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We can rebuild him. We have the

technology.

before.

Better . . . stronger . . . faster.

We have the capability to make the
world's first Bionic man. Steve Austin
will be that man. Better than he was

« Artificial skin
« Bone-grafting

material
« Blood vessels
« Cornea
« Stemcell

transplants

TERMINATOR
LIQUID METAL
LIQUID PLASTICS
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BIOMATERIALS AND BIOCOMPATIBILITY
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BIOMATERIALS SCIENCE

An Introduction to
Materials in Medici
2nd Edition

Whsen bicumserisls e placed isidde the budy, dhey are expeuted 10 perfons with

at peiponies varies depend
e |. Ih.n the desirable Bost reiponse mey be tod
strroumding the imphinsed meateriaki

Device-Associaled
Complications

vz rwo-way peocess dar ivolves dhe
ticae-depenident effects of the Lios: on the muterial and the matersal on the bout (5). No chear
smotute defintion of beocompanbaliny exis vet wainky doe 1o the fict dhar the becansterials s1es

ohing. Susply pat, Bowever, (he perfomance
st be affected by the best snd the
danted bioamaterials

be negativel

Biomaterials

EXAMPLES OF BIOMATERIALS
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HOW ELECTRICITY MAKES A PLASTIC EXPAND

The ]’n’:ﬂs.crj an
Artificial
HEART

PROBLEMS ASSOCIATED WITH BIOMATERIALS
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BOT ARMS
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Typical deformation of strips
(10 mm x 80 mm x 0.34 mm)

of ionic polymers under a step
voltage of 4 volts.
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Blood-Contacting Biomaterials
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Protein Adworpiion te Diematerial Surfaces

1.1 Thermodynamic approach of protein adsorption

1.1, Forces involved in protein adsorption

Solvation Ineractions for

" A = AHus - TASu

Table 1. Types of sitrastnve and peprabrive fosven

Page 3

Amactive Foroe Rgubsive Foroe
v dher Waahs fonces

Electrostane minctions Electrostatic regulsion
Hydropiote: rerscrion
Specsfic imerscuizas

Steric repuliso

o0 (noa-apecifich

Hyitan




I BASIC CONCERTS OF SOLVATION INTE
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(Clotting is Harmful)

Aneurysm Treatment (Clotting is Beneficial)

HydroCoil Embolic System: MicroVention

html)

http://www.nIm.nih.gov/medlineplus/ency/imagepages/19243.htm

The procedure called gastroscopy involves the placing of an
endoscope (a small flexible tube with a camera and light) into the
stomach and duodenum to search for abnormalities. Tissue
samples may be obtained to check for H. pylori bacteria, a cause
of many peptic ulcers. An actively bleeding ulcer may also be
cauterized (blood vessels are sealed with a burning tool) during a
gastroscopy procedure
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Hemorrhage-Control Bandages
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Tissue Expander

Manual delayed expansion.
Predefined size and shape.
No ability to reshape by surgeons.

Silicone Gel
Breast Implants
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Biomaterial
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Insulin Injections
Without Needles
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Current Tissue Expanders: Hydrogels
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Copolymers of methylmethacrylate
and N-vinylpyrrolidone
The volume increase of 3-12 folds.

Hydrogel in silicone shell to reduce the
swelling speed.

Predefined size and shape.
No ability to reshape by surgeons.

Foreign Body Giart Cola

Fitrtdasts

- Fitrosis

= Mononudear
Laucocyles
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FG. 1. The temporal v in the acute inflammatory response,
chronic inflammatory responise, granulation tissue developme
foreign-body reaction to implanted biomaterials. The intens
variables are dependent upan the extent of ijury ereated m the implan-
ration and the size, shape, topography, and chemical and physical
properties of the biomaterial.

Continuous Glucose Monitoring and Insulin Delivery

Records glucose levels every five minutes.
Replace the sensor after three days of use.
Required to take fingersticks twice a day order to
calibrate the glucose sensor.

Sensor-Augmented System
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hanges of plicow-weative phaswe-reverible L,&..,.r.\..u.au We expect to see glucose-responsive, Insulin-
ing cell lines tested in large ani

five years from now, possibly much sooner.

SCIENTIFIC AMERICAN  April 1999)

Atherosclerosis

Drug-Eluting Stents:
An Example of Biomaterial-Drug
Combination Product

Interventional Cardiology
Angioplasty

1. A catheter is insorted through
an artary in the groin and snaked
Into the corgnary artery to the
narfewed anea.

Retnry  Fatty plagae

Balloon Angioplasty  percutaneous Transluminal Coronary 1977
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Restenosis Cycle
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Coronary Stent

1993

Interventional Cardiology -
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"\Arug-Elu{ing Stent
(\19_93/

//Coronary Stent

Balloon Angioplasty

Percutaneous Transluminal Coronary
Anaionl L

Artery and vain structures
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Interventional Cardiology

1999
/(Coronary Stent
m
Balloon Angioplasty

Percutaneous Transluminal Coronary
Anaionl
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Drug-Eluting Stent
2003

Bare metal stent

Unparalleled Benefits
Prevention of restenosis by drug-coating on stents




Business reports on DES

Safety and Efy,
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Two-year data suggest different raaes of blosa
elois and heart attacks botween the Cypher
siralimus-cluting coronary stent and (he Tax=s

ation of a drug-eluting
tions of devices that can minimize or eliminate the risk

e required in order to develop future
tent thrombosis™

- William H. Maisel, M.D., M. P. H

* Current Status - Need has arised to investigate behind the hyperbole for DES”

US News & World Report
December 11, 2006, p82

Time-Dependent Pathobiologic Process
After Stent Replacement

Thrombus deposition

SAM

Inflammation

Proliferation

Remodeling

7T 14 21 28days
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Candidate Drugs for DES

Controlled Drug Drug-Eluting Stents
Delivery System (DES)

1. Drug Paclitaxel, Sirolimus

2. Platform Stent

3. Drug Delivery Module

Reservoir Drug-containing layer
Rate Controller Polymer membrane
Delivery Portal Polymer membrane
Energy Drug concentration

Drug Delivery Mechanisms

Methods of Stent-Based Drug Delivery

(Martin B. Leon, M.D.)

Cypher™ Stent
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Examples of release profiles
of paclitaxel and sirolimus
from stents. The initial release
rate varies by an order of
magnitude.

e )

Proliferation kinetics of
vascular smooth
muscle cells after stent
deployment

The desired drug release
profiles counteracting
VSMC proliferation.
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Candidate Drugs for DES

Hydrophobic, Low molecular weights
Antineoplastic agents:  Paclitaxel, methotrexate

Immunosuppressants: Sirolimus, tacrolimus, dexamethasone

Antihyperlipidemic: Probucol

Hydrophilic, Low molecular weights
Antimetabolites: Cladribine

Hydrophilic, High molecular weights
Antisense

Ribozymes

Vascular endothelial growth factor

as that seen with bare-metal stents,

stained reduction in ¢
the use of sirolimus- ing stents, The risk of sten

E als Comparing Sirolimus-
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Stent Thrombosis in Randomized
Clinical Trials of Drug-Eluting Stents
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The incidence of stent thrombaosis did not differ significantly berween patients with
dn ring stents and those with bare-metal stents in randomized clinical trials,
although the power to detect small differences in raves was limited.

N Engl | Med 2007:356:1020-9.

Unanswered Questions — Drug-Eluting Stents
and the Risk of Late Thrombosis

Mainel, M0

Differences among clinical pro-
definitions of stent throm-
make it diffi to pool
studies for analysis and 1w com
pare stents. Furthermore, mosz
trials censored stent thromboses
that occurred after targeevessel
revascu ation. Patients with
bare-metal stents more often re-

bosi

quire reintesvention, and therefore
thrombosis in these patients is
censored more frequently, intro-
ducing 4 bias against drug
eluting  stents,

agement of coronary artery dis-
ease and have benefited many
patients. In the rush to bring

“hreakehrough”

cvents
solution is not to stop expediting
the approval of novel products but
o ensure 3 better, more timely ex-
change of informarion with the
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Biocompatibility Issues with Biomaterials
The failure of wholly synthetic materials to integrate with the

biological environment.

The new generation biomaterials
Newer biomaterials development to incorporate the basic structural

elements of human tissues, such as proteins, glycosaminoglycans

(GAGsS), minerals, and even cells.

Biomaterials with more interaction with the cells and surrounding

tissues.

One of the goals of a medical device for tissue replacement

The ability of the device to interact with the patient’s own cells and

the potential to allow cells to rebuild and regenerate tissue.
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