


New ways to cure

Al



Angioplasty techniques. Computer illustration of balloon and laser angioplasty. Angioplasty is a surgical
procedure to unblock and widen arteries that are narrowed or obstructed due to the formation of fatty
plaques (atheroma), clots or scar tissue. A catheter (tube) is inserted into the artery. In the established
technique (top), a balloon (beige) is inflated inside the affected area. The newer method (bottom) uses
pulses of laser light (transmitted through a fibre optic) to destroy the blockage ahead of the catheter.
This may be less traumatic to the arterial wall, decreasing the chance of narrowing recurring.
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New ways to cure —gene therapy

http://www.fda.gov/fdac/
features/2000/gene.html
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gemm-free isolation room

Infograpic by Rene Gorcon



We observe carefully, we model and

Taken from

Nature Jan, 2002

Paper by L van't Veer ef al
Gene expression profiling
predicts clinical outcome of
breastcancer.

Further validated In the New
England Journal of Medicine
on 295 women
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Tissue Engineering - Strategy
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Tissue Engineering - Strategy
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Differentiation Potential of Bone Marrow Stromal Cells for Tissue Engineering
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Worms and rugby
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serica

ECHNOQLOGIES,

rica Technologies' silk fibroin-based SeriACL™ graft
0) is intended to replace tissue harvested from the
tient to repair the anterior cruciate ligament (ACL) of
e knee, providing a base (bottom) to be infiltrated with
tive cells and remodeled into functional tissue.
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Nature vs. the engineer




We observe carefully, we model and interpret
to try to replicate

Stents

e Stents - implanted to
provide mechanical
support while artery
repairs, fights the
effects of elastic recoll
and negative

remodeling Metallic
e  Stentindustry is a two : stents
billion dollar industry ¥

and growing
e 800,000/yrin US




We observe carefully, we model and interpret to try to replicate
Intervertebral Disc
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We observe carefully, we model and interpret
to try to replicate

Insulin Delivery

Implanted Pump
e Approved in France,
currently in trial in US
e Surgically placed into
lower left quadrant of the
abdomen.
Filgure 1, |asulin pumps. a. Early design Dy Arapld Kadish, MD. b. Early portable pump. e (Catheter delivers insulin
S N I: directly to the peritoneal
cavity




Electronic Pacemakers

eEffective, reliable
¢|_imited rate control, battery replacement
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e|mages of thick specimens at various depths
eRejects out-of-focus information
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Human bone marrow stromal cells
grown on silk fibroin fiber matrix
Tessops | (3D), 3 days after seeding. Live-
dead staining. Bar = 40 m
i GAICEIN AM: stains live cells into
Oiecthel — green
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Rat bone marrow stromal cells
grown on tissue culture plastic
(2D), 3 days after seeding.
Actin staining (rhodamine

phalloidin) - Bar = 30 Om T A y Ethidium homodimer-1: stains
~ o dead cells into red




Quantum Dots for Imaging

AN | e Cancer
@ : Tumors

Core: 310 10 nm

Injection
site

Shell: + 1 nm



Some Disciplines of Biomedical Engineering

Biomechanics — study of static and fluid mechanics associated with physiological
systems

Biomaterials — design and development of bioimplantable materials

Biosensors — detection of biological event and their conversion to electrical signals

Physiological Modeling, Simulation and Control — use of computer simulation to develop
an understanding of physiological relationships

Biomedical Instrumentation — to monitor and measure physiological events

Medical and Biological Analysis — to detect, classify and analyze bioelectric signals

Rehabilitation Engineering — design and development of therapeutic and rehabilitation
devices and procedures

Prosthetic Devices and Atrtificial Organs — design and development of devices for
replacement or augmentation of bodily function

Medical Informatics — of patient-related data, interpret results and assist in clinical
decision making, including expert systems and neural networks

Medical Imaging — to provide graphic displays of anatomical detail and physiological
function

Biotechnology — to create or modify biological materials for benefit, including tissue
engineering

Clinical Engineering — design and development of clinically related facilities, devices,
systems and procedures

Biological Effects or Electromagnetic Fields — study of the effects of electromagnetic fields
on biological tissue



Biomedical Engineers — Examples of Some Activities

e Application of engineering system analysis (physiologic modeling, simulation and
control) to biological problems

e Detection, measurement, and monitoring of physiologic signals (biosensors,
biomedical instrumentation)

e Diagnostic interpretation via signal-processing techniques of bioelectric data
e Therapeutic and rehabilitation procedures and devices (rehabilitation engineering)
e Devices for replacement or augmentation of bodily functions (Artificial organs)

e Computer analysis of patient-related data and clinical decision making (medical
information and artificial intelligence)

e Medical imaging (graphic display of anatomic detail or physiological function)

e (Creating of new biological products (biotechnology and tissue engineering)





