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APPENDIX B - Interview with 
Cardioline R&D and Marketing 
head managers

To compare the web image of Cardioline with the real company an 
interview was carried out. The interview was structured with the 
following categories : about the company Cardioline, about what 
Cardioline innovation and finally about the return of investment for 
the future product (ROI).

CARDIOLINE 

1) Company structure
	 SPA

2) Fundamental values for Cardioline
	 (a) Cardioliner’s vision of the health care market, the 			 
	 company’s strategy and the relationship with the  cardioline’s 	
	 device users 

	 (b) (VISION, MISSION, AMBITION)
	 Cardioline wants to bring to market cardiology diagnostic 		
	 products that are simple to use, effective for diagnosis and 		
	 affordable.

3) Industry leaders and direct competitors
	 GE (USA), Philips (NL), Schiller (CH), Nihon Kohden (Jp), 		
	 Edan (CN)

4) Market positioning of Cardioline
	 Cardioline is in the middle of the market between large 		
	 multinationals and Asian competitors at lower cost

5) The business model of Cardioline and identification of 
customers of Cardioline.
	 Direct sales and distributors in Italy and exclusive 			 
	 distributors by country abroad. First services rather 			 
	 than products

6) Total annual turnover and by product
	 10 Million €, 50% ECG resting, 25% Stress, 25% Holter
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INNOVATION

In the video promoting Cardioline, President Fabio Rangoni talks 
about :
“a very high level of innovation that is necessary to interpret the 
current market”.

7.Why is innovation so important to Cardioline?
	 Because it is necessary to increase the knowledge within 		
	 products in order to compete

8.Do you have examples of innovation in Cardioline? If so, which 
ones are successful? Which ones not? (walk400h can be taken 
as an example? Why?
	 Cardiology Exam Management System on the Web 			 
	 (Cardioline Web App)
	 Touch ECG, electrocardiograph based on tablet windows or 		
	 android

9.Was this innovation mainly based on technology or service?
	 Technology and now service (WebApp as SaaS)

10.Which sector was most involved in innovation ?
	 R&D, Marketing

11.Is there more of a TOP DOWN or BOTTOM UP approach?
	 Top down then verified with customer surveys (bottom up)

12.How independent are the various sectors involved in the 
project?
	 It depends on the kind of decisions you make. Let me 			 
	 explain:
	 - Purely implementation topics (I put one component rather 		
	 than another, structure with 3 threads rather than mono 		
	 threads): R&D
	 - Product and user impact topics (how the UI, which 			 
	 functions to implement in release 1, should be done): R&D 		



12

	 and Marketing/Sales
	 - Regarding the aspects of industrialization: R&D, Acq and 		
	 Production
	 - Production Plans: Prod, purchasing, sales
 	 We do not want  a meeting for every decision 

13.Is the creation and development of the product project 
carried out exclusively with internal resources or are external 
resources also used? If so, for which services ?
	 There are collaborations with external resources (typically 		
	 academic) for algorithm development and validation. 			 
	 Exceptionally, we access external consultants to manage 		
	 work peaks.

14.Is the Know How exclusively internal?
	 With the exception of the resting analysis algorithm 			 
	 developed by the University of Glasgow, the rest is 			 
	 essentially internal know-how.

15.Are there examples of products developed in collaboration 
with universities or external companies?
	 Holter analysis software



13

ROI TABLE

to understand the return on investment of the future product in 
comparison with the current one, I have prepared a table to fill in

Walk 400 h Future product
Department involved R&D, Marketing, 

Service, Produzione
Same as walk400h

Development time 12 months man More than 12, about , 
15/18 months

Equipment 
investment

5000 € ca 40000 €

Year put into 
production

2018 2020

Production volume 
per year

1000 <3000

Cost of production 200€ Target 50€/70€
Sales price 1900€ TBD
Contribution margin (20%)? TBD
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APPENDIX C - DESTEP Trends 
Analysis

Trends have been analyzed and reported here by means of 
DESTEP (Demographic Economical Social Technological 
Environmental Political) method.

 

Demographic trends
Increase of life expectancy                                                                                                
From a demographic point of view the life extension in more than 
60 countries worldwide is significant. In terms of years, average 
life expectancy will increase from about 73 years in 2016 to 74 
years in 2021. This will result in an increase in the number of people 
over 65 to 655 million, or 11.2 % of the total population taken into 
account. In Western Europe it will be around 21 %, while in Japan it 
is expected to reach 30 %. See fig1
In the specific case of Western Europe, it is interesting to 
note that although Europe has the highest life expectancy 
of any other country analyzed, aging does not diminish, 
but instead continues to follow the global trend of growth.                                                                                  
(The Economist Intelligence Unit 2016).

 
    Fig 1. Life expectancy at birth (years)

This trend is certainly driven by the decrease in infant mortality 
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which, as can be seen from figure 2, has gone from 20.9 in 2016 to 
18.2 in 2021. (The Economist Intelligence Unit 2016).  

Fig. 2. World Healthcare and pharmaceutical industry

Economic/financial trends
Transition from fee-for-service system (FFS) to Value-based 
System (VBS)     
Considering the growing demand for health services, the limited 
operating margins of many health care facilities and the constant 
updating of technology, improving financial performance is 
certainly a problem for the healthcare world. For this reason, many 
structures are applying a strategic shift from volume to value. 
Namely, a metamorphosis from a fee-for-service system (FFS) to 
a value-based system (VB). The current system is changing from 
an FFS system with limited financial risk, limited results analysis 
and limited information-sharing, to a VB system, which focuses 
on maximizing the quality of health services by minimizing the 
cost. This is purchased through risk alignment and management . 
Furthermore VB system focuses more than the FFS on information 
sharing, on data collection and on coordinated management of 
the system. Aim of this system is also to operate through standard 
protocols of treatments provided.        (Digital Deloitte 2018)
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Outpatient Strategy                                                                                               
Concerning business strategy, an important trend is related to 
the preference of treating patients outside the traditional hospital 
facilities. To quantify the impact of such a strategy is worth to 
mention that in US since 2004 the proportion of revenue from 
inpatient service relative to outpatient  services has fallen 10 
percentage points.     (Digital Deloitte 2017)

New Strategy for organization
Current healthcare financing systems are not sustainable 
onsidering the growth of operational efficiency pressures from 
medical facilities. This translates into decreasing staff yields. That is 
the reason why more employee engagement is needed to achieve 
optimal productivity, efficiency and cost savings. (ClearPoint 
Strategy 2018).

Social/cultural trends
Social media 
In the last decade the world of social media has grown 
exponentially driven by patient trends and preferences, mainly by 
Gen Z and millenials.Social media world has become so important t 
the point to influence even the healthcare industry.
Among the main social trends ere they are reported the main ones

•	 Communication through video and live streaming, and stories of 
instagram will increase.

•	 Increased Emphasis on User-Generated Content
•	 Use of chatbots and messaging app to efficiently respond to all 

patients who need it
•	 Marketing driven by influencers will play an increasingly greater 

role

Mangrolia, A. (2018). 

Engaging the consumer
As the cost for medical care is forecasted to rise patients will 
want to be sure of getting the best service at the best price. This 
will require more transparency in the procedures of the whole 
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healthcare experience 
(Vogenberg, F. R., & Santilli, J. 2018).

Integrated communities
Clear signs of integrated communities trends are presented  at 
the annual JPMorgan Healthcare Conference, the largest and most 
informative investment healthcare symposium, where several 
collaborations have been presented.  These collaborations are the 
direct consequence of the growing competitiveness of the sector.
Here some samples:
•	 The Trinity Health System joined forces with Heritage 
Provider Network have developed a population health 
management policy;
•	 Blue Cross Anthem Blue Shield of Wisconsin has joined 
forces with Aurora Health Care and its Aurora Accountable Care 
Network. They agreed on a shared risk program to support value-
based payment models.
•	 Allina Health has formed a dozen Citizen Health Action 
Teams (called CHATs) to bring community members together to 
discuss neighbourhood health issues and find solutions.
•	 Henry Ford Health System is looking for solutions to 
"wire the safety net". It is pursuing continuous integration 
between itself and the various surfers and volunteers to address 
community involvement. Only the safety net program required the 
participation of over 30 community partners, including competing 
health systems in the Detroit region.
Brown, B. (2018).

Shape the workforce of the future
Digital technology, robotics and all automated machine represent 
a great opportunity to improve the health workforce. If interested 
parties will be able to include the augmented reality in the future 
workforce there will be the possibility to create a a new workforce 
version: the augmented workforce. It is hypothesized  a future 
scenario where the daily workload will be boosted by technological 
progress and the augmented workforce will work as a liaison 
between people and machines. This in order to get things done not 
only in a more productive way but also more rewarding.  
Digital Deloitte (2018)



18

Technological trends
Technology as lever to improve healthcare services                                     
As well as technology has radically changed our lives, it is now 
making the difference in the healthcare sector. The reason why 
this happen  is that technology is recognized as a lever to improve 
health services. In particular, it is recognized to technology 
the value of transforming traditional into smart services.                                                                                              
(Active advice 2017)
Technology for more effective and more accessible healthcare 
Exponential technologies are able to encourage innovation by 
reducing the cost of care, making it more effective and more 
globally accessible. Among healthcare innovations the most 
relevant for the technological sector are: Next-generation 
sequencing (NGS); 3D-printed devices; immunotherapy; Artificial 
intelligence (AI); Point-of-care (POC); diagnosis Virtual reality 
(VR); Biosensors and trackers; Convenient care; Tele health.                              
Digital Deloitte (2018)

Focus on standardization and on customer/patient 
needs            Technology innovation will need to demonstrate 
a positive economic return. Hence the strong focus 
on meet customer-consumer needs and the efforts to 
achieve a standardized delivery system and supply chain.                                                    
(Vogenberg, F. R., & Santilli, J. 2018).

Ecological Trends
Sustainability as element to report and share progress and 
promote patients health.
As in the past healthcare sustainability has proved to be a 
useful element to promote the patients health, so in the present 
it continues to be. In fact, achieving sustainable results has a 
double benefit: positive publicity as well as the opportunity to 
increase the global community network. In addition, the success of 
sustainability is due to the ability to  measure and report successful 
progress. For example, waste cycles and energy consumption 
are routinely measured in the vast majority of  healthcare 
organizations.
(May, G. 2012)
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 Political/judicial trends
Big Data management, privacy and security                                                                                                      
Since 2015 an important trend is present on the healthcare market 
and it is called “Big data”. Great efforts are used to extract and 
analyze the vast electronic health information collected and 
managed by structures, systems and suppliers. The reason why is 
connected with the need of  useful results to improve care service 
and cost reduction. Furthermore this involve problems linked to 
data privacy and security.           
 Kraus, R., & Kraus , R.(2018)

Cognitive computing, Cloud health records, IOT infrastructure.
To solve legal and economic political problems 3 directions are 
identified: Cognitive computing, electronic health records based on 
the cloud and the development of an IOT infrastructure.
•	 Cognitive computing 
Cognitive computing is a common technique for dealing with 
large volumes of quickly changing data. Regarding the healthcare 
cognitive computing can be used as a tool to predict disease (for 
instance disease onset) or to detect patterns in data (for instance 
drug’s effect on a population). 

•	 Cloud Health records
Interoperable electronic health records (EHR) coupled with 
artificial intelligence could create process efficiencies and improve 
the decision-making process needed to improve quality. 

•	 Internet of Things (IoT). 
The development of IoT in the healthcare market (where it is 
also called the Internet of Medical Things, or IoMT) has been 
particularly valuable in remote clinical monitoring, chronic disease 
management, preventive care, elderly care and fitness monitoring. 
The IoT application is reducing costs, improving efficiency, and 
refocusing on the quality of patient care.
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APPENDIX D - Cardiologist 
interview

To interview the cardiologist it was chosen the form of the semi-
structured interview. Questions were asked and then answers were 
given. In some cases, additional comments were integrated in the 
answers given by the Cardiologist

INTERVIEW
What is the main goal of a cardiologist when receiving a patient?
The goal of a cardiologist is to make sure that the recording is as 
accurate as possible and that there are as few artefacts as possible. 

(An artefact is an alteration of the cardiac recording due to 
interference. This interference is interpreted by the machine as 
arrhythmia and the cardiologist is forced to waste a lot of time 
reporting which are actually arrhythmias and which are not)

What is the main frustration?
The main frustration is that very often the cardiologist (except in 
urgent cases) does not talk to the patient. The result is delivered 
by the cardiologist who has done the analysis to another doctor 
and/or cardiologist.

How reliable is the holter monitor as a device?                                                              
The holter used, (a product similar to the walk400h) is a fairly 
reliable device. In the past year only 4 times out of 900 cases the 
examination was considered invalid.

What kind of people mainly use this service and for what 
duration?
Usually 60 years old people and for a duration of 24h

By whom is the set up phase carried out ?
Only by the nurse

How do you see the introduction of patch sensors as a tool for 
monitoring the heart? 
The patch solution is certainly an interesting solution but the 
scarcity of funds in the health sector and as long as the device 
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holter will work, I find it difficult to implement it in the public 
service.
What percentage of the data collected is useful for diagnosis?
The percentage useful for diagnosis is around 60 %.
How often does a person who suffers from atrial fibrillation have 
to or needs to check the heart via ECG?
The advice of a cardiologist is to have at least one visit per year, 
except for specific problems.
The diagnosis is made exclusively by the doctor or in 
collaboration with the technician, how long does it take?
The diagnosis is made by the cardiologist and the average duration 
for the analysis of a trace is from 15 to 20 minutes. 

OTHER USEFUL THINGS TO MENTION:
A major problem, of course, is the lack of funds in hospital facilities. 
This reduces the number of points where the holter service can be 
carried out. For example, there are people who have to wait very 
long for this type of system or have to travel up to 1 and a half 
hours to come to the assistive hospital. It is important to consider 
that the trip then consists of two times: one to put on the device 
and one to return it.
Another problem that emerged during the interview is that 
related to communication with the patient. Communication with 
the patient is fundamental for understanding the phenomenon. 
Sometimes there are patients who report arrhythmias when they 
are not there, but only because they suffer from anxiety.
In other cases, traces full of arrhythmias are only displayed when 
the data is uploaded to the computer. This delay can sometimes be 
fatal to the patient’s life

REFLECTIONS & CONCLUSIONS
The situation described by the cardiologist presents several 
improvement points for the whole service.

The main frustration of the cardiologist is to not be able to speak 
directly with the patients who use the holter. Problem that could 
be solved with modern telematic means (Skype, whatsapp, etc).
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Actual Holter devices are very reliable and perform their function. 
However they offer limited monitoring period and they do not have 
the real time function. Possible improvements are related to patient 
safety with a type of service that in urgent cases can alert the 
competent local authorities.

The reduction of artefacts during holter recording is certainly a 
factor that helps the efficiency of medical diagnosis. Cardiologist 
spend most of their 15-20 minutes of diagnosis to clean up the 
ECG recording from Artefacts ( Artefacts are alteration of the 
heartbeat record due to interference in the recordings.)

The trend of starting to treat patients in their own homes or 
outside traditional hospitals is here an issue to be addressed. If 
you can create a service that connects the patient and the doctor 
without having to move, it would be of great help both to the 
hospital and to the patient himself.  For the hospital it will help 
to boost the overall efficiency of the service and for the patient 
because can be avoided all the travel from home to the hospital 
along with the waits
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APPENDIX E - General 
Practicioner (GP) interview

INTERVIEW 
Objectives and frustrations
What is your role when you are carry on a visit and what are your 
main frustrations?

GP’s objective: to make an accurate diagnosis of the patient, 
help him to solve the problem of his health failure.
Frustrations: The patient’s described symptoms are sometimes 
not enough to make an accurate diagnosis. Uncertainty is the 
enemy against which the doctor struggles

What to do in case of patient with atrial fibrillation?
When visiting patients, it is sometimes very easy to detect 
atrial fibrillation, in which case the patient should be sent 
immediately to the emergency room. This is for reasons of 
urgency in ascertaining the severity of the discomfort.  If we 
proceeded with the standard procedure of the cardiologist’s 
visit, the first visit and then diagnosis times would be too long 
and therefore dangerous for the patient’s health.

What are the risks of a patient with atrial fibrillation? 
There are two health risks for the patient: heart failure and 
embolism.
- Heart failure occurs when the heart does not pump enough 
blood, resulting in poor blood circulation. 
- Embolism occurs when a debris inside the heart comes off 
and goes to block the passage of blood.

For what the holter is useful from a point of view of a Doctor?
1)To understand the genesis of neurological disorders. The 
genesis of neurological disorders is defined as the cessation 
of normal function of a part of the body usually due to the 
blockage of blood flow in the corresponding part of the brain. 
For example, the patient has dizziness, fainting, or has had a 
TIA namely Transient Ischemic Attack.

2)For the follow-up of arrhythmias. That is, to understand the 
severity of arrhythmias and their evolution after the treatments 
prescribed by the GP or cardiologist.
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3)To understand the nature of cardiac ischemia’s. To 
understand the reason why blood does not reach the heart

OTHER COMMENTS
Psychological status of the patient 
When it comes to the heart, older people are better able to cope 
with the treatment because they are psychologically very alarmed 
by the fact that their heart may not function properly. Patients 
understand the importance of the heart in the overall health of a 
person.

REFLECTIONS & CONCLUSIONS
With this interview I have understood what a doctor takes into 
account when, during the diagnosis of the patient, he suspects an 
atrial fibrillation.
Uncertainty is his first enemy with whom he fights patient after 
patient. This, of course, is done in order to provide the appropriate 
treatment. 
In addition to fighting uncertainty, he must be able to prevent 
diseases that are highly dangerous for life, if necessary taking 
some precautionary measures that go beyond what is necessary: 
“human life is priceless and therefore taking some preventive 
safety never hurts”.
In addition, thanks to this interview it has been possible to 
understand well how a general practitioner uses the results of a 
holter: to understand the genesis of neurological disorders, to 
follow the evolution of arrhythmias, and to understand the nature 
of cardiac ischemia.



28



29



30

APPENDIX F - Patients interviews

To dive deep into the figure of the patient (who is the main user 
of the Holter monitor), 14 patients were interviewed at the Assisi’s 
hospital.

METHOD 
3 patients each day were interviewed immediately after having 
carried the holter monitor for 24 h. Questions were asked and 
answers were given orally. These answers were then transcribed 
on paper.

SAMPLE INTERVIEWED
The sample of interviewed patients had an average age of 69.5 
years. The youngest patient was 16 years old while the oldest 
was 87 years old.
The gender composition was mainly female: 11 out of 14 were 
women while only 3 were male.

QUESTIONS & ANSWERS
Exam frequency of  holter monitor 
The frequency with which the patients were used to undergo 
holter monitor exam has proven to be varied. 
Out of 14 people interviewed: 4 patients were undergoing holter 
monitor testing for the first time , 5 had a exam frequency of 2 
months to one year, while 5 others had a exam frequency of not 
less than 3 years.

Reasons of an holter monitor test 
The main reason why a holter monitor test was carried out is 
the doctor request.
Only 4 out of 14 patients carried out the holter test for 
preventive safety

Sensation during the test 
Stress and Fear were the dominant feelings before take the 
holter test for 11 patients while consciousness and calmness 
were for the remaining 4. 
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Indipendent/ dipendent patient
Among a sample of 14 people, exactly half prefer to be followed 
while the other half prefers to be independent . 

Main complain
9 out of 14 people when were asked if they had any problems, 
they said no.      The others 5 complains for their inability to 
have a shower or washing their self properly.

REFLECTIONS & CONCLUSIONS
 Usually, this type of diagnosis is carried out by persons over 60 
years of age. Removing the two people of 16 and 42 years old 
they were all patients over 64 years old.
The Frequency with which patients undergo to the holter 
monitor exam is very diverse This is  probably due to the fact 
that the holter monitor is a reliable tool to analyze different kind 
of heart disease. Hence, the different periodicity with which 
check the heart behaviour.
In the vast majority case the holter monitor test is suggested 
from a doctor or from a Cardiologist. Only few patients decide 
to use it as prevention tool. Perhaps this is linked to the 
obtrusive experience of the actual devices.
Fear and stress are the most common feeling when a patient 
undergoes a holter monitors examinations. This is due to the 
awareness of the patient about the vital importance of the 
heart organ and the cardiovascular system.
There are patients who want to be autonomous and those who 
want to be closely followed by a caregiver (usually a family 
member). This needs to be taken into consideration for setting 
the amount of information to be given between the patient and 
the product.
A Vast majority of patient do not use a smartphone. Only 4 
declared to be able to use it and 1 of them was 16 years old. 
Considering the next future, is important to consider that 
a solution with personal digital assistant (PDA) could have 
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acceptance problems from the point of view of elderly people 
since they are not so familiar with smartphone or tablet.
Solutions to this issue could be to integrate in the service 
a younger caregiver which is more familiar with modern 
technology. In case Caregivers are difficult to implement 
alternatives needs to be considered. Option where the 
device-interaction  does not require any confidence with the 
smartphone.
Leading Problems detected during the holter monitor 
experience are the itching of the electrodes and the inability to 
maintain the personal level of  hygiene. Furthermore  another 
issue can be considered the passive behaviour of the patience 
and the poor involvement in the whole process.
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APPENDIX G - Nurses interviews

the Semistructured model was chosen as a model to conduct the 
interview. Two nurses were interviewed at the Assisi’s Hospital and 
their answers are reported with A for the first nurse interviewed 
and B for the second nurse interviewed

QUESTIONS AND ANSWERS
1.What do you pay particular attention to during the holter 
assembly phase? How would you define your task?

A. I pay particular attention to the installation of the device. My 
job is to explain to the user how the holter monitor works.
B. My focus is on patient information and on the application 
of holter. This is because the information is disregarded by the 
doctor who prescribe the test. 

2.What is your biggest concern while mounting the holter to the 
patient? 

A. That the user can break the device. 
B. The safety of the device and that the information provided is 
received by the user as it is often not accompanied.

3.Do you think that a device linked with smartphone (app) could 
be useful to improve the holter monitoring service offered to 
patients?

A. Currently no, as our users in most cases are elderly
B. From a futuristic point of view it may be ... At present our 
users are almost old and not very inclined to technology

4.What is the problem you most often encounter when 
mounting/disassembling the holter to the patient?

A. That the user does not have with him the documentation 
useful to the doctor for comparison during the test examination
B. The patient never has any documentation or clinical question 
to submit to the cardiologist doctor in charge of reading the 
holter monitor.

5.What is the most frequent complaint of this service of patients, 
and internal to the hospital? 
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A. Itching and redness due to patches used to secure the 
electrodes
B. The long waiting list. In male patients, due to chest 
depilation, erythema and redness are often used in connection 
with the application of patches to fix the electrodes.

6. Other comments
A.: /
B:Our SD cards have a 24-hour memory. One of the critical 
points in the event that an application of 48/72 hours is 
required, the patient is forced to return daily to change the 
cards and reset the personal data in the device.

REFLECTIONS & CONCLUSIONS
After the interview with the nurses, some conclusions can be 
drawn:
The hospital’s elderly clientele is not very keen on using 
smartphones. Some people only use it to call, others do 
not even have smartphones but only old mobile. From a 
futuristic point of view, the integration of the product with the 
smartphone can be a valid solution but in the short range it is 
necessary to study a device of intermediate level between the 
smartphone service product and the standard holter.
Problems of the nurses are due to the forgetfulness of the 
patients of previous analysis, this problem could be solved by 
creating a digital profile where to store the patient’s medical 
history. A kind of online medical record.
Nurses also often receive complaints from patients about 
itching and redness due to adhesive patches of the electrodes 
and the adhesive tape attached to them to secure them 
to the body. This problem is also detected in the Holter 
monitor experience section and in the questionnaire of both 
cardiologists and patients.
The use of a removable belt (QARDIO type) in direct contact 
with the skin could be a solution to be considered in order 
to improve the patient experience from the point of view of 
comfort (especially if the device is wore for more than 1 day)
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APPENDIX H - Structure and 
working principle of the heart 

To understand the ECG working principle it is necessary to 
understand how the human heart works and can be scientifically 
measured from it

HOW A HEART WORKS
Each excitable myocardial cell can be activated by an influence 
of positive ions, this influence causes a reduction of the trans-
membrane potential to such a threshold that a rapid influence of 
sodium ions (Na+) is activated. This influence passes through the 
myocardial cell membrane, which undergoes rapid depolarisation. 
Since these cells have the ability to “communicate” with each 
other, the depolarization of a cell spreads from cell to cell. This 
cell depolarization, which have within them myofibrils (a kind of 
molecular “step motor”) causes a further flow of ions such as 
Ca++, K+, Cl+ which have as their main result the reduction in 
length by means of chemical energy. This reduction in length is the 
mechanical force that allows the action of pumping blood by the 
heart. 
In order to return to the previous polarized state, a similar 
process of ions is carried out along the heart membrane. In 
this way the heart is back at the starting stage and is ready for 
a new polarization or pumping cycle. The depolarization and 
repolarization of cells is called potential action (AP). 
P.W. Macfarlane, TD:V:Lawrie (1989)

COORDINATED FUNCTIONS OF THE HEART
When the heart pumps blood into the heart, there are parts that 
receive more pressure and parts that receive less pressure. In 
addition, effective pumping requires coordination between the 
contraction and relaxation of the various heart cells. This complex 
operation of contraction and relaxation is solved by different heart 
cells with different functions. 
One cell group deals with pacemaking and delaying (sinoatrial 
and atrioventricular junction), a second group called His-Purknje 
system deals with the rapid spread of depolarization from the 
junction to the chamber, and a last group deals with mechanical 
contraction.
the functioning of these cells in a coordinated manner is made 
possible thanks to :
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A) An adaptive mechanism within the cells
B) The local autonomic nervous system of the heart
C) The autonomic nervous system outside the heart, directly from 
the cardiac joint to the other cardiac cells
D) From hormones circulating in the blood
When the functions listed above are not performed efficiently 
the heart loses efficiency and becomes vulnerable to arrhythmias 
which usually results in a loss of coordinated action.
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APPENDIX I - ECG

The electrocardiogram (ECG) is the graphical reproduction of the 
activity of the heart during its operation, recorded at the surface 
level of the body. 

ECG TRACE
The principle on which the measurement of the electrical heart 
activity is based is strictly physiological. In fact, the onset of 
impulses in the myocardium leads to the generation of potential 
differences that vary in space and time. These potential differences 
can be recorded by means of electrodes placed in specific areas 
of the body. The recording of the difference in potential is made 
possible by the conductivity of the interstitial fluid of the human 
body. (Costantini, M. 2012).

The electrocardiographic trace is still considered the most 
economical, simple and practical method to observe if the 
electrical activity is normal or if there are mechanical or 
bioelectrical pathologies.. (Costantini, M. 2012).
By convention, the path is always measured on graph paper with 
abscissa the time (scale of a second in 25 mm) and order the width 
(scale 10 milliVolt every 10 mm)    

Figxx. an example of normal sinus Rhytm

  Fig xx the measurement in mm of the graph paper and the measurement of the 
cartesian plane; in the order of the tension, in the abscissa the time
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ECG WAVES
The normal ECG trace consists of a sequence of positive and 
negative flexions called “waves” separated by some straight lines, 
called “segments”, a sequence that repeats itself at each cardiac 
cycle. Costantini, M. (2012).
The waves for which the ECG is composed are both positive (P,R,T) 
and negative (Q,S) waves. Positivity and negativity refers to the 
“iso electric line” which is the baseline of the electrocardiogram. 
The iso electric line is important for the interpretation, especially 
of the ST segment, which is considered in the norm only if it does 
not deviate from it by more than 1 mm, both on the side and at the 
bottom IPASVI. (2013).
A schematic representation of the ECG wave  is given by means of 
two following pictures:

Figxx: Schematic rappresentation of a normal ECG

Figxx: tracing with heart contractions (Anatomy & Physiology, Connexions 2013)
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APPENDIX L - Prerequisites for 
body sensor design

Trobec et al. (2018) in chapter 2 of his book Body sensors and 
Electrocardiography , provides guidelines to design a body sensor 
design.        Here is a summary of that chapter.
These are the main prerequisites for designing a body sensor that 
must continuously and remotely measure the bio potential on the 
human body:
1.	 The bio potential reflects the activities of living tissues that 
change their potential in a time frame usually less than one second. 
In order to obtain a reliable measurement, the signal must be 
sampled at a minimum frequency of 100 times per second. Once 
sampled, the signal is either analyzed internally by the sensor or is 
transmitted wirelessly to a more complex analyzer device.
In both cases a significant amount of energy is used by the sensor 
either to transmit data or to process it internally. Designers and 
developers of this kind of product must keep in mind a good 
balance between local computing and communication/data 
transmission.

2.	 the electrical potential cannot be measured between 
wireless points on the body. A conductive path (wire) is required 
between the two points to measure the difference in potential. If 
the two connected points are close enough, they can be grouped 
with their respective components into a single body sensor.

3.	 The dimensions of the sensor must be small both in size 
(e.g. 10 cm) and weight (around 15 g) in order to be as discreet as 
possible.

4.	 The body sensor should appear formally attractive to 
patients in order to appear it as much as possible as an ornament 
and less as a medical device.

5.	 The biosensor must be connected to the body securely and 
reliably

6.	 The sensor should be multifunctional. This means that 
it should analyse (ECG, muscle activity, breathing) but also 
parameters of the external environment in which the patient is 
located (acceleration, light intensity, temperature).
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7.	 Finally, the sensor should have a long operating time. This 
involves a low-power wireless connection from the sensor to your 
Smartphone or similar device. (e.g. a Bluetooth connection is 
preferable to a wireless one in terms of energy consumption)

8.	 Together with the body sensor a simple software needs 
to be developed for the visualization and interpretation of the 
recorded results. Obviously such an interpretation would be helped 
by the data collected by a multifunctional device (point 6) that 
with its external data as well as internal to the patient would allow 
to make more accurate diagnoses.

A prototype body sensor that contains almost all the prerequisites 
listed above is shown on the left side of Fig. XX.

On the right side of fig.xx is shown a near-to-market prototype. 
This sensor is the result of a co-work of engineers, patients, 
doctors, and has as characteristics those of Small, lightness, 
flexibility and discretion for the user.

Figxx. An early prototype of an ECG body sensor connected through low-power 
Bluetooth and the smarthphone (left) and a near-to-market ECG sensor to market 

in a flexible design.
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APPENDIX M - How to setup the 
biosensor

The position of the biosensor significantly affects the quality of 
the recorded data. Some positions are better for monitoring atrial 
activity, especially P wave and heart arrhythmia types. The P 
wave is of particular importance for measuring arrhythmias as the 
smallest parameter measured in an ECG is the first to disappear if 
noise occurs. Although the existing knowledge of the conventional 
12-channel holter is limited, it can be used as a reference for a new 
interpretation.

Figxx. Cardiac cycle with wave names

Results of a study conducted by Puurtinen (2009) showed that 
the best positions for QRS complex and P-wave detection are 
around the chest electrodes of the standard precordial leads V2, 
V3 and V4, and above the chest electrodes of the leads V1 and V2, 
respectively.

Figxx. The standard precordial 12 Lead ECG
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Also Puurtinen (2009) also provides a response to the optimal 
orientation which is defined as diagonal .

Trobec et al. (2018) also collects experimental data in his book in 
order to find the optimal location for the placement of a prototype 
ECG biosensor. There are several proven positions that provide 
an adequate cardiac cycle ,as you can see in fig. xx, however the 
positions with an optimal result are those indicated with L, LRI, LI. 
The worst of the various positions is the one called LLS, the only 
one that does not show the P wave in its trace.  

Figxx : Raw ECG signal in different position of the chest
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APPENDIX N - Waterproof 
solutions

NORMATIVE 
Since the possibility to have a shower can improve drastically the 
comfort of holter monitor experience, water protection standard is 
here analyzed.

The Enclosure company (2018) provides a well defined explanation 
of what waterproof enclosures means. Here is reported a summary 
of what they explain.

IP Rating
The first thing to understand is the IP (or “Ingress Protection”) 
ratings which are defined in international standard EN 60529 
(British BS EN 60529:1992, European IEC 60509:1989). They 
are used to define levels of sealing effectiveness of electrical 
enclosures against intrusion from foreign bodies (tools, dirt etc) 
and moisture.
In fig xx a sample of an IP code is shown with its main features: 
•	 the initial of every IP ratings “IP”,
•	 the first and the second characteristic number (2,3 )
•	 and some optional additional letters (C,H)
To better understand what those number in practise means it is 
necessary to dive deep into it.

Figure xx: Sample of IP rating
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First characteristic numeral Numbers
The first digit (0-6) indicates the level of protection from solid foreign 
objects (included dust) and the level of protection of person against 
access to hazardous parts. Here a table by OSRAM (2018) with each 
level of protection and its brief description:

Table XX by OSRAM about the first characteristic number
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Second characteristic numeral Numbers
The second digit  indicates the level of protection of electrical 
components from liquids, included water. As for the first digit here 
it is presented a table xx by OSRAM (2018) with brief description 
for each level of the second characteristic.

Table XX by OSRAM about the second characteristic number

 Some of the most common example are 
IP23: Protected from solid foreign objects 12.5 mm in diameter and 
larger, and protected from moisture challenges as aggressive as 
spraying water.
• IP54: Dust-protected and protected from moisture assault as 
strong as splashing water.
• IP65: Dust-tight and protected from moisture challenges up to 
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jetting water.
• IPX1: Not evaluated for protection against solid foreign objects, 
and protected from moisture only in the form of vertically dripping 
water.
• IP4X: Protected from intrusion by solid foreign objects as small 
as 1.0 mm in diameter, and not evaluated for protection from 
moisture.

DESIGN SOLUTIONS
Once studied the European normative IEC 60509:1989 it is then 
possible to analyze existing waterproof solutions. According to 
Brown, C. (2018). among all the infinitive waterproof solutions 
some of the most common used are static o-ring seals dynamic 
o-ring seals 
	
Static o-ring seals
Static o-ring seal is one of the most common configuration. To 
make the seal water tight an O-ring is placed in an appropriate 
groove and its compression enable the mate to be water tight
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Figxx: the the cross-sectional area of the groove larger than cross sectional 
of  the o-ring

Important to take into account is a of 10-40% compression of the 
o-ring (the squeeze factor ) and that the maximal cross section 
area of the o-ring needs to be smaller than the minimum cross 
sectional area of the grove as it is shown in figxx.

 Advice procedure

1.	 The first step: look at the Internal diameter (ID) of the seal, or 
calculate the Internal perimeter (IP)

2.	 Once you have the ID/IP, look at the ASTM charts to look for 
your o-ring options with a similar ID—but smaller. This is where the 
percentage stretch comes in, and for a static seal, it is necessary an 
o-ring with an ID about 1-5% smaller than the groove ID. This gives 
the o-ring a tight fit against the sealing surface and keeps it from 
moving too much with external pressure. 

3.	 Once  the o-ring width is determined it is possible to proceed 
to  calculate the width of the groove. This is based on the o-ring 
volume, and is calculated using the cross-sectional areas of the 
groove and o-ring. In order to create a seal, it is needed to compress 
the o-ring, consider a 10%-40% o-ring compression (also called the 
squeeze), and make sure that the maximum cross-sectional area of 
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the o-ring (including variations from tolerance) is always smaller 
than the minimum cross-sectional area of the groove.

Dynamic O-ring Seal
The dynamic o-ring seal is like the static seal, but with less 
compression and more lubrication. Same procedure and rules of 
the static seal except that for a dynamic seal it is needed only 10%-
30% compression.

Fig.xx O-ring in different size shape 

ECG PRODUCT WITH WATERPROOF 
FEATURES
Since waterproof devices enable patient to fulfil one of the most 
basic need wash themselves) Several ECG device with waterproof 
features are already available on the market. Here a list of some.
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Fig.xx Bittium faros waterproof casing

BITTIUM FAROS
Bittium faros is a device which totally waterproof. Unless you buy 
one is not possible to know how is made but probably the entire 
case is watertight sealed with o ring or a similar membrane.

SAVVY
The device is already well analyzed in the previous chapter but 
with the image here reported is explained how is waterproof : the 
cable is shielded by a rubber protection and the electronic board is 
protected by a casing with watertight seal. 

Fig.xx Savvy disassembled

MC10
Very interesting is also the option of the MC10. A light, flexible, and 
watertight device
In this case the waterproof construction is made by elastic 
polyurethane in direct contact with the skin. Plastic cover and 
hydrocolloid gel make sure that water is not an issue for the 
Battery and electronic components. 
 



67

Fig.xx MC10: exploded view (a), assembled (b), smartphone integration(c) bending test 
(d,e)

PHILIPS WEREABLE BIOSENSOR
Similar strategy is also used by the  Philips wereable bionsensor 
where all the components are protected from the dust and water 
through hydrocolloid gel and the polyuretan case on top.

Fig.xx Philips  wereable sensor: exploded view (left), assembled (right),
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CONCLUSIONS
The conclusions to be drawn from this chapter are all related to 
how to make a waterproof device.
It was first analyzed the nomenclature of internal protection and 
then the various degrees of protection from water and dust that a 
device can achieve.
Subsequently, the research dive deep into study cases of 
waterproof working principle from the simplest solution with 
o-rings and appropriate grooves to solutions of existing holter 
products. For example Savvy with the case that completely closes 
the board or MC10 which has a solution with plastic top and 
hydrocolloid gel 
From this analysis it was possible to define how much the future 
device needs to be protected from water. A level of IP that needs 
to protect the device from powerful jets of water coming from any 
direction in a uniform manner. The code for this protection is IPX6.
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APPENDIX O - Brainstorm results
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