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TN Hig, 24 34 #E14d, Ao, ALY A2
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3] Aol FAIE HA LA st YR WY
2 &40 TRA ARANE Dt B1EY
ok

o

)
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Table 1& A Azt BA3 Z43le EA
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Table 1. Characteristics of Biomaterials-Associated
Calcification

Substrate ; biological, bioprosthetic or synthetic

Anatomic site/model ; circulatory or connective
tissue

Mineral composition and phases

Location of mineral ; intrinsic or extrinsic

Factors/determinants ; host, implant or mechanical

Crystal nucleation site ; cells and/or extracellular
matrix

Pathobiology ; role of membranes, and enzymes
and other macromolecules

_____‘,tissue .
t 7 -cell  blood or tissue
/ - -
4 - 15—y
/—-—— ——\
A. Intrinsic B. Extrinsic

(within insudated.
blood elements or
ingrown tissue)

(within material) (within adherent tissue
or cells, e. g., thrombus,
vegetations, pseudointima,
neointima, cell debris)

Fig. 1. Sites of localization of biomaterial-associated
mineralization.
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T AF FT 5 A 23 Bae YA 248
7 Aoy aiat geke o)A gyt ot
= Aog AL gtk Z3hs hostd] AR AL
H ol E A Age) Tz} 35ty EA 2
e, w3 VA Ho R HEH RME Dot
oh

2% o
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ro oy oy
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B 355t 2 Anderson® 2 A E Fo A 53] AH
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I A  dE v Y A4 g I
3kt

ME QL R 89 9%

A% 8 2 xad g3 AEsHe 23
A4k ZAY ¥AY AU O 4¥e] A

i

(IIOO h

CO,, Vitamin X
e .
CH, Protein Carboxylase
|
Glutamic Acid
in Peptide

7t 2 ¥ PAT YHS WAV QP A R

AR ol iy dojE WIFZ BE
P ME 27Zto] §AF Uuhe] 7HF oliZe]
XA olHo] Z%d A g i =H
A#E olgelolEY AL shHtia 7R
th, =3 QA 27 #ute] o]AHAUS W 2719
Zgahe ol A=Y The] 2 e] WA o] 431
Az zztm gdoe) slon A& Fepxld] o3
A 2437} o A48 9ot Harasakis®e 2z
#3he] Al o] AAE MEA dojdti B
kL ol H T o] FYA LA#slE A7HA A =3
gotolu} Ho gxe] oA #AFT B3}
grt. 53 go g A AXe Ei YHES A
23 Z43 A4S e 712 AT AR
Zz 243 3 QL Yo, PollocksH &
Biomerol A Zr#¢] 27] #¥Ho] AustE U
gx Fristgor. =3 HAE A2 2H s g o]
#gt 28 AWAEL atheromatous plaquestt E#
Yo &¥a o] glom of AAFFe] JAXE
(phagocytic cells) ol 9]3jA F&H 3] 2] 7] W&l
Z58S o3 HETD At B

xde 4%

AZHAY T HE T2 BHL o]dF M4
oM E (fibroblast) v} @3 W3] 22 TA" {4}
Wk FA4eA Hedl, ol KA ko] T4
A7 ¥ HE cjololx e FIF FF G A
Aakzgro) AH s o] Lt Udo] ©rh? g
v HEge 2HE ojEg dyo] flox Tt
gojubr 2 Coleman$¥e nj4 7|x 9 #9937 2

N

PN

Ca++

_ 7N _
UOC\ /CUU
C—H R
|
CH,
FaVaVa\

7-Carboxyglutamic Osteocalcin

Acid

Fig. 2. Formation of osteocalcin by glutamic acid

DNEXMEY J|& A2d 13 19919 19



& Ewe) Bl %ﬂ}e} ol Y F2Y

. Eg Zegd® 179 Hexsyn7|24E AES
Moz A FH °‘°WE oj¢} e AP
w17} #a= ok HarasakiS*23} Henning 53
T ®9e] Al # A7E sy 2182 &
Ho| Yol The A4 ap} WWEGT G Wy
Coleman5*& ’\}7‘4—4 <8 5“3 o= A3t
l 9\101/‘1 71A A

v
]

Lo

$¥o] Z#3E 7}%*171“ A
man 2 "AMg AgE 7|AFH
#3371 "oka AN wEiA 2
Eahs B HA 7] AAYY v
A7} Z#8E AwsAY, dEFo s ZaAd
Sl Hhgoleta Fastgrh M ojge FHe]
Agely vlA 71E7 ZEE AFATle Gdn
AAE R 2A 23 8 49 Az &
g3 "dka A Qi

Z1AH 84

) Hx 9 uga 4% @ute) F3 B Q)
oAX Ze ARA 9 FHL 235 VTS A
A Bk ¥ B8] go Pxo| Agshe dojo}
ZPo] gAY gAY BAIgle] I 3o 39
Al GAEHA dojrhed], oJALE KE 7AHA
aQlo] Zx3E FIA=H F88 d8E e

Aoz B F Ut F ZEHES TSI R
BAA7 3 3 wAYE 2L B Jdgd
A FBAQ) do| WAEA Hrh, olaF Fo W&
o] a&2e] domain +ZE WA AA AitAHF
ARG golsl gz Azstm kP =@ o
A DY E Do) 2§37 JdoA Zlsye
o] 29| %3} g £ 8 dAHo R ZIIAAA o
9] FEol Bolx Z#syt &Egn Bugle
™, % Wouter5% Zz|$-deto] 7)AI RS 23 W
FErod HEeg FH A do a7 oj9x A
Foll 1&g dge) A4 2 AB2FH 2
g3l 3 pHel Feoz Qldte Tzt /A
#Hoka B usrgch

Zg ol 4% 24

'

di

34 FAsES AT AL AAdn
ZRE #A3tgr), 3 PollockS27e ZH4ro] &4)
she S eS in viveo] A A Zdlrl 24 R
FEASE Vet ol ZIR HH
Thoma$¥ e o] 2@ Za|oaete] ¥ dashe
HYo g HE] T ol2E FE8d @40131 o] A

o] EWI 11 Qo] HRAo 2 A FEE Mfﬂ
ST ARHAT, BeA lele 45 e
] :6112-1 o2 %‘ﬁ‘«] x17<4 i %‘_% 33/% ‘],}‘_;_

A dAZ st ok =3 15 H2
Glasmacher 241} Golomb E*!0] in vitroo] A Zz)
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253 4A A AHg

Za3E WA8H7] 93te] A2la A< phos-
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4 coumadin, #
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AHA & ARSI Tk o]E FolA A 2
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Table 2. Inhibition of Calcification of Bioprosthetic Tissue by Host and Implant Modification*

Group Duration Calcium Inhibition
(days) (pg/mg) (%)
Control 14 135+ 6 -
Control 21 155+ 4 -
Control 84 219+ |4 -
EHDP, systemic 21 4+ 1 97
EHDP, local(minipump) 14 4+ 1 97
EHDP, local(polymer) 84 16 6 93
APDP, cuspal pretreatment 21 24+ 7 84
EHDP, cuspal pretreatment 21 114+ 10 24
SDS, cuspal pretreatment 21 19+ 4 84

*Subcutaneous implants of glutaraldehyde-treated porcine aortic valve in 3 week old weaning rats.

W FAbz BYskn Yok Teut o] RASE syste-
micE oAl We ARl AE RAFES fABTh
3t Q2L £%AQ ethanehydroxydiphosphonate
(EHDP) 7} s o ot ¥24go] A 7
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B} 1008 He ol A7) o), BEE
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Na, EHDPg 3 vlwd 84 Ca, EHDPYS &F
& Ak ol B Fof vk ® 3t
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IRAAES W ZE3rt dA "] EJAHASY A
Zrol whetk BaEE b el EA7E A Y W
23y gyozy AMgFHo & 7|&9 EHDPY=
oeld wAS WEe A 23 Aol e
EHDPE Zsdoz FAAZo2ZA Higdd wHlg
FH¥ Ca-EHDP7} GAIZE o] 2A] Af Z#3te]
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olejzro] e Zr#3} oA Whio] HEHoz

IEXIDED Jls A 2A 135 19919 19

3. Cuspal Loading

2. Controlled- Release

1. Systemic Therapy

Fig. 3. Diagramatic representation of three major ge-
neric approaches to prevent bioprosthetic heart valve
calcification.

TEHL JAT 7HF FAHe] e 7le2 diphos-
phonate?] W& 4% 9ol 18U o A5
Ql A3l WX HFoezA 4A A7 e F
3hate] Fig. 37 o] systemic A} 89, 3% A
Ae 9 o WE 2HIE Hdske Wlol At
gz girk.?

ol =94

Z#3lg oplste ZEe ¥Pol2onz A
Foles Y =93 HAVNH wndoz A
(Ca* )9l F2¢g A B %7t I8 F9
t F2 og9] 2717 dFE R Qloh

AAAE 28 (protamine) & A#3h= WY
ot} %2 gJutHo 2 A 23 wrte FFeaY
H3]=(GA)E =g A%3s=d], Golomb & o]
GAZ} A =2 wete] Zebdl 5 2] (lysine) 3
FAEE A AR wgto g <lsle olo|iite)



ool golee o] P wtM #F
(Cat*)g FFaA she AE hedx 7Pgst
Aok, A 15 G4 dlEl] Z2e &
Ade GA 2 E2Id =g} 87 Abgsle] 49
thd 22 9 Z2H type Ioff AN AA a3t
2 ZES Ay Z2eug Arhe 49Ut 456
74 8p7) AAage RIsET. 182 oHd LR
etwlo] ZH45sl A A& VI1Fe ZREW F 475
%< 28k Qe otz ide S Fol WE
o Z#rel AAS e 4 A Y $E I4E
HAre & F e FeYY AR ez Hu 9l
ot e o] A% AVIzke) QbR A A

oA m A2 Holglrt,
Zul A= g 2ulgo 2 AxE st wpH o]}, 9354

AR 2H skl ke ofd ofelut #2 AR
ANA o AF dojur], 58] ARAT s W
Zof FEWFAITT) FHoE A3 3 ¥

o=

28 P A "}, ol2d P o2 X E Webb
o 420 g GAR 7hu A F 2UHA FxF
= ‘ﬁi}%}:'?"“]ﬁ 59 g AAANHE W 7
HNelg Axd dsdFuiEd EHDPR Az2ld
AN 2453 A aRE BYokn dRskch
7tz A 9] o A
AT A =37 Bt QX A3}t 2} A A o)
5717F GAZViLA| #4A| 9] o2 34 sta Hara-
sakis™ & GAhAlo} 72 R rioln|=u} Eelo g
28 diglyceridyl etherg A2] idell *elsld]
AArst A3 diglyceridyl ether7} A 2% ot A
Z A A 7hed taAEkar ARbetg e gt
252 7k Aevl Edd F9% 4ES 02
7b38dch 39 Okoshi $%% 2-& WA GA
ti 2l glycerol polyglycidyl etherE Febal 2 T
230 g o FHdl oldste Lgol Tl HA
FH=e A& gAdsrh

Ja Ed

L3 Ag A vl A = A 712
7118 ths 71 o)l Q1F AEE Etdge] o
ololz Yo} FHS Ao} ARFoZA HEEE

2N o m\-J

A

2

243e) A9

In vitroA 8

23t 42

Hol in vitroN B o2, A& A AP 8 FAo
]

U HAE AL 227l s st

lo
fN
aY)
2—1-4
=
fnl
L
4,
e
e
b
fats
r1 r
o

E7} g4Etha Qelds] el Beste Y
N BEE E2E 89 A4 BHARG, Tel}
Ho zelvdad oY Ast Ade] AE H¥
gl 2487} Yolurha nag ol AT 4
2ol Gt 89 sol Be APt AU F
slol s Aofsteiol St vl ulE) st A0
D R FAF £, Ggo)t G A
59,60

(Table 3) 58 o]&sldd A L A vy
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;LQL q t} Hogy 8 AR AV F F
A~

Table 3. Composition of Physiologic Serum
Solution
Reagent Composition (g/dl)

Albumin 5.0

Na,HPO, - 12H,0 0.065

NaH,P0O4 - 2H,0 0.007

CaCl, 0.028

KCl 0.030

NaCl 0.819

NaN; 0.2
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