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Levels of Studies

« Physiology
— Molecular level
— Cellular level
— Tissue level
— Organ level
« Biophysics
— Principles
— Theories
— Models
« Engineering (Safe, Fast, Cheap)
— Ethical issues
Design (materials, devices, functions)
Fabrication
Risk factors vs Benefit
Cost




“Charity in the broad spiritual
sense —the desire to relieve
suffering.... Is the most precious
possession of medicine

-- Dr. Churchill, 1947

» “His frustration at being unable to fulfill his
childhood ambition of following his father into
medicine only heightened his fascination with
every aspect of the medical sciences” —
commentary of Bradfor Hill's achievements on
Biostatistics

* “It may have been the fascination of an outsider,
but this was only to his advantage. From this
Olympian vantage point he was able to take a
detached and critical view of medical
developments” ...

From The rise and fall of Modern Medicine, by
James Le Fanu (p32)




Stokes’ Quadrant Model of
Scientific Research

Considerations of use

No Yes

Pure basic | Use-inspired

Yes |research basic
research
Pure applied
No research
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The twelve Definitive Moments of Modern Medicine

1941 Penicillin
1949 Cortisone

1950 Smoking identified as the cause of lung cancer
¢ Tuberculoisis cured with streptomycin and PAS

1952 The Copenhagen polio epidemic and the birth of intensive care
« Chlorpromazine in the treatment of schizophrenia

1955 Open-heart surgery

1961 Charnley’s hip replacement

1963 Kidney transplantation

1964 Prevention of strokes

1971 Cure of childhood cancer

1978 First test-tube baby

1984 Helicobacter as the cause of peptic ulcer




BME and Medical Devices
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Medical Devices [21 U.S.C. 201 (h)]

* An instrument, apparatus, implement, machine, contrivance,
implant, in vitro reagent, or other similar or related article,
including any component, part, or accessory, which is
intended for use in the diagnosis of disease, or other
conditions, or in the cure, mitigation, treatment, or
prevention of disease, in humans or other animals; or
intended to affect the structure or any function of the body
of humans or other animals; and which does not achieve
any of its principal intended purposes through chemical
action within or on the body of humans or other animals,
and which is not dependent on being metabolized for the
achievement of any of its principal intended purpose

* By Design
Source: FDA/CDRH




Drugs [21 U.S.C. 321 (9)]

“An article intended for use in the
diagnosis, cure, mitigation, treatment, or
prevention of disease in humans or other
animals; and an article (other than food)
and other articles intended to affect the
structure or any function of the body of
humans or other animals”

By discovery

Source: FDA/CDRH

Biological ? [41 U.S.C. 262(a)]

“Any virus, therapeutic serum, toxin,
antitoxin, vaccine, blood, blood component
or derivative, allergenic product or
analogous product, or arsphenamine or its
derivatives (or any other trivalent organic
arsenic compound), applicable to the
prevention, treatment, or cure of diseases
or injuries of man”

Source: FDA/CDRH
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— 6500 Firms in 1980... over 20,500 in 1993

- %88% Product Submissions in 1980 ... 11,000 in

] 3%

— Lasers, Artificial Hearts & Lungs, Pacemakers,
Lithotripters, MRI
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— 1800 Types of Products

— 60-80, 000 Brands and Models

— Wide Spectrum of Risk (Bandages vs. Heart Valves)
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— 95% Af Device Firms Have 500 or Less Employees
(“Small Business”)

— 60-65% Have 50 or Less Employees

Source: FDA/CDRH
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—10% Clinical trials
— Feasibility, Safety and Effectiveness

—100% Clinical trials
— Dose limiting toxicity trials (phase 1)
— Safety and efficacy (phase II, Ill, & IV)

Source: FDA/CDRH




Categories of Medical Products
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Premarket submission & Review

Drugs/Devices (FD&C Act): requires demonstration of safety
and efficacy for new drugs and devices prior to marketing.

— IND/IDE

— NDA/PMA/510(k)

Biologics (PHS Act): requires demonstration of safety, purity,
and potency for biological products before marketing.

— IND

— Biologics License Application (BLA)

The sponsors (manufacturers) do the testing (preclinical and
clinical), not FDA, to demonstrate that its product is safe, and
effective for the intended use.

FDA evaluates the test results by assuring the safety and
effectiveness of the product.

Source: FDA/CDRH
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o Computer-related technology

 Home- and self-care products
* Minimally invasive procedures

Source: FDA/CDRH
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New Robotic Surgery Device

Da Vinci Surgical System

« Approved July 11, 2000

« Enable a surgeon to
perform laparoscopic gall
bladder and
gastroesophageal reflux
disease (severe heartburn)
surgery while seated at a
console with a computer
and video monitor

02/26/2002 [yt R
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Swallowable Camera PiIill
Given Diagnostic Imaging System

* Approved August 1, 2001

* A swallowable capsule
containing a tiny camera
that snaps picture twice a
second as it glides through
the small intestine.

» Atechnological advance in
methods of examining Gl
tract by visualizing inside of
small intestine to detect
polys, cancer, or causes of
bleeding and anemia.

http://www.givenimaging.com/

02/26/2002 [yt R
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GlucoWatch Biographer

» Approved August 7, 2001

» A disposable component for a
wristwatch-like device designed
to provide diabetics a
noninvasive method to test
glucose levels.

e Can alert users when glucose
levels are too high or too low.

* |tis intended to supplement, not
replacement of standard finger-
stick blood tests diabetics

http://www.glucowatch.com/

perform daily.
02/26/2002 E"J ek PR
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BME Career

1. IEEE Career Guide
2. Keepers of the Technology — The clinical

Engineering’s role in Healthcare Delivery
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Resources

« Where do | get more information about biomedical engineering
programs?
— www.embs.org
— www.bmenet.org

— National Institute of Biomedical Imaging and Bioengineering
www. nibib.nih.gov

« Journals
— |EEE Engineering in Medicine and Biology Magazine
— |EEE Transactions on Biomedical Engineering
* Societies
— |EEE Engineering in Medicine and Biology (IEEE-EMBS),
— The Biomedical Engineering Society (BMES),
— The European Alliance for Medical and Biological Engineering and
Science (EAMBES), and
— The International Federation for Medical and Biological Engineering
(IFMBE).
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The Port of Biomedical Industry in Taiwan
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‘1A G A —e-Health”

» e-Health/i-Health
— e-Purchasing
— e-Trial (CRO/SMO)
— e-Care (Telemedicine/Homecare)
— e-Detailing (Mobile/Digital MD)
— e-Learning/HIN
— e-Pharmacy
— e-Device/e-System/e-Home/e-Safety
— e-Inclusion/e-Learning for elderly
— e-Medicine (Clinical genomics)
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NTUH

NTU

College of Liberal Arts

College of Science

NTU - | HBSP |
Hsinchu ‘
s T

I
’ Research Centers ‘C::)’ Clinical Research Centers ‘

College of Social Sciences

College of Medicine |mmssl>| Graduate Institute of

College of Engineering |—

College of Bio-Resources | |
and Agriculture

College of Management

College of Public Health

College of Electrical
Engineering
& Computer Sciences

College of Law

College of Life Sciences

Graduate Institute of ”

Oncology Cardiovascular Cancer | Tissue Eng. |

. center _ Center .. _Center |
Clinical Verif. Center | R?edlcal Imaging

Clinical Photonics ” Other Resource Centers
Center

Clinical Photonics

Graduate Institute of
Clinical Genomics

Graduate Institute of
Cardioangiology

Graduate Institute of
Clinical Tissue
Engineering

Graduate Institute of
Biomedical Imaging
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Innovation & Incubation
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GLP (Good Laboratory Practice)
GMP (Good Manufacturing Practice )

2. 3‘?%%‘\"‘5‘_/3'{» 4 ?‘\ 4} 6 2 ’J GCP (Good Clinical Practice )

CRO ( Contract Research Organization )
CMO ( Contract Manufacturing Organization )
GCRC ( General Clinical Research Center )
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