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Electro-medical fusion engineering

® Unmet Need

Discrepancy between the
requirement/demand and
support

High MEMS Technology vs. Low
Medical Technology

High Tech.

- Uncertainty: unstable in
developing stage

- Fast-changing: “Seize the chance”

- Getting smaller and more
efficient

Medical Tech.
- Patient oriented
- Responsibility and liability

The failure comes from

Inconvenience to user:
doctors usually do not
understand high-tech
terminology

Inconvenience to patient:
patients are impatient
Other chores

- stability

- durability

- reproducibility

- biocompatibility
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- Healthcar

- “Medicine”
- Restore healthy condition

- Health: soundness of body or
mind, freedom from disease or
ailment

- “Disease”

- Diagnosis > Treatment >
Rehabilitation

- Patient - Doctor

- Medical contract
> high value
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- “Health promotion”
- Enhance healthy condition
- “Well-being”
- Health evaluation > Lifestyle
modification
- Normal people - ?

- Personal willing
> low value
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Sputum sample is o
by coughing and is ,ﬁ
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- Diagnosis and

agnosis
the process of determining by
examination the nature and
circumstances of a diseased
condition or the decision reached
from such an examination.

Specific: requires critical decision
point

Starting point of the evidence-
based medicine

Criteria for the treatment

.g. heart beat: tachycardia,
bradycardia, arrhythmia

- Symptom

- Sign

Manifested
Incipient

Structural; metamorphosis,
dismorphysm, neoplasm

Functional change; mechanical,
neuronal




& Diagnosis
- Health evaluation
- “Well-being sense” is subjective
- Nonspecific:
healthy vs. unhealthy

- Proposed criteria are also
subjective, even though it can be
quantified

e.g. Body-Mass Index (BMI), Bio-
rhythm
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Which Tongue Are You?

coating
teeth marks
pale tongue
with a few
red spots
NORMAL QI DEFICIENCY
Fatigue, Poor appetite,
Spontaneous sweating,
Shortness of breath,

(©) Acubodic L1d 2008, Al ights Over-thinking and
Reserved. Unauthorised copying worrying...

QI STAGNATION DAMP HEAT
Stressed, Tendency Skin problems,
to be depressed and Urinary infections,
upset, Unstable Clammy skin, Angry
emotional state, and uncomfortable...
PMT....

® Objective

HEAT
Feel hot, Sweat easily,
Thirsty, Constipated,
Imitable and bad
tempered, Skin
problems...

white greasy
coating

Nine Common Sy & Possible Sy
find out more at www.chinalifeweb.com

swollen ™ §
tongue

DAMP RETENTION BLOOD STASIS
Bloated, Fullness in Cold limbs, Varicose
chest and abdomen, wveins, Painful legs,
Feel heavy and Headaches, Chest
lethargic... pain, Liver spots,
Lack of skin lustre...

little/no
Costing litvie/no
thick white coating
cracks
pale swollen
red tongue
pale tongue

YANG DEFICIENCY YIN DEFICIENCY BLOOD DEFICIENCY
Feel cold easily, Pale Hot Flushes, Sweat at Diziness, Fatigue,
complexion, Back pain, night, Insomnia, Irritable, Palpitations, Poor
Tendency to panic, Ringing in the ears, concentration and memory,
Emotionally low, Menopause... Insomnia, Women's
Impotence, Infertility... problems...

s

EUROPEAN IRIS MARKINGS E'Y}G REFLEX
12

Place by NOSE
beneath

OLOGY CHART

CHOLESTEROL - SODIUM RING - ARCUS SENUSS: A white wide ring oa the outside zese of
The s indiceting chekestorosis, colcem buildep in the circolation & o, efc. s in oid oge.
NERVE WREATH; The sater thin o thick Bine, its poaks & videys, regiiter the specfi secve-
muscaler state 19 & systor/ergan sed o pecson’s wverall shresy-tension fevels & coodition,
LYMPHATIC ROSARY; The fuactionol state of the
43, Lympbetic system. & white ring inside the
q, cireletion ring or @ siring of peavfs.

=)

= PIRICTS
Fibroas, lines, fattices, hooks. mets, vascularity, brightaess, spets,

tymph/groln

mid-back

chest/
mammary glands

lymphvbreast/chest

vocal chords

neck/throat/tonslls/
thyrold/parathyrold

Jaw/teeth/gums
Inner ear
top of feet
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- For Diagnosis - For Treatment
- Biosignal Monitoring - Drug Delivery System (DDS)
- Electrophysiology: - Slow release

EKG, NCV, ECoG,...

Physical measurement:
Blood Pressure in selective vessel,
Temperature, Oxymetry,...

Surveillance

Chemical measurement:
BUN, Glucose,...

Biomarker tracing:
Disease-specific antigen,
pathogen,...

Controlled release

Channel-pump: Osmotic, Piezo-
Maze
Micro-bead

Functional Stimulation

Central Nervous System (CNS) /
Peripheral Nervous System (PNS)
stimulator:

Deep brain stimulation (DBS)
Sacral Plexus Stimulator -
Percutaneous nerve Stimulation
(PNS)

Implantable Cardioverter

- Artificial Sensory Organ:

Artificial Cochlea
Artificial retina
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Increase in ; Uptake of glucose  ——p| Metabolic energy
circulatory insulin by cells [~ _
\‘ Fat synthesis
T l Glycogen synthesis
Simulates ponceeas Decreases blood glucose
to secrete insulin
Increase in Decrease in

blood glucose Blood glucose

t
/N

blood glucose

Exocrine (out)

/Acinar cells secrete pancreatic

enzymes into pancreatic duct

Cross-section of
the pancreas

Endocrine (in)

Release of glucose Stimulates pancreas @ @ PATAC
m blma h:" EE[TEtE Ell.l{fﬂgﬂﬂ : ‘A ST - :dcts ;\t L.mgcrll'nl.\n‘;cils .\\‘}‘rclc
T l normones into blood vessels
Breakdown of : Increases
glvcogen in liver circulating glucagon
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Blood is put on monitor
to check glucose levels

i
-

A blood sample
is taken

Cut-section view of skin

If glucose levels are
too high insulin is
administered, if
glucose levels

One way to administer
insulin is thrnl inh an

are too low insulin pui
carbohydrates b ADAM
are ingested
i Skin
Catheter o T
Fat v :
Irsulin - 5 / -‘ 3 é

Insulin pen Insulin jet Dosage instructions

gl S are entered into the
injector injector pump's small computer

and the appropriate
amount of insulin is
then injected into the
body in a calculated,
controlled manner

Insulin pump



® Biosignal Mo

E?azs-medicalfusione ineerin:
- Implantable glucose sensor and - Mouse with a glowing glucose
insulin pump sensor implanted in its right ear.
~Rciston igl—
A
Egtecﬁnnﬂircu'rl fenna “ / ¢ \ .
Substrate Glucose Affinity Polymaer

Transdermal
detection

Physical Sensor | Injection
Hydroé
. o7 E et *
- -
.

Biocompatible Semi-Permeable Membrane
Implant Size - 12x12 2 Smm

Heo et al. PNAS 2011;108:13359-13360
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Falling phase of the action potential

11 Resting state
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conductance a=const.
- El

- - l - dipole moment
0 25 50 75
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» Electrode as a sensor : ion to free electron conversion

Gel-Sponge
Skin
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Good Le

Good conductor

Mechanically strong and reliable

- Must withstand effects of movement of body
Material cannot:

- Dissolve in tissue

- lrritate the tissue

- Undergo electrolytic reaction due to stimulation
- React biologically

Good electrical insulation

i

.,.'

144 Jz//A////




? Unipolar

Unipolar:
- Single electrode
- Negative-going pulses are conducted

- A large indifferent electrode is located elsewhere in the body to
complete the circuit

- Bipolar:
- Two electrodes
- Stimuli are applied across these electrodes



,Im,?.," Pacemak

Flexible

Platinum
insulation

-
electrodes ip o

I— Solid insulating probe

Coiled Suture holes
lead wires
()
Silicone
Platinum
rubber support dloctrods
Coiled lead wire
Flexible insulation
(b)

Lead
L "
Case/( 4
)

Unipolar

Tipc‘,

ng

Case

9
¢

Lead
(5

Bipolar

\
"
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Housing for the components must be compatible and well
tolerated by the body

Needs to provide protection to circuit components to ensure
reliable operation

Size and weight must be considered

Common designs consist of hermetically sealed titanium or
stainless steel
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Interfacing v

Interfacing with Neurons

Microelectrodes
Electrical, neurochemical
Microdrive mechanisms

Interfacing with Brain Tissue
Slices

Microelectrode arrays

Electrical/optical recording

Recording and Stimulating Whole
Brain

Microelectrode arrays

Electrical and chemical recording;
Stimulation

VLSI circuitry, Wireless telemetry

Applications of interfacing
microelectrodes to neurons

- studying the effect of different
chemicals/ neurotrophic factors

- study of axon growth and
regeneration
Applications of interfacing
microelectrodes to brain

- large scale neurophysiological
studies of mechanisms, diseases

- emerging fields like brain
computer interface
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http:///
http://www.its.caltech.edu/~pinelab/new_pinelab_page/current-research/neurochip.htm

Hippocampal slice
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Flat array of micro Pyramidal shaped
electrode for in- microelectrode for I ///

. . . . igure 10 dd
vivo application In-vivo application Simple, triple and multiple

shank electrode for in-vivo
application
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® Parkinsonism
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DEEP BRAIN

Substantia nigra '_ : ~ STIMULATOR LEAD

- ELECTRODES

Cut section

of the midbrain
where a portion
of the substantia
nigra is visible

— SUBTHALAMIC NUCLEUS

- SUBSTANTIA NIGRA

- CONNECTIVE WIRES

- PACEMAKER

Diminished substantia
nigra as seen in
Parkinson's disease

Lateral ventiicies X
A \

Caudate - -
Striatum Nucleus
Putamen

Substantia
nigra
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hmmdwmﬁm picked up by microphone. €
essor g selects and aranges sounds.,
Temornibier then sends these to transmitter. )
Transmitter sends signals to implanted receiver @), which
converls them into electrical impulses.
Receiver sends elecinical impulses via wine
ot electrode system @ to cochlea ). bypassing
R""'"!" damaged parts of inner ead.
Cochlea relays message to auditory nerve €,
which sends signals to brain,
Farts 1, 2 and 3 are womn externally.
Parts 4 and 5 are installed internally.

'L \ Prodisidoe

&

Implant:

Converts transmitted information
into electrical signals and sends
signals down tiny wires to the
electrode array in the inner ear.

C—

Ouster Ear Caral Ear O

Sound

Processor:
Captures sound from the
environment. Processes
sound into digital
information and then
transmits to the implant
over a headpiece and is
held in place by magnets.
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Cochlear Lt
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Ora serrata

——— Ciliary muscle
Ciliary process

Central retinal T J O— Lacrimal sac
artery and vein 5 {
4 {

Limbus

T ciiary body

CN Il (optic) Y s - - mf&iﬂ&f
S H SN Suspensory ligament
Lens
Iris.

Optic disc (blind spot)
Pupil
Fovea centralis

Image ‘
Acquisition

Stimulation



® LCP-based system

LCP Electrode & Ceramic PCB




B ¥ Revision

Electro-medical fusion engineering

1. Film Fabrication

2. Multilayer Integration 3. Deformation

6. Laser machining
(site-opening, thinning, outlining)

5. Packaging

Liquid Crystal Polymer (LCP), an Attractive Substrate for Retinal Implant
Sensors and Materials, Vol 24, No. 4 (2012) pp. 189-203
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Device surgically placed in the body and left there.

Issues
- Biocompatibility
- Power source
- Safety - leakage current etc.
- Risks from environment EM fields - MRI, airport X-Ray
Why ?
- Many conditions require continuous monitoring and the action taken

depends on that. Implantable devices can achieve this without loss of
mobility.



ISO 10993-1: Evaluation and testing

ISO 10993-2: Animal welfare
requirements

ISO 10993-3: Tests for genotoxicity,
carcinogenicity and reproductive
toxicity

ISO 10993-4: Selection of tests for
interactions with blood

ISO 10993-5: Tests for in vitro
cytotoxicity

ISO 10993-6: Tests for local effects
after implantation

ISO 10993-7: Ethylene oxide
sterilization residuals

ISO 10993-8: Selection of reference
materials

ISO 10993-9: Framework for
identification and quantification of
potential degradation products

ISO 10993-10: Tests for irritation
and delayed-type hypersensitivity

ISO 10993-11: Tests for systemic
toxicity

ISO 10993-12: Sample preparation
and reference materials

ISO 10993-13: Identification and
quantification of degradation
products from polymeric medical
devices

ISO 10993-14: Identification and
guantification of degradation
products from ceramics

ISO 10993-15: Identification and
quantification of degradation
products from metals and alloys

ISO 10993-16: Toxicokinetic study
design for degradation products and
leachables

ISO 10993-17: Establishment of
allowable limits for leachable
substances

ISO 10993-18: Chemical
characterization of materials

ISO/TS 10993-19: Physico-chemical,
morphological and topographical
characterization of materials

ISO/TS 10993-20: Principles and

methods for immunotoxicology
testing of medical devices
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- In vitro test - In vivo test
- Cytotoxicity - Sensitization
- Genetic toxicity - Intradermal reaction
- Sterility - Acute systemic toxicity
- Hemolysis - Subacute systemic toxicity

- Genetic toxicity

- Transplantation

- Pyogenicity

- Oral mucosa stimulation
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- By direct contact
By elute or extract

- Test cell: NCTC clone 929

Group Test Item Concentration TreatE:}i)Tlme Column Row
Blank MEM - 24 1.12 A~H
Negative Extract of o
s Hact © 1X dilution 24 2.11 A-H
Control HDPE
Positive ) )
DMSO 10% in media 24 3~5 A~H
Control
1X dilution
Extract of 2X dilution
xtract o o
Treatment . 4X dilution 24 6~10 A~H
Test article o
8X dilution
16X dilution
Text Table 1. Reactivity Grades for Elution Test
Grade Reactivity Conditions of all cultures
0 None Discrete intracytoplasmic granules: no cell lysis
Not more than 20% of the cells are round, loosely
1 Slight attached. and without intracytoplasmic granules:
occasionally lysed cells are present
Not more than 50% of the cells are round and devoid of
2 Mild intracytoplasmic granules; extensive cell lysis and empty
areas between cells
Not more than 70% of the cell layers contain rounded
3 Moderate
cells and/or are lysed
4 Severe Nearly complete destruction of the cell layers
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Inflammation

y

1. Bacteria and other

= \ pathogens enter wound.

2. Platelets from blood release
blood-clotting proteins at
wound site.

3. Mast cells secrete factors
that mediate vasodilation and
vascular constriction. Delivery
of blood, plasma, and celis to
injured area increases.

4. Neutrophils secrete
factors that kill and degrade
pathogens.

5. Neutrophils and

macrophages remove
pathogens by phagocytosis.

6. Macrophages secrete
hormones called cytokines
that attract immune system
cells to the site and activate
cells involved in tissue repair.

7. Inflammatory response
continues until the foreign
material is eliminated and
the wound is repaired.
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Tissus injury |
[

Y

- Release of chemical mediators (histamine,

mmplsmanlé I-:inips. prpe:tagl;andinﬁ. atc.)

* qu:":ﬁ: 'n.‘q '1r:‘ “‘, T a :'n &% a i’
Vasodilation of Increased capillary |© | Attract neutrophils, mono-
permaability eyles and lymphocytas 1o

arterioles

'

s

area (chemotlaxis)

'

Relaase of laukocytosis-
inducing factor

y '-1'| l|..
+‘ . ‘“-. ]

Leukocytosls (increased
numbsears of whita blood
calls in ocdsiream)

Local hwparamia

Capillaries keak fluid

ncreased blood fecoudate formation)
o to anea) e
_ 3 49(Ld Blood flow slows ——
Heat § Redness

_ ¥ ¥

Increased cxygen Leaked protein-rich Leaked clotting

and nutrients fluid in tissus spaces prrodeins
' ¥

Increased
lemparatura
incraasas
matabodic
rate of calls

Walling-off process
(bdood clots wall off
area to prevenl injury
1o surraunding ansa)

Y
Migration to injured area

Y

KMargination (leukocylas
clireg to capillary walls)

v

Diapedeasis (leukocylas
pass through capillary walls)

v

Fhagocylosis of pathogans .

and daad lissue cells
by rautrophils, shorl-lam;

by macrophages, long-term}

limifation of
joint movement

Possible temporary

scafiolding for repair

A

I
Y — Pus may form
Temporary fibrin ;
patch forms Area claarad of debiis I

|

’

Haaling |




 Epithelial cell

IL-1a, IL-1B, CCL2,
VEGF, TGF-p and TNF
Nature Reviews | Immunology

:
:




Prolife
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KGF, IL-6, GM-CSF
HGF, actin, TGF-#
HB-EGF

IL-1, activin,
TGF-p

TGF-f, ET-1
_

Fibroblast Proto-myofibroblast Myofibroblast
(tension +) (tension +++)
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A b Transmigration by ¢ Breakdown of interstitial d Tissue destruction
basement-membrane ECM (collagen in heart, (aneurysm, rupture)
breakdown elastin in vessel)

8

g —_— o=

& P#5%>

(,;’V
Ramaoval of
necrotic debris

B a Quiescent cell b ECM breakdown to allow ¢ ECM repair by activation

embedded in ECM migration of wound cells of latent TGF-[1

pro-MMP = MMP  TGF-B1 > TGF-p1
Bl (atent) /*  (active)
uPA/Pli!

Role of UPAVUPAR In Role of uPA in proteolytic ECM remodelling
recrutment of cells and growth-factor activation

Nature Reviews | Molecular Cell Biology
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a Acute inflammation

Stimulus (injury, infection)

|

P
(ﬁ&i&t Mast cells
eod/

|

A

"@:? Neutrophils

,@ : Macrophages
@ Effector
W/ immune cells
}

; f Angiogenesis

e Fibroblasts
S ‘9}" and fibrosis
~Cava o7

|

Tissue remodelling

D
*a
LR

b Carcinogenesis

V"] Hyperplasia

© | Dysplasia

Further mutagenesis
<5 > Inflammaticn

R e o ) € AN Angiogenesis
Uncontrelled growth
Progression

Nature Reviews | Cancer
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~ Mobile device

« Pros

Small, lightweight

Multi-function: camera,
accelerometer, gyroscope, GPS

Intuitive
Wireless network

Cons

Battery lifetime
Nonspecific
Resolution, size
Speed
Contamination
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~ Blood Sugar

- Pros - Cons
- Instant, convenient - Contamination, invasive
- Record and tracking - Test strip
- Networking




& Blood Suga

Electro-medical fusion engineering

ACCU-CHEK®*Go




& Accommodati

Electro-medical fusion engineering

- Lens bulging > pupil constriction and convergence
+ Forceful convergence > lens bulging and pupil constriction
- Bright light > pupil constriction > lens bulging and convergence

h
- | H
Common Gaussian form
of lens equation:
1 1 _ 1 ) o
-+ - = Linear magnification:
(o] f ;

| h'
o h




g
F]
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& Thank you
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