target: Aligning with market expectations and coverage.
3.	 Desirability for Patient: Verify desirability for patients, as they 

need to chose the system compared to other options.
4.	 Desirability for Medical Professional: Verify the system is an 

attractive option for them and prescriptible.
5.	 Legislative opportunities: Compliance with future AI and eco-

design regulations
6.	 Replace current care: The HeartEye system should be able to 

replace current care.

enhance user trust.
3.	 Explaining Algorithmic Predictions: Clear, understandable 

explanations of algorithmic outcomes.
4.	 Convey measurement data: Convey the resulting measurement 

in an understandable manner, through for example 
visualizations and comparisons to previous measurements.

5.	 Automated Alert System: Notifying healthcare providers and 
patients about abnormal readings.

6.	 Real-time Data Transmission: To telemonitoring centres, for 
immediate analysis and intervention.

Physical device features

Ensuring a good measurement
1.	 Patient education: Patient need to be taught what the device 

does and how it works.
2.	 Real-time positional feedback: Functionality that allow the 

patient to verify the quality of the ECG recording in real-time.
3.	 Support and Assistance: Plan for customer service and technical 

support for users who may require assistance in setting up their 
ECG device.

Accessibility / ergonomics
1.	 Ergonomics for women: Take the female specific ergonomic 

considerations into account.
2.	 Accessibility Features: Cater to users with potential limitations.
3.	 Ease of Use: Ease of use is of the utmost importance. The user 

interface should be intuitive and easy to navigate.
4.	 User-friendliness: The system should be intuitive and 

straightforward to use for individuals without medical training.

Technical specification
1.	 Medical Grade Material: Optimizing price, form, integrity, and 

compliance.
2.	 Water Tight: Ensuring device’s safety and cleanliness.
3.	 PCB components: Use current size as basis for internal 

dimensional requirements.
4.	 Battery Size: Use current size as basis for internal dimensional 

requirements.
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Based on desk research a rough overview of the care path for 
coronary artery disease was determined based on several guidelines 
and online sources (Harteraad, 2023; NHG, 2021; UMC Utrecht, 
2023; HartKliniek, 2023; NVVC, n.d.). Through several iterations, it 
was improved by getting feedback in six (I1 to I6) interviews with 
experts such as patients, cardiologists and professors. This led to the 
visualization you can see in figure 15.

DEFINING THE 
SCENARIO

Mapping patient journey
The visualization of the care path was made based on the Metro 
mapping method from I. Griffioen (Metro Mapping, n.d.). Metro 
mapping is a service design method focused on designing and 
optimizing care pathways in healthcare. Normally the process of 
metro mapping takes five steps:

1.	 Mapping the Existing Care Path
2.	 Creation of the Metro Map
3.	 Analysis of Needs
4.	 Collaborative Improvements
5.	 Development of Interventions 

However in this project only a simplified implementation of steps 
one and two is done, as it is only used for conveying a rough 
overview of the existing care path to stimulate discussions with 
experts and find interesting scenarios to develop further.

Figure 15: Metro map-style visualization

Now that we have some overarching themes to focus on when 
developing the next-generation HeartEye system, we could start 
developing concepts. However, we will first define a specific use 
scenario for the rest of the project, because the design space is 
otherwise still too large.  
 
By defining a specific use scenario, ensures that all future design 
decisions can be made with a clear understanding of whom we 
are designing for and the specific circumstances under which the 
device will be used. Taking time for this step ensures that the final 
concept is not only flashy and innovative but also feasible, viable 
and desirable. 
 
In this phase, we first find two possible use scenarios, and then we 
analyse each extensively to find the opportunities and obstacles 
for each. Finally, one will be selected based on input from the 
project team and the feasibility, viability and desirability of each 
use scenario. After selecting one scenario, we further define it by 
scoping specific design considerations to focus on. Lastly, some 
boundaries are defined which will help guide the ideation and 
make design decisions in the future.

INTRODUCTION 
DEFINE PHASE
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Scenario 1: Screening

Prevention of cardiovascular disease could benefit significantly 
from E-health integration according to members of the BENEFIT 
consortium consisting of researchers, medical professionals and 
patient representatives (Breeman et al., 2021).  
 
The early stages of CAD normally go a-symptomatic, making pre-
symptomatic screening an invaluable tool that can result in timely 
interventions preventing further development of the disease (Tan et 
al., 2018). The HeartEye system could be developed into a screening 
system through which it has the potential to significantly enhance 
the early detection and management of CAD. By enabling self-
measured, accurate 12-lead ECGs for preventative diagnosis outside 
the hospital. HeartEye can facilitate the early identification of CAD, 
but also of other cardiovascular diseases such as arrhythmias, 
ischemic heart disease, and other conditions that may precede 
serious cardiac events. This approach aligns with the increasing 
emphasis on preventive healthcare, offering a proactive strategy 
to mitigate the burden of cardiovascular diseases. It could provide 
convenient and accessible means for high-risk individuals, as well 
as the general population, to regularly monitor their heart health, 
potentially leading to early interventions and improved health 
outcomes. Therefore it is an interesting scenario to delve deeper 
into. 
 
Appendix W delves into the current practices of screening for 
heart disease, highlighting the potential benefits and challenges 
associated. It explores the effectiveness of traditional screening 
approaches employed in healthcare settings, such as those used 
by general practitioners and hospitals. Additionally, it assesses the 
emerging trends in cardiovascular screening.  

Scenario selection
During interviews with experts (I1 – I6) in which the basic 
visualization of the care path was utilized, two scenarios came 
forward that were deemed interesting enough to warrant further 
exploration.  
 
The first is screening with a self-check station at for example GP, 
community homes or sports centres (see 1 in figure 16).  
 
The second scenario is the prehabilitation to rehabilitation 
monitoring period (see 2 in Figure 16).  
 
In the next sections, the two scenarios and their potential is 
explored. One of the scenarios will then be selected and further 
specified.  

Figure 16: Metro map-style visualization of where the potential scenarios are 
situated

Figure 17: Preliminary envisioning of the  screening 
scenario 6564



Selection reasoning
Based on a team discussion it was determined that the second 
scenario (Prehabilitation to rehabilitation) is the most preferred 
scenario to focus on in this project. This choice will be further 
substantiated by comparing their feasibility, desirability and 
viability. 

Feasibility
In comparing both scenarios from a feasibility perspective, it 
was found that although they both are technically possible, the 
screening scenario faces several significant challenges that make it 
less feasible within the project's constraints. These challenges occur 
because this scenario is new and its challenges are yet unexplored. 
These challenges include uncertainties related to materialization, 
regulatory compliance, and the development of a viable business 
model. Given the project's limited resources and tight timeframe, 
addressing these issues adequately is not feasible. 
 
On the other hand, the prehabilitation to rehabilitation scenario 
does not have these same issues. In this scenario, HeartEye can look 
to existing tele-monitoring technologies, which have been shown 
to improve rehabilitation outcomes and integrate into current 
care pathways. Moreover, focusing on individuals with a history 
of coronary artery problems—a group at high risk of developing 
new issues—presents a clear target demographic that can benefit 
significantly from this approach. This specificity makes for a more 
feasible scenario, as it aligns with a well-defined need within the 
healthcare landscape. 
 
Thus, the prehabilitation to rehabilitation scenario is deemed 
more feasible due to its clearer path to implementation, better 
alignment with current healthcare practices, and a focused target 
demographic. This approach allows for a more straightforward 
application of HeartEye's capabilities, making it a more practical 
choice for the project at this stage. 

Desirability
To gage the desirability, the two scenarios were presented to 
experts and representatives of HeartEye. The prehabilitation to 

rehabilitation scenario also came out on top here, as the screening 
scenario might not result in improved care or more cost-efficient 
care.  
 
The desirability of the prehabilitation to rehabilitation scenario 
emerged as the preferred in comparison to screening, primarily 
because the screening scenario lacked clear evidence that it 
would lead to improved or more cost-efficient care. Furthermore, 
the prehabilitation to rehabilitation scenario could be more easily 
incorporated into existing care paths making it currently more 
desirable. This scenario's preference is further shown by significant 
statistics and healthcare dynamics in the Netherlands: 

•	 The country had 730,000 people living with coronary artery 
disease as of 2015, indicating a substantial target demographic

•	 Approximately 40% of heart patients participate in revalidation 
programs, a figure that is on the rise, highlighting a growing 
need for supportive services.

•	 Both monitoring and rehabilitation services are covered 
by insurance. Making it more accessible for the patients 
themselves.

These factors combined show that the prehabilitation to 
rehabilitation scenario's potential to meet a healthcare need, makes 
it a desirable choice for HeartEye's focus. 

Viability
Lastly, in terms of viability, the prehabilitation to rehabilitation 
would be more viable to achieve for a start-up company like 
HeartEye, due to lower investment costs, ease of scalability, and a 
shorter time to market compared to the screening scenario.  
Although the rest of this report mainly has the purpose of further 
proving the viability of the chosen scenario. We can already see 
that it might be a viable scenario, as the HeartEye technology itself 
is already clinically proven and the openness of telemonitoring 
centres to integrate third-party monitoring solutions should 
facilitate access to the necessary diagnostic capabilities.  

cardiovascular prevention method by the European Association 
of Preventive Cardiology and the European Society of Cardiology 
(Frederix et al., 2019; Piepoli et al., 2016). Next to that, maybe the 
most important raison d'etre of the HeartEye system in this context 
is that: "The incidence of new coronary artery problems is highest 
among people who have already been diagnosed, as the underlying 
problem is atherosclerosis (arteriosclerosis) for which there is no 
causal therapy." (Dr. R. van der Zee). To illustrate this with numbers: 
54,6% of women and 71,1% of men reported a recurring coronary 
event within 17 years in a recent study by Noordam et al. (2023). 
Further supported by Michalsen et al. (1998) who showed that 54.2% 
of hospital admissions for decompensation of chronic heart failure 
could be regarded as preventable in patients at a district hospital in 
Berlin with ischaemia being the second most prevalent reason.  
 
In appendix X delves into the current (p)rehabilitation process in 
The Netherlands. Followed by a more in-depth look into what the 
new field of prehabilitation is in the context of cardiology. Then, the 
potential for tele pre- and rehabilitation is discussed followed by a 
section on the time-period of the period and a section on how (p)
rehabilitation affects adherence.  

Scenario 2: Prehabilitation to rehabilitation period

Patient care in cardiac surgery is evolving, due to an increasing 
understanding of comorbid diseases, frailty, and psychosocial issues 
connected to cardiac treatment (McCann et al., 2019). Furthermore, 
many cardiac patients often experience a decline in both physical 
and psychological health during the waiting period before surgery 
(Waite et al. 2017). 
 
Pre- and rehabilitation has emerged as a key strategy to 
overcome these newfound challenges. Rehabilitation has shown 
its effectiveness in reducing the high readmission rates for older 
heart patients significantly (Kitzman et al., 2021) and prehabilitation, 
although relatively new, already is showing positive results in this 
area as well (Rengo et al., 2010; Drudi et al., 2019).  
 
The HeartEye system could be a useful asset in rehabilitation, as 
according to studies by Breeman et al. (2021) and Anderson et 
al. (2017) rehabilitation in the context of cardiovascular disease 
could benefit significantly from E-health in general. Furthermore, 
Telemonitoring is also perceived to be a valuable secondary 

Cardiac rehab was just the service 
I needed! They are trained and 
experienced in exercise work for 

cardiac patients, and will guide you 
each step of the way, to get back 

to your best level of fitness, but not 
taking risks.

"

"
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Figure 18: Envesioned scenario
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From that moment onwards they can take an ECG 
measurement when prescribed, which is going to be once every 
week. But, they can also take measurements during their (p)
rehabilitation program or when they want to themselves.  
 
This ECG data will be reviewed by an analysist and/or 
cardiologists at a patient monitoring centre, but the actual 
ECG report itself and light algorithmic feedback could also be 
provided to the patient immediately after the measurement. 
What this algorithmic feedback will look like exactly is yet to be 
defined. 
 
Although the platform will not be developed further in this 
project (see the next chapter for details on why) we can already 
imagine some features that it might have in the future to 
illustrate its potential within the scenario. Accessible through the 
patient's smartphone, the platform could provide access to the 
users: rehabilitation program, ECG data, educational resources, 
communities of other patients and easy communication with 
medical professionals. Next to this, such a platform opens 
possibilities to create a deeper connection with the user's heart 
(data) through algorithmic interpretations of the data providing 
interesting and motivating insights. 
 
How long the user will use the system depends greatly on many 
factors, but as previously found, cardiac prehabilitation should 
start around 3 months before intervention and rehabilitation 
commonly lasts around 6 months after the intervention. 
Therefore 9 months will be our estimation of general usage 
duration. However, it might be useful to monitor people for a 
prolonged time, maybe even for the rest of their life as the risk 
for coronary artery disease only increases with age. In the case 
that the user is done with the HeartEye system it can be sent 
back to the manufacturing and refurbished into a new product. 
It must be noted that refurbishing medical equipment does 
come with some regulatory hurdles, which need to be overcome 
first.   

Conclusion
In conclusion, the prehabilitation to rehabilitation scenario emerges 
as the clear choice for HeartEye, balancing feasibility, desirability, 
and viability within project constraints. It leverages existing 
healthcare practices and targets a well-defined demographic, 
promising a practical path to implementation. The screening 
scenario, has too many uncertainties and challenges and thus is 
deemed as less suitable at this stage. Prioritizing prehabilitation and 
rehabilitation allows HeartEye to first develop the prehabilitation 
and rehabilitation scenario and maybe in the future use the 
findings from its implementation as a proof-of-technology to scale 
into a general screening scenario. But, for now the prehabilitation 
and rehabilitation scenario is the preferred choice.

Defining the use scenario
In this section, the chosen scenario is further elaborated and 
visualized (see figure 18) to better convey the structured journey 
of a patient from initial diagnosis through to post-treatment 
rehabilitation, integrating the use of the HeartEye monitoring 
system.  
 
The first steps in this user journey are similar to the current care 
path of heart patients. With an intake conversation, exams, 
diagnosis and treatment discussion all being done within one day. 

1.	 However the HeartEye user journey diverges as instead of going 
home, the patient can also be prescribed a HeartEye monitoring 
system, if the cardiologist and patient both decide together 
that a prehabilitation and/or rehabilitation program with the 
HeartEye system is effective for the patient.  
 
The patient then immediately gets a consult on how to use 
the system, then and there in the hospital. Their first baseline 
measurements -which are needed for better diagnostics in the 
future- will also be taken during this consult. 
 
The patient will later receive their own HeartEye device at home, 
which they will have to register and link with their phone to an 
online account.  

1

5

2

6

3

4

7
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BOUNDARIES

In an attempt to refine the vast possibilities inherent in any 
design space, specific boundaries have been established. These 
boundaries constrain the scope of the project, enabling a focused 
approach that is both grounded in research and results in impactful 
outcomes. 
 
In this context, a boundary defines the limits within which the 
project will operate, outlining what will be considered and what will 
be excluded from the design space. These boundaries are meant to 
help make grounded design decisions later in the process. 
 
In the following section, each defined boundary is listed and 
substantiated on why it is important to include or exclude in the 
design space.

Cost Considerations
Although market considerations are not included, it is still 
valuable to indicate a cost ballpark, if only to be able to limit the 
unrealistically high-costing directions. HeartEye indicated that 
a rough price estimation for the envisioned scenario should be 
around 150 euros. This is in line with the previously suggested 
cost target of 158 euros from the discovery phase based on the 
maximum tele-monitoring insurance coverage in the Netherlands.

Size and Portability
As previously defined in the scenario, the device might be used by 
the user whenever they feel the need to make a measurement. 
Thus, it is essential that the device is portable. Furthermore, the 
device will need to fit under the users’ clothing, as this is how it 
is envisioned that users might use the device in a public space. 
Because of these reasons, the device should be hand sized.

 
Technology:
The technological boundaries for the HeartEye ECG device are 
defined by the necessity to leverage HeartEye's existing technology. 
This includes the use of the 4 electrodes positioned at fixed 
distances from each other, and the same internal electronics, 
ensuring consistency with the usage of the old design and the 
same connectivity, meaning that the device will still need to 
connect with a phone to communicate the data to external services.  

Materials:
This project will not include a material study and thus will aim to 
use the same material as used by the current design. This is done 
because this choice in material was thoroughly researched and 
substantiated by NPK and HeartEye for the current design.

Manufacturing:
A manufacturability study will not be included in this project, but it 
does help to define that the device needs to be economically mass-
producible for at least 1000 pieces. This boundary is only meant to 
help make design decisions in the future. 

Maintenance, repairability and durability
There also will be no study into the maintenance, repairability or 
durability of possible design interventions. However, as with the 
previous boundaries, it can help to define that the device needs to 
be maintainable, repairable and long-lasting to help make design 
decisions in the future.  

Furthermore, it was decided that of the physical design 
considerations the form/design aspect, thus making the look and 
feel of the device fit the target group and environment,  would not 
be further researched as well, as this would require extensive and 
in-depth research of the target group and their preferences for 
which there was not enough time. 
 
The exclusion of these considerations does not undermine their 
importance but rather reflects a strategic focus on the effectiveness 
of the system by implementing physical design interventions. 
In figure 19, you can see an overview of the clustered design 
considerations from the discovery phase and which were selected 
to continue with. 

The design space that remains after defining the scenario is still too 
vast, as not everything can be fully developed within the timeframe 
of this project and thus further scoping was necessary. This was 
done by making a selection of the discovered design considerations 
from the discovery phase.  
 
Together with the project team, it was decided that only the 
physical design considerations are to be further developed, 
whilst the market- and platform considerations are left for later 
development during other projects. 
 

SCOPING

Figure 19: visual of the selected design considerations
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CONCLUSION DEFINE 
PHASE

This phase was crucial to ensure that the design efforts would be 
directed toward a scenario that aligns with the needs of patients 
and the capabilities of the HeartEye system while remaining in line 
with the broader requirements of the healthcare industry.  
 
In the define phase of the HeartEye project, an in-depth analysis 
was done to establish a specific use scenario for the project. 
Subsequently, the project's scope was refined to concentrate on 
specific design considerations We also defined boundaries, such 
as cost limits, size specifications, and material choices, to help 
guide the ideation in the right direction. Lastly, we defined what is 
necessary to consistently make a high-quality ECG. 
 
Concluding, in this phase we have broken the brief down to its core. 
Which means we can start working on the development phase.   

signal. A stronger signal ensures that the electrical 
signals generated by the heart are accurately 
captured without being affected too much by ever 
present interference, minimizing the potential for 
artifacts in the ECG.

3. Consistent Electrode Pressure: Equal pressure 
must be applied at each electrode to maintain 
uniform contact quality across the device. This 
uniformity is crucial for avoiding variations in signal 
strength that could lead to discrepancies in the ECG 
interpretation.

4. Minimizing Movement Artifacts: It is essential 
to minimize any movement of the electrodes across 
the skin during the ECG recording, as well as the 
patient's overall body movement. Motion artifacts can 
significantly degrade the quality of the ECG signal, 
making it difficult to interpret.

There are other factors which influence the quality of an ECG, for 
example, the posture of the user or the body fat between the skin 
and the heart. But these factors are not determinants, but rather 
factors which affect the four determinants we discussed here. For 
example, more hair on the user's chest causes worse skin contact, 
but skin contact remains the factor determining the quality of the 
measurement. 
 
There are however other determinants like the strength of electrical 
signals generated by the user's heart. However, these cannot be 
changed by the physical design of the device and thus were not 
used as critical determinants in this project. 

HOW TO MAKE A 
HIGH QUALITY ECG 
CONSISTENTLY

In the previous sections, we defined that we need to focus on 
ensuring a high-quality ECG while considering patient-centric 
ergonomics and the technical specification of the HeartEye 
technology. This means we need to know what makes a high-
quality ECG in this context. 
 
To define this, research was conducted. This exploration included 
a review of existing literature on the topic (Meziane et al., 2013; 
Gruetzmann et al., 2007; Goyal & Day, 2023), insights from HeartEye 
themselves and insights from a biomedical engineer from 2M 
Engineering (I7), the firm behind the HeartEye's electronics and 
ECG technology development.  
 
The research resulted in four determinants for producing a high-
quality ECG with the HeartEye technology:

1. Device Positioning and Orientation: The accuracy 
of ECG readings is dependent on the positioning and 
orientation of the HeartEye device on the user's body. 
This ensures that the device's electrodes are properly 
aligned with the heart's electrical axis, and thus with 
capturing the cardiac activity accurately. HeartEye 
has done a study in the required precision and they 
advised it should be within 3 cm of the specified 
location. 

2. Skin Contact: Reliable electrical contact with the 
and device's electrodes dictates the strength of the 
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previously defined four determinants of a high-quality ECG. We can 
probe those for interesting directions in order to make sure we do 
not tunnel vision into one direction.  
 
Next, we will select the three most promising design directions. 
These will be evaluated through a four-part user test. Based on the 
insights gained from these tests, we will establish a set of design 
guidelines. These guidelines will be used in the next phase, where 
we aim to develop a refined concept.

INTRODUCTION 
DEVELOP PHASE
We have broken the design brief down to its core in the define 
phase and thus we can start with coming up with design directions. 
But where do we even start?  
 
Well, we will be taking a structured and grounded approach to the 
development phase, by going through steps, which ensure that the 
defined design space is widely explored.  
 
First, we create ideas by, coming up with factors which affect the 

Figure 20: overview of the steps in the develop phase

DEVELOP
Exploring different anwsers
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Out of scope

Not in 
scenario

Within scope / 
scenario

factors can still yield valuable ideas during our brainstorming 
sessions, they are made easy to distinguish by marking them with 
a specific icon; dotted path for not in the scenario and binoculars 
for not within scope. This avoids confusion of the goal and helps 
to concentrate on the factors that truly align with the project's 
direction. This way, we maintain focus on the project scope and 
scenario, whilst keeping an open mind for unexpected idea 
directions. 

 

Table 2: overview of all 21 factors that influence the four determinants and thus the 
quality of an ECG measurement

Factors that influence the ECG measurement
Various factors that affect ECG readings were identified, such as 
how the device is held, the user's environment, and the material 
of the electrodes. These factors were created by brainstorming 
on what could affect the previously defined four determinants. In 
table 2 you can see an overview that connects the dots between 
the factors that influence ECG readings and the four determinants. 
Every diamond indicates that factor (column) is thought to 
influence that determinant (row). The factors were evaluated in 
cooperation with the team at NPK and the team at HeartEye.  
 
In exploring every potential factor, it's clear that some fall outside 
our project's previously defined scope or scenario. While these 

CREATING IDEAS

To come up with a wide range of idea directions, a structured 
approach was taken. First, a list of factors which influence an ECG 
measurement was created. Then based on these factors ideas were 
generated in several ways, which were evaluated with the most 
promising directions selected for further development.   
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Rapid Prototyping
Figure 22 shows examples of prototypes that were created to explore different shapes of the
housing. They were 3D-printed out of PLA

Ideation
To explore potential design interventions for each identified factor, a 
multifaceted ideation process was used. This process included:

Mind Maps
For each of the 22 identified factors, a mind map was created to 
explore potential improvements through design interventions. 
These design interventions could for example be changes to the 
geometry of the device, providing specific instructions to users, 
utilizing novel feedback mechanisms or the addition of certain use 
cues directly on the device.  
 
NPK and other IDE students aided with the brainstorming of idea 
directions for the mind maps. This process yielded a diverse set of 
idea directions which will be used in a later step to make a selection 
from. In figure 21 you can see an example of a mind map: the mind 
map on the factor “ease of physical motion”.  

Desk Research
As boring as it sounds, desk research was an integral part of the 
ideation process. Desk research was utilized to verify existing 
ideas and to generate new ones based on inspiration taken from 
elsewhere. For instance, researching cutlery designed with special 
straps to assist those with motor skill challenges sparked the idea 
of possibly applying similar concepts to the HeartEye device. This 
could make the device easier to use for everyone, regardless of 
their physical abilities. Another example is the inspiration taken 
from computer mice that are made to fit comfortably in the user's 
hand. This provided insights into how to develop ideas that make 
HeartEye devices more user-friendly. 

Sketching
Sketching was used in parallel to explore possible form factors for 
the device. It was not just a method of representation, but rather 
a tool to visually explore a wide array of form factors for the device. 
What made sketching invaluable in this process was the ability to 
quickly iterate on ideas and discuss them with others. Moreover, 
sketching was key in bridging the gap between the abstract text in 
the mind maps and the physical prototyping done with 3D printing. 

In figure 21 you can see how DINED mannequins were used as a 
plate to quickly and roughly sketch ideas.     

Rapid Prototyping
During this process, several physical prototypes were made as 
well using 3D printing and clay modelling techniques. On the next 
pages you can see in the figures how clay modeling was used in 
exploring the ergonomics of different shapes. 3D printing was 
used to make hypothesised design concepts tangible to test them 
against the real world, quickly evaluate what works and what does 
not work and make thoughts that make quick iterations. This 
was done for example by adding a T-shaped bar to the bottom 
of the device to make it easier to position the device correctly or 
making the underside of the device follow the user's body contour 
to increase stability. In figure 23 you can see an assortment of 
prototypes made using FDM 3D printing.

Figure 21: Example of sketches made 
Figure 22: Samples of prototypes made 7978



1. Strap

2. Handle

3.  Larger Grip

4. Mouse

5. Flat

6. Plug

7. Original

Feedback methods Feedback informational 
needs

Electode materials

Figure 23: Overview of selected design directions

1. Stainless Steel 
(Original)

2. Ag/Cl Coated Fabric

3. Ag/Cl Coated PU

4. Ag/Cl Coated PU
(Spider)

6. EEG Electrode

5. Original + Spray

Evaluation and Selection
In the next chapter we will discuss the user test, but for now we need to 
make a selection on which ideas to test, as not all ideas can be tested within 
this project. This selection of ideas was done based on the following factors:

•	 If the direction was considered feasible, desirable and viable.
•	 Discussions with the team at NPK and HeartEye
•	 If the directions fit within the previously defined boundaries, scope and 

scenario.
•	 Which direction might have the most significant effect on the quality of a 

measurement within this project.

Through this selection we came to three groups of ideas which were 
selected as valuable to test, these are the: geometry of the housing, feedback 
informational need & mechanisms and electrode materials. Figure 23 
shows an overview of all the selected ideas. In the following sections, we will 
go through all the ideas one by one, on how they came to be during the 
ideation process and why they were selected.  
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Plug
When looking at other devices which are held in 
the same way as the HeartEye would be held, not 
many devices were found. Maybe the only device 
which came close to the same grip is a smartphone. 
Which is also held towards the user with the user's 
hand on the back. Smartphones themselves do 
generally not have specific grips, but there is a 
popular accessory for them which improves this 
grip from which inspiration can be taken. This is the 
smartphone plug. 
  
This plug grip was translated into the HeartEye 
design as one of the ideas to be tested, see figure 
29.
 
Mouse grip
Another device which was found to be similar in 
grip to the HeartEye device are computer mouse. 
Some computer mouse designs are also known 
for their ergonomic qualities making them an 
intriguing inspiration to look at. For this reason, one 
of the selected designs is based on the MX Master 
3S by Logitech (n.d.), which is a mouse known for its 
ergonomic qualities (Levin, 2024).  
Through several iterations it was found that the grip 
needed to be turned 50 degrees to be comfortable 
for the HeartEye use case, which makes sense as 
that is the angle you would generally hold your arm 
towards your chest. The final iteration can be seen 
in figure 30.

Original
The current housing design of the HeartEye device 
was also included as a control to test against (see 
figure 31).

Larger grip
As one of the noted issues with the current design 
was that users did not have enough space for their 
fingers, one option was included in the selection 
which simply was a larger grip based on the grip of 
the current design, to see if simply making the grip 
larger would mitigate this issue. In figure 25 you can 
see the resulting design. 
 
Flat
One design was made to be as flat as possible. This 
design was included because having a flat design 
in the test makes it possible to compare the effect 
of a handle to having no handle. By including this 
kind of boring variations we hope to understand 
better what makes a good design instead of simply 
testing a limited set of random ideas. 
 
Strap
Limiting the device movement is one of the 
determinants. A possible reason for movement 
might be the strength and grip necessary to hold 
the device in the correct position. To make this 
easier, inspiration was taken from devices and 
objects meant for Parkinson's patients, where they 
added a strap to make it easier to hold. 
 
A strap like this was also incorporated into the 
design of the HeartEye housing and selected to be 
tested (see figure 27). 
 
Handle
When sculpting designs in search of improved 
pressure, stability and comfort the handle design 
was found to be an interesting direction. In figure 
28 you can see the resulting 3D-printed prototype.
  

Substantiation of Selected Ideas
In this section the selected idea directions are 
substantiated and explained.
 
Geometry of housing
From the alpha tests done with the original HeartEye 
design by HeartEye, it became clear that the current 
geometry of the housing works well for placing the 
device on someone - as per their scenario - but not when 
operating the device on yourself. For example, when self-
administering, your fingers do not have enough room with 
the current design another example can be seen in figure 
24, which shows how the rotation of the hand causes strain 
in the wrist with the current design. Thus an improvement 
to the geometry is desirable to develop.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Furthermore, designing, prototyping and testing different 
housing designs is feasible within this project and 
changing the housing is feasible for HeartEye. 
  
Moreover, alterations to the geometry of the housing are 
viable and feasible to implement at this stage because 
the housing can be easily changed without affecting how 
the technology works. After several iterations through 
sketching, prototyping and brainstorming, the following 
ideas were selected.  

Figure 24: How self-adminstering the with the current design causes strain

Figure 25: Prototype of the 
larger grip variation 

Figure 26: Prototype of the flat 
design variation

Figure 27: Prototype of the 
lstrap variation

Figure 28: Prototype of the 
lahandle variation

Figure 29: Prototype of the 
plug variation

Figure 30: Prototype of the 
mouse grip variation

Figure 31: Prototype of the 
original housing
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Electrode design / material
The current HeartEye prototype needs to be drenched in electrode 
spray to lower the contact resistance between the electrodes and 
the skin. Otherwise, the signal is too weak to generate a high-
quality ECG. Several studies were found that showed stainless 
steel electrodes are not the optimal material choice for dry ECG 
electrodes (Meziane et al., 2013; Gruetzmann et al., 2007; Goyal & 
Day, 2023).  Therefore selecting a more optimal electrode material 
or design might lead to the electrode spray becoming obsolete. 
This not only makes the device easier to use but would also make 
a huge difference in the eco-impact of the system, as found 
by another master's student in their thesis on improving the 
sustainability of the HeartEye system.  
 
Based on the previously mentioned studies, other studies on the 
performance of dry electrodes (Di Flumeri et al., 2019; Zhang et 
al., 2020; Gwak et al., 2023) and the interview with the biomedical 
engineer from 2M (I7), several alternatives to stainless steel were 
selected to be tested. Almost all of these use an Ag/AgCl coated, this 
is because silver has the lowest contact resistance when compared 
to any other metal (Wikipedia, 2024). Next to that, it is the material 
most commonly used as the interface with the standard gel-based 
ECG stickers used in hospitals worldwide. Finally, another reason to 
choose Ag-based electrodes, as explained by Di Flumeri et al. (2019), 
is: “Because Ag is a slightly soluble salt, AgCl quickly saturates and 
comes to equilibrium. Therefore, Ag is a good metal for metallic 
skin-surface electrodes.” 
 
A more practical reason why certain electrodes were selected is 
the ability to acquire certain materials or electrodes. As the budget 
and time of this project were limited was not deemed possible 
to fabricate or acquire micro-needle electrodes or silver-plated 
stainless steel electrodes for example.  

Stainless steel (Original)
HeartEye provided three different stainless steel 
geometries to be used in the test (see figure 33). The 
first two are both an extended circle with the second 
extending further. The third electrode design has spikes 
in the middle to penetrate hair on the user's chest. They 
made these designs in cooperation with the biomedical 
engineers of 2M. 

Ag/AgCl coated conductive elastomer 
Austrian elastomer producer Dätwyler provided two 
types of SoftPulse electrodes (Datwyler, n.d.)(see figure 
34 & 35). What material these are exactly they would 
not tell. However, they are self-proclaimed state-of-
the-art electrodes made from an elastomer coated in 
Ag/AgCl meant for wearable ECG devices. These were 
selected for this test, as the previously mentioned papers 
showed several different Ag/AgCl coated elastomers 
to be promising improvements over wet electrodes. As 
Dätwyler does not supply electrodes in the exact size 
needed for a fair comparison a sheet of the electrode 
material was made into the correct dimensions and 
fitted onto a 3D-printed electrode socket (see figure 
34). The spider electrode as supplied by Dätwyler was 
also incorporated into the test (see figure 35), to verify 
that the DIY approach does not significantly harm the 
effectiveness of the material. 

EEG electrodes
EEG devices need to detect the electrical signals 
generated by the brain, which are a lot less strong 
then the signals generated by the heart. Therefore, the 
electrodes used for EEGs might improve the signal 
strength for the HeartEye ECG device as well. There a set 
of EEG electrodes were acquired through HeartEye (see 
figure 36) and used in the test. 

  Feedback mechanism
Several feedback mechanisms ideas were developed. For example:

•	 AR overlay with phone camera to guide user and show where to 
position the device

•	 Speech feedback to guide users in performing a good 
measurement

•	 Lights on the device indicating the status of the device

However prototyping all the possible options was not feasible, but 
giving useful feedback during the measurement still looked like an 
essential part of the design. So instead of making a limited selection 
of a few ideas, it was decided to take a step back and split the 
problem into two:  

1.	 feedback informational need: What is the informational need of 
the user during a measurement

2.	 feedback mechanism: How would they want to receive that 
information.

By trying to answer these questions in the test we can take the first 
steps in finding out how to provide the user with what they actually 
need. To do this, seven suggestions for feedback informational 
needs were created, which will be used in the test to probe the 
participants to discuss what they would need and prefer:

1.	 Is the device correctly positioned
2.	 Is enough pressure applied
3.	 Do the electrodes make sufficient electrical contact
4.	 How much time is left of the measurement 
5.	 The measurement has started 
6.	 Status of the device (on / off / connected / measuring)
7.	 Measurement was successful

Next to these six techniques of providing feedback were selected 
for the same purpose:

1.	 Text on the connected phone
2.	 Visual on the connected phone
3.	 Voice from the device
4.	 Sound from the device
5.	 Haptics on the device
6.	 Light indicators (LEDs) on the device

Figure 32: Photo of some of the feedback mechanism and 
informational needs cards 

Figure 33:
The three 

original 
stainless 

steel 
electrodes  

Figure 34:
The front 

and back 
of the 
pads 

electrodes  

Figure 35:
The spider 
electrode  

Figure 36: 
The EEG 

electrode  
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Ag/AgCl coated fabric 
Statex Produktions- und Vertriebs GmbH (2023) provided 
samples of their Shieldex Ag/AgCl coated fabric. Which 
were made into electrodes by wrapping them around 
conductive low-density foam (see figure 41). These 
electrodes were hypothesised to make better contact with 
the skin as they more easily let hair through and deform to 
fit the body better and thus create a larger contact area, as 
shown by Gruetzmann, Hansen and Müller (2007) in figure 
39.

Spray
As previously mentioned, currently the HeartEye prototype 
needs to be sprayed with an electrode spray in order to 
make good enough contact. Therefore we also include the 
original HeartEye electrode with this spray as a benchmark 
for the test. 

FOUR PART USER TEST

This chapter presents a the test designed to explore the impact of the 
previously developed and selected design interventions. The primary objective 
is to improve the consistency and quality of a measurements obtained by 
patient in a home setting. The tests consists of four parts: 

1.	 A quantitative user test which evaluates the previously selected geometries 
based on the four determinants. 

2.	 A qualitative interview with the participant on how they experienced 
the different geometries and how they perceive the envisioned chosen 
scenario.

3.	 A card game to guide a discussion on the selected feedback informational 
needs and feedback methods. 

4.	 A simpler internal quantitative test without external participants on how 
the material of the electrodes effects the contact resistance.  

Throughout this chapter the first four parts will be explained simultaneously, 
as they use overlapping equipment and the first three parts were done with 
same participants at the same time.

Research question
To evaluate the efficacy of the selected design interventions, two research 
questions were developed. These questions are intended to assess whether the 
interventions represent an improvement within the context of the previously 
scoped design considerations that this project seeks to address:

1.	 How do the developed design interventions to the HeartEye handheld ECG 
affect the consistency and quality of a self-made ECG measurement by 
non-medical professionals in a home setting?

2.	 In what ways do individuals within the target group perceive potential 
barriers and facilitators to adopting the redesigned HeartEye portable ECG 
in the context of their daily lives and routine.

Figure 37: 
The fabric 
electrode

Figure 38: 
The spray 

used to 
test all the 
electrodes  
with spray  

Figure 40: Schematic of the original electrode 
and the diameter

Figure 39: Schematic of how a foam or fabric 
electrode might improve skin contact

(Gruetzmann, Hansen and Müller, 2007)

Figure 41: Photos of the fabrication process of 
the fabric and pad electrodes
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Device Positioning and Orientation
The four electrodes of the HeartEye device need to be positioned 
in a specific location on the chest of the patient. The bottom two 
electrodes need to be positioned on the bottom of the sternum. The 
positioning can be off by a maximum of 4 centimetres, according to 
HeartEye. This positioning will be visually asseded by the researcher. 

Skin contact
Each electrode needs to make sufficient electrical contact with 
the skin with an as low as possible contact resistance. This can be 
measured by measuring the resistance between two electrodes 
which are in contact with the skin. As the distance between 
the electrodes is fixed the only variable changing is the contact 
resistance between the two electrodes and the skin.

By measuring this resistance value we can compare different 
designs to each other for the same user, but as the resistance of 
each user is different we cannot compare the resistances directly 
between users. Therefore we only directly compare the resistance of 
the same user.  

Consistent Electrode Pressure
All four electrodes need to make stable and even contact with 
the skin. This can be assessed by measuring the pressure placed 
on each individual electrode during the measurement. An equal 
pressure on all four electrodes yields the best measurement. This 
will be measured by using a Force Sensitive Resistor (FSR) sensor on 
each electrode. 

Minimizing Movement Artifacts 
Moving the electrodes over the skin during a measurement 
changes the electrical signal received by the ECG device and thus 
causes noise and general inconsistencies in the measurement. 
This can be measured by measuring the variance in the previously 
discussed contact resistance over time during the measurement. 
This variance in resistance should be as small as possible. 
This can be directly compared between participants, as it was 
hypothesized to vary significantly between participants. Therefore a 

ranking of all the variations for each participant will be made which 
then can be used to compare between participants.

Sensor validation
The sensors were tested and calibrated to verify the validity of their 
measurements, how this was done can be seen in appendix I.

Independent variables
The independent variables are the selected ideas which can be 
found in figure 23 in the previous chapter. The first part of the 
test will mainly evaluate the geometry of the housing, feedback 
informational need, feedback mechanisms and electrode materials.

The dependent variables or how to evaluate 
concepts
The previously defined four determinants will be the dependent 
variable of the first part of the test:

1.	 Device Positioning and Orientation
2.	 Skin contact
3.	 Consistent Electrode Pressure 
4.	 Minimizing Movement Artifacts 

How these will be used in the first part of the test is explained in the 
following sections.

The first research question can be further split in three sub-research 
questions: 

a.	 How do the selected housing geometries affect the consistency 
and quality of a self-made ECG measurement by non-medical 
professionals in a home setting?

b.	 How do the selected feedback informational needs and 
feedback mechanisms affect the consistency and quality of a 
self-made ECG measurement by non-medical professionals in a 
home setting

c.	 How do the selected electrodes affect the consistency and 
quality of a self-made ECG measurement by non-medical 
professionals in a home setting

As previously mentioned the test consists of four parts, the first 
part, the quantitative test aims to answer research question 1a. The 
second part, the short interview, is mainly meant to answer research 
question 2. The third part, the feedback card game, was done to 
try and answer research question 1b. The final fourth part is for 
answering research question 1c. See figure 42. 

Figure 42: Study overview

Figure 43: Photo of a test participant engaging 
in the feedback card game

Figure 44: Diagram of of the test dependent 
variables relate to the four determinants
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Skin resistivity sensor
To measure the contact resistance between the electrode and 
the skin. We can measure the resistance between two electrodes 
which are in contact with the skin and as the distance between 
the electrodes is fixed, the only resistance that can change is the 
contact resistance. Figure 48 shows on the left how the resistance 
measured consists of two contact resistances between the two 
connected electrodes and the resistance through the skin. On 
the right, the figure illustrates which electrodes are used for the 
measurement. 
 
We can measure this resistance between electrodes using an 
Arduino microcontroller and known resistors as described by 
Campbell (2020).

Arduino Every
An Arduino Every microcontroller (Arduino, n.d.) is used to process 
the incoming sensor data and send it to the attached laptop for 
storage. The Arduino is also responsible for actuating the haptic 
feedback system. 

Laptop
The laptop collects the data the Arduino is sending over serial USB 
and later provides a rudimental visualization of the live data to the 
researcher.

Camera
A camera is used (when consented to by the user) to record the 
position of the device and other noteworthy moments for later 
review and analysis.

Software

Arduino code
You can find the code that runs on the Arduino Every 
microcontroller in appendix AA. Its job is to read the incoming 
signal from the connected sensors, convert the raw sensor data into 
comprehensive values and send that data over a Universal Serial 
Bus (USB) to a connected laptop.

Receiving sensor data script
On the connected laptop, a python script receives the data the 
Arduino every microcontroller sends and averages multiple 
readings together in 5 ms increments so that the resulting data has 
a consistent time step. It also is responsible for storing the resulting 
data into a CSV for later analysis. In appendix BB you can find the 
code used for this script.

Analysing sensor data script
In appendix CC you can find the python script which calculates the 
variance in resistance and pressure based on the stored sensor data. 
It also visualizes the time series data into graphs. Figure 48: On the left a simple model of the 

measured resitances is shown and on the right the 
connected electrodes 

Test equipment
To conduct this evaluation, several hardware components and 
software applications were used. The main component however 
is the test platform, which is a core skeleton with the previously 
described sensor systems on it and will accommodate the different 
housing designs and electrodes. This serves as the foundation 
for conducting the tests, ensuring that each design modification 
is assessed under consistent conditions to determine its impact 
on the quality of ECG measurements. The platform also houses 
an Arduino Every micro controller, which in turn is connected to 
a laptop. In the following sections all the different hardware and 
software components are looked into in detail. 

Hardware
Test platform skeleton
The core of the test platform is a skeleton made from 3D-printed 
PLA and is designed to provide fixation points for the to be tested 
housing shells and the sensors. In figure 45 you can see assembled 
testplatform and in figure 46 you can see how a housing is meant 
to encapsulate it. 

FSR 
A FSR is a sandwich of two flexible substrates, an electrode and a 
spacer. The resistance of the electrode decreases by compressing 
the sandwich. This can be measured and converted to an 
approximate force reading in Newtons, the calculations are done as 
described by Adafruit Learning System (2012). 

For the FSR to work all the force of each electrode needs to pass 
through the sensor. This means that the electrodes cannot simply 
be screwed to the test platform, as then the force would go through 
the screws instead of the FSR. A custom assembly was designed 
to allow the electrode assembly to move separately from the test 
platform in the axis which is perpendicular to the chest.  

In figure 47 you can see an overview of the FSR assembly.

Figure 45: Photos of the assembled test platform

Figure 46: Screenshot of how a housing is meant to 
encapsulate the testplatform

Figure 47: A. shows iterations of prototypes for the FSR assembly, B. shows how the FSR 
assembly is mounted to the rest of the test platform, C. shows a section view and D. 

shows the components individually
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Results
The results will be presented in the four parts of the test. First, 
we will look at the results from the qualitative interview, as these 
results yielded the most interesting findings. Subsequently, we will 
take a look at the results from the quantitative tests of the housing 
variations. Then, the feedback card game results will be discussed 
and finally, the results of the electrode test are discussed.

Qualitative open interview 
During the interview, the participants were asked to rank all the 
tested variations from best to worst, as in figure 49. In figure 50 you 
can see the average ranking the participants gave to each variation, 
split by sex and a combined ranking. 
 

Figure 49: Example of a user curated ranking
Figure 50: Graph showing the average participant curated ranking

Method
In appendix EE a step-by-step research guide is made that 
describes how to test is performed in great detail. In this section, a 
short summary will be given. 
 
First, the user is given an informed consent sheet (appendix DD), 
notifying them, for example, of the goal of the research and the 
possibility of stopping the test at any moment.  
For this test, we try to follow a normal use scenario as defined in 
the previous phase. It is assumed that the user would be getting an 
intake consult with a doctor on the use of the HeartEye. Therefore 
during the test, the user will first get an explanation of what the 
device is and how it works. 
 
Then the user will test the first housing, according to the 
prespecified order. This first test is without an attached cable to 
not influence the precepted orientation of the device and test 
how users would position it by themselves. After doing this initial 
test, the user will be further explained how to use the device 
with information on position and orientation. Then the user will 
complete two more tests with the same design before continuing 
with the other variations. This is done to limit the effect of a learning 
curve as much as possible.  
 
For each measurement, the researcher will ask some questions on 
the design of the housing.  After all the housings are tested a short 
open-ended interview is held with the participant. Subsequently, 
the feedback mechanisms cards are used to discuss the 
participant's informational need for feedback and how they might 
want to receive that information.  
 
The different electrodes were only tested on three of the 
participants as this took quite some extra time, measurements 
were not deemed necessary as we were only trying to find out 
which electrode had the lowest resistance.

Finally, all the components used in the test are thoroughly cleaned 
by the researcher with disinfecting spray and wet wipes. 

Participants
In total 10 participants were recruited for the test. Participants were 
selected on the following criteria:

•	 Older than 50 years old 
•	 No major physical health limitations 

Furthermore, the in order to get a representative group of 
participant it was decided to get at least 25% of the participants to 
be left handed and 25% to be female. 

In the table 3 the recruited participants sex and age are listed.

Table: 3: list of participants, their age and sex
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location, like a toilet, to measure if necessary. This shows a complex 
relationship between perceived medical necessity and social 
comfort.  
 
Furthermore, participants generally would not mind other people 
seeing that they are measuring if they are friends or family. But, 
they do not want others like co-workers to know. 

Interest in Data Interpretation
A strong interest in being able to view and understand the ECG 
data immediately after taking a measurement was indicated. Users 
are not only interested in knowing their health status but also in 
understanding the underlying data. When being asked, users did 
prefer actionable insights over raw data if possible. For example, a 
system that advises if it is necessary to call a doctor. This suggests a 
gap in medical knowledge; users are seeking guidance on what to 
do with the information they receive. 
 
For example, one participant envisioned a use case where they 
would love to be able to see the effect of certain stressful situations 
on their heart, empowering them to take action to prevent those 
situations which cause issues for their heart. 

Daily routines easily incorporate morning or evening 
measurements
When asked when they would fit a measurement into their 
weekly routine, all participants indicated to preferred to do it in 
the morning or evening, with the morning being the most often 
preferred. 

Portability is accepted
All participants found all of the variations portable and would carry 
them around with them if it was prescribed by their doctor. Two 
participants came up with the idea of a carrying case, as a nice to 
have, because they were scared of damaging their medical device if 
they had to carry it around. 

Brief use minimizes discomfort
Despite the participants indicating clear differences in perceived 
comfort between variations, the duration of use (45 seconds) 
mitigated any significant strain, indicating that the short duration 
creates flexibility in form factor without negatively impacting user 
experience due to discomfort.

Grip comfort varies with hand and nail size
Some users with larger hands or longer fingernails reported that 
the grip ledge -like the original design and larger grip variation- was 
difficult to hold as the ledge did not provide enough space for their 
fingers or nails. This underscores the importance of designing and 
testing for a large variation of physical attributes in design to ensure 
physical comfort.

Need for Privacy
Users felt comfortable using the device in semi-private spaces like 
parks, but not in highly public areas like public transport. However, 
they also indicated that they would be able to find a private 

I would do it at home, at a fixed 
time of day; in the morning or 
evening. For me a Saturday or 
Sunday morning would be best. "
"

You don’t want to be busy under 
your clothes where strangers 
could be looking at you."
"

You can also do this very easily by 
going to the toilet. Yes, I would if 
there was a real reason for it. "
"

I don’t know about other people, but 
I would want to see my report (ECG), 
interpreting it is not rocket science. "
"

The rest of the interview was manually interpreted by transcribing 
the interview and gathering insights from them. These insights will 
be described in the following sections.

Differences between men and women
Women indicated to be helped by their bras in finding the correct 
placement location for the device. However, one female participant 
expressed that their bra prevented them from placing the device in 
the correct position and that it would be necessary to remove the 
bra to place the device in the correct position.  
 
During the interview, women did express a preference for variations 
which extended out a bit further from their chest. They stated 
this was because of the interference of the grip with their breasts 
for lower profile variations. Men did not seem to express this 
preference, but as can be seen in the previously shown figure 50, 
no significant difference between men and women was reported in 
the average preference ranking. 
 
Women were however observed adopting a different grip when 
using the lower profile variations, with them gripping the device 
with their fingers from the top, while men held their hands flat 
against the device.  
 
The sensor data was analysed for significant differences in 
performance between men and women, but this was not found to 
be the case.  
 
These differences suggest the importance of designing for diverse 
body types and considering how gender-specific anatomy might 
affect device comfort and usability.

Placement position and orientation
Participants were confident in their ability to find the correct 
placement and orientation for the device. This confidence is crucial 
for at-home medical devices, where professional guidance is 
limited.  
There were three participants who always first located the bottom 
of their sternum with their other hand before placing the device in 
the correct position.  

Furthermore, all participants indicated that they were confident 
that they would find the correct position if they used the device only 
once every week. 

Button on top with thumb
Participants showed a clear preference for placing the start button 
on the top of the device where the thumb naturally rests, as drawn 
in figure 51.

Figure 51: Visual of the preffered button location

I do think I had it on the correct 
position, it is a logical placement. "
"

I would put it on top, with my 
thumb as I don’t need it. "
"
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 Skin contact
The skin contact was measured through the contact 
resistivity between the electrodes and the skin. In figure 53, 
you can see an example of what a resulting measurement 
looks like. 
 
It is not possible to state whether a certain resistance value 
is “good enough”, as this depends on more variables for 
example: electrical signal strength generated by the heart 
of the patient, the electronics used in the HeartEye and the 
software filtering being done.  
 
What we can do is compare different test variations to 
each other to see if there are certain design features which 
significantly improve or worsen skin contact. In figure 54 
you can see the average resistance measured for each test 
variation with the standard deviations noted as error bars.

Qualitative sensor test
In Appendix HH you can see an overview of the raw data in 
graph form. To evaluate the performance of the tested variations 
in the experiment, we will compare them by each of the four 
determinants.

Figure 52: Visual shown to participants to help 
understand where to place the device

Figure 53: Grarph showing the measured resitance (blue) and 
the resitance variance (red) for test variation 5 with participant 8 

(lower is better)

Device Positioning and Orientation
When the participants were being asked to 
position the device where they thought it should 
go only 1 participant placed it in the correct 
position. All the others placed it too much to the 
left (from the participant's perspective), presumably 
because the common idea is that the heart is 
located on the left. However, after being explained 
where to place it correctly and being shown figure 
52 all of them placed the device in the correct 
location from there on out. With them expressing 
no issue in finding or doubting that they found the 
correct placement.  
The mouse grip caused two participants to hold 
the device upside down as they were unsure how 
that shape fit into their hand. One participant held 
the larger grip variations upside down. 

Immediate Validation vs. Expert Analysis
Waiting a day or even a week for a cardiologist to analyse the ECG report 
would not be a problem for the participants, but they do show a clear need 
to know if the measurement they took is correct.  
 
The acceptance of waiting for a cardiologist's analysis contrasts with the 
need for immediate feedback on the measurement's validity. This suggests 
users differentiate between technical success (did I do the measurement 
right?) and medical interpretation (what does my ECG mean?). Indicating 
a layered approach might be preferred where the technical success is 
achieved on the spot by the device and the medical interpretation by 
professionals, which users trust and are willing to wait for.   
 
An indication of what was wrong exactly would be preferred here as well, 
for example, not enough pressure or incorrect position.

Colour preference
Some users expressed a clear preference for the colour of the device. With 
two people finding the white prototypes ideal and one other participant 
showing interest in a blue colour scheme. 

Secondary users
When asked, users indicated that it would indeed be likely that a secondary 
user - for example, the partner - might sometimes help in taking the 
measurement and would be interested in the results as well.  

I would still want a professional to 
look at it, always."
"

It could be that you didn't measure 
it quite right or that you tensed too 
much just before or something like 
that. If it tells me, I would always 
think it's fine, I will do it again. 
But, I would get annoyed if that 
happened hours later. "

"
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Consistent Electrode Pressure 
The consistency of the pressure was measured by 
looking at each pressure graph if, at any one point, 
the pressure dipped below the threshold, which 
was determined by testing how much pressure is 
necessary for the current HeartEye prototype device. 
If the pressure of any one electrode goes below this 
threshold, an electrode was not pressured enough 
to result in a good measurement. In Figure 57 an 
example is given of a good pressure measurement 
and in figure 56 one is shown where the pressure 
goes to 0 for electrode 1 in the first 5 seconds of the 
measurement, indicating a fail. By checking this for 
each measurement we can make an overview of each 
variation's pass percentage, which can be seen in table 
4. 

 

Figure 56: Grarph showing the measured pressure data of test 
variation 0 with participant 6 

Figure 57: Grarph showing the measured pressure data of test 
variation 1 with participant 6 

We can see from the overview that the strap variant came out on 
top, with the handle and plug sharing second place. These results 
provide support for the idea that adding stability-enhancing 
features such as a strap or handle does increase the stability of the 
device.  
What we can see is that only 76% of the measurements were 
defined as passing. This number shows that improvements to the 
instruction and/or ergonomics of the device might be necessary.  
 
Before the measurements the participants were explained not to 
move the device too much, but not how much pressure to apply. 
They were also not informed if a measurement failed or passed 
once they made it. So these results might not accurately reflect 
actual passing rates, which are probable to be affected by patients 
learning that pressuring and holding the device still results in better 
measurements.  

Table 4: Overview of percentage of measurements 
that passed the threshold value for pressure on 

each electrodes

However, as can be seen, the standard deviation is very large, this 
is because the resistance is influenced by many factors that differ 
between individuals including skin type, moisture level, and the 
presence of hair. Therefore normalization is essential in this context 
to allow a direct comparison of skin contact performance across the 
participant pool. This method compensates for individual variances 
in skin resistance, by scaling resistance values between 0 and 1, with 
1 representing the highest resistance measurement. 
 
In figure 55 you can see the seven test variations and the 
normalized resistance of each test variation averaged over all 
participants, with the standard deviations noted as error bars.  
 
From the resulting graph we can see the measurements showed 
no significant improvement or decline in skin contact between 
variations.  

Figure 55: Grarph showing the normalized combined and 
averaged resitance values of each tested variation (Lower is 

better)

Figure 54: Grarph showing the combined and averaged 
resitance values of each tested variation (Lower is better)
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Feedback mechanism result
During the interactive card game activity, participants provided 
valuable insights into their feedback preferences for the HeartEye 
ECG device. These insights were combined to form an overview 
of user preferences for feedback mechanisms, illustrated in table 
5. From this overview and other user input during the game, the 
following insights were gathered:

Preference for Visual Feedback
A preference for light feedback was observed in most of the 
categories. The light was believed to be discreet, intuitive and non-
disruptive of the measurement. However, participants did not 
unanimously agree on this, with some indicating a dislike for lights, 
because those would not be observable if they took measurements 
with the device under their clothes. These people preferred a voice 
feedback mechanism over any other feedback mechanism. 

That’s (not wanting lights as 
feedback mechanism) because 
I would want to use it under my 
jumper. "
"

Yes a little light, that's just really 
nice. No one else sees that, but 
you immediately know. Oh, he's in 
the right place. "
"

Nahh, it’s not that long, I really 
would not need to know this. 
Especially if it only is ones a week."
"

I want it as simple as possible, 
otherwise I will always wonder: what 
does this vibration mean again? "
"

Table 5: The amount each feedback mechanism was placed at each feedback 
informational need by all the particiapants combined

Remaining Time is Not Necessary
Given the brief nature of the ECG measurement, users felt that 
information on the remaining time of the measurement was 
unnecessary.

Essential Feedback Only
Users expressed a preference for minimal feedback, in order to 
simplify the interaction with the device as much as possible. Users 
indicated that feedback should primarily alert them to errors or 
issues requiring attention, minimizing unnecessary distractions.

Reduced Reliance on Secondary Devices
Participants expressed a desire to minimize interactions with 
secondary devices, such as smartphones, during the measurement 
process.

Minimizing Movement Artifacts 
The results were analysed in the same manner as 
previously described for the skin contact results. 
In figure 58 you can see the resulting graph of the 
combined and averaged resistance variance for each 
variation. For these results, it is also the case that lower 
is better, as a lower variance in the resistance indicates 
less unwanted movement.  
 
The values were also normalized, as was done with 
the skin contact results. Figure 59 shows the resulting 
normalized results. These results show that there is 
also no significant difference between the variations 
when looking at their ability to minimize movement 
artefacts. 

Figure 59: Grarph showing the normalized combined and 
averaged resitance variance values of each tested variation 

(Lower is better)

Figure 58: Grarph showing the combined and averaged 
resitance variance values of each tested variation (Lower is 

better)
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Physcial prototypes required
Through this simple game with feedback cards, users expressed 
a clear desire for simple, intuitive and effective feedback. All 
participants agreed on the necessity of receiving feedback on 
operational aspects directly from the device itself. However, this 
test cannot and was not designed to define the optimal feedback 
method. Therefore it is necessary to perform more in-depth 
tests with more developed prototypes for the different feedback 
mechanisms, to gather insights into their preferences, usability 
challenges, and overall satisfaction with the feedback provided. 

Electrode test
An overview of the tested electrodes can be seen in Table 5. Each 
electrode was tested on four participants, with each electrode 
applied four times under standard dry conditions and another four 
times with electrode spray. 
  
The electrode test did show an unexpected result, as shown in the 
graph in figure 60. Contrary to the assumptions, novel materials 
from Datwhyler and Shieldex—designed specifically for this 
application—did not exhibit improved contact resistance when 
compared to traditional stainless steel electrodes. 

Figure 60: Grarph showing the avarage contact resitance of the 
electrode test in Ohms

Notably, the EEG electrode significantly improved the contact 
resistance, being almost 50% lower than the original circle stainless 
steel electrodes currently used.  
 
Despite these findings, the stainless steel electrodes prepared 
with electrode spray still outperformed all other tested options. 
As HeartEye specified that the sprayed Original Circle electrode 
delivers good enough results for them, we can conclude that the 
spray will still be a necessary part of the HeartEye system. This 
indicates that contrary to our initial hopes, the elimination of 
conductive spray remains elusive. 
 

In figure 61 you can see all the sprayed electrodes. They all came 
in close with each other and significantly lower than when the 
electrodes were not sprayed. Thus we can also conclude that other 
electrodes are probably not necessary as these do not significantly 
improve the contact resistance (at most with 0,33 Ohm).    

Figure 61: Grarph showing the avarage contact resitance of the 
sprayed electrodes in Ohms

Table 5: Overview of tested electrodes
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Obvious Ergonomic design to avoid confusion
The device should have a shape that naturally guides the 
user's hand to a stable position for easy handling and 
accurate placement on the chest. To avoid confusion the 
device orientation should be obvious by the geometry of the 
housing, as participants did get confused by the orientation 
of the larger grip variation.

Design for equal pressure
The test showed that design variations using straps or 
handles to secure the device to the hand or body enhanced 
stability. This kind of feature should be considered to ensure 
consistent electrode pressure.

Feedback mechanism should be minimal
While designing feedback mechanisms, consider the users' 
preference for minimal, non-intrusive feedback that provides 
essential information only. The feedback mechanism should 
primarily utilize light signals to convey essential information 
and status updates due to its discreet and intuitive nature. 
However, to accommodate diverse user preferences and 
situations where visual feedback might be obscured (such 
as under clothing), an option for auditory feedback might 
be interesting to also integrate. This dual-mode feedback 
ensures the device can adapt to various environments and 
user needs, enhancing usability and user experience.

Secondary device should not be necessary during 
measurement.
Users expressed that the device should be designed to 
function without the need for interaction with secondary 
devices, like the smartphone, during the measurement 
process. This means possible feedback mechanisms or 
buttons should be on the device instead of in an app. This 
prioritizes direct interaction between the user and the ECG 
device, ensuring ease of use and reducing the barriers to 
obtaining a successful measurement.

Immediate on-device feedback on measurement validity

Insights on Design Guidelines

Although this four-part study is very pragmatic, we can still 
generate insights from the results, which can be used as 
design guidelines when designing the new HeartEye ECG 
device. In this section we will list the design guidelines we 
will use to design the physical device of the HeartEye system, 
this means other:

Flexibility in the design of the housing
First of all, the testing showed that there is a certain freedom 
when it comes to the design of the housing because 
variations in the device's geometry did not significantly 
affect the measurements' quality. This finding suggests that 
HeartEye’s design can be made to better accommodate user 
preferences and their experience without affecting the core 
functionality. Thus for this project inspiration should be taken 
from the handle, strap and mouse variations, with those 
being the top 3 most preferred variations.

Extend the grip from the chest
All participants, but women in particular, did show a 
preference for geometries that were extended from the 
chest. This makes sure that the user’s body does not interfere 
where the grip of the device.

Organic yet professional shapes for perceived technology 
efficacy
The participant's preference for organic or softer designs 
suggests that the device's perceived efficacy and 
trustworthiness are influenced by its aesthetic and design 
elements. Most participants expressed a dislike for sharper 
edges and a preference for the more organic and softer 
shapes, citing “sex appeal”, “high-tech” and a “trustworthy 
appearance”. Thus, sharper designs should be avoided in 
favour of softer, more organic shapes. 

Users expressed a need for immediate feedback on the 
success of their ECG measurements. Incorporating simple, 
intuitive feedback mechanisms, such as lights or auditory 
signals, can inform users if a measurement was successfully 
taken or if repositioning is necessary. This feedback would 
ideally be on the device itself. 

Instructional support
Given the fact that users had trouble initially finding the 
correct position, pressure and orientation. Combined with 
the importance of correct usage for accurate measurements, 
provide clear, accessible instructions (possibly integrated 
into the device design) that guide the user through the 
correct positioning, orientation, and pressure operation of 
the device.

Portable and Discreet Design
Make sure that the design is portable and discrete to support 
privacy and convenience. Users should feel comfortable 
transporting the device if needed, for discreet usage in semi-
private spaces like parks or offices.

Environment consideration
Given that users expressed a preference for conducting 
ECG measurements during morning or evening routines, 
the HeartEye device should be designed to integrate 
seamlessly into these moments. Optimizing the device for 
use during these times can enhance user adherence. For 
example, integrating lights in the dock to show the need for 
a measurement, waterproofing the charging dock for use 
in bathrooms or optimising charging cable length for the 
limited number of electrical outlets available in bathrooms.  

Customizable aesthetic skins
As some users have clear opinions on the colour of the 
device, it should be considered to add customization options 
for the device that users can choose according to their 
style. This not only personalizes the device to better fit in 
the environment but also aligns with the finding that the 

device's appearance can influence perceived efficacy.

Vertical symmetry
To facilitate left and right-handed users, the device requires 
Vertical symmetry. Although other solutions for left and 
right-handed compatibility are available, this solution offers 
the least confusion on orientation and grip. 

Horizontal A-symmetry
Some users were confused about the horizontal orientation 
of the device and although the device can make a successful 
measurement upside down, it did cause confusion and 
hesitation when users were uncertain about the orientation. 
Therefore it is advised to make the device a-symmetrical 
in the horizontal orientation and communicate the correct 
orientation clearly through form.  

Button on top
When asked for a preference for a possible button location, 
almost all users expressed a preference for the button to be 
on the top of the device. 

Stainless steel electrodes
Even though the stainless steel electrodes are not good 
enough by themselves -only with electrode spray-, no 
other suitable replacement was found in the electrode test. 
Making stainless steel still the preferred material choice 
for the electrodes due to its cleanability, durability, price 
and already proven track record with the current HeartEye 
prototype. 

Secondary user ergonomics
As indicated by the test participants, secondary users might 
help make measurements in some scenarios, it is important 
to make the ergonomics of the device in such a way that is 
comfortably usable for self-measurement and for secondary 
users making the measurement.
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DELIVER
Finding the right anwser

INTRODUCTION 
DELIVER PHASE

In the final phase of this project, we will try and deliver a concept 
based on the insights gathered throughout this report. This 
includes idiating on a general shape for the device and finalizing 
key components of the design, including ergonomic and design 
optimizations, the internal layout and the manufacturability. 
Additionally, it concludes with recommendations for the next steps.
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Finding a shape
The shape will be based on the design guidelines and findings from 
the four-part test.  
 
The first step was gathering inspiration for the shape and grip of 
the concept. This was done by gathering inspiration from other 
handheld and/or medical devices found on the internet (see figure 
62).  
 
After being inspired many different shapes were drawn in the 
initial exploration. Next to sketching by hand also a lot of “digital 
sketching” was done in the open-source 3D VFX program; Blender. 
Blender is used as a quick and dirty way to construct 3D geometry 
and then print it on a 3D printer. Using this technique many novel 
shapes could printed and tested to find a shape that is both visually 
appealing and fits the agronomical requirements of this device. 

CONCEPTUALIZATION

In this chapter, we will be designing a concept device derived from 
the design guidelines established from the four-part test and all the 
gathered knowledge from the rest of the report. 
 
We will do this by again going through an iterative design process, 
first by sketching different designs and prototyping several of them, 
choosing one general shape and developing that as far as possible 
within the allowed timeframe into a well-rounded concept.  
 
In the next chapter, we will look at how this concept could be 
implemented in the future.  

Figure 62: Inspiration gathered for the initial shape exploration

Closed Handle
It was noticed at some point that cars closely reassembled 
the desired shape of the new HeartEye ECG device. Their 
somewhat organic yet professional structure, four wheels, 
and central windows suggest a gap for a potential handle. 
This unexpected similarity led to car contours serving as a 
novel source of inspiration. 
 
As the resulting designs, together with other closed handle 
designs, were prototyped and evaluated a key flaw of the 
design direction became clear: integrating a closed handle 
required significant horizontal and vertical clearance for 
the gap of the handle, which the car-like proportions 
made difficult. Enhancing this clearance, however, led 
to an overly large housing relative to the spacing of the 
electrodes. This size issue was further exacerbated by the 
need to accommodate internal components like electronics 
and batteries, which are typically square in contrast to the 
generally organic handle and thus imposed additional 
constraints on the already challenging design proportions. 
 
On another note, an interesting design element that became 
apparent from these explorations was that a curving top 
-similar to the design of cars- ties the lower part of the 
device and handles it together nicely. Such a slight curvature 
creates a sort of “tension” in the top surface creating a more 
interesting shape. 

Path to discovery
In this section, we will highlight a few of the initially generated 
shapes and design directions. Short explanations will be given 
on some pros and cons of each mentioned design direction, 
which will later be used to make a selection. 

Novel Shapes
First, to illustrate the extent of the exploration, let's start with the 
most novel shape which was made. It was an attempt to make 
a vertically symmetric shape, usable by left and right-handed 
users while providing support for the palm on the top surface 
of the device. In figure 63 you can see a photo of how it was 
intended to be used, and in figure 64 you can see the physical 
prototype. Although the physical prototype showed promise in 
being ergonomically viable, it was found that when presenting 
this design to fellow students they got confused about how 
to grip the device, making it unintuitive to use and thus not 
suitable for the HeartEye ECG.

Figure 64: Physical prototype of the novel shape

Figure 63: The intended grip Figure 65: Automotive inspired skecthes

Figure 66: Car inspired closed 
handle prototypes
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Open Bottom
Another group of designs were the bottom variations. These 
variations considerably improved the proportions of the closed 
handle designs by finding the necessary clearance for the 
handle at the bottom of the shape instead of elongating the 
handle upwards.  
 
Nevertheless, these design variations encountered a 
significant obstacle in integrating the internal components. 
The electrodes are required to be directly connected to the 
main PCB to ensure stable, low-resistance electrical contacts, 
as recommended by 2M Engineering. Such a configuration 
becomes problematic with an open bottom design as such 
housing does not facilitate room for a rigid PCB to reach all 
four electrodes in one plane. Potential workarounds, such 
as splitting the main PCB into two or four discrete units, 
introduce new complexities. As the other electronics are 
also more difficult to fit in the open bottom design, because 
of a lack of flat space, making it necessary to increase the 
number of PCBs to fit all the components, which significantly 
complicates the construction of the device.   
 

Selection of general form factor
Based on the initial exploration, it came down to three main variants: 

     Closed handle (see figure 71)

     Open bottom handle (see figure 72)

     Open back handle (see figure 73)

The closed handle configuration, while ergonomically sound, requires a large 
opening to accommodate the hand. This compromises the device’s compactness 
and proportions, leading to a less favourable form factor. 
 
The open-bottom design presented a solution to the proportion issue but at a 
significant cost to the complexity of the internal layout. Which would complicate 
the assembly, construction and reparability and potentially also affect the reliability. 
 
Consequently, through a process of elimination and consideration of both 
aesthetics, ergonomics and functionality, the open-back handle emerged as the 
leading form factor. It addressed the need for a horizontal a-symmetric, vertical 
symmetric and ergonomic design, offering a more intuitive orientation and grip 
for users. While also catering to a wider range of hand sizes without enlarging the 
device’s profile. Moreover, this variant allows for a more straightforward internal 
organization of components while maintaining the organic yet professional sleek 
and minimalist form we are looking for. 
 
This open handle shape was then made into a more detailed design through 
sketching which resulted in the sketch you can see in figure 74. This design 
was then made into reality by creating a rough CAD model in Solid Works that 
subsequently was 3D printed, see figure 75.  
 
Of course, we are not there yet, this is only the second iteration of the general shape. 
In the following sections, we will be optimizing it on several key areas to get to the 
well-rounded concept we are looking for.

1

2

3

1

2

3

Other shapes were also explored and can be seen in figure 67, 
but are less relevant for the story.

Open Handle
This design was inspired by the concept Braun electronic drill 
by Jean-Thomas Mayer (Behance, 2021)(see figure 70) and was 
made mainly to explore the aesthetics. However, once prototyped 
we found that the open handle design had superior ergonomic 
qualities over the closed handle designs made thus far. The opening 
at the back of the handle not only makes the device asymmetrical 
in the horizontal plane, making the device easier to orientate, but 
it also leaves more room for larger hands whilst keeping the device 
relatively slim. 

Figure 69: Physical prototype of the open handle design

Figure 70: 
Inspiration for 
open handle 
design

Figure 67: Photo of all the prototyped initially 
explored shapes

Figure 68: Examples of open bottom prototypes

Figure 71: Simple example sketch of a closed 
handle design

Figure 73: Simple sketch of a open back handle 
design

Figure 72: Simple example sketch of a open 
bottom design

Figure 74: First sketch of the 
chosen design

Figure 75: First prototype of 
the chosen design 111110



 
 
 
 
 
 
 
 
 
 
 
 
 
This simple FBD is easily solved as the equation only has forces in 
the Y direction and the hand force is exactly in between the F1 and 
F2 (distance A = distance B). This means we only have to solve these 
equations: 
 
 
 
 
 
 
 
Which - as can be seen - can be solved to F1 = F2. Meaning the 
forces on the electrodes would be equal. 
 
If we look at the scenario where the user pushes down in the 
direction of the sloped handle we can model the FBD as seen in the 
figure 78 with an exaggerated angle of the handle to make it easier 
to understand what is happening.  
 
 
 
 
 
 
 
 

Ergonomics optimizations

The most important considerations are the ergonomic 
considerations of the new concept. In the following sections, 
we will be optimizing various parts of the design to improve the 
ergonomics. 

Unwanted moment or unequal pressures on the electrodes
One of the largest potential ergonomic issues with the open handle 
design is that because the handle is only supported on one side, the 
pressure over the electrodes might be non-uniformly distributed. 
Which could cause measurements to fail as explained by the four 
previously defined determinants for a good measurement.  
 
Therefore a 2D Force Diagram (FBD) was made to calculate this 
potential moment or unequal force distribution and evaluate 
whether this would be a significant issue.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In figure 76 you can see the first FBD. The electrodes are modelled 
as rolling hinges and the hand as a distributed pressure on the 
handle. We can simplify this further by making this pressure into 
a single force and assuming the user will push directly down on 
their chest (we will also check the scenario when this is not the case 
later), which you can see in figure 77.   
 

of the handle (H). Making the handle longer and thus shifting the 
force of the hand further backwards would cause A to increase and 
B to decrease, this would result in a ratio further from 1 and thus in a 
more unequal distribution.   
 
We can calculate the fraction between F1y and F2y for the concept 
design where A = 45 mm, H = 75 mm and theta is 5 degrees. This 
resulted in a fraction of 0.9 meaning there would be a 10% smaller 
force in F1y than in F2y. This difference was deemed small enough 
to cause any worry. 
 
In conclusion, for balanced forces (F2y / F1y ≈ 1), a setup where the 
force application angle (theta) is as vertical as possible, combined 
with a minimized height (H) of the handle and the hand being 
located in the middle of the electrodes where A and B are 
equal, is optimal. This configuration minimizes the mechanical 
advantage one side might have over the other due to geometric 
differences, leading to a more uniform pressure distribution across 
the electrodes. We will use these findings later on to define the 
ergonomics of the handle. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To calculate the distributions of forces on the electrodes we need to 
solve the following equations.  
 
 
 
 
 
 
 
 
 
Which results in:  
 
 
 
 
 
 
 
If the goal is to get an equal force distribution on the electrodes 
we need to get the fraction F1y / F2y as close to 1 as possible. This 
expression shows how the ratio of the forces in the y-direction on 
the electrodes becomes more unequal with a larger angle of the 
handle (theta). While becoming more equal with a lower height 

Figure 76: First FBD of the concept

Figure 77: FBD with 
vertical force of the hand 
on the handle

Figure 78: FBD with angled 
hand force on the hand
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Hand Size Adaptation
Arguably the most crucial ergonomic variable is the hand size and 
its compatibility with the handle's design. To optimize space for 
the hand for as many users as possible, we can adjust three main 
dimensions in this design (see figure 79):

1.	 Increase the handle gap height either by raising the height of 
the handle or lowering the bottom part.

2.	 Widen the handle gap by either extending the handle's length 
or reducing the thickness of the front section.

3.	 Modify the angle of the handle upwards to better accommodate 
different grip styles.

By utilizing the DINED (n.d.) databases to gather hand dimension 
data for our target demographic. However, determining the exact 
dimensions needed depends on the specific grip style users adopt. 
Although the device is designed for a particular grip, preliminary 
testing revealed that some people naturally adopt alternative grips. 
We identified three grip styles:

1.	 Thumb on top grip (see figure 80)
2.	 Thumb below grip (see figure 81)
3.	 Knuckles below grip, this is primarily observed when the device 

is used as a secondary user on someone else. (see figure 82)

Now that we have identified these grip styles, we can define the 
required handle dimensions to accommodate hand sizes up to the 
75th percentile for each grip type. We will then apply the largest 
value for each dimension. Choosing the largest value ensures the 
design remains as usable by as many people as possible, 

This resulted in the dimensions in table 8. These were used to define 
the length of the handle and the size of the handle gap.

Next to the theoretical ergonomic optimizations also several 
physical prototypes were made to test how the theory translates 
to the real world. In figure 84 you can see several prototypes which 
were made, each to optimize a certain aspect of the design. One 
of such optimizations was for example to round the underside of 
the back of the handle, so that when the pink does not fit on the 
handle -due to a specific grip or larger hand size- it can rest on the 
soft rounded edge instead of on a hard corner. Other examples of 
prototyped features are: the handle width, location and strength of 
certain fillets, length of the handle and handle gap size.

Secondary user ergonomics
One of the key design guidelines stipulated that the device should 
be operable by a secondary user to perform measurements 
on someone else. This could be a partner, family member or a 
healthcare professional. As stated in the previous section on handle 
ergonomics, the handle is designed to accommodate a grip for this 
use case. This ensures that the device is accessible and user-friendly 
for both primary and secondary users.

Button location
From the four-part user preference test, it was found that users 
generally prefer the placement of the button on the top side of the 
device. This location aligns well with the natural resting position of 
the thumb in the proposed design. However, the thumb resting 
on the button during the measurement could lead to some users 
being worried they accidentally press the button. Although such 
an accidental press does not matter, the fact that the user might 

feel anxiety over it is undesirable. Consequently, an alternative 
design was explored with the button positioned lower on the same 
surface, see figure 85. However, this variation was perceived as less 
comfortable, as it required users with smaller hands to stretch their 
thumbs too far to reach the button. Therefore, despite the potential 
for anxiety of accidental activation, the top-side button remained 
the preferred choice. 

Figure 79: Optimizable 
dimensions for hand 
ergonomics

Table 8: dimensions used for optimization

Figure 80: Photo of the thumb on 
top grip

Figure 81: Photo of the thumb 
below grip

Figure 82: Photo of knuckles 
below grip

Figure 83: screenshot of the Dined (n.d.)  
dimensions 

Figure 84: Photo of all the itertations prototyped 
for the final concept

Figure 86: Photo of how the concept can be 
used by a secondary user

Figure 85: Illustration of the the two 
options for button location
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Lights
The results from the test showed that more research needs to be 
done to find which feedback method works the best and what 
feedback informational needs the users might have. This is not 
feasible to fully develop for this project. Thus to not risk making an 
ungrounded design decision which might turn out to not work 
optimally, we will stick with the same feedback mechanism as the 
current HeartEye device, which is LED lights. Futhermore, we will 
stick with the same functionality of these lights, like battery level 
and device status. This choice is also backed up by the limited 
results from the four-part user test, as it showed lights as the most 
popular choice for feedback mechanism by the test participants.  

Extensions
It might be interesting to further consider how the device can be 
made more comfortable for more people. This could be done by 
making the device extendable or customizable. HeartEye found it 
not feasible to develop the first version of this product, but some 
example directions were generated to illustrate how this design can 
be made to be adaptable.  
 
In figure 87 you can see how a hinge could allow for adjustable 
handle angles to let users choose their preferred angle.  
 
Figure 88 shows how an extension piece could be clicked onto 
the back to increase the handle length for larger hands and a 
third option where the rear part of the handle is extendable for 
adjustability (see figure 89), which would also aid individuals with 
larger hands in using the design more comfortably.  
 
Another option would be a strap accessory which could allow 
users with limited control to use the device. Enhancements could 
make the device more universally accessible but there are future 
considerations.  

Finally, a more novel option would be to include a T-bar design. 
The T-Bar was developed by looking at what external body features 
could help position the device in the correct location. By placing 
a bar on the bottom of the device the user could position this bar 
to the underside of their breast and automatically find the correct 
position, whilst also stabilizing the device more easily. A prototype 
design was created through several iterations by modelling the bar 
on top of the p=5, p=50 and p=95 waist and chest circumference 
mannequin 3D models retrieved from Dined (n.d.),  figure 90 of 
how the design is modelled on top of the mannequin and figure 
91 shows a prototype. This concept could be hidden away in the 
housing by making the T-bar foldable, as was demonstrated in an 
earlier prototype (see figure 92).

Following body contour
The current design of the HeartEye device is flat on the underside 
with extending electrodes. This means that the back or front 
electrodes might not always make good contact when the body 
contour is too parabolic that the underside of the device becomes a 
see-saw of sorts as if it was a limousine driving over an Amsterdam 
canal bridge (see figure 93). 
 
By making the underside of the device follow the body contour 
more, the electrodes might not only make better contact but the 
positioning of the device might become easier as well, by notching 
into the correct position. To roughly test the idea, the geometry 
was sculpted in the same way as the previously discussed T-bar 
extension and also went through several iterations. In figure 94 & 95 
one of these prototypes can be seen. 
 
Although this idea is untested with real users, it is included in the 
final concept by curving the underside, as no potential drawbacks 
were found to unwarranted its inclusion.

Figure 88: Illustration of how a extension piece 
could be implemented

Figure 87: Illustration of how a swivelling handle 
could be implemented

Figure 89: Illustration of how a extendable 
handle could be implemented

Figure 90: Screen shot of how the first iteration 
of the body contour idea was modelled on top 

of a Dined mannequin

Figure 91: Prototype of 
body contour idea

Figure 92: Prototype of 
foldable T-bar

Figure 93: Screen shot illustrating 
how a flat bottom could cause the 

electrodes to not make contact on all 
four electrodes

Figure 94: Photo of a body contour prototype

Figure 95: Photo of the 
bottom of a body contour 
prototype
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Design optimizations 

Next to ergonomic optimizations, also some design optimizations 
were done to attempt to make the design more aesthetically 
pleasing. This is important as users of the device will need to 
store the device in their own homes, which means it needs to be 
generally pleasing to look at. Furthermore, the four-part test also 
showed that making the device look the part might also help to 
make users trust the system more. 

Shape
For these reasons, another iteration was made on the shape of the 
device. With feedback and tips from the team at NPK design an 
improved version was made through a subtractive approach, where 
we first find the main archetypical lines to make a basic shape and 
then make cutouts on that shape to go from one monolithically 
form with a clean outer shape to a more detailed and interesting, 
yet visually coherent design.  
 
In Figure 96, 97 and 98, you can see how this process went, with the 
dark blue lines showing the main shapes from the side-, front- and 
top view, the smaller dark blue lines showing how the detailing lines 
relate to each other and the light blue lines showing the final shape. 
By making the design visually more coherent and simple, the hope 
is that a larger user group will find the design more trustworthy and 
unobtrusive. 

Figure 99: Design evolution of colour exploration

Colour exploration
The colour exploration was a very difficult endeavour. This concept should be a feasible concept that is unobtrusive in any home but also 
is a boundary object that needs to excite investors and stakeholders. Next to that, it is recommended in the future to perform a colour 
analysis and gather user feedback on possible colours, which was not done for this project. In figure 99 you can see a design evolution of all 
the iterations of the colour design. At first, an initial exploration into the colour scheme of the device was conducted by sketching different 
combinations and divisions. The selection of colours was based on those commonly used in other medical devices. 

Figure 96: Side view of the constructed shape

Figure 97: Top view of the constructed shape

Figure 98: Front view of the constructed shape
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Given the intended scenario of home use, it is important to 
ensure that the device is unobtrusive. It must be able to blend 
into a variety of homes without clashing or standing out too 
much. Therefore, eventually, an off-white colour (#FAF9F6) was 
selected as the main colour of the device. But to make the design 
more interesting an accent colour needed to be chosen as well 
and after long consideration the choice was made for the brand 
colour of HeartEye, a yellow-orange colour (#F3B352). After 
selecting the colours themselves, the location of the accent still 
needed to be defined. after many iterations, we ended up with 
the final result as can be seen in figure 100.	

Figure 101: Two renders of the of the concept with the selected colours

#FAF9F6 #EBEAE7 #F2B353

Manufacturability
As discussed in the first chapter of this report, the manufacturing 
method is going to be injection moulding of medical-grade ABS. 
This means that the design needs to be split up into different 
sections to make it mouldable. After an initial exploration into 
different options, it was eventually decided together with the 
expertise of NPK to split the housing up into three distinct sections: 
a top part, a bottom part and a middle part, as can be seen in figure 
102. These sections can all be made to have a correct draft angle 
with no undercuts so that the design can be de-moulded when 
injection moulded. 

Internal Components Layout
During the design process, the necessary volume for the internal 
components and their shape was taken into account based on the 
dimensions of the original design. But to verify that there is indeed 
enough space for all the necessary components, a preliminary 
layout was developed. In figure 102 & 103 you can see the electrodes 
and main PCB, which also houses all the main electronics. A second 
PCB is placed slanted in the front of the device to facilitate the LEDs 
and buttons there. Lastly, the battery module was placed on top of 
the main PCB as there was plenty of space left there. 

Figure 100: Selected colour swatches

Figure 102: Render of a exploded view of the 
concept, showing its seperate components

Figure 103: Render of a exploded view of the 
concept

Housing 
sections

Battery

Electrodes

Button

Main PCB

Secondary PCB

Housing 
section

121120



Dock
The current design of the HeartEye has a proprietary dock, which is 
well suited for the intended use case for two reasons. First, HeartEye 
needs to prove for regulatory reasons that the device cannot be 
used during charging, which the dock guarantees. Secondly, The 
device needs to be charged and ready to use at all times in an 
emergency scenario in the hospital, for this reason placing the 
device in a dock was thought to be more reliable than having to 
plug a cable into the device every time.      
 
However, in the new scenario where users need to take a 
measurement only once a week, the dock does not offer this 
unique advantage. According to Sebastiaan Bakker, who is doing 
a graduation project on the sustainability of the HeartEye device, 
does make up a significant part of the eco-cost of the system. 
For these reasons, the dock was replaced with an ordinary USB-C 
charging port on the back of the device. 

Final Concept
Imagining the product's packaging 
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So what work would remain if HeartEye wanted 
to develop this concept into a manufacturable 
patient-centric product? To answer that question 
a simple roadmap was constructed. This roadmap 
focuses exclusively on the technical or usability 
aspects of the product development, deliberately 
excluding operational concerns such as business 
model development, marketing, and other strategic 
concerns. 

FUTURE 
IMPLEMENTATION

Research, prototype and test feedback 
methods & informational needs
A start has been made on improving the feedback 
methods and finding the informational needs 
of the users. However, more focused research is 
necessary to find out which feedback method 
works best and what feedback users need before, 
during and after the measurement. The HeartEye 
device would benefit greatly from listening to 
actual users for this to have a lasting impact 
improving the turbulent times these people are 
going through. 

Improve Sustainability
While sustainability falls outside the scope of 
this project, HeartEye must consider integrating 
sustainable practices into its strategy. Strictly 
linear business models are simply outdated. The 
transition to circular ones is a necessity, driven 
by increasing consumer demand for sustainable 
products and regulatory pressures, such as 
those from the ESPR, which was discussed in the 
discovery phase of this report. 
 
The excuse that HeartEye is just a simple start-up 
is not a valid argument as by designing a device 
that is not only repairable but also viable for 
refurbishment, HeartEye can tap into new revenue 
streams through the sale of certified pre-owned 
equipment. This practice not only extends the 
product's lifecycle but also conserves resources 
and reduces environmental waste, aligning with 
sustainability targets. Next to that, refurbishment 
can also ease the burden on healthcare systems by 
providing more affordable equipment options. 
 
Furthermore, by championing reuse, HeartEye 
positions itself at the forefront of a movement, 
fostering customer trust and brand loyalty, with 
the customers being not only the patients but also 
the sustainable-minded healthcare professionals 
as well. 
 
Although on a first glance, the final concept 
looks feasible to make into a circular product, 
due to its reversible connections and simple 
construction. Unfortunately is this project not 
focussed on fully developing the concept and 
did not go any deeper into the repairability and 
the lifecycle of this product. But another student 
graduation project by Sebastiaan Bakker goes in-
depth into this subject for the HeartEye device.

Consider Device Storage
An important but unconsidered aspect of the 
design is the consideration of how the device will 
be stored when not in use and during transport. 
HeartEye could develop a hard case -similar 
to those used for premium headphones- to 
safeguard the device from physical damage and 
improve hygiene when carried in a bag but also 
provide a more discreet storage solution at home.

Develop the Integration with the wider Product 
Service System
The HeartEye device needs a companion app 
to transmit recorded ECGs to a telemonitoring 
service centre. Next to a role as a messenger, 
the app will also serve as the primary interface 
for user interaction. HeartEye should spend 
great effort in developing an app that simplifies 
the measurement process and provides clear 
guidance when the user needs it, to foster trust 
and minimize anxiety.  
 
The app can be so much more next to these 
roles as messenger and guide.  The app could for 
example: enhance health literacy by educating 
users about their condition, integrate motivational 
features like progress tracking and rewards to 
encourage lifestyle changes, provide tools for 
stress management such as guided breathing 
exercises, and even offer a platform for community 
support where users can share experiences and 
advice. These features would make for a more 
complete health management tool that supports 
patients beyond just monitoring their cardiac 
health.  

1.

2.

3.

4.
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AI development
It is no new information that Machine learning 
and AI, in general, can significantly improve 
healthcare diagnostic capabilities and decrease 
costs. However to make machine learning models 
that are accurate enough that we will trust them 
in making life-altering decisions, we will need lots 
of data and not just any data, high-quality, labelled, 
and diverse data. In this context, the HeartEye 
device presents several unique qualities. 
 
Firstly, the data consistency provided by using the 
same device technology across all measurements 
ensures uniformity, unlike datasets gathered from 
various ECG devices. This would be beneficial for 
developing robust machine-learning models. 
Secondly, the data from HeartEye will be expertly 
labelled, providing accurate annotations. Thirdly, 
the diversity of the user base and the varied 
contexts in which the device is used enhance the 
robustness of the data, making the AI models 
trained on this data more generalizable across 
different populations and conditions. Lastly, the 
long-term usage of the HeartEye by the same 
individuals offers a unique dataset, allowing for a 
better understanding of patient-specific trends 
and outcomes. 
 
However, HeartEye needs to be laying down these 
groundwork elements now. This way HeartEye 
can pave the way for future AI integration that 
could significantly enhance the device’s diagnostic 
capabilities, ultimately leading to more effective 
patient care. 

Regulatory compliance
As discussed in an earlier chapter, navigating the 
regulatory landscape for novel medical devices like 
the HeartEye can be complex and demanding. To 
make the process simpler and ensure compliance, 
some recommendations can be given based on 
this report. 
 
Firstly, HeartEye should initially avoid 
incorporating diagnostic AI capabilities. While 
AI can enhance functionality, it also introduces 
additional regulatory scrutiny. That does not 
mean no AI features could be integrated. AI 
could be used to improve the user experience 
by for example helping users improve how they 
take measurements or making the ECG data 
interpretable. 
 
Additionally, integrating sustainability 
requirements outlined by the Environmental 
Sustainability Performance Review (ESPR) 
from the onset is crucial. This not only ensures 
compliance with emerging environmental 
regulations but also positions HeartEye as an eco-
friendly option in the medical device market. 
 
A last recommendation is to keep the product 
within the cost constraints of insurance 
reimbursements of 163 euros every three months. 
This makes cost-effective design choices essential. 
For example, opting for a USB-C charger instead 
of a more expensive docking station could already 
reduce manufacturing and retail costs, making the 
device more accessible. 

Design for Manufacturing
The current iteration of the HeartEye device's 
design has been preliminary evaluated for 
manufacturability by NPK Design, but it remains 
in an early stage of development. Further 
development is necessary to ensure the design 
is suitable for mass production. Key areas include 
ensuring the device's components are compatible 
with injection moulding, making the housing IP4X 
water resistant -as specified by HeartEye- and 
developing standardised assembly and repair 
protocols. 
 
In terms of electronics, even though the 
technology used in the current and new HeartEye 
designs is the same, updates are still required. 
Specifically, the device needs redesigned PCBs 
tailored to the new housing. Next to that, a 
different battery might be more suitable for the 
home scenario and the device now needs a USB-C 
charging port. 

Development of training / instructional 
materials
Based on the earlier findings of the report we 
found that the development of training and 
instructional materials is crucial for ensuring the 
HeartEye system is both feasible and desirable for 
all users. Comprehensive resources are essential 
not only for empowering end-users to operate 
the device confidently but also for convincing 
healthcare professionals of the system's reliability 
and effectiveness. Furthermore, training resources 
could aim to increase the health literacy of the 
users, which could most definitely improve 
adherence.    
 
Such resources should be focused on explaining 
the correct usage of the device, but could 
also include feedback on how to improve 
the measurements based on the previous 
measurements or these materials could extend 
to cover interpretive guidance that helps users 
understand their ECG readings, as we found most 
participants of the four-part test expressed an 
interest in this. 

5.

6.

7.

8.
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Pilot testing with a Large and Diverse User 
Group
The most useful insights in this project came 
from talking directly with users; Heart disease 
can deeply affect a patient's mental health, 
highlighting the potential for positive impact in 
this area. However, many other monitoring devices 
are too focused on simply gathering medical data 
efficiently and overlook what patients need. Since 
telemonitoring devices are often the primary way 
patients regularly connect with their healthcare, 
they represent a significant opportunity to 
positively influence their lives and healthcare 
experiences. Conversations with users have shown 
that it's crucial to consider how these devices 
interact with them and the emotional experience 
while and after using the product-service system.  
 
Such a patient-centric device requires structured, 
direct, and frequent user feedback. This could be 
accomplished through regular meetings with a 
user panel and consistent pilot testing, possibly 
involving this same panel.

9.

PROJECT 
WRAP-UP

Concluding and reflecting
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PERSONAL 
REFLECTION

If I could do this project again, I would ofcourse do it all differently. 
But that is a good thing. It shows that I learned a lot during this final 
stage of my scholarly endeavours. As an extra learning exercise I 
have written down my main learning points from this project and 
included them here.

Focus & Goal definition
The initial brief of the project was defined as very ambiguous and 
because I am new to the world of medical device design I spent 
a long time trying to soak up as much knowledge on the subject. 
I went very wide in my initial exploration, as the field is vast and 
complex. I should have leaned more heavily into the expertise of 
my guidance team and asked for more direct help to define a more 
clear goal for the project. So that I could have gone deeper in a 
specific area instead of going wide.  
 
I think what made this difficult for me in this project was the 
fact that I started the project with the idea I could fully develop a 
concept not only on the physical design side of the device but also 
the business model, sustainability, strategy, AI and more. I truly 
underestimated the complexity of the problem, the immense size 
of the problem space and the vast range of possibilities these entail. 
In the future, I should spend more effort trying to define the goals 
in manageable chunks on the front end rather than diving headfirst 
into an oversized problem space.

Feedback
Personally, I am highly convinced design is a team sport, which 
makes an individual project such as this very hard. This is why I feel 
very lucky to have had guidance from not only two professors from 
the TU Delft but also personal guidance from the client company 

themselves and a renowned design agency. Next to the professional 
guidance I also had a lot of discussions and talks with fellow IDE 
students which were pivotal in preventing me from lingering too 
long on any specific hurdle. However, I wish I would have asked for 
feedback more often. Each time I received feedback, it significantly 
sharpened the project's direction.  
This is why I am grateful to my chair and mentor for pushing me 
to find experts in the field to talk to and helping me go to the 
Healthcare in Shape symposium. The interviews I had with experts 
because of this helped immensely in creating direction for the 
project and were more effective in helping me understand the 
complex field of medical device design than reading any more 
papers. 
 

User test
I learned a lot from the user test I did. The most important learning 
is that a quantitative user test can also generate valuable qualitative 
insights. I got the tip from NPK to record the full user test and I am 
glad I listened to that advice. The most interesting findings from 
the test came from random comments participants made, which 
I sometimes only noticed after listening to the recording again. I 
also noticed people do not need much in terms of the fidelity of 
prototypes to give valuable feedback.  
Thus what I learned is that talking to the user group is of immense 
value even without high-fidelity prototypes or quantitative results.

Designing for Ergonomics
I was not very experienced in developing ergonomic products 
outside the bachelor courses. The most important lesson I 
learned is that you cannot go only on ergonomic data like you 
get from DINED. The real world is a lot messier and has way 
more considerations to take into account like unpredictable user 
behaviour, deviating user dimensions or physical limitations of 
users. This made me realise that early and often testing of physical 
prototypes is very valuable in designing ergonomic designs. What 
worked for me was rapid prototyping with 3D printing. Using this 
technique I could go through a lot of iterations in a very short 
amount of time, which helped in developing an ergonomic design. 

the final concept are not extensively evaluated with the target 
group, the main shape and ergonomics are based on the user test 
outcomes and initial evaluation with peers did show promise in 
that the concept significantly improved the ergonomics of taking 
a self measurement. Plus, the new shape facilitates not only self-
measurement but also the ergonomics of a secondary user taking a 
measurement. 
 
Perhaps the most significant use for this project is that it has 
generated a large amount of insights in a wide range of areas. By 
considering many different facets of the problem space this project 
aims to enable the design of a user-centric, feasible, viable and 
desirable product that makes a positive impact on CAD patients. 
The final concept itself is not the project outcome, but rather a 
showcase of the gathered insights and should be seen as a starting 
blueprint. 

PROJECT 
CONCLUSION

This project embarked on the ambitious task of redesigning 
the HeartEye ECG for home use, transforming the device into a 
practical concept suitable for patients managing coronary artery 
disease outside the clinical setting. By utilizing the double diamond 
design framework.  
 
In the initial phase of the project—the Discovery Phase—a 
comprehensive exploration of seven facets of the problem space 
was undertaken. This ranged from opportunities in e-health to 
target group research and market considerations. Together with 
this analysis, interviews with experts and users, and the analysis 
of thousands of blog posts on heart conditions, extensive design 
considerations were formulated.  
 
Once the problem space was sufficiently explored, the scope 
of the project was further refined in the second phase—the 
Define Phase. During which significant strides have been made 
in selecting and developing the prehabilitation to rehabilitation 
scenario as a desirable, feasible and viable scenario for the HeartEye 
technology. The scope was further defined to the physical design 
considerations of the device, leaving the discovered market and 
platform considerations for future development. Thus the project 
subsequently aimed to design a concept that would improve the 
ergonomic design of the device, making it more usable for users to 
measure themselves, while also ensuring a good measurement.  
 
Over the course of the develop and deliver phase, a much 
greater understanding has been achieved of what human factors 
influence a good measurement. This knowledge arms HeartEye 
with more certainty on what works when designing this self-
measurement tool. Furthermore, although the ergonomics of 

131130



REFERENCES

1.	 Abbott. (2023A, July 28). The Partnerships Changing How You 
Manage Diabetes. https://www.abbott.com/corpnewsroom/
strategy-and-strength/the-partnerships-changing-how-you-
manage-diabetes.html

2.	 Abbott. (2023B, August 11). Diabetes Care | Newsroom | Abbott 
U.S.. https://www.abbott.com/corpnewsroom/diabetes-care.html

3.	 Abbott. (2023C, 22 juni). Abbott’s FreeStyle Libre 2 Receives 
National Reimbursement in France for All People with 
Diabetes Who Use Insulin. Cision. https://www.prnewswire.
com/news-releases/abbotts-freestyle-libre-2-receives-national-
reimbursement-in-france-for-all-people-with-diabetes-who-use-
insulin-301857914.html

4.	 Abbott. (n.d.). Freestyle Netherlands home page. https://pro.
freestyle.abbott/nl-nl/home.html

5.	 Acharya, U. R., Fujita, H., Sudarshan, V. K., Oh, S. L., Adam, M., 
Koh, J. E. W., Tan, J. H., Ghista, D. N., Martis, R. J., Chua, C. K., Poo, 
C. K., & Tan, R. S. (2016). Automated detection and localization of 
myocardial infarction using electrocardiogram: a comparative 
study of different leads. Knowledge Based Systems, 99, 146–156. 
https://doi.org/10.1016/j.knosys.2016.01.040

6.	 Acharya, U. R., Fujita, H., Sudarshan, V. K., Oh, S. L., Adam, M., 
Koh, J. E. W., Tan, J. H., Ghista, D. N., Martis, R. J., Chua, C. K., Poo, 
C. K., & Tan, R. S. (2016). Automated detection and localization of 
myocardial infarction using electrocardiogram: a comparative 
study of different leads. Knowledge Based Systems, 99, 146–156. 
https://doi.org/10.1016/j.knosys.2016.01.040

7.	 Agewall, S., Beltrame, J. F., Reynolds, H. R., Niessner, A., Rosano, 
G., Caforio, A. L., De Caterina, R., Zimarino, M., Roffi, M., Kjeldsen, 
K., Atar, D., Kaski, J. C., Sechtem, U., & Tornvall, P. (2016). ESC 
working group position paper on myocardial infarction with 
non-obstructive coronary arteries. European Heart Journal, 
ehw149. https://doi.org/10.1093/eurheartj/ehw149

8.	 Ajčević, M., Furlanis, G., Naccarato, M., Caruso, P., Polverino, 
P., Marsich, A., Accardo, A., & Manganotti, P. (2021). e-Health 

solution for home patient telemonitoring in early post-acute TIA/
Minor stroke during COVID-19 pandemic. International Journal 
of Medical Informatics, 152, 104442. https://doi.org/10.1016/j.
ijmedinf.2021.104442

9.	 Anand, S. S., Islam, S., Rosengren, A., Franzosi, M. G., Steyn, K., 
Yusufali, A., Keltai, M., Dı́ Az, R., Rangarajan, S., & Yusuf, S. (2008). 
Risk factors for myocardial infarction in women and men: 
insights from the INTERHEART study. European Heart Journal, 
29(7), 932–940. https://doi.org/10.1093/eurheartj/ehn018

10.	 Andersen, T. O., Andersen, P. R. D., Kornum, A. C., & Larsen, T. 
M. (2017). Understanding patient experience. Association for 
Computing Machinery. https://doi.org/10.1145/3154862.3154868

11.	 Anderson, L., Sharp, G. A., Norton, R. J., Dalal, H. M., Dean, S., 
Jolly, K., Cowie, A., Zawada, A., & Taylor, R. S. (2017). Home-based 
versus centre-based cardiac rehabilitation. The Cochrane Library, 
2017(10). https://doi.org/10.1002/14651858.cd007130.pub4*ematic 
reviews*, (6).

12.	 Arduino. (n.d.). Arduino Official Store - Arduino Nano every.. 
https://store.arduino.cc/products/arduino-nano-every

13.	 Arthur, H. M., Daniels, C., Mckelvie, R., Hirsh, J., Rush, B. (2000). 
Effect of a preoperative intervention on preoperative and 
postoperative outcomes in Low-Risk patients Awaiting elective 
coronary artery bypass graft Surgery: A randomized, Controlled 
Trial: Annals of Internal Medicine: Vol 133, No 4. Annals of Internal 
Medicine. https://www.acpjournals.org/doi/abs/10.7326/0003-
4819-133-4-200008150-00007

14.	 Artinian, N. T., Magnan, M., Sloan, M., & Lange, M. P. (2002). Self-
care behaviors among patients with heart failure. Heart & lung, 
31(3), 161-172. https://doi.org/10.1067/mhl.2002.123672

15.	 Ashby, M. F. (2016). Tools, Prompts and Check-Lists. In Elsevier 
eBooks (pp. 55–84). https://doi.org/10.1016/b978-0-08-100176-
9.00004-9

16.	 Asilioglu, K., & Çeli̇ K, S. Ş. (2004). The effect of preoperative 
education on anxiety of open cardiac surgery patients. Patient 
Education and Counseling, 53(1), 65–70. https://doi.org/10.1016/
s0738-3991(03)00117-4

17.	 Attia, Z. I., Kapa, S., López-Jiménez, F., McKie, P. M., Ladewig, D. 
J., Satam, G., Pellikka, P. A., Enríquez-Sarano, M., Noseworthy, 
P. A., Munger, T. M., Asirvatham, S. J., Scott, C. G., Carter, R. 

Planning
A master graduation project is the first time nobody holds your 
hand and tells you what you should have finished by the end of 
each week. Which was a refreshing, but daunting experience. I 
enjoyed the freedom and found, but often I was unsure if I got 
enough work done at the end of each day. What I learned from 
this is to be content with having worked 8 hours a day and that not 
every hour should be accounted for. A large part of a design project 
like this is a creative process that you need to work on for some 
time or talk about with other people. Setting larger and smaller 
deadlines for yourself is more useful. 

Juggling Stakeholders
Working with a client like HeartEye, the requirements of the TU 
Delft and my own was an interesting experience. This combination 
of stakeholders is unique because it is my project, but I want to 
make an impact on the product of HeartEye and I need to do that 
while following the way of working of the TU Delft. What I learned 
from this experience was that I need to more clearly make up my 
mind on what can be done within the available time prioritise 
the important work and communicate this priority to all the 
stakeholders to align better on the project which might result in 
better cooperation and teamwork within the stakeholders.

133132



De Kluiver, E. P., Kraaijenhagen, R. A., Kuijpers, P., Van Der Linde, 
M. R., Spee, R. F., Sunamura, M., Uszko-Lencer, N. H., Vromen, T., 
Wittekoek, M. E., & Kemps, H. (2020). Cardiac telerehabilitation 
as an alternative to centre-based cardiac rehabilitation. 
Netherlands Heart Journal, 28(9), 443–451. https://doi.org/10.1007/
s12471-020-01432-y

35.	Campbell, S. (2020, July 9). How to make an arduino OHm meter. 
Circuit Basics. https://www.circuitbasics.com/arduino-ohm-
meter/

36.	Canto, J. G., Goldberg, R. J., Hand, M. M., Bonow, R. O., Sopko, G., 
Pepine, C. J., & Long, T. (2007). Symptom presentation of women 
with acute coronary syndromes. Archives of Internal Medicine, 
167(22), 2405. https://doi.org/10.1001/archinte.167.22.2405

37.	Capri. (2023, September 7). Inhoud van het programma - Capri. 
https://caprihr.nl/revalidatieprogramma/inhoud-van-het-
programma/

38.	Cardiologie Centra Nederland. (2021, December 7). Vrouwenhart 
. https://www.cardiologiecentra.nl/patient/meer-zorg/vrouwen-
poli/

39.	Carla Plymen. (2023, October 27). Webinar about Heart failure 
with Carla Plymen - Imperial College Healthcare NHS Trust 
[Video]. Vimeo. https://vimeo.com/818881283/8b1163ef14

40.	Carvalho D v, Pereira EM, Cardoso JS. Machine learning 
interpretability: a survey on methods and metrics. Electronics 
2019;8:832 https://doi.org/10.3390/electronics8080832*

41.	 Chauvet-Gélinier, J., & Bonin, B. (2017). Stress, anxiety and 
depression in heart disease patients: A major challenge for 
cardiac rehabilitation. Annals of Physical and Rehabilitation 
Medicine, 60(1), 6–12. https://doi.org/10.1016/j.rehab.2016.09.002

42.	Chen, C., Li, O., Tao, D., Barnett, A., Rudin, C., & Su, J. K. (2019). 
This looks like that: deep learning for interpretable image 
recognition. Advances in neural information processing systems, 
32. https://doi.org/10.48550/arXiv.1806.10574

43.	Chipmunk Health. (n.d.). Chipmunk Health. https://www.
chipmunkhealth.com/

44.	Commwell. (2023, August 30). PhysioGlove - Commwell. https://
www.commwellmedical.com/technology/physioglove/

45.	Cooper, A. (2004). Why high-tech products drive us crazy and 
how to restore the sanity.

46.	Corsano. (2024, January 3). Corsano Health - Biomedical 
Research, raw data IP-Free. Corsano Health. https://corsano.com/

47.	Crea, F., Camici, P. G., & Merz, C. N. B. (2013). Coronary 
microvascular dysfunction: an update. European Heart Journal, 
35(17), 1101–1111. https://doi.org/10.1093/eurheartj/eht513

48.	Dai, H., Hwang, H. G., & Tseng, V. S. (2021). Convolutional neural 
network based automatic screening tool for cardiovascular 
diseases using different intervals of ECG signals. Computer 
Methods and Programs in Biomedicine, 203, 106035. https://doi.
org/10.1016/j.cmpb.2021.106035

49.	Dalal, H. M., Doherty, P., & Taylor, R. S. (2015). Cardiac 
rehabilitation. The BMJ, h5000. https://doi.org/10.1136/bmj.h5000

50.	Datwyler. (n.d.). SoftPulseTM. https://datwyler.com/company/
innovation/softpulse/

51.	 De Boer, A. R., Vaartjes, I., Van Dis, I., Van Herwaarden, J. A., 
Nathoe, H. M., Ruigrok, Y. M., Bots, M. L., & Visseren, F. L. J. 
(2020). Screening for abdominal aortic aneurysm in patients 
with clinically manifest vascular disease. European Journal of 
Preventive Cardiology, 29(8), 1170–1176. https://doi.org/10.1093/
eurjpc/zwaa014

52.	De Geest, S., Scheurweghs, L., Reynders, I., Pelemans, W., 
Droogné, W., Van Cleemput, J., ... & Vanhaecke, J. (2003). 
Differences in psychosocial and behavioral profiles between 
heart failure patients admitted to cardiology and geriatric 
wards. European journal of heart failure, 5(4), 557-567. https://doi.
org/10.1016/s1388-9842(02)00298-2

53.	De Geest, S., Steeman, E., Leventhal, M., Mahrer‐Imhof, R., 
Hengartner-Kopp, B., Conca, A., Bernasconi, A. T., Petry, H., 
& Rocca, H. B. (2004). Complexity in caring for an ageing 
heart failure population: concomitant chronic conditions 
and age related impairments. European Journal of 
Cardiovascular Nursing, 3(4), 263–270. https://doi.org/10.1016/j.
ejcnurse.2004.08.004

54.	De Nederlandse Hartstichting. (2022, April 4). 
Bloeddrukcampagne mei 2022 nadert | Hartstichting voor 
Professionals. https://professionals.hartstichting.nl/actualiteiten/
bloeddrukcampagne-mei-2022-nadert

55.	De Nederlandse Hartstichting. (2023). Telebegeleiding | 
Hartstichting. https://www.hartstichting.nl/hart-en-vaatziekten/

E., & Friedman, P. A. (2019). Screening for cardiac contractile 
dysfunction using an artificial intelligence–enabled 
electrocardiogram. Nature Medicine, 25(1), 70–74. https://doi.
org/10.1038/s41591-018-0240-2

18.	 Auer, R., Bauer, D. C., Marques‐Vidal, P., Butler, J., Min, L. J., 
Cornuz, J., Satterfield, S., Newman, A. B., Vittinghoff, E., & Rodondi, 
N. (2012). Association of major and minor ECG abnormalities with 
coronary heart disease events. JAMA, 307(14), 1497. https://doi.
org/10.1001/jama.2012.434

19.	 Bakker, C., Balkenende, R., Blondel, E., Henneberry, Y., Boztas, 
S., Engelsman, M., Hoiting, K., & Wetzels, H. (2023). Reparatie 
in de circulaire economie. Centre for Sustainability. https://
www.centre-for-sustainability.nl/white-paper-reparatie-in-de-
circulaire-economie

20.	Bansal, A., & Joshi, R. (2018). Portable out‐of‐hospital 
electrocardiography: A review of current technologies. Journal of 
arrhythmia, 34(2), 129-138.

21.	 Barold, S. S. (2003). Willem Einthoven and the birth 
of clinical electrocardiography a hundred years ago. 
Cardiac Electrophysiology Review, 7(1), 99–104. https://doi.
org/10.1023/a:1023667812925

22.	Baxter. (n.d.). CP 150TM Resting Electrocardiograph. 
Hilrom. https://www.hillrom.eu/en/products/cp-150-resting-
electrocardiograph/

23.	Behance. (2021, October 6). Jean-Thomas MAYER. Behance. 
https://www.behance.net/Jean-Thomas_Mayer

24.	Bellamy, L., Casas, J., Hingorani, A. D., & Williams, D. (2007). Pre-
eclampsia and risk of cardiovascular disease and cancer in later 
life: systematic review and meta-analysis. BMJ, 335(7627), 974. 
https://doi.org/10.1136/bmj.39335.385301.be

25.	BeterDichtbij. (2023, September 19). BeterDichtbij. https://www.
beterdichtbij.nl/

26.	Bevilacqua, R., Strano, S., Di Rosa, M., Giammarchi, C., Černá, K., 
Mueller, C., & Maranesi, E. (2021). eHealth Literacy: From Theory 
to Clinical Application for Digital Health Improvement. Results 
from the ACCESS Training Experience. International Journal of 
Environmental Research and Public Health, 18(22), 11800. https://
doi.org/10.3390/ijerph182211800

27.	Blomkalns, A. L., Chen, A. Y., Hochman, J. S., Peterson, E. D., 

Trynosky, K. J., Diercks, D. B., Brogan, G. X., Boden, W. E., Roe, 
M. T., Ohman, E. M., Gibler, W. B., & Newby, L. K. (2005). Gender 
disparities in the diagnosis and treatment of non–ST-segment 
elevation acute coronary syndromes. Journal of the American 
College of Cardiology, 45(6), 832–837. https://doi.org/10.1016/j.
jacc.2004.11.055

28.	bol.com. (n.d.). Bol.com Kardia Mobile 1 kanaals ECG meter. 
https://www.bol.com/nl/nl/p/kardia-mobile-1-kanaals-ecg-
meter/9200000105756789/

29.	Breeman, L. D., Keesman, M., Atsma, D. E., Chavannes, N. 
H., Janssen, V. R., Van Gemert-Pijnen, L., Kemps, H., Kraaij, 
W., Rauwers, F., Reijnders, T., Reimer, W. S. O., Wentzel, J., 
Kraaijenhagen, R. A., & Evers, A. (2021). A multi-stakeholder 
approach to eHealth development: Promoting sustained healthy 
living among cardiovascular patients. International Journal 
of Medical Informatics, 147, 104364. https://doi.org/10.1016/j.
ijmedinf.2020.104364

30.	Breteler, M. M., Claus, J. J., Grobbee, D. E., & Hofman, A. (1994). 
Cardiovascular disease and distribution of cognitive function in 
elderly people: the Rotterdam study. BMJ, 308(6944), 1604–1608. 
https://doi.org/10.1136/bmj.308.6944.1604

31.	 Brørs, G., Dalen, H., Allore, H. G., Deaton, C., Fridlund, B., Norman, 
C. D., Palm, P., Wentzel‐Larsen, T., & Norekvål, T. M. (2023). The 
association of electronic health literacy with behavioural and 
psychological coronary artery disease risk factors in patients 
after percutaneous coronary intervention: a 12-month follow-
up study. European Heart Journal, 4(2), 125–135. https://doi.
org/10.1093/ehjdh/ztad010

32.	Brouwers, R. W. M., Brini, A., Kuijpers, R., Kraal, J. J., & Kemps, 
H. (2021). Predictors of non-participation in a cardiac 
telerehabilitation programme: a prospective analysis. European 
Heart Journal, 3(1), 81–89. https://doi.org/10.1093/ehjdh/ztab105

33.	Brouwers, R. W. M., Van Der Poort, E. K. J., Kemps, H., Van Den 
Akker-Van Marle, M., & Kraal, J. J. (2021). Cost-effectiveness 
of cardiac telerehabilitation with relapse prevention for the 
treatment of patients with coronary artery disease in the 
Netherlands. JAMA Network Open, 4(12), e2136652. https://doi.
org/10.1001/jamanetworkopen.2021.36652

34.	Brouwers, R. W. M., Van Exel, H. J., Van Hal, J. M. C., Jørstad, H. T., 

135134



behandelingen/telebegeleiding
56.	De Nederlandse Hartstichting. (n.d.). Hartrevalidatie | 

Hartstichting. https://www.hartstichting.nl/hart-en-vaatziekten/
behandelingen/hartrevalidatie

57.	De Nederlandse Hartstichting. (n.d.). Hartrevalidatie | 
Hartstichting. https://www.hartstichting.nl/hart-en-vaatziekten/
behandelingen/hartrevalidatie

58.	De Vries, N. M., Zepeda-Echavarria, A., Van De Leur, R. R., Loen, 
V., Vos, M. A., Boonstra, M., Wildbergh, T. X., Jaspers, J. E., Van 
Der Zee, R., Slump, C. H., Doevendans, P. A., & Van Es, R. (2023). 
Detection of ischemic ST-Segment changes using a novel 
handheld ECG device in a porcine model. JACC, 2(5), 100410. 
https://doi.org/10.1016/j.jacadv.2023.100410

59.	Deloitte Netherlands (2023). De grote potentie van medische 
service centra. https://www2.deloitte.com/nl/nl/pages/life-
sciences-en-gezondheidszorg/articles/grote-potentie-medische-
service-centra.html

60.	Desai, M., Pratt, L. A., Lentzner, H. R., & Robinson, K. N. (2001). 
Trends in vision and hearing among older Americans. https://doi.
org/10.1037/e620682007-001

61.	 Design Council. (n.d.). Framework for Innovation - Design 
Council. https://www.designcouncil.org.uk/our-resources/
framework-for-innovation/

62.	DGTL health. (2023, December 7). Welkom bij DGTL Health - 
DGTL Health. DGTL Health. https://www.dgtlhealth.nl/en/

63.	Di Flumeri, G., Aricò, P., Borghini, G., Sciaraffa, N., Florio, A., 
& Babiloni, F. (2019). The Dry Revolution: Evaluation of three 
different EEG dry electrode types in terms of signal spectral 
features, mental states classification and usability. Sensors, 19(6), 
1365. https://doi.org/10.3390/s19061365

64.	Diercks, D. B., Kontos, M. C., Chen, A. Y., Pollack, C. V., Wiviott, 
S. D., Rumsfeld, J. S., Magid, D. J., Gibler, W. B., Cannon, C. P., 
Peterson, E. D., & Roe, M. T. (2009). Utilization and impact of Pre-
Hospital electrocardiograms for patients with acute ST-Segment 
elevation myocardial infarction. Journal of the American 
College of Cardiology, 53(2), 161–166. https://doi.org/10.1016/j.
jacc.2008.09.030

65.	DINED. (n.d.). https://dined.io.tudelft.nl/en/mannequin/tool
66.	Directorate-General for Environment. (2022). establishing a 

framework for setting ecodesign requirements for sustainable 
products and repealing Directive 2009/125/EC. European 
Commission. https://environment.ec.europa.eu/publications/
proposal-ecodesign-sustainable-products-regulation_en

67.	Doctolib Siilo. (n.d.). Gratis, veilige messenger voor de 
gezondheidszorg.  https://www.siilo.com/nl/

68.	Doshi-Velez, F., & Kim, B. (2017). Towards a rigorous science of 
interpretable machine learning. arXiv preprint arXiv:1702.08608. 
https://arxiv.org/pdf/1702.08608*

69.	Dridi, H., Liu, Y., Reiken, S., Li, X., Argyrousi, E. K., Yuan, Q., Miotto, 
M. C., Sittenfeld, L., Meddar, A., Bennett, D. A., Arancio, O., 
Lacampagne, A., & Marks, A. R. (2023). Heart failure-induced 
cognitive dysfunction is mediated by intracellular Ca2+ leak 
through ryanodine receptor type 2. Nature Neuroscience, 26(8), 
1365–1378. https://doi.org/10.1038/s41593-023-01377-6

70.	Drudi, L. M., Tat, J., Ades, M., Mata, J., Landry, T., MacKenzie, K. 
S., Steinmetz, O. K., & Gill, H. L. (2019). Preoperative exercise 
rehabilitation in cardiac and vascular interventions. Journal of 
Surgical Research, 237, 3–11. https://doi.org/10.1016/j.jss.2018.11.042

71.	 ECG project UMCU. (n.d.). Dutch CardioVascular Alliance. https://
dcvalliance.nl/ecg-project-umcu

72.	Ekman, I., Fagerberg, B., & Skoog, I. (2001). The clinical 
implications of cognitive impairment in elderly patients with 
chronic heart failure. Journal of Cardiovascular nursing, 16(1), 47-
55. https://doi.org/10.1097/00005082-200110000-00007

73.	Elomaa, T. (1994). In defense of C4.5: Notes on learning One-
Level Decision trees. In Elsevier eBooks (pp. 62–69). https://doi.
org/10.1016/b978-1-55860-335-6.50016-7

74.	EU AI Act Compliance (n.d.). EU Artificial Intelligence Act. https://
artificialintelligenceact.eu/assessment/eu-ai-act-compliance-
checker/

75.	EUGenMed Cardiovascular Clinical Study Group, Regitz-
Zagrosek, V., Oertelt-Prigione, S., Prescott, E., Franconi, F., Gerdts, 
E., Foryst-Ludwig, A., Maas, A. H., Kautzky-Willer, A., Knappe-
Wegner, D., Kintscher, U., Ladwig, K. H., Schenck-Gustafsson, K., 
& Stangl, V. (2016). Gender in cardiovascular diseases: impact on 
clinical manifestations, management, and outcomes. European 
heart journal, 37(1), 24–34. https://doi.org/10.1093/eurheartj/
ehv598

76.	European Commission (2022). Ecodesign for sustainable 
products. https://commission.europa.eu/energy-climate-change-
environment/standards-tools-and-labels/products-labelling-
rules-and-requirements/sustainable-products/ecodesign-
sustainable-products-regulation_en

77.	European Commission. (2020). About the energy label and 
ecodesign. https://commission.europa.eu/energy-climate-
change-environment/standards-tools-and-labels/products-
labelling-rules-and-requirements/energy-label-and-ecodesign/
about_en

78.	European Committee for Electrotechnical Standardization. 
(2015). Medical electrical equipment - Part 2-25: 
Particularrequirements for the basic safety and essential 
performance of electrocardiographs (EVS-EN 60601-2-25:2015). 
Estonian Centre for Standardisation and Accreditation. https://
www.evs.ee/en/evs-en-60601-2-25-2015

79.	European Committee for Electrotechnical Standardization. 
(2021A). General requirements for basic safety and essential 
performance (EVS-EN 60601-1-11:2015+A1:2021). Estonian Centre 
for Standardisation and Accreditation. https://www.evs.ee/en/
evs-en-60601-1-11-2015-a1-2021

80.	European Committee for Electrotechnical Standardization. 
(2021B). Medical electrical equipment - Part 1: General 
requirements for basic safety and essential performance (IEC 
60601-1:2005 + IEC 60601-1:2005/A1:2012 + IEC 60601-1:2005/
A2:2020) (EVS-EN 60601-1:2006+A1+A12+A2:2021). Estonian Centre 
for Standardisation and Accreditation. https://www.evs.ee/en/
evs-en-60601-2-25-2015

81.	 European Heart Journal - Digital Health. (n.d.). https://www.
escardio.org/Journals/ESC-Journal-Family/European-Heart-
Journal-Digital-Health

82.	European Medicines Agency. (n.d.). Medicinal product. European 
Medicines Agency. https://www.ema.europa.eu/en/glossary/
medicinal-product

83.	Federatie medisch specialisten. (2019). CVRM Richtlijn. 
richtlijnendatabase.nl. https://richtlijnendatabase.nl/richtlijn/
cardiovasculair_risicomanagement_cvrm/samenvatting_cvrm.
html

84.	Federatie Medisch Specialisten. (2022, December 15). 

Handreiking Telemonitoring gepubliceerd. https://
demedischspecialist.nl/nieuwsoverzicht/nieuws/handreiking-
telemonitoring-gepubliceerd

85.	Federatie Medische Specialisten (n.d.A). Elektrocardiografie 
bij CVRM - Richtlijn - Richtlijnendatabase. https://
richtlijnendatabase.nl/richtlijn/cardiovasculair_
risicomanagement_cvrm/schatten_van_risico_
op_hart-_en_vaatziekten/andere_onafhankelijke_
voorspellers_van_cvrm/elektrocardiografie_bij_cvrm.
html?query=ecg#recommendations

86.	Federatie Medische Specialisten (n.d.B). ECG bij CGA - Richtlijn 
- Richtlijnendatabase. https://richtlijnendatabase.nl/richtlijn/
comprehensive_geriatric_assessment_cga/onderdelen_van_het_
cga/ecg_bij_cga.html

87.	Ferreira, B., Silva, W., Oliveira, E., & Conte, T. (2015). Designing 
personas with Empathy map. Proceedings. https://doi.
org/10.18293/seke2015-152

88.	Frederix, I., Caiani, E. G., Dendale, P., Anker, S. D., Bax, J. J., 
Böhm, A., Cowie, M. R., Crawford, J. B., De Groot, N., Dilaveris, 
P., Hansen, T. B., Koehler, F., Krstačić, G., Lambrinou, E., 
Lancellotti, P., Meier, P., Neubeck, L., Parati, G., Piotrowicz, 
E., . . . Van Der Velde, E. (2019). ESC e-Cardiology Working 
Group Position Paper: Overcoming challenges in digital 
health implementation in cardiovascular medicine. European 
Journal of Preventive Cardiology, 26(11), 1166–1177. https://doi.
org/10.1177/2047487319832394

89.	Frederix, I., Caiani, E. G., Dendale, P., Anker, S. D., Bax, J. J., Böhm, 
A., Cowie, M. R., Crawford, J., De Groot, N., Dilaveris, P., Hansen, T. 
B., Koehler, F., Krstačić, G., Lambrinou, E., Lancellotti, P., Meier, P., 
Neubeck, L., Parati, G., Piotrowicz, E., . . . Van Der Velde, E. (2019). 
ESC e-Cardiology Working Group Position Paper: Overcoming 
challenges in digital health implementation in cardiovascular 
medicine. European Journal of Preventive Cardiology, 26(11), 
1166–1177. https://doi.org/10.1177/2047487319832394

90.	Frederix, I., Vanhees, L., Dendale, P., & Goetschalckx, K. 
(2014). A review of telerehabilitation for cardiac patients. 
Journal of Telemedicine and Telecare, 21(1), 45–53. https://doi.
org/10.1177/1357633x14562732

91.	 Freedland, Kenneth E., and Robert M. Carney. "Psychosocial 

137136



considerations in elderly patients with heart failure." Clinics in 
geriatric medicine 16.3 (2000): 649-661. https://doi.org/10.1016/
s0749-0690(05)70033-1

92.	Freitas, A. A. (2014). Comprehensible classification 
models. SIGKDD Explorations, 15(1), 1–10. https://doi.
org/10.1145/2594473.2594475

93.	Gamieldien, Y., Case, J. M., & Katz, A. (2023). Advancing Qualitative 
Analysis: An Exploration of the Potential of Generative AI and 
NLP in Thematic Coding. Available at SSRN 4487768.

94.	Geurts, J., & Bergman, M. (2023). Bridging the responsibility 
gap: ethical, legal, and practical implications of integrating AI in 
healthcare. Delft University of Technology.

95.	Gingele, A. J., Rocca, H. B., Ramaekers, B., Gorgels, A. P., De 
Weerd, G., Kragten, J. A., Van Empel, V., Brandenburg, V., 
Vrijhoef, H. J. M., Cleuren, G., Knackstedt, C., & Boyne, J. (2017). 
Telemonitoring in patients with heart failure: Is there a long-
term effect? Journal of Telemedicine and Telecare, 25(3), 158–166. 
https://doi.org/10.1177/1357633x17747641

96.	Goh, F. Q., Kong, W., Wong, R. C., Chong, Y. F., Chew, N., Yeo, T., 
Sharma, V. K., Poh, K. K., & Sia, C. (2022). Cognitive Impairment in 
Heart Failure—A Review. Biology, 11(2), 179. https://doi.org/10.3390/
biology11020179

97.	Goldman, A., Hod, H., Chetrit, A., & Dankner, R. (2019). Incidental 
abnormal ECG findings and long-term cardiovascular morbidity 
and all-cause mortality: A population based prospective study. 
International Journal of Cardiology, 295, 36–41. https://doi.
org/10.1016/j.ijcard.2019.08.015

98.	Goodwin, K. (2009). Designing for the digital age: How to Create 
Human-Centered Products and Services. Wiley.

99.	Goyal, K., & Day, S. W. (2023). Factors affecting wearable 
electrode performance and development of biomimetic skin 
phantom. In Biomedical engineering. https://doi.org/10.5772/
intechopen.111429

100.	 Gruetzmann, A., Hansen, S., & Müller, J. (2007). Novel dry 
electrodes for ECG monitoring. Physiological Measurement, 
28(11), 1375–1390. https://doi.org/10.1088/0967-3334/28/11/005

101.	Gwak, H., Cho, S., Song, Y., Park, J. H., & Seo, S. (2023). A study on 
the fabrication of metal microneedle array electrodes for ECG 
detection based on low melting point Bi–In–Sn alloys. Scientific 

Reports, 13(1). https://doi.org/10.1038/s41598-023-50472-y
102.	 HappiTech. (n.d.). https://happitech.com/
103.	 Harteraad. (2023, August 17). Hartrevalidatie - harteraad. 

https://harteraad.nl/revalideren/
104.	 Harteraad. (2023, December 28). Hartfalen - Harteraad. 

https://harteraad.nl/aandoeningen/hartfalen-verminderde-
pompwerking-van-het-hart/

105.	 Harteraad. (2023, October 13). Dossier Hartrevalidatie - 
Samenwerkingsprogramma met de Hartstichting - Harteraad. 
https://harteraad.nl/dossier-artikelen/dossier-hartrevalidatie-
samenwerkingsprogramma-met-de-hartstichting/

106.	 HartKliniek. (2023, February 8). Zorgvraag Pijn op de borst: 
zorgenkindje? https://www.hartkliniek.com/nieuwsbrieven/
zorgvraag-pijn-op-de-borst-zorgenkindje

107.	 HartWacht. (2022, January 19). Cardiologie Centra Nederland. 
https://www.cardiologiecentra.nl/patient/meer-zorg/hartwacht/

108.	 Heartcare at home. (2022, November 10). Heart failure home 
monitoring - HeartCare at Home. HeartCare at Home. https://
heartcareathome.ie/

109.	 Honegger, M. (2018). Shedding light on black box machine 
learning algorithms: Development of an axiomatic framework to 
assess the quality of methods that explain individual predictions. 
arXiv preprint arXiv:1808.05054. https://arxiv.org/pdf/1808.05054*

110.	Horsten, M., Mittleman, M. A., Wamala, S. P., Schenck-Gustafsson, 
K., & Orth-Gomer, K. (2000). Depressive symptoms and lack of 
social integration in relation to prognosis of CHD in middle-
aged women. The Stockholm Female Coronary Risk Study. 
European Heart Journal, 21(13), 1072-1080. https://doi.org/10.1053/
euhj.1999.2012

111.	Huisartsenpraktijk Olthof. (n.d.). Screening hart- en vaatziekten. 
https://olthof.praktijkinfo.nl/screening-hart-en-vaatziekten/

112.	Huisartsenpraktijk Thoveling. (2018, March 29). Screening 
hart- en vaatziekten. https://www.huisartsenpraktijkthoveling.
nl/diagnostiek-en-behandeling/preventie/screening-hart-en-
vaatziekten/

113.	Hussey, L. C., & Gilliland, K. (1989). Compliance, low literacy, and 
locus of control. The Nursing clinics of North America, 24(3), 
605–611.

114.	Huygens, M., Voogdt-Pruis, H. R., Wouters, M., Meurs, M., Van 

Lettow, B., Kleijweg, C., & Friele, R. (2021). The uptake and use 
of telemonitoring in chronic care between 2014 and 2019: 
nationwide survey among patients and health care professionals 
in the Netherlands. Journal of Medical Internet Research, 23(5), 
e24908. https://doi.org/10.2196/24908

115.	Hvelplund, A., Galatius, S., Madsen, M., Rasmussen, J. N., 
Rasmussen, S., Madsen, J. K., Sand, N. P., Tilsted, H., Thayssen, P., 
Sindby, E., Højbjerg, S., & Abildstrøm, S. Z. (2009). Women with 
acute coronary syndrome are less invasively examined and 
subsequently less treated than men. European Heart Journal, 
31(6), 684–690. https://doi.org/10.1093/eurheartj/ehp493

116.	Hwang, R., Bruning, J., Morris, N., Mandrusiak, A., & Russell, 
T. (2017). Home-based telerehabilitation is not inferior to a 
centre-based program in patients with chronic heart failure: a 
randomised trial. Journal of Physiotherapy, 63(2), 101–107. https://
doi.org/10.1016/j.jphys.2017.02.017

117.	Inglis, S. C., Clark, R., Dierckx, R., Prieto‐Merino, D., & Cleland, 
J. G. (2015). Structured telephone support or non-invasive 
telemonitoring for patients with heart failure. The Cochrane 
Library, 2015(10). https://doi.org/10.1002/14651858.cd007228.pub3

118.	Institute for Health Metrics and Evaluation (IHME). (2020). global 
disease health burden study results. University of Washington. 
https://vizhub.healthdata.org/gbd-results/.

119.	Jahmunah, V., Ng, E. Y. K., San, T. R., & Acharya, U. R. (2021). 
Automated detection of coronary artery disease, myocardial 
infarction and congestive heart failure using GaborCNN model 
with ECG signals. Computers in Biology and Medicine, 134, 
104457. https://doi.org/10.1016/j.compbiomed.2021.104457

120.	 Jamison, J., Sutton, S., Mant, J., & De Simoni, A. (2018). Online 
stroke forum as source of data for qualitative research: insights 
from a comparison with patients’ interviews. BMJ Open, 8(3), 
e020133. https://doi.org/10.1136/bmjopen-2017-020133

121.	Jeon, Y., Kraus, S. G., Jowsey, T., & Glasgow, N. (2010). The 
experience of living with chronic heart failure: a narrative review 
of qualitative studies. BMC Health Services Research, 10(1). 
https://doi.org/10.1186/1472-6963-10-77

122.	 Jeroen Bosch Ziekenhuis. (2023). Monitoringscentrum. 
https://www.jeroenboschziekenhuis.nl/afdelingen/
monitoringscentrum

123.	 Jeroen Bosch Ziekenhuis. (n.d.). Onderzoek (screening) 
op de risicofactoren voor hart- en vaatziekten. https://www.
jeroenboschziekenhuis.nl/onderzoeken/onderzoek-screening-
op-de-risicofactoren-voor-hart-en-vaatziekten

124.	 Jha, M. K., Qamar, A., Vaduganathan, M., Charney, D. S., 
& Murrough, J. W. (2019). Screening and management of 
depression in patients with cardiovascular disease. Journal of 
the American College of Cardiology, 73(14), 1827–1845. https://doi.
org/10.1016/j.jacc.2019.01.041

125.	 Jonas, D. E., Reddy, S. M., Middleton, J. C., Barclay, C., Green, J., 
Baker, C., & Asher, G. (2018). Screening for cardiovascular disease 
risk with resting or exercise electrocardiography. JAMA, 319(22), 
2315. https://doi.org/10.1001/jama.2018.6897

126.	 Jørgensen PG, Jensen JS, Marott JL, et al. 
Electrocardiographic changes improve risk prediction 
in asymptomatic persons age 65 years or above without 
cardiovascular disease. J Am Coll Cardiol. 2014;2:64(9):898-906. 
doi: 10.1016/j.jacc.2014.05.050. PubMed PMID: 25169175.

127.	 Kaasenbrood, F., Hollander, M., Rutten, F. H., Gerhards, L. 
J., Hoes, A. W., & Tieleman, R. G. (2016). Yield of screening for 
atrial fibrillation in primary care with a hand-held, single-
lead electrocardiogram device during influenza vaccination. 
Europace, 18(10), 1514–1520. https://doi.org/10.1093/europace/
euv426

128.	 Kardia. (2023, October 17). Kardia. https://kardia.com/
129.	 Kitzman, D. W., Whellan, D. J., Duncan, P. W., Pastva, A. M., 

Mentz, R. J., Reeves, G. R., Nelson, M. B., Chen, H., Upadhya, B., 
Reed, S. D., Espeland, M. A., Hewston, L., & O’Connor, C. M. (2021). 
Physical rehabilitation for older patients hospitalized for heart 
failure. The New England Journal of Medicine, 385(3), 203–216. 
https://doi.org/10.1056/nejmoa2026141

130.	 Koehler, F., Koehler, K., Deckwart, O., Prescher, S., 
Wegscheider, K., Kirwan, B., Winkler, S., Vettorazzi, E., Bruch, 
L., Oeff, M., Zugck, C., Doerr, G., Naegele, H., Störk, S., Butter, 
C., Sechtem, U., Angermann, C. E., Gola, G., Prondzinsky, R., 
. . . Stangl, K. (2018). Efficacy of telemedical interventional 
management in patients with heart failure (TIM-HF2): a 
randomised, controlled, parallel-group, unmasked trial. The 
Lancet, 392(10152), 1047–1057. https://doi.org/10.1016/s0140-

139138



6736(18)31880-4
131.	Kontos, E. Z., Blake, K. D., Chou, W. S., & Prestin, A. (2014). 

Predictors of eHealth Usage: Insights on The Digital Divide From 
the Health Information National Trends Survey 2012. Journal 
of Medical Internet Research, 16(7), e172. https://doi.org/10.2196/
jmir.3117

132.	 Landelijke Huisartsen Vereniging. (n.d.). LHV. https://www.lhv.
nl/thema/patientengegevens-en-ict/e-health/

133.	 Lee, T., & Porter, M. (2013). The strategy that will fix healthcare 
(Vol. 91, pp. 1-19). Boston: Harvard Business Review.

134.	 Leening, M. J., Siregar, S., Vaartjes, I., Bots, M., Versteegh, M. 
I., Van Geuns, R. J. M., Koolen, J. J., & Deckers, J. W. (2013). Heart 
disease in the Netherlands: a quantitative update. Netherlands 
Heart Journal, 22(1), 3–10. https://doi.org/10.1007/s12471-013-0504-x

135.	 Lesman‐Leegte, I., Jaarsma, T., Sanderman, R., Linssen, 
G., & van Veldhuisen, D. J. (2006). Depressive symptoms are 
prominent among elderly hospitalised heart failure patients. 
European journal of heart failure, 8(6), 634-640. https://doi.
org/10.1016/j.ejheart.2005.11.010

136.	 Lesyuk, W., Kriza, C., & Kolominsky-Rabas, P. (2018). Cost-of-
illness studies in heart failure: a systematic review 2004–2016. 
BMC Cardiovascular Disorders, 18(1). https://doi.org/10.1186/
s12872-018-0815-3

137.	 Levin, B. (2024, January 10). The best ergonomic mice of 2024. 
CNN Underscored. https://edition.cnn.com/cnn-underscored/
reviews/best-ergonomic-mouse

138.	 Lindholt, J. S., Søgaard, R., Rasmussen, L. M., Mejldal, 
A., Lambrechtsen, J., Steffensen, F. H., Frost, L., Egstrup, K., 
Urbonavičienė, G., Busk, M., & Diederichsen, A. C. P. (2022). 
Five-Year Outcomes of the Danish Cardiovascular Screening 
(DANCAVAS) Trial. The New England Journal of Medicine, 387(15), 
1385–1394. https://doi.org/10.1056/nejmoa2208681

139.	 Logitech (n.d.). Draadloze MX Master 3S-muis - 8K optische 
sensor | Logitech. https://www.logitech.com/nl-nl/products/mice/
mx-master-3s.910-006559.html

140.	 Luscii. (n.d.). https://luscii.com/nl/home
141.	Macfarlane, P. W., Katibi, I., Hamde, S. T., Singh, D., Clark, 

E., Devine, B., Francq, B., Lloyd, S. M., & Kumar, V. (2014). 
Racial differences in the ECG — selected aspects. Journal 

of Electrocardiology, 47(6), 809–814. https://doi.org/10.1016/j.
jelectrocard.2014.08.003

142.	 Mampuya, W. (2012). Cardiac rehabilitation past, present and 
future: an overview. PubMed. https://doi.org/10.3978/j.issn.2223-
3652.2012.01.02

143.	 Máxima Oncologisch Centrum. (2022, June 16). Máxima 
Oncologisch Centrum. https://www.mmc.nl/oncologie/welkom-
maxima-oncologisch-centrum/prehabilitatie-fit-uw-operatie-in/

144.	 Mayo Clinic staff. (2022, May 25). Coronary artery disease 
diagnosis and treatment https://www.mayoclinic.org/diseases-
conditions/coronary-artery-disease/diagnosis-treatment/drc-
20350619

145.	 McCann, M., Stamp, N., Ngui, A., & Litton, E. (2019). Cardiac 
prehabilitation. Journal of Cardiothoracic and Vascular 
Anesthesia, 33(8), 2255–2265. https://doi.org/10.1053/j.
jvca.2019.01.023

146.	 McDonagh, T. A., Metra, M., Adamo, M., Gardner, R. S., 
Baumbach, A., Böhm, M., Burri, H., Butler, J., Čelutkienė, J., 
Chioncel, O., Cleland, J. G., Coats, A. J., Crespo‐Leiro, M. G., 
Farmakis, D., Gilard, M., Heymans, S., Hoes, A. W., Jaarsma, T., 
Jankowska, E. A., . . . Skibelund, A. K. (2021). 2021 ESC Guidelines 
for the Diagnosis and Treatment of Acute and Chronic Heart 
Failure. European Heart Journal, 42(36), 3599–3726. https://doi.
org/10.1093/eurheartj/ehab368

147.	 McLeod, C. J., Ackerman, M. J., Nishimura, R. A., Tajik, A. J., 
Gersh, B. J., & Ommen, S. R. (2009). Outcome of patients with 
hypertrophic cardiomyopathy and a normal electrocardiogram. 
Journal of the american College of Cardiology, 54(3), 229-233.

148.	 Medtronic. (n.d.). Cardiac Monitors - Reveal LINQ ICM system. 
Medtronic. https://europe.medtronic.com/xd-en/healthcare-
professionals/products/cardiac-rhythm/cardiac-monitors/reveal-
linq-icm.html

149.	 Messinger‐Rapport, B. J., & Sprecher, D. L. (2002). Prevention 
of cardiovascular diseases. Clinics in Geriatric Medicine, 18(3), 
463–483. https://doi.org/10.1016/s0749-0690(02)00015-0

150.	 Metro Mapping. (n.d.). Metro Mapping - De zorg verbeteren 
met Metro Mapping. https://metromapping.org/en/

151.	Meziane, N., Webster, J. G., Attari, M., & Nimunkar, A. J. (2013). Dry 
electrodes for electrocardiography. Physiological Measurement, 

34(9), R47–R69. https://doi.org/10.1088/0967-3334/34/9/r47
152.	 Michalsen, A., König, G., & Thimme, W. (1998). Preventable 

causative factors leading to hospital admission with 
decompensated heart failure. Heart, 80(5), 437–441. https://doi.
org/10.1136/hrt.80.5.437

153.	 Mieres, J. H., Shaw, L. J., Arai, A. E., Budoff, M. J., Flamm, S. D., 
Hundley, W. G., Marwick, T. H., Mosca, L., Patel, A. R., Quiñones, 
M. Á., Redberg, R. F., Taubert, K. A., Taylor, A. J., Thomas, G. S., 
& Wenger, N. K. (2005). Role of Noninvasive Testing in the 
Clinical Evaluation of Women With Suspected Coronary Artery 
Disease. Circulation, 111(5), 682–696. https://doi.org/10.1161/01.
cir.0000155233.67287.60

154.	 Ministerie van Volksgezondheid, Welzijn en Sport (VWS). 
(n.d.). Wegwijs in zorgtechnologie, e health en digitale zorg. 
zorgvannu.nl. https://www.zorgvannu.nl/

155.	 Ministerie van Volksgezondheid, Welzijn en Sport. (2017, 
September 20). Zorginstituut geeft gedetailleerd inzicht in 
afwegingen bij toelating zorg tot basispakket. Nieuwsbericht | 
Zorginstituut Nederland. https://www.zorginstituutnederland.
nl/actueel/nieuws/2017/09/12/zorginstituut-geeft-gedetailleerd-
inzicht-in-afwegingen-bij-toelating-zorg-tot-basispakket

156.	 Ministerie van Volksgezondheid, Welzijn en Sport. (2019). 
Standpunt Flash Glucose Monitoring (FGM) voor mensen 
met diabetes met een intensief insulineschema. Standpunt | 
Zorginstituut Nederland. https://www.zorginstituutnederland.
nl/Verzekerde+zorg/diabeteshulpmiddelen-zvw/documenten/
standpunten/2019/12/10/fgm

157.	 Ministerie van Volksgezondheid, Welzijn en Sport. (2021, 
May 26). Wetten, normen en kaders. Wegwijzer AI in De Zorg 
| Data Voor Gezondheid. https://www.datavoorgezondheid.nl/
wegwijzer-ai-in-de-zorg/wetten-normen-en-kaders

158.	 Molnar, C. (2023, August 21). Interpretable Machine learning. 
https://christophm.github.io/interpretable-ml-book/

159.	 Morik, K. (2006, October 20). Learning interpretable models. 
http://129.217.131.68:8080/handle/2003/23008

160.	 Muzus & Lost Lemmon. (2018). handboek Hoger bereik. 
https://www.bibliotheeknetwerk.nl/sites/default/files/documents/
bbv-hoger-bereik-interactief-handboek.pdf

161.	MyDiagnostick. (n.d.). https://www.mydiagnostick.com/about-

the-mydiagnostick
162.	 National eHealth Living Lab | Welkom bij NeLL. (n.d.). NeLL. 

https://nell.eu/
163.	 Nederlandse Vereniging van Ziekenhuizen, Nederlandse 

Federatie van Universitair Medische Centra, Revalidatie 
Nederland, & Zelfstandige Klinieken Nederland. (2016). 
Convenant Veilige Toepassing van Medische Technologie in de 
medisch specialistische zorg. Vmszorg. https://www.vmszorg.nl/
wp-content/uploads/2017/11/Convenant-medische-technologie-
tweede-druk-2016.pdf

164.	 Nederlandse vereniging ziekenhuizen. (2022). NVZ Factsheet 
digitale zorg. In NVZ-ziekenhuis.nl.

165.	 Nederlandse Vereninging Ziekenhuizen. (2022, November 
28). Medische Service Centra: kansen en knelpunten voor 
grootschalige zorg thuis. https://nvz-ziekenhuizen.nl/actualiteit-
en-opinie/medische-service-centra-kansen-en-knelpunten-voor-
grootschalige-zorg-thuis

166.	 Nederlandse Zorgautoriteit. (2022). DBC-pakket 2023 RZ23B. 
https://puc.overheid.nl/nza/doc/PUC_721877_22/1/

167.	 Nederlandse Zorgautoriteit. (2023). Wegwijzer bekostiging 
digitale zorg 2023*.* https://puc.overheid.nl/nza/doc/
PUC_655318_22/1/

168.	 Ng, S. X., Wang, W., Shen, Q., Toh, Z. A., & He, H. (2021). The 
effectiveness of preoperative education interventions on 
improving perioperative outcomes of adult patients undergoing 
cardiac surgery: a systematic review and meta-analysis. 
European Journal of Cardiovascular Nursing, 21(6), 521–536. 
https://doi.org/10.1093/eurjcn/zvab123

169.	 Nguyen, J., Berger, A. K., Duval, S., & Luepker, R. V. (2008). 
Gender disparity in cardiac procedures and medication use 
for acute myocardial infarction. American Heart Journal, 155(5), 
862–868. https://doi.org/10.1016/j.ahj.2007.11.036

170.	 NHG. (2021). NHG-Richtlijnen Hartfalen. https://richtlijnen.
nhg.org/standaarden/hartfalen

171.	Niklasson, A., Maher, J., Patil, R., Sillén, H., Chen, J., Gwaltney, C., 
& Rydén, A. (2022). Living with heart failure: patient experiences 
and implications for physical activity and daily living. Esc Heart 
Failure, 9(2), 1206–1215. https://doi.org/10.1002/ehf2.13795

172.	 Nivel. (2019, June 6). Vroegopsporing van mensen met een 

141140



verhoogd risico op hart- en vaatziekten. https://www.nivel.nl/nl/
publicatie/vroegopsporing-van-mensen-met-een-verhoogd-
risico-op-hart-en-vaatziekten

173.	 Noordam, R., Brochard, T. A., Drewes, Y. M., Gussekloo, J., 
Mooijaart, S. P., Van Dijk, K. W., Trompet, S., Jukema, J. W., & 
Van Heemst, D. (2023). Cardiovascular risk factors and major 
recurrent coronary events: A genetic liability study in patients 
with coronary artery disease in the UK Biobank. Atherosclerosis, 
376, 19–25. https://doi.org/10.1016/j.atherosclerosis.2023.05.011

174.	 Norris, R. M.. (1998). Fatality outside hospital from acute 
coronary events in three British health districts, 1994-5. BMJ, 
316(7137), 1065–1070. https://doi.org/10.1136/bmj.316.7137.1065

175.	 NU.nl. (2017, November 29). Anders kijken afl. 3: Zo meet 
Happitech hartritmestoornissen met je mobiel [Video]. NU.nl. 
https://www.nu.nl/160880/video/anders-kijken-afl-3-zo-meet-
happitech-hartritmestoornissen-met-je-mobiel.html

176.	 NVVC. (n.d.). Richtlijnen https://www.nvvc.nl/Kwaliteit/
richtlijnen

177.	 OMRON Healthcare (n.d.). https://www.omron-healthcare.nl/
category-landing/elektrocardiogrammen

178.	 OpenAI. (2023). Docs OpenAI API. https://platform.openai.
com/docs/introduction

179.	 OpenAI. (2023). ChatGPT (Nov 6, 2023 version) [Large 
language model]. https://chat.openai.com/chat

180.	 Orde van Medisch Specialisten, Zorginstituut Nederland, 
& Kennisinstituut van Medisch Specialisten. (2014). LEIDRAAD 
NIKP. In De Medisch Specialist. Kennisinstituut van Medisch 
Specialisten. https://demedischspecialist.nl/sites/default/
files/Leidraad%20Nieuwe%20interventies%20in%20de%20
klinische%20praktijk%20def.pdf

181.	Oscalices, M. I. L., Okuno, M. F. P., Lopes, M. C. B. T., Batista, R. E. 
A., & Campanharo, C. R. V. (2019). Health literacy and adherence 
to treatment of patients with heart failure. Revista Da Escola 
De Enfermagem Da Usp, 53. https://doi.org/10.1590/s1980-
220x2017039803447

182.	 Overmars, L. M. (2024). Big Data, Small Vessels [Proefschrift, 
Universiteit Utrecht]. https://doi.org/10.33540/1263

183.	 Palant, A., Zippel-Schultz, B., Ski, C., Brandts, J., Eurlings, 
C., Da Luz Brzychcyk, E. F., Hill, L., Dixon, L., Fitzsimons, D., 

Thompson, D., Mueller-Wieland, D., Schuett, K., Hoedemakers, 
T., La-Rocca, H. B., & Helms, T. (2021). Understanding needs 
and expectations of heart failure patients and their caregivers 
regarding digital health - the PASSION-HF project. European 
Journal of Cardiovascular Nursing, 20(Supplement_1). https://doi.
org/10.1093/eurjcn/zvab060.036

184.	 Passion - HF. (n.d.). Passion - HF. https://www.doctor-me.eu/
home1.html

185.	 Peltzer, S., Hellstern, M., Genske, A., Jünger, S., Woopen, 
C., & Albus, C. (2020). Health literacy in persons at risk of and 
patients with coronary heart disease: A systematic review. 
Social Science & Medicine, 245, 112711. https://doi.org/10.1016/j.
socscimed.2019.112711

186.	 Peretti, A., Amenta, F., Tayebati, S. K., Nittari, G., & Mahdi, 
S. S. (2017). Telerehabilitation: Review of the State-of-the-Art 
and Areas of Application. JMIR Rehabilitation and Assistive 
Technologies, 4(2), e7. https://doi.org/10.2196/rehab.7511

187.	 Philips. (2022, February 3). Philips introduces first at-home, 
12-lead ECG integrated solution for decentralized clinical trials. 
https://www.usa.philips.com/a-w/about/news/archive/standard/
news/press/2022/20220126-philips-introduces-first-at-home-12-
lead-ecg-integrated-solution-for-decentralized-clinical-trials.
html

188.	 Piepoli, M., Hoes, A. W., Agewall, S., Albus, C., Brotons, C., 
Catapano, A. L., Cooney, M. T., Corrà, U., Cosyns, B., Deaton, 
C., Graham, I., Hall, M. S., Hobbs, F. R., Løchen, M., Löllgen, H., 
Marques‐Vidal, P., Perk, J., Prescott, E., Redón, J., . . . Verschuren, 
W. M. M. (2016). 2016 European Guidelines on cardiovascular 
disease prevention in clinical practice. European Heart Journal, 
37(29), 2315–2381. https://doi.org/10.1093/eurheartj/ehw106

189.	 Praxa Sense. (2023, August 3). Praxa Sense - Remote health 
monitoring to detect clinical disorders. https://praxasense.com/

190.	 Prescott, E., Hippe, M., Schnohr, P., Hein, H. O., & Vestbo, J. 
(1998). Smoking and risk of myocardial infarction in women and 
men: longitudinal population study. BMJ, 316(7137), 1043–1047. 
https://doi.org/10.1136/bmj.316.7137.1043

191.	Puymirat, E., Simon, T., Steg, P. G., Schiele, F., Guéret, P., 
Blanchard, D., Khalife, K., Goldstein, P., Cattan, S., Vaur, L., 
Cambou, J.-P., Ferrières, J., Danchin, N., & USIK USIC 2000 

Investigators, & FAST MI Investigators. (2012). Association of 
changes in clinical characteristics and management with 
improvement in survival among patients with ST-elevation 
myocardial infarction. JAMA. https://doi.org/10.1001/2012.
jama.11348

192.	 Qardio. (2023, August 24). Smart Wearable ECG EKG 
Monitor - QardioCore - Qardio. Qardio. https://www.qardio.com/
qardiocore-wearable-ecg-ekg-monitor-iphone/

193.	 R. Schoot. (2014). Infographic Hervorming zorg en 
ondersteuning. Vilans. https://www.vilans.nl/kennis/infographic-
hervorming-zorg-en-ondersteuning

194.	 Ralapanawa, U., & Sivakanesan, R. (2021). Epidemiology and 
the Magnitude of Coronary Artery Disease and Acute coronary 
Syndrome: A Narrative review. Journal of Epidemiology and 
Global Health, 11(2), 169. https://doi.org/10.2991/jegh.k.201217.001

195.	 Ramachandran, H. J., Jiang, Y., Tam, W. W. S., Yeo, T. J., 
& Wang, W. (2021). Effectiveness of home-based cardiac 
telerehabilitation as an alternative to Phase 2 cardiac 
rehabilitation of coronary heart disease: a systematic review and 
meta-analysis. European Journal of Preventive Cardiology, 29(7), 
1017–1043. https://doi.org/10.1093/eurjpc/zwab106

196.	 Redfern, J., Coorey, G., Mulley, J. C., Scaria, A., Neubeck, L., 
Hafiz, N., Pitt, C., Weir, K. R., Forbes, J., Parker, S., Bampi, F., 
Coenen, A. J. J., Enright, G., Wong, A., Nguyen, T., Harris, M., 
Zwar, N., Chow, C. K., Rodgers, A., . . . Peiris, D. (2020). A digital 
health intervention for cardiovascular disease management in 
primary care (CONNECT) randomized controlled trial. Npj Digital 
Medicine, 3(1). https://doi.org/10.1038/s41746-020-00325-z

197.	 Reeves, G. R., Whellan, D. J., O’Connor, C. M., Duncan, P. W., 
Eggebeen, J., Morgan, T. M., Hewston, L. A., Pastva, A. M., Patel, M. 
J., & Kitzman, D. W. (2017). A novel rehabilitation intervention for 
older patients with acute decompensated heart failure. JACC: 
Heart Failure, 5(5), 359–366. https://doi.org/10.1016/j.jchf.2016.12.019

198.	 Rengo, G., Galasso, G., Vitale, D. F., Furgi, G., Zincarelli, C., 
Galluzzi, L., Femminella, G. D., Piscione, F., Rengo, F., & Leosco, D. 
(2010). An active lifestyle prior to coronary surgery is associated 
with improved survival in elderly patients. The Journals of 
Gerontology: Series A, 65A(7), 758–763. https://doi.org/10.1093/
gerona/glp216

199.	 Reuters. (n.d.). Abbott Laboratories Stock price. https://www.
reuters.com/markets/companies/ABT.N/

200.	 Ribeiro, M. T., Singh, S., & Guestrin, C. (2016). “Why Should 
I Trust You?” KDD ’16: Proceedings of the 22nd ACM SIGKDD 
International Conference on Knowledge Discovery and Data 
Mining. https://doi.org/10.1145/2939672.2939778

201.	 Richtering, S. S., Hyun, K., Neubeck, L., Coorey, G., Chalmers, J., 
Usherwood, T., Peiris, D., Chow, C. K., & Redfern, J. (2017). EHealth 
Literacy: Predictors in a population with Moderate-to-High 
Cardiovascular Risk. JMIR Human Factors, 4(1), e4. https://doi.
org/10.2196/humanfactors.6217

202.	 Rijnbeek, P. R., Van Herpen, G., Bots, M. L., Man, S., 
Verweij, N., Hofman, A., Hillege, H. L., Numans, M. E., Swenne, 
C. A., Witteman, J. C. M., & Kors, J. A. (2014). Normal values 
of the electrocardiogram for ages 16–90years. Journal of 
Electrocardiology, 47(6), 914–921. https://doi.org/10.1016/j.
jelectrocard.2014.07.022

203.	 Rohit, B. (2023, April 24). Sternum bone - Anatomy, Structure, 
Function - Samarpan Physio. Samarpan Physiotherapy Clinic. 
https://samarpanphysioclinic.com/sternum-bone/

204.	 Ruano-Ravina, A., Pena-Gil, C., Abu-Assi, E., Raposeiras, S., 
van't Hof, A., Meindersma, E., ... & González-Juanatey, J. R. (2016). 
Participation and adherence to cardiac rehabilitation programs. 
A systematic review. International journal of cardiology, 223, 436-
443. https://doi.org/10.1016/j.ijcard.2016.08.120

205.	 Rudin, C. (2019). Stop explaining black box machine learning 
models for high stakes decisions and use interpretable models 
instead. Nature Machine Intelligence, 1(5), 206–215. https://doi.
org/10.1038/s42256-019-0048-x

206.	 SanACoach. (n.d.). https://sananet.nl/sanacoach-hartfalen/
207.	 Saner, H., & Van Der Velde, E. (2016). eHealth in 

cardiovascular medicine: A clinical update. European Journal 
of Preventive Cardiology, 23(2_suppl), 5–12. https://doi.
org/10.1177/2047487316670256

208.	 Savarese, G. (2020). Global public health burden of heart 
failure. Radcliffe Cardiology. https://www.cfrjournal.com/articles/
global-public-health-burden-heart-failure

209.	 Savvy. (n.d.). Savvy ECG all-in-one medical device. http://savvy.
si/en/

143142



210.	 Sawatzky, J. V., Kehler, D. S., Ready, A. E., Lerner, N., 
Boreskie, S., Lamont, D., Luchik, D., Arora, R. C., & Duhamel, T. 
A. (2014). Prehabilitation program for elective coronary artery 
bypass graft surgery patients: a pilot randomized controlled 
study. Clinical Rehabilitation, 28(7), 648–657. https://doi.
org/10.1177/0269215513516475

211.	Schaeffer, D., Berens, E., & Vogt, D. (2017). Health literacy in the 
German population. Deutsches Arzteblatt International. https://
doi.org/10.3238/arztebl.2017.0053

212.	 Scheenstra, B., Bongers, B. C., Broeders, B., Imkamp, M., 
Van Susante, L., Kietselaer, B., Maessen, J. G., Van ’t Hof, A., & 
Nia, P. S. (2023). Reasons and predictors of non-participation 
in a personalized digital prehabilitation care trial for patients 
undergoing elective cardiothoracic surgery. Interdisciplinary 
CardioVascular and Thoracic Surgery, 37(2). https://doi.
org/10.1093/icvts/ivad123

213.	 Scheenstra, B., Mohansingh, C., Bongers, B. C., Dahmen, S., 
Wouters, Y. I. M. S., Lenssen, A. F., Geerlings, P., Knols, H. F. M., 
Van Kuijk, S. M. J., Kimman, M., Nieman, M., Maessen, J. G., Hof, A. 
W. V., & Peyman, S. N. (2021). Personalized teleprehabilitation in 
elective cardiac surgery: a study protocol of the Digital Cardiac 
Counselling randomized controlled trial. European Heart 
Journal, 2(3), 477–486. https://doi.org/10.1093/ehjdh/ztab041

214.	 Scherrenberg, M., Marinus, N., Giallauria, F., Falter, M., Kemps, 
H., Wilhelm, M., Prescott, E., Vigorito, C., De Kluiver, E., Cipriano, 
G., Dendale, P., & Hansen, D. (2023). The need for long-term 
personalized management of frail CVD patients by rehabilitation 
and telemonitoring: A framework. Trends in Cardiovascular 
Medicine, 33(5), 283–297. https://doi.org/10.1016/j.tcm.2022.01.015

215.	 Schomakers, E., Lidynia, C., & Ziefle, M. (2019). Listen to 
My Heart? How Privacy Concerns Shape Users’ Acceptance 
of e-Health Technologies. IEEE. https://doi.org/10.1109/
wimob.2019.8923448

216.	 Shafie, A. A., Tan, Y. P., & Ng, C. H. (2017). Systematic review of 
economic burden of heart failure. Heart Failure Reviews, 23(1), 
131–145. https://doi.org/10.1007/s10741-017-9661-0

217.	 Shah AJ, Vaccarino V, Janssens AC, et al. An 
Electrocardiogram-Based Risk Equation for Incident 
Cardiovascular Disease From the National Health and Nutrition 

Examination Survey. JAMA Cardiol. 2016 Oct 1;1(7):779-786. doi: 
10.1001/jamacardio.2016.2173. PubMed PMID:27487404.

218.	 Shareef, M. A., Kumar, V., Dwivedi, Y. K., Kumar, U., Akram, 
M. S., & Raman, R. (2021). A new health care system enabled by 
machine intelligence: Elderly people’s trust or losing self control. 
Technological Forecasting and Social Change, 162, 120334. 
https://doi.org/10.1016/j.techfore.2020.120334

219.	 Shaw, L. J., Bugiardini, R., & Merz, C. N. B. (2009). Women 
and ischemic heart disease. Journal of the American College 
of Cardiology, 54(17), 1561–1575. https://doi.org/10.1016/j.
jacc.2009.04.098

220.	 Shelton, S., Rice, J. D., Knoepke, C. E., Matlock, D. D., Havranek, 
E. P., Daugherty, S. L., & Perman, S. M. (2024). Examining the 
impact of layperson rescuer gender on the receipt of bystander 
CPR for women in cardiac arrest. Circulation. Cardiovascular 
Quality and Outcomes (Print). https://doi.org/10.1161/
circoutcomes.123.010249

221.	 Shieldex (n.d.). Shieldex Shop. https://www.shieldex-shop.
com/

222.	 Sia, C., Dalakoti, M., Tan, B. Y., Lee, E. C. Y., Shen, X., Wang, K., 
Lee, J. S., Arulanandam, S., Chow, W., Yeo, T. J., Yeo, K. K., Chua, 
T., Tan, R. S., Lam, C. S., & Chong, D. (2019). A Population‐wide 
study of electrocardiographic (ECG) norms and the effect of 
demographic and anthropometric factors on selected ECG 
characteristics in young, Southeast Asian males—results 
from the Singapore Armed Forces ECG (SAFE) study. Annals 
of Noninvasive Electrocardiology, 24(3). https://doi.org/10.1111/
anec.12634

223.	 Silver, J. K. (2020). Prehabilitation could save lives in a 
pandemic. BMJ, m1386. https://doi.org/10.1136/bmj.m1386

224.	 Simonse, L., Albayrak, A., & Starre, S. (2019). Patient journey 
method for integrated service design. Design for Health, 3(1), 
82–97. https://doi.org/10.1080/24735132.2019.1582741

225.	 Singh, M., Chin, S. H., Crothers, D., Giles, P., Al-Allaf, K., & Khan, 
J. S. (2013). Time trends of Gender-Based differences in lipid goal 
attainments during secondary prevention of coronary artery 
Disease. American Journal of Therapeutics, 20(6), 613–617. https://
doi.org/10.1097/mjt.0b013e31824c3e8c

226.	 Siontis, K. C., Noseworthy, P. A., Attia, Z. I., & Friedman, P. A. 

(2021). Artificial intelligence-enhanced electrocardiography 
in cardiovascular disease management. Nature Reviews 
Cardiology, 18(7), 465–478. https://doi.org/10.1038/s41569-020-
00503-2

227.	 Ski, C. F., & Rocca, H. B. (2020). Putting AI at the centre of 
heart failure care. Esc Heart Failure, 7(5), 3257–3258. https://doi.
org/10.1002/ehf2.12813

228.	 Sklearn (n.d.A). Scikit-learn K-means clustering. https://scikit-
learn.org/stable/modules/generated/sklearn.cluster.KMeans.
html

229.	 Sklearn (n.d.B). Scikit-learn manifold.TSNE.. https://scikit-learn.
org/stable/modules/generated/sklearn.manifold.TSNE.html

230.	 Søgaard, R., Laustsen, J., & Lindholt, J. S. (2012). Cost 
effectiveness of abdominal aortic aneurysm screening and 
rescreening in men in a modern context: evaluation of a 
hypothetical cohort using a decision analytical model. BMJ, 
345(jul05 2), e4276. https://doi.org/10.1136/bmj.e4276

231.	 Soleimani, M., Tansaz, Z., Kheirollahi, N., & Babamohamadi, 
H. (2023). The effect of a family-based participatory care 
program on anxiety in patients with acute coronary syndrome 
in coronary care units: A randomised controlled clinical trial. 
Australian Critical Care, 36(4), 565–572. https://doi.org/10.1016/j.
aucc.2022.04.002

232.	 Sørensen, K., Pelikan, J. M., Röthlin, F., Ganahl, K., Słońska, Z., 
Doyle, G., Fullam, J., Kondilis, B., Agrafiotis, D., Uiters, E., Falcón, M., 
Mensing, M., Tchamov, K., Van Den Broucke, S., & Brand, H. (2015). 
Health literacy in Europe: comparative results of the European 
health literacy survey (HLS-EU). European Journal of Public 
Health, 25(6), 1053–1058. https://doi.org/10.1093/eurpub/ckv043

233.	 Spengler. (2023, January 5). Cardiomate electrograph 3, 6 
or 12 | Spengler. https://www.spengler.fr/en/cardiology/ecg/
cardiomate/

234.	 Sridhar, C., Acharya, U. R., Fujita, H., & Bairy, G. M. (2016). 
Automated diagnosis of Coronary Artery Disease using nonlinear 
features extracted from ECG signals. IEEE. https://doi.org/10.1109/
smc.2016.7844296

235.	 Statex Produktions- und Vertriebs GmbH. (2023, September 
25). ShieldEx® – Metallized Technical Textiles. Shieldex® – 
Metallized Technical Textiles. https://www.shieldex.de/

236.	 Sturmfels, P., Lundberg, S., & Lee, S. (2020). Visualizing the 
impact of feature attribution baselines. Distill, 5(1). https://doi.
org/10.23915/distill.00022

237.	 Stut, W., Deighan, C., Cleland, J. G., & Jaarsma, T. (2015). 
Adherence to self-care in patients with heart failure in the 
HeartCycle study. Patient Preference and Adherence, 1195. 
https://doi.org/10.2147/ppa.s88482

238.	 Tan, J. H., Hagiwara, Y., Pang, W., Lim, I. I. S., Oh, S. L., Adam, 
M., Tan, R. S., Chen, M., & Acharya, U. R. (2018). Application of 
stacked convolutional and long short-term memory network 
for accurate identification of CAD ECG signals. Computers 
in Biology and Medicine, 94, 19–26. https://doi.org/10.1016/j.
compbiomed.2017.12.023

239.	 Tenbult, N., Van Asten, I., Traa, S., Brouwers, R. W. M., Spee, R. 
F., Lü, Y., Brini, A., Kop, W. J., & Kemps, H. (2023). Determinants 
of information needs in patients with coronary artery disease 
receiving cardiac rehabilitation: a prospective observational 
study. BMJ Open, 13(2), e068351. https://doi.org/10.1136/
bmjopen-2022-068351

240.	 Ter Hoeve, N., Jørstad, H. T., Sunamura, M., Janssen, V. R., 
Reimer, W. J. S. O., & Snaterse, M. (2022). Know your numbers: 
Patient and physician disparity in cardiovascular risk perception 
after an acute coronary syndrome. Journal of Cardiopulmonary 
Rehabilitation and Prevention, 42(6), E99–E100. https://doi.
org/10.1097/hcr.0000000000000732

241.	 The European parlement & The council of the European 
Union. (2009). DIRECTIVE 2009/125/EC OF THE EUROPEAN 
PARLIAMENT AND OF THE COUNCIL. In EUR-Lex (2009L0125 — 
EN — 04.12.2012 — 001.001 — 2). EUR-Lex.

242.	 The European parliament. (2017). Regulation (EU) 2017/745 
of the European Parliament and of the Council of 5 April 
2017 on medical devices, amending Directive 2001/83/EC, 
Regulation (EC) No 178/2002 and Regulation (EC) No 1223/2009 
and repealing Council Directives 90/385/EEC and 93/42/EEC 
(Text with EEA relevance. ). In EUR-Lex (02017R0745 — EN — 
24.04.2020 — 001.001 — 1). EUR-Lex. https://eur-lex.europa.eu/eli/
reg/2017/745/oj/eng

243.	 Theunissen, L., Abdalrahim, R. B. E. M., Dekker, L., Thijssen, 
H. J. M., Jong, S. F. a. M. S., Polak, P., Van De Voort, P. H., Smits, 

145144



G., Scheele, K., Lucas, A., Van Veghel, H. P. A., Cremers, H., Van 
De Pol, J. a. A., & Kemps, H. (2022). Regional implementation of 
atrial fibrillation screening: benefits and pitfalls. European Heart 
Journal, 3(4), 570–577. https://doi.org/10.1093/ehjdh/ztac055

244.	 Theunissen, L., Cremers, H., Dekker, L., Janssen, H. W., Burg, 
M., Huijbers, E., Voermans, P., Kemps, H., & Van Veghel, D. (2023). 
Implementing Value-Based Health care principles in the full 
cycle of care: the pragmatic evolution of the Netherlands Heart 
Network. Circulation: Cardiovascular Quality and Outcomes, 
16(4). https://doi.org/10.1161/circoutcomes.122.009054

245.	 Thomas, N. A., Drewry, A., Passmore, S. R., Assad, N., & Hoppe, 
K. K. (2021). Patient perceptions, opinions and satisfaction of 
telehealth with remote blood pressure monitoring postpartum. 
BMC Pregnancy and Childbirth, 21(1). https://doi.org/10.1186/
s12884-021-03632-9

246.	 TinyTronics. (n.d.). Tril-Vibratie DC-Motor Module - 3.7-5.3V - 
Klein. https://www.tinytronics.nl/nl/mechanica-en-actuatoren/
motoren/vibratiemotoren/tril-vibratie-dc-motor-module-3.7-
5.3v-klein

247.	 Tonolini, F., Jensen, B. J., & Murray-Smith, R. (2018, 27 
september). Variational sparse coding. OpenReview. https://
openreview.net/forum?id=SkeJ6iR9Km

248.	 Tremethick, M. J. (2001). Alone in a crowd: A study of social 
networks in home health and assisted living. Journal of 
Gerontological Nursing, 27(5), 42-47. https://doi.org/10.3928/0098-
9134-20010501-10

249.	 Tromp, J., Jindal, D., Redfern, J., Bhatt, A. B., Séverin, T., 
Banerjee, A., Ge, J., Itchhaporia, D., Jaarsma, T., Lanas, F., 
Lopez‐Jimenez, F., Mohamed, A., Perel, P., Pérez, G., Pinto, F. J., 
Vedanthan, R., Verstrael, A., Yeo, K. K., Kim, Z., . . . Cowie, M. R. 
(2022). World Heart Federation Roadmap for Digital Health in 
Cardiology. Global Heart, 17(1). https://doi.org/10.5334/gh.1141

250.	 Uchmanowicz, I., Nessler, J., Gobbens, R., Gackowski, 
A., Kurpas, D., Straburzyńska‐Migaj, E., Kałużna‐Oleksy, 
M., & Jankowska, E. A. (2019). Coexisting frailty with heart 
failure. Frontiers in Physiology, 10. https://doi.org/10.3389/
fphys.2019.00791

251.	 UMC Utrecht. (2023). Cardiologie. https://www.umcutrecht.nl/
nl/verwijsprocedure/cardiologie

252.	 Van Den Heuvel, J. F., Lely, A. T., Huisman, J. J., Trappenburg, J. 
C., Franx, A., & Bekker, M. N. (2020). SAFE@HOME: Digital health 
platform facilitating a new care path for women at increased risk 
of preeclampsia – A case-control study. Pregnancy Hypertension, 
22, 30–36. https://doi.org/10.1016/j.preghy.2020.07.006

253.	 van der Vaart, R., van Tuyl, R. H. D., Versluis, A., Wouters, M. 
J. M., van Deursen, L., Standaar, L., Aardoom, J. J., Alblas, E. E., & 
Suijkerbuijk, A. W. M. (2022). E-healthmonitor 2022. In RIVM.nl 
(RIVM-rapport 2022-0153). Geraadpleegd op 30 oktober 2023, 
van https://www.rivm.nl/e-health/publicaties

254.	 Van Der Wal, M. H. L., & Jaarsma, T. (2008). Adherence in 
heart failure in the elderly: Problem and possible solutions. 
International Journal of Cardiology, 125(2), 203–208. https://doi.
org/10.1016/j.ijcard.2007.10.011

255.	 Van Der Wal, M. H. L., Jaarsma, T., Moser, D. K., Veeger, N. J. G. 
M., Van Gilst, W. H., & Van Veldhuisen, D. J. (2005). Compliance in 
heart failure patients: the importance of knowledge and beliefs. 
European Heart Journal, 27(4), 434–440. https://doi.org/10.1093/
eurheartj/ehi603

256.	 van Dijk-Le Cocq d’Armandville, M. C., Elias-Smale, S., & 
Schroeder-Tanka, J. (2018, 5 juni). Hart- en vaatziekten niet 
genderneutraal. medischcontact. https://www.medischcontact.
nl/tijdschrift/thema/thema-artikel/hart-en-vaatziekten-niet-
genderneutraal

257.	 Van Houwelingen, T., Ettema, R., Antonietti, M. G., & Kort, H. 
(2018). Understanding Older people’s readiness for receiving 
Telehealth: Mixed-Method study. Journal of Medical Internet 
Research, 20(4), e123. https://doi.org/10.2196/jmir.8407

258.	 Van Lettow, B., & Wouters, M. (2019). E-Health, wat 
is dat? ResearchGate. https://www.researchgate.net/
publication/334615521_E-Health_wat_is_dat

259.	 Van Leunen, M. M. C. J., De Lathauwer, I. L. J., Verstappen, 
C., Visser-Stevelink, D. M. G., Brouwers, R. W. M., Herkert, C., Tio, 
R. A., Spee, R. F., Lü, Y., & Kemps, H. (2023). Telerehabilitation 
in patients with recent hospitalisation due to acute 
decompensated heart failure: protocol for the Tele-ADHF 
randomised controlled trial. BMC Cardiovascular Disorders, 23(1). 
https://doi.org/10.1186/s12872-023-03407-4

260.	 Van Poll, M. (2023, October 18). €77 mln subsidie 

voor digitale ziekenhuiszorg. FD.nl. https://fd.nl/
samenleving/1493381/77-mln-subsidie-voor-digitale-
ziekenhuiszorg?utm_medium=social&utm_source=app&utm_
campaign=earned&utm_content=20231105&utm_term=app-
android&gift=1Y0Ss

261.	 Varshney, K. R., Khanduri, P., Sharma, P., Zhang, S., & 
Varshney, P. K. (2018). Why interpretability in machine learning? 
an answer using distributed detection and data fusion theory. 
arXiv preprint arXiv:1806.09710. https://doi.org/10.48550/
arXiv.1806.09710

262.	 Verberk, W. J., Omboni, S.& Stergiou, G. S. (2016). Screening for 
atrial fibrillation with automated blood pressure measurement: 
Research evidence and practice recommendations. 
International Journal of Cardiology, 203, 465–473. https://doi.
org/10.1016/j.ijcard.2015.10.182

263.	 Verma, N. (2023, December 14). Optimizing K-Means 
Clustering: A guide to using the elbow method for determining 
the number of clusters. Medium. https://blog.gopenai.com/
optimizing-k-means-clustering-a-guide-to-using-the-elbow-
method-for-determining-the-number-of-877c09b2c174

264.	 Vervueren, P. L., Elbaz, M., Wagner, A., Dallongeville, J., 
Ruidavets, J. B., Haas, B., & Ferrières, J. (2012). The major element 
of 1-year prognosis in acute coronary syndromes is severity of 
initial clinical presentation: Results from the French MONICA 
registries. Archives of cardiovascular diseases, 105(10), 478-488. 
https://doi.org/10.1016/j.acvd.2012.05.008

265.	 Victor, B., Teal, V., Ahedor, L., & Karalis, D. G. (2014). Gender 
Differences in Achieving Optimal Lipid Goals in Patients With 
Coronary Artery Disease. American Journal of Cardiology, 113(10), 
1611–1615. https://doi.org/10.1016/j.amjcard.2014.02.018

266.	 Villalba-Mora, E., Casas, I., Lupiáñez‐Villanueva, F., & 
Maghiros, I. (2015). Adoption of health information technologies 
by physicians for clinical practice: The Andalusian case. 
International Journal of Medical Informatics, 84(7), 477–485. 
https://doi.org/10.1016/j.ijmedinf.2015.03.002

267.	 Virtanen, L., Kaihlanen, A., Laukka, E., Gluschkoff, K., 
& Heponiemi, T. (2021). Behavior change techniques to 
promote healthcare professionals’ eHealth competency: 
A systematic review of interventions. International Journal 

of Medical Informatics, 149, 104432. https://doi.org/10.1016/j.
ijmedinf.2021.104432

268.	 Vorrink, S., Antonietti, A., Kort, H., Troosters, T., Zanen, P., & 
Lammers, J. J. (2016). Technology use by older adults in the 
Netherlands and its associations with demographics and health 
outcomes. Assistive Technology, 29(4), 188–196. https://doi.org/10.1
080/10400435.2016.1219885

269.	 Vromen, T., Brouwers, R. W. M., Jørstad, H. T., Kraaijenhagen, 
R. A., Spee, R. F., Wittekoek, M. E., Cramer, M. J., Van Hal, J. M. C., 
Hofstra, L., Kuijpers, P., De Melker, E. C., Rodrigo, S. F., Sunamura, 
M., Uszko-Lencer, N. H., & Kemps, H. (2021). Novel advances in 
cardiac rehabilitation. Netherlands Heart Journal, 29(10), 479–
485. https://doi.org/10.1007/s12471-021-01585-4

270.	 Waite, I., Deshpande, R., Baghai, M., Massey, T., Wendler, O., & 
Greenwood, S. (2017). Home-based preoperative rehabilitation 
(prehab) to improve physical function and reduce hospital 
length of stay for frail patients undergoing coronary artery 
bypass graft and valve surgery. Journal of Cardiothoracic 
Surgery, 12(1). https://doi.org/10.1186/s13019-017-0655-8

271.	 Wang, J., Oh, J., Wang, H., & Wiens, J. (2018). Learning Credible 
Models. International Conference on Knowledge Discovery and 
Data Mining. https://doi.org/10.1145/3219819.3220070

272.	 Wang, K., Tian, J., Zheng, C., Yang, H., Ren, J., Liu, Y., Han, Q., 
& Zhang, Y. (2021). Interpretable prediction of 3-year all-cause 
mortality in patients with heart failure caused by coronary heart 
disease based on machine learning and SHAP. Computers 
in Biology and Medicine, 137, 104813. https://doi.org/10.1016/j.
compbiomed.2021.104813

273.	 Ware, P., Bartlett, S. J., Paré, G., Symeonidis, I., Tannenbaum, 
C., Bartlett, G., Poissant, L., & Ahmed, S. (2017). Using eHealth 
Technologies: Interests, preferences, and concerns of older 
adults. Interactive Journal of Medical Research, 6(1), e3. https://
doi.org/10.2196/ijmr.4447

274.	 Warth, G. J., MD. (2011, July 22). Patient Personalities 
101. Medscape. https://www.medscape.com/
viewarticle/746516?form=fpf

275.	 Wikipedia. (2024, February 16). Feature scaling. Wikipedia. 
https://en.wikipedia.org/wiki/Feature_scaling#cite_note-2

276.	 Wikipedia. (2024, March 2). Electrical resistivity and 

147146



conductivity. Wikipedia. https://en.wikipedia.org/wiki/Electrical_
resistivity_and_conductivity

277.	 Wildevuur, S. (2017). Could health learn from design? Design 
for Health, 1(1), 59–64. https://doi.org/10.1080/24735132.2017.129570
7

278.	 Wolf, A., Fors, A., Ulin, K., Thorn, J., Swedberg, K., & Ekman, I. 
(2016). An eHealth diary and Symptom-Tracking tool combined 
with Person-Centered care for improving Self-Efficacy after 
a diagnosis of acute coronary syndrome: a substudy of a 
randomized controlled trial. Journal of Medical Internet 
Research, 18(2), e40. https://doi.org/10.2196/jmir.4890

279.	 Xesfingi, S., & Vozikis, A. (2016). EHealth literacy: in the quest of 
the contributing factors. Interactive Journal of Medical Research, 
5(2), e16. https://doi.org/10.2196/ijmr.4749

280.	 Yao, R., Wen-Li, Z., Evans, R., Cao, G., Rui, T., & Shen, L. (2022). 
Inequities in health care services caused by the adoption of 
digital health Technologies: Scoping review. Journal of Medical 
Internet Research, 24(3), e34144. https://doi.org/10.2196/34144

281.	 Ying, J. T. P., Qi, Y. W., Kwok, S. Z., Ping, E. L. L., & Low, L. 
L. (2022). Co-Designing an eHealth application to facilitate 
integrated care coordination between healthcare and social 
care providers: The PopUP! application. International Journal of 
Integrated Care, 22(S2), 22. https://doi.org/10.5334/ijic.icic21172

282.	 Yusuf, S., Hawken, S., Ôunpuu, S., Dans, T., Avezum, Á., Lanas, 
F., McQueen, M., Budaj, A., Пайс, П., Varigos, J., & Liu, L. (2004). 
Effect of potentially modifiable risk factors associated with 
myocardial infarction in 52 countries (the INTERHEART study): 
case-control study. The Lancet, 364(9438), 937–952. https://doi.
org/10.1016/s0140-6736(04)17018-9

283.	 Zepeda-Echavarria, A., Van De Leur, R. R., Vessies, M. B., De 
Vries, N. M., Van Sleuwen, M., Hassink, R. J., Wildbergh, T. X., Van 
Doorn, J. L., Van Der Zee, R., Doevendans, P. A., Jaspers, J. E., & 
Van Es, R. (2024). Detection of Acute Coronary Occlusion with A 
Novel Mobile ECG Device: A Pilot Study. European Heart Journal. 
https://doi.org/10.1093/ehjdh/ztae002

284.	 Zhang, L., Kumar, K. S., He, H., Cai, C. J., He, X., Gao, H., Yue, 
S., Li, C., Seet, R. C., Ren, H., & Ouyang, J. (2020). Fully organic 
compliant dry electrodes self-adhesive to skin for long-term 
motion-robust epidermal biopotential monitoring. Nature 

Communications, 11(1). https://doi.org/10.1038/s41467-020-18503-8
285.	 Zio Monitoring. (n.d.). https://www.irhythmtech.com/

providers/zio-service/zio-monitors
286.	 Zorgverzekeraars Nederland. (2022). Perspectief voor 

verandering. https://www.zn.nl/app/uploads/2023/03/Visie-ZN-
MSZ-april-2022.pdf

149148



150


