Appendix - Myo

A discreet device to monitor atrial

fibrillation for elderly people

April 2019

Filippo Petrocchi

MSc Graduation project
Integrated Product
Design

%
TUDelft

CARDIOLINE



INndex

APPENDIX A - Graduation brief

APPENDIX B - Interview with Cardioline R&D and Marketing head
manager
APPENDIX C - DESTEP Analysis

APPENDIX D - Cardiologist Interview
APPENDIX E - General Practitioner Interview
APPENDIX F - Patients interviews
APPENDIX G - Nurses interviews

APPENDIX H - Structure and working principle of the heart
APPENDIX | - ECG

APPENDIX L - Prerequisites of body sensors

APPENDIX M - How to set up a body sensors

APPENDIX N - Waterproof solutions

APPENDIX O - Brainstorm results



APPENDIX B = Interview with
Cardioline R&D and Marketing
head managers
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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 (ROD).

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



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”.

7Why 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

11.1s 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 Ul, which
functions to implement in release 1, should be done): R&D

11
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and Marketing/Sales

- Regarding the aspects of industrialization: R&D, Acg 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.

14.1s 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



ROI TABLE

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

Department involved R&D, Marketing, Same as walk400h
Service, Produzione

Equipment 5000 € ca 40000 €
investment

Production volume 1000 <3000
per year

Sales price 1900€ TBD

13



APPENDIX C - DESTEP Trends
Analysis
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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 figl

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).

Life expectancy at birth (years)
20122 20134 2014% 20158 20162 2017% 20180 2019% 20200 2021%

North America 718.7 78.8 79.0 79.2 79.3 79.4 79.6 79.7 79.9 E0.0
Western Europe 80.8 81.0 81.2 81.4 81.6 81.8 81.9 82.1 82.3 82.5
Transition economies 70.6 71.1 715 72.0 72.1 72.2 2.4 12.5 72.6 12.9
Asia & Australasia 71.1 71.4 71.7 72.0 12.2 72.4 12.7 72.9 73.2 73.4
Latin America 4.4 74.7 74.9 75.1 75.3 75.6 75.8 76.0 76.3 76.5
Middle East & Africa 59.0 59.4 59.8 60.3 60.5 60.7 60.9 61.1 61.4 61.6
World® 11.9 72.2 12.5 72.8 73.0 73.2 73.4 73.7 73.9 741

 Economist Intelligence Unit estimates. b Economist Intelligence Unit forecasts. © Sum of 60 countries covered by the Economist Intelligence
Unit's industry service.

Source: The Ecomombst Intelligence Unit.
Fig 1. Life expectancy at birth (years)

This trend is certainly driven by the decrease in infant mortality



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).

World healthcare and pharmaceuticals outlook
(Forecast closing date: December 30th 2016)

World healthcare and pharmaceutical industry?
20120 20130 2014 20150 20160 2017¢ 2018° 2019¢ 2020 2021¢

Iilni-:poclnncy,I.'n'..al {yrs) 71.9 T2.2 72.5 72.8 73.0 73.2 73.4 73.7 73.9 74.1
Male 69.9 0.2 70.4 Jo.T 0.9 1.1 7.4 1.6 1.8 2.0
Female fa.1 14.3 4.6 74.9 75.1 75.3 75.6 15.8 6.0 76.2
Infant mortality rate (per 1,000 live births) 23.4 22.8 22.1 21.5 20.9 20.4 19.8 19.3 18.7 18.2
Doctors (per 1,000 pop) 1.7 1.8 1.8 1.8 1.8 1.8 1.9 1.9 1.9 1.9
Healthcare spending (US$ per head) 13115  1332.0 13639 1300.0 13233 1356.1 1392.2 1434.0 1495.2 1562.3
Healthcare spending (% of GDP) 10.2 10.2 10.2 10.4 10.5 10.5 10.6 10.6 10.5 10.4
Pharmaceuticals sales (US§ bn)® 913.5 929.7 971.0 956.7 985%.0 10314 10655 11159 1182.6 1253.9
Pharmaceuticals sales (% change) 0.1 1.8 4.4 1.5 3.0 4.7 3.3 4.7 6.0 76.5

@ Sum of 60 countries covered in the Economist Intelligence Unit's industry service. b Economist Intelligence Unit estimates. € Economist
Intelligence Unit forecasts. 4 Sales at manufacturers prices, 51 countries.

Saurce: The Beamomist Intelligence Linit

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 vields. 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



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 CHATSs) 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)

17
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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 (Al); 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)



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 (loT).

The development of loT 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
mMmanagement, preventive care, elderly care and fitness monitoring.
The loT 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 walk40O0h) 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

20



holter will work, | 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).

21
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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
yoOu 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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Questionario per Cardiologo

| risultati di questo questionario verrano utilizzati per fini universitari
PROCESSO/ESPERIENZA DELL’'HOLTER

1. Dal punto di vista di un cardiologo quale & il principale obbiettivo quando si effettua un servizio HOLTER
Monitor? (Es.fare il pili veloce possible. Eseguire I'esame nella maniera pil accurate possibile, etc)

L1 CENCP DLEANE 1oV (C0NO CHE ¢8 NGEICTad I10VE SiA ACcdnANA
sr0 ¢ yco i

5 wll UL
HQ{[QdQ (RGAAE PAATEEHTT

2. Conside "ando tuito il servizio, dal montaggio alla diagnosi e infine alla consegna del risultato del paziente
quale e la frustrazione, principale? (Es. non abbastanza tempo a disposizione, lavoro molto difficile da
eseguire, troppi pazienti,etc)

FONSE (A GAVETAANONE EpINOHENTA/T & WuSHA (g i (AAMIOLOLD

8 (RAER (! T a RAUTE (Tapaa® CAC

T € (RfaME VTR ONLRe~NATO BAC 1A ) |RaTE AD UN

ArTno caADVOLOLO
3. Ogni quanto I'esame holter fallisce e/o & necessario rifarlo ? (Es. 1 volta su 10)
NO« (N Y ANND NG APPOLHIA o andh QPO iz NOBHIARD
ANt PPRTRA o Ry ™ L v0 TR pudlpnND -
4, Eta media o categorie di eta per questo tipo di Esame? (Es. Giovani sportive, anziani>65)
(ARG AITENGNTE > 60 AN

5. Cisono procedure diverse per tipologie di persone diverse ? (es.adulti, bambini, femmine

maschi? NO

6. Quale é la durata holter pil usata nell’ospedale ? (24h, 48 h, 1 settimana)
24 OQE

MONTAGGIO

7. Per il montaggio il Cardiologo & presente o viene effettuato da infermieri/e? Se dal cardiologo, quanto tempo
occorre? DB INFRAMEAR

PRODOTTO HOLTER

8. Per lafibrillazione Atriale parrosistica, quale tipologia di holter normalmente & consigliata? (24h, 48h, 1
settimana)

2 Oz

9. Attualmente il mercato sta proponendo sensori a cerotto (PATCH) come strumento per la monitorizzazione
del cuore. Cosa ne pensa? (Vedi foto sotto). Potrebbero essere il futuro per la cardiologia? Ci sono altri
scenari possibili?

Coplfo  §FiC)0bHBITE M € A CON (G CAAIR N COACH
it gt Lot i DoTaryuan o Fow B NON TA as -

fostidbien enreminnée -




DIAGNOSI

10. Orientativamente, quale percentuale dei dati registrati & utile a fare la diagnosi per una fibrillazione atriale?
60 %

11. Una persona che soffre di Fibrillazione atriale ogni quanto & obbligata o necessita di controllare il cuore
tramite ECG?
e T (D o N

Plofennm  Pantycodall

12. La diagnosi viene effettuata esclusivamente dal medico o in collaborazione con il tecnico/ infermiere? in
generale quanto tempo richiede?

LA DVALNOSI VA E0T3A DAL (AAOLOLOAD
G CA Q04 Mol /A faprdad D N BAME B

zf‘;-:iﬂ s A TAT A B

Commenti vari




APPENDIX E - General
Practicioner (GP) interview

26

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?
DTo 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.



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 | 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.
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PRUEESSD}'ESPERIENIA DELLA VISITA DAL MED!CD
Tale intervista ha il fine di indagare come funziona la scoperta di un problema cardiovascolare (ad
es. Fibrillazione atriale) e di quale ruolo opera il medico di base in questa fase.

1. Dal punto di vista di un medico di base quale &il principaf%ﬁhhiettlm quando si effettua un visita ? Quale il

principale problema/frustrazione?
PROvenTE

2. Hai mai avuto pazienti con problemi di fibrillazione atriale o con sospetti problemi cardiaci? Se si quali quali

~ sintomi il paziente dimostra?
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Quali sono i sintomi per i quali consiglia al paziente una visita specialistica al cardiologo?
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Attualmente il mercato sta proponendo sensori a cerotta (PATCH) come strumento per la monitorizzazione
del cuore. Cosa ne pensa? (Vedi foto sotto)
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Una persona che soffre di Fibrillazione atriale ogni quanto & obbligata o necessita di controllare il cuore
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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.



Questionario per pazienti
Il questionario & totalmente anonimo e ha la funzionalita di capire “chi fa cosa” durante tutte le fasi di utilizzo dell’holter monitor.

La ricerca collegata al questionario si concentra sul paziente e sul suo rapporto con il prodotto al fine di trovare problemi da
risolvere per poter migliorare il prodotto e I'esperienza connessa ad esso.

Paziente M@
Eta g&i .

‘
E

1. Con quale frequenza mette I’holter ? (mensilmente, ogni 6 mesi, ogni anno)
OGnal  TRH_Puci b .

B

2. Quale & il suo obbiettivo principale, perché decide di fare un holter test? (per sicurezza preventiva, per
necessita, altri motivi)

Mza < ¢cdaq 3ra faa Jbw> A

A

3. Quale & la sensazione prima di fare il test? (paura per la scoperta di possibili problemi, noia per il tempo che
dovra impiegare, stress generico per altri motivi) .
s \ - -
Taac guicecra’  foncme’ (latans Gan g (Ao

EATTa

4. Dal portarla in ospedale, al montaggio, alla cura quotidiana, fino allo smontaggio c’e qualcuno che I'aiuta nel
gestire il dispositivo holter? Le piace essere autonoma o le piace essere seguita ed avere la compagnia di
qualcuno che si prenda cura di lei?

Ao T00E A

5. Usalo smartphone? Si/I\M
Se S, Sarebbe interessato a controllare 'andamento dell’ECG prima della sua rimozione? (vedere in tempo
reale se funziona correttamente, quante aritmie ha registrato, in tempo reale, etc)

6. Durante tutto il processo dell’holter quali problemi ha riscontrato con il dispositivo? (ad esempio:prurito
dovuto da cavi, sensazione fastidiosa del nastro adesivo sulla pelle)
fdacr o DA CpaoTio

7. Quando ha montato su di se I'holter, riesce a compiere tutte le routine che ogni giorno (senza holter)
compie? quali riesce a compiere,quali non, quali preferisce evitare? (Esempio di routine: lavarsi, pulire la
casa, giardinaggio, mangiare, usare lo smartphone)

Non GY (o loCCipica (avaalt (o 14
Noccch



Questionario per pazienti
Il questionario & totalmente anonimo e ha la funzionalitd di capire “chi fa cosa” durante tutte le fasi di utilizzo dell’holter monitor.

La ricerca collegata al questionario si concentra sul paziente e sul suo rapporto con il prodotto al fine di trovare problemi da
risolvere per poter migliorare il prodotto e I'esperienza connessa ad esso.

Paziente M@
. S 6

i
¥

1. Con quale frequenza mette I'holter ? (mensilmente, ogni 6 mesi, ogni anno)

(}19)1 I Qhro . :

2. Quale & il suo obbiettivo principale, perché decide di fare un holter test? (per sicurezza preventiva, per
necessita, altri motivi)

00 2ichosTe X Medies

3. Quale & la sensazione prima di fare il test? (paura per la scoperta di possibili problemi, noia per il tempo che
dovra impiegare, stress generico per altri motivi)

Soro  rgeqeVole  d.f drepio p%C((‘ PV e d e
1298 &o ha PUSCb'rfo ul

4. Dal portarla in ospedale, al montaggio, alla cura quotidiana, fino allo smontaggio c’é qualcuno che I'aiuta nel
gestire il dispositivo holter? Le piace essere autonoma o le piace essere seguita ed avere la compagnia di
qualcuno che si prenda cura di lei?

rvo Sole Q. SAro @,UQ‘O hOp

5. Usalo smartphone? Si/NO
Se SI, Sarebbe interessato a controllare I'andamento dell’ECG prima della sua rimozione? (vedere in tempo
reale se funziona correttamente, quante aritmie ha registrato, in tempo reale, etc)

{0

6. Durante tutto il processo dell’holter quali problemi ha riscontrato con il dispositivo? (ad esempio:prurito
dovuto da cavi, sensazione fastidiosa del nastro adesivo sulla pelle)

hon ho euvie heSsum P"ipé&bm

7. Quando ha montato su di se I'holter, riesce a compiere tutte le routine che ogni giorno (senza holter)
compie? quali riesce a compiere,quali non, quali preferisce evitare? (Esempio di routine: lavarsi, pulire la
casa, giardinaggio, mangiare, usare lo smartphone)

g}{ e . G M ha QO%%}K\&QG? ﬂa}u}ecwm



Questionario per pazienti

Il questionario & totalmente anonimo e ha la funzionalita di capire “chi fa cosa” durante tutte le fasi di utilizzo dell’holter monitor.
La ricerca collegata al questionario si concentra sul paziente e sul suo rapporto con il prodotto al fine di trovare problemi da
risolvere per poter migliorare il prodotto e I'esperienza connessa ad esso.

Paziente M@
i 6¢

1. Con quale frequenza mette I'holter ? (mensilme , 0gni 6 mesi, ogni anno)

A0 -~ LHo pesso L/,{,&VQQQ',/'}?Q ‘p@teccﬁ-, ﬂc&»%

2. Quale &il suo obbiettivo principale, perché decide di fare un holter test? (per sicurezza preventiva, per
necessita, altri motivi)

2ichitsio de X chﬁa@ﬁﬁﬁ O(OPO Uit [ CM('@QOU&*Q

3. Quale & la sensazione prima di fare il test? (paura per la scoperta di possibili problemi, noia per il tempo che
dovra impiegare, stress generlco per altri

poire o pessli: "oz Pb%w

4. Dal portarla in ospedale, al montaggio, alla cura quotidiana, fino allo smontaggio c¢’é qualcuno che I'aiuta nel
gestire il dispositivo holter? Le piace essere autonoma o le piace essere seguita ed avere la compagnia di
qualtyyg chesi prenda curadi |EI7

ﬂwuga Aa 39’@2

5. Usalo smartphone? Si/NO
Se Sl, Sarebbe interessato a controllare 'andamento dell’ECG prima della sua rimozione? (vedere in tempo
reale se funziona correttamente, quante aritmie ha registrato, in tempo reale, etc)

—~ ho h ono C’o/}bea

6. Durante tutto il processo dell’holter quali problemi ha riscontrato con il dispositivo? (ad esempio:prurito
dovuto da cavi, sensazjone fastldlosa del nastro adesivo sulla pelle) .
Um bo* él ,VQ,S:v;o @ 0l §v Vo j( mie Lo [oeory 2ef O
p AN !

7. Quando ha montato su di se I'holter, riesce a compiere tutte le routine che ogni giorno (senza holter)
compie? quali riesce a compiere,quali non, quali preferisce evitare? (Esempio di routine: lavarsi, pulire la
casa, giardinaggio, mangiare, usare lo smartphone)

pok ho CudO  MELs U )owém



Questionario per pazienti
Il questionario & totalmente anonimo e ha la funzionalita di capire “chi fa cosa” durante tutte le fasi di utilizzo dell’holter monitor.

La ricerca collegata al questionario si concentra sul paziente e sul suo rapporto con il prodotto al fine di trovare problemi da
risolvere per poter migliorare il prodotto e I'esperienza connessa ad esso.

Paziente M@
Eta 80

1. Con quale frequenza mette I'holter ? (mensilmente, ogni 6 mesi, ogni anno)

@JB«A 2 mwes

2. Quale @il suo obbiettivo principale, perché decide di fare un holter test? (per sicurezza preventiva, per
necessita, altri motivi)

{02 heceSS (e S cohfa;j&ﬁ’o oY cp@oﬂ*o&&p

3. Quale & la sensazione prima di fare il test? (paura per la scoperta di possibili problemi, noia per il tempo che
dovra impiegare, stress generico per altri motivi

F oy ,
USRume  SeuFopi cew }?}Lc& iC hao peoloe byl AQ

Wf#‘cw(wwﬁa FJ?/’/ZM s

4. Dal portarla in ospedale, al montaggio, alla cura quotidiana, fino allo smontaggio c’é qualcuno che l'aiuta nel
gestire il dispositivo holter? Le piace essere autonoma o le piace essere seguita ed avere la compagnia di

qualcuno che si;{enda curazzei?
Sou o ldNoswllic &zr&

//I

5. Usa lo smartphone? Si/NO
Se Sl, Sarebbe interessato a controllare I'andamento dell’ECG prima della sua rimozione? (vedere in tempo
reale se funziona correttamente, quante éritmie ha registrato, in tempo reale, etc)

a0

6. Durante tutto il processo dell’holter quali problemi ha riscontrato con il dispositivo? (ad esempio:prurito
dovuto da cavi, sensazione fastidiosa del nastro adesivo sulla pelle)

Ho ouio Plueor @ dobr Lol oA Cezof /v

7. Quando ha montato su di se I'holter, riesce a compiere tutte le routine che ogni giorno (senza holter)
compie? quali riesce a compiere,quali non, quali preferisce evitare? (Esempio di routine: lavarsi, pulire la
casa, giardinaggio, mangiare, usare lo smartphone)

$ono Uvseils o»a(-z.wf‘,‘.@ (ol &W



Questionario per pazienti
Il questionario & totalmente anonimo e ha la funzionalita di capire “chi fa cosa” durante tutte le fasi di utilizzo dell’holter monitor.

La ricerca collegata al questionario si concentra sul paziente e sul suo rapporto con il prodotto al fine di trovare problemi da
risolvere per poter migliorare il prodotto e I'esperienza connessa ad esso.

Paziente M@
B+ 56

1. Con quale frequenza mette I’holter ? (mensnlmente, ni 6 mesi, ogni anno)

PRy Plime ol e el e iloLNicen

2. Quale &il suo obbiettivo principale, perché decide di fare un holter test? (per sicurezza preventiva, per
necessita, altri motivi)

I'do mese  Qu Ifasou&;om &el tnto medh e éaﬁehgje

3. Quale & la sensazione prima di fare il test? (paura per la scoperta di possibili problemi, noia per il tempo che
dovra impiegare, stress generico per altri motivi)

CTRESS Bempca jer ol UiV

4. Dal portarla in ospedale, al montaggio, alla cura quotidiana, fino allo smontaggio c'é qualcuno che I'aiuta nel
gestire il dispositivo holter? Le piace essere autonoma o le piace essere seguita ed avere la compagnia di
qualcuno che si prenda cura di lei?

—

oLyl Anio  pmepsio

5. Usa lo smartphone? Si/NO
Se S, Sarebbe interessato a controllare I'andamento dell’ECG prima della sua rimozione? (vedere in tempo
reale se funziona correttamente, quante aritmie ha registrato, in tempo reale, etc)

A0

6. Durante tutto il processo dell’holter quali problemi ha riscontrato con il dispositivo? (ad esempio:prurito
dovuto da cavi, sensazione fastidiosa(gel nastro adesivo sulla pelle)

?(‘[)f—f ;O 0(@(_/0 o

7. Quando ha montato su di se I’holter, riesce a compiere tutte le routine che ogni giorno (senza holter)
compie? quali riesce a compiere,quali non, quali preferisce evitare? (Esempio di routine: lavarsi, pulire la
casa, giardinaggio, mangiare, usare lo smartphone)

S_\ A&D {CTQ:‘“ (e f-?!(:e_ces%{ o &2 c)\\.m &w.\o
QuOk Sidaninaictale



Questionario per pazienti
Il questionario & totalmente anonimo e ha la funzionalita di capire “chi fa cosa” durante tutte le fasi di utilizzo dell’holter monitor.

La ricerca collegata al questionario si concentra sul paziente e sul suo rapporto con il prodotto al fine di trovare problemi da
risolvere per poter migliorare il prodotto e I'esperienza connessa ad esso.

Paziente M@
(S

i
-

1. Conquale fri?uenza mette I'holter ? (mensilmente, ogni 6 mesi, ogni anno)

*JotT1A

2. Quale @il suo obbiettivo principale, perché decide di fare un holter test? (per sicurezza preventiva, per
necessita, altri motivi)

XS 03 P14 TACHPOCAR A g €KIS ! DI
PAN1CO

3. Quale & la sensazione prima di fare il test? (paura per la scoperta di possibili problemi, noia per il tempo che
dovra impiegare, stress generico per altri motivi)

2 AESs X ALAR MoTiv]

4. Dal portarla in ospedale, al montaggio, alla cura quotidiana, fino allo smontaggio c’e qualcuno che 'aiuta nel
gestire il dispositivo holter? Le piace essere autonoma o le piace essere seguita ed avere la compagnia di
qualcuno che si prenda cura di lei?

UL PIACE CeHE QUALEUND &1L FITENDA

CURA P ME

5. Usa lo smartphone? Si/hé
Se SI, Sarebbe interessato a controllare I'andamento dell’ECG prima della sua rimozione? (vedere in tempo
reale se funziona correttamente, quante aritmie ha registrato, in tempo reale, etc)

6. Durante tutto il processo dell’holter quali problemi ha riscontrato con il dispositivo? (ad esempio:prurito
dovuto da cavi, sensazione fastidiosa del nastro adesivo sulla pelle)

NESSOUN PloBLEMY

7. Quando ha montato su di se I'holter, riesce a compiere tutte le routine che ogni giorno (senza holter)
compie? quali riesce a compiere,quali non, quali preferisce evitare? (Esempio di routine: lavarsi, pulire la
casa, giardinaggio, mangiare, usare lo smartphone)

[IESen A FARE LE COSE P1WZZ 1 & 10FW



Questionario per pazienti

Il questionario & totalmente anonimo e ha la funzionalita di capire “chi fa cosa” durante tutte le fasi di utilizzo dell’holter monitor.
La ricerca collegata al questionario si concentra sul paziente e sul suo rapporto con il prodotto al fine di trovare problemi da
risolvere per poter migliorare il prodotto e I'esperienza connessa ad esso.

1. Con quale frequenza mette I'holter ? (mensilmente, ogni 6 mesi, ogni anno)

[ A NN

2. Quale & il suo obbiettivo principale, perché decide di fare un holter test? (per sicurezza preventiva, per
necessita, altri motivi)

SlcyRETZTA PREVENTIHA

3. Quale & la sensazione prima di fare il test? (paura per la scoperta di possibili problemi, noia per il tempo che
dovra impiegare, stress generico per altri motivi)

vounr i Dl scppr(rcE PROBLEXS

4. Dal portarla in ospedale, al montaggio, alla cura quotidiana, fino allo smontaggio ¢’ qualcuno che I'aiuta nel
gestire il dispositivo holter? Le piace essere autonoma o le piace essere seguita ed avere la compagnia di
qualcuno che si prenda cura di lei?

C EGSCUTO T CO6MFPAGCGNI A

5. Usa lo smartphone? Si/l!h
Se SI, Sarebbe interessato a controllare I'andamento dell’ECG prima della sua rimozione? (vedere in tempo
reale se funziona correttamente, quante aritmie ha registrato, in tempo reale, etc)

6. Durante tutto il processo dell’holter quali problemi ha riscontrato con il dispositivo? (ad esempio:prurito
dovuto da cavi, sensazione fastidiosa del nastro adesivo sulla pelle)

EASTIDI0 Dee DASYR D ADES LD

7. Quando ha montato su di se I'holter, riesce a compiere tutte le routine che ogni giorno (senza holter)
compie? quali riesce a compiere,quali non, quali preferisce evitare? (Esempio di routine: lavarsi, pulire la
casa, giardinaggio, mangiare, usare lo smartphone)

S



Questionario per pazienti

Il questionario & totalmente anonimo e ha la funzionalita di capire “chi fa cosa” durante tutte le fasi di utilizzo dell’holter monitor.
La ricerca collegata al questionario si concentra sul paziente e sul suo rapporto con il prodotto al fine di trovare problemi da
risolvere per poter migliorare il prodotto e I'esperienza connessa ad esso.

Paziente ‘@
ey O'F
1. Conquale frequenia,mette I'holter ? (mensilmer;te, ogni 6 mesi, ogni anno) -
UESTY €4 3% YolTA CYE EHFETTU REGISTR. HICTER ¢ (# FRIKA FO 4
G FER. 20127, W 2% 1L 09,06 . 2018 v.5,

2. Quale &il suo obbiettivo principale, perché decide di fare un holter test? (per sicurezza preventiva, per

necessita, A MON) ALz 141, JoN O STATH SOLLEYTAT 91 THL SENSO DAY
WITET FRrIDAR] E HEDIQW (URGIIIE CHE FUVREBBERD RIS(6NTRATD
ONOa/ ) &8 NEC o Ao CARDIACE . PEFSONBLHENTE RIFER (VO
SENSG2IONT SGRADE VosLr OF FLA742(00E
3. Quale & la sensazione prima di fare il test? (paura per la scoperta di possibili problemi, noia per il tempo che
dovra impiegare, stress generico per altri motivi)

STHRES] (ENERICO PER Il TIHORE U POVER AVERE LirtiT4lloals
MEULE _pPUE ABITUDING QUOTIDI RNE

4. Dal portarla in ospedale, al montaggio, alla cura quotidiana, fino allo smontaggio ¢’ qualcuno che I'aiuta nel
gestire il dispositivo holter? Le piace essere autonoma o le piace essere seguita ed avere la compagnia di
qualcuno che si prenda cura di lei?

Ml AU HI0 BGuo EHIO HARITH .- NON RLETVTO [ Lo O AIUTO
MO DVE WeN (l FOSSE  Non (REDS [ (KEEREBBE TROPPE PREOWCUPAZIT

5. Usalo smartphone?@&

Se S, Sarebbe interessato a controllare I'andamento dell’ECG prima della sua rimozione? (vedere in tempo
reale se funziona correttamente, quante aritmie ha registrato, in tempo reale, etc)

S| e PENSO CHE POTREBBE /N/ERESTARHI CERTAHENTE
£ SHGREBBE UITERIPRE  (ARANZIA AL BUON ESITe ODEL'ESAME

6. Durante tutto il processo dell’holter quali problemi ha riscontrato con il dispositivo? (ad esempio:prurito
dovuto da cavi, sensazione fastidiosa del nastro adesivo sulla pelle

) ”
Si PROBLEH| LON I NASTIRO AR FROR (T0 ~ MA HOLTO Hopern TAHENTE

7. Quando ha montato su di se I'holter, riesce a compiere tutte le routine che ogni giorno (senza holter)
compie? quali riesce a compiere,quali non, quali preferisce evitare? (Esempio di routine: lavarsi, pulire la
casa, giardinaggio, mangiare, usare lo smartphone) S| TUTE . NMeN Hi CREA TIVOPS PROBGEH,



Questionario per pazienti
Il questionario & totalmente anonimo e ha la funzionalita di capire "chi fa cosa” durante tutte le fasi di utilizzo dell’holter monitor.

La ricerca collegata al guestionarlo si concentra sul paziente e sul suo rapporto con il prodotto al fine di trovare problemi da
risolvere per poter migliorare il prodotto e I'esperienza connessa ad esso.

paziente  M(F )
Eta i

1. Con quale frequenza mette I'holter ? (mensilmente, ogni 6 mesi, ogni anno)
£ e :
2. Quale & il suo obbiettivo principale, perché decide di fare un holter test? (per sicurezza preventiva, per

necessita, altri motivi) N ;
bee. PheSclione dewA MIV-SThoke PewcA

3. Quale & la sensazione prima di fare il test? (paura per la scoperta di possibili problemi, noia per il tempo che
dovra impiegare, stress generico per altri motivi) ‘ o b
PAVIA  fen. A JOPzpatA b oS Rty (Rofeet

4. Dal portarla in ospedale, al montaggio, alla cura quotidiana, fino allo smontaggio & qualcuno che I'aiuta nel
gestire il dispositivo holter? Le piace essere autonoma o le piace essere seguita ed avere la compagnia di
qualcuno che si prenda cura di lei? .

o Xy
:) eSfefle JEG( o DA QUAWUNG

[=

5. Usalo smartphone? Sif/NO
Se 51, Sarebbe interessato a controllare I'andamento dell’'ECG prima della sua rimozione? (vedere in tempo
reale se funziona correttamente, quante aritmie ha registrato, in tempo reale, etc)

NO

6. Durante tutto il processo dell’holter gquali problemi ha riscontrato con il dispositivo? (ad esempio:prurito
dovuto da cavi, sensazione fastidiosa del nastro adesivo sulla pelle) .
\’;M&,HE‘ e eATIdie (A DEC NASTL  ADENIG
S REYE

7. Quando ha montato su di se I'holter, riesce a compiere tutte le routine che ogni giorno (senza holter)
compie? quali riesce a compiere,quali non, gquali preferisce evitare? (Esempio di routine: lavarsi, pulire la
casa, giardinaggio, mangiare, usare lo smartphone)

Tuﬁ',@ A CoHbyeé  ToTmO
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Questionario per pazienti
Il questionario & totalmente anonimo e ha la funzionalita di capire “chi fa cosa” durante tutte le fasi di utilizzo dell’holter monitor.

La ricerca collegata al questionario si concentra sul paziente e sul suo rapporto con il prodotto al fine di trovare problemi da
risolvere per poter migliorare il prodotto e I'esperienza connessa ad esso.

Paziente @ F
Eta 6 Q

‘
1

1. Con quale frequenza mette I'holter ? (mensilmente, ogni 6 mesi, ogni anno)

LA Yty yoUTH

2. Quale & il suo obbiettivo principale, perché decide di fare un holter test? (per sicurezza preventiva, per
necessita, altri motivi)

PER DRe=SSiTAt

3. Quale & la sensazione prima di fare il test? (paura per la scoperta di possibili problemi, noia per il tempo che
dovra impiegare, stress generico per altri motivi)

POVRE x POSSIfe  PRORIEIM

4. Dal portarla in ospedale, al montaggio, alla cura quotidiana, fino allo smontaggio c’é qualcuno che 'aiuta nel
gestire il dispositivo holter? Le piace essere autonoma o le piace essere seguita ed avere la compagnia di
qualcuno che si prenda cura di lei?

SO0 YENWNY YA R0

5. Usa lo smartphone? Si/NO
Se-Sl, Sarebbe interessato a controllare I'andamento dell’ECG prima della sua rimozione? (vedere in tempo
reale se funziona correttamente, quante aritmie ha registrato, in tempo reale, etc)

NQ

6. Durante tutto il processo dell’holter quali problemi ha riscontrato con il dispositivo? (ad esempio:prurito
dovuto da cavi, sensazione fastidiosa del nastro adesivo sulla pelle)

NI X TR

7. Quando ha montato su di se I'holter, riesce a compiere tutte le routine che ogni giorno (senza holter)
compie? quali riesce a compiere,quali non, quali preferisce evitare? (Esempio di routine: lavarsi, pulire la
casa, giardinaggio, mangiare, usare lo smartphone)

&1



Questionario per pazienti

Il questionario & totalmente anonimo e ha la funzionality di capire “chi fa cosa” durante tutte le fasi di utilizzo dell’holter menitor,

La ricerca collegata al questionario si concentra sul paziente e sul suo rapporto con il prodotto al fine di trovare problemi da
risolvere per poter migliorare il prodotto e 'esperienza connessa ad esso.

AUaR

Paziente )(F
eta_\G

Con quale frequenza mette 'holter ? (mensilmente, ogni 6 mesi, ogni anno)
QOGR ARND

Quale & il suo obbiettivo principale, perché decide di fare un holter test? (per sicurezza preventiva, per
necessita, altri motivi)

11

TR Al s RSN popce  TROIMA (A TACUEARDYA

Quale & la sensazione prima di fare il test? (paura per la scoperta di possibili problemi, noia per il tempo che
dovra Irnplegare, stress generico per altri motivi)

PhONS PP 2A SCoBOUIA T, ROssiBila

Dal portarla in ospedale, al montaggio, alla cura quotidiana, fino allo smontaggio ¢'é qualcuno che 'aiuta nel
gestire il dispositivo holter? Le piace essere autonoma o le piace essere seguita ed avere la compagnia di
qualcuno che si prenda cura di lei?

W PAE  esSeng AVOAoNO

Usa lo smartphone? 8{/NO
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APPENDIX G = Nurses interviews
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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. | 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?



A. ltching 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
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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).

PW. 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:



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 | - ECG
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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).

Figxx. an example of normal sinus Rhytm

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)

fsmm L fosmv

11mm | 10,1 my

ilsrnm
m

| §200ms

{1 40 ms

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



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 (PR,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:

P PR ?RS ST T U
=LE o irmin Seared L

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



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.

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.

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.
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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.

Qs

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.
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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.

P 23 CH

I ; (Optional) Supplementary letter H, M, S, W
(Optional) Additional letterA, B, C, D

Second characteristic numeral
Numbers 0 to 9 or Letter X

First characteristic numeral
Numbers 0 to 6 or Letter X

International Protection

Figure xx: Sample of IP rating
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First characteristic numeral Numbers

The first digit (0O-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:

Degrees of protection against 2alid forsign objects indicated by the firet cheracteniztic numaral

Degree of protection

Brimf description

Protected sobd of  The of 50t mm damseter, shall not

i uﬂmﬂﬁhﬂmm ibgiece priote, sphars ot fully penatrate
mmﬁmmd ‘The objact i, ephars of 12.5mm dametar, shal nat fuly panatrags’
- Protected againet ssiid fosign oblectaof | Tha obisct prote of 2.5 mm dismeter shall not panstrata af all

mwwm# Ther abject prode of 1 mm diameter shall not penserate af all'

Dust-protected of dust b et prevented, ban dust shall not penetiabe is @ quantiy o
ﬁ"ﬁmmﬁ“ﬁnﬂmuummwm

[~
= [
HEN gy <

Dust-tight P ingress of dist

Table XX by OSRAM about the first characteristic number

ol



62

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.

Degrees of proteciion agains! waler indicated by the secand characlerstic mameral

Secand Degree of prolection
cheracleristic

e ral
iiokise Briel description

0 Morw prusected -
1 Wﬁimm-u Verticaly faling droga chall have no harmhl alfects
Protacted aginst vermcally afling watsr s v il ety whan the enclomure b tied ot
2 drops wihwe anclesuns fifed up 0 15° “mwm mﬂuﬁdﬁuﬁ
Prosscted TErayng witer Wier 0 B up B 507 on afiher side of the vertical shall iave no
- R

Protected gsingt sptshing witer mmwu enciirs from any drecton thal have o harmil
Prosoterf W frum sy dliection
o] it jacs mpmh#uwn-ﬂun xy shal feare 50

Protocted agalndt powarful witer jots  Wanar projectad in pownrdl s aqainet the snclosun from aoy dincton shall hank
0 bl it

@ @ B EE g BE <

-M?ﬂhﬁmdm lesgptz of it i it cou ey bwarful ofecs shall not b st whn the snclo:
Immarzion Inwakse hiﬁiﬂ“hﬂﬂm:ﬂ-dmdh

Mflhﬁdm et of wate In quandbes il efects whal not be ke o
Wi kg t contnuouty immessed In wa'er under condtions shall ba
Ibetwean mansfacturer and weer butwhich ane more sevene than for rumenl

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



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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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.

el

A e

Figxx: the the cross-sectional area of the groove larger than cross sectional
of the o-ring

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



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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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.

Fig.xx Bittium faros waterproof casing

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.



Elastic:
polyuret i

Foam spacer
lopticnal)

Flenibdy 4
Antenna il

[
substrale 20

Transferlape g
adhesive uctive hydrogel

i

— POt ki

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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