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Biomedical engineering

* Biomedical engineers are working at the interface of
engineering, life sciences and healthcare.

* Biomedical engineers use principles of:

» applied sciences (including engineering, electronics, chemical and
computer engineering) and

* basic sciences (physics, chemistry and mathematics) for applications in
biology and medicine
http://www.embs.org/about-biomedical-engineering

Bioengineering Clinical engineering

The profession named Bioengineering and/or Biological Engineering is Clinical engineers are professionals who support and
younger then biomedical engineering and emerged with the realization enhance patient care by applying engineering and
of the possibility of manipulation of living cells managerial skills to healthcare technology
Biological engineering is based on * trained to solve problems when working with complex
molecular biology and on human and technological systems of the kind found in health
. . - . . . . care facilities
engineering principles used in the design, synthesis and analysis
e atthe cellular and molecular level * function of technological systems manager for medical
equipment including very often, and information systems in
as opposed to biomedical engineering, which uses traditional health care facilities

engineering principles in order to ana gze and solve problems in

medicine and that solutions need not be based the use of living cells » provide valuable feedback on the operation of medical

equipment and

* contribute to the research and development from their
http://web.mit.edu/be/programs/be_fag.shtml direct experience

http://www.accenet.org/default.asp?page=about&section=definition



How old is Biomedical Engineering?

« Leonardo da Vinci researched the anatomy and mechanics of human
body

« Luigi Galvani and Alessandro Volta (18t" century), dicovered
biopotentials and bioelectricity

« The development of biomedical electronics, today called
biomedical engineering starts intensivly after the invention of the
silicon transistor, 1947

« Institutionally, at international level, in 1959, the Int’l Society for
Biomedical Electronics (today IFMBE) was founded in Paris

« Peer reviewed journals — 50t anniversary of Medical and
Biological Engineering and Computing cellebrated in May 2012
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Biomedical Engineering
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Biomedical engineering is an engineering discipline that:
e advances knowledge in engineering, biology and medicine, and in basic sciences,

* improves human health by design and problem solving skills of engineering science
applied to diagnosis, monitoring, therapy and rehabilitation, but also to prevention
and prediction

* integrates engineering sciences with biomedical sciences and clinical practice

http://hrcak.srce.hr/index.php?show=clanak&id_clanak_jezik=106041



Healthcare Expanditures in Europe

FIGURE 2: ANNUAL AVERAGE GROWTH OF PER CAPITA HEALTH EXPENDITURE.
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Grand Challanges in 215 Century
Reverse-engineer the brain

AR .\ 1 ONAL ACADEMY OF ENGINEERING
'l'l' OF THE MATIOMNAL ACADEMIES

* The intersection of engineering and neuroscience
promises great advances in health care,
manufacturing, and communication.

* Understanding how and why brain works and fails

* Simulations leading to more sophisticated methods for
testing new technologies like drugs and neural implants
* Artificial retina
* Cohlear implants
* Movement and prosthesis control
* Fighting dementia, Parkinson disease....

* Building smarter computers

* http://www.engineeringchallenges.org/cms/8996/9109.aspx



Potential for Providing Medical Care

ANODE

® Bipolar pacing

CATHODE

= Steroid eluting electrode

® Separated from FlexFix
tines to ensure optimal
contact with myocardium

PM new generation

New trends in their research and
development - miniaturization

93% smaller than conventional pacemakers

Ultra low-power circuit design delivers an
estimated average 12-year battery longevity.

Physical characteristics

Volume 0.8 cc

Length  25.9 mm

Outer diameter 6.7 mm (20.1 Fr)
Mass 1.75 ¢



Evolution of blood glucose
monitoring
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Non-invasive measuring of blood

glucose

Research for easy and less-
invasive way to measure
glucose daily:

* tears,

* airway mucus,
* sweat,

e salivaor

* the interstitial fluid of
subcutaneous tissue

<— Soft contact lens
encapsulates electronics

) < Sensor
detects glucose in tears

¢<— Chip & antenna
receives power and sends info

(a)

Top Lens Layer
Antenna
Capacitor
o ﬂ@ Controller
Sensor

Bottorn Lens Layer



Non-invasive measuring of blood
glucose

An electronic skin patch that senses excess glucose in sweat and automatically
administers drugs by heating up microneedles that penetrate the skin.

See also: Hyunjae Lee et al., A graphene-based electrochemical device with thermoresponsive microneedles for diabetes
monitoring and therapy, Nature Nanotechnology, 2016



ICT in Healthcare

* Accessibility to information and communication technologies
(ICT) provides an opportunity to facilitate acquisition of health
data from wide populations, their use in research, analytics
and finally in improving the outcomes of health care.

12
Picture from: ICT-based Convergence Technologies Changing Paradigm of Health Care



Selt-Management and Telecare

Dietary information

Physical activity
information

-

XY

Blood glucose
levels

Glucometer

CCD documentation

a TTPS
C N

L
N
-
(

m\ -

(3G Network

Lo

P
X | g
Laboratory results
and findings h 2 Y o
L]
S Care providers
Educational
materials

Online diabetes self-management system

@ Glucose and vital
- sign record

i”) . Insulin injection
and medication

£ Analytic reports and
G)/ educational materials

6 Dietary and physical

activities record
& Laboratory results
and clinic finding

- Communication and
° .
“ consulting message

From: Chen L, et al. Evaluating Self-Management Behaviors of Diabetic
Patients in a Telehealthcare Program: Longitudinal Study Over 18 Months
J Med Internet Res 2013;15(12):e266, DOI: 10.2196/jmir.2699




, Four Categories of Networked Medical Devices
0T in Health Care
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BME innovation in Europe

Patent applications in medical technology
field filled with EPO in 2014

Other countries




Job Oportunities - Labor Market

“Biomedical engineers are projected to be the fastest
growing occupation in the economy.”
Best Jobs in America

Source: 2008-2018 prediction by the US Department of Labor CNNMoney/PnScale' top 100 aroers with big prowth. great pay and sadis

The Jobs of the Future — extected growth

Biomedical engineers 72%

l-
ooHHoMe | occupationFnoer | @l [Dlr

Network systems analysts 53%

Home health aides 50% OCCUPATIONAL

See the top 100
Personal and home-care aides 469 = &on=ers>
Biomedical Engineers -
Financial examiners 41% summary R R ﬂ —_—_— e
Medical scientists 409
A) Summary 2 E‘ Clinical Nurse Specialist i8
PhySiCian assistants 39% Quick Facts: Biomedical Engineers
- lite 200 2016 e pay © e
Skin-care specialists 38% T e S et
Biochemists and biophysicists 37% e Beerencena Related occupation RS rone 2 01 5
_On-the—]ob Training @ ) None
Athletic trainers 37% (umber of Jobs, 2014 © o |
Job Outlook, 2014-24 @ 23% (Much faster than average)
Source: Wall Street Journal, 26 May 2010 Fmnlovment Channe 2014-24 &3 5100 .

https://www.bls.gov/ooh/architecture-and-engineering/biomedical-engineers.htm



” IFMBE

On IFMBE

International Federation for Medical and
Biological Engineering



The objectives of the International Federation for Medical and Biological
Engineering are scientific, technological, literary, and educational.

The mission of the IFMBE is to encourage, support, represent and unify the
world-wide Medical and Biological Engineering Community in order to
promote health and quality of life through the advancement of research,
development, application and management of technology.

Within the field of medical, clinical and biological engineering its aims are to
encourage research and the application of knowledge, to disseminate
information and promote collaboration.






Affiliated Members of IFMBE

INTERNATIONAL FEDERATION FOR

MebicaL anp BioLoGicAL ENGINEERING
. Afiawnd with the Inserwarans Unien S Plnaea and Engmeeriag Setoners m Midbeme (TUPESM
Since 1959 www.ifmbe.org
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UNESCO WTO IMF WHO
(United Nations Educational, Scientific (World Trade (International (World Health
and Cultural Organization) Organization) Monetary Fund) Organization)
T T
ICSU 32nd General Assembly /
(Taipei, Taiwan) 21-24 Oct 2017,
ICSU -> ISC CIOMS
(International Science <@> et o (International Organizations of
Council) Medical Sciences)
(World Congress 2021 SR —
(Singapore) Wi s
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(International Union for Physical and  [@= = == == == == == == o o oo o o o
Engineering Sciences in Medicine) r —_—
> Global Clinical Engineering Day 2018 (Leon, Mexico) o~
| ~“Together we can make it better~ 21 Oct. DEY10:21
—>»{ ICBHI 2019 (Taipei, Taiwan) April 2019. ICBHI 2019 |
|_) MEDICON 2019 (Coimbra, Portugal) ~ Sept 20192
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: e Close association with the International
‘% Organization of Medical Physics
- + - -

e The two international bodies have established
the umbrella organization International

Union for Physical and Engineering Sciences
in Medicine

“The principal objective of IUPESM is to contribute to the
advancement of physical and engineering sciences in
medicine for the benefit and well being of humanity.”

http://www.iupesm.org/




A%} IFMBE’s Liaisons

o % International

INTERNATIONAL
COUNCIL

FOR SCIENCE
Science Council
0e®

+

Scientific Unions (39)

Scientific Members
(mainly Academies of Science, 141)

IOMP
International
Organization for
Medical Physics



IFMBE’s Liaisons to UN & WHO

UN
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World Health Organisation

IFMBE is a non-governmental organisation affiliated to WHO and
has major interests in:

patient safety issues

human resources program

» strengthen the position of clinical engineers and biomedical
engineers whose workplace is within the healthcare system

e-health programs

health technology assessment and management

evidence based medicine

IFMBE is representing the WHO in international standardisation
bodies




g’@ World Health
WE#/ Organization

Access to medical devices for
Universal Health Coverage and
achievement of SDGs
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WHA60.29 Health technologies'

The Sixtieth World Health Assembly,

WHO list of priority

Having considered the report on health technolog_zies:3

medical devices for
indispensable for effective and efficient prevention, diagnosis, treatment and rehabilitation and Cancer management

attainment of internationally agreed health-related development goals. including those contained in the
Millennium Declaration:

Recognizing that health technologies equip health-care providers with tools that are

WHO Medical device technical series



European Parliament Interest Group
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MEDICAL DEVICES & MODERN MEDICINE
from HORIZON2020 to HORIZON EUROPE: GAPS & OPPORTUNITIES

Nicola Caputo, MEP Lara Comi, MEP
11 October 2018, 10:30-13:00, A3H1, EUROPEAN PARLIAMENT, BRUSSELS




CBHI 2019

International Conference on Biomedical and Health Information
Taipei, Taiwan, 17-20 April 2019

Future Trends of Biomedical and Health Informatics,
& Cybersecurity in Medical Devices

* Scientific Challenge on Cardiac Signal Processing Best
Paper Award

RPEAKS from Echo
ICBHI 2019 will award TWO S s
MVO trom Echo
Best Paper Awards to worton o
participants in the Scientific
Challenge Competition.
. - - Reference Ecgs ff:j:Ecmcargl%)l;laphy‘ ‘::G and Heart Sound ’ .
19.2 194 196 i 19.8 20 202

tis)



Conclusions

* Engineering jobs are present in medicine and health care,
primarily through research, development and manufacturing
of medical products, devices and systems, but is increasingly
encountered in clinical settings.

* Thanks to the safe production and maintenance, unintended
consequences of medical devices are rare, but concern about
the immediate security and safety of the device is necessary
and appropriate to the care of biomedical, biological or clinical
engineering profession.

e Early introduction of research methods and encouriging
innovativness in students through problem based learning and
design competitions is promising.

Thank you for your attention!



