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2 Artiflelzllelge J.}.e
Jnrr Eh Jr‘-‘zo
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L own

— ®5hey a st iIn making

—«-sa;patrent S life better,

~ sometimes the patient

~ cannot live without
them.



~ Artificial

——

s -
J [l m—dul ef1n|t|on
for zlnl artifcia

Sicl rrurL, ade
” 2dical device

rétéd into a
ﬁatlent to replace a

~ natural organ.




> that it requires
%mputatlon

= © Prosthetic limbs (or
artificial limbs) have
been around since 300
B.C.E.
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~_Pro

IAEDIACES © leg
elfnl ,).J,,Jrac ”below the
khee.

\.J\JJ ';:

, A

2 5]l ce | ihe knee IS
== ,_;rer-'- rTéd these
_ J%Tmputees can regain
"~ normal leg movement
"~ faster than a
transfemoral

amputation.




~ Prosthetic Ieg (II

SMIISHRVOIVES the
raokEles nent of a leg
el ,)J,_] ed apove the
Jﬁﬂds‘ e 7

SINCE Sthe knee is

-.-,,—:~_.a-*’ Gved the patient

1as | ma]or difficulty

- moving (use 80% more

= energy than a normal
two legged walker!).

® | ots of occupational
therapy is required

\ ‘ J
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~ Prosthetic arm
SREplacesan arm |

Jm,ur- ed below
rr € €Il OW

"- —

’ J}‘ne types cable
_‘ ~ Operated and
— myoelectrlc




>rosthetic a rm-(ii@b

REDIEGES AN ¢ .m--amutat.ed ADOVE the elbow

-

) S)irice ir ]JJ\\ SNt ishare for
recflin) rurm- movement of the arm.

> Acjzlinl, CJJJ;;j I'myoelectric types.
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Willem Kolff Kolff rotating drum kidney (1943)



sibbon’s heart Iuﬁ machine

John H. Gibbon, Mary H. Gibbon and heart-lung
machine, u.d. (Art/Photo Collection, AG-054)
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— man patlent Was
:;.g”?—_,f-ﬁra%l982-. |
- e That patient lived

for 112 days after.
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/ rer oves waste material from the body, and when this is not

- W5

',_";Iy, the patient develops a kidney failure.

' ‘; - .‘
e artificial kidney, or dialyzer, is a life support system designed to remove
2: oducts from the patients body.

artificial kKidney



.'j' -

loes it work.?

used diahesis
salution

J BLOOD

Dialysis machine



I'kidney.

. ,
ho undergoes a successful transplant can return to
ence.

- gﬁf:éélight work is preferable, there are no restrictions apart
o) :aj_u‘jg drugs.

—- —NDW many patients with kidney failure stand a reasonable chance
- ata normal life with artificial kidney treatments and a well-matched

transplant.
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ROIINEN _)s.b-\r %artlﬁual muscles may
sEonieldiergans that work like real

hrn}.),“::: = j' =

— ==Pg ij;;e Y Gmtrlle drastically contracts
— = Wwheniits pH changes.

— 43

i e e capable of holding
— AFGTJ' rkilograms per square
~ centimetre. A human biceps can lift

~  a maximum of just over two
kilograms per square centimetre.
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Artificialimuscless =

W.0)E

—

rloyy cless

-
= S

= An AJ‘-‘éi"; ﬁically activated muscle will not

er OIFWear-out over time.

J \.N n electrodes are applied, the muscle
,:_j"_':_:" ~CC anacts

=-—=‘5'5' 4f5'é1ectr|c elastomers are still at a research

level but they have the potential to be
produced at a low cost.
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Brain Pacemaker

AHESE are mJJ?Ja
Irite) Enle DFZJ},E to Send q .,.-_, > DERDBRANL. o
élecmr‘,ﬂ S nafs used
LOFSLOP! T ngs like

** :ch -ession, epilepsy

,ﬁd«the tremors

- associated with

Parkinson’s.

SUBTHALAMIC NUCLEUS

SUBSTANTIA NIGRA

RS
\— CONNECTIVE WIRES
|

PACEMAKER
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mprove hearing.
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Where techinol

SOINE o *r 1€ other possible artificial organs
Stll| SIRFtr: testlng phase include:

r\rr; _c Iungs
- 1f4c1a liver
== ATtIﬁCIa eyes

__J._J-I‘ —_—
'_’:_.:-g

-~ —Artificial pancreas

—
—

- _— Artificial bone

gy is going




the difference between Artificial
- and BioArtificial Organs?
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= = c) Applications
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.' \.“
NBWiresearch field combining medicine, biology and
) Jm dng.
PUrRPOSES: - to regenerate, repair or replace diseased tissues

(0 ,_;_:; ~organs using living cells.

= - find a new solution to the current problem of

. organ shortage and biomaterial failures.

- —'g_p’

——— - ADD|ICatI0nS - skin, cartilage, bones diseases or injuries (ex:
e burns)

- heart valves, blood vessels, corneas, ears,
livers...
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tO'EJ%ér"ﬂt: every cell ty " ] —

View of a colony of undifferentiated Derived from human embryonic stem cells:
human embryonic stems cells mature neurons (red) and glial cells (green)






Siplaced inja cultlne mediumwith grewth factor:
WillShe placedtinta bIoreactor.

Nutriments
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Applications

Potential stem-cell
therapy applications

blood
leukazmia
sicklecsll
aneemia

spinal cord

spinal njury
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OARTIFICIAL LLIVER™

THE HEPATASSIST CIRCUIT pa— PLASMA
ll.{lkvbh

PLASMAPHERESIS
DEVICE

cnosssscrionor  HEPATASSIST® BIOREACTOR

HOLLOW FIBER MEMBRANE
THROUGH WHICH PLASMA FLOWS



510, Engines Implantables

BioArt‘ificiaI Liver

2 Dagj Jn-d LoNakeplacerofatliverfora
0oreor) JJ_' e [IVer

2 Polyrigr e |d liketmesh used as artificial

‘/_]J‘JLI“ eresembling that of an actual

IIV:-)E-

.
e — .

c

9.:: tf'—ned silicon wafers serve as molds
— '_jm’polymer sheets

p—
—

b

-o Currently being tested on pigs

® Clotting issues A. Liver
B. Hepatic Vein
C. Inferior Vena Cava
D. Portal Vein
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2 Blo-zriflellf l]\ er: ""' ould'be able to provide at least 10% of liver

furietjorlinle] =

— Il racj_ﬂr-k 2 proxmately 1010 hepatocytes
SOLIOVETSY! e’; the use of: porcine cells due to possible transmission of
mre,c.l)b =t 23
rl—‘l‘ c rr 0 es and plasma have very different physio-chemical properties
e — pa cytes do not perform well when in contact with plasma

F|"\7e a very high oxygen uptake rate

-Hepatocyte cells undergo a lot of stress inside of bio-artificial liver
—‘.— = = 'Any stress above 5 dyn/cm? renders cells useless

L|m|ted volume of the bioreactor
— maximum blood/plasma that can be safely drawn out of liver failure patient is one liter
— Difficult to achieve 10% of liver functioning within 1 liter

e Makes Bio-artificial liver designing very difficult
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o e ,Jrrmr']f Dancreas is a promising technology in development to

nel,) Jug i persons automatically control their blood glucose level
0Y ,)_n: )Y injg the substitute endocrine functionality of a healthy

el Cheas.
——— , —— -

j""‘" =
— ):-G_p’ >,

- -—

“—: 0 There are two approaches : the medical equipment approach and
= _ the bio-engeenering approach.
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IRRYPE 1 diabetes, insulin-producing
sEllSHnitheipancreas are killed by the
__c)gc VIS Wh | Immune system.

'j‘TJT' prototype system comprises : a
~ _ glucose sensor, a handheld computer,

and an insulin pump.




Prawbacks :
_'.‘_.. ‘
:5

-
.o

e lm,)l-' ble sensor Is inserted into a neck vein leading to the
Heart: ; 3

e The mathematical programs needs to be refined.
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> {ficial pancreas designs come in four physical types : hollow
IIErS/ Capsules, coatings and sheets.

s ——

- = coating @'}

- 5
- -
« capsule *,

suENu, N B
h hdlﬁber " . %
& e -
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Artificial pancreast™

fHeio-engeenering-approach

The “Bio-artificial Pancreas” using Islet Sheet technology

Cluster of islet cells
(produces insulin, amylin, and glucagon)

Encapsulated islet cells
(protected against autoimmune destruction)

Biocompatible outer layer
(implant will survive without a fibrotic response)

Semi-permeable material
(allows diffusion of glucose, cell nutrients,
and endocrine hormones)

Weave of synthetic fibers
(adds strength to the fabric)
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EXPERTM ANQAPPW
COMPUTATIONA D DYN IN THE

DESIGINL GO A IN-ADSO BING

By
A.K.M. Podias and Y.F. Missirlis

= . -

BRITE EURAM II project No. 7516



Mojtivation of the present:
1) ——

=)

jliereNsiasneed o heparinize patients
Uylel2ejolsle) Zgid acorporeal therapy
@riticial Kidney, Pump Oxygenator). Many
of T2l 'méapable of sustaining any of
syicsiepadl Irin because given its permanent

3 JB!—'.utL “condition it often leads to

& Hae orr'ﬁaglc ‘complications.

;’—: ',—"'”, =

-There‘ is a definite need for heparin
elimination just before heparinized blood

returns to the patient's circulation.




Her ar—AddeEipg De
oncept

SIS our Jm:,,: "o contribute in such a way by the
development; c

located at the.

filter unit, us‘r before blood returns to the patient

-_-,_ e
u\.‘ --_
e

= jflj»;, aA D. operates as a

o and
=¥

A—o
== -.‘bmds heparin molecules

—. -

— B —

-~ = - —— -—

that




PaiieRexperimentalievaliationtof ther fluid s
mecy; mcal charactems’rlcs involved in the
LJJJI‘ process

»alihe xper'lmem'al evaluation of the heparin
el or'p’non kinetics during fluidization

e ‘development of a mathematical model to
descr'lbe heparin transport & its removal by the
dlsper'sed polymeric particles contained in the
heparin-adsorbing device

r ‘o'. :
‘ ‘*‘ "[ '/)
( 3



Examined parameters, .. —

J—
“‘.—dx
——

Pariicles s ] ibutior - —a——

J)JI*J‘J”J conflgur'ahons with respect to the
po) ySa zcharide layers and the surface

grafive d ‘poly (amido-amine) (PAA), as well as,
S0 the rigid core of the examined beads

. p— S~ _——-—...
~ — —_— -
——— -

-— T —

= 'Frluudlzed Bed Design characteristics

One Columnar (CFB) and two Tapered (TFB) Fluidized Beds with angle
of tapering, ©, 5° and 10° were used for that purpose




Whathishaliquid-Solid, Fluidized Bed 2
Wheniis the Fluidization regi:n-e'-) o
established ?

. - —
e
ANHlidizedibed is formed when the.
pargiciesangiesbediaresingdynanic -
equiibritmeslinesgravitarional e
puliSEhespariicles ‘downward,
yhereassthesfiuid drag) force and the
PUDyancysforcesare exerted in the
ipwardsdirection(Davidson: and
R arsoNAO7 ) =

gHicadrageforce is constant at any
posiTionIwithin a CEB of uniform
particles;-whereas'it: decreases in
— : e ) . . .
s ihelupward:direction when TFB is
s=—ronsidered;, as the superficial

s
X

()
*
()

= ve ocity of the fluid decreases also. » (2
S —

~ *  The particle phase is comprised of
~ “Biosil-Dextran-Poly(amido amine)
~ particles, whose diameters ranged
= from 125 to 1000 pm. The liquid
phase is a saline solution or the
heparinized whole human blood.




SLOW FLOW RATE

(a)

EXPANDED
BED

—+— PNEUMATICALLY
MOBILIZED

BED

HIGH FLOW RATE

(b)

|

INTERMEDIATE FLOW RATE

(c)




—~— Experimental part;
Materials andimetnods

#Polymeric particles........ -

'A' ‘:

s s e Y
“F=Biosil-[Dextran-PAA|-HCI;
“G=Glass Beads-OH;
H=Glass Beads-DextranT10-500;
I=Glass Beads-Dextran-NH,-500;
J=Controlled Porous Glass beads;
K=Chromosorb-aw-DextranT10-300







* Columnar Bed
* Tapered Bed (6=5°)
* Tapered Bed (6=10°)



Tiapered Fluidized Bed
gimes. & = _—
ical pressure drop results

_—

*  onincreasing
A ondecreasing

3
-
=
<
_
z
B
=
-
&
&
1
=
w
4
Fl
2
H
<
1
-9
-
T
F4

I: Fized-bed regime
IE: Partially fluidized-bed regime
I1: Fully fluidized-bed regime
1V: Transition regime
V: Turbulently fluidized-bed regime

u,,~0.016

0.01 0.1

Superficial fluid velocity at the entrance, u, (m/s)

Partially Fluidized bed

Fixed bed Fluidized bed B-C: B-C’

A-B; A>-B’
0-A; A’-O ’



Calculations at the dlffer'enf
regimesy

L1{ Y
2 &0

aﬁ. D DﬂDZ+D D+Dﬂ
1 Annulus (—APN)=C1(H—Hb)DDO Ug +Co(H —Hp )220 b U2+
b

0
3D°D;

et 23 (2% (2

Fixed bed

Partially
Fluidized bed Fully
Fluidized bed
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Characteristic fluidization velocities

—

andfpressure.dr

p,=1990 Kg/m? // d =600 pm // ¢.~0.86
| TFB [D,=17 mm, D=26 mm, H=52 mm, 6=10°, £,=0.38]
AL, X 105 U, X10 U, x10 (-AP_»)
|| mvs m/s m/s Pa Pa
s 0.525 0.757 0.324 406.10 308.62
2.0 3.0 1.0 390.78 331.82
e p—=1990 Kg/m? // d =600 pm // ¢,~0.86
e — CFB [ D=26 mm, H=52 mm, £ =0.38 ]
— || Fuidization U, x10° U, x10° U, x10° (-AP_ ) (-AP_)
= | | Parameters m/s m/s m/s Pa Pa
= Blood 0.323 0.323 0.323 382.68 308.62
< - p=1056 kg/m’3
e u=3.45mPas
PBS 1.0 1.0 1.0 341.91 331.82
p=999 kg/m?3
=1.01 mPa s




E\sg\, imental Obser'vcmo s &
Gonclusions

aGomparison of' the pr'essur"e drop' / flow rate (or velocity)
curvessior fluidization and the reverse process (de-
jatidiZation)isuggests that the operation of liquid / solid
'uj)\,;ur 5 fuudlzed beds is history dependent.

~ Ji2 tcur'r'ence of hysteresis is inevitable in a TFB. It is
— ob erved that the pressure drop peaks at the minimum
== Velocity of partial fluidization. The magnitude of

e
+ (=4P_ ) far exceeds the pressure drop under fully fluidized

~ conditions.

—

| > It is shown that this excess increases as the tapering angle,
6, increases.

-

i

; —
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e
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et

—_
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EXpeniy ental Observa‘riop__ﬁ&;,
Gonclusions = =

- Al Adicaivefeature of e ) esPec:ally an advantage over
SBIGEB S that, the velocity of the tluidizing medium is
Elaivelyshigh at its lower part ensuring fluidization of large
PUIEHICIES) and it is relatively low at the fop, preventing
yrainy nent of the particles. So, we can operate the TFB with
I)Jr* clesiwhose size distribution is wide.
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Biome edical applications of the .
presented numerical siu Y

¢+ The c posmon of cells onto surfaces in biological
I)IJJ(")s\

- T nﬂ rrl'r'olled release of drugs.

. ~ellmma1'|on of hazardous substances in, or
== ‘bm biological fluid streams.

,...4

= -The adsorption of plasma proteins on to particles
I with specific ligands in therapeutic or preparative

aphaeresis.




jandardshBiomaterials, Jesting

SEUOHdecuments 10993 (FDA's vers NHGO5):
— 1099S-1k Gwdance on Ser‘tlon of Tests."

— 109932 ’j/ I el fEr e REGUITEmERTSAS

— 10998-5¢ ‘Tests for Genotoxicity, Carcinogenicity, and
eproductlve Toxicity."

— 109Ye5- 45 e 'Selectlon of Tests for Interactions with Blood."
= lo_)f' -*‘ “Jests for Cytotoxicity—In Vitro Methods."

= *'l:@ 993 3-6; "Tests for Local Effects after Implantation.”
== _.1_6_5_9.9_3 -7: “Ethylene Oxide Sterilization Residuals."

—10993-9: "Degradation of Materials Related to Biological
‘ Testing."

— 10993-10: "Tests for Irritation and Sensitization."
— 10993-11: "Tests for Systemic Toxicity."
— 10993-14: “Materials Evaluation."
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aemocompatibility Testing of ..
MEmbranes Developed for Bioégjﬁtiajp—

- Organs'Applications”

rotein adsorption
'_I._et adhesion, activation, aggregation
—activation of the coagulation system

e

= —complement, contact activation

~— ——

- —haemolysis, toxicity testing

= « Methods:

-static conditions

-dynamic (steady / pulsatile flow) conditions




ANS: BIOARTIEICIAL LIVER/KIDNEY:

LLOW FIBER MODULES / PROTOTYPE

. . “. ‘b
" Modules were designed and

constructed by US-BU.

A fast setting polyurethane
resin was used for potting
(PUR725A+PUR725BF, Rohm
and Haas) with centrifugation
to minimize wicking.

Fiber length was 136 mm and
the number of fibers was 35
having an id of 500 ym giving
an internal fiber surface area
of 75 cm?Z.




ARTIEICINBORGANS “ POIYMER SYNTHESISH

_ (both mem dﬁdllovW

: d by GKSS using an acrylonltrlle copolymer

.

o~

‘comonomer  for " reactive amine groups

J to the following polymer structure formula:

Az

-" =~” CH,
=
]n“[CHz -C-]-
= —— --;J |
"~~~ CN  O=C-NH-CH,-CH,-CH,NH,*HCl

Membrane cut-off was 61 kD suited for exclusion of
proteins in a bioartificial liver unit.
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XRERIMENTAITSE TUR

Parameters: Platelet retention and activation,
activation of the coagulation system.

4 experiments per material

DYNAMIC CONDITIONS - MODULES:

Contact time : 60 min
Mode : Continuous (5 ml)
Shear Rate : 250 / sec
Medium : PRP/PPP (10ml)

Parameters: Platelet retention, activation of
the coagulation system.

3 experiments per material



Ck em||caii'l ‘Modification to |mprove
thieBlood Compatibility of Polymers™

D) bﬂﬁaﬁ!)pgl‘”-".'v. AT TPAN

SING| MAS|(negatively charged)
SINVPI(hydrophilic)
ETAEMA (amine group surface)

. EPO Patent : AN EP 1115145.3

Membranes made from P(AN/NVP) -
copolymers with both haemo and
tissue compatibility and their
application in the medical field




active Co
Vascular Connexion o

Fllament/Cap

- Stimuli-sensitive, degl:adable

= blocompatlléle S s
-+ pH sensitive gel structure or -

fast degrading hydrolytically
degradable polyester/enzyme
combination - optimization with
respectto pH sensitivity and
degradatloh '

%caﬁold Design for Im

ue-Engineere




Patient
Transplantation
Surgery

Computational

' Madeling
Moleculur
Polymer
Processing
Material \
Science :
Bioengineering @ Bioimaging

Regenerative
Medicine
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