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Fig. 1. PGA gel treated lower HCL concentration(0.03 M)
and a shorter treatment time(5min). A : PGA
solution, B : PGA gel
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Fg. 2. Fluorometric analysis for extraction and purification
of poly—L-guluronic alginate(PGA)
@ Black : aginate extracted Laminaria
(2 Green : ethanol purified Alginate
(® Blue : commercial Alginate
@ Red : laboratory purified Alginate



AolE S olgF B A

< .
=9 /874 :

E7olM] dgA AL

Fig, 204 PGAS] &3+ HA|9] dAlolA &34
Z(fluorometric analysis) V42 A|3§st Ailo|c}
AR F3S sHA grom® HAIE PGAIA Y] 32
E 9= (polyphenolic) ZHghEo] ehds] A A=A &2
Aeet & 4=~ ot ¥ AZ(Fluorometric analysis)&
A A Eeuls SEA dEVIE AASHL, w4
(carbon)7} AHE|Y=A] FRIT 4= qlom, Aoz
s] FAE PGAE ¥= 4= AUtk AAE PGAE
S 7Y gAMolES} Hlw A] FHETE "X W
A5 YEaL Qlok, weba] 2 Akl ARSE PGAZE
Aol AFgElole d v AAZE =Tk o 4= Qi

2 Aol AREE AE %%% FAHEAE 7HE(Ory—
ctogalagus cuniculus) 31, FA 4kg ]-El 5utg]E o]
g, dixds 7Vle @uxdE LA (Inte-
grisallure, Philips, Netherlands)$1! A (To—
promide, Ultravist 370mg I/mL ; Schering AG,

Berlin, Germany)S F¢5l0] JAS IESIYLH MAS
of AgH ZHE 9 A& 552 o33} ZrHTable 1),

Table 1, List of catheter and embolizm set

[tem Contents

(D PROWLER 10(Cordis Neurovascular, Inc, A
Johnson & johnson company, Netherlands)

Catheter
(@ Micro Ferret(Cook, USA)
(3 Excelsior SL—-10(Boston scientific, Inc, USA)
Knife handle, Knife No. 10, 11(Sheffeld, England),
Embolizm Kelly, Scissor, Forcep, Mosquito, Adson tissure

set forcep, 1,V Catheter, DESILFTS-HOFFMAN Intro—
ducer set(Cook, USA)

I &8 18 % Z1f

PGAE MZgo] 285
o] PGAS] A &84
ST 2EE ARSI, AeUE Z(injection pump)
o} w|A|Z}E €] (microcatheter) S 0] 83te] HOJAIE
Blies

mlo
{127
ool
_O|L
5 2
41
4 o
_Ui
=)
mlo
o
FO
o,
_&

(simulation)&-

A v AZFE e (microcatheter) & 2% FHFo] 4F

5}, PGA(0,5 mL/min)E Fst & g3

7] HB*XZ(syringe pump)Z 0.3 mL/min 3=

(balloon)& AT A (A5, PGA o] <
w3

Z& SIskoTh PGASF Hskdad Wy F9F ol
= ]Z_ lﬂ 12 o]q-])oﬂ 7112. oﬂ/ﬂa]-_,_ E—“o _ﬁ_a%mi
75 Sds] HAHFs o 4= AN D}(Flg 3).

Fig. 3-AL W= AP {8l A=k

For 22N sl EL PGACE YPUAA 9o
7HElE e dsbdes AL, A8A ZHEEE
(balloon)S HZs}4tt Fig. 3-BoA= AA| A)zt= &
134 FUE e 7HEEeE FA4S Adskelal, Fig. 3-C,
Ex 2 595 WolA sakde=m :9ld PGASH
"éﬁri’:_fro] agsto] Wiito] AYAl= EFolt Fig.
3-C, DojlA PGAQ} dﬂ%ﬁﬂ ﬁ%w”" e, PGA A

oz = M

Fig. 3, Simulation of embolization using PGA and CaClA.,
Instrument model of simulation, Green catheter :

PGA White catheter : CaCl,, Black : Balloon, B,
Glass aneurysm, C, D, E. Formation PGA gel and

embolization
2. JIE QIEEZ MNM= U XY=

e ROHY & sube|o] 7S tiem AR 4l
A MA=S AlBdsto] PGA o] F& AW FHF
MAERAZ 871538k d3) At A& (endovascular

_63_



4P 71&318 Vol. 32, No. 1, 2009

occlusion test)Z 3l ER1at%T) V. & 5! &E

HA ARFER 7FEE A4 AR 4 mLE o]-83}o]
skl JhES & diede Atk 95 A AAollA] 7)o} 2ol Fyt wut wWIEA
I dises 2 & @ 2ge AAst 5 AlE (devascularization)7} W3+ 7#$ 7lEES g Fn
o ERE IRIsIth(Fig. 4-A). 25 A5l n]A| o AFl3tT MARZL sl EE Ealo] ZQl5te] tiAt
7HIEE AU & PGAS FUsHAAL, debdse 22 g3e u= e MAbolela it} #A) ARgsla 9)
Hros FRekgich o8 Ao & dieat 549 L g uzel MARdaEE AZ pyA, 7Y, 2y F
AZE A|ASIEL, @8 2Pes AAEte] @RE ¥ A, Fgeoel2, NBCA(N butyl 2—cyanoacrylate) 50|
sttt Ei 29s 9l dewiat S-S54 dd AT MAEAS At wi= Fxto] A A A
TS50l slEglon #5 A Fie FRIEA] ook o HJA 7z e EeA A S AleY
tHFig, 4-C) gold 5= Estoiof ek A AlA AP“S’J 80% ©]

ol AET ol PGALL H3ld<ro] Agste] A ARS 2ABEIL Q)= PVALE QA UloA] FER] g
PR A, DN 5ES e8] Adshs A A MAEAZA g ALETE 9z I YAE
Bt FEEH vEht oGl Ut MR F 5 o] & w3, gzkge) Byt Eothow FU3H 27]
3] AAIste] PGA Zo] A5 UjoflA Axdo] = &l o] r= Ar| oz, shHE L ual Al 7pZo)
o] B55 fds] Add o = Al vHESiA E}ld A vtks thdo] QP dat XH7H%~,°: o] Zure
I gAol 55 glo] &As] AkES & = Ak ® Jol J Qa1 FUsH IS A Fahd o] MA
St 2 gXAX]7Hactivated clotting time)©] 4t 28 9] o] ojgjon] WW Holo] Fe Eulsiw W Ao &
e wA e PER A5Ue MHAA Pod e ATES 2T

% Guglielmi Detachable Coil(GDC : Boston
Fg. 4. Angiography of endovascular embolization with 6 Scientific Co, Fremont. USA)I} TRUFILL DCS De-—
wit% 0,03N-PGA

A 1 In sequential artery-vein injection method, First,
renal artery and aorta leading

to the right kidney was ligated and blocked blood
flow, then contrast agent was injected through

tachable Coil(Cordis Neurovascular, Inc Johnson &
Johnson Co, USA) G5 Mg Az A| ¥Hgui It
A(intraoperative rupture), S&Z(thrombosis), T

SE(coil escape) O WHFTOl AL A

aorta to see blood flow to the left kidney Murayama 5(2003) 1197 Wig I MAeS Al
B : In sequential artery injection method, PGA and "k 81899 kAt 5 197H(2.4%)004 A& 5 Thdo| ¥
CaCl, were injected through renal artery sequentially MEEIaL o] = 1290 AlFSHE Ao} o) 2hyS)
via a single catheter, gom omo] Aplstyrty R uskack”. E3t Sluzewski
C : Redinjection of contrast agent after removing S(9001)L Wi Fol MALS Ald ke 9g47f] k%

ligated aorta showed blood flow to the right kidney

WE = 71(2.65%) 0|4 Al glodo] BFANE o
but no flow in the left kidney making it invisible in 7 S Tl )oIM Al shde] AsElaL ol

% s AAska Aol ofsbh WAISHA gioka 21

N

angiography, ) } 18)

This means by a complete blocking of blood flow of Argeteletal Halstgltt ™. Raymond 5(1999)2 75
due to gel formation in vascular bed of the left N F 67H8BlA A& ZF TFdo] LS, ©]F 31
kidney o] APgelal 37> TSl Hal sl Als &

ofd S AT 278 F 99(33.3%)0] AFTHY A L
olst2 W1 99(33.3%)0] AMgstct?. olHEt 71&

_i



§_].

ZAHo]E AS 0]

: =7loMe] AEd oAy

o] AAEAC] 7He wAIS Heskaal PGAZE 7t
=

ool FEE=  Alginate= S-D-mannur—
onic(M) A} g—L—guluronic(G) 4AF ZFEE59] H3HA|

2 =] 9ok Alginates & W2 A A4S 7t
AH, s Ay 24
(polymer films), A& 9 G4, FA &5, oaby A
A, AAEE T3 T2 AT HRAR Tt
ofol Al AGEH, ZA(gel)S FAHT 4 A o] 9
MHEA= ol8E7] 93k Alginate el ges R

222 2
(pyrogen)o] oA, ThilEl 3| @ E]=(nucleotides),

(drug delivery agent), =%FA] 2
=
=
LU,

T O

AL

o

Fa%, Eels(olyphencls) 7 2 WoHSRY
B Af2e AEsH] ARAE 7P glojo T,

el AlEst Hoj9)= Alginate= ZE]=2] E3HA|
U gz s B4R 5ol IRl o] o HE
ol= AAY IS AAoF gt wekA FxFHOoRU
AESHY A3, FA 59 THA kel Ejid
PGA(poly—G alginate)& & Ao MAZHZ AR}
At PGAZF AJA|Q] 3 Mgof o] &7 HEgh
A 28-S sh=A] 7HEQ] 4lE o] PGASE b
(CaCly)S Flote] AHst Zut A4EH YollA PGAZ
o] THEolA AlEE

ARG

1 z] 0
L_EXE]—C

ol
Fﬁ:
=

F‘o

Rlood &
fr r2 ox oX

=

rlO _])~

O
j\li _I)f

=

ox mx 52 2 K

o

3%

ik

TepA PGAS] St Helldel 28, Fus
chd WEEY, PVA,

Wollxle] a7 Azt a5,
Gelatin sponge 59| A Bzlao AR T 2
Ue M2 FEO 8 MHEdEA §-88 ZlojH,
PGAS] A §A] Al7H(activated clotting time)o| 2% 9]
W2 e grons MAs AR OS5A1E 5
Wgo] ol BeuHEe] Hgol et msh
oz Nz

o

Ik

PRI

()]

o
=

10.

11,

65 —

0%

(o]

—

il

MO

oM, Ao, U4, I PVA YA A

=, NICE, 20(2), 147-150, 2002
I 9] ¢ lERA FAYE o
ojsts] W, U=zt 2007

Kerber CW, Bank WO, Horton JA :

alcohol foam

slo

HIE A g4t
Polyvinyl
prepackaged emboli for ther—
apeutic embolization, 130,
1193-1194, 1978

Turjman F, Massoud TF, Vinters HV, Ji
Tardy M, Guglielmi G :
experimental evaluation of an embolic agent in
the rete mirabile of the swine, AJNR 16, 1031
—1036, 1995

Soulen MC : Agents for small—vessel and tissue

Am J Roentgenol

C,

Collagen microbeads :

embolization, In Abram's Angiography II, 4th,
53-54, Little
USA, 1997

Kwak BK, Shim HJ, Han SM Chitin—based

embolic materials in the renal artery of rabbits:

Brown and Company. Boston,

pathologic evaluation of an absorbable partic—
ulate agent, Radiology 236, 151—158, 2005
Bendszus M, Klein R, Burger R :

trisacryl gelatin microspheres versus polyvinyl

Efficacy of

alcohol particles in the preoperative emboliza—
tion of meningiomas, AJNR Am J Neuroradiol
21, 255—-261, 2000

Jong Woo Rhee, Myeong Sub Lee, Kum Whang,
Jin Soo Pyen, Chul Hu, Soon Ki Hong :

plications of Endovascular Detachable Coil Treat—

Com—

ment in Cerebral Aneurysms, J Kor Neurosurgical
society, 35(2), 173-7, 2004

Jung—Ho Ko, Young—Joon Kim, Joon—Sung Cho,
Keun—Tae Cho, Bong—Jin Park, Maeng—Ki Cho :
The analysis of Procedural complications of en—
dovascular aneurysm coiling with GDC, J Kor
Neurosurgical society, 36(2), 394—9, 2004
Brilstra EH, Rinkel GJ, van der Graaf Y, van
Rooij WJ, Algra A . Treatment of intracranial
aneurysm by embolization with coils, Asystematic
review, stroke 30, 470—-476, 1999

Byrne JV, sohn MJ, Molyneux AJ . Five—year



g 71s8t Vol 32, No. 1, 2009

12,

13.

14,

15,

16,

17,

18,

experience in using coil embolization for rup-—
tured intracranial aneurysm : Outcomes and in—
cidence of late rebleeding, J Neurosurg 90,
656—663, 1999

Cloft HJ, Kallmes DF : Cerebral aneurysm per—
foration complicating therapy with Guglielmi
detachable coils : a meta—aneurysm, AJNR Am
J Neuroradiol 23, 1706—9, 2002

Longacre JJ, Benton C, Unterthiner RA

Treatment of facial hemangioma by intra—

vascular embolization with silicone spheres,
Plastic & Reconstructive Surgery 50, 618—621,
1972

Wright KC, Anderson JH, Gianturco C, Wallace
S, Chuang VP :© Partial splenic embolization us—
ing PVA foam, dextran, polystyrene, or silicone,
Radiology 142, 351—354, 1982

Berenstein A, Kricheff I : Catheter and mate—
rial selection for transarterial embolization
technical considerations 1. Materials Radiology
132, 631-9, 1979

Repa I, Mordian GP, Dehner LP, Tadavarthy
SM, Hunter DW
use of a commercial suspension of polyvinyl
alcohol, Radiology 170, 395-9, 1989

Murayama Y, Nien YL, Duckwiler G, et al.

Mortalities associated with

Guglielmi detachable coil embolization of cere—
bral aneurysm :
98, 959-66, 2003

Sluzewski M, Bosch JA, van Rooij WJ, Nijssen

PC, Wijnalda D : Rupture of intracranial aneur—

11 years experience, J Neurosurg

ysm during treatment with Guglielmi detachable

coil incidence, outcome, and risk factors, J

19.

20.

21,

22,

23.

24,

25,

_66_

Neurosurg 94, 238—40, 2001

Raymond J, Roy D : safety and efficacy of en—
dovascular treatment of autely ruptured aneurysm,
Neurosurgery 41, 1235—46, 1999

Becker TA, Kipke DR : Flow properties of liquid
calcium alginate polymer injected through medi—
cal microcatheters for endovascular embolization,
Biomed Mater Res, 15, 61(4), 533—40, 2002
Becker TA, Kipke DR, Brandon T : Calcium al—
ginate gel a biocompatible and mechanically
stable polymer for endovascular embolization,
Biomed Mater Res, 54(1), 76—86, 2001

Kulseng B, Stjak—Break G, Ryan L, Andersson
A, King A, Faxvaag A . Transplantation of al—
ginate microcapsules . generation of anties al—
ginates and endocapsulated porcine islet—like
cell clusters, Transplantation, 15, 67(7), 979—
84, 1999

Becker TA, Preul MC, Bichard WD, Kipke DR,
Mcdougall CG

calcium alginate gel as a biocompatible material

Preliminary investigation of
for endovascular aneurysm embolization in vivo,
Neurosurgery. 60(6), 1127-8, 2007

MC, Furuse M, Becker T,

Calcium alginate provider a

Soga Y, Preul
NcDougall CG
high degree of embolization in aneurysm models
a specific coil
Neurosurgery. 55(6), 1409, 2004
Li S, Wang XT, Zhang XT, Yang RJ, Zhang HZ,
Zhu LZ
capsules
rabbits, Control Release, 5, 84(3), 87—-98, 2002

comparison to packing,

Studies on alginate—chitosan micro—

and renal arterial embolization in



Aol WS 0lgd B Mol 98 : Bl WY A7

+ Abstract

The Efficiency of Vascular Embolization Using Alginate Gel
: An Experimental Study in Rabbit

Woo-Baek Lee - Yeong-Han Kang - Jong-Ki Kim"

Department of Diagnostic Radiology, Daegu Catholic University Hospital
Y Department of Biomedical Engineering, Catholic University of Daegu

Purpose : The purpose of this study was to investigate the applicability of poly—L—guluronic alginate
(PGA) gel in vascular embolization with angiography simulation,

Materials and Methods : To prepare a gel-forming PGA from no guluronate—rich Laminaria japonica, a
new acid hydrolysis method was employed with a lower HCL concentration (0.03 M) and a shorter treatment
time (5min). The obtained PGAs were selected based on gel stability and viscosity. Glass aneurysm model
was used to simulate gel embolization in vitro. Then, finally, the PGA was used to embolize the renal
vascular system by using a rabbit model and angiography.

Results : Glass aneurysm model was made to simulate gel embolization procedure, PGA solution was
injected from pump through 2-way catheter. Subsequent injection of CaCl, successfully formed gels inside
aneurysm model that conforming to its inner contour, In rabbit model, first, renal artery and aorta leading to
the right kidney were ligated to block blood flow, then conventional contrast agent was injected through
aorta to check the arterial patency to the left kidney., In sequential artery injection method, PGA and CaCl,
were injected through renal artery sequentially via a single catheter. Re—injection of contrast agent after
removing ligated aorta showed blood flow to the right kidney but no flow in the left kidney, This result
demonstrated a complete blocking of blood flow due to gel formation in vascular bed of the left kidney.

Conclusion : Instillation of calcium alginate into aneurysm model and arterial system in vivo produced an
embolization that better fills and conforms to the contour of aneurysms or blocking vascular bed completely.
Therefore, PGA was effective endovascular occlusion materials and provide an efficiency of vascular

angiography.,

Key Words : poly—L-guluronic alginate(PGA), embolization, angiography
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