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e What kind of effect will new technologies have on
healthcare delivery in the next decades?

o Wil we finally develop systems to prevent people
from becoming patients?

e Will healthcare become more and more expensive?
e What kind of role will developing nations play?

e Do we need all these expensive and complex
systems?

o Wil artificial intelligence, gene therapy, robotics help
to tackle the future healthcare issues or will they create
additional problems?

e ... and how can we foster entrepreneurship to identify new unmet clinical needs and sub-
sequently introduce new systems, devices or services?

As a university, we will additionally need to ask on whether the current research
setup and the educational programs are in line with the anticipated changes?

The BME-IDEA (Biomedical Engineering - Innovation, Design and Entrepreneurship Alli-
ance) was started in 2003 by a group of professors, who were teaching design in a Biomedi-
cal Engineering department or program and realized that there were common needs among
them that were not being met by current conference offerings. In 2013, the first European
BME-IDEA meeting was held and in 2017, the 5" European meeting found its way to the
Otto-von-Guericke University in Magdeburg, Germany. The goals of the Alliance are to re-
view the experiences of different university programs to discuss objec-
tives/challenges/opportunities for further development of these programs and to explore the
potential for sharing resources.

Healthcare delivery is one of the - if not the - most important topics for many people and also
comes with a lot of future worries. The current systems in just about any country in the word
are complex, inefficient, expensive and are mainly focusing on treating people that have
become sick.

There is also a huge economy around everything that has to do with care and treatment.
New Technologies, dedicated healthcare innovation training/education and entrepreneurial
activities could be the key to improve healthcare in general, make it more affordable, effi-
cient and equal.

The INTRODUCTION provides an overview of the importance of exponential Technologies
and reverse innovation opportunities to help solve the future healthcare issues that we are
challenged with. This is followed by the CONFERENCE SUMMARY including some of the
ideas that were developed in the workshops.

The individual paper contributions of the conference from 15 nations and 4 continents were
categorized in HEALTHCARE VISION AND CLINICAL INNOVATION, HEALTHCARE
DIGITISATION, EXPONENTIAL TECHNOLOGIES, REGIONAL HEALTHCARE and
DEDICATED HEALTHCARE TECHNOLOGIES.

We hope that you enjoy the contributions and use some of the concepts for your own re-
search or as additional input for an entrepreneurial venture.

Magdeburg, Germany, July 2017
Michael Friebe, PhD

Professor of Image Guided Therapies
www.inka-md.de
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International Healthcare Vision 2037. New Technologies, Educational Goals and Entrepreneurial Challenges

Exponential Technologies + Reverse Innovation = Solution
for future healthcare issues? What does it mean for uni-
versity education and entrepreneurial opportunities?
Michael Friebe

Catheter Technologies, Otto-von-Guericke-University, Magdeburg, Germany,
michael.friebe@ovgu.de

3D Printing -
Organs + Tools
+ Implants

Exponential
Technologies for
Healthcare Products

Artificial

Biology Michael Friebe, 2017

Figure 1: Exponential Technologies will poten-
tially introduce dramatic changes in the coming
decades, moving to a value based and patient
centric healthcare system that will have a pro-
active focus on preventing people from becom-
ing sick rather than to reactively treat the ones
that become sick.

1. Abstract

Exponential technologies are generally de-
scribed as something that will - in a given time
period - double data generation/evaluation
and/or half the associated cost with it.

The terminology is actually only proven for the
Information and communication technology
(ICT) segment at the moment, where accord-
ing to Moore’s law the complexity of proces-
sors and the cost per transistor follow that path
for many decades now.

An example from Medical technology is the
cost of genome sequencing that has dropped
from millions to thousands and now to under
USD 100 within a little more than a decade.

In many other areas there is a potential and
hope that certain technologies (see Figure 1)
could lead to significant clinical knowledge
gains and procedure improvements combined
with cost reductions.

But is this just a hype or something that in
combination with other emerging technologies
could really provide solutions for the problems
that we will face in present and future
healthcare delivery?

Specifically the increasing life expectancy and
the ageing societies in combination with less
and less available healthcare staff, ever in-
creasing cost associated with healthcare de-
livery / products and services, or the inequali-
ties between rural and urban areas particularly
in developing nations that need to be ad-
dressed urgently.

This paper will present the potential impact of
some exponential technologies - in selected
areas - on the future challenges of healthcare
delivery with a particular focus on reverse in-
novation, where new technologies and delivery
approaches will be first implemented in devel-
oping nations before being accepted and
adopted by the developed world.

It will also point out some changes that need to
be implemented by universities for the educa-
tion of future medical technology developers
and the effect that could have on entrepre-
neurial opportunities.

2. Introduction

The global healthcare market is currently
greater than US$ 3 trillion and growing. It is
expected, that in the United States one quarter
of the total gross domestic product will be
spend on healthcare within the next two dec-
ades.

In the developed world healthcare is - with
very few exceptions - dealing mainly with sick
people however, within a complex, expensive,
and overly bureaucratic environment. There is
very little focus and money spend on prevent-
ing people from getting sick.

Avoiding medical problems potentially has a
huge negative financial impact for healthcare
companies, clinical service providers, and
everyone involved in healthcare delivery. [1]



On the other hand, staying healthy comes with
a huge positive impact for the personal quality
of live and on the total cost of healthcare for
the society.

Many procedures currently performed for ex-
ample are not clinically necessary and done
just to avoid malpractice and liability issues. [2]

At the same time there is a growing concern
that the healthcare industry’s focus is, at the
moment, mainly on developing advanced
technologies that only help the relatively small
population of the developed world, rather than
to invest money into providing products and
services that would simplify the complexity of
healthcare.

Simplification could potentially lead to truly
innovative technologies that benefit most pa-
tients on this planet and provide preventive
and personalised solutions.

What are the requirements to open healthcare
for these technologies so they can have a
huge and positive impact (Figure. 1)?

3. Digital Transformation

Systems that combine advanced hardware
with Artificial Intelligence (Al) will - in the next
two decades - be able to provide diagnostic
information that should be equally available to
the poorest and wealthiest on Earth.

The patients genomic sequence and machine
learning will allow us to understand the root
cause of many non-communicable diseases
like cancer, cardiovascular and neurodegener-
ative problems, and also provide information
and advise on what to do about it.

Robotic  systems are currently tele-
manipulated devices operated directly or via
remote connections through surgeons. That
will expand and also make advanced surgeries
possible at remote locations, but eventually Al
will help to create robotic surgeons that will be
able to carry out excellent surgical interven-
tions for very little cost and on a 24 hour basis.

3D printing is already able to provide 3D cell
models of organ tissue. It is therefore quite
likely that we will eventually be able to regrow
a heart, liver, lung or kidney when we need it
instead of waiting for a donor to die. Even
more realistic is a personalised 3D print of a
bone implant produced either pre-operatively
or during the surgery with a fast printer that is
directly fed with the data from the surgical
table.
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One of the pre-requirements for all these tech-
nologies is digitisation. Processes and ser-
vices that cannot be digitised will - for the time
being - be impossible to grow or improve ex-
ponentially.

The associated digital data content is key to
analysis, evaluation, learning, drawing conclu-
sions, and subsequently providing the required
information for personalised and individualised
therapy decisions and outcome improvements.
It will also be essential for a transformation
from a reactive to a proactive healthcare deliv-
ery.

We have already started that process with the
large number of healthcare apps that are
available and by recording all kinds of personal
data with the support of wearable sensors.
While most of these sensors and apps are for
personal use only at the moment and are not
used in the official clinical diagnosis yet, that
will change for sure.

Healthcare participants (so everyone) will use
sensor systems for blood pressure -, glucose -,
behaviour - monitoring and many other appli-
cations (Figure. 2).

They will use their Internet of Things (loT)
devices to connect directly or via smartphone
to cloud servers that make the data available
for researchers, regulatory offices and also
healthcare providers (doctors, hospitals, ...).

These home-based and personally used tech-
nologies and the data generated by them will
eventually lead to providing fast, and personal-
ised healthcare status information directly to
the patient.

The patient does not have to go in person to
see a doctor for a majority of causes, but in-
stead gets detailed feedback and even a pre-
scription digitally. In case of urgent or immedi-
ate clinical intervention a clinical expert would
be contacted and an appointment made or an
ambulance dispatched.

Healthcare prevention is currently mainly lim-
ited to exercise and nutrition and only com-
plemented by a voluntary clinical feedback
every other years.

In the near future home-based or personally
worn sensors and other technologies would
give much more detailed, fast, and regular
feedback on the current healthcare status.
Improvements or situation worsening could be
monitored and combined with follow-up clinical
treatments were needed and indicated (Figure
3).
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Figure 2: In the very near future wearable
sensors, healthcare apps and the smartphone
will provide data for researchers, healthcare
providers, and regulatory offices that are actu-
ally used for making personalised decisions
and that will provide some of the needed da-
tasets to potentially solve the non-
communicable disease problems proactively.

So instead of an early and reactive transition
from home to the healthcare system, as is
typical for today, a future healthcare system
will stimulate pro-active prevention, provide
personalised healthcare status and recom-
mendation, and transfer the patient relatively
late to become a real patient.

Many challenges and issues remain, like regu-
latory permissions, reimbursement and pay-
ment, data privacy and of course general
adoption of such a setup. It can already be
safely forecasted though, that some home-
based diagnostic platforms will soon arrive and
with that start to establish medical care at
home. [3]

Interpretation of diagnostic images, an essen-
tial and very important part of analysing a pa-
tient's health and to subsequently provide in-
formation for a treatment / surgery, is believed
to be one of the first disciplines to be dramati-
cally effected by Al and Machine Learning.

A pre-requirement is however that the images
provided by the radiology systems are stand-
ardised and that the obtained results are com-
parable to each other. These could then be
shared and combined with additional infor-
mation to create a multi-dimensional data set.
This subsequent data set can be analysed by
computers most likely better than by human
radiologists, who will be “freed from many re-
petitive and mind-numbingly tedious tasks”,
but will shift the work to added value in image
interpretation. So, while it is likely that the

"

standard image interpretation will disappear for
the radiologist (and for that matter clinicians in
other segments that my be affected by the new
technologies) there will be other responsibili-
ties and opportunities for the human radiolo-
gists. [4, 5]

Healthcare
Providers (VD!
Hosp ‘

Researchers,
Universities

Regulatory
Offices?

Figure 3: The current healthcare system is
based on being reactive to treat a patient when
he/she becomes sick. The clinical providers
receive payment for that. In the future the tran-
sition from a home-based prevention and in-
formation based system is relatively late to an
actual clinical treatment. Healthcare providers
should be paid if the patient leaves healthy
and subsequently stays healthy.

New technologies will not only change the
diagnostics, but will also have a huge effect on
the treatment of for example cancers. We will
there see new imaging systems that are com-
bined with robotics and radiation therapy sys-
tems. These systems will be able to distinguish
between the cancerous and healthy cells and
only selectively kill, which will result in a very
personalised treatment with minimum side-
effects. However, for that a fast on-site digital
pathology is also needed. [6]

Even surgery, while being a manual discipline,
will be digitised. Modern surgery has to be
concerned about outcome of the surgery, as-
sociated cost of surgery and rehab measures,
as well as about the inflicted surgical trauma.
E-health and loT connection of all surgery
devices and associated systems (lighting, di-
agnostic imaging, monitoring equipment, sur-
gical table, ...) will be a key for improving effi-
ciency and accountability. The captured data
and subsequent analysis of the patient specific
data (genetic, pre-diagnostic, histology, ...)
with the surgical procedure and outcome will
provide optimised surgical models with the
help of machine learning and Al approaches.
Complicated cases could also be supported by

allows or restricts
data usage




experts through advanced telesurgery proce-
dures from anywhere in the world. [7]

And many other applications from prevention
to treatment, subsequent rehabilitation, and
elder care or home-care will be influenced by
the digitisation promising a faster, more effi-
cient, and cheaper healthcare delivery in the
coming decades. [8]

But will these technologies also be able to
address unequal delivery of healthcare in de-
veloping nations? Or will the developing na-
tions be providing solutions that are also appli-
cable for use in developed nations?

4. Reverse Healthcare Innovation

One of the major problems for the implementa-
tion and acceptance of new technologies in the
healthcare systems of the developed world is
the current setup and associated adoption
issues. Also, the regulatory environment in
Europe, Northern America and Japan is al-
ready very complicated and slow ... and, it will
probably get even more complicated and
slower in the near future.

While it is obvious that health care providers
will receive less revenue in the future there is
no real interest to rethink the current
healthcare delivery and to start thinking about
more cost-efficient solutions. Some of these
solutions have been developed by the devel-
oped world for developing nations and a few
others are directly originating there that ad-
dress vital local problems.

Reverse Innovation - the introduction of these
solutions originally meant for developing na-
tions by developed nations - may be one way
that healthcare systems can decrease per-
capita costs and increase quality at the same
time. [9]

High-priced and complicated medical equip-
ment is normally produced by developed na-
tions for developed nations and is typically
installed and used for 5-15 years. After that it
is exchanged by a Next Generation Product
that more or less does the same task, but bet-
ter, faster, with more features - something
called sustaining innovation. The old equip-
ment is then often sold as used or refurbished
to emerging or developing nations, but may
still be too complicated to install / operate or
may only be useful / accessible to a very small
part of the population there.

An alternative is to build a lower specified sys-
tem that more closely fits the requirements of
the healthcare system and clinical needs in
these nations.
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What we will see more often in the future is
that these nations actually will build dedicated
systems for the needs of their population that
are typically quite simple, very efficient, and
can be manufactured for a fraction of the cost
of the advanced technologies that are pro-
duced by the developed nations.

Yes, these products most likely do not provide
the same features, and may be slower, or low-
er specified ... but they may be applicable for
a majority of the cases even in the developed
world and/or when used in rural areas. These
point of care and local technologies could
therefore have a valuable use in our
healthcare systems as well. This process of
adopting low-cost, efficient, and easier solu-
tions from developing nations is called Re-
verse Innovation and highlighted in Figure 4.
Current Approach for Medical technology Transfer

High Priced Product (eg Diagnostic Imaging, Radiation
Therapy, Robotic Assistance) for Developed World

Year 1

Year 246

Reverse Innovation

Traditional innovation

Product/ Process / Solution for local developed
world - easy, effective, robust,

connected, affordable
DEVELOPED IN AND FOR DEVELOPING
NATIONS

Figure 4: The traditional and current innova-
tion process for medical technology is an ei-
ther stripped down or used product that comes
from a developed nation to a developing na-
tion. Reverse Innovation - developing a prod-
uct in a developing nation that is subsequently
transferred for use to a developed nation -
could be a way to reduce inequalities and also
help to reduce the healthcare cost in the de-
veloped world

It has been proven that developing nations can
come up with and subsequently develop and
produce extremely efficient products address-
ing local problems that could substitute expen-
sive products in the developed world and
therefore could easily be transferred. [10]

Companies located in the developed world
have a hard time accepting that however, as it
would stipulate a complete rethinking and re-
organisation process of their operation. Only
very few companies have therefore invested in
reverse innovation. But the ones that did were
rather successful. [11]

A solution could be a combined learning pro-
cess between organisations/companies in



developing and developed nations specifically
looking at creating cost-effective, easy, small
and with that valuable products and processes
that are helpful for a global health systems.
[12]

And there is plenty of data supporting such
joint activities and the value of a development
focus on creating less expensive devices.
While only 13% of the medical technology
manufacturers are located in lower income
countries almost two third of the incremental
health care spending is used for affordable
technologies. The products that come from
these low income nations very often are quite
disruptive and creative, with a technology ba-
sis that is significantly simpler that competing
technologies from developed nations.

A recipe for joint developments between Low
Income (LIN) and High Income nations (HIN)
could be:

1. What medical needs are common to LIN
and HIN.

2. Start the innovation process in the LIN

3. Initiate the Reverse Innovation process
and introduce to HIN with proven concept
in LIN

4. Implement and establish the technology in
HIN

But this process and the focus on disruptive
value based clinical innovation can also be
initiated and managed by entrepreneurs
through dedicated start-up companies in LIN
or HIN. [13, 14]

5. Importance of Entrepreneurship for the
HC transition

Without entrepreneurs that challenge the cur-
rent setup and that come-up with alternative
and new systems, methods and processes a
healthcare change as outlined will not happen
soon.

The large medical device companies and
healthcare providers do not have a large
enough incentive to start a rethinking process
immediately and to a full extend. Part of this
slow and little radical innovation process are
regulatory issues and high cost of entry.

But, we are now on the way to a late transition
from home-care to the healthcare providers
and from a reactive healthcare delivery pro-
cess to a more prevention oriented and per-
sonalised pro-active one.

There will for sure be entrepreneurs that will

tackle and address the opportunities that come
with such a transition and that will neverthe-
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less put the patient in the midst of their think-
ing, while maintaining the regulatory rules that
come with new healthcare products and ser-
vices. [15]

These entrepreneurs (and the more progres-
sive established medical technology suppliers
and healthcare providers) will also learn that
valuable products and services can be devel-
oped and introduced adapted to the local
needs with key value propositions like inex-
pensive and easy to use.

These local needs include special diagnostic
and/or therapy systems to address different
disease patterns, dedicated and simple tech-
nical support and training, availability of inex-
pensive spare parts, affordability of system
and related medical service for all not just a
minority, and fulfilment of all applicable regula-
tory issues. These systems could also open
opportunities for local manufacturing, servic-
ing, and support companies with that creating
employment and tax income. [16]

Entrepreneurs in that segment will understand
that success is predominantly based on the
knowledge of the local markets and customer
needs. These needs are locally different and
may require completely different product fea-
tures when HIN and LIN are compared to each
other (Figure 5).

Finding these differences and designing the
product / service that fits to the local market,
requires dedicated need finding in a combina-
tion between technical and clinical innovators.
And, it also requires a different skill set that is
commonly not provided as part of a university
based training.

To address the mentioned healthcare innova-
tion, reverse innovation and entrepreneurial
opportunities, a special skill set and dedicated
knowledge is required that can only be taught

MedTec Development Success Factors / Tips

PRODUCT FEATURES: Differentiation, Ease of Use /
Simple, Affordable and Efficient, Connectivity / loT

= st Froba, 017

in a university within a new degree program

Figure 5: Successful local healthcare products
and services are predominantly related to how
well the market and customer needs are
known. This then determines the local features
and regulatory compliance issues.
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6. University based HC Innovation Educa-
tion - Changes needed

University education will make you a good
doctor or an excellent engineer or possibly a
great economist — depending on your choice
of subject. But it does not prepare the student
for being a future leader in healthcare innova-
tion. The skill set needed for that — in an in-
terdisciplinary triangle environment between
technical possibilities, medical needs and eco-
nomic realities — is quite different from the
either technical / clinical / or economic founda-
tion that is provided as part of a university
training (see Figure 6).

HC 21st C - EDUCATION SKILLS NEEDED

Big lack of personal and
character skills — very

Setup, needed for
Entrepreneurial Activity,
Change Management,

Empathic and Social
Changes/Innovations —
eg.

Figure 6: 21st century healthcare innovation
requires a special set of skills that are typically
not part of a university based education. While
the technical / clinical / economical foundation
is standard for a dedicated university educa-
tion the creative, visionary, and personal skills
are generally not taught especially not in the
context of healthcare innovation.

You need to be creative and visionary and also
be trained in personal skills, like leadership,
social responsibility and in an empathic under-
standing of problems and concerns of any
participant in the healthcare system including
(but not limited to) patients, doctors, and other
clinical staff.

Entrepreneurial basics with a focus on
healthcare need to be addressed and taught.
Future entrepreneurs that can collaborate with
the medical device or healthcare provider in-
dustry, researchers, clinical staff and public
organisations, will have a distinct advantage
and be able to more easily identify real innova-
tions solving medical needs. [18]

And that not limited to just incremental innova-
tions. These are of of course needed, but they
will not solve the problems with healthcare
cost constraints, availability of treatment op-
tions for everyone and everywhere, personal-
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ised approach to cancer treatment, ..., and

many others.

Disruptive ideas and concepts are needed that
could potentially solve a lot of these problems
and at the same time provide large business
opportunities, which are however hard to im-
plement in modern healthcare systems. [17]

A new study program (Bachelor or Master or
Post-Graduate) incorporating knowledge of
healthcare system and provision, innovation
challenges and strategies, basic knowledge of
clinical problems and future oriented technical
possibilities, interdisciplinary and international
team work, combined with management and
entrepreneurial skills should be initiated.

7. Discussion & Conclusion

Exponential technologies could lead to a dra-
matic change in the way that healthcare is
delivered. Currently, almost all of the national
healthcare systems treat sick patients rather
than to prevent people from becoming pa-
tients. The future will be a pro-active predomi-
nantly data based healthcare that will collect,
process, and analyse information providing a
personalised report that would also allow pre-
ventive measures. [1]

Digitisation is a key requirement for these de-
velopments. With that real disruptive medical
technologies could be developed that would
change diagnosis, treatment, billing, financing,
and many other aspects of healthcare delivery.
[2,19]

These disruptions may very likely come with
easier to use, less complex, and much more
affordable solutions - some of them originating
from low income nations that are subsequently
adapted by the developed world as they have
proven to provide adequate or even superior
solutions for a fraction of cost.

Entrepreneurs will play a vital role in the future
change of healthcare, as they will develop and
introduce solutions that are based on address-
ing local clinical needs. Entrepreneurship edu-
cation is still not seen as a core responsibility
of universities however.

But these changes in technology, leading to
completely new business models, will require
innovation leaders that have a skill set that fits
the 21st century healthcare challenges, that
are not taught in conventional university based
study programs.

For that we would need a new type of lecture -
Bachelor or Master program - that combines
basics of economical, technical and clinical
knowledge with management skills, innovation



techniques, entrepreneurship, and social skills
for working as a leader of interdisciplinary and
international development teams. Healthcare
is a global problem and therefore these future
programs should be very international with
respect to the student population and the
teaching faculty.
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BME-IDEA Workshop Panel on Digitisation

Participants: Michael Dahlweid (GE Digital Healthcare, USA), Georg Langs, Med.
Universitét Wien, Austria), Martin Overhoff (Hochschule Vest, Gelsenkirchen, Germany),
Kumar Rajamani (Robert Bosch GmbH, India) moderated by Graham Horton (OVGU, Mag-
deburg, Germany).

Keynote Michael Dahlweid

healthcare organization very backwards in the last
years.

afraid to be unemployed due to robots

1 ZetaByte = 95 years “Game of Thrones” will be pro-
duced

How is digitization improving healthcare?

ubiquitous tasks delegated to machines —> cheaper healthcare

improve personalized treatment

millennials more likely to accept the digitization

treatment to patient, not the other way around

availability of old data to monitor the health related development of the patient
systems are getting smarter —> self-learning

people are willing to share data for free

higher future focus on collection of data by everyone

nanobots to swallow

patients will become more self-aware in the next decade —> access to personal
health data will be required/demanded

faster response time by physicians will be needed

How can digitalization contribute to sustainability?

Machine learning: decision making out of observations, better observations even out-
side of the clinics
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e Easier to analyze by physicians and engineers —> become more and more profes-
sional

e Access to more people/physicians
e Smarter devices trough machine learning —> Help to connect people (patient <->
doctor)
Trends?
e consumable robots —> devices travel through patients
e more patients for each doctor due to decentralization
e DIY / selfcontrolled biohacking
e personalized, people more involved into their own health (awareness)
o —> better informed patient, faster response
e appointment prognosis based on personal data
e personalized standard for each one using own data observed by wearables

Favorite example of crazy technology for the next 20 years?
e smart pills like robots for treatment
e smart home US (diagnostic) imaging systems
e miniaturized detection of data collection

BME-IDEA Workshop Panel on Innovation Strategy

1

aeutship Alllance |

Participants: Fei Tian (Vesalius Biomedical Capital, Miinchen, Germany), Georgios Sakas
(Medcom GmbH, Darmstadt, Germany), Sultan Haider (Siemens Healthineers, Erlangen,
Germany), Jérg Traub (Surgiceye GmbH, Miinchen, Germany) moderated by Michael Friebe
(OVGU, Magdeburg, Germany).

e Fei Tian: Find solutions in existing innovation and build a better
ecosystem for start-ups. Make the public aware that these inno-
vations exist
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e Georgios Sakas: Communicate with customers. Find a connection to the market.
There aren’t any existing entrepreneurial courses. Invite expert entrepreneurs, which,
provides everyone with an opportunity to learn. The will to be an entrepreneur needs
to come from within.

e Sultan Haider: Find new markets because the products that are built will not fit in
everywhere. Improve the quality of life of the people.

e Jorg Traub: Quality Basic Education and experience. Customer
interaction. Learn by working with smaller companies. High qual-
ity healthcare to all.

BME-IDEA Workshop Panel on Clinical Developments

“IDEA "=
Innuvarion, Design and Entrepreneurship Aliian. s

Clinical Panel

Prof_Arens Prof_Schostack Prof Lohmann

Participants (all OVGU University Clinic, Magdeburg, Germany): Christoph Arens (ENT),

Christoph Lohmann (Orthopaedics), Martin Schostack (Urology) moderated by Axel Boese
(OVGU, Magdeburg, Germany).

Christoph Lohmann

e Healing cartilage by anti bodies. Requests to Technology

¢ Self-monitoring technologies are needed in Modess Qethgpasdics

C.H.Lohmann

along with better diagnostic tools.

e Physicians need to be thought that all
the diagnostic tools are not always im-
portant for every case. We need to be
conscious of our resources.

Martin Schostack

e Cancer is prolonged so long term treatment is difficult to provide. If cancer is not so
aggressive less invasive treatments might be employed.

e New technology must have an opportunity to measure the outcome. If it doesn’t give
measurable results then there is no point.

e There needs to be a good interaction between the doctor and the patient (a two-way
street).
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Christoph Arens

e Monitoring will be a big part of our lives. This
isn’t happening in the future- it is right now!!!

e Home based Urinalysis and blood analysis.

e Less costs to patient with more technology.
Physicians need to get familiar with the exist-
ing technologies (MRI, PET, CT) to under-

stand how they work.

o Family physicians will be a very important as-

pect of healthcare in the future.
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BME-IDEA — FULLY ENRICHED IDEAS

NanoTeach - Artificial Inmune System
e Self-Learning nanobots to combat infectious diseases.
e Taught in an external environment before introduction into the human body where
the learning process continues.

Anti Fall Alarm
e Prevents falling for the geriatric population through the employment of different sen-
sors and vibrations.

Mobile OR - Operating Room on Wheels
e Possible solution to over-crowded hospitals
e Access to basic healthcare on the go.

Exop(l)ants
e Exoskeleton to replace implants
e Can be fitted onto clothes
e Reduce strain on joints

Talk Through - Real-time speech translator
e Break through the language barrier between the physician and patient.
o Facilitate better communication.

Smart EMR - Self-learning Electronic Medical Records
e Paperless Information System

Avoidance of Data Redundancies.

Cost-Effectiveness and efficiency

Data Validation

Open Access to the Medical records

Health Log
e Collection of personal medical data with a specialised device from birth.
e Enables personalised treatment
e Accessible by the patient only.

GP - App - General Practitioner App
e Accurate and Adequate Diagnosis and Treatment.
e Multi-parameter input for personalised baseline.
o Alerts based on severity of disease.

Predictive Prescription
e Prediction for medication based on patient medical information and past disease his-
tory.
e Geriatric home care focus.
e Aimed at cost-effectiveness.

24



HEALTHCARE VISION
+

CLINICAL INNOVATION



Treatment of prostate disorders —

From ‘one size fits all’ to personalised concepts
Schostak M', Fischbach F2, Pech M2, Schindele D', Wendler JJ' and Liehr UB'

1) Urology Clinic, University Hospital Magdeburg
2) Radiology Clinic, University Hospital Magdeburg, Germany

1. Introduction

The clinical picture of the prostate organ as an
homogeneous gland has barely changed at all.
That prostate cancer always develops multifo-
cal growths supports the clinical assumption
that the gland can only be considered holisti-
cally [1]. Radical prostatectomy or radiothera-
py are perfectly appropriate whole-gland
treatments, particularly when combined with
the highly sensitive tumour marker prostate-
specific antigen (PSA).

A single positive (transrectal) prostate biopsy
(PBx) is sufficient to detect cancer. Increasing
the number of biopsies to the current number
of 12 was never aimed at classifying the to-
pography of the cancer within the gland. Tak-
ing a ‘one size fits all’ approach is no longer
appropriate, however. Multiparametric magnet-
ic resonance imaging (mp-MRI) has radically
changed our view of prostate cancer. Not only
can we now avoid superfluous biopsies, we
are also able to classify the topography of the
prostate cancer and carry out targeted biop-
sies (e.g. MRI-guided biopsy) of cancer foci.
This opens up a large therapeutic spectrum
ranging from active surveillance (AS) to focal
therapy (FT) right up to standard treatment
that largely preserves the organ.

We founded the Centre for Image-Guided
Uroradiology Therapy (URBIT) in Magdeburg
(Fig. 1).

2. Key URBIT issues

Prostate cancer — Multiparametric magnetic
resonance imaging and prostate fusion-guided
biopsies

mp-MRI evaluated with PI-RADS v2 opens up
a number of options for almost every patient
suspected of having prostate cancer or with a
confirmed diagnosis of prostate cancer. Pa-
tients with benign hyperplasia of the prostate
and increased levels of PSA can avoid inva-
sive procedures (‘blind’ prostate biopsies with
no evidence of malignancy) if they have a
normal multiparametric MRI. Patients with

26

prostate cancer can be given a more meaning-
ful diagnosis using more targeted biopsies (in-
bore or fusion-guided biopsy). For patients
with confirmed cancer, the local extent of the
tumour can be more precisely determined so
that treatment options can be localised.

Targeted prostate biopsies based on mp-MRI
achieve more direct diagnostic hits than con-
ventional 12-core TRUS biopsies [2]. Smaller
tumours with low malignancy potential tend to
be overlooked [3-7]. There is also a negative
predictive value for clinically significant tu-
mours of about 90% [8-9]. Standardisation of
the procedure has consequently led to mp-
MRI being routinely used for almost all those
affected in many centres, including ours in
Magdeburg. The combination of both proce-
dures in the form of mp-MRI ultrasound fusion-
guided biopsy of the prostate is particularly
promising.

Prostate cancer (PCa) — Focal therapy (FT)

The standard therapies are increasingly com-
ing under scrutiny because of possible over-
treatment in some cases and an associated
unnecessary morbidity of those affected. ‘Do-
ing nothing’ is, however, obviously an alterna-
tive that is difficult to tolerate, at least in Ger-
many [10]. Improved imaging has stimulated a
demand for highly targeted, focal therapies in
this controversial area. Ideally, such a concept
should achieve the same oncological effec-
tiveness as a standard therapy but have no or
at least considerably fewer adverse effects.
Various imaging techniques have been used
for several years (e.g. high intensity focused
ultrasound or cryotherapy) and the short
trends available to date do indicate a very low
rate of complications. [11]. The oncological
effectiveness cannot be assessed over the
long term with any reliability, however. Follow-
up biopsies from treated and untreated zones
indicate disease-free rates of between 70%
and 90% [12].



Prostate cancer — Nuclear medicine proce-
dures

Modern tracers such as Ga68 PSMA increase
the sensitivity of PET hybrid imaging to such a
degree that masses can now be differentiated
on the basis of the cancer activity and can be,
where applicable, selectively treated. For the
first time, cases with very few (remote) metas-
tases (oligometastatic disease) may even be
treated with local therapy alone, allowing sys-
temic treatment to be delayed as a result. On
the other hand, unknown, extensive metasta-
ses are now occasionally detected which leads
directly to the use of a more aggressive sys-
temic therapy [13]. The coupling of therapeutic
radionuclides such as radium 223 and lutetium
based on imaging procedures are additional
instruments in the therapeutic toolbox.

Benign prostatic hyperplasia (BPH):

Modern slice imaging procedures open the
door to alternative image-guided non-invasive
therapies if the standard therapy is declined.
The search by patients for less and less inva-
sive procedures is no longer solely about the
reduced risk of bleeding such as that associ-
ated with, e.g., transurethral laser therapy,
compared to traditional resection. Super-
selective embolisation can be carried out un-
der local anaesthetic and does not fundamen-
tally alter the internal anatomy of the urethra,
providing considerable potential for preserving
the ability to ejaculate. Selective embolisation
for prostate is currently the subject of a num-
ber of studies [14]. Urology and radiology to-
gether provide the indication for embolisation if
this is this a patient preference. No longitudinal
data or large series are yet available, however,
and standard therapies are still an option in
principle if symptoms cannot be adequately
controlled.

3. Summary

URBIT, the recently established interdiscipli-
nary unit in the University Hospital Magdeburg,
is a cross-disciplinary, collaborative treatment
institute for all types of imaging diagnostics
and therapy for urological diseases and opens
up new perspectives for patients and clini-
cians. Unnecessary and invasive diagnostic
procedures can be avoided and necessary
diagnostics can be carried out sooner and with
greater precision. This concerns prostate can-
cer in particular. This new construct enables
alternative and experimental therapies, such
as focal therapy, to be administered under
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highly standardised conditions that are conse-
quently comparable over the long term.
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Figure 1: URBIT (Interdisciplinary Urology
Radiology Centre for Imaging Diagnostics and
Therapies): Linking of various interdisciplinary
consulting hours with the diagnostic and ther-
apeutic units in the University Hospital for
Urology and Paediatric Urology Magdeburg.
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Visions of transoral endoscopic surgery of the upper
aerodigestive tract
Christoph Arens

University Hospital Magdeburg

1. Status Quo

Transoral endoscopic surgery has led to a
revolutionary change in the treatment of head
and neck cancer. The minimal-invasive endo-
scopic approach reduces the intraoperative
trauma. Due to the lower burden for the patient
these techniques have gained wide ac-
ceptance. Transoral accesses routes allow
experienced surgeons reduction of morbidity
with save results. This fact advocates an ad-
vancement of

the indication spectrum as well as a high po-
tential for these techniques

and equipment in the years to come.

At present surgical robot-systems have the
ability to perform minimally invasive surgery in
the head and neck. The robotic-systems are
made up of a console to be generally placed in
the surgery room and equipment with active
robotic arms acting directly on the patient,
which is controlled by the console. The Robot-
ic-System scales, filters and translates the
hand movements of the surgeon in precise
micro movements of the driven instruments
and avoids the physiological tremor. The ergo-
nomic drawbacks of the transoral endoscopic
surgery would be completely avoided by the
use of a comfortable console to control the
robotic arms that, in addition, do not require
the surgeon to be next to the patient. Theoreti-
cally the system even permits the surgeon to
work outside of the operating theatre. The
bleeding-related risks is minimized by the use
of electro cautery and other hemostatic in-
struments as well as the flexible endoscopic
CO2-Laser [1].

2. Vision

We will have a new robotic system which
works without surgical-arms or handles. The
system has manipulators for cutting and he-
mostasis which are positioned and moved in
an electromagnetic field, as well as the light
source and high resolution camera. Each tool
can be steered separately. It is also imagina-
ble that each manipulator, camera and light is
a micro drone. All together build a small drone
swarm which acts together under the supervi-
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sion of the steering and operating surgeon.
The surgeon is sitting at a console and steers
and/or controls the operation.

The light source produces several different
light modes, e.g. white light, autofluorescence
light, laser etc. In the different light modes the
morphological and metabolic characteristics of
the lesion can be scanned completely. Surgi-
cal margins are precisely defined. Prior to the
surgical removal an optical biopsy is per-
formed to know the exact diagnosis and char-
acter of the lesion.

There is also a manipulator with a radiation
source, which can apply precise radiation to
the tumorous tissue without harming healthy
tissue. The manipulators are able to locally
apply different medications. Local anesthesia
is the standard and allows all kinds of surgical
removals in an awake patient. Surgical micro-
or even nano-manipulators cut precisely with-
out damaging healthy tissue with absolute
hemostasis. Using this technology all kinds of
patients can be treated without any risk of
bleeding or infection. Healing process is very
fast secondary to minimal trauma.
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1. Background

These days, healthcare domain is experienc-
ing major developments that are going to
change many features of it in the near future.
This includes not just developments in the
quality of procedures that are being done on
the patients but also in the method that the
healthcare services are delivered to the pa-
tients.

Technological developments seem to provide
a possibility for patients in the next years to
receive their treatments, at least some proce-
dures that currently needs to go to the hospi-
tal, at their places or on the road once they
need them. This medical-service delivery sys-
tem will probably be a revolution in emergency
medicine that will lead to more lives to survive,
than now. Looking to the technologies around
us, it is clear that the prerequisites for this
infrastructure has already started to be availa-
ble.

2. On-road hospital concept

Drones as the aircraft systems that are con-
trolled without a human pilot will be the heart
of this on-road hospital system [1]. They will
carry first-aid kit to the site of accident beside
the patient who needs emergency medical
practice. While today drones may be able to
carry only small first aid kits including some
basic stuff such as adhesive bandages, but in
the next years they will be able to transfer
several other medical instruments and ser-
vices as well. Because of a general trend in
the design of medical instruments that intends
to reduce the size of some of the medical de-
vices [2], it is clear that this will happen very
soon. Newly introduced portable ultrasound
probe, which can be connected to a tablet is a
good example for this miniaturizing trend in
medicine that can be easily carried by a drone
[3]. This will allow for ultrasound technology to
be available not just in clinics and hospitals but
also everywhere it is needed to do ultrasound
imaging-based procedures. Portable X-ray

system is another example that recently a
small version of it has been developed [4].
Using drone these kind of medical devices can
be considered as everywhere-available in-
struments. Portable medical instruments are
not limited just to these two examples and in
the future we will witnessed more miniature
tools. Drones will be equipped to medical oxy-
gen tank, defibrillator, pulse
rate/temperature/respiration rate/blood pres-
sure measuring system and will be ready to
immediately fly to the patient when they need
them.

Activation of this drone-based on-road hospi-
tals will be started from the message that is
sent from the patient's smart watch or any
his/her other health monitoring gadget. Once
this real-time health status checking devices
detect a sign of health problem such as heart
attack, it well send a message to the nearest
drones station or hospital. Using the GPS data
of the patient, the drone will fly and be con-
trolled automatically to reach to the patient in a
short period of time.

Internet of things (loT) will allow tens or hun-
dreds of drones to fly in the sky at the same
time without any disruption in the task of each
other. Using loT drones will be smart flyers
that will sense each other under an inter-
networking system [5].

It is imaginable when you are near a patient
who needs a medical service and a drone
immediately comes to you. You have only a
basic knowledge about the first aid but you
know, at least in the next decade, how to use
this drone and what to connect to the body of
the patient to measure patient’s condition. As
the drone is connected to the health database,
acquired data from the patient is analyzed with
the help of decision making algorithms, then it
decides what procedure should be done on the
patient. The whole procedure may also be
controlled by a medical doctor or more likely
without any human interference.
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Figure 1: schematic description of the on-road
hospital

3. Discussion & Conclusion

Drone will probably offer more effective form of
emergency medicine than cars or helicopters,
at least in some basic activities where time is a
pivotal factor in surviving of the patient. They
will be fast with high maneuver capability, so
they will provide the first medical care on the
side of the patient in a short time. They can
also be a cost effective option when compared
with conventional methods of air-based health
service delivery. Drone will easily reach to the
patients in areas such as crowded streets
where demands considerable time for ambu-
lance car to go there and even impossible for
helicopters to transfer the services.

Task of drones will not be limited to the ele-
mentary emergency medical practices. After a
drone on the side of the patient completes its
task and realizes that complementary medical
activities on the patient is required, using loT
technology it will communicate with a “mother
drone” in the hospital or station that is bigger
and more equipped drone to come to the side
of the patient for more advanced procedures.

Although instruments carried by the drones
and the medical services offered by these
flying objects will not replace the need for hos-
pitals completely, but miniaturizing the medical
devices, which have been conventionally lo-
cated in the hospitals, and making them porta-
ble as well as automatizing technology using
machine learning/deep learning and other
technologies that are going to reduce the role
of physicians on medical activities will probably
provide several healthcare services for patient
outside of the hospitals that is currently done
inside the hospitals.

On-road hospital concept, in one hand will
save more lives in the future but on the other
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hand it will have a negative impact on several
physicians/nurses/emergency medicine per-
sonnel as their jobs will no longer be required
because of the automatized technology used
in the on-road hospital system.
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1. Introduction

Over the past 20 years most of the break-
through medical technology was generated by
start-ups and later transferred for a global roll
out to established cooperates with a deep
market penetration and established sales and
service team. In recent years, a great number
of cooperates mimic the generation of creativi-
ty and innovation with various programs to
copy the success in the establishment of new
products, services and protocols that was
achieved by start-ups. The abstract paper here
discusses the challenges in a cooperation
between a start-up and a cooperation in which
the elephant is hopefully not stepping on the
mouse and has mutual interest and benefit in
its growth.

2. Essential Difference

About a Start-up: A Start-up is a creative mass
of chaos per definition that is trying to find a
repeatable business model [1]. The live of a
start-up is powered by ideas and creativity and
uncertainty is omnipresent in all activities. The
everyday activity of an entrepreneur is taking
risk with the vision that it can change the
world. George B. Shaw writes
“The reasonable man adapts himself to
the world; the unreasonable one persists in
trying to adapt the world to himself. Therefore,
all progress depends on the unreasonable
man” [2]. In general, there are very few SOPs
(standard operating procedures) and a lot of
flexibility in the processes and also in the co-
founder and early employees. One of the gen-
eral motto is rather ask for forgiveness than for
permission and a failure culture as well as an
incentive structure beyond a onetime bonus is
established from day zero.

About a Cooperate: Cooperation have a great
customer standing and in general a worldwide
penetration with application experts, market-
ing, service and sales infrastructure that is
dedicated to the market needs. Furthermore,
the internal processes for production and ser-
vicing are in general stricter and of higher
standards than the regulatory requirement to
deliver the best products and the highest quali-

ty to the customer. Integrity, quality assurance
and compliance as well as cooperate identity
are daily activities also in launching new ideas.

The high quality however also required multi-
ple persons and institutes approving projects,
discussions, communications etc. and a gen-
eral zero mistake/failure strategy are estab-
lished over years. Principles like “fake it until
you make it” to have a fast communication with
early customers on features and performance
is not the working principle of established med-
ical technology cooperation.

3. Discussion & Conclusion

The two worlds are essential difference and in
general mimicking structures of the others will
fail. Better than learning from the other would
be trust the other and start earlier with cooper-
ation of mutual benefits. An investment at a
stage, where the market fit is proven is in gen-
eral too late. Better would be an early coopera-
tion like in many pharmaceutical start-ups by
supporting and mentoring the market access
for small, creative and technology oriented
companies without controlling and slowing
down their creativity and innovation engine will
be of benefit for both sides. It will bring early
access to innovation and cooperation with very
limited risk and a route wider market access
beyond the initial key opinion leaders for the
start-up. The key is to ensure that the elephant
(or another) is not stepping too early on the
mouse.
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1. Introduction

Compared to universities in the US or the UK,
the potential for innovation generation and
subsequent translation in start-up companies
at German universities has not been a focus
yet and the process is not part of the scientific
education. The engineering courses are de-
signed to impart knowledge from the natural
sciences in the technical context. Innovation,
creation and implementation are rarely part of
the curriculum. Now, with the help of the EU
funding (EFRE), a research and start-up lab is
build up directly at the university hospital to
expand this innovation program. In addition to
the project processing, and as central point of
entry for medical partners, it also serves as
lecture room for the new dedicated graduate
school "Technology Innovations in Therapy
and Imaging- T212“.

2. INNOLAB ego.-INKUBATOR IGT
(Image Guided Therapies)

The INNOLAB IGT - Image Guided Therapies
is a concept in which engineers and doctors
work together on new product ideas for clinical
application. (Prospective) engineers go to the
clinic on site to identify unmet clinical and
medical needs during normal operations or
surgical procedures performed by the medical
users. Based on the Stanford- Biodesign con-
cept (identify, invent, implement), a large num-
ber of product and process ideas are devel-
oped and subsequently tested in short itera-
tions on their benefits and general feasibility
[2]. In addition to the technical implementation,
the market potential of such products is of
enormous importance. The team of the chair of
catheter technologies uses this concept and
innovation generation lab to stimulate and
motivate engineering students and employees
of the university to think about starting a com-
pany based on their own verified product ide-
as. This is especially important since
healthcare is of global concern, but every
country has a different healthcare system and
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also different healthcare needs. This opens
huge opportunities for entrepreneurial activities
[3]. The new INNOLAB ego.-INKUBATOR IGT,
located directly at the university clinic, will fur-
ther intensify the collaboration between the
medical doctors and the engineer.

2.1. Creative workshop

The lab encompasses a creative area for idea
generation, concept studies and meetings with
single and group workstations. A bright and
colorful setup invites the creative work. The
flexible furniture offers a variety of possibilities
to always meet the group requirements. Cork
walls, whiteboards and mobile projection
beamers offer enough options to find, discuss
and develop ideas.

2.2. Prototyping Lab

The attached prototype laboratory is for inven-
tion and technical realization. Smaller and
larger product ideas are tested for technical
feasibility and are built directly as the first pro-
totypes. Various 3D printers, CNC milling and
injection molding machines are available for
this purpose. A large number of fine tools are
available for processing the finished parts and
implementing electronic components.

2.3. Simulations OR

The simulation OR is for implementation and
verification of the developed prototypes. A
minimal invasive surgery setup with patient
table, 3D C-arm, Ultrasound tomography sys-
tem, endoscopy tower with RF generator, ul-
trasound systems, navigation/tracking equip-
ment and different phantoms give the oppor-
tunity to test in a simulated clinical environ-
ment with the user.



3. INNOLAB Network

For the mentioned development approach
identify, invent, implement, strong partners
were found for practical and content support. A
clinical and industrial panel was created. The
medical and the electrical engineering faculties
are currently involved in the innovation pro-
cesses (identification, invention) and the eco-
nomics faculty will most likely join soon. The
industry board is helping to find and identify
technology transfer options (implementation).

3.1. Clinical Panel

Current clinical cooperating partners are the
ENT, urology, neuroradiology, radiology, nu-
clear medicine, dermatology, vascular surgery,
orthopedics departments as well as the cardi-
ac surgery at the University Clinic Magdeburg.
Interdisciplinary student teams of 3 to 5 mem-
bers are formed every semester to identify the
clinical needs while visiting the actual surger-
ies and come up with a large number of ideas
per problem (Biodesign, Stanford). Ideas are
then regularly fed back to the clinicians that
come, see, and discuss the developed proto-
types.

3.2. Graduate School T2I2

The INNOLAB IGT acts as the central contact
point for the Ph.D. program of the Graduate
School "Technology Innovations in Therapy
and Imaging — T2I2“. Currently 13 Ph.D. stu-
dents are in a structured doctoral program for
innovation generation, technology transfer and
business implementation of medical technolo-
gies. The training includes technical under-
standing in the context of the medical applica-
tion and taking economic factors into account.

3.3. Industry Board

An industry board with several small, medium
sized and large companies from Sachsen-
Anhalt, and other German locations was also
established.

3.4. EU cooperation

An international training network around
healthcare products and services for preven-
tion and homecare, based on an adapted BI-
ODESIGN concept. The collaboration of 10
Industry and University-participants from 8
countries provides extensive and complimen-
tary expertise in inpatient and outpatient
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healthcare services, educational programs,
and in applied and relevant technology devel-
opments.

3.4. Outlook

The INNOLAB IGT makes it possible to create
an innovation and idea generator where clini-
cians and engineers work closely together in a
simulated clinical setup at the campus of the
University clinic. The engineer gets an under-
standing of everyday procedures, as well as
identify problems and deficiencies in the clini-
cal workflow or technical products.

Solutions and innovative ideas are developed
in constant consultation with the doctors and
implemented, altered, or discarded. Test and
evaluation by the clinical user, as well as
wishes and suggestions from the business
partners, are constantly being integrated into
the individual development stages of new
medical products and ensure a market-
oriented product development
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A VC’s To-do List to Boldly Go Where No Man Has Gone
Before

Fei Tian

1. Introduction

‘A place where no man has gone before’ be-
longs certainly to the most exciting topic for
innovators and explorers, as human behaviour
is known to encompass anticipation of the
future, which can be the result of a psychologi-
cal outlook including for example optimism,
pessimism, and hope. If the time point of 20
years later is chosen, how to ‘live long and
prosper’ will be one of the most essential is-
sues for the human being. If the Starship is on
an exploratory mission to leave the current
galaxy of healthcare system, let us pick a life
sciences venture capitalist, who is ideally a
serious and ambitious entrepreneur-cum-
healthcare futurologist, to make the strategy
for where and how we are heading to the ad-
venture and eventually financial success by
addressing challenges, understanding the
cutting edge, and contributing to the future of
health and medicine.

2. Discussion & Conclusion

In the future, there will be a paradigm shift of
disease focus for therapeutics and medtech
technology development and the border be-
tween drug and device treatment will be
meshed together. For instance cancer will be
manageable chronic diseases and patient’s life
quality and side effect management will be
equally important as efficacy for an oncological
therapy. With the development genomic diag-
nostic and personalized medicine, individual
preventive cancer vaccine will become realis-
tic. For cancer patients, more life quality friend-
ly therapies will be administrated. There are
companies to be watched, who have the po-
tential to become standard of care in the near
future. To take prostate cancer as the first
example, the Encage™ from Trod Medical is a
bipolar radiofrequency device, designed for
localized focal ablation. Encage™ is unique in
producing a totally predictable ablation vol-
ume, with no tissue damage beyond less than
1mm to achieve zero incontinence and incom-
petence rate after surgery. Another venture is
Thermosome, who is developing proprietary
thermosensitive liposomal (TSL) delivery tech-
nology, biocompatible drug-loaded nanocarri-
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ers can be created which release their content
upon the influence of mild heat, to increase the
local concentration of chemotherapy medica-
tion in solid tumor by up to thousand fold. Re-
generative medicine with gene modification
and cell therapy will overcome the current
hurdles and be able to show its full potential in
various diseases including cardiovascular,
ophthalmology, and orthopedic condition. In-
herited genetic metabolic disorders such as
haemophilia and urea cycle disorder will be
cured for children with gene / cell therapy.
Acquired metabolic diseases such diabetes
and NASH, will also benefit from cell therapy
or gene modified cell therapy. The production
of cell therapy will be less depending on donor
source due to the advancing development of
iPS cell and cell reprogramming, and autolo-
gous and allergenic cell therapy will be admin-
istrated in the same way as simple as an infu-
sion.

Now we shall move our eyes from the pill tab-
let to the object standing aside the hospital
bed, ‘Hello. | am Baymax, your personal
healthcare companion.” (Big Hero 6) In the
future healthcare system it will be robots work-
ing alongside humans, augmenting care to
help enhance individuals’ experience of later
life, and allow people to live independently for
longer. There are two types of robots already
undergoing development, companion robots
and assistive robots, and both are making
traffic progress from single application to com-
plex self-learning care-taker and from proto-
type to household interactive life companion.
In the very near future, Echo-like devices will
become major healthcare interfaces. As next-
generation assistants like Viv (acquired by
Samsung in 2016) continue to advance and
stay in focus of the consumer and digital in-
dustry, these intelligent interfaces will further
enable highly personalized and complex ser-
vices which cross into health and medicine. In
Feb. 2017, Virtual nurse app Sense.ly raises
$8 million from investors including the Mayo
Clinic and venture firms. The company has
developed an Al-enhanced virtual assistant
“who” acts as a medical companion and moni-
tor. It has demonstrated an ability to reduce
hospital readmissions for heart failure patients.
Clinical teams assisted by Al will have their



productivity increased by more than 10 times,
and such advantage will be shown even more
prominent in labour-heavy treatments such
rehabilitation after stroke and orthopaedic inju-
ries. Not only the encouragingly growing clini-
cal evidence is being generated, but also we
will soon be able to happily invite Mabu, the
personal healthcare companion from Catalia
Health, and years later a real Baymax with a
tricorder back home.

In the future 20 years, there will an era for
digitally enhanced human beings. This big
data revolution has led to the emergence of
the Fourth Industrial Revolution, which is about
combining connected devices with cloud com-
puting, big data analytics and artificial intelli-
gence. It has been recognized that digital
technologies are firmly embedded in our lives
— the Internet of Things is becoming a reality,
growing from 15 billion smart devices in 2015
to at least 50 billion by 2020. Chronic patients
have to live with the condition 24/7, so the
diagnostic and treatment efficacy monitoring
should reflect that and be able to give a feed-
back by the care coordinator for real-time indi-
vidual treatment adjustment. Non-invasive
direct blood sugar monitoring by a wearable
device instead of the current solution of meas-
uring glucose concentration in the tissue fluid
with an electrode will be utilized for diabetes
patients, meanwhile real-time continuous mon-
itoring of liver function for patients with liver
diseases such as NASH or undergone chemo-
therapies will become reality. Patients will
communicate with the medical Internet of De-
vices e.g. wearables, scale, blood pressure
cuff and glucometer, intraocular pressure im-
plants, meanwhile based on the genomics,
microbiome, diet, activity and blood sugar lev-
el, suggesting the appropriate meal to have
delivered or prepared and type and dose of
medication to be taken. Geneticist and Micro-
biomist will be the new pathologist, and ethical
education will be focused on avoiding genoism
and defend the belief of ‘There is no gene for
the human spirit.’ (Gattaca)

However, the most fundamental innovations
would not only be the stirring medical advanc-
es, but rather the technology assets improving
how health care is accessed, structured, pro-
vided, administrated, and financed. Within 20
years, the healthcare industry will be no longer
fragmented but rather interconnected between
hospital care and home health, primary and
outpatient care, via a data-oriented IT infra-
structure with analytical applications and real-

36

time feedback capacity. Hospitals will be used
for the highest acuity patients. The focus
needs to be on home health, primary care and
outpatient care. IT has been seen as “the ena-
bler.” Telemedicine, home monitoring systems,
point of care testing, EMR, and data manage-
ment will all impact the infrastructure and
physical space. Technology will be integrated
into the buildings themselves (smart buildings),
and solution providers for such smart hybrid
space will be high flyer in the B2B service
business.

Ok, now the heart beats have already been
raised by imagining that we will be digitalized
human beings with all changes in our bodies
monitored by smart devices, and robots with Al
solutions will make diagnosis with a tricorder
and assist us to take the 3D printed pills and
move the injured arms with individually de-
signed bone implants and autologous stem
cells producing growth factors constantly on
demand, according to personalized rehabilita-
tion programs. It is the right moment to finally
talk about money and healthcare payment
system. Despite of the nature of venture capi-
talist to be desperately optimistic of technolo-
gies and innovations, a fact cannot be ignored
is who and how to address the costs of obesi-
ty, chronic disease and the health needs of the
sheer numbers of aging Baby Boomers and
the cost for the high-tech new solutions. Sys-
tems have already started to make the chang-
es including value-based payment models,
that will make them more competitive and
there must be, and there certainly will be,
transformative changes over the next 20
years. The payment system should also get
patients more involved and be able to measure
and creatively reward the right behaviours.
Any innovation which facilitates such transfor-
mation will be in the frontier to become a suc-
cessful business and corner stone technology
of the new healthcare system.

The stakeholders such as patients, physicians,
and insurance companies, should also join
force to make the guidelines for the integrated
healthcare systems. In the past decades, the
industry players, including pharmaceutical
companies, medtech companies, IT system
builder have placed dots successfully into the
healthcare system, the whole healthcare pro-
viders are powered by blockbuster drugs and
large scale diagnostic imaging devices, all are
connect by the IT infrastructure. Starting from
these dots, it is time to draw the lines between
them and extend the lines to out-patient care



and home care market. The dot-makers should
also take the initiative to facilitate and invest
together with the public and private funding
sources in an interconnected health continu-
um, where the healthcare and consumer
worlds integrate to put people at the heart of
the evolving matrix system.

At the end of this article, to the Starship crew
bravely heading to the resplendent galaxy of
healthcare in the future 20 years, ‘may the
force be with you!
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1. Introduction

In this paper, an attempt will be made to ex-
trapolate current trends to envision certain
aspects of the healthcare situation two dec-
ades hence.

Beginning with a brief statement of motive,
areas covered will include genomic technology
for prediction and diagnosis, utilization of tele-
communications advances, and reduction of
invasiveness.

Medical systems which exist in a functioning
state at present will be cited to demonstrate
progress toward the predicted outcomes.

2. Materials and Methods

The healthcare system of 2036 will fully em-
brace the adage that an ounce of prevention is
worth a pound of cure. The industrialized na-
tions will require strict attention to diagnosis, in
order to keep citizens able-bodied and able-
minded enough in advanced age to maintain
acceptable levels of healthcare. Left to the
current model, social systems will be over-
whelmed by the healthcare demand increase
of the aging population and shortfalls in fund-
ing and personnel due to retirement and drop-
ping fertility rates.

Inexpensive DNA sequencing and a better
understanding of the human genome will am-
plify predictive power. System-wide databases
anonymously combining medical histories and
patient DNA sequences [1] will permit optimi-
zation of diagnostic testing regimes driven by
statistical analysis instead of painstaking clini-
cal research, so that healthcare systems will
have a good idea of what to look for and how
often.

Diagnostic methods will, when possible, rely
on the identification of molecular biomarkers,
both for infectious agents and for disorders
indicated by metabolic abnormalities. Continu-
ing miniaturization of biosensors via the thin-
film and printed circuit approaches will allow
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Figure 1: Atlas Genetics io® genomic diagnos-
tic platform [atlasgenetics.com].

higher sensitivities, lower costs, and reduced
scanning times, with more common tests be-
coming point-of-care. A hybrid thick film elec-
trochemical nucleic acid assay in development
by Atlas Genetics (Fig. 1) is potentially capable
of 24-fold multiplexing with a single blood
sample and point-of-care diagnosis speed.

The most common tests will rely on sensors
integrated into either smartphones or plug-in
modules thereof. The latter approach (Fig. 2)
is demonstrated by the Dynamical Biomarkers
Group, which shared a win in Qualcomm’s
Tricorder XPRIZE in 2017.

Surgery will evolve to take advantage of the
modern digital environment. Problems of steril-
ity, surgeon availability, and radiation doses
will be partially obviated by extensive migration
to telesurgery. Medical schools will begin to
replace traditional surgical training programs
with more robot-centric ones, with hyperspe-
forization (i.e., individual surgeons performing
only a narrow range of surgical approaches
and targets) becoming common to maximize
both throughput and positive outcomes, a
trend mirrored by diagnostic medicine as Al
becomes capable of outperforming doctors for
general diagnosis. Nurses and technicians will
experience job growth to help manage and
oversee these new systems.
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Figure 2: DBG Tricorder, utilizing smartphone
for digital processing [tricorder.xprize.org].

Another direction in surgical evolution will in-
volve reduction in invasiveness, especially
important given the frailty and slowed recovery
of aged patients. Even modern laparoscopic
surgery may seem excessively traumatic com-
pared to future approaches, which may utilize
injectable surgical means such as magnetical-
ly-directed nanoparticle ablation [2] in addition
to the increase in the proportion of catheter-
based procedures where feasible.

Improvements in imaging and beam targeting
will allow more extensive use of radiosurgery,
with minimized side effects. Precision delivery
will make use of techniques such as Intensity-
Modulated Radiation Therapy (IMRT) and (if
expenses can be reduced by means such as
replacing cyclo- and synchrotrons with laser
ion accelerators) proton therapy, due to the
technical superiority of the Bragg peak over
photon depth distribution profile [3].

3. Discussion & Conclusion

The immediate future of medicine is centered
around a number of trends explored in depth
hereinbefore: an aging population, use of ge-
nomic technology, and integration of telecom-
munications in medical technology.

The increasing average age of patients means
that less traumatic approaches will become
more common, the least traumatic approaches
requiring that diseases are detected well be-
fore they can cause serious symptoms or re-
quire a major interventional effort to combat.

Modern familiarity with genetics can be put to
use not only to detect disease markers in the
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bloodstream, but also to predict the incidence
of diseases.

Advances in processing power and communi-
cations mean that diagnosis can be moved
away from the traditional doctor’s office para-
digm, and treatment can be conducted from
afar.

Of course, given the rapid nature of technology
these days, it is certainly possible that innova-
tions could arrive completely unpredicted and
achieve market dominance within the space of
20 years. It is likely that regulation will prove a
much steeper hurdle than innovation.
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1. Introduction

Healthcare is at the center of convergence of a
number of current fast-paced emergent tech-
nologies that could dramatically change the
face the healthcare forever. Some of the fast
paced emergent technologies to name a few
are Atrtificial Intelligence, Machine Learning,
Robotics, Virtual Reality, Crowd Sourcing, 3D
Printing, Material Science, Synthetic Biology,
Apps and Mobile computing. However, the
wave of dynamic change is not limited to tech-
nology only, but healthcare is in midst of a
socio-economic reformatting, which might well
change our present approach towards
healthcare delivery.

2. The new frontiers in technology

Healthcare is currently profiting from the ad-
vances of all the diverse fields. This is making
healthcare from a sickness, reactive care to a
continuous, proactive and participatory care[1].
The role of the healthcare provider is no longer
going to be a cure for a single episode, but
towards a care continuum where there is value
created for the individual through preventive
and predictive techniques. The individual and
no longer the patient is the center stage of
Healthcare. This changes the care cycle from
a hospital only mode of ‘acute’ care to a three
stage care approach of Home care (Health
Independent Living), Mid-Level care (Assisted
Living), to finally Acute Care. The quality of life
is going to become a major determining factor
and not the mundane increase of life span
expectancy.

The understanding that genetics only play a
small role in the overall health aspects in now
getting better established. This would become
even more well accepted in the decades to
come. Individuals would hold more responsibil-
ity for their own health and well-being. It is
already determined that the costs from behav-
jor for an economy are far larger than costs
from genetics.

A large percentage of Individuals have already
started to monitor their health and vital param-
eters. This is set to grow exponentially. The
stage is set to change from quantified self to
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quantified health, where the individuals have
all the health data that they want to know
about themselves. The coming decades would
have shift from wearables to insideables (that
which is ingested or tattooed onto the skin)
and to trainables (patch that can recommend
the right body postures) to ‘shockables’ — (that
which trigger a shock when there is inappro-
priate conditions)

The community and ecosystem are playing a
vital role already in the behavior changes of
the individuals. It is proven that just by having
large amount of wearables would not by them-
selves lead to behavioral changes [1]. The
quantified health would be connected to the
trained specialists, therapists to help, guide
and mentor slowly the behavioral changes.
This would lead to large ecosystems play in
healthcare, from social platforms to self-help
groups. The data collected from all these di-
verse sensors and behavior patterns would
become a rich mine of information. These
would be analyzed by machine learning algo-
rithms to predict onset of any ailment much in
advance. The artificial intelligence systems
would be able to proactively intervene before
the calamity onset. Robotics and immersive
virtual reality systems would help engage with
individuals in unprecedented ways bridging the
gap between machines and humans. Smarter
Al systems would understand each individual
minutely and be able to offer personalized
solutions.

3. The new socio-economic frontiers in
healthcare

The generic narrative in health-tech innovation
is multiplicity of technology and fast emer-
gence of state-of-the art instrumentation and
cloud based services. But, beyond such de-
velopments there lies the fast opening up of
the (so called) resource limited regions, spe-
cially China and India, followed by parts of
African continent. This emergent market will
rely less on the professional and high-cost
diagnostics workflows and move more towards
low-cost pre-screening based methodologies
and shift towards healthcare economy of
scale. The effects of such a shift is manifold :
(i) Inspite of the long standing belief that per-



sonalized medicine is the future, there will be a
new market where bulk medical products with
thrive and grow at a rampant pace — ushering
in an era of much production of low cost con-
nected medical devices [3]. (ii) Since the bulk
of available data increases (many of the
emerging countries has less stringent rules for
patient data) and more individuals are con-
nected to a global system, accuracy of artifi-
cially intelligent systems will improve — further
promoting its growth. Several reports has indi-
cated the medical devices market in India
alone will cross 20 billion in 2026, thus creat-
ing a healthcare ecomony seldom envisaged
by many global players. Moreover, it will allow
healthcare services to reach far and wide, thus
encouraging tertiary healthcare providers to
extend value based care as opposed to the
small cohort of service based delivery of care.
The Yashwaswini scheme for providing health
insurance for rural dwellers in Karnataka, India
and the Narayana Hrudayalaya stand testimo-
ny to the emerging world order.

4. Discussion and conclusion

There are lots of opportunity areas in this con-
vergence—

Easier Three Dimensional models for entire
anatomy, Machine Learning and Deep Learn-
ing to help Radiologists, Reduced dose while
imaging, Hospitals/Doctor move to houses,
Smarter Appointment booking systems, Ro-
botics assisting surgeons tasks, Al making
smart hospitals.

There are lots of challenges that this would
pose —Spiraling Costs could force busi-
ness/governments to come up with alternative
Business Models, Governments to pay money
for people to stay healthy, Larger divide be-
tween healthy and Non healthy people, Newer
diseases that get generated, Increasing Life
Span versus Increasing Quality of Life

The geographical variations and opportunities
in the emerging markets, coupled with its chal-
lenges in implementation, will be an equally
important factor as the technical develop-
ments. Developed economies will see an
emergence of precision medicine and automa-
tion of diagnosis, but on the contrary, the
emerging economies will have a fresh and
vibrant model of pervasive and accessible
healthcare. Though evolution of healthcare
technologies and pathways for its delivery is
one of the most difficult aspects to predict, we
can be optimistic of technology driven frame-
work to emerge. Though some regions are still
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laggards in terms of infrastructure, it allows
them an option of a jump starting a revolution
(reminiscent of the telecom revolution of In-
dia). Finally, we should also spare a thought
about the wonderful frugal innovations taking
place around the globe, which can not only
create local well-being, but some ideas can
potentially revolutionize and disrupt the pres-
ence status quo between the stakeholders [4].

Quality of Life

£

st $i0 $100 $1.000
Cost of Care Delivery / Day

Figure 1: Cost versus Quality of Life
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1. Introduction

The average life expectancy of the population
in industrial countries was never as high as
now [1]. Despite the fact that improved
healthcare is one of the reasons for this posi-
tive change, it contains also new challenges
which have to be solved.

Fitting to the higher average age of the popula-
tion, there are more age dependent diseases,
accidents and other health problems which
need an appropriate healthcare. This is result-
ing in a higher number of patients who want to
get a therapy for their health problems by visit-
ing a physician or a hospital. While these huge
number of patients want to get an optimal
treatment, the physicians have to care about
their limited time in which they have to satisfy
the medical need of the patients.

In the current healthcare system, the physi-
cians are paid based on procedures and num-
ber of patients they have treated. The following
example depicts the problem of current
healthcare systems: A medical doctor “A”
works with a lot of effort and spends a lot of
time in comprehensive individual differential
diagnosis for finding the cause of some un-
clear symptoms. This results in a maximum
medical outcome for the patient. Another med-
ical doctor “B” divides his patients very quickly
into standard categories and applies therefore
mainly typical non individual procedures which
results in less patient satisfaction. At the end
Doctor “B” can get the same or a better pay-
ment than Doctor “A”. The injustice in this ex-
ample could demotivate doctor “A” and may
reduce also his diagnostic and therapeutic
quality. This conventional payment concept
carries the risk that the patients don’t get indi-
vidual and specific treatment.

This paper will present a novel healthcare
payment method and how it could be imple-
mented in the future giving the physicians new
motivations and supporting the patients to get
a better medical care.
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2. General Concept

The main purpose of the new healthcare pay-
ment system is improving the quality of
healthcare by motivating the physicians to
achieve maximum medical outcome. That
would mean that physicians will get paid for
their medical performance instead of their
amount of realised procedures. In general, the
patient has to get any kind of medical benefits
out of the treatment that the physician gets
paid.

3. Special Regulations

Regqulation for measurement of success:

This system needs a measurement method
which measures the medical performance of
the physician. To evaluate if the treatment was
successful, the first choice is using objective
methods like laboratory testing (blood tests,
urine tests and other), imaging modalities and
many other available objective testing meth-
ods. For example, a patient with hypothyroid-
ism (underactive thyroid) visits a doctor for
treatment and gets medication to lower the
increased TSH (thyroid stimulating hormone)
level of the patient. For measuring if the cho-
sen drug therapy was successful, the TSH
level of the patient is analysed again and if a
lowering to a healthy level is achieved, the
doctor gets paid after a confirmation of the
laboratory is done.

Regqulation for diseases with low scientific suc-
cess rate:

If the payment is based on medical outcome,
physicians with focus on diseases with poor
success rate like Cancer would not get their
deserved salary. Therefore, the payment is not
only based on positive medical outcome. It is
based on a so called scientific success rate
(SSR) of a certain disease. The SSR de-
scribes a scientifically proven average success
rate under medical treatment. Based on this
SSR, all known diseases are staggered into
categories. Bowel Cancer for example has an
survival rate of 57 %, that the patient will sur-




vive for at least 10 more years [2]. For this kind
of diseases, the treating physician gets 43% of
the treatment cost immediately. The remaining
57% are paid after successful treatment is
proved.

Regulation for incurable diseases:

The success of the medical doctor treating
incurable diseases like Parkinson’s disease is
assessed in a different way. Parkinson treat-
ment is based on symptom reduction and
slowing the progression of the disease. The
success in both aspects can only be evaluated
by the patient. Therefore, the patient plays a
central role in the salary process of the physi-
cian in this kind of diseases. The physician will
be only paid if the patient can confirm the suc-
cess of the treatment by an evaluation done by
the patient or a family member. It is done by
family members if the patient is not able to. For
this purpose, every patient has an CE certified
medical mobile application on their mobile
devices provided by the health insurance (see
Fig. 1). This application contains patient data,
diseases, treating physicians, past procedures,
sample results and treatment outcome evalua-
tion, which is in direct contact with the health
insurance and treating physician.

goes to

‘ Patient ' — Physician
evaluates transfers )
treatment treatment €valuation based
outcome data to payment

N i Health

transfers Insurance
data to

transfers results to

sends sample to

Laboratory transfers results to

Fig. 1: Association between different involved
parties for successful treatment outcome eval-
uation

4. Discussion

Like every other concept there are also disad-
vantages like delayed payment for the physi-
cians and more expense for the patient be-
cause of involvement in salary process.

Nevertheless, it motivates the physician to put
more effort in medical treatment and improve
the quality of healthcare in general. The une-
qual dealing with doctors who spend more
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time and trying to get a more individual therapy
for the patient is also repealed.
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1. Introduction

Globally, all healthcare systems are facing
similar challenges. Rising costs, changing
demographics, accessibility of medical ser-
vices, quality of medical cares and ... have
increased the need to manage healthcare
plans for the future. Multiple solutions are be-
ing put into play to help determine the future of
healthcare. As a popular solution, application
of different forms of technology is becoming a
major factor in healthcare settings around the
world. Across all health care sectors, there is a
demand for creative and thoughtful uses of
new technologies to make high-quality health
care accessible and affordable for everyone.
From the other point of view, using new tech-
nologies bring changes in to each area, for
instance the movement from public healthcare
systems to more personalized medicine in the
past few years.

Considering all important points, here a short
overview on how new technologies will change
the picture of healthcare systems in the future
is provided.

2. Materials and Methods

How will healthcare look like in a few decades
from now? Multiple factors should be consid-
ered to answer this question. There are many
countries around the world that have differ-
ences in the case of healthcare infrastructures,
payment systems, medical requirements, med-
ical equipment and resources. However the
main point is that all countries try to apply the
various types of technology to meet their
needs. How will these technologies change the
healthcare in the future?

2.1. Artificial Intelligence (Al)

Al in healthcare and medicine could organize
the patient routes or treatment plans better,
and offer physicians with literally all the infor-
mation they need to make a good decision.
Clinical Decision Support systems (CDSS) and
Al systems for medical image, and lab test
analytics are the current examples of using Al
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in the healthcare settings. Future directions for
Al including mining medical records, designing
treatment plans, genetics and genomics pro-
grams, drug creation and ... will provide a
complete, accurate and acceptable computer-
based treatment path for the patient-individual
which can be observed by the physicians in
special cases. Some companies are working
on different projects in this area and will intro-
duce a wide application of Al in healthcare
settings in the future [1].

2.2. Health Information Technology (HIT)
HIT will alter the focus of healthcare providers
from curing illness to able the person to im-
prove their personal health. Cloud computing
will store big data for secure and easy access
by people, mobile devices will be used to enter
data during health events, wearable sensors
discover changes in our bodies like physical
changes, and social media will provide sharing
our health information to support communities.
These four pillars generate the big data that
could fuel a learning health system (LHS). The
LHS continuously analysis this data as well as
the data from electronic health records (EHRSs)
and other healthcare entities. Subsequently,
patients and their healthcare providers will use
HIT to get access to this learned knowledge to
improve health conditions [2].

2.3. Robotics

Robotics has the ability to scale down a sur-
geon’s motions so that, in cooperation with the
computer, surgical manipulations at a sub
micro scale would be possible. Also, the ad-
vancement in miniaturization to have micro-
robots is not as far off as one might think. So
following imagination is possible: ,a robot doc-
tor has replaced its human predecessor, using
a super-computer brain to calculate drug dos-
es in seconds with no risk of fatigue-induced
errors* [3].
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Figure 1: Technologies and future of medicine

3. Discussion & Conclusion

The healthcare systems are concentrating on
prevention and aftercare, instead of providing
medical care in acute phase. Based on this
new movement, what we can see in the future
of healthcare is the presence of new technolo-
gies in different medical settings.

Family history, current health condition, and
genetic prediction will gather to assess the
patient, with the help of wearable devices.
Additional information will collect with the port-
able ultra-fast scanning systems. All this inte-
grated information in the EHR will be analyzed
by the support of Al to offer an accurate and
efficient personalized treatment plan. The
revolution in the field of pharmaceutical treat-
ment will provide more rapid effective drugs
that hit the target fast and have long-lasting
performances, which is based on molecular
structure of each patient. In the case of surgi-
cal treatment, we can see fully equipped oper-
ation rooms which can easily be modified for
each procedure. Hybrid and fast imaging mo-
dalities, navigation setups, different processing
units and computers will be placed inside the
operation rooms (ORs). Robots will handle all
surgical procedures and surgeons and nurses
will only observe the process, either from the
next room or thousand miles away. Aftercare
and follow-up process will take place at home
and all information regarding patient condition
will be transfer to the healthcare center. Then
next step will be applied with the help of auto-
mated machines and robots.

Thinking and talking about all these workflows
in the future is easy. But there are some criti-
cal properties that need more attention. For
instance:
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1. Every new change in healthcare settings
should pass the standardization filter (FDA and
...) which takes long time.

2. We have countries with different require-
ments and resources in the healthcare system.
Hence, what we will see in a developed coun-
try is not similar to the poor developing one.

3. How insurance companies and payment
systems will deal with new changes?

4. How the security, confidentiality and privacy
of patient and its information will be protected
in this new workflow?

5. What kind of cultural, ethical and religious
issues will come to the scenario?

6. Will the governments, patients, physicians,
clinical staffs, managers and ... cooperate with
these changes?

These are only a few examples of what we will
face with in the future of healthcare systems.
More discussion and scientific researches is
crucial to prepare each society for what they
will meet.
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3. Introduction

Ultrasound reflection imaging is a real-time
modality which is widely used to guide mini-
mally-invasive clinical interventions, where the
instrument path is essentially straight forward
and a few centimeters in length.

Image reconstruction: The technical realiza-
tion of wave excitation, measurement of the
reflected wave and image reconstruction in
clinical routine equipment is nowadays based
on the so-called synthetic aperture focusing
(SAFT) or similar techniques. In SAFT, some
neighbored piezo crystals (synthetic aperture,
SA) are excited to generate an emission wave
focused to a point (A-line), and thus improves
the signal-to-noise ratio of the reflected waves.
The reflected waves are measured at some
neighboring piezo crystals, and their signals
are delayed-and-summed up (DAS) phase-
coherently to form a receive-focused signal.
Numerous of such emit-receive procedures
are processed, and this number is roughly
inversely proportional to the image repetition
frequency.

SAFT has some inherent drawbacks:

1. A high number of A-lines improves lateral
image resolution, but decreases image
repetition frequency and thus real-time
ability.

2. Parallel A-lines often cannot circumvent
structures acting as perfect wave energy
absorbers or reflectors, thus provoking in-
complete visualization of target and struc-
tures at risk (e.g. vessels, nerves).

3. A-lines directed into the same tissue under
different orientations, improves image
quality, but decreases image repetition
frequency.

4. Focusing causes inhomogeneous iso-
pressure wave envelopes and thus a phys-
ical resolution that decreases typically
from axial (sub-millimeter) to lateral to ele-
vational (millimeter) wave propagation di-
rection. It should be noted, that data dis-
cretization is finer than physical resolution
in many devices.

5. For emit-receive focusing a constant wave
propagation velocity must be assumed.
Because wave propagation velocity de-
pends on tissue properties (e.g. mass
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density, compressibility), this assumption
represents real properties only poorly.
Therefore, DAS is performed over phase-
incoherent signals.

Obviously, SA focusing and DAS techniques
can result in poor image contrast, high noise
levels as well as in mis-placement, incomplete
visualization and erroneous measures of target
and structures at risk (e.g. vessels, nerves).
These problems become relevant especially
for small structures and hinder the usage of
ultrasound guided interventions.

Dynamic image guidance: In the recent
years, 2-D ultrasound imaging has been ex-
tended to volumetric 3-D techniques. Frame
and volume rates > 10/sec are technically
realizable and sufficient for most interventions.
Because anatomical relations are spatial, from
a visualization point-of-view, 3-D+t image ac-
quisition techniques seem to be preferable. At
present, transducers for 3-D+t imaging are
bulky in most cases. Thus, in typically small
transcutaneous access windows, instrument
and transducer must be placed and restrain
each other. In some cases, ultrasound guided
interventions can become non-ergonomic.
Smaller 2-D transducers would still be utiliza-
ble, but at the first glance spatial information
gets lost.

4. Materials and Methods

Image reconstruction: A mathematical linear
wave propagation forward model can be de-
rived allowing for in-homogeneous tissue pa-
rameters (e.g. elasticity and mass density) [1].
It relates the amplitudes of emitted waves to
the measured signals of received reflected
waves. In plane wave imaging, several waves
are transmitted under different angles into the
same tissue. Combined with the associated
receive waves, an - ill-posed — source (tissue
parameters) problem can be solved to deter-
mine the tissue parameters [2]. For appropri-
ate algorithms, this procedure not only im-
proves geometric correctness of ultrasound
images, but in addition yields two discrete
material parameters instead of one B-mode
image.

Dynamic image guidance: Spatial alignment
of 2-D images is performed by trained physi-
cists, e.g. radiologists, in clinical routine. Not



only this observation encourages algorithmic
approaches of plane-to-volume registration [3].
The term plane-to-volume registration under-
estimates the potential of such an approach,
because it even allows to fit smooth, non-flat
areas into a volume. Thus, it enables to handle
registration of at least small tissue defor-
mations that occur between intra-interventional
2-D imaging vs. pre-interventional volume
imaging.

3. Discussion & Conclusion

At present, the computational time for the de-
termination of tissue parameters is far from
real-time demands (s. above: 10/sec). Addi-
tionally, the slice-to-volume registration is only
feasible for small regions of interest, and a
reliable initialization of registration must be
available. This demands proper transducer
todling skills of physicians. If the computa-
tional and algorithmic challenges can be met,
2-D ultrasound imaging is assumed to be a
valuable tool for 3-D image guided interven-
tions where transducer tracking is not feasible.
It then avoids the usage of 3-D transducers,
and smaller 2-D transducers can be employed
instead. Additional advantages of 2-D trans-
ducers are their established clinical usage and
typically their higher frame rates.
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1. Introduction

Presently, our healthcare system are built on a
“sick-care” approach, where a patient waits for
the symptoms of a disease to appear and then
the physician tries to do damage control. But
technological breakthroughs are revolutioniz-
ing the way healthcare is being delivered.
Modern technology is changing the organiza-
tion and structure of the entire medical do-
main.

While robots and computers might probably
never completely replace physicians and the
healthcare staff, Artificial Intelligence paired
with robotics is transforming the healthcare
industry, improving outcomes, and changing
the way doctors think about providing care. A
patient centric system is being established and
within the next 20 years, we will see the dawn
of a new era. Healthcare would be largely da-
ta-driven, we would be able to predict diseases
long before any symptoms appear, treat them
with personalized medication, live longer and
healthier, and healthcare would become more
accessible.

2. Materials and Methods

Nearly every cell in the human body contains
the operating instructions in the form of a
complete set of DNA that influence everything
from a person’s eye color to vulnerability to a
disease. Decoding this genetic data would
enable us to create a more personalized
healthcare system. In the coming few dec-
ades, genome sequencing costs will drop
down equivalent to a cup of Starbucks coffee,
and based on genomic information, Cancers
and conditions like Alzheimer’s will be largely
preventable through very early intervention
and sharing of effective treatment result data
among doctors over cloud-based medical sys-
tems [1]. Pharmacies would quickly prepare
medications tailored to perform specifically for
a patient in treating an ailment or maintaining
health.

To continuously monitor the condition of our
body, nanobots would be deployed inside us.
These untethered and wirelessly con-
trolled/autonomous ingestible devices will
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make existing medical procedures less inva-
sive and will enable us to perform tasks that
were never before possible. With technological
advancements, we can imagine nanobots ca-
pable of autonomously carrying out complex
operations [2]. These robots could be adminis-
tered into the body by a pill or be injected into
the bloodstream and they could be used for

e Localized delivery of biological and chem-
ical substances, as well as focused ener-
gy, as shown in Figure 1.

e Removal of unwanted materials from the
body

e Transmitting information from a specific
location, that would otherwise be difficult
or impossible to obtain.

Figure 1: Nano scale robots developed at

Caltech killing cancer cells.

The next decade is vital for us in understand-
ing and controlling how stem cells behave.
Within our lifetimes, stems cells could be used
to repair and regenerate our organs and our
body parts. Nanobots could be used to deploy
stem cells at a particular location and they
would be able repair for example, regenerate
the heart muscles after a heart attack, which is
the holy grail of cardiovascular stem cell ther-
apy. Regenerative medicine also includes the
possibility of growing tissues and organs in the
labs, using the patient's own tissue or cells,
and implanting them where the body is unable
heal itself, would potentially solve the problem
of the shortage of organs available for dona-
tion, and the problem of organ transplant rejec-
tion [3]. This organ replacement would contrib-
ute significantly, to the longevity of a person.
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Figure 2: Potential uses of Stem cell therapy.

If we analyze the current method of developing
vaccines, it’s all about data and luck. Scientists
begin with figuring out, what drugs can affect a
virus, how effective is the drug, and for whom
and then it's all hit and trial until they stumble
upon a cure. Soon, cognitive artificial intelli-
gence will help researchers rapidly process
those huge data sets to come up with a cure
more quickly.

Robotics and Atrtificial Intelligence will help us
create bionic body parts which will not only be
used by disabled people but by normal people
as well, to enhance their body functionality for
example super human strength and improved
vision. Assistive robots will help us age better
by helping us do our tasks independently, for
longer.

Within the next few decades, we will witness
one of the most exciting point in medical re-
search, the preservation of a person’s con-
science. Either by uploading the conscience
through a human-machine interface or through
a complete head-transplant [4]. Either way,
this would allow us to preserve the greatest
minds, to help propel our technological ad-
vancements to greater heights.

3. Discussion & Conclusion

We are at a point in time when a lot of exciting
research is being done that could create a
paradigm shift in how healthcare is delivered.

But there are quite a few technical and ethical
complications in realizing these research. We
are currently at the stage when genome se-
quencing is slow, relatively expensive and we
are unable to decipher the information in the
genetic code. Moreover, it may also have ethi-
cal implications. Although genetic testing can
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potentially diagnose preventable diseases, it
has potential downsides such as genetic dis-
crimination, loss of anonymity, and psycholog-
ical impacts such as discovery of non-
paternity. We don’t have the technology to
make small enough motors to propel nanobots
and we don’t yet have the technology to let
them move autonomously for prolonged use.
Regenerative medicine is still in its rudimen-
tary stages and we don’'t fully know how to
control stems cells. Nevertheless, these above
mentioned research suggest that future seems
promising, but the real challenge is not only
their efficacy but their affordability and acces-
sibility to the masses. With newer research, we
will have to develop new laws to use them
safely and effectively.
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Healthcare areas that will experience strong development

Lisa Klemm

1. Introduction

Nowadays, nearly all areas of life are directly
or indirectly affected by the technical progress.
As described by Moore’s law, the complexity of
integrated circuits doubles every year — so
does memory capacity as well as computation
speed. In this paper, the focus lies especially
on the future vision of the healthcare system
for the next 20 years. Which areas in the
healthcare system will experience a strong
development? Which tasks might disappear?
Are there yet possibilities to realize it? This
paper will give some possible answers to
these questions.

2. Materials and Methods

People have modified life since thousands of
years. Due to selective breeding, useful prop-
erties of animals and plants were enhanced.
Some examples of these modifications are the
different dog breeds, where the properties of
the dogs were adapted to particular tasks, or
even the different modifications of vegetables,
to improve the taste or increase the storage
life. These modifications could be accelerated
with genetic engineering. Until recently, genet-
ic engineering was very expensive, complex
and took very long time. This was changed by
a new technology called CRISPR [1]. The
costs of genetic engineering have fallen by
99% and instead of one year, it takes now
several weeks to perform experiments. With
the CRISPR technology particular sequences
in the DNA can be found and also be replaced.
Already first human trials were performed in
2016 [2]. With this technology, an enormously
high number of diseases can be treated, such
as cancer, diabetes, age related diseases,
HIV, and even obesity. For that reason, the
tasks in the healthcare domain will change
both the tasks of physicians and the technolo-
gies tremendously.

Neural networks are discussed very often in
recent days. Due to the great interest in this
issue and the high number of possible applica-
tions, the development of artificial intelligence
will be very fast and the possibilities to use it in
the healthcare domain will increase as well.
This will lead primarily to a better data evalua-
tion and therefore a stronger data acquisition
concerning the whole human'’s life. With neural
networks, it will be possible to connect a pa-
tient’'s habits (e.g. eating habits, physical ac-
tivity and psychological health) in all kinds of
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variations that was never possible to evaluate
before. Neural networks can include all the
data and suggest possible diseases. The task
of physicians therefore will change. When the
program makes the decisions, the physicians
are mainly needed to translate the results for
the patient, explaining the consequences and
being available for answering the patient's
questions. Consequently, the education will
additionally focus on more psychological, em-
pathic and rhetorical issues.

When such a high amount of data can be
evaluated and interpreted adequately, a more
precise and permanent monitoring will be justi-
fied. With a so called “Lab-on-a-chip” medical
check-ups will be done at home, while the
results are sent directly over internet to a ser-
vice center and the patient is only connected
to a physician via internet for discussing the
results. Because these chips can be delivered
to the patients home, the availability of
healthcare increases especially in rural areas.
Also, the evaluation period decreases and the
test results are available within few hours. A
more and more intuitive handling of technical
devices makes it possible for elderly people to
use the services.

Nevertheless, there is still a need for imaging
or surgery devices that are too big and expen-
sive to have them at home. For that reason,
there will be few but great hospital-centers
located in the major cities, where patients can
be examined. The imaging resolution will in-
crease further and the imaging methods will
mix up to achieve better results. The surgeries
will be more and more precise and therefore
will be done partially by telerobots controlled
by a surgeon and partially by fully-automated
robots. With large training sets received by the
telerobots and the ability to include more and
more information, the fully-automated surgery
robots will replace the surgeons and make less
errors.

With the development of new materials, it will
be possible to 3D-print whole organs or even
whole extremities. Specific scanners will be
able to determine the exact body structure and
make it possible to copy patient's organs.
Once every five years the whole body of a
patient will be scanned, so that in case of dis-
eases or accidents the damaged organs can
be replaced without complications or long wait-
ing time.



By means of permanent monitoring and easy
3D-printing there will be devices as present
photo-printers in drugstores, that can print
customized drugs for each individual patient,
adapted to the patient’s needs.

3. Discussion & Conclusion

One main problem in the future will be data
safety and safe communication via the inter-
net. A huge network will only be possible if the
data storages cannot be hacked and the
transmission of data is encrypted sufficiently.
Therefore, a fast development in data safety is
required as well.

The high degree of automation will have a
serious impact on employment and education
and will cost lots of jobs. This is only desirable
if at the same time the society’s wealth can be
ensured. One way to manage a high degree of
automation, unemployment and wealth is to
establish a Universal Basic Income that will
cover the basic needs of the residents. On the
one hand this will ensure that the people will
still be able to buy basic needs and also have
time for things they really enjoy — this still can
be work, but more in the sense of voluntary
services. On the other hand, one can argue,
that people will stop working entirely, also in
hard jobs that still are needed, and this will
lead to a huge chaos of unproductivity. Also,
this could decrease the competition between
companies, that could on the one hand coun-
teract burnouts, but on the other hand slow
down research and technical progress. All in
all, further studies and research on this topic
have to be commissioned to state a realistic
prediction, if that is possible at all.

In conclusion, the healthcare system in 20
years will more and more be dominated by
automation and artificial intelligence. The
treatment will develop into a more specific
direction, adapted to the needs of each indi-
vidual patient. Most common diseases can be
treated with gene engineering. Most of the
medical care and surveillance will take place at
home, increasing healthcare availability espe-
cially in rural areas. Smaller hospitals will van-
ish and be replaced by bigger hospitals and
service centers in major cities, where the big
and expensive imaging and surgery devices
are located.
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1. Introduction

Healthcare systems today have to address a
host of different challenges posed by medical
and scientific advancement. Developments in
the field of genetics, information technologies,
and nanotechnology are enforcing a more
individualized approach to healthcare — often
outside the hospital setting, while we have
already seen the rise of user-centric
healthcare and increasing patient empower-
ment. Concepts such as ‘the average patient’
are now viewed as outdated. And standards
within modern medical systems are measured
by different parameters, including: patient ac-
cess to the best-available treatments and to
non-institutionalized care; compliance with
treatments; and, even — patient choice.

For companies active in healthcare this is a
highly volatile and rapidly changing environ-
ment to operate in, but only few have started
thinking proactively about what the future
might look like. Many are too constrained by
their standing assumptions of how the industry
has operated in the past, or they have a rather
narrow perspective.

This paper will discuss many ambitious ideas
about possible developments in the field of
healthcare. These glimpses into the future of
healthcare, provided by leading health, tech-
nology and innovation experts, project a fasci-
nating new world that could become very real
within the next few years.

future

2. Implications and

scenarios.

possible

Shifting the health focus of the system can be
a notable point in the future. It includes early
identification and prevention.Access to new
forms of care delivery to improve patient
knowledge, self-help and health .Connection to
benefits design to increase coverage for those
services which prevent disease and improve
health over long term. Reducing administrative
and clinical waste can also be seen as a po-
tential move for future development.

Satellite structure could also be a drastic
change towards development. For this scenar-
io to become true, a technologic leap by all
public and private healthcare structures is
required. It will consist of Satellite Hospital
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which will include remote hospitals where sur-
geries are carried out through technology such
as remote patient monitoring and robotics.
Then there will be main hospital where central-
izing hospital activities such as research and
academics will be carried out. Finally there will
be Territorial Units which will be something like
home care units and will assist patients at their
homes through advanced technology.
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Figure 1: Typical architecture of wireless sen-
sor network.

New technological applications for engaging,
communicating with, and delivering care to
patients will be “huge” over the next 20 years.
As a result, providers will be able to serve
more patients with existing resources. There
will be more monitoring of chronic conditions
through mobile apps, in which the patient pro-
vides information that feeds directly into our
EHR system, which will be able to evaluate
those data. If, say, a diabetic’s glucose levels
are within a predetermined range, the infor-
mation is just recorded for future reference. If
the glucose levels are problematic, both care-
giver and patient will get a message saying
‘We need to connect” And, if something
changes with a patient, we will be able to send
her information that’s relevant to the new stage
of her disease. One telemonitoring develop-
ment already proving its clinical efficacy is the
depression automated remote monitoring sys-



tem (D-ARMS), developed by the Los Angeles
County Department of Health Services in part-
nership with the University of California. This is
a phone system that makes multiple simulta-
neous outbound calls to patients at high risk
for depression on both a scheduled and data-
triggered basis and collects touchtone or spo-
ken responses to recorded questions.

Remote monitoring can also be used to en-
courage healthcare staff to adopt best practic-
es. One example is a wearable, electronic
hand-hygiene prompter, which promises to
slash healthcare-acquired infection rates and,
with them, hospital length of stay and related
costs. The technology tracks clinicians’ hand
washing and delivers a sound or vibration to
prompt washing between patients, along with
data reports that summarize compliance rates
by location and department.

3. Discussion & Conclusion

However, most of the innovative ideas that he
we hear or think have less to do with medical
advances and more to do with improving how
health care is accessed, provided, and paid for
in a particular country. This makes sense.
While medical science has advanced at rapid
speed over the last 60-70 years, the cost of
health care has spun out of control, the level of
quality is inconsistent, and the patient experi-
ence is in need of repair. In other words, it's
the way we deliver care that really needs a
mammoth dose of innovation.
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1. Introduction

Technology is improving every day and devel-
oping at a rapid rate. It is already a part of our
lives and has also infiltrated the healthcare.

The benefits of technology in healthcare are
multiple. Diseases can be localized by the help
of medical imaging devices without necessarily
harming the patients, surgeries are lifesaving
and minimal invasive. Through internet people
can get information about diseases and ways
to prevent and get rid of them. The life expec-
tancy is increasing [1].

However new innovations and technologies
are still being introduced and this trend does
not seem about to reverse. This paper dis-
cusses the possible up-coming innovations in
healthcare products and services.

Some limitations and problems of current
technologies are listed in the following section
in order to have a vision of the possible break-
through technologies. This reflection is based
on own expectation and in some aspects on
the actual need of the population in African
countries.

2. Materials and Methods

The use of new technologies has some limita-
tions. For instance, internet is a huge source of
information. According to the Pew Internet and
American Life Project, there has been a “sharp
growth in the number of American doing key
internet activities, such as health searches” [2].
They reported that, in 2004, 66% of a sample
of more than 2000 American senior online
searches healthcare information on the web
[2].

People look up symptoms, treatments and
medicines. But the overload of information
results in a decline in quality of information,
leading to inaccurate self-diagnostic. By trying
to treat the symptoms with the inappropriate
medicines, the worst case could happen.

Another technology uses in hospitals is the
ultrasound scanner. It is used for imaging pur-
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pose of the internal body. Ultrasonography
widely performed during pregnancy to confirm

fetal heartbeat und determine its sex. But
common 2D-ultrasound images are white and
black images, the poor resolution makes it
hard for the future parents to decipher the
image.

Regular check-ups are important; health prob-
lems can be found at an early stage and even
before they start. But in general the clinics are
overloaded, the waiting time is sometimes too
long and the doctors are overstretched. On
the other hand it is not likely to find people who
would like to schedule an appointment with a
physician every single week; even less if the
next healthcare facility is far away.

3. Discussion & Conclusion

The up-coming healthcare products and ser-
vices must be ease of integration and use.
They must be safe for the patient and the envi-
ronment. They must be available, affordable
and acceptable.

To improve the quality of healthcare related
online-information and services, a web plat-
form or an automatic machine or an applica-
tion could be developed by software-
developers in close collaboration with physi-
cians. It should be then certified by the state.
These apps could be used as “online-clinics”
where people could enter the symptoms they
have and get as response a diagnostic. The
application should ask further questions in
order to find if other symptoms show up and
prescribe drugs.

The accuracy of these “automatic diagnostic”
must be high and could be adapted to region
specific realities. In African countries where
the costs of healthcare are high for the aver-
age citizen, these “online-clinic’ could pre-
scribe at first herbal remedies, which are easi-
er to find, cheaper and safe.
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The use of High Definition 3D-ultrasound
scanners would help to determine with more
accuracy the sex of the baby and earlier than it
is possible with current technologies. Fur-
thermore parents would no more make efforts
to decipher the image and to recognize the
anatomies of the baby.

Figure 1: A possible up-coming technology:
An HD-3D-Ultrasound image of a baby [3].

At birth wearable smart watches could be worn
for life, to continuously track the heart rate, the
blood pressure, calories burned, perform skin
screening and other health services, with the
purpose to guide each person to a healthy life
and furthermore to discharge the clinicians.

Finally there is worth to say that every solution
could breed a new problem. There is a need to
educate the public about the fact that these
tools and technologies are help and could
never replace a doctor or an expert. Further-
more everybody muss be aware that the hu-
man body can heal itself. Medication, surger-
ies and other healthcare services are not al-
ways necessarily.
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1. Introduction

The median estimate of the world’s population
is projected to reach 8.5 billion by 2030 [1].
However, the traditional health care would not
support the population health and treatment of
patients. Indeed, there are some key aspects
to develop the global health care system. First
of all, the ideas should be designed for pre-
venting of devastating diseases such as can-
cers, ischemic heart diseases, diabetes, infec-
tions, and congenital diseases. Furthermore,
every patient all around the world must have
an opportunity to be provided with high quality
care.

Personal Health Application would be a tech-
nology to improve the quality of health care
dramatically. This technology has the potential
to reduce the cost of health care and improve
well-being in many ways. It can support con-
tinuous health monitoring at both the individual
and population level, encourage healthy be-
haviors to prevent or reduce health problems,
support chronic disease self-management,
reduce the number of health care visits, and
provide personalized and localized healthcare
systems which patients can receive consistent-
ly high quality care wherever or whoever they
are [2].

Universal health
system

e Medication
tracking and
safety [2]

e The right deci-
sions at the
right time

e High quality life

style

Personalized

healthcare

e More accessi-

— ble
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e« Time saving

Measurement l

e  Simple instructions
e  Accurate sensors
e Available at the righy

time
ya—
Diagnosis
e  More accurate
e faster .

Treatments/prevention
e Remote behadaral
ment [2]
. Dissemination of
health information [2]
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Figure 1: The advantages of personal
health application in different steps.
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2. Materials and Methods

This application would be designed such that
the patient can explain her problem (by speak-
ing or writing) and then by voice recognition
and with the help of machine learning and
artificial intelligence, the iliness will be catego-
rized. If the information for an accurate diag-
nosis is not enough, the patient should answer
some questions or send a related image or
even a bio-signal (figure 3). The small imaging
devices such as mobile phone type ultrasound
scanner and tiny x-ray emitter- which can be
embedded in small and portable x-ray ma-
chine- will facilitate the procedure of diagnostic
(figure 2).

a._\ .

Figure 2: a) Mobile phone type ultrasound
scanner, source: https://www.pinterest.com

b) Tiny x-ray emitter (Tribogenics), source:
https://www.wired.com

Furthermore, people have an opportunity for a
monthly checkup which consists of blood test,
urine test, blood pressure and heart pulse rate.
The monthly checkup prevents further diseas-
es and also can suggest an instruction or a
diet to reduce the risk of developing a disease.
For example, the application uses the current
blood glucose level, the amount of carbohy-
drates in a user's meal (derived from nutrition
tables filled by user daily) and the intensity of
physical activities (counting the pace and the
amount of steps), and then compare the re-
sults with the similar situations and scenarios
of the past as a suggestion for the person if
there is any probability for the diabetes. Also,
this application by using these parameters can
suggest a patient specific insulin dosage plan
for patients with diabetes [3].

In case of need for medicine, the patient can
order the drugs by the application, and in



emergency cases delivery will be done by
quadcopter drone.

The application improves the life style by track-
ing persons’ health. For instance, it can record
the activity of the user (standing, walking, run-
ning, falling, etc.) and track the number of
steps taken each day as a measure of the
exercise level and active lifestyle of the user

[3].

Application
Monthly checkup

Analyze the result

NSceecoaniion of biological tests

Artificial intelli-
gence If the
results are
not
normal

Categorize the disease
by comparing with simi-
lar scenarios

Finding the solu-
tions and possible
treatments

If more infor-.  No
mation is
required

Yes

Ask for:
-Answering ques-
tion
-Biosignal
-Biological tests

Figure 3: A part of application algorithm

The application can be installed in smart
phones or tablets which are connectable to
sensors to measure bio-signals and biological
tests.

Besides, a small robot will complete the pro-
cedure of diagnostic and treatment. It has abil-
ity to help the handicapped patients and
serves as companions for the elderly or psy-
chological patients. The robot can be pro-
grammed in a way which by interaction with a
person, realize the illness and find the solution
to treat that, or even report the problem auto-
matically to the related doctor.
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Figure 4: A view of health application
Source: https://www.kingsfund.org.uk

3. Discussion & Conclusion

Due to the dramatic growth in population and
concentration of population in developing and
underdeveloped countries, any innovation in
health technology must have the potential
within the global health care system. Tele-
health application is an affordable technology,
which has ability to improve the quality of
health care and keep the patients out of high
cost care. It not only has a tremendous effect
on care and prevention of disease, it provides
rehabilitation therapies for both psychological
and physical patients. As well as, it is a way to
shorten the procedure of diagnosis and treat-
ment in comparing with the time required in
traditional care.
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1. Introduction

Health industry has been undergoing revolu-
tionary changes throughout the human history.
The major research and developments in the
world are related to health care industry.
Health care industry has a significant role in
the economy of a country.

In the past few years’ healthcare industry has
witnessed many drastic developments like
increase of life expectancy, eradication of dis-
eases like small pox, invention of many medi-
cines and devices, transplantation of organs
and so on. All these developments have
helped the survival of humans to a great ex-
tent. For this reason, the developments and
research in this field will continue to grow at a
great pace and we will be able to see many
major changes in the years to come

2. Materials and Methods

One of the changes that can occur in the fu-
ture is the personalized health care approach.
The medicines and the devices needed for the
patient will be made only to suit a single indi-
vidual. This can be seen particularly in case of
implants. The implants will be made to suit just
one person rather than having some standard
sizes like we have now.

There may also be a revolution in the type of
medicines that are produced. Instead of curing
medicines that we have now, preventive medi-
cines will be available.

The health care facilities available now in dif-
ferent countries differ from each other. There
are chances that this situation will change in
the future so that people all around the world
get uniform treatment and facilities.

The use of robots in the medical field will be
increased substantially in the years to come.
They can be used in different areas like assist-
ing the surgeons in surgery, helping nurses in
shifting and taking care of patients. In the fu-
ture there are chances that the role of doctors
will reduce. The work to be done by them may
be done by robots. Another chance is the use
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of sensors or devices which can monitor the
vital signs of the individual and thus predict the
likelihood of having a disease in future. Soft-
ware’s have to developed which accurately
assess the signs and do the prediction.

The method used to teach medical students
may undergo a change in the coming years.
Instead of using cadavers, augmented reality
and 3D models will be used which helps them
to understand things in a better way.

The need for organ donors is increasing day
by day. Many patients are waiting for a suita-
ble donor so that they can get cured and lead
a healthy life. This wait will be ended by im-
plementing 3D printed organs which can be
used as a substitute for human organs. (Fig 1)

Figure 1: 3D printed ear that shows both bio-
logical and electrical part

Another change that can be found in the future
is curing disease at molecular level. Many
diseases such as cancer are recurring even
though proper treatments are done. If it can be
treated at the molecular level, patients can get
cured completely and thus diseases like can-
cer will no longer be a deadly disease.

Telemedicine is yet another area that will un-
dergo drastic change in the coming years.
With the advancement of telemedicine, there is
a high chance that healthcare delivery will be
moved from hospital to home. There is also a
chance that new diseases will emerge in the
coming future.



3. Discussion & Conclusion

With the advancement in different technolo-
gies, various entrepreneurial ideas will also
come up in the future. There will be need of
companies which produce 3D printed organs,
pharmaceutical companies which produce new
drugs, software developing companies which
develop various softwares needed in various
areas of healthcare.

The innovations found in medical field take a
long time to be implemented. This is because
before launching a product to be available for
use on humans, thorough experiments and
approval is needed. One thing that should be
kept in mind is that the developments that are
produced should be cost effective and afforda-
ble.

The changes mentioned above will be easily
visible in the developed nations due to the
inequality in healthcare access and delivery.
This trend will be eliminated in the future by
increasing global investment in medical re-
search and development. Testing and stand-
ardization of medical products have to done
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faster so that new developments will reach
those who are in need faster. Whatever be the
case, the health care industry will totally be
different in the future than what we see now.
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1. Introduction

The trend towards digitalization continues and
brings new challenges. Today the clinical eve-
ryday life is already marked by huge amounts
of data by collecting patient data, varying sta-
tistics, medication lists, treatment options,
ordering systems and patient accounting sys-
tems.

In future, digitization will expand options for
medical treatments, take over the organization
and the management in the clinical all day,
shorten development and certification pro-
cesses for medical technologies and acceler-
ate market launches. Faster processing power,
increased networking and focusing on tele-
medicine systems make it possible- but it also
prepares innovative future technologies. Spe-
cial diagnoses make it possible to intervene
premature and more specialized which, of
course, also changes the treatment chains in
their course. In addition, the organizational
restructuring of the medical sector faces the
digitization with new challenges.

The therefore included interdisciplinarity does
not only demand technical solutions, but also
solutions for process design, the service sector
and demands flexible business models

2. From lifestyle- app to healthcare
management system

Nowadays electronic monitoring systems (e.g.
mobile apps) can already record the scope of
movement, show the heartbeat and give nutri-
tion information. In the near future these com-
pact systems will give complex information for
blood values (chemical values, blood gas,
hormones and diabetes, enzymes, proteins,
inflammatory values etc.) or monitor bio sig-
nals (ECG, EEG, EMG, ERG). The most
common chronic diseases can be monitored
based on these values [1] and will affect dis-
eases and their progress.
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In the field of prevention, this poses challenges
for direct communication systems with appro-
priate data security and reliability. This also
means that physicians and the treatment sys-
tem have to be restructured. To act appropri-
ately, quickly and reliably. A telemedical
healthcare management system, however,
ensures early detection and / or continuous
monitoring, which enables early diagnosis and
treatment and increases the treatment suc-
cess.

Based on high computing performance the
diagnosis in the future is supported by tumor
profiling, CRISPR systems, DNA tests, protein
biomarker analyzes or various applications of
sensor technology [2]. This in turn requires
more specialized therapeutic measures which
are realized through the use of nanotechnolo-
gies, brain computer interfaces, robotics, hy-
brid imaging and monitoring systems.
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However, more specialized measures/ solu-
tions also lead to products becoming more
individualized- and become obsolete faster
and faster. Manufacturers who want to keep
up, need versatile plants and products. In or-
der to meet the requirements of digitization
and networking, flexible and fast alignments
are not only to be found on the technical side,



but business models as well as services will
take a new course.

3. Key factors for future success

In the future, the development is heading for
the reduction of inpatient treatments, in-
creased outsourcing of specialized clinical
services (e.g. radiology), network providers
with higher quality and efficiency as well as
vertical integration between providers offering
various services, from preventive fitness studi-
os to acute- care and after- care solutions [3],
as a whole healthcare management system.

Digital networking with the related telemedi-
cine services and equipment is faced with
various challenges. It is necessary to have:

e development / expansion of medical infra-
structure

e close interlinking of products and services
with far-reaching national, international
and international standards

e interdisciplinary extensive ongoing re-
search and development work involving
biotechnology and information technology
(for effective, non-redundant, simple and
secure structured data management)

e comprehensive state regulation for the
protection of patients, cost carriers and
manufacturers

e national characteristics

4. Outlook

The technical development is exponential: it
has accelerated from century to century, and
will be even faster in the coming decades. The
number of scientists, engineers and techni-
cians worldwide continues to grow, they "pro-
duce" more and more knowledge, and so
technical innovations are developed more and
more rapidly.

In the future, Germany will face new social and
economic changes, such as demographic
change, increasing civilian diseases, and the
lack of skilled workers [4,5]. Digitization is an
important solution for improving the network-
ing, effectivity of systems (accounting, organi-
zation, care, etc.) and for direct communica-
tion. Technical, economic and legal challenges
must be solved. This means being prepared
for the future development should already be
based on computer-assisted and medical
basic knowledge, management and modera-
tion experience, additional business qualifica-
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tion and skills for project management and
planning.

The task of the future will be to create efficient,
user-friendly and comprehensively accepted
electronic health services through the involve-
ment of professionals and patients in strategy,
design and implementation.

Direct communication through telemedi-
cine systems, with a well-organized
healthcare management system (the doctor
is the manager); from prevention through
diagnosis to therapy and aftercare; support
by small, flexible online companies with
adaptable business models, techniques
and services will be the future in the
healthcare systems 2030.
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1. Introduction

Some say the world grows together, | think it
will grow apart. According to the World Health
Organization (WHO) 41 out of 135 countries
did not have one computer tomography (CT)
device per one million inhabitants in 2013
whereas first world countries like Austria on
average had 28.5 devices [1]. Therefore when
talking about a medical future, we may have to
distinguish between diverse developments.

By 2050, the world’s population is assumed to
reach 9.1 billion which is mainly attributable to
the population rise of developing countries.
The relatively young average age will cause a
high potential work force and therefore emerg-
ing markets will have a considerable growth
potential. Because of the relatively low living
standard, the difficult accessibility to
healthcare and medical devices as well as the
contribution of fast technological development,
the main challenges for the medical device
markets in developing countries might be the
access to comprehensive and affordable med-
ical applications and products.

Conversely, the demographical changes in the
first world are on a completely different track.
The analysis for future healthcare tendencies
includes multifactorial dimensions like the de-
mographic/ societal challenges, economy and
technology prospects, research, education and
innovation etc. [Figure 1]. Demographic predic-
tions for Europe in example, state a decreas-
ing population and a rise in average age. The
continent will have more over 65-aged inhabit-
ants than under 20-year olds. The age wave
will have widespread sociopolitical impacts.
The growing group of pensioners will be one of
the most challenging facts as the current pen-
sion system which is based on contribution by
younger inhabitants, will not be an up-to-date
solution. Consequently, age will be treated as
a chronic state and accordingly medicine has
to find appropriate solutions for this condition.
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Figure 1: Contributing dimensions to future developments
and tendencies. All of them should be taken into account
when analyzing the future healthcare and medical tech-
nology market. (https://ec.europa.eu/research/social-
sciences/pdf/policy reviews/global-europe-2050-
report_en.pdf)

2. Main Part

The medical trends which already tend to be
affordable minimal technology, diagnostics
which can be simply used at home and appli-
cations with the purpose of optimizing health
conditions will lead innovations for medical
technology. Prevention rather than treatment
might become an important keyword for the
future medical world. Therefore it will be of
high interest to provide people with smart and
wearable sensors or devices which could help
to detect main causes of death faster and
therefore prolong lifespan. According to the
WHO, ischemic heart diseases and strokes
accounted for approximately 15 million deaths
worldwide in 2015 and for this reason are con-
sidered the two main causes of death [1]. As
increasing age elevates the risk of contracting
such serious medical conditions, a multi tool
which measures several body parameters,
monitors them and gives an instant feedback
might be an innovative device. Important fea-
tures of the multi tool could be to not only
measure the vital parameters like body tem-
perature and heart rate but detect specific
antibodies or proteins by taking a blood sam-
ple. The main benefits of such a device would
be the simple and handy use, inclusion of multi



factorial health parameters, instant monitoring
and feedback as well as relief of medical doc-
tors and staff. The instant feedback system
could not only be based on a general algorithm
approach for detecting abnormalities but the
patient might be able to upload multiple data to
a cloud and require personalized medical con-
sultation. This solution yields the big ad-
vantage of further relieving medical doctors
and shortening waiting times. All in all, this
multi tool might increase effectiveness of med-
ical procedures while lifting living standards
and prolonging lifespan by providing personal-
ized medical solutions.

Although prevention of diseases will be one of
the biggest challenges in future medicine, oth-
er health trends have to be taken into account.
Nowadays robotics has been already used to
take over tasks during surgery and hence,
artificial intelligence is known to be one of the
most promising fields in the upcoming years.
Nevertheless this healthcare trend has to be
critically evaluated. As robots are only able to
respond in a limited way based on a number of
algorithms they might not note anatomical
individualities and lastly, and importantly, it is
hard to believe that a robot will at some point
replace human empathy. It is more likely that
robotics in medicine might be used as a guid-
ance tool, to provide additional information or
for medical training purposes [3]. Furthermore,
one more promising, reliable inclusions of ro-
bots might be in the field of assistive and re-
habilitation systems. Microprocessor-controlled
prosthetics may be able to replace limbs by
processing myoelectrical signals and reacting
in an appropriate way [3]. Moreover exoskele-
tons may function as walking assistance which
enables users of wheelchairs to stand, walk
and climb stairs.

3. Discussion & Conclusion

The healthcare market is known to be one of
the most emerging fields in the upcoming
years. Though, so far only speculations can be
made about future conditions and related to
that, assumptions about possible issues and
needs as well as opportunities for innovative
healthcare systems. It is a fact, however, that
first world countries will face a demographic
shift towards a high amount of older population
and a comparatively low number of under 20’s.
Age is likely to be considered a chronic state,
the pensioners might be the most important
customer group and tendencies of the medical
market will accordingly adjust. Possibly the
most aiming features of medical systems in the
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first world will be the improvement of living
standard, the easing of life and the early pre-
diction of diseases including efficient and time-
consuming procedures which partly can be
simply used from home. However, the here
presented future developments in the field of
medical technology are only a tiny glimpse of
what will await us in the upcoming years.
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1. Introduction

In fast developing countries like India which
has a population of 1.2 billion, more people
have access to mobile phones than toilets.
The digital connectivity is expected to grow
from 15% to 80% in 2034, with rural Internet
users increasing by 58% annually [1]. Digital
technology will be a key player and will clearly
disrupt the healthcare sytem by changing the
way of delivery of healthcare services. It is
estimated that till 2030 the cost of compuata-
tion, data storage and bandwidth will drop
enormously roughly by a factor of 1000 and
along with miniaturization of medical devices
and more sophisticated wearables will trans-
form the healthcare into a completely different
model [3]. This new model will largely over-
come the traditional diagnostic and service
practices continued till now. Due to all these
development, healthcare sector in India will be
prime target for investment [1].

2. Materials and Methods

With significant advancement in technology,
there is large access to data, these data can
be harnessed to drive decesions.

New technological advancement in wearbles
and mobile applications will enable digital
health care providers to process information
and data relative to patients. These data can in
turn be used to enhance decision making and
reduce the cost by pin pointing the problem
and avoiding uneccessary procedures. These
devices provide high quality measurement and
monitoring features for people living in remote
locations [1][2].

The potential of wearable technology is much
beyond then just assisting the doctors. These
can be in the form of smartwatches, smart
clothing, wrist-bands etc. that monitors glucose
levels, blood pressure, breathing rate, heart
rate, ECG monitors or sense stress. Due to
availability of these real time personal data,
one can keep track of his own health and
maintain good health. Patients suffering from
chronic health conditions such as high blood
pressure, cancer, arthritis, heart diseases or
diabetes can use such devices for self-
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monitoring and improve their health. This
technology will ease the communication be-
tween the doctors and their patients and will
help them to take quicker and better decisions
and on the other hand the number of visits to
the clinic will reduce [3].

India has large amount of rural population.
Therefore, remote diagnosing or telemedicine
will play a crucial role. Also in many areas
there is lack of infrastructure and healthcare
facilities therefore, smart phones with innova-
tive applications will be key. For example a
wireless health monitor that measures blood
pressure, oxygen saturation, pulse, body tem-
perature, blood sugar, blood cholesterol and
total haemoglobin count with a mobile applica-
tion on your smartphone [1].

Digital and social connectivity is an upcoming
trend in India as an average person spends
25% of his/her time on social networking sites.
This platform will benefit both patients and
doctors. It can be in the form of patient support
communites or knowledge portals on patient
side. Doctors can use this platform for sharing
their knowledge and ask for help. It can help
connect to other doctors around the world for
second opinion or training purpose [1].

Social
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Source: PwWC analysis
Fig. 1 Components of digital healthcare [1].



3. Discussion & Conclusion

Currently, the healthcare market in India faces
a lot of challenges like rural inaccessablity,
manpower shortage, inconsistent quality
standards and an ageing population. There is
a need of a major change therefore digital
technology can prove to be a game changer
[1].

During this transformation there will be a lot of
challenges. Like regulatory issues and techno-
logical barriers. There are lot of complex
backend operations in core technology that
needs to be considered such as Electronic
Medical Records (EMR) and its integration
with other interfaces. Therefore, the whole
technological implementation should not be
underestimated. Service and efficiency is also
a task in digital healthcare. Along with that
people’s willingness to adapt to new technolo-
gies is also a slight concern. Other basic chal-
lenges include Data security and privacy [3][4].

The main goals of digital health care system is
to improve access, provide quality care, have
better patient outcomes, increase patient en-
gagement and enhance information flow.

In the future, the healthcare industry in India
will become smarter to ensure better delivery
of care and will be more personalized, faster
and more accurate. With these opportunities ,
India is emerging as the global leader in digital
Health [3].
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Fig 2. New model of care [4]
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1. Introduction

In high-developed industrial countries, citizens
as well as governments, spend high amounts
of money for healthcare too keep the society
healthy. Hence, healthcare is a fundamental
part of most of the western societies. But this
came with a fact: the average age of mortality
rose steadily. This fact leads to new challeng-
es for the society and the healthcare system
since high age goes most of the time with high
risk to develop certain diseases. This includes
systemic vascular and neural diseases as well
as cancer (see fig.1).
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Figure 1: Invasive cancer development by age
on the example of the United States of Ameri-
ca [1].

Complete treatment and cure of these diseas-
es can potentially be achieved through medical
and technological developments, but not
change the fact that people with high age need
also a lot of care even without any disease,
since rejuvenating the human body is still not
in sight. Also the relation between old and
young people is increasing which can lead to
short-comes regarding medical and nursing
staff. Thus it is crucial to develop conceptual
solutions for the mentioned challenges to have
the healthcare system and the society pre-
pared. In the following section some distin-
guished potential challenges will be shortly
introduced and ideas for solutions will be envi-
sioned and discussed regarding:
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e Treatment and handling of patients
with a common disease on the exam-
ple of diabetes

e Patient care with more patients and
less medical personnel on the exam-
ple of established medical doctors

How could these challenges be mastered in
20407 Are innovations in the healthcare sector
the solution?

2. Materials and Methods

Two types of diabetes, diabetes type | and II,
are known in medicine. Symptoms of the dis-
ease are mainly low insulin levels, leading to
high blood pressure, neuropathy and peripher-
al artery disease and other resulting patholo-
gies. Hence diabetes is a serious disease
which should not be taken lightly but is not
immediately life threatening. Nevertheless
patients diagnosed with either of the men-
tioned types of diabetes needs special medical
care. Since high life-expectancy will be main-
tained through the well-developed healthcare
system the number of diabetes patients will
potentially increase.
Since there will not be enough medical and
nursing staff available to care for each and
every patient, solutions need to be developed.

Drones could deliver required pharmaceuticals
to areas which are difficult to reach e.g. in rural
areas. An automatized and autonomous (may-
be robotical) injection unit could take care of
patients which are not able properly inject in-
sulin if needed.

But could the solution be one step before,
meaning the prevention of the development of
diabetes?

Since diabetes type Il is developed with age
and obesity, maybe the change of nutrition
could be an option. This would include a spe-
cial and personalized diet for people at risk of
developing diabetes and could be controlled
via telemedicine and smart phone apps.

Another major upcoming challenge was men-
tioned above already: The need for medical



and nursing staff at the patient’s side. Since
there will most likely not be enough staff
around in 2040, especially in rural areas, tech-
nical and social solution have to be found.

This problem could be addressed in two ways.
One way could be a centralization of patients
at risk.

Inspired by the principle of retirement homes,
people with the same disease could be gath-
ered at especially dedicated institution with
accordingly trained medical and nursing staff
to achieve an efficient care.

Another way could be the automatization of
certain medical procedures. Patients could be
scanned with dedicated scanners for physio-
logical parameters which are, too a certain
extent, already available through smartphone
apps or computers with attached sensors or
acquisition units (see figure 2).
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Figure 2: Tele-medical patient survey with
subsequent transfer of the patient to an spe-
cialized institution, dedicated to the patient’s
pathology, if required.

Hence the number of patients occupying es-
tablished doctors could be drastically de-
creased which could lead to a more efficient
healthcare system since the number of pa-
tients with negligible pathologies would be
minimized.

3. Discussion & Conclusion

The mentioned topics and envisioned solutions
could be important for the society and the
healthcare system in 2040. But does automati-
zation and centralization really lead to a more
healthy future? Since the western societies are
growing older, prevention and social solutions
should be considered.
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Developing Design in Clinical Settings (D2CS): The Future
of Clinical Design and Development

Monali Shah B.S.; Biomedical Engineering (Student); Jeremy Ackerman, M.D., PhD,
FACEP

1. Introduction

Aside from the shadowing and clinical observa-
tion privileges, clinical immersion programs offer
a chance for community involvement. Few un-
dergraduate programs take advantage of clini-
cal settings to train their students. One current
course taught at the Georgia Institute of Tech-
nology, Clinical Observation Design Experience,
has a curriculum which offers a program that
places undergraduate biomedical engineering
students in the Emergency Department. This
allows them an extended clinical immersion
experience and to discover genuine problems.
A second course that is required for graduating
Biomedical Engineers at Georgia Institute of
Technology, Capstone, focuses on problem
solving and developing a finalized prototype to
test. However, it is essential to bridge the gap
between problem finding and problem solving.
With a course focusing on understanding the
fundamental problem, students can have ample
time to find a genuine problem, understand the
genuine problem, and refine their ideas with
rapid prototyping prior to entering the Capstone
course.

2. Materials and Methods

The Clinical Observation Design Experience
(C.O.D.E.) course focuses on providing an im-
mersive experience in an active clinical envi-
ronment. This introduces observational design
in an active clinical environment, broadening the
understanding of engineering as it applies to
clinical environments, and providing service to
the hosting department (Emergency Medicine)
by supporting their ongoing research and quali-
ty improvement. In the Emergency Department,
students are often able to observe a broad
range of procedures and diagnostic tests along
with complete care of patients throughout a
single observation period. The observation and
immersion component of this course allows
students to interact with various members of the
community. Throughout their clinical shifts, stu-
dents gather their observations, judgements,
and insights regarding a specific problem [Fig-
ure 1, Figure 2]. Furthermore, they have the
opportunity to gather data to support community
research. Assisting in data collection helps the
students gain comfort working in a clinical envi-
ronment and in developing an understanding of
the broader complexity of healthcare. Through-
out this course, the students are presented with
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various methods on problem finding in a clinical
department.
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tions, judgements, and insights throughout their
clinical shift




The Capstone design course allows students to
identify user needs, define design inputs, gen-
erate concepts, perform patent and prior art
search, and participate in prototype testing. The
course’s focus on creating or improving a spe-
cific device pushes the students to move
through the product development phase in one
semester, rushing them through the problem-
solving process. Therefore, offering a course
that focuses on understanding a fundamental
problem would allow a bridge for the gap be-
tween problem finding and problem solving.

3. Discussion & Conclusion

By creating an extension of the C.O.D.E.
course, Developing Design in Clinical Settings
(D2CS), the gap between problem finding and
problem solving can be fixed [Figure 3]. The
course would be structured with three main
components: finding a genuine problem, under-
standing the genuine problem, and refining the
problem through rapid prototyping.

The Emergency Department of a hospital intro-
duces students to a wide range of injuries in-
cluding major trauma, severe sepsis, and cardi-
ac and neurologic emergencies. However,
D2CS would allow students immersion into a
specialized clinical setting. The Neurology ICU/
Interventional Lab, Cardiac Cath Lab, and
Combat Medics organization would allow stu-
dents to develop on their observations, judge-
ments, and insights. By surrounding themselves
with personnel who specialize in the problem
that the students are searching for, they can
receive mentorship and guidance from experts in
the field.

Refine Ideas

Prototyping

Figure 3: The structure of Developing Design
in Clinical Settings (D2CS).

The students would then move on to under-
stand the genuine problem. With weekly lec-
tures and multiple team-based meetings per
week, the students have ample time to discuss
and learn more about their topic of interest
regarding their problem. With clinical mentor-
ship from the department staff, the students can
fully understand the problem.

Finally, the students will participate in a rapid
prototyping process, where they can refine their
ideas with significant input. The rapid prototyp-
ing would consist of minimal investment of ma-
terial and time, and can receive feedback from
the specialized department physicians and
staff. Students can successfully communicate
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the problem by attending a storytelling work-
shop that provides advice on pitching a prod-
uct. Furthermore, the prototype will be contin-
ued into the Capstone course for further devel-
opment after the semester.

There are many components of the course
that need to be addressed. First, identifying
hospital departments to focus on in the
course is essential. Within the specific
departments, it is also important to have
physicians or other healthcare staff who
are willing to mentor the students. Moreo-
ver, the course would not be possible with-
out students having access to the clinical
environment. Therefore, it is essential that
the funding is secured for badging and
background checks for the students.
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The Promise of Machine Learning in Medical Imaging
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1. Introduction

In clinical routine, we acquire a tremendous
amount of complex imaging data such as
computed tomography, or magnetic resonance
imaging capturing characteristics ranging from
structure, or function, to metabolism on a daily
basis guiding individual prevention and treat-
ment. While each of these data are already a
central part of patient care, together they hold
information covering a wide variety of disease-
and treatment courses critical for research into
disease mechanisms, and treatment possibili-
ties.

Medical imaging and the computational analy-
sis of the increasing amounts of data are
bound to fundamentally change our ability to
understand disease, risk, and treatment. They
will serve as basis for the development and
implementation of novel treatment strategies,
and the effective and early delivery of care and
prevention.

Linking research in machine learning and med-
icine will act as powerful driver in this endeav-
or. It is a key to create better models for pre-
dicting disease course and risk in individual
patients, and to forecast response to a growing
landscape of possible treatments, to deliver
early prevention, and to make optimal care for
each individual possible.

2. A\Vision for 10 Years From Now

Many view automation as the prime capacity of
machine learning algorithms in medical imag-
ing, and ask “Will it take over tasks currently
carried out by experts?” This might be the
wrong question, since a more powerful poten-
tial is the discovery of new, yet unknown rela-
tionships in complex observations, and their
reliable quantification. The more important
question is: “Can machine learning help us to
improve individual care by discovering new
markers, and rendering them useful?”
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Figure 1: Patterns in the lung discovered by
unsupervised machine learning. They are ba-
sis for aligning disease paths across a popula-
tion, for modelling disease progression in the
lung, and for early classification of disease
based on imaging data [1].



Ultimately, machine learning will empower
medical experts in several ways:

We will likely have powerful computational
models that enable a more accurate prediction
of individual disease course, and forecast re-
sponse to treatment from observations such as
imaging data, and disease history.

These models will enable selecting personal-
ized treatment strategies more effectively
based on assessing each patient in light of an
unprecedented scale of evidence from thou-
sands of disease and treatment histories, and
models that translate these observations to
accurate prognosis.

As we become able to detect and quantify
complex but subtle patterns in observations
earlier, diagnostic categories might change.
Through grasping the link of distributed signa-
tures to prognosis, we will discover novel dis-
ease- and response phenotypes [2], which in
turn will contribute to research for novel treat-
ments.

3. Challenges and merging Research
Communities

We will have to overcome a number of chal-
lenges on the way. The research communities
advancing machine learning and medical dis-
ciplines such as radiology have to collaborate
closely, learning to trigger algorithmic method-
ology by clinical questions, and to ask new
clinical questions whose tackling is rendered
possible by computational algorithms. We will
need to find methods dealing with heterogene-
ous multi-modal data, and means for their
efficient and possibly automated curation.
Algorithms will have to identify prognostic fea-
ture patterns in complex imaging data, and
robust models will need to be able to predict,
simulate, and assess the certainty of their out-
put at the same time.

While these challenges are significant, an in-
creasingly joint effort of researchers across
varying fields renders their solution plausible,
and the future of medical imaging might
change more rapidly than we expect right now.
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1. Introduction

Many advancements are in store for the
healthcare systems of the future; however,
following current trends is a poor way to ex-
trapolate them. The exponential growth of
technologies that influence the healthcare
system would lead to better diagnostic tests
and more decisive cures for our health prob-
lems. Urine tests will soon be able to detect
cancer. Smartphone apps could diagnose
STls. Chatbots could provide quality mental
healthcare [1]. Nevertheless, the focal point of
future breakthroughs will be the prevention of
diseases using technologies such as genetic
analysis, artificial intelligence, and constant
monitoring tools available in everyday devices.

2. Exponential Technologies

Exponential growth means that technology will
advance more in the next two decades than it
has in the previous two millennia. Digitaliza-
tion; virtual Reality; cognitive and quantum
computing, including artificial Intelligence and
deep Learning; and additive manufacturing
(3D printing) are all examples of exponential
technologies, i.e., technologies that are pro-
gressing at an ever-increasing rate. 3D print-
ing combined with huge advances in materials
science, is a game changer in medicine. More
and more customized body parts will be print-
able. In addition, A.l. will play a very big role in
diagnosing illness in very early stages or even
before it occurs. Digitalization will transform
the shape of medicine, minimizing iatrogenic
errors and all but eradicating the subjective
approach to medicine currently observed in
our doctor-centered healthcare systems.

3. Vision of the Future

In the future of medicine, it can be imagined
that each person would have a large database
containing the information about their DNA,
genes, and even complete 3D structure of their
bones. This database would be useful in pre-
dicting the risk factors the patient may be sub-
ject to and his/her liability towards various
medical conditions. The complete anatomical
information of a person’s bone structure would
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provide information for the times when there is
the need to 3D print a replica of their bone for
grafting.

Another innovation that is coming up in the
near future is the integration of electronics
within live tissues. Each person could have a
neural probe implanted in their brain which
would monitor brain activity. This device would
supplant fMRI and EEGs for detecting irregu-
larities in brain function. Even as of today, very
thin neural probes have been developed that
do not interfere with brain function at all. This,
combined with artificial intelligence, means
that the system would detect problems before
the person senses them.

Also as part of personal accessories, mirrors
could be equipped with image processing ca-
pabilities and artificial intelligence, to find out if
anything is wrong based simply on facial ex-
pressions and features.

Cell phones would have capabilities of voice
recognition, diagnosing possible medical prob-
lems based on voice, intonation, and patterns

of speech. The German compa-
ny, Audioprofiling is using voice analysis
to diagnose ADHD in children, achieving a

sensitivity of more than 90 percent in identify-
ing previously diagnosed kids based on their
speech alone [2].

Another case in point is the Parkinson’s Voice
Initiative, which is changing the costly in-clinic
analysis by analyzing 30-second voice record-
ings with machine learning software, achieving
98.6 percent accuracy in detecting whether or
not a participant suffers from the disease [3].
Another possibility is a fully automated clinic in
each residential area, in case of less serious
illnesses. The patients would enter the clinic
and their conditions diagnosed and added to
their medical profiles. Customized drugs, tai-
lored specifically to each patient's needs,
would be produced on site with 3D printers. In
addition, injections could also be prescribed in
this automated way.

We have to bear in mind that it is still impossi-
ble to predict all the possibilities that could
result from the exponential growth of all the
fields affecting the health care system.



4. Entrepreneurial Opportunities

Meanwhile, it is also worthy to reflect on what
opportunities lie ahead for entrepreneurs and
investors. There is much more work for entre-
preneurs to do in the following decades than
any other time. It is a golden age for entrepre-
neurship, where the declining cost of technol-
ogy means more entrepreneurs than ever be-
fore have the tools to build new companies; all
the ingredients for a startup revolution in
health care are ready now. Healthcare startups
have boomed over the last several years, as
evidenced by the number of venture funding
deals, which grew some 200% between 2010
and 2014 [4]. The boom is driven by health
reforms that are changing the landscape of
business models, an aging population that's
demanding more (and better) care, and the
adoption of technology — such as wearables
and video chat — into the medical main-
stream.

Although, there are several universal laws and
regulations that govern the patenting, testing,
safety, efficacy, and marketing of healthcare-
related products, there still are big opportuni-
ties for entrepreneurs in the digitalized world of
medicine.

5. Conclusion

The immense pool of possibilities imaginable
about the future of healthcare systems is out-
right dazzling. Some of these innovations
seem right around the corner for us while for
others, we may seem quite far off. Neverthe-
less, we can also be sure that there will be
new things in our healthcare system that we
cannot even imagine. Importantly, we must not
get carried away with this unstoppable march
of science and technology. Humankind’s
booming knowledge has posed ethical ques-
tions which have concerned the very fabric of
his nature. More advanced technologies would
only pose questions that are even more diffi-
cult. Therefore, we must be able to keep this
explosion of information in check and we must
make sure that our ability to resolve these
ethical concerns grows at the same pace.
This, however, must not stop us from getting
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excited about the endless possibilities the fu-
ture holds as it promises faster, error-free,
cheaper, more accessible, and most im-
portantly, better delivery of care.
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1. Introduction

Our technological developments are at this
time exponential in their growth; one research
field that is certainly no exception is medicine.
From the knife to the needle, and to nothing,
we will withess changes in interventional med-
icine in the coming centuries that many once
thought were impossible [1]. Medical imaging
and surgical robotics are both quickly evolving.
Out of the collision of these two, we will see
technology emerge that may change how sur-
gical operations are performed and will one
day question the hospital infrastructure itself.
In the next 20-30 years, we may see a shift
towards a more remote approach in surgery
that could help operations be performed less
invasively, by the greatest surgeons, and with
the best tools.

2. Materials and Methods

Remote telesurgery has always been a strong
motivator for the introduction of surgical ro-
bots. The ability to deliver surgery over long
distances gives rise to more availability for
surgery and improved surgery outcomes. In
teleoperation, the surgeon will still be the quin-
tessential part of the system, but will imple-
ment his skill at a distance utilizing digital
communication. There are a variety of situa-
tions where this could be beneficial. For ex-
ample, one surgeon could serve in several
thick combat zones at once offering his exper-
tise through deployed robot systems increas-
ing his safety and convenience. Even more,
care could reach destinations where it previ-
ously could not; many lives would be saved,
and the best surgeons could be utilized more
often.

This technology may be substantially closer
than most may think. Consider the da Vinci
system in Figure 1. Hundreds of thousands of
procedures are performed with this technology
every year. All of these surgeries are indeed
teleoperations of the robot system, though
performed only over several meters. However,
some surgeons have already started transition
to a long distance infrastructure with this sys-

79

tem [2], and it has been proven that the da
Vinci system could be operated at distances
as far as 4000 km from the operating room [3].

Figure 1: The da Vinci system: the state of
the art in robot tele-surgery [2].

While teleoperation of the da Vinci system is
promising for the procedures is can do, its
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safety and level of invasiveness is still limited
by the size and rigidity of its manipulators.
Researchers are currently working to amend
such tele-surgical systems with the inclusion of
continuum manipulators. These thin, flexible
manipulators may one day replace their rigid
counterparts. In Figure 2, one type of continu-
um manipulator is shown that may eventually
rival the da Vinci system in prevalence.

Figure 2: A needle-diameter concentric tube
robot as compared with the da Vinci manipula-
tor [3].

The effectiveness of such manipulators has
been proven for many surgical applications,
and the prospect of long-distance teleopera-

tion has been explored and subsequently con-
firmed [6]. Continuum manipulators are attrac-
tive for many reasons in surgical robotics.
They are minimally invasive due to their inher-
ently thin nature, and they are flexible allowing
them to achieve complex geometries that may
arise inside human anatomy. The tools and



surgical skills necessary for tele-surgery have
arrived save for a few years of optimization.

3. Discussion & Conclusion

The course of surgical progress has been set
by hardware advancement in the area of con-
tinuum robots and medical imaging. Naturally,
current surgery and hospital infrastructure will
soon be pressured to adapt to these changes
to suit the needs of patients who may not have
access to skilled clinicians in their area. In a
large, remote surgery center, all of the most
skilled surgeons could collaborate together in
operations. A surgeon would arrive potentially
thousands of miles from the surgery site, ana-
lyze 3D, segmented images of a patient, and
prepare for the surgery mentally. At a surgeon
console, perhaps similar to the current da Vinci
console, the surgeon would have all of the
tools and information required for the proce-
dure. Small, thin tools would be used in the
patient mimicking the motion of the surgeon
many miles away to perform the operation.
When the surgeon’s job is done, he could im-
mediately move on to the next case. As for
the patient, he would arrive at the surgery site
and would be cared for by more widely availa-
ble clinicians and nurses; the entirety of sur-
gery would be carried out through a robot
communicating via wire or wirelessly. Cost of
surgery could dramatically decrease when a
surgeon is not required to actually be present.

Much of time in an operating room is spent
performing repetitive tasks which could be
sourced to different surgeons. After the re-
moval of tumorous tissue, the job could be
handed to a suturing expert for example. In a
given procedure, many different surgeons
could work on a given patient each offering
their own area of expertise. To add to this, the
surgeons would not lose time in waiting for
others’ jobs to be carried out. Each surgeon
would have a designated schedule and could
be constantly preparing for surgeries and
switching patients.

Risk of infection has always been an issue in
surgery. In the above scenario, surgeons
would never even need to sterilize their hands!
With all of these perceived benefits, it seems
now that this shift may be inevitable as the
future benefits by far outweigh the costs.
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Prevention, robotics and big data analysis: the biggest
trends of the future healthcare
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1. Introduction

It's a great time to be alive. There’s no doubt
about that. The likelihood of dying premature
or violently has never been lower in the devel-
oped world. On average we are better educat-
ed than ever and poverty has been constantly
decreasing [1]. On the same pace, healthcare
has been improving, bringing life expectance
to almost double over the course of only one
century. So, what can we expect from the next
future in the healthcare field and what implica-
tions will that have?

2. Diagnosis

Why should we wait for a long time for a spe-
cialized visit? It will probably take more than
10 years, but the diagnosis could be easily be
done by a computer program, even at home.
The patient would only need to answer a se-
ries of questions, asked by the computer.
Where the physical interaction between patient
and doctor is required, the doctor will be still
needed (at first). This change will have multi-
ple effects: first, the doctors will not be needed
as much, therefore the expenditure for the
entire healthcare system will decrease. Pa-
tients will have access to a quicker diagnosis
and, along with an increase of prevention poli-
cies, the patients will less likely suffer of ad-
vantaged stage diseases.

3. Medical Records

Medical records online, also available outside
national borders, will soon become reality. The
doctor will easily have a clearer picture of the
patient’s medical history, leading to a better
treatment of the patient.

4. Surgeries

There will be a big push in the use of robotics
and minimal invasive surgeries. The actual
main problems that slow down the use of ro-
botics are initial costs and lack of tactile feed-
back. As a matter of costs for these machines,
an increase of competitiveness in the market is
expected in the next 20 years.
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Intuitive Surgical, with his DaVinci Surgical
System, is the only company that has provided
the market with a similar system. This has
been detrimental for the growth of this tech-
nology. However, many of Intuitive surgical
early patents were filed 20 years ago and
therefore more companies will join the market
and challenge Intuitive Surgical supremacy.
Verb Surgical is an example. Verb surgical has
been created by the partnership of Google and
Johnson&Johnsons. The financial backup of
this company makes us sure to see some exit-
ing things entering the market in the next
years. A higher competitive market will take
care of all the current major problems: costs
and lack of tactile feedback.

Robots will be guided remotely by highly spe-
cialized surgeons that could operate the pa-
tient from the other side of the Earth. In the
next one hundred years we can expect robots
performing basic procedures by themselves.

5. Hospitals

Big hospitals, especially in the developed
world, will become even bigger and able to
cure, with all the necessary equipment, all the
types of diseases of every department.

Small general hospitals without a specializa-
tion will disappear.

6. Prevention

99 .
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Fig. 1 - Proteus Digital Health Feedback System-The
system consists of ingestible sensors embedded in tablets,
a skin-worn receiver patch and a mobile device based
user interface. [2]



The healthcare expense of developed coun-
tries will drive towards prevention. This will
enable everyone to quickly check the most
important blood values directly in the phone.
Hafezi et al. [2], with their ingestible, inexpen-
sive sensor, already showed that it could be
possible.

The values given by the sensors inside our
body will be combined with the information we
obtain from the genetic tests, which will give
an overall value (visualized on a smarthphone)
of the risk of developing a certain tumor, lead-
ing us to seek a specialized check up more
often. This will lead, along with better and fast-
er diagnosis, to a decrease of the number of
people affected by advantaged stage diseas-
es.

7. Government control of the personal
lifestyle and health information

Information coming from the patient's genetic
and from the patient’s lifestyle could be also
monitored by the National Healthcare Service
in order to apply less taxes on the individuals
that follow a healthier lifestyle. This system will
not only reward citizens with a healthier life-
style but also provide the scientific world with
much more data which will be analyzed by big
data analysis algorithms for various purposes.
This will not take place in the next few year,
but could be a direction governments could
follow.

The importance of privacy however will likely
slow down this trend. This topic, however, will
surely be in the center of major political de-
bates.

8. Costs

The costs of healthcare will surely increase
due to the aging and increase of population.

9. Emergency Interventions

Due to the fact that prevention will have a ma-
jor role in the upcoming years, emergency
interventions will decrease. Robots will substi-
tute the human in the most dangerous and
repetitive works, that will contribute even
greater to the decrease of accidents (car or job
related accidents).
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1. Introduction

This paper explores the potential of Artificial
Intelligence (Al) and precision medicine in
varies healthcare sectors that could revolution-
ize future Healthcare System. Precision medi-
cine (PM) is a medical model that focusses on
the customization of medical treatment tailored
to the individual patient for those who will ben-
efit, sparing expense and side effects for those
who will not. Precision Medicine’s targeted,
customised approach to health care has a
widespread impact on everything from ge-
nomics to medical devices, and as a result it is
creating new opportunities for startups across
the sector.When it comes to the future of diag-
nosing and treating cancer and chronic dis-
eases, computers— not humans could hold the
key to delivering the best quality precision
medicine and increases the product pipeline
and speed-to-market for healthcare compa-
nies, as well as the ability to quickly eliminate
development paths unlikely to work out

2. Al and Medical Record Management

Medicine is an oral science.Patient talk to doc-
tors about their problems. Doctors listen and
ask questions. Good communication between
doctors, nurses and all sorts of experts helps
to solve the patient's problems and improve
their health care.

The electronic medical record has killed the
oral science.Electronic Medical Records are a
source of huge frustration because of the ex-
cessive amount of physician time involved in
data entry, time that could be spent with pa-
tients.

Computer Programs like Apple’s Siri and su-
percomputers like IBM’s Watson and their
relatives could solve this. Doctor can use Siri
to retrieve patient records and also Siri can
update the records. So, Medical staff would
never have to waste precious time looking
through screens for information and improves
the accuracy of medical diagnosis.

Companies like Google-stablemate DeepMind
is working to improve medical diagnoses with
machine learning tools. Al Medical Record
Management system provides good opportuni-
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ty for startups to create seamless, efficient
user-friendly Al medical Record system.

3. Assisting repetitive jobs

Most of the repetitive jobs in healthcare will be
replaced by Al systems.Algorithm called Medi-
cal Sieve (IBM) is a next generation “cognitive
assistant” with analytical, reasoning capabili-
ties and a wide range of clinical knowledge.
Medical Sieve is qualified to assist in clinical
decision making in radiology and cardiology.
Radiologists in the future should only look at
the most complicated cases where human
supervision is useful.

Technology start-ups are taking aim at the
examination room to make diagnoses based
on images.

Israeli start-up, Zebra Medical Vision, reckons
it can create a ‘bionic radiologist’ using the
advancements in computer vision and Al that
previous computer-aided detection companies
didn’t have at hand.

4. Common Blood screening Test

Diseases like cancer can be cured effectively
when it is diagnosed early. But, still most of the
cancer diseases are diagnosed only after the
appearance of symptoms which reduces the
chances of treatment’'s success. In Future, a
single blood test can give whole information
the patient’s health history, and paves the way
for efficient treatment management. Rapid
development in Al, Gene mapping and bioin-
formatics can help this hugely. There are many
opportunities for bioinformatics startups by
applying Al and machine learning to genetics
and analysing disease causing genes.

Startup called “grail” has been working for
early detection of cancer by analysing cancer
genomics using blood screening technique.

There are umpteen of Startups currently work-
ing in gene sequencing to find the cancer
causing genes of various cancer diseases.

Figure: Future of Al based Healthcare Technolo-
gies.
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5. Future of Cancer Treatment

Cancer is a disease of the genome. Cancer
genomics aims to advance personalized medi-
cine through the DNA sequencing and analysis
of patient tumors to find new genetic altera-
tions associated with specific cancers. Provid-
ing researchers with comprehensive catalogs
of the key genomic changes in many major
types and subtypes of cancer will support ad-
vances in developing more effective ways to
diagnose, treat and prevent cancer. Genomic
information has already helped to shape the
development and use of some of the newest
cancer treatments.

Already a researchers in Columbia university
have created a first user-friendly computational
tool to integrate whole genome-based ap-
proach to identify individual cancer driver
genes and selecting appropriate treatment
options.

6. Health Assistance Application

Home is where much of the medical care takes
place and it is no longer confined to clinics and
hospital.The ubiquity of Digital communication
will make the virtual doctor-patient visits and
deliver the care to the patient in their home.
This system also gives the doctor more time to
spend on trauma and emergency care.

Online medical consultation and health ser-
vice, Babylon has already launched an appli-
cation which offers medical Al consultation
based on personal medical history and com-
mon medical knowledge. Users report the
symptoms of their illness to the app. After tak-
ing into account the patient’s history and cir-
cumstances, Babylon offers an appropriate
course of action.The app will also remind pa-
tients to take their medication, and follow up to
find out how they’re feeling. Through such

Solutions the efficiency of diagnosing patients
can increases, while the waiting time in front of
doctor's examining rooms could drop signifi-
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cantly. The World’s first virtual nurse, Molly
developed by the medical start-up Sense.ly.
The interface uses machine learning to sup-
port patients with chronic conditions in-
between doctor’s visits. Sentrian, a startup
analyzes biosensor data using Al and sends
patient-specific alerts to clinicians.

7. Conclusion

From the above information, it is clear that Al
and precision medicine will transform
healthcare system and also the opportunities
for startups raised in various healthcare sec-
tors. Obviously, Preparations should be taken
to avoid the pitfalls of the utilization of Al like,
establishing strong ethical standards for Al,
Acquiring some basic knowledge by medical
professional about working of Al in medical
settings in order to understand how it helps
them in their everyday job and companies
should take necessary steps towards offering
affordable Al-solutions. If we succeed this,
huge medical discoveries and treatment break-
throughs will dominate the news not from time
to time, but several times a day.
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1. Introduction

3D printing currently plays a major role in a
fourth industrial revolution by lowering previ-
ously prohibitive costs of early prototyping and
individualized production.

There is potential for a similarly transformative
impact of 3D printing on scientific research,
lending tangibility to innovative ideas and em-
powering creation. By mid-century, 3D printing
will have influenced every aspect of life-
science research, from discovery and commu-
nication to teaching and commercialization.

2. 3D printing for science applications

3D printing is a term for manufacturing tech-
niques by means of which materials are de-
posited in individual layers to form three-
dimensional objects. These techniques were
originally limited to prototyping, but have found
new applications thanks to materials allowing
high production quality and functional parts [1].
Readily used in industrial applications e.g. by
Siemens [2] and General Electric [3], 3D print-
ing shortens the time to market and reduces
prototyping cost.

Traditional manufacturing methods such as
casting are governed by economies of scale,
i.e. the cost per part decreases to an economi-
cally viable level when a series of hundreds or
thousands of parts is produced and the cost
for up-front tool production can thus be distrib-
uted over the entire series. In contrast, 3D
printing is characterized by economies of one,
where mass production is not a requirement
[4]. From a production perspective, it becomes
economically viable to produce one-off, cus-
tom creations for niche applications in science.

3D printing is already advancing healthcare
[5], and applications have the potential to spill
over to the research ‘back end’ where the ba-
sis of innovation lies. Here, 3D printing can be
used for individual experimental equipment,
teaching resources and prototypes for spin-off
products. Time and cost savings are available
for research labs that make their own equip-
ment [6][7]. Two examples of co-development
projects by scientists and a product designer
are shown in Figure 1.
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Figure 1: Custom placeholders for gel electro-
phoresis being manufactured on a 3D printer
(left), custom stand for Eppendorf tubes (right).
3. Discussion of future trends in 3D
printing

A more widespread adoption of 3D printing
can be expected until 2030 owing to lowered
barriers to entry and increased exposure to 3D
printing, sometimes driven by a lab member’s
personal interest in 3D printing as a hobby.

1. Since the introduction of inexpensive
consumer models, 3D printers no longer pre-
sent a prohibitive investment cost. Especially
in the field of fused filament fabrication (FFF),
kits including consumable filament are availa-
ble starting from 200-300 €. If a digital model
of the object exists already, prints can also be
ordered from online services or made in fabri-
cation laboratories and maker spaces which
are being established on research campuses
worldwide.

2. Modern, user-friendly computer-aided
design (CAD) software requires little training
and allows novices to complete basic 3D ge-
ometries within a few hours of starting to work
with the program. Additionally, there are open-
source digital models specifically for science
labs [6] and projects of collaboration with in-
dustrial designers [8].

By 2050, what can be pictured is an ecosys-
tem of innovation with fluid boundaries be-
tween discovery and creation. Ongoing optimi-
zation will bring more efficient printers and
open new research avenues which are fore-
shadowed e.g. by flexible or electrically con-



ductive 3D-printable materials. Additionally, 3D
printing provides a stepping stone into the
entrepreneurial landscape of the life sciences
by empowering academic inventors to proto-
type ideas and render them tangible. 3D-
printed models can be thought of as boundary
objects to facilitate seamless interaction with
stakeholders, including patients and investors.

Aside from difficulties in integration which
could arise at the boundaries of fields of exper-
tise, there may be a need to address new chal-
lenges regarding intellectual property. The
Open Science movement is likely to become
the subject of discussion, especially when it
comes to questions of sharing CAD models. A
re-thinking of existing architectures may be
necessary, e.g. in order to include 3D model
data in publications.

4. Conclusions

3D printing is a promising addition to scientists’
repertoire of methods, in line with the tradition
of creating custom solutions for highly diverse
and individualized research objectives. Cus-
tom 3D-printed tools already allow labs to op-
timize their operation and to transform ideas
into practical objects almost instantly.

As with intricate geometries which were im-
possible to produce before the advent of 3D
printing, new applications which cannot be
imagined with today’s knowledge will evolve in
the coming decades.
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1. Introduction

The technology which will reduce burden to
humans, by making the tasks simpler, which
everyone is looking for has come to all fields of
science and could make many great impacts in
the healthcare department. Deep learning will
bring us in to surprise by the level of accurate
output prediction.

Deep learning is technique of machine learn-
ing that learns features and tasks directly from
data. Data can be images, texts, or sound. The
number of inputs given to computer to learn,
increases its accuracy and learning capability
to perform the task of our requirements. For
example, feeding it with an image of X-ray of
hand, the number inputs of similar X-ray types
it learns helps it in identifying accurately an X-
ray of hand. Most deep learning techniques
use Neural Network Architectures. It has many
hidden layers of processing which is complex
and difficult to understand which we can term
as a black box. Input is given to black box and
then output is received.
This technique is quite encouraging to help
and make positive impact in the healthcare
systems because of the results it gave in other
fields of science, namely, automatic coloriza-
tion of black and white images, automatic im-
age caption generation and automatically add-
ing sounds to silent movies. Following paper
will give an overview of how future health sys-
tems can be operated, new technologies which
could be implemented and availability of
healthcare to every person living in the world.

2. Future Scope, methods and materials

Deep learning can be used as device to pre-
dict the type of disease and give feedback to
patient, what are the outcomes of disease and
what care is needed to prevent the growth of
the disease. Apart from disease related data,
the future of this concept could be to predict
the life-span of human being according

to the previous data given to it from the Medi-
cal images of persons, the breath rate of par-
ticular person at a particular age (because
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breath rate per minute decides how healthy a
person is) and the data of how long a person
lived with the particular environmental condi-
tions and other factors.

Deep learning (as in Figure 1) consists of neu-
ral networks, which has many hidden layers
like 100 to 150 in number. It has complex algo-
rithm in it perform the tasks. Each layer learns
a concept from data and further layers are
formed from the experience it gets. The higher
the number of layers, better the output.

Mobile applications with deep learning con-
cepts can be implemented with certain soft-
ware like MATLAB, Big Data, Python. With the
help of internet to mobile phones, one can get
access to all the features. Advanced applica-
tions in hospital can use deep learning super-
computer to tackle the problems.

—
O
O—
—

Input Layer Output Layer

Hidden Loyers

Figure 1: Concept of Deep Learning
3. Discussion & Conclusion

Deep learning mostly has positive side in
healthcare making it available to every individ-
ual in rural and urban areas at lower cost and
at emergency situations. It can suggest the
immediate preventions we can take for a dis-
ease or an accident. A Digital machine can be
an assistant to doctor that can suggest him/her
about the quick opinion about the case. For
example, finding out solution from a MRI scan
and suggesting a doctor the preventive meth-
ods from its knowledge. The negative potential
is no one knows what's happening in these
neural networks. It could be danger to jobs of
doctors such as Radiologists. However, it is
believed that deep learning could only help



them to better interact with patients and im-
prove the intervention procedures.

A basic knowledge of computer or educational
background to understand some basic word-
ings will definitely be required to just operate a
system which uses deep learning. It is mostly
convenient to be used by a professional.

In healthcare systems, the entrepreneurship
can be very profitable and show faster results.
The best results can be mostly to ones who
identify the needs of people and bring the in-
novative idea into reality.

It could have a large social impact in the lives
of human, with these coming into force by
which it could give human a better and quick
solution like a doctor and apart from
healthcare systems, it has a lot of applications.
This mainly could help human by predicting
the disease symptoms and help one get into
notice about the future diseases that could
enter the person.

This strategy of developing healthcare sys-
tems would be the future for best results. The
self-learning of computer from the data and
improve itself is a concept which makes a ma-
chine do the works where man is not perfect in
implementing it in a faster and better way.
However, data manipulation could be major
problem. Improvements can be done to over-
come such problems. In future, this could be
the technology to improve healthcare vision.
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1. Introduction

In the modern healthcare systems, some of
the major problems are countless options for
treatment of the single disease and increasing
complexity/costs. Sometimes, lack of ability to
choose optimal treatment option leads to
negative outcome. This needs to be overcome
to achieve lower costs and higher efficiency.
Also, training a human doctor to learn, under-
stand and memorize all the complexity of
modern healthcare, even in their special do-
main, is lengthy and expensive process(10
years). In the countries, where doctor-
population ratio is very low, it is very hard to
get efficient and cost-effective treatments,
especially in rural/remote areas. These prob-
lems can be addressed by developing Atrtificial
Intelligence (Al) which can think like a doctor.
Also, Al in medicine also has some potential
advantages for people living in rural/remote
areas.

2. Materials and Methods

With the help of electronic health records
(EHR) and public biomedical data-sets, Al
techniques could be used to predict optimal
treatments, minimize possible side-effects, and
reduce costs & errors. Such Al framework
should provide a simulation environment for
understanding and predicting the consequenc-
es of various treatment choices. Such simula-
tion could improve decision making and fun-
damental understanding of clinical process.

If you want a second opinion, I'll ask my computer."

Fig.1
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This would also eliminate potential risks in
advance. It should also form a plan to avoid
the uncertain danger. Machine learning algo-
rithms can be integrated to obtain optimal
treatment selection for each patient (individual-
ly). Such Al technology also has potential ap-
plications as automated clinical assistant and
next-generation clinical decision support sys-
tem.

The number of smart-phones is increasing
rapidly (2.32 billion in 2017). Majority of popu-
lation is using smart-phones, even in rural
areas. If such Al can be integrated with smart-
phones, huge amount of population can get
basic treatment without even going to the clin-
ics. People could feed their medical data (ac-
quired by using sensors: inbuilt-on-
phone/wearable) to the Al based mobile appli-
cation and then Al could scan and process the
data. Based on the data, Al could give the
result whether the patient should consult the
doctor or can directly take medications (sug-
gested by Al app).

There could be a Al powered ATM like ma-
chine with all sensors integrated in it. People
could go there and can take basic tests. Based
on the test results, Al would suggest the medi-
cations and whether to go to clinic or not. This
would help the people living in rural/remote
areas.

3. Discussion & Conclusion

If this type of Al framework will be developed,
it would change the way of treatments. It would
affect not only the people living in urban areas
but also the people who are living in the ru-
ral/remote areas. This would enhance the tel-
emedicine services. Combining this technology
with human clinician can maximize the poten-
tial of both, human and machines. With auto-
mated assistance, the physician could super-
vise the decision making process, applying her
or his experience and intuition to guide the
input process and to evaluate the output of the
machine intelligence. This would reduce the
cost as well as complications. This could work
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“By 2025, Al systems could be involved
in everything from population health
management, to digital avatars capable
of answering specific patient queries.” -
Harpreet Singh Buttar, analyst at Frost
& Sullivan.

at any level. For example, it could help normal
physician as well as surgeons. People could
take regular check-ups at their homes and if
needed then only they have to go to clinics.

However, there are some challenges, which
need to be overcome to make this happen. Al
would require databases to compare data. For
revolutionizing the existing healthcare system,
data management is crucial task. Al should
collect, store, normalize and trace the lineage
of the data. Thus, data security would be a big
problem. To address this problem, some en-
cryption algorithms should be developed ac-
cording to the international standards of infor-
mation security. Also, affordable and small
sensors/transducers will be needed to acquire
data at home.

Another question is the liability of Al, whether
the Al should be trusted or not. We must help
general population understand how Al could
be beneficial and how can we fight possible
dangers. Al should gain the trust of doctors,
nurses and patients. Doctors must be involved
in development process of such devices to
ensure that the systems are well-engineered
and reliable.
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1. Introduction

Cancer is one of the most unfavorable and
painful disease among all other diseases.
Cancer can be simply defined as uncontrol-
lable growth of abnormal cell. The exact
reasons behind the cancer disease are be-
come very controversial topic for scientist.
Prostate cancer and breast cancer are very
common found in cancer patient.

Surgery and radiation therapy can able to
remove the cancer cell in particular area
but chemotherapy is specially qualified to
kill the cancer cell from whole patient body.
It can be applied after surgery or radiation
therapy as the secondary treatment. In ra-
diation therapy, cancerous body parts need
to be exposed under x-rays. These x-rays
react with water to produce free radicals
which destroys DNA and other molecular
structures killing cells. Unfortunately these
free radicals destroy healthy cells as well
as cancer cells shown in figure 1. In future
some innovation must be required to solve
this problem. Use of Nanotechnology in the
health care system is become essential for
future. Some concept and approaches are
mentioned in this paper which gives en-
lighten about use of nanotechnology for
healthcare system.
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Figure 1: Cellular death rate in radiation
therapy.
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2. Future concept and approach

Nowadays technology has made huge chang-
es in medical field and help to improve effi-
ciency and flexibility. Use of Nanotechnology
in the healthcare system offers different path
for improving the method of medical diagnosis
and therapy. Cancer therapies like surgery,
radiation and chemotherapy will damage the
normal tissue or incomplete eradication of
cancer. Nanotechnology refers directly to the
target and provide selectively to cancer cells
which enhance the therapeutic efficiency than
other treatment modalities. Nano shells are
manufactured with the help of nanotechnology
which can kill the cancer cells without adding
toxicity in standard radiation therapy. Nano
shells are incredibly small particle. The size of
a Nano shell is equivalent to the 5000 division
of human hair. These crystals are surrounded
by a soft protecting layer minimizing unwanted
interaction with the body. The Nano crystals
are directly inserted on the tumor with a stand-
ard syringe. These Nano crystals are influ-
enced by x rays and produce more free radi-
cals which can break tumor cell DNA more
effectively than the surrounding healthy tissue.
Due to Nano particles the x-ray effect is ampli-
fied and localized within the tumor. Healthy
tissue is kept safe with the standard dose of
radiation and the tumor dies more quickly.
Only one injection of Nano particles can re-
duce several radiation therapy sessions. Nano
x-ray therapy can be used to fight a wide varie-
ty of cancer.

Nano Particles

Figure 2: Nano therapy for cancer cells.

Apart from Nano X-ray therapy there are lots
of applications in the field of Nanotechnology.



In future years, Nanometer sized box which is
a Nano robot embedded with a tiny camera
can travel into heart and blood vessels. These
Nano robots can send alerts to your
smartphone when a disease or illness selects
your body. Maybe in future these Nano robots
will have the ability to remove harmful clots,
collect tissue sample and absorb toxins in
blood. But the main disadvantage, the details
of a person could be easily tracked from the
servers and can cause a major security issues
with the privacy of the person. One of the pos-
sible defenses against the attack is a crypto-
graphic approach in which the particular per-
son’s data would be more secured.

3. Discussion & Conclusion

Healthcare in future year may have a success-
ful growth in the field of Nanotechnology which
can add up to a decreased risk of patient and
increased probability of survival. It can be im-
plemented on urban and rural areas. This
would only be suitable for person who has
cancer in one area and whereas for multiple
cancers in a person it would not be suitable. In
the field of education, the students should
have a lot of exposure to nanotechnology for
better inventions.

In the future use of Nano technology could
become more complex and cost effective but
this will give most effective solution for health
issue. Nano technology would able to give
precise solution of fatal diseases.
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1. Introduction

A nanorobot is an extremely small robot that is
designed to perform specific tasks at the na-
noscale dimension of few nanometersi.e. 1
nm =10-9 meter (A red blood cell is about
7,000-8,000 nanometers in diameter and A
strand of DNA is 2.5 nanometers in diameter).
Over the years it has been found to be useful
in many situations as well as uses.

Nanobots have recently injected into the hu-
man brain silently acting as artificial organs or
acting as neurotransmitters. As years go by
the use of technology in medicine becomes
more needed. In the future, nanobots will be
able to communicate wirelessly, download
software when new pathogens arrives, and
attack cancer, cancer stem cells, bacteria,
viruses, and all the disease agents. They can
also work on metabolic diseases like diabetes

(1

Nanobots could maintain healthy levels of
everything we need in the blood, including
nutrients, and basically repair and eventually
replace damaged organs. It helps to maintain
healthy immune system. Nanobots can extend
the average lifespan far beyond the remarka-
ble achievements of the last century by curing
life-threatening disease. With nanobots, it is
possible that scientists will be able to wipe out
most diseases in about 15 years and thus
making humans immortal by 2040.

2. Materials and Methods

As per research theories, nanobots will pos-
sess at least two-way communication. Through
sound waves, these robots will receive power
or even reprogramming instructions from an
external source and will respond to acoustic
signals. A special network of stationery nano-
bots will be positioned throughout the body
which will keep the track of each active nano-
robot passes & then report the results. Physi-
cians or doctors could not only monitor a pa-
tient progress but can also change the instruc-
tions of the nanobots in vivo to progress to
another stage of healing. After treating, these
nanobots would be flush out of the body im-
mediately.
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A creative theory in the use of these devices to
fight cancer involves using silicon na-
nomachines with a thin coating of gold and
light in the near infrared spectrum. Light in the
700-1000 nanometer range will pass through
tissue with minimal absorption. When this near
infrared light strikes this particular type of na-
nomedibot, the device gets hot due to the os-
cillation of the metal’s electrons in response to
the light. Using an MRI to precisely place the
nanomedibots in the cancerous region, the
light causes the devices to heat to 131 de-
grees Fahrenheit which destroys the cancer-
ous cells but doesn't damage surrounding
tissues. Also regarding cancer treatment, ribo-
nucleic acid interference is a method that at-
tacks cancers on a genetic level. Nanobots
laden with interfering RNA that deactivates the
protein production of the cancer and kills the
malignancy would attach themselves to the
tumor and deliver the lethal genetic material

2.

Figure 1: Scheme of gold and iro oxide ag-
gregates with silica shell. Left: electron micro-
scopic image of an aggregate.

3. Future of Medical industry with Nano-
bots

Nanobotics is steadily and exponentially ad-
vancing as the technology advances, and
more applications for it are found, more ad-
vanced methods are being devised. Nanobots
may be employed to detect specific chemicals
or toxins and could give early warning of organ
failure or tissue rejection. Also used to take
biometric measurements, they may be em-
ployed to monitor the general health of an
individual. In addition, current research is in-
vestigating their application in nanophotonics
to produce light more efficiently. Computer
circuits may be produced by these tiny devic-
es. They could create circuits on a smaller



scale than current etching techniques and
would allow for the manufacture of extremely
small processors and chips [3].

The extension of the human lifespan could be
facilitated through the removal of a substance
called lipofuscin from certain types of non-
dividing cells, including the brain, heart, liver,
kidneys and eyes. Lipofuscin is a metabolic
end product that accumulates primarily within
lysosomes (the garbage disposal organelles
within cells). It's thought that when lipofuscin
accumulates to certain levels, it begins to neg-
atively impact cell function, which eventually
manifests in many age related conditions. Re-
searchers have proposed that soil bacterial
enzymes might have the capacity for degrad-
ing lipofuscin, also proposes that humans
might live as long as 1,000 years under the
appropriate rejuvenative therapies [3].

Figure 2: Artistic rendering of a conceptual
“Defuscin” nanomedical device.

4. Discussion & Conclusion

Medical nanobots may be able to extend our
lives in two ways. They can repair our bodies
at the cellular level, reverse aging and provid-
ing a certain version of the fountain of youth,
and it can help the medical community to erad-
icate life-threatening diseases such as stroke,
heart attack, HIV or cancer. This technology
can be easily envisioned within the next 15
years. However, from the day of the creation of
the first cancer curing nanobots, we will still
have huge developments to make — it won’t
therefore be an instant cure not only for cancer
but also for other various diseases. Mass pro-
duction will need to be perfected, and so initial
cost will be extremely high, due to high de-
mand and low supply. Plus the tech will still be
going though rapid improvements, both in itself
and in its production techniques.

While it is still being pushed out of testing to
desperate terminally ill patients, the full realiza-
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tion of nanobots will basically eliminate biolog-
ical diseases. We'll see widespread use in 20
years of nanotech devices that perform certain
functions for us. In 30 or 40 years, we will
overcome disease and aging. The nanobots
will scout out organs and cells that need re-
pairs and simply fix them. It will lead to pro-
found extensions of our health and longevity
and we will finally be able to say that the end
of mortality is in sight.
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1. Introduction

The future of our healthcare system will face
some immense problems. Two of them are the
increasing and aging population — and the
increasing cost of healthcare delivery.

To deal with these challenges the future de-
velopments in and for the healthcare system
require strong focus on preventing diseases.

Planned surgeries and emergencies will need
to be treated in centralized medical centers,
which may need to provide all medical disci-
plines and specialization in one center to re-
duce costs.

In the following one visionary possibility of a
technical implementation to observe and sub-
sequently prevent diseases is described. To
goal is to connect all people in a convenient
way to the healthcare system.

It is based on the “out of fashion” photo booth.
The described “medical” photo booth doctor
(PBD) is used to connect the increasing popu-
lation to the public healthcare system.

An example can be seen in Figure 1. The idea
is to implement different technologies to make
the visit at the general practitioner unneces-
sary.

Figure 1: Example of a modern Photo Booth
converted to Medical Diagnostic Check-Up
system (PBD) [1]
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2. Materials and Methods

The basic concept is build on a central data
base of individual anonymized patient data, a
personal advanced smartphone and an ad-
vanced photo booth. A system overview can
be seen in Figure 2. The smartphone of the
future collects data like electrocardiogram
(ECG), pulse, blood pressure, etc.

Whenever the patient feels like seeing a doctor
or in a periodic time interval he or she goes to
a “medical” photo booth, the PBD. There the
data from the smartphone is read out. The
body temperature can be measured and blood
can be taken automatically. The blood is ana-
lyzed by the photo booth in a few minutes. The
patient can also interact with a software sys-
tem to give further information to the personal
anamnesis.

The integrated camera system allows the
software to make different diagnosis and a
psychological test. If necessary also a video
call can be established to a doctor. The doctor
will sit somewhere in a medical center and is
only contacted in special cases. It can be used
to teach the patient for example with short
videos about certain medical topics. As a re-
sult it will give advice to the patient. The advice
can also be related to the diet of the patient or
to changes in his or her lifestyle, but also med-
ical advices.

To ensure a clean and sterile environment in
the photo booth an automated self-cleaning
mechanism is installed. Needles for blood test
are single use and most of the other meas-
urements are touchless. To ensure enough
privacy the photo booth can be closed com-
pletely.

In case of a disease the photo booth can ad-
vise the patient directly to a specific doctor in
the centralized medical centers. The photo
booth will be directly connected to the emer-
gency medical services, so in case of an
emergency it will directly start an alert and give
all the collected information to a specialized
hospital. For minor diseases it could either
give a prescription or has a small pharmacy
directly included. The overall examination time
is between 10 to 20 minutes.



The PBD will be owned by the government.
This is to ensure that everyone can access the
PBD independent of his or her health insur-
ance.

The PDB will be placed in shopping centers,
and other public places like airports or train
stations, museums, stadiums, retirement
homes or even in regular intervals in rural are-
as. Basically it can be placed anywhere and it
can also be portable to ensure that all people
have access to the system. It makes sense to
place it where people have some waiting
times, so that they can visit the PBD during
shopping, waiting for their flight or during lunch
break.

Central
database

Cent. medical
center &
Emergency
Service

Figure 2: Medical Photo Booth system

3. Discussion & Conclusion

The PBD can be seen as a result of combining
available technologies of today in one system
connected to an intelligent evaluation system.
The measurement technologies are either
implemented in the smartphone or the PBD.
The main communication system is based on
advanced loT - technology (Internet of Things).
The evaluation systems could be based on a
system similar to the IBM Watson Health. [2]
[3]

For a future development a camera system
which can gain molecular and anatomical in-
formation could make the medical examination
completely touchless. The PBD could be an
excellent supplement to the work of general
practitioners and pharmacies.

Depending on how the transportation systems
will develop in the future, the systems could
also be implemented in buses, trains or even
airplanes. These waiting times can then be
used for the medical examination. The collect-
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ed data allows to detect diseases early in their
development stage and to prevent diseases in
along term.

It is essential to ensure the privacy of the pa-
tient data and to prevent any type of misuse.
Encryption and anonymous data storage for
comparative use is necessary, but at the same
time needs to be assigned to the individual
patient for comparison over time and detection
of changes.

The personal contact to the doctor will poten-
tially be lost. This can be a disadvantage es-
pecially for older people — but special setups
for this group could be established.

A clear advantage is that the PBD, as a medi-
cal institution, has more time per patient than a
doctor, collects all the data from billions of
patients using standardized procedures and
with that will make it easier to find good treat-
ment options in the future.

This system would not solve all problems of
the future in the healthcare system, but it could
be a development in one part of the healthcare
system. It could be the connection between
billions of people and the expensive medical
centers to ensure a sufficient medical care for
all patients with an optimal use of all available
resources.
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1. Introduction

As virtual health is staking a larger claim on
health care space, patients might start hearing
a different version of that familiar waiting room
greeting “The avatar will see you now”. While
the use of avatar or intelligent virtual agent
(IVA) technology is still in the early stages,
experts predict it will give health care providers
a new set of tools to better manage patients,
boost engagement, improve treatment adher-
ence rates and reduce costs. If the avatars are
human looking and have eyes and emotions,
then people will treat them like other people,
so they really open up and they offer up really
personal questions. So I'm having these symp-
toms, can you help me out?. Patient centered
virtual health assistants designed to respond
to voice or text questions through mobile de-
vices, is the best option to give patients 24/7
access to current information, specific to their
age, social setting, likes and dislikes, tastes,
financial ability, literacy and culture.

2. Intelligent Virtual Assistants: a strategic
solution

An intelligent virtual agent for health care or a
virtual health assistant (VHA) is an effective,
infinitely scalable and affordable way to not
only survive but thrive in the face of the indus-
tries ongoing service level challenges.

ImHealth Assistant BENEFITS

R Inorezse Aoherence
Promote Welness
Facltate Dissase Management
Improve Health Lieracy

Figure 1: Virtual health assistant engages a
patient on a Smartphone.

A VHA facilitated interface can be designed
and implemented using existing technology to
take on many of the tasks currently being ad-
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ministered by the clinical and operational staff
within the contact centre. In addition to auto-
mating the more repetitive tasks, such as veri-
fying insurance and the continued need for a
drug, VHA’s can engage patients on a daily
basis and work intimately with them to improve
medication adherence.

3. The emergence of artificial intelligence
and natural language processing

The history of intelligent virtual agents can be
tracked back nearly 50 years, beginning with
the quest for artificial intelligence(Al) creating
an intelligent virtual agent, however requires
not only artificial intelligence but also the ability
to recognize natural language.

Artificial intelligence is defined as the ability of
a computer or other machine to perform ac-
tions thought to require intelligence. Among
these actions are logical deduction and infer-
ence, creativity and the ability to make deci-
sions based on past experience or insufficient
or conflicting information.

Natural language is using human written or
spoken language to engage with a computer,
as opposed to computer language. This differs
from mere speech recognition, which is used
for dictation and requires only that a computer
recognize the word and insert it into a medical
record. Intelligent virtual agents are trained to
deliver value through user friendly, human like
interaction that is consistent, scalable and
personalized.

Virtual health assistants can integrate lab val-
ues, clinical guidelines, electronic health rec-
ord, drug interactions, hospital discharge, pre-
scribing information, health applications, phy-
sician recommendations.

4. Discussion & Conclusion

Virtual health assistants that integrate with
electronic health records allow active monitor-
ing of their patient base and provide context
for deeper, richer conversations.

Caseworkers, specialists, physicians and drug
makers are consistently missing opportunities
to collaborate, due in large part to logistic bar-
riers. Further complicating the issue, these
conversations often happen above the patient,



leaving gaps in the flow of information and
patients with more questions than answers.

A virtual solution designed to integrate infor-
mation from each piece of the physician pa-
tient dialogue, can give caseworkers the in-
formation needed to reach the patients that
need them most urgently.

Advanced virtual health assistants have the
ability to recognize speech and understand
user intent solving problems at the patient
level addressing the 300 million people who
need help with the day to day health decisions.

Virtual health assistants bring limitless options.
Retail pharmacies can reach out to people not
taking their prescribed medication on a rec-
ommended basis.

Hospitals and physicians can deeply engage
patients.

For the entire healthcare community from drug
maker to caseworker, virtual health assistants
are our best opportunity to take advantage of a
technology that can truly impact the long term
wellbeing of patients.
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Could the Norwegian Primary Care System be an option for
Germany? — Some ideas what needs to be changed in the
medical education

Marie-Fee Riihe

1. Introduction

As a medical student in Germany you get
taught quite early about how you need to ‘func-
tion’ in the healthcare system in order to sur-
vive it. In the second year of medical education
you get trained to perform a physical examina-
tion within 5 minutes. In the third year you
learn to stick to the check-up list for the gen-
eral anamnesis. These are just two examples |
experienced so far during my studies.

During those three years | always came across
the question why the German healthcare sys-
tems focuses so much on performing as many
procedures as possible and not so much on
the patients diseases — may they be physical
or psychological — and on the overall positive
outcome of a treatment.

Some years ago | came across the healthcare
system of Norway and in this short written
overview | will outline some aspects of this
system and discuss what changes primarily
need to be done in the medical education.

2. Main part

The consulting firm Frost & Sullivan show in
their analysis on the Megatrends Impacting the
Entire Spectrum of Care that the reimburse-
ment of medical treatment will in all probability
develop from a procedure-based to a out-
come-based payment system. Other changes
are additionally outlined as it can be seen in
Figure 1.

Megatrends Impacting the Entire Spectrum of Care

Amodern health care system is on the horizon, demanding a paradigm shift
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Figure 1: Megatrends Impacting the Entire Spectrum of
Care. An analysis of Frost & Sullivan [1]

This is an interesting aspect because in Ger-
many the healthcare system focuses its pay-
ment on the number of procedures.

In the Primary medical system in Norway pa-
tients register to one family doctor: The physi-
cian gets a base income depending on how
many patients chose him. This automatically
leads to a different strategy for the doctor to
work: he or she will focus on the outcome and
prevention in order to see the patients less [2].

The difference to the German system is basi-
cally the different reimbursement. The doctors
in Norway get a basic payment which corre-
lates with the number of patients treated and
not how it is done in Germany by the number
of different treatments.

In order to treat a lot of patients with a good
outcome and the overall aim not needing a lot
of medical procedures the doctor-patient-
interaction needs to change (apart from the
fact that the payment system needs to be re-
formed). But the Norwegian principal interac-
tion is not taught at universities. | am experi-
menting it myself that the procedures not the
patients itself are put into focus. You get told
that you do not have enough time for a long
talk to get to know your patients and you get
told to do medical procedures even though you
think they are not necessary and only get the
hospital a lot of money.

The medical education needs to be changed in
the direction of focusing on the individual pa-
tient: This can only be reached if we spend
time on a good communication and establish-
ing a working prevention system.

Even though the expenses of the GKV are
constantly increase more can be done (see
Figure 2).
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Figure 2: Expenses of Prevention of the GKV
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3. Discussion & Conclusion

In my opinion the Norwegian Primary Care
System could be an option for future reforms in
the German Healthcare System. It focuses on
the successful outcome of medical treatment.

But despite changing the payment system the
education of the medical students needs to
change as well. In nowadays teaching to do
medical examination in as less time as possi-
ble is not an option. This will take time be-
cause the interaction between patients and
their doctors will be changed fundamentally.
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1. Introduction

India is the seventh largest country in terms of
area and the second largest in terms of popu-
lation with a total population of 1.3 Billion of
which nearly 67.2% of the people reside in
rural areas.! The healthcare system in India is
classified into three levels of care; Primary
Healthcare (Sub Centers, Primary Health Cen-
ters, Community Health Centers), Secondary
Healthcare (District Hospitals, Specialty Hospi-
tals) and Tertiary Healthcare (National hospi-
tals, Super and Sub-specialty hospitals).2
Apart from these, the country is also home to
large number of private hospitals that, forms
the private healthcare sector, which under
normal circumstances operate majorly for prof-
it. The rural sector is run by the government
and uses the sub centers as the first point of
contact for healthcare for the people living
there. In the case of specialized healthcare,
the patients are referred to the primary health
facilities where there are visiting doctors or to
the district hospitals and specialty hospitals
that are usually located in the cities. The quali-
ty of healthcare provided in rural India is fast
improving and certain steps have to be taken
to ensure scalability of this quality.

2. Materials and Methods

Healthcare in rural India has always been an
issue. The dissemination of quality healthcare
among the people in the villages has been
hindered due to various problems. Rural India
lacks the infrastructure in terms of roads that
can connect the villages to the cities. Because
of this absence, the people have to travel long
distances by foot, which tends to be an incon-
venience especially when they are chronically
ill. Apart from this the under-development of
rural health centers (Primary Health centers) is
also among the infrastructural drawbacks that
has lead to the unequal distribution of
healthcare services between the rural and
urban population.3

The awareness regarding the importance of
rural healthcare is something that is drastically
low among those who formulate and govern
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the country as well as the populace. The mi-
gration of professionals from India to other
countries has lead to a drain in the number of
people who can provide the people with the
care that they need.?

The country is slowly making a move towards
adopting more electronic ways to dispatch
better quality health services. For this to be a
possibility in the near future, it is vital that the
professionals in the country have the means
and know-how to carry this plan forward. That
can only be made possible if they are made
aware and educated about how this could
improve the quality of rural healthcare in India
and how they would benefit from this as well.
On a related note, India currently suffers from
a problem that needs to be addressed if the
healthcare situation in the country needs to be
improved and that is weak mobile Internet. By
strengthening the connectivity and Internet
services in the country we can hope improve
rural healthcare by employing applications
such as e-Health, m-Health and even telemed-
icine. This would eliminate the people’s need
to travel to receive the required treatment and
care required by them.

The rural healthcare scenario now is bleak, but
can be improved through a collective effort.

80
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Population
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Figure 1: Shows the difference between the
urban and rural population over the last three
years. [1]



3. Discussion & Conclusion

The Indian subcontinent stands at the brink of
a healthcare revolution. This can be made
possible only through a collective effort from
the government, people and professionals.
Rural healthcare, by the year 2030 will be
much more accessible to people through the
employment of wearable technology and real-
time tracking and monitoring systems. Home
care will play a major part in ensuring that
every individual in the country will be a recipi-
ent of quality healthcare.

Applications like m-Health, e-Health and Tel-
emedicine will be better developed and em-
ployed widely. The government of India has
documented e-Health initiatives for states all
over the country that include objectives, strat-
egies and guidelines to ensure the setup of an
efficient e-Health network. 4 There’s hope that
a shift will occur from providing treatment to
cure diseases to preventing them altogether.
This way, with early diagnosis and care, the
patient will have more time to move to super-
specialty care facilities from rural areas with
minimum harm to oneself.
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1. Introduction

According to Global Burden of Disease study
age-standardized (2015), leading cause of
deaths in world was cardiovascular diseases
(CVDs). Where same applies for India be-
cause CVDs are the major cause in fatality in
India in the recent years. Even nearly a quar-
ter of all deaths in India are attributable to
CVDs, including poorer states and rural areas.
The progress of epidemic is governed by the
socioeconomic gradients; tobacco use and low
fruit and vegetable intake have become more
frequent among those with below poverty line.
In addition, these people do not receive opti-
mal therapy and leads to poorer outcomes [1].

Countering this issue requires the develop-
ment scheme such as the establishment and
effective implementation of evidence-based
policy, government support to health systems
and more focus on prevention, early detec-
tions, and treatment with the use of both con-
ventional and innovative techniques. Several
ongoing community-based studies are testing
opportunities with relevant schemes.

Healthcare market is age dependent. After the
high cost in the first year of life, it is less for
children, rises throughout adult life and in-
creases exponentially after the age of 50years.
On the basis of report of United Nations World
population prospects the 2015 revision, the
population aged 60 years and above is ex-
pected to increase from 8.9% in 2015 to 19.4%
in 2050, which shows opportunity for
Healthcare market for aged people because
small percentage increment in populated coun-
tries like India shows remarkable figure in ab-
solute terms. The possibility is more evident as
likelihood of segment to adopt new technology

(1.

Figure1 shows the developing country or
populated country’s reliability of Health system
on four major factors [3]. New developments in
this way makes new horizon with partnership
between developed-developing countries with
all benefits. This will give new directions to
innovations and will help to improve the eco-
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nomic development in the countries by reduc-
tion of load on Healthcare system.

Epidemiological and
demographic transitions

N

AN

Technological
innovation
Population
demands

Professional
differentiation

Figure 1. Reliability of Health system on major factors.

2. Possible future development directions

Poor accessibility to cardiovascular care in
India has requirement of the integration of
CVD preventive care in primary healthcare
system, which is very easily reachable in ur-
ban as well as rural areas. This need requires
innovative models and cost effective solutions,
which is described as below.

According to Telecom Regulatory Authority of
India, in the end of year 2016, the overall Tele-
density in India is 89.90 [2]. That suggests
possible establishment of mHealth with Artifi-
cial intelligence. With Government encour-
agement to telecom services and mobile man-
ufactures, basic monitoring of major contrib-
uting factors as cholesterol, fat intake, physical
inactivity, blood pressure and diet plan can be
tracked by sensing from mobile devices with
putting only one fingerprint on sensor. This
data automatically compared with the cloud
information and will recommend the person
whether he/she is doing well or not on the
basis of diversity of culture. There might be
elimination of primary doctors with higher ac-
curacy decision making. This will also compete
with the shortage of skilled physician. Nowa-
days, India needs better surveillance and re-
porting systems which can be easily monitored
by mHealth and continuous evaluation of



CVDs risk factors and trajectories with digitiza-
tion. This steps will try to improve the preven-
tion of CVDs with middle age groups.

There is also significant need of improvement
in the processes and therapy in the manage-
ment of CVD in India. Generally patients ar-
rived at hospitals very late (mean time of
symptom to hospital presentation approximate-
ly is 360minutes) leading to higher case of
fatality. The major reason behind that in urban
areas are ftraffic problems and costly
healthcare service, while in rural areas people
are difficult to reach at hospitals due to difficult
access to transportation. This problem can be
resolved with on-wheel interventional ambu-
lance with all the portable devices inside it with
cost effective interventions. This will also de-
crease the load of big hospitals in developing
countries as well as developed countries and
will allow to rethink the hospital systems. For
example, angiography need contrast medium
and continuous x-ray source which can be
easily find inside it. On wheel interventional
ambulance will continuously roaming in pre-
scribed areas which can reach easily in rural
areas on the basis of the symptoms and trig-
gering sign send by the personal mobile de-
vice and it can also reduce the reaching time
to the hospitals, very helpful in urban and rural
areas. Portable devices will be very effective to
use and will comply the basic diagnosis with
low economical background. The development
of such things will be more focusing on cure
side for aged people.

2. Cure care
(On-wheel Hospital
with
compact instruments,

. Prevention care
mHealth
Atificial Intelligence
Cloud Infrastructure,

1: One toueh diagnosis for
basic influencing factor of
s

2 Transmission of data
and cloud computing with
ArtficalInteligence

3: Data analysis
and overall review

Figure 2. Possible future trends in India to deal with cardiovascular diseases.
Figure 2 shows that by implementing this
technological revolution with the people of
India’s biometric and demographic data
(Aadhaar card where 88% of population linked
with it), the overall healthcare delivery can
achieve higher level compare to current situa-
tions.

With all the benefits, it also comes with nega-
tive sides. Data privacy and on-wheel hospital
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should be taken care by providing higher
standard of protections. Interventional on-
wheel hospital also will face the concerns with
sterility and should have capacity to deal with
more interventions.

3. Conclusion

The rising CVD burden and damaging conse-
quences it has on individuals, families and
populations require urgent attention in India.
To address the socioeconomic differentials, it
is always recommended to innovate new ap-
proaches. To deal with that, small and com-
pact diagnostic scanner with affordable price
and combination of mHealth with Artificial intel-
ligence with government schemes will be help-
ful to reach rural and urban areas. That will
give the maximum chances to poorer people
and will overcome the problems which are in
current scenario. This can also lead us to think
about new generation of hospitals, which will
not have many big infrastructures but will act
as on demand ambulance. It will directly reach
to the patient’'s home on the basis of risk fac-
tors. This will bring new innovation and will
also impact some of crowded cities in devel-
oped countries by providing data security to
mHealth and artificial intelligence.
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1. Introduction

México, a democratic republic with a popula-
tion of 120 million, shows signals of progress,
development and social stability thanks to its
system of institutions and politics adapted
sporadically to the demands of a population
every day more informed thanks to a free
press disseminated by social media. Consider-
ing the health as the basis of social welfare
and an important metric in the progress of a
nation, efforts in the health sector have made
possible increase the life expectation to almost
80 years, reduce to five risk factors the attribu-
tion of diseases from 50% of its population
and, increase to 84% the population with
health coverage. Nevertheless, Mexico faces
huge challenge in areas of medical quality
assistance and obesity pandemic because its
fragmented health system and the inefficiency
of its political class to organize and promote an
integral solution in collaboration with a popula-
tion indifferent to participate actively in solving
the problems. It is important to mention that
the geography and concentration of the riches
of the country in big cities makes extremely
difficult the medical assistance and investment
in rural areas, not to mention security prob-
lems, corruption and low wages that doctors
receive.

The vision here presented promotes the im-
plementation of a universal health care system
that manages its resources more efficiently to
be able to provide a service of quality and
promotes the prevention of diseases in collab-
oration with the educative sector and general
population. At the same time, it is essential
that the private sector in parallel with research
centers and universities promotes the genera-
tion of new technologies and innovation in the
medical field and not only focus in the provi-
sion of services; in this point could be im-
portant to review possible blocking points ex-
isted in the Mexican Industrial Property Law
(MIPL) and consider the creation of patents as
a strategic economic resource.
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2. AVision for México

In the next two decades, México will exploit its
strategic geographic location associated to its
alimentary production and prevent cases of
chronic degenerative diseases caused by nu-
trition habits. All this will be achieved thanks
to: 1) a continuous monitoring of physical
needs and vital signals by non-invasive trans-
ductors connected to smart portable devices,
2) the implementation of a universal health
care system able to modify its internal struc-
ture and implements preventive mechanism
embedded in the educative and family cores
and, 3) a private sector able to invest in the
creation of patents, in collaboration with the
academy, to satisfy all technological challeng-
es involved.

The variables involved in this vision requires
the participation of multidisciplinary groups as
logistics, financial, statistics, game theory,
signal processing and psychologists for men-
tion a few ones. Because of this, entrepreneur-
ial opportunities for data mining and its deriva-
tives are present.

Imagine a big city, where you know which
fruits and vegetables are produced in the re-
gion and you can decide what to order based
on your physical needs and be sure they will
be in your table in a specific time. You will be
aware and conscious that this service will be a
little more expensive but it's the best for your
health an community because at school and
family it was taught to you that a way to con-
tribute and be happy was to take care of your-
self. In the rural area, imagine a family of
farmers able to know which are the needs of
the closes city (or country) and able to planifi-
cate its next harvest. The neighbor of the
farmer is a company in charge of the logistics
to deliver all orders from the city using drones.
Based on the information provided by the all
users in the region, a map of diseases can be
generated and the healthcare system can cre-
ate a specific center to cover all medical
needs. If a person moved from one region to
another can be predicted and prevent all dis-
eases because the lack of certain products in
the region.



3. Discussion & Conclusion

It is clear that the ambitious of a few ones and
the ignorance of an oppressive majority it is
not the formula to a prosper nation which re-
quire to be healthy. It is clear that the imple-
mentation and development of new medical
technologies can be sustained or focused con-
sidering the characteristics of the region and in
the best scenario supported by government
institutions. The management of big quantities
of data is inevitable and it is without doubt an
entrepreneurial opportunity.
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Future of health care technologies in Pakistan
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1. Introduction

Technological developments have grown re-
markably in health care sector past two dec-
ades. The evolution of computers in health
care domain has improved diagnosis and
treatment of most of the diseases. The usage
of techniques like machine learning and artifi-
cial intelligence has made diagnosis, treatment
and prevention from many diseases more effi-
cient. However, these technologies are not
being used everywhere.

Developing countries like Pakistan are still far
away from these modern technologies. There
are a lots of reasons for this but most im-
portant are the lack of resources, awareness
and poor health care system to name a few.
There is a need of a new health care system
which can be accessible to everyone.

The trend of using smartphones for monitoring
and managing health will increase with the
passage of time. Studies show that
smartphones will become pocket doctors in
future. With help of smartphone applications,
people will be able to monitor, diagnose and
manage their health conditions on their own.

2. Materials and Methods

The health facilities are not accessible to eve-
ryone in Pakistan especially in rural areas.
This leads to late diagnosis of many fatal dis-
eases. According to the government records,
there are only 12000 public health care facili-
ties available for over 180 million people [1].
The private health care sector covers about
80% of the total outpatients, which is not af-
fordable for most of the people. Government is
spending only 2.4% of the total budget on
health care sector. These factors lead to death
of plenty of people because of not getting the
treatment at the right time. Therefore there is a
need for a new system accessible to everyone,
which can help everyone monitor and manage
their daily health.

The usage of smartphones in Pakistan is in-
creasing every year. There are about 40 mil-
lion smartphones being used in Pakistan [2]. A
system can be developed which will include
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smartphones to diagnose and manage some
major diseases. There are many smartphone
applications available these days to measure
pulse rate and oxygen level in the blood. The
trend of using these applications is increasing.
Implementation of computer science tech-
niques like machine learning and artificial intel-
ligence in smartphones application will make
mobile phones portable doctors.

Taking cardiovascular diseases as an exam-
ple, about 10% of deaths occur due to heart
related diseases in Pakistan [3]. There are
multiple reasons for this e.g. smoking, lack of
exercises and usage of fatty foods. The basic
problem is that people have no awareness
about the factors behind these diseases. How-
ever, nowadays people are becoming more
aware due the increased usage of

smartphones and access to internet.

Figure 1: Heart rate measurement using
smartphone application

These days some smartphone applications are
there which measure pulse rate and oxygen
level in the blood. In future, blood pressure
measurement and electrocardiogram meas-
urement will be included too. By having this
information in smartphones, more applications
will be built, which would predict any heart



related disease by using machine learning
techniques. This will help a number of people
who cannot visit doctor on regular basis and
this will also reduce late diagnosis of these
types of serious diseases. By adding family
history and genetic information, these predic-
tions will be more accurate. On the bases of
these applications, it will also be possible for
the cardiovascular patients to manage daily
lifestyle according to their health condition.

Risk of Heart Failure (%)

Machine Learning
(Predicting Algorithms)

Blood
Pressure

ECG Data Heart Rate

Figure 2: Implementation of machine learning

Diseases like diabetes and hepatitis are affect-
ing over 20 million people in Pakistan which
results in the death of about a million people
every year [4]. Smartphones will play an im-
portant role in this area too. Blood sampling
and testing adopters can be added to
smartphones and various applications can be
developed to diagnose diabetes and hepatitis.
Using classification techniques diabetes and
hepatitis types can be determined and health
risks can be predicted.

3. Discussion & Conclusion

Implementation of real time health parameter
measuring applications in smartphones will
benefit a lot of people who are at the brink of
having diseases like heart related diseases,
diabetes and hepatitis. It will be possible to
avoid complications which occur due to these
diseases. This will set a healthy trend in peo-
ple to avoid unhealthy habits. It will be benefi-
cial for those people too who are living in rural
areas where health facilities are not available.

However, a huge amount of research is need-
ed to be done to implement all these tech-
niques to smartphones. Machine learning and
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artificial intelligence techniques are already
been implemented on computers for prediction
of diseases. That is why smartphones will also
be equipped with these technologies in near
future.
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1. Introduction

The increase of quality in medical treatments
influences the demographic change. In year
2040, the German population of ages of 65-79
and 80+ is expected to have an increase up to
24% and 79%, respectively [1].

Up to 30% of the population would be of an
age of 65+ and most of them would be retired
from the working life. Medical care at this age
is more important in case of maintaining a
healthy and comfort life. Especially, the in-
crease of 80+ agers more healthcare re-
sources are needed which can be supported
by daily life’s diagnostic tools and devices.

Mobile and home service diagnostic tools and
devices will be introduced used for accurate
and fast health analysis and are connected to
a healthcare online network for fast services.

2. Main Idea

The risk to sustain on a disease raises with
aging. In 2040, almost every third person
would be in an age of 65+, as shown in figure
1, and would be at a higher risk of affection.
Early detection of health problems will be the
most impacting factor of successful treatment.
Therefore, personal smart diagnostic devices
and tools will be introduced and be connected
to a healthcare network. E.g. local first aid
posts, hospitals, medical offices and pharma-
cies will be connected to that network.

People who have a higher risk of developing a
heart disease can be monitored using a smart
watch, smart wristband or necklace, smart
clothing, e.g. conducting shirt or belt collecting
the heart rate. The monitored data will be ana-
lyzed in the healthcare network on the fly via
Wi-Fi connection or be recorded and send
after the device gets a connection to the net-
work. If the data is showing some abnormali-
ties over short or long term monitoring the user
will be informed and gets automatically infor-
mation about the closest location to a doctor or
medical center.

Since smart homes becoming a standard in
future living also smart diagnostic devices
could be included. A small device taking small
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urine, saliva and blood samples, like a today’s
glucose meter, will analyze your sample and
compare it to one of your own personal healthy
data. The collected data will be tested for dis-
eases within the healthcare network. Any ab-
normalities could be reported to the user and
to a medical doctor of the user’'s choice. The
doctor will be informed at his working place
and checking the data online deciding if there
is a further checkup or a pharmaceutical
treatment needed. If the user confirms the
doctor’s decision, dates for appointments will
be suggested or medicine will be send out
directly, e.g. via a drone delivery service and
drops it into a drone mail box at the patients
home.

Age distribution
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Figure 1: Age distribution of the German male
(blue) and female (pink) population in year
2040 according to statistical expectations cal-
culated by the Federal Agency of Statistics,
adapted from [2] with editing.

In nursing homes the apartments will be
equipped with home health security systems.
Sensors, like motion sensors within the room,
pressure sensors integrated in bed and
couches will observe the people’s activities
during the daily life. Also, the aforementioned
smart tools, e.g. smart clothes, can help to



monitor the people’s health status. All the data
will be processed within the nursing homes
own health security servers and transferred to
the nurse’s mobile devices. According to the
data the nurses can act immediately if there
are any abnormalities shown. In case of emer-
gency the nurse can send all recent data of
health information to a first aid station or am-
bulance. Paramedics will be supported with
information that can help to identify the pa-
tient’'s needs for the medical treatment.

3. Discussion

Building up a healthcare network for tele-
diagnostics can speed up finding the best suit-
able treatment for patients. Especially, the
collected long term monitoring data of older
people can support medical doctors in diag-
nostic decisions. Fast response on personal
health information is the best benefit coming
out of the healthcare network.

However, building up a highly functional
healthcare network needs to include most of
the local available healthcare entities. There-
fore, the collaborating entities should be pro-
vided with some benefits like financial support
from the state or the health insurances.

A standard protocol for the network connection
and the data collection as well as data storage
servers are needed. Additionally, the data has
to be encrypted to be secured from interac-
tions from outside the network. Anyway,
standard protocols like the Picture Archiving
and Communication System (PACS) including
the Digital Imaging and Communications in
Medicine (DICOM) format has already proven
a highly efficient functionality within the medi-
cal section.
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1. Introduction

Medical Imaging is the process of visualizing
interior body parts for non-invasive medical
intervention and clinical analysis. The history
of medical imaging dates back to 1895 when
Wilhelm Conrad Roentgen discovered X-ray
for the first time [1]. Since then, many new
medical imaging technologies like Magnetic
Resonance Imaging (MRI), Nuclear medi-
cine, Ultrasound (US), Elastography, Photo-
acoustic imaging, Tomography, Echocardi-
ography, spectroscopy, Elastography, etc.
have been discovered.

However, the advent of computers in the
world of medical imaging was seen in early
1970s when computed tomography and MRI
were introduced. Since then, numerous ap-
proaches have been taken to make medical
imaging an easily accessible and easy to
use technology. Despite of these improve-
ments, third world country like Nepal has not
yet been able to use these technologies to
the fullest owing to their poor governmental
policies, financial capacity and lack of skilled
manpower. On the contrary, there have been
numerous improvements in the health sector
over the course of last few years which carry
some promises for a better future.

2. Materials and Methods

Medical imaging has a 90-year history in
Nepal, starting in 1923 when an x-ray ma-
chine was first installed in the military hospi-
tal in Kathmandu. However, there had not
been much improvements in this sector until
1994. It was when the new era of medical
imaging began with the installment of first Ul-
trasound, CT, MRI, mammographic, gamma
camera and telecoalt-60 radiotherapy units
[2]. In the last two decades, Nepal has been
able to acquire approximately 1,200 x-ray,
800 US, 30 CT, 10 MRI (<= 1.5T) and 11
mammographic units. Likewise, there is also
scarcity of skilled manpower in this area.
There are only about 150 radiologists, 350
radiographers, 20 radiation oncologists, 8
radiation physicists and 20 radiotherapy
technologists currently available all over the
country [3]. These statistics are a result of
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lack of investment in the health sector by the
government as well as the low level of
healthcare practice followed by the people. A
study says that the total expenditures on
health care accounts for only 5.5% of the to-
tal government’s annual budget and annual
per capita health expense is only 29$.

To overcome these problems, first and fore-
most, enough manpower need to be gener-
ated in this sector. There has recently al-
ready been a provision of studying medical
imaging technology and radiographic tech-
nology in few medical universities in the
country. There should also be a practice of a
semester exchange programs in the univer-
sities in Nepal where the students can go
abroad and learn the medical practices taken
in developed countries. This is set to pro-
duce more manpower in the decade ahead.

While the plans for producing enough man-
power is on the way, the government can in-
vest more in the healthcare sector. Firstly,
they can attract the young entrepreneurs in-
side the country by funding them to a certain
level to start startups inside the country.
Secondly, they should try to lure foreign in-
vestors to invest more in healthcare sector.
There are enough engineers and computer
programmers in Nepal. One way could be to
start a collaboration with the multinational
companies like GE, Siemens, Toshiba and
Philips in such a way that the engineers from
Nepal can build different software solutions
for these companies and these companies
can provide their hardware like US, CT, MRI
in return. Thirdly, the practice of health in-
surance could be made mandatory all over
the country. This way the government can
generate enough revenue from the people.
In the same time, people can also make use
of the medical imaging facilities which would
have been very expensive |

The next and more difficult challenge is the
topography of the country. Every year a lot of
people in the rural areas die just because
they cannot diagnosis the disease in its early
stage as it is very difficult for them to travel
to the central hospitals. More than that, a lot
of false diagnosis happen due to the lack of
skilled medical professionals as well as



proper equipments in these areas. One way
to solve this problem could be to train the lo-
cal people in their area to acquire the medi-
cal data from the patients. These data can
be uploaded in the cloud storage which can
be easily accessed by the professional med-
ical practitioners who provide better diagno-
sis. Possiblehealth is a perfect example of
the healthcare center that uses this ap-
proach [4]. They have already treat-
ed/diagnosed more than 430 thousands pa-
tients since they started in one of the rural
districts in 2008. In the next decade, these
facilities should be established in more rural
areas of Nepal.

Another way to solve the problem of topog-
raphy could be to use the latest technologies
like hand-held US, X-ray and Gamma cam-
eras and the recorded data could be easily
transferred to the medical doctors. This way
it would be like bringing the hospitals to
home instead of the patients travelling miles
to reach hospitals. Similarly, another ap-
proach could to be use the drones and fly-
boards to access the places which are very
difficult to reach by using normal transport
facilities. EHang is a Chinese company
based on drones that developed the first au-
tonomous aerial vehicle. This vehicle allows
a person to be carried from one location to
another automatically by just entering the lo-
cation of the destination [5]. Similar vehicles
have been developed by a German and a
UK based company too. Similar technologies
will be expected to be a great boon for highly
diverse topographical country like Nepal in
next few decades.

3. Discussion & Conclusion

It is very difficult to start something new
where more than 25% of people live below
the poverty line. The idea of making health
insurance mandatory could be more than
these people can chew as it is very difficult
for them to even manage meals twice a day.
However, the government can come up with
a subsidized plan for such people.

The ideas presented above possess a great
future for Nepal as these ideas have already
been in practice in developed countries like
US, UK, Germany, Canada etc. The idea of
using the hand-held diagnostic devices could
serve to be the best as it is very cheap as
compared to the standard devices and re-
quires less skilled manpower to operate it.

Also, the rules and regulations are not very
complex as compared to in developed coun-
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tries. This makes it less complicated for the
investors and the entrepreneurs to invest
their money in the areas they want. To put it
together, Nepal is a country with numerous
possibilities in healthcare and every new
idea here could be ground breaking.
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1. Introduction

Healthcare and technology have long been
partners in improving the healthcare scenario
of the world. With respect to India, this part-
nership has been present since the late
1990’s. Telemedicine is one of the many fruits
borne by this very partnership and is defined
by the World Health Organization (WHO) as
“The delivery of healthcare services, where
distance is a critical factor, by all healthcare
professionals using information and communi-
cation technologies for the exchange of valid
information for diagnosis, treatment and pre-
vention of diseases and injuries, research and
evaluation and for continuing education of
healthcare providers, all in the interest of ad-
vancing the health of individuals and their
communities.”!

The telemedicine movement in India began in
December 1999 in Aragonda in the Chitoor
district of Andhra Pradesh. The setup went live
in the early 2000’s and still stands to this day.
Though it has been present for a while now, it
still has the potential to better the healthcare
scenario in the country in ways we can only
imagine. But, to understand that we must first
understand what the current scenario of tele-
medicine in India is.

2. Current Scenario

With respect to telemedicine, starting from its
initiation in 1999 to now, the government and
private healthcare sectors have kept the ball
rolling. The country has a total of 105 telemed-
icine centers as of August 2016 that are locat-
ed all over the region. It is interesting to note
the way telemedicine functions. The diagnosis
of the patient is done by a telemedicine coor-
dinator at the rural site with the help of the
telemedicine module through the instructions
of a physician that monitors all proceedings
through a webcam. Patient data and infor-
mation is transferred over large distances with
the help of computers and integrated systems
from the rural telemedicine centers to the spe-
cialty hospitals located usually in urban areas?.

Telemedicine improves the delivery of quality
healthcare by saving time and money in terms
of travel and stay for the patient. It helps pro-
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mote home and ambulatory care and facilitate
active disease and epidemic tracking. A less-
er-used advantage of this technology is that it
can be used to spread awareness and educate
the masses. Along with the benefits also come
the limitation of this technology like low effi-
ciency in the case of bad Internet connection
and lack of integration and quality of health
information records. Apart from this the lack of
awareness plays a major role in improving the
scenario®. If India is to improve its healthcare
system with the help of telemedicine; these are
the issues that need to be addressed.

3. Discussion & Conclusion

India has an adequate healthcare system,
which needs to be improved into one that can
cater to a large and diverse population effec-
tively and efficiently without discounting the
rural areas of the country. Telemedicine can
be a solution to improve the quality of
healthcare in the country and already has in
place facilities for it but what it lacks is the
awareness and infrastructure.

In any scenario it is imperative that the popula-
tion is aware of what is happening. The same
holds true for telemedicine and the solution to
create awareness for this lies in the existing
technology itself. Telemedicine can be used as
tool to educate the population through video-
conferencing wherein professionals explain its
benefits and value.

In the case of infrastructure, India lacks a
strong and reliable Internet connection. Tele-
medicine requires greater bandwidth to enable
the fast exchange of data and information be-
tween the two sites (rural and urban). The
improvement of the connectivity factor is vital if
a change needs to be seen by 2030. Telemed-
icine modules are big and bulky even if they
claim to be portable. Reducing the size of the
components can lead to a decrease in its size
as well as provide a scope to add more func-
tions to them like integrating the modules with
high resolution Magnetic Resonance Imaging
that is small and portable and can be used for
pre-screening of anemic patients. Apart from
this, instruments to measure all vitals like heart
rate, temperature, pressure, imaging, etc.



could be added which would definitely in-
crease the functionality spectrum of the tele-
medicine centers and hence decrease the
need for patient referrals (Figure 1).
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Figure 1: Conceptual Model of a New Tele-
medicine Module.

Similarly, integrating the specialty hospital’'s
Electronic Medical Records with that of the
rural center would be beneficial in many ways.
It would mainly act as a platform that can be
accessed from both ends (Physicians and
Telemedicine Coordinators) in real-time that
would in turn reduce the time and money spent
by the patient for registration and waiting in the
case of a referral from the rural center to the
specialty hospital. In cases like this, the Health
Records, could also be retrieved, analyzed
and rectified in terms of change in treatment,
by the physician when required (Figure 2).
This would basically improve the information
collection process, which is essential for the
nt.pdf

Implementing changes like these are a hercu-
lean task but, not impossible. A collective effort
from the government and people could very
well salvage the Indian healthcare system and
possibly make it one of the best in the world,
which is the ultimate vision and telemedicine
can make that possible.

Primary Health Centres.

Information

Patient Data
e

Electronic Medical
Records
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Figure 2: Workflow Depicting the Functioning
of a Telemedicine System with an Integrated
Patient Data Collection System.
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1. Introduction

The Egyptian health care system faces multi-
ple challenges in improving and ensuring the
health and wellbeing of the Egyptian people.
The system faces not only the burden of com-
bating illnesses associated with poverty and
lack of education, but it must also respond to
emerging diseases and illnesses associated
with modern, urban lifestyle. Emerging access
to global communications and commerce is
raising the

expectations of the population for more and
better care and for advanced health care tech-
nology.

A high birth rate combined with a longer life
expectancy is increasing the population pres-
sure on the Egyptian health system. By the
year 2030 it is estimated that the population of
Egypt will have grown close to 120 million peo-
ple [1].

2. Pressure on Egypt health system!

Many worrying facts regarding Egypt's demo-
graphic future. The Egyptian population has
been growing at unsustainable rates for dec-
ades. This population boom comes at a time
when the Egyptian government has struggled
to provide even basic government services,
and the authorities seem unprepared to deal
with the additional stressors that emerge from
the accelerating population growth rate seen in
the country [2]. Even the expectation for 2030,
in the same time, there is a lack to have accu-
rate population number in small cities or villag-
es are not register in Population Census. For
that the Ministry of Health and Population has
taken many positive steps towards improving
the health of the citizens in main city and coun-
tryside, a matter that is reflected in the im-
provement of some health indicators such as
the control average birth rate. Meanwhile, con-
sidering the financial burden shouldered by the
average Egyptian family it becomes clear that
the health insurance system, in its current
form, does not achieve its purpose, which may
be due to the fact that the healthcare service
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provider is itself the financier of the service [3].
In light of the current situation, the healthcare
system is in crisis due to the lack of separation
between roles (planning role, the executive
role, financing role, and the regulatory and
supervisory roles) whereby the Ministry of
Health and Population is responsible for all
roles. Based on the aforementioned, the en-
hancement of citizen health and the develop-
ment of the health sector should not be de-
pendent on the Ministry of Health and Popula-
tion’s efforts only, but must also include the
support and contribution of many parties both
inside and outside the health sector.

3. Expectations strategy in 2030

The strategic visions for health to 2030 aims
that all Egyptians should enjoy a healthy, safe,
and secure life. Looking for high quality and
universal healthcare system capable of im-
proving health conditions through early inter-
vention. Achieving satisfaction for citizens and
health sector employees. This will lead to
prosperity, welfare. So most of the Key Per-
formance Indicators (KPIs) and initiatives cen-
ter around ensuring that healthcare is afforda-
ble, that insurance coverage is improved, that
reach is enhanced and that preventive
healthcare becomes ingrained in the culture
[4].

Reduce

neonatal

Actieve \
cqutaple
access to 80%

of essential
health
interventions

Figure 1: KPIs health care Egypt 2030 [4].

Table1, show a part of set indicators were
chosen, to monitor the real achievements reg-
istered towards ensuring social health justice,
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current values as well as target values in 2020
and in 2030 have also been identified.

Table 1: Quantitative Indicators [3]

No | Indicator | Indicator Definition Current
Category status
1 Life The number 7
expectancy | of years
at birth newborn
(years) infant
2 Birth rate The 51.8%
(%) percentage
Strategic of newborn
[ | Results
3 The Measure the 26
number of number of
deaths death cause
from road | by accidents
accidents
per
100,000

4. Discussion & Conclusion

By 2030 the key performance indicators Egypt
expects to implement a system of universal
health insurance for every Egyptian. Guarding
safety, improving services and instituting uni-
versal health care will not amend the systemic
faults such as administration, structuring and
graft in Egypt's health care system. In light of
the vision and strategic for health, Table 2, a
new indicators has been proposed to be used
to monitor progress until 2030. In order to
qualify Egypt to become a leader in the field of
healthcare services and research in the Arab
World and Africa.

Table 2: Propose New Indicators

No. Indicator Indicator

Category

The proportion of
health institutions that
contain in their
medicine stores,
1 supplies and basic
life-saving equipment
on the visit day and
the average of their availabil-

Output

The percentage of
infections acquired
2 from hospitals
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Output The accurate
3 registration of births,
deaths, and causes of
death in the vital
registration reports
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1. Introduction

Health status of any individual cannot be
assured unless he/she has the access to-
wards balanced diet all year round, both in
terms of nutritional and quantitative re-
quirement. While the world is excelling to
develop advanced technologies to ease
human survival, here, on one corner of the
world, people are struggling to sustain their
lives due to the lack of proper technologies.

Nepal is a country, where more than four-
fifth of the working population live in rural
areas and depend on subsistence farming
for their livelihood. The loss of about 60%
of production during harvesting and post-
harvest has worsened the situation. This is
the reason for existing food insecurity in ru-
ral Nepal and also accounts for more than a
quarter of population remaining below the
poverty line. The food insecurity has led to
a severe problem of malnourishment
among these rural people ruining their
health and leading to untimely death as
well. All these account for the 36% of stunt-
ed, 27% of underweight and 32 per thou-
sand live births as of infant mortality rate
among Nepalese. Also, the ill practice of
overusing harmful insecticides and pesti-
cides is increasing the risk towards cancer,
other respiratory diseases, disruption of
endocrine system and severe birth defects
as well [1].

However, the silver lining of hope is still
gleaming since the trends in awareness of
rural farmers on consumption of nutritious
food sources and willingness to learn and
adopt new tools and technologies is in-
creasing in the recent years. Commerciali-
zation of farming and agro-
entrepreneurship is also paving a pathway
towards ensuring food security and nutri-
tional requirements. This rate of increased
awareness and improved government and
local level efforts shall certainly improve the
health status of Nepalese farmers in the
coming decades.
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2. Materials and Methods

The first and foremost approach that could be
adopted to overcome these problems could be
by promoting the concept of Homestead Food
Production (HFP). Homestead food production
is the production of crops, vegetables and
fruits at kitchen garden or household level,
initially for the consumption within family and
also aims at commercialization. This shall be
the strongest means to improve the nutritional
status and hence uplift the health of those
households in the long run. The concept of
Homestead Food Production was started in
Bangladesh and since then, this concept has
been proven and adopted at different corners
of the world as the most basic step towards
assuring better health of individuals. In Nepal
at least half of preschool children and pregnant
women are affected by micronutrient deficien-
cies [2]. Anemia among women and children
aged 6 to 59 months decreased during the
HFP practice in some countries [2]. To combat
these deficiencies and resulting negative
health outcomes, promotion of this concept
can be highly fruitful. Growing of seven to ten
different types of vegetables and fruits, field
crops and a source of animal protein like poul-
try and goat farming at household level shall
certainly increase the household food availabil-
ity all the year round, consumption of balanced
diet and income; thus the existing problem of
food insecurity and malnourishment can be
minimized to a greater extent. INGOs in Nepal
are already working on it and in the next 5-10
years, this seems to be the program where the
government would invest a lot of resources to
bring specific programs. This would certainly
produce ample technical manpower in this field
as well as change the attitude of people to-
wards the benefits of HFP. On availability of
improved seeds and micro irrigation technolo-
gies through government service providers;
farmers are sure to be adopting this improved
concept of HFP optimistically and by few dec-
ades, malnourishment shall be limited to fairy
tales even in the rural most villages of Nepal.

Minimization of cultivation costs, harvest and
post-harvest losses through adoption of newer



and cheaper technologies can lead to in-
creased production and this shall certainly help
in meeting up the year round availability of
food sources. Latest handy technologies such
as power tiller and threshers have maximized
the profit and minimized the loss during pro-
duction and harvesting. Cost minimization
assists in uplifting financial status of farmers,
which in the upcoming decades, will be the
factor resulting in increased investments on
health sector by every farmer families. Proper
technologies for storage of vegetables can
improve health of consumers by assuring their
quality. For example, potatoes upon storage
by exposing to light turn green and lead to
toxicity because of the accumulation of Gly-
coalkaloids [3]. On this regard, adoption of
Root Cellar Storage Technology in rural villag-
es of Nepal can be a fruitful way in ensuring
quality of potatoes and many other vegetables
and fruits in the upcoming years, which shall
prevent the degradation of health due to con-
sumption of unhealthy products [4]. Additional-
ly, the implementation of rules and regulations
to maintain the food quality by the government
in the next decades would certainly play an
important role in improving the health quality
all over the country.

Haphazard use of chemical pesticides and
insecticides leading to dreadful health hazards
is one of the greatest threat among the mass
of illiterate farmers of rural Nepal. Adoption of
latest technologies on Integrated Pest Man-
agement (IPM) such as plastic tray, light trap,
pheromone trap and other physical and cultur-
al methods help to minimize the use of chemi-
cals. For instance, the use of pheromone trap
for onion protection against cut worm in Philip-
pines has decreased both the pest incidence
and use of harmful chemicals [5]. Knowledge
of IPM technologies also involves judicious
use of chemicals which disposes farmers to-
wards reduced risks of health hazards. Estab-
lishment of IPM demonstration sites by local
authority can also bring a good change. Also
diagnostic tools, pest population forecasting
systems [6] and use of ICTs to help farmers
with weather forecasting through push mes-
sages on their cell-phones have been highly
beneficial and are supposed to be a big trend
in the coming years in the context of Nepal.
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3. Discussion & Conclusion

The concept of HFP in the next decade will
play an important role in increasing the quality
production at household level, thus leading to
good nutrition among the rural people which
ultimately will uplift the health status of these
people. Similarly, the subsidies by the gov-
ernment to buy modern equipment and adop-
tion of integrated pest management technolo-
gy will reduce the use of pesticides and thus
minimize the risk of fatal diseases.

The ideas discussed above are simple yet very
effective as they have been already imple-
mented in various scenarios. The adoption of
these technologies in Nepal possess a great
potential to directly or indirectly improve the
financial as well as the status of healthcare in
the years ahead.
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1. Introduction

Intracranial aneurysms are local dilata-
tions of brain vessels with an estimated
prevalence of 5 %. To prevent aneurysm
rupture and severe brain bleeding,
endovascular treatment has been estab-
lished. Stents to assist coiling therapy
and flow diverting stents are important
devices to gain an improved clinical out-
come.

During the implantation of such devices
an unintentional deformation of the ar-
tery due to the stiff stent structure was
observed in several cases. Figure 1
shows an aneurysm from 3D rotational
angiography at the middle cerebral ar-
tery bifurcation before and after the in-
tervention with severe deformation.

This leads the authors to the question:
Can this side effect be used to inten-
tionally provoke an advantageous artery
configuration to improve the blood flow
behavior?

Figure 1: Segmentation of pre- and
post- interventional vessel lumen: before
intervention (left), follow-up (middle) and

superimposed (right). The dashed lines
indicate the approx. stent position and
reveal a severe deformation of the aneu-
rysms parent vessel causing changes in
the local blood flow behavior.
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2. Description of Idea

Our proposed approach aims to pro-
vide scientific insights into the stenting
procedure, the induced wall defor-
mation and the resulting hemodynamic
changes. The simulation of different
configurations within the intervention
planning should lead to a better under-
standing of the possible issues and es-
timation of the clinical outcome. The
necessary simulations can be further
divided into three main tasks, the whole
workflow is presented in Figure 2:

1. Realistic stent deployment

2. Deformation of the arterial wall

3. Comparative blood flow simula-
tion

21 Realistic stent deployment

The simulation of stent structures pos-
es its own challenges in terms of cap-
turing real material behavior arising
due to its ‘smart’ material properties.
With features such as excellent bio-
compatibility and high flexibility, Nickel-
Titanium alloy is one example of a
smart material which is a prominent
choice for stents.
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Computational modeling based on Fi-
nite Element Analysis (FEA) is a popu-
lar tool and is proven to be an important
aid in gaining detailed information
about the structural properties. How-
ever, FEM has its own challenges in
terms of a) capturing the accurate ge-



ometry of the stent from CAD geome-
try and b) high computation effort and
time. In order to overcome these
drawbacks, a numerical method called
Iso-geometric Analysis (IGA) based on
non-uniform rational B-splines
(NURBS) has been developed.
NURBS based computation can be an
important step ahead towards ‘real-
time’ simulation.
Figure 2: Concept of proposed workflow
going from left to right: Calculation of 1)
stent deployment,
2) induced vessel deformation and 3)
resulting hemodynamic changes.

The accurate stent deployment simula-
tion addresses the following aspects:

1. Optimal positioning of the stent
with regard to the aneurysm os-
tium, side branches and wall
alignment.

2. ldentification of stent regions
which are prone to kinking,
compression, high stress values.

2.2 Deformation of the arterial wall:

As second step the vessel lumen from
medical imaging is used to set up a FEA
or IGA model of the arterial wall. The
force field acting on the wall obtained as
a result from the stent deployment in
step 2.1 is imported and calculated in
order to reproduce the assumed vessel
deformation. Depending on the stent
model and size, different grades of de-
formation are expected and can be com-
pared in advance. With regard to increas-
ing capabilities of medical imaging, more
and more individual properties can be
involved in the simulations, including
material properties, accurate wall geom-
etry and interaction with surrounding tis-
sues. The resulting post-interventional
state is then used for the third task.

2.3  Comparative blood flow simula-
tion: Aneurysm occlusion is closely re-
lated to a decrease of blood
amount  entering the aneu-
rysm and reduced blood velocities inside
the aneurysm in order to cause throm-
bus formation and prevent aneurysm
rupture. These quantities rely on the ac-
tual vessel shape and the implanted de-

vices (coils, stents). The presented
approach suggests to
incorporate both  of these as-

pects into advanced hemodynamic
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simulations, based on Computational
Fluid Dynamics (CFD).
Therefore, the pre- and post-
interventional state is simulated and
compared. Accordingly, different stent
designs and positions might be

compared in order to find the best op-
tion for a certain patient.

3. Discussion & Conclusion

The authors present a concept for a
simulation based tool to assist mini-
mally invasive treatment of intracranial
aneurysm. To their knowledge, this is
the first attempt to perform and com-
bine a) fast and realistic stent deploy-
ment using IGA, b) structural modeling
of the stent induced vessel defor-
mation, and

¢) comparative hemodynamic simula-
tions. Accordingly, this investigation
aims at a targeted modification of the
parent artery in order to slightly redi-
rect the blood reducing the blood in-
flow rate into the aneurysm. This might
be a new approach to improve the
rates of complete aneurysm occlusion
in the long term.
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of neuronal activity along with optogenetic
stimulation. Currently, our opto-electrodes

1. Introduction

Currently, electrical methods are the preferred route connecting traces for LEDs and elec-
way for therapeutic brain stimulation. Despite trodes individually to a connector. While we
the name, however, electrical stimulation often have achieved a high reliability of contacting
relies on disturbing or silencing a brain struc- these individual traces through a cost-effective
ture instead of truly stimulating it. In addition, flip-chip soldering process, packaging presents
electrical methods cannot be targeted to spe- a challenge to achievable channel counts and
cific neuronal subpopulations but rather act on device reliability. Thus, we are exploring op-
all neural elements within effective reach of the tions to serialize the interface through the use
applied electric field'. Much more precise neu- of active switching electronics on the implant.
ronal stimulation has become possible through Such a strategy would allow for surpassing the
the use of optogenetic tools?. These engi- current technological limit of 128 individual
neered and proteins, derived mostly from al- stimulation and recording channels.

gae or bacteria and expressed in neurons,
allow selective stimulation or inhibition of a
particular neuronal subpopulation. In order to
use such tools to “write” information of mean-
ingful complexity into the brain, the current
stimulation devices have to develop much
further. Currently, most experiments use single
optical fibers to guide light to the stimulation
site3. The stiffness, size and invasiveness of
such fibers critically limits their number in a
therapeutic context. In result, only low resolu-
tion stimulation is possible, Here we present
the approach of using LED surface illumination
to project high resolution patterns of stimulat-

ing light into neuronal tissue. High numbers of Figure 1: Rendering of a 32-channel thin-film
individual light emitters are implemented into a opto-electrode in comparison to a mouse
thin polymer foil. These emitters can be indi- brain.

vidually addressed, for example using printa-
ble semiconductors. The emissive surface can
therefore generate highly dynamic stimulation

3. Discussion & Conclusion

patterns tailored to neural activity which is Using surface illumination to optogenetically
measured simultaneously from electrodes stimulate neurons bypasses the need for light
placed next to light emitters. guiding structures and, hence, allows higher
density stimulation than what can be currently

2. Materials and Methods achieved. Our polyimide-based thin-film opto-
L . electrodes present one approach to bring high

Our electrodes are based on a polyimide thin- numbers of individual light emitters into close
film process in whlc_h metal layers are deposit- proximity to the optogenetically sensitized
ed and lithographically structured between brain. Active switching electronics will allow
individual polymer layers. Within this sandwich future devices to contain thousands or millions
structure, individual micro-LED emitters are of individual stimulation “pixels” and recording
placed and embedded. Openings in the sur- electrodes. While such a complexity is certain-
face of the opto-electrode make contact with ly advantageous for brain stimulation, even
tissue fluids and allow simultaneous recording peripheral neuronal stimulation applications
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could benefit. For example, retinal implants or
cochlear implants with unrivaled spatial resolu-
tion can be developed. In the case of direct
brain stimulation the achievable high emitter
density would, for the first time, allow a
read/write neural interface with meaningful
bidirectional bandwidth. The use of light-field
excitation* or directional light emission could
even further increase achievable stimulation
complexity. However, one of the biggest ob-
stacles in efficiently exploiting such complexity
is light scattering in brain tissue. This issue is
exacerbated by the short wavelengths typically
used for optogenetic excitation. Currently the
most promising solution to these scattering
limitations is the development of red-shifted
optogenetic probes. To excite such a probe,
the light emitters emit red or even infra-red
light which is scattered much less compared to
currently used blue light. Red light is also ab-
sorbed less by blood, further increasing pene-
tration depth and limiting potential thermal
damage of the stimulationS.

In conclusion, high density surface emitting
opto-electrodes provide a promising approach
to manufacture practical read/write neural in-
terfaces to the brain and peripheral neuronal
tissues with meaningful bandwidth.
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1. Introduction

The emerging world of microsystems is build-
ing strong foundations in innumerable areas of
Medical applications. Microelectromechanical
systems (MEMS) are known for more than
80 years, utilized in many fields gaining exper-
imental and economic accomplishment.

The health care industry showed more atten-
tion on microsystems as it is undoubtedly help-
ful to perform microscale operations and pro-
cesses in human body for accurate success.
Yole development is one of the excellent com-
panies, which provides different micro-devices
like bio-sensors, bio-chips, microfluidic devices
and solutions for medical problems along with
commercial contribution.

MEMS market share is predicted to increase
72% in the global medical arena. So, this kind
of exposure in health sciences and Medicare
industry may lead to precise and fast treat-
ments for people.

2. Materials and Methods

The methods used to develop MEMS devices
are categorized basically into four Processes.
They are: -

1. Photo lithography or Soft lithography
(which transfers pattern into the mate-
rial)

2. Thin film growth/deposition (films of
um range are deposited or grown on a
substrate)

3. Etching (which creates components by
removing films/substrates from a well-
defined pattern)

4. Bonding (mostly framed with films)

Coming to the type of materials used are most-
ly semiconductors. Silicon is one of the earliest
microfabrication material used in most of the
applications, because of its outstanding elec-
trical and mechanical assets. But in medical
applications, silicon cannot be good choice,
due to its cost and lack of transparency.
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Borosilicate wafers, fused silica wafers, poly-
mers like Parylene, Metals like platinum, Silver
etc are some of the materials used in manu-
facturing some microdevices, which may act
as contact sensors to sense some required
inputs and display outputs even from micro
displays.

For the clear understanding, MEMS device in
Medical field, it is better to notice the bio-
MEMS system with method of fabrication and
usage of material.

Cardio-MEMS device is one of the example for
microelectronics application. The materials
required for this device fabrication are copper-
sheathed liquid crystal polymer, PTFE. This

Inductor Coil

e

hd
Pressure Sensitive
Capacitor

can be manufactured by Photolithography or
wet etching.

Figure 1: Cardio MEMS Heart Failure
Sensor [1]

This device recognizes the changes in pres-
sure and monitors Pulmonary artery (PA)
blood flow data. This system has the following
components.

e Wireless Implantable Sensor

e Hospital or Patient electronic system

e Patient database
This sensor can be permanently implanted in
the Pulmonary artery.
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Figure 2: Measuring of pressure using Cardio
Sensor at home. [2]

After its implantation, this provides continuous
and uninterrupted information about hear
pressure and any changes in the blood flow.
The patient’s data is secured in the respective
physician system or in hospital, which can be
available in all times in internet.

Results of the Cardio HF sensor are tremen-
dous. Medical management became very easy
for the patient to obtain prior treatment accord-
ing to the alteration in pressure in the heart.
This device led a way to decrease in the heart
failure patients admitting in emergency cases.
So, there is substantial reduction in the sudden
heart deaths, due to heart failure and slow
medication.

3. Discussion & Conclusion

Extraordinary development of uninterruptable
device for a long-term monitoring of pressure
changes in the heart and critical changes in
patients coined the term homecare and tel-
ecare in Medical applications for cardio at-
tacks, based on the information obtained from
the sensor at home and collection of data by
electronic system in hospital.

The main areas that can be improved by these
bio-MEMS are:

e Irrespective of rural and urban places,
it can be fitted in any home and moni-
tored from even normal hospital with
electronic data collection system

e Patient can be skipped from long-
waiting times and expensive treat-
ments as it is prior indicated and leads
to decrease dangerous situations

e Application and implementation of mi-
crodevices will be improved with less
cost and ease of operation
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These developments are taking place from
1970’s starting as microelectronics field, but
improving with its vast involvement in
healthcare systems. As of now, there are lot of
microdevices like pressure sensors, microfluid-
ics, accelerometers etc in the fields of medical
imaging, diagnostics, drug delivery and surger-
ies.
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1. Introduction

Computed Tomography has made enormous
technical advances since its introduction into
clinical use. The engineering improvements
have in turn led to important clinical applica-
tions and significant impact in patient care.
This paper reviews the technology develop-
ment trends in Computed Tomography since
its introduction and uses these trends to help
illuminate likely future progress. The expected
future developments in sped, spatial resolution
and dose efficiency can be expected in the
next decade.

2. Materials and Methods

Computed Tomography is a diagnostic imag-
ing technology that uses X-rays to measure
the projection of an object from all directions,
and from that data reconstruct the linear atten-
uation coefficient throughout the object. As can
be seen in figure a phenomenal increase in
imaging speed of CT since its introduction in
the early 1970’s. the growth n imaging speed
is essentially exponential.

Figure 1: Speed of CT since its introduction in
raw data points measured per second, or in
the number of pixels that the measured raw
data is used to reconstruct.
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The desire to reduce radiation dose has more
recently emerged as an additional technology.
CT imaging was responsible for approximately
half of the man-made radiation dose. CT tech-
nology development in the coming decade can

be expected to be driven by same factors that
have driven the development of the CT since
its inception: image quality, speed, new and
improved applications, and dose reduction and
cost reduction.

The imaging speed of CT since has increased
by 9 orders of magnitude in 4 decades. This
great increase has been accomplished using
two approaches. One is important of scan time
itself, that is reducing the time it takes to col-
lect the data foe any single slice. The second
is increasing the data foe any single that are
measured in parallel using multi-detector row
technology.

The minimum, time of Ct system over the next
decade might be reduced from current values
of around 0.250s to 0.15 — 0.2s. this would
lead to minimum imaging times of around
0.040s in dual source system and about
0.075s in conventional single-source systems.

An important determinant of the spatial resolu-
tion of a CT scanner is the detector aperture
the spatial resolution of the detector itself. The
reason for this is the detector technology that's
been used in CT since that time. All current
commercial systems use scintillator photo
diode detectors. They comprise scintillators
that are individually cut and polished, coated
with reflectors to prevent crosstalk between
cells, and optically coupled to photo diodes.
The nominal spacing of these detectors is
~1mm, the typical thickness of the reflectors
on the order of 100 microns.

Even though it is difficult to improve the aper-
ture and the sampling of CT detectors, it is
worth to do so, obviously, the limiting spatial
resolution of the system would be improved,
but interestingly, the detective quantum effi-
ciency of the system would be improved sub-
stantially, especially at mid to high frequen-
cies. The reason for this is that while the finite
resolution of the CT detector blurs the signal,
the noise in the various detector cells is inde-
pendent. Thus, even though the modulation
transfer function is a attenuated at mid to high
spatial frequencies, the noise power spectrum
is not. That shows the accuracy of the CT
scanner in the these very high resolution tasks
would be significantly improved.



Turning now to the issue of radiation dose, it is
worth noting the recent progress and future
advancements that can reduce the dose to the
patient from CT exams. Important dose reduc-
tions have already been obtained through the
development of optimized imaging protocols,
smarter and more efficient X-rays been colli-
mation, advanced reconstruction algorithms
and by control of the X-ray flux illuminating the
object.

However, even further improvements could be
achieved with more flexibility in controlling the
X-ray illumination. Inverse geometry CT is a
new system architecture that can customize
the illuminated flux though the concept of vir-
tual bowtie. But is very complex. Recently
dynamic pre- patient attenuators with either
piecewise constant or piecewise linear attenu-
ation have been described. Such very fine
controls in a sense, personalize the illumina-
tion pattern to the patient and application and
have been shown to be to improve the dose
efficiency by factor of ~2. Thus, in future the
radiation dose may be totally reduced.

3. Discussion & Conclusion

Computed Tomography technology has made
tremendous advances since the technique was
introduces in the early 1970’s. the technical
improvements have led to excellent and relia-
ble image quality and in turn to its ubiquitous
use in clinical medicine.

By analyzing the historical trends informed
predictions of future directions can be made.
Improvements in temporal resolution can be
expected, with minimum rotation times of less
than 200 milliseconds, scan times of 80 milli-
seconds for single-source system and 40 milli-
seconds for dual source systems, and further
immunity from residual motion using recon-
struction will continue to become more wide-
spread as the algorithms become more robust
and the reconstruction times become shorter.

If X-ray detectors with finger apertures and fast
photon counting capabilities become available,
it is likely that they will be introduced first for
targeted deployment. They can be expected to
produce substantial improvements in spatial
resolution, and in detective quantum efficiency,
especially at mid to high frequencies.

Lower radiation dose will be achievable using
these higher efficiency detectors and ad-
vanced reconstruction algorithms.

Through all of this, exciting advances in diag-
nostic computed tomography can be expected.
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1. Introduction

Medical implants are man-made devices inside
or on the surface of the body, intended to re-
store or support in somehow human tissue and
organ functions, deliver medications or monitor
vital parameters. Compared to more sophisti-
cated implants such as intraocular lens or car-
diac pacemakers, artificial joint replacements
have to fulfil more or less simple tasks. Their
purpose is to substitute the bone and cartilage
tissue and replace the mechanical as well as
support function of the joint, therefore sustain-
ing the patient’s ability to move without pain.

The following article deals with potential future
developments in the field of orthopedics re-
placements as well as medical implants in
general. Considerations of the impact on med-
icine and society give an idea of how life would
look like in 2030 and later in 2050.

2. Materials and Methods

Arthroplasty as the replacement of a human
musculoskeletal joint is widely recognized as
one of the surgical breakthroughs of 20th cen-
tury, restoring and preserving quality of pa-
tient’s life as few other standardized surgical
treatments.

For this reason, the amount of total joint re-
placements (TJR) increased steadily over the
past decades. Although the nature of the
growth is unclear, it is unquestionable that the
future demand for TJR will have a major effect
on the healthcare systems of countries such
as US, UK or Germany. Assuming a linear
relationship, the number of total hip and total
knee replacements is expected to grow in the
US by = 50% from 2006 to 2030 [1] and = 34%
from 2015 to 2035 in the UK [2]. Considering
social influences such as the development of
the average BMI, changes in population de-
mographics and an increase of life expectancy
with a simultaneous increase in the number of
young patients (<65 years) results in a virtually
unpredictable future impact on the healthcare
system costs of these countries. [1-2]

Nevertheless, research focused mainly on
geometry, tribology and bearing materials,
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while selection of the appropriate implant is
still based on a more or less simple one size
fits all approach. Patient-specific differences
are only considered by geometry, diameter
and length of the shaft and size of ball head
and acetabular cup. It is obvious that issues
like variations in the morphology and structure
of the bone, the type of fracture and tissue
properties related to gender, age and health
condition of the patient cannot be addressed
sufficiently by the standard care.

One possible solution to overcome these is-
sues are customized 3D-printed implants.
Modern image modalities such as CT or MRI
have made it possible to create digital 3D-
models of complex body structures while ad-
vances in additive manufacturing opened up
new possibilities to use these data. Research-
ers and physicians are able to build models of
specific anatomical structures for treatment
and intervention planning for example. Using
common bioinert and bioactive materials such
as Titanium or Hydroxyapatite for printing, the
procedure could be used to fabricate personal-
ized implants. Next step in this direction would
be the use of biological materials and tissues
for manufacturing, called bioprinting or bi-
omanufacturing. The application of patient-
specific cells or adult stem cells would em-
power physicians to build endogenous bone
and cartilage grafts in the laboratory. Such a
customization to the specific conditions and
needs of patient would result in major ad-
vantages. Instead of restoring solely the me-
chanical function, such grafts would be capa-
ble to perform biological and physiological
tasks as well.

Although significant steps have been taken
and applications already exist (e.g. cultivation
and transplantation of knee cartilage), there
are still a lot of obstacles to overcome. The
development of appropriate printing modalities
and bio inks, the use of suitable scaffold mate-
rials and the integration of growth factors to
just mention a few of them. Besides that, the
micro and macrostructure of included cells and
the vascularization of the graft is crucial to
ensure required physical properties and a via-
ble integration in the human body. By over-



coming these issues, the workflow of a arthro-
plasty in 2050 could consist of subsequent
steps, shown in Figure 1. Nevertheless, cus-
tomized implants out of bioactive and resorba-
ble materials will be required for many reasons
beyond 2030. For example, for delivering
growth factors to the transplant-bone joint, to
promote ingrowth and bone healing. Another
application is to ensure stability of the interface
until the graft is incorporated into the tissue
structure or to monitor curing process with
supplemented sensor hardware.

Implementing the approach of customized
implants and treatments into medical practice
by 2050 would probably result in a better out-
come for patients, less revision surgeries and

a decrease in follow-up costs.

implant ensures incorporation
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Figure 1: Possible workflow of a customized
arthroplasty in 2050.
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3. Discussion & Conclusion

As the example of endoprosthesis shows, the
approach of bioprinting custom-made and
endogenous medical implants is promising.
However, key prerequisites are a decline in
rapid prototyping costs and fundamental
breakthroughs in tissue engineering technolo-
gy in the next decades.

The effects on society would be fundamental,
especially related to healthcare. Once able to
manufacture and replace bones, it is easily
imaginable to print more complex tissue and
whole organs. Furthermore, it would open up
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the possibility of conducting clinical trials and
safety and performance tests for new medici-
nal drugs and devices without animal testing or
patients being involved. Hence resulting in an
accelerating effect on development of pharma-
ceuticals and medical treatments. Related to
educational aspects, organs out of the labora-
tory could be used for teaching of physicians
and surgeons, who could perform surgical
interventions on living samples without any
risk. All in all, it is hard to predict whether the
impact on medicine would lead to increasing or
decreasing of healthcare costs.

In addition, the entrepreneurial opportunities of
this technology are divers, but also challenging
and risky. Future health policies and regulatory
requirements, although difficult to predict, must
be considered. Furthermore, a longer time to
market, a viable commercialization pathway
and the management of intellectual property
should be carefully examined. [3]

However, the potential of this technology to
significantly influence life in 2050 is promising.
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1. Introduction

Cardiovascular disease has become the
foremost part of mortality rate in the world.
This disease follows an asymptomatic phase
of development which builds up in body si-
lently over a period of time without any major
sign on health of an individual. Many recent
studies showed the relationship between bio-
logical aging and arteriosclerosis towards the
risk of cardiovascular diseases, such as hy-
pertension, hypercholesterolemia, and end-
stage renal failure. Arteriosclerosis is a com-
monly occurring form of cardiovascular dis-
ease. This is very common health condition
that exhibits significant changes in distensibil-
ility, compliance, and elastic modulus of the
arterial vascular system [1] which is related to
spreading of fats, cholesterol; initiate the
damaging of endothelium which leads to the
formation of plaque. These factors create se-
vere narrowing, decreasing wall buffering ca-
pacity and hardening of the arteries [2]. In this
work, we aimed to develop a method of eval-
uating arterial compliance using non-invasive
blood pressure waveform.

2. Materials and Methods

Overall framework in this paper has been ma-
jorly grouped into various categories namely
data extraction, algorithm implementation,
waveform computation, experimental archi-
tecture.

Data Extraction: In this step, we extracted
data from arteriosclerosis screening device
(Colin VP2000, Omron, Japan) (fig.1) that
measures non-invasive blood pressure [3]. In
case of invasive blood pressure data acquisi-
tion, we used Millar catheter (fig.2) which
consists dual pressure sensor [4]. This device
can capture invasive blood pressure wave-
form of two arterial positions simultaneously.

fig.1

~F
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Algorithm implementation: We use the Wind-
kessel model to estimate the arterial compli-
ance (decay constant) as vascular index us-
ing data after aortic valve close to the end-
diastolic point of blood pressure waveforms

(3]

P(f) = P(t,) xe ¢ = P(t,)e—*

(t): Blood pressure value at time (t), P (to):
Blood pressure value at time (to), t: time (t);
R: Resistance of the blood vessel; C: compli-
ance; a: Decay constant Waveform computa-
tion: we used algorithm to calculate blood
pressure wave data. We have taken nonin-
vasive data from oscillometer and Pulse vol-
ume recording (PVR); invasive data was tak-
en from aorta and bronchial artery.

o 8 2 8 = &
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In this figure, blue line is for the blood pressure wave-
form; red line is the assessment section for invasive
and noninvasive

After getting data, we propose invasive and
noninvasive degree of arterial compliance
using Bland-Altman difference plot, T-test,
box whisker plot and Scatter diagram.
Experimental Architecture: We took a group
of 15 volunteers for this experiment; the
purpose of this study was explained and
written consent was taken from them. After
that we measured simultaneously invasive
and non- invasive blood pressure wave-
form signal from Oscillometer and Millar
catheter, before and after applying nitro-
glycerin (NTG).



3. Discussion & Conclusion

Previous studies suggest that assessing of
the arterial compliance using invasive way
was more precise. Most of the methods
have been used to estimate compliance,
but till date there are no longitudinal studies
that relate abnormal compliance. According
to clinical data, arterial compliance was es-
timated by in vitro methods using excised
arteries. In vivo (invasive) methods of de-
termining compliance frequently use pulse
contour analysis and require catheteriza-
tion. The other invasive technique for esti-
mating compliance was intravascular ultra-
sound. With this technique, it was consid-
ered pressure and area simultaneous.
Pulse wave velocity (PWV) uses the con-
cept for hard artery and faster pulse wave
transmission. While transcutaneous ultra-
sound techniques are limited by the ability
of the ultrasound method to accurately im-
age the anterior and posterior arterial wall.
Each technique has limitations and not
more frequent (6, 7); but in this study we
performed analysis with physiological real
data and find the better correlation to the
non-invasive and invasive blood pressure
wave form. We used the exponential decay
constant of the blood pressure waveform in
the exponential linear function. Non-
invasive compressive pulse waveforms can
be used to assess the total compliance of
the arterial blood pressure waveforms of
the invasive aorta that indicates non-
invasive vasculature waveforms which con-
tain the buffering of muscle and adipose
tissue. Arterial algorithm can be use direct
on the electronic sphygmomanometer, so
that subjects can be measure arterial com-
pliance immediate, doctors could get the
patient's daily situation and it would be
great potential in the homecare application.
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1. Introduction

In the modern era, technology leaves an un-
deniable impression in medical world. Recent
years many countries show their interest and
made a significant investment in healthcare
systems. We can see technological growth
rate exponentially in the area of medical imag-
ing modality. This exponential technology de-
livered more reliable, smaller and improvised
products or services. MRI and CT are the most
popular imaging modality and also give an
ideal contribution to diagnose diseases so it
becomes favourable research field. Ultrasound
has less popularity and gives poor result com-
pare with other imaging modality but there is
some remarkable aspect about ultrasound
such as a lower price, easy to handle, flexibil-
ity, etc. An ultrasound machine has become
smart choice for small hospitals and clinic.
Present day ultrasound is specifically used for
imaging of unborn baby, measure blood
flowrate and therapeutic solution. Transducer
and display are the important component of
ultrasound which is dominated by MEMS and
electronics technologies. The main focus of
this abstract is to show the new approach of a
transducer and vast future opportunities of
ultrasound for an entrepreneur. This abstract
contains future concept and approach for
transducer, opportunities and challenges and
conclusion.

2. Future concept and approach of ultra-
sound device

Future of medical system engineering can be
approximate by looking towards the trend of
research and development work. According to
projection of Moore’s law, the computer will
able to calculate billion of arithmetic operation
in a millisecond in near future so this speed of
computer processor can help to reconstruct 3D
image [1]. Interlinks between medical devices
and MEMS technology can able to change the
whole scenario of medical engineering world
after two decades.

Medical ultrasound was first used on members
of European soccer team as physical therapy
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in years of 1920. After two decades this device
was first used for diagnosing arthritic pains.
Size and shape of ultrasound device keeps
changing after adopting research and devel-
opment in transducer and display

Figure 1:Siemens ACUSON freestyle Ultra-
sound device

technology. Figure 1 shows advance innova-
tion on ultrasound machine which have wire-
less transducer with the display [2]. Ultra-
sound machine efficiency and quality were
improved by introducing MEMS technology
and advanced display technology gives better
resolution. Dimension of all component of the
transducer could be up to milimetre scale
Using MEMS technology. The future size of
the transducer will near to cap of the bottle.
Group of subtle components of transducers
could be arranged in the array so there will be
multiple source of ultrasound. This transducers
will scan organ from different direction and
create 3D Image. The organ will surrounded
by soundwave sources. The transducers will
start one by one to avoid image disturbance.

Figure 2: Future 3D Ultrasound display control
by hand gesture



Wireless transducers will become much small-
er and lighter. A Face of the transducer will
make of special kind of rubber material so
sound waves can be entered in human tissue
without any interrupt of air and also able to
stick with skin. We do not need a special oper-
ator for the ultrasound machine. Interface of
this devices will become much easier and able
to connect with 3D screen. In 3D screen image
can manipulate by hand gesture. Figure 2
shows in the future doctors will try to change
3D image position by hand gestures [3]. Spe-
cial kind of ultrasound contrast agent will intro-
duce which can give more precise image val-
ue.

For doing therapeutic treatment, gel will take
place inside the transducer and automatically
fill gap between transducer face and skin.
Some robotic method could be implanted to
keep moving around desire body parts. Heal-
ing speed will optimised with new innovation in
this field.

There will be very limited use of MRI and CT
scan because ultrasound will employ every
place where MRI and CT are to be intended.
Use of ultrasound will become a vital surgical
tool in operation room for doing surgery. Every
electronic devices inside the operation room
will become completely wireless and attach
with high effective battery.

3. Challenges and opportunities

Basic training will necessary to use a new
devices for doctors. Robust standard protocol
will take place to support radiation free envi-
ronment which makes restriction on X rays.
The complexity of product will increase so it
will bring difficulties during manufacturing of
medical devices.

Different field of studies will be merged and
open new area for innovation. Production of
Artificial bio-organ, Laser tools, Ultrasound
machine and a robotic system will give profita-
ble business in future.

4. Conclusion

In the future all medical devices will specifically
improvised and give superior output but only
cheap and reliable product will able to survive
in the market. Ultrasound will gives one of the
most cheaper and efficient images so it will
highly qualify to become essential imaging tool
in future. In order to achieve this approach,
transducer need to be develop and united with
robotic system and mems technology.
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1. Introduction

Since the first prosthesis was developed, it has
played an important role for people with either
upper or lower extremity amputation. The qual-
ity of life (QoL) is enhanced with prosthesis by
enabling them to access the environment as
the general public do.

Nowadays, thanks to the fast developing tech-
nology, different kinds of sensors, motors,
materials, and control methods have been
introduced to us and they are integrated into
the prostheses to enable the users to perform
better function in their activities of daily living.

In this article, we would like to discuss about 1)
the possible development of brain-computer-
interface (BCI) without any implant in user’s
brain for commanding the prosthesis and 2)
the prosthesis might also evolve with new
sensing, and robotics technology, which could
help a user move the prosthesis in a more
natural way as a human body part.

2. Methods

In this section, we will separately discuss the
current progress of BCI and the prosthesis of
upper- and lower-extremity.

2.1 The evolution of brain-computer-interface
(BCI) and electroencephalography (EEG)

EEG signals are one of the important signal
sources for the BCI operation. Today, we can
acquire these signals by attaching electrodes
on the skull. [1][2] However, we still need more
researches to fully understand the working
areas of brain of different movements. Be-
sides, with the help of other correction meth-
ods, such as electrooculography (EOG), elec-
tromyography (EMG), or even artificial intelli-
gent (Al) could assist the BCI to verify and find
out the user’s genuine intention more effective-
ly.

We are convinced that, in the future, we would
be capable of detecting all the necessary sig-
nals during action and all of them could be
individually traced and monitored.
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2.2 The enhancement of biomimetic prosthesis

2.2.1 Upper-Extremity (UE) prosthesis

Hand function is one of the most important part
of human species and is also the foundation of
our civilization. Thus, the more sophisticated a
prosthesis is, the less barrier a user in the real
world will encounter.

Although there have been various types of
electronic prosthesis already available on the
market, they still have limitations when facing
certain situations, for example, holding a cup
of tee is an easy task for a normal person, but
it might be difficult for an UE amputee because
the electronic hand could either squeeze the
glass too hard or let the glass slip off to the
ground. As a matter of fact, we could use force
sensors to help the hand determine how much
force it should exert, but once again, this is
only a one-way route, which means that the
user still has no clue about what really hap-
pens with the glass if he is diverted from
something else. [3]

Therefore, we strongly believe that the infor-
mation of the object that the artificial hand is
dealing with should be simultaneously con-
veyed to the user’s brain. With the information
feedback other than visual input, the operation
of UE prosthesis would be safer and more
accurate.

2.2.2 Lower-Extremity (LE) prosthesis

Lower extremities are mainly in charge of our
balance and locomotion, so the very first prin-
ciple is to keep the user away from the risk of
fall. Both, the somatosensory of the sole (or
the whole feet) and proprioception play crucial
role in this part. Every time when the foot con-
tacts the ground, they give us the awareness
of the alignment of LE, including the position of
the ankle, the reaction force from the ground,
and the surface condition of the ground. How-
ever, an artificial leg is attached to the user by
a socket, and all the information mentioned
above is missing. Under this circumstances, a
LE prosthesis may be trapped before the foot
leaves the ground or at contacting the ground.



Therefore, using the inertia of moving forward
to keep the foot off the ground is a common
strategy currently.

3. Discussion & Conclusion

Using one’s thought of intention to control
prostheses or assistive devices is not a just an
imagination or content of a fiction, with the
help of technology we are now approaching
the goal.

We believe in the future, as more data are
collected from the trials of neuroscience, brain
image, motor control, and other related fields,
we could attain a better insight to map these
biomedical signals with individual movement
and increase the reliability and efficacy of BCI
system.

With the 3D modeling and the 3D printing
technology, we could now easily duplicate the
key features of the extremities so as to build
up a customized biomimetic prosthesis for the
user. In addition, perhaps one day we will be
able to grow our cells on the prosthesis so that
the skin would look just like the nature one.

Even more, when the biotechnology is ready,
we could even print out the missing part of the
extremities, including the bone structure, the
skin, and the muscles, and integrate sensors
and micro-motors into the prosthesis. If this
method works, we could then use the signals
from the receptors inside the skin tissue to
help the prosthesis calculate and perform
more efficient and smoother movement.

To sum up, it is possible that in the near future,
a UE/LE amputee could totally control the bi-
omimetic prosthesis with BCl and move as
good as normal person without latency. We
hope that they will not only accomplish regular
tasks, but also retrieve the capability to work
as usual.
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1. Introduction

Considering the high mortality and complex
morbidities associated with Arterial Hypertensi-
on (AHT), the increasing charges to the Social
Security and the intrusiveness of current non-
invasive methods making elusive the detec-
tion, monitoring and control of this clinical con-
dition, urgent innovations are required in esti-
mating Arterial Blood Pressure (BP).

Non- Invasive BP measurements use Mercury
Sphygmomanometers, that have evolved dur-
ing near 200 years to more advanced technol-
ogies such as Oscillometers, Arterial Blood
Pressure Monitors (ABPM). All of these tech-
niques are based upon halting the blood flow
during a short period of time and on the as-
sumption that Heart Rate (HR) is invariant
under a given clinical condition.

Halting blood flow is perceived as intrusive by
patients, whom leave the BP evaluation pro-
cedures [1]. On another hand, the assump-tion
of HR invariability introduces intrinsic im-
precisions in the BP measurement.

Alternative to Sphygmomanometer methods,
not requiring halting blood flow to evaluate BP,
but currently not in used, are Applanation To-
nometry [2], Volume Clamp (VC) [3], Photo-
pletysmography (PPG) (re- emerging in recent
years [4]; attractive to minimize intrusiveness).
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We claim that innovative solutions to the puz-
zle of non- Invasive and minimally- Intrusive
(nlml [5]) BP evaluation is rigorously supported
by an already developed set of tested pieces.
Such pieces are, but not limited to, the Con-
nectionist Approaches [6] and Machine Learn-
ing (ML [7]), Hornik theorems [8] on Feedfor-
ward Artificial Neural Networks (FANN) trained
as Universal Approximators, the emergence of
Big Data paradigm [9] and its recent applica-
tion in Healthcare [10], and the access to
proven new technologies based upon VC [4]
methods for continuous, non- Invasive BP
monitoring [11,12] and for wirelessly connect-
ing patient to analysis systems [13].

The puzzle weakest part, however, is to build
up, see Figure 1, a broad enough Training Set
(TS), to comply Hornik requirements [8] on
Data Completeness and Consistency (DCC),
clustering data according to physiological and
clinical characteristics of each subject.

To tackle this challenge a TS construction was
started in 2015 whose methodology and cur-
rent status is set out in the next section.

Once the TS has been constructed, the tech-
nological bases will be given to innovate in
niml BP estimates from the PPG while using
ML in the context of Big Data.
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Figure 1: Schematics to build up the Training Set for niml BP estimates using Machine Learning for Big Data
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2. Materials and Methods

Data Acquisition details on cardiovascular
recordings to build up TS, is found in [14].
Input vectors are signals processed from raw
PPG. Bionomadix modules BN-PPGED are
used. Target Vectors are BP signals or values,
measured with Finapres NOVA. In [14]; frac-
tional derivative is used to fit PPG to fiAP. Part
of the used data is available in Physionet [15].
The complete, minimally documented TS, is
under Creative Commons License [16].

The file “Training_Set_nIml_estimates” at ni-
mi.uv.cl, is organized in eight primary sub- files
containing nearly 250 dissimilar second-dary
sub- files with non-structured, non invasi-ve
Cardio Vascular Data (CVD) obtained either
from Healthy subjects, or Patients affected by
Parkinson Disease (PK) or Diabetic Neuropa-
thies (DN) and their controls.

The eight primary sub-files are named and
contain CVD in different sessions. Data from:

24H: Healthy subject during 24 hours;
DNC/DNP: Diabetic Neuropathic Control/ Pa-
tient; HGP: Healthy subject during Hand-grip
(HG); HMH: Healthy subject during a session
with HG/ Movie seeing/ HG; PKC/ PKP: Par-
kinson disease Control/ Patient, TOC: Healthy
subject Toc occlusion.

CVD format use TXT and ACQ®, from BI-
OPAC extensions.

Data structure is an array of 12 column and n
rows. Each row corresponds to the instant i
(with 0 <'i < n), of a Cardiovascular waveform
or trend evaluated within each heartbeat.

Waveforms are two PPG recorded at external
body locations, a single ECG channel, and the
recorded finger BP or the reconstructed Bra-
chial BP waveform.

PPG is continually recorded using BIOPAC
System and BP waveform is continually rec-
orded using “volume clamp technique” [4].

Different column templates, for specific ses-
sions, are used during recording.

The following recording parameters can be
found in the different templates: Band Wide
Pass filter, Body Surface Area, Cardiac Out-
put, Windkessel Compliance, deft/non-deft
hand or foot, ECG, Heart Rate, Left Ventricular
Ejec-tion Time, hand/foot PPG waveform, fin-
ger/ reconstructed Brachial Blood Pressure
waves, Peripheral Resistance, Respiratory
Signal, sampling rate, and Aortic Impedance.

They are used per session and per subject.
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Structured data is constructed through a ques-
tionnaire based upon the Clinical Guide for
AHT from the Chilean Ministry of Health.

To allow massifying and parametrizing PPG
recording, an Android based programmable
platform, acting like Data Acquisition Module
(MAD- Mas [17]) was designed and developed
in Valparaiso with collaboration of the Univer-
sity and LOBO E.L.R.L., a small, local entre-
preneur. MAD- Mas is illustrated in figure 2.

On another hand, hundreds of ML algorithms
and configurations were tested. Best results
were obtained using Deep Learning (DL [18])
and Extreme Learning Machine (ELM [19])
accomplishing the following intra- subjects
mean square errors (15 subjects).

For DL, with a common ML architectures of
9.320.5% in reSYS and 12.1+£3.3% in reDIA.
For ELM, with personalized ML architectures,
5.0£2.7 in reSYS and 7.0+4.0%.

This causes intersubject generalization pro-
blems, requiring to expand and clusterize TS.

Figure 2: MAD- Mad prototype.

3. Discussion & Conclusion
Data recording spanned during 14 months
between, June 2015 to December 2016.

Subjects: 31 healthy volunteers and 17 pati-
ents with Parkinson and Neuropathic diseases.

Estimated continuous recording time: equiva-
lent to more than 98 hours that can be cluster-
ized, in app. 483,000 heartbeats.

Currently analysed data: 36,900 heartbeats of
15 healthy subjects, no cluster analysis.

Hundreds ML types and architectures tested.

Imagine... cardiovascular data recording cab-
ins, in 100 movie theatres, with 21 film exhibi-
tions per week, and/or clinical cases.

After 10 years... Hornik DCC will be fulfilled?

Which are the costs and the benefits?
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1. Introduction

Regardless of vital part in human body, foot is
the least cared part in the human body. Due to
this reason, it is normal human tendency to
visit a doctor or a podiatrist only when the
problem gets severe. The delay between de-
tection of early symptoms to the complicated
foot problem act as a deterrent for problem
identification. This lag increases the treatment
time and handling costs. To avoid this, an effi-
cient autonomous approach for early identifica-
tion of the complex foot problems is neces-
sary.

The reason for the foot problems are enor-
mous and depends on their back ground like
age, type of work, health condition etc. There
exist different foot problems such as diabetic
foot ulcers, diabetic neuropathy, gangrene,
over pronation, plantar fasciitis, turf toe etc.
Several approaches such as [1] [2] exists for
identification of foot problems. They either use
foot pressure patterns or foot temperature. A
combination of foot temperature and foot pres-
sure based foot problem identification was
proposed in [3]. But most of the researchers
used a rule based programming, statistical
models or a simple Atrtificial Intelligence (Al)
and concentrate on a unique problem through
a specific pattern from the foot. Successful
identification of different foot problems requires
multifaceted data about the foot and an effi-
cient algorithm.

2. Approach

Our approach of identifying foot problems
comprises of hardware and software architec-
tures. The hardware is foot insole embedded
with multiple sensors such as pressure sen-
sors, temperature sensors, pulse sensors, flex
sensors, IMU’s etc. and an onboard computer.
The software includes the intelligence algo-
rithm which can be divided into two phases.
Initially, a complex Al based approach for the
training of different foot problems. Later the
trained Al algorithm is used along with an
adoption engine, to compliance with the indi-
vidual user behavior.

An Al based approach of classification of foot
problem was given in Fig 1. Initially, the raw
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sensor data from foot through the developed
foot sole is acquired. This data is acquired
from several users ranging from a healthy
person to a patient with foot problems. Later,
pre-processing techniques such as filtration,
normalization were performed on the obtained
raw data. The preprocessed sensor data is
used for feature extraction. Different features
such as statistical features, mathematical fea-
tures, machine learning based features were
extracted from the sensor data. These features
are used as an input to the Al algorithm. To
obtain an efficient classification of foot prob-
lems, a supervised training will be used. For
that reason, the knowledge about the acquired
data is attained from the users and the
knowledge about the problem is acquired from
doctors and is given to Al algorithm. After rig-
orous training, a good classification results can
be achieved. Some technique such as [4] has
already provide that Al algorithms will perform
well for such applications.

Al Algorithm

i
N\
» {Ey | Problem 1 | Problem 2 | Problem 3

» 1!
> ‘ > > >
b

o |

Figure 1: Artificial Intelligence based architec-
ture of foot problem identification.

Even though Al can perform considerably
good in comparison to rule based approach, it
has certain limitations. A good example men-
tioned in [5], how sitting on couch and eating
popcorn while watching a movie was identified
as walking of 3 miles by a fitness tracker will
clearly highlight the necessity of adaptive intel-
ligence. [6] also mentions the need of Adaptive
Artificial Intelligence (A2l) especially in medical
or health care applications.

A2] will overcome the most common problem
like one solution fits all approach. This is vital
in healthcare applications. The concept of A2l
is not new, an initial architecture for adaptive



intelligent systems was developed in [7]. Mod-
ern sensors along with efficient computation
resources and complex Al algorithms moti-
vates the use of A2l techniques for foot prob-
lem identification. The proposed architecture of
A2l is shown in Fig 2. The approach is a little
similar to an Al approach but here the
knowledge and database is replaced by the
early developed Al algorithm. Additionally, an
adoption engine takes the regular feedbacks
from the new user to keep in pace with the
changing behaviors of the user over time. This
adoption engine will give its adopted factors to
the A2l algorithms, where it matches the cur-
rent information along with known knowledge
to make an efficient problem classification
which matches with the specific user behavior
over time.

Trained Al Alogirthm

New User
™. ¢ > > >
& 7~» Efficient Problem

»

Feature

Extraction

'Adaptive Al Classification
Pre-processing

=

Adaption Engine

Feedback

Figure 2: Adaptive Artificial Intelligence based
Architecture for efficient foot problem identifi-
cation

3. Discussion & Conclusion

This approach of a hardware and software
based technique will provide the end user an
option for early identification of foot problems
effectively.

The key is no researchers has discussed
which options are prime in A2l approach, it is
the responsibility of the developer to identify
the proper combination to work at its best. In
fact, this approach will be efficient and avoid
serious false positives in the identification pro-
cess which is crucial in health care. The effec-
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tiveness of this approach need to be evaluated
under different conditions.

If successful, this approach supports the peo-
ple not only in the developed countries but
also in the under developed countries where
the lack of proper medical diagnosis for early
identification of foot problems exists.
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1. Introduction

Autism a pervasive neurological disorder that
is observable in early childhood and persists
throughout the lifespan, characterized by atyp-
ical communication, language development,
and sensory experiences. The two major disa-
bilities observed with autism are either difficul-
ty is expressing the emotions or expressing in
atypical form making difficulty in understand-
ing.

To overcome the above disabilities EEG as a
wireless helps in detecting and recording the
neural pattern of the brain through which men-
tal state of the patient can be traced. It is more
of tracing the brain thoughts than reading the
mind.

Human brain have spectrum of specific signals
defining the particular emotions like hunger,
sleep, angry which is easily detected via the
neural patterns.

A brain-computer interface along with EEG
helps to analyze and translate the brain pat-
tern for speech synthesis. BCI helps in decod-
ing continuous auditory parameters for a real
time speech synthesizer from neuronal activity
in motor cortex during attempted speech.

The EEG along with BMI is a combination of
signal processing and machine learning tech-
nique to identify intents and translate into
commands by an end user application.

2. Materials and Methods

A single-channel wireless EEG developed by
Neurovigil known as iBrain can help in acquir-
ing the brain signals. The iBrain EEG creates
maps of brain activity rich in biomarkers from
single channel high resolution data recording.
It consists of three peel and stick electrodes,
each attached to the device through 7-8 inch
wires. Two electrodes are placed behind each
ear and one in center of forehead as a band
1.

The recorded data is streamed real time
through wireless platform and transferred
through device’s mini-USB port to analysis
servers, where SPEARS algorithm creates
maps of brain activity which can be indicative
of biomarkers. The obtained signal is decoded
by BMI for real time speech synthesizer with
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the help of specific neural network algorithm.
The integration with a “speech-synthesizer’
provides a more natural context to the usage
of a BCI system, as it suitably augments the
conventional human perception of speech [2].

The brain mapping done by iBrain gives a
certain neural pattern through which specific
signal spectrum is detected and according to it
the emotions can be easily detected. The pre-
Acquired and trained signals can be loaded in
order for immediate output, so if a patient feels
hungry the already loaded hungry signals
matched with current and output is given.

The sound waves from patient with atypical
communication is amplified and sent as FM
signals into analog-to-digital converter where
noises are removed, the spikes of audio sig-
nals is sorted and given to neural commander
with specific algorithm for decoding audio sig-
nals. The decoded signals are thus taken as
commands into speech synthesizer. The audio
signals then compared with the mapped brain
activity and after analyzing given as an output

[31.

Figure 1: iBrain device with single channel
EEG which can be worn as a band around the
head. Source: Neurogadget.net
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Figure 2: Representation of thoughts into
speech, a single image depiction of the pro-
posed research idea.

Source: kingsburytransforms.org

3. Discussion & Conclusion

There are many researches done on minimiz-
ing the problems of neuro disorders. Autism is
one among it but with less number of contribu-
tions. The autistic Kids are mostly introverted
since communication has been a huge draw-
back minimizing their social circle and increas-
ing the verbal disability. It is mostly developed
at early childhood so main development of this
idea is for establishing a good communication
and filling the gap between patients and the
society.

The wireless EEG plays a major role in this as
it decreases the discomfort for the user and
reusable which makes a one-time investment.

The BMI interfaced with iBrain will not occupy
much space and thus resulting in compact
size. In future the device can be reduced to
size of a mobile and receiver is moreover like
a smart watch with speaker delivering the au-
dio signals.

Each year the count of autism prevalence in-
creases and it is stated that 1 in 45 kids are
affected with autism. This device can be used
approximately by 8 million people around the
world in current date. When it comes to cost it
can be reduced in future since it benefits for
other purposes. The device can also be used
for most of the neurological disorders with
impaired speech motor control.

Figure 3: prevalence of autism in Singapore
alone. Source: autism.org.sg

Application of the device is vast but there are
drawbacks like giving an audible output, for

146

50,0004

Individuals with autism i |n our
population of 5 million, of which

poe gﬂ 500

are under the age of

19 years.
Estimated number of cases
L L ] of newly diagnosed children
with autfism annually.

stance if the user is far it is difficult to get the
message. The brain mapping done might give
delay signals during comparison with audio
commands. However, by overcoming the is-
sues in future it can be used widely among
autism affected and other motor neuron im-
paired patients.

References

[1] Neurovigil iBrain device— available at
http://neurovigil.com/index.php/technology
[ibrain-device

[2] Frank H.

Guenther, Jonathan S.

Brumberg,E.JosephWright, A Wireless
Brain-Machine  Interface  for  Real-
TimeSpeechSynthesis — available at

https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC3637898/

[8] Sumit Soman, B K Murthy, Using Brain

Computer Interface for Synthesized
Speech Communication for the Physically
Disabled — available at

http://www.sciencedirect.com/science/artic
le/pii/fS1877050915000873

Biography

1, shweatha padmanabhan, have completed B.Tech in
“Biomedical engineering” at SRM University, India. I
have done my bachelor thesis in “Automated diagnosis
of hypertension using HRV analysis” which was pre-
sented in conference and published in International
Jjournal. I have done internships in Hospitals and Radi-
ology Centre. I have proposed research ideas based on
artificial intelligence and neurology. I'm currently
pursuing Master’s in Medical system engineering at
Otto-Von-Guericke University, Magdeburg, Germany.



