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A New Embolic Material : Super Absorbent
Polymer (SAP)Microsphere and
Its Embolic Effects

Yao Jiaqi'’, Shinichi Hori', Kaori Minamitani",
Toru Hashimoto!, Hideaki Yoshimura?,
Naoko Nomura!  Takeshi Ishida",
Haruki Fukuda?, Kaname Tomoda"
and Hironobu Nakamura"

SAP-Microsphere (sodium acrylic acid-vinyl alcohol
copolymer) has the ability to absorb fluids within a few
minutes and increase its diameter. Its diameter can also be
calibrated. The diameters in ionic contrast material and hu-
man serum are 2.1 and 3.5 times larger, respectively, than
the original size. It can pass through a microcatheter with
an ionic contrast material, and swells at the occluding point
into the desired size. It can be recognized under fluoroscopy
due to its absorption of contrast material.

A total of 10 rabbit kidney embolizations were dorie fol-
lowed by resection in 1-14 weeks. Recanalization was ab-
sent in all cases. No adhesion to the perirenal tissue was found.
Limited reactive change in endothelial cells was found at one
week. No changes in the smooth muscle layer were found
at any time during the study. Limited infiltration of neutro-
phil cells was found in perivascular tissue within a period
of one week. SAP-Microspheres maintained their spherical
shape during a 14-week period. Extensive fibrosis and cal-
cification were found after 4 weeks.

SAP-Microspheres are promising as an embolic agent to
obtain satisfactory results of embolization therapy.
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BIE, HEOBERIZHAWOA TV 2ERERMEE F
SELREERD, BENLERMESHFELZVOIIERE
HOHEETHL., bivbhil, JHRWAES TS
{, ERTAMEOREICL o THTFOREEZAGT A=
LDTED, FILOERYEONZEMELITToTWAE. &
DFFFETH WM BN, KEFEREIRNINLTELLL 2D
AR Z W3 B MEBIIE T, SRt A 4 o HEEHICIRM
LTRROBTENRA~NEAL, BIIRERIRES L UF oM
BFEWENEREI L. ZOERD» S ERAER) v —
7, ERYEL L TOEREHAADTHD I L 2R
L7-OTHET 5.

MR EFE

TIZINER)=Z—DF ) AEERECO LT HER
kA1) < — (Super Absorbent Polymer) i, 3 TIZHAH
Bl LTESHWSERTW B EEMIET, K% 5k
ICIRIR L 2 VLT 2B & 0. AWFETIE, BRI
MEELTTZV VBT P w2l Y-V T I -
DIEAEREL R, el LTHEHATZ 2225 L
72, ZOMTFIZIITIEELHEEZRL, bRDHONIISAP-
Microsphere & A T\ 4 (Fig.1). & OFbHLER ALK
EEMT 2 LB TTEENRSEICR D, FIVEEHE
WieHIZEE LT FoRKIEFRINS. IhbOfiFId
BEF0.05mm7 50.5mmE TORESIIHFAL, Avra7
ANV —FHVTRELT ARSI SORTEHELILENT
& %. SAP-Microsphere DK & (AN L b £z
D, BOUKEZHH L CTEEIEMT 2 Z &0, BKT NV
a—)b, A F EERR, TS, EBEREIEK, JEA A4
MEER, BEKOPTEREROBEEZFEIL 22 (n=
50).

SAP-Microsphere D2 & <5 72012, #EHH| & SAP-
Microsphere # #2filt & &, IS - EH O &% Hll%E L
7. SAP-Microsphere20mg % SmlD60% 7 1757 4 B X
U A F783 F—=)300mgl/mlIF 2105 HE E, BNEShTIc
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Fig. 1 SAP-Microspheres microscopic views
(A)SAP-Microspheres in absolute alcohol
(B)SAP-Microspheres in 60% Urografin

Wo iR L 3 — FiBELlE L.

SAP-MicrospherelZ & %, 2, HEM#MEIZEDHNT
Wi\, SAP-Microsphere Dk 1E, MK 7L I— )25
TOBEEEE | BERAT o 7o, ATV a—uiz24
FERIRUE L7z, £, BB TT IV I— L Ek5eel
MBS, AEFEGFIRELL. BELEZ T84T
V8 REMER I GRERRBR 7 7.

BIRERIROMF O/ I L8, AXAR
B=10)T, ¥ FNVES =)L (0.7ml/Kg) %\ TEIR
AT o7z, RICEVY T ABIRZ T L19GL T R ¥ —4§F
UEHEE) 2B L, Shicikmf(FLE) 23886 L7, Ik
F% 4i- L TTracker 18 Catheter (% —4" b)) % EHKEHIR
APSBEBEIIRIIFEAL, KRIZAF23332300(HAS =—
V¥ 7), 2.0mlEFEFEA LMERE 1TV, 0%, B
R DEERMT 24T > 72, SAP-Microsphere {3 i 1%0.28mm
(SD:0.037) % Flvy, 60% Y5574 (HRYL—1) ¥
INIRELT, 2.0mg/mIDMREL L7z, SHTICBWTE
BIIR DMK ASES I fE1IET % T TSAP-Microsphere R &1 %
Wo (NiEAL(n=8), Mk, BUMmMEEEEIT
W, ATF=TNEEELY A BIRERER LS. 1168
CEV S ABIRD S 7 — 5V % D TE UM & 41T
Wy, FOBEBICHIMBIE S-Sl o2 L, Mken
Wt #4772,

SO 2 IS ERETT 272012, EHMAE
AKIZTHE & € 7-SAP-Microsphere & Wistar; 2D 7 v kO
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SAP Microsphere A v 27 4 )b ¥ — % Fiv:C0.25mm
2 5H0.30mmDKFEIZES X, & TEOBEEZFHI
L7z(n=350). A7 IVa—NdFE o7 KIS, 4>
TEERA, MU, SIARIEK, B4 A o rdH, %D
KON G A { Y, T ORIUEIZHH)] L CEEDS
K& eo7z(Table 1). w0F T 74 Y%L 1-kF%
BRI EIEANCR T &, Mo CERNEEKPTORE S
CHIRL, A A83 02 2RI L 7ok % A B Ak IC
By L, BEFWETHEMMEEKbTORE SN L.

20mg DSAP-Microsphere [ S itz 4 473 11 23000
B33, 1mI TR - 721.9m1? 3 — FEEI3307mgl/ml T -
oo Ay hu— e LTRHIL 24 483 a 30003 — F
W FE1X297.8mgl/mITd - 7. [F A 12 20mg® SAP-
Microsphere | 2B E#17260% 7 11 75 7 4 ¥ O#l30.2mlT
o 7:4.8m1® A — Nl I13283mgl/mI Th 7. I b1
—NVELTRHIIL7260% 7R Y 57 4 03— FigEIX
287.4mgl/mlT@H -7z, T 5 X ) SAP-MicrospherelZ £ F
78312300, 60% T 0T T T 4 FDFE FWINE NI &
LR HMN, @& CEAE L 72SAP-Microsphere DF T3 i 5

HAERSEE H56% %1%
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Table 1 Sizes of SAP microsphere in various fluids
0 Human 0.9% = N Distilled
FIUIDS Alcohol 10X 320 76% UG 60% UG Soni NaCl IOP 370 10P 300 Weler
o 0.269 0.542 0.566 0.665 0.933 0.963 1.383 1.483 1.948
=50 (0.023) (0.039) (0.047) (0.054) (0.076) (0.061) (0.086) (0.093) (0.127)
SIZE RATIO 1.00 2.01 210 2.47 3.47 3.58 5.14 5.51 7.24
10X 320 : Meglumine sodium ioxaglic acid 320 mgl/ml
76% UG : Meglumine sodium amidotrizoic acid 370 mgl/ml
60% UG : Meglumine sodium amidotrizoic acid 292 mgl/ml
10P 300 : Topamidol 300 mgl/ml
10P 370 : ITopamidol 370 mgl/ml
Al FREDXHOANEBEERFFOODLEEZZ LI, HORTFIMEN L E 2 5NAHPTICEO LR, Thb

BZE2R AR S 7-SAP-Microsphereld 74 771) O L —
MEWTIT o 72 BEERER, 7 FOHBRT N UEHTIT o7
FHAB L b ICPEMT, ERRKEL RS TW5EZ LAREH
anhi-.

REBERIC S T 3 BDR LB

F RO IR O 1M 742 11 1222 L 72SAP-Microsphere D it
1, 1.0-3.0mg (F341.4mg : HE0.7ml) TH -7z, XHEHE
F, BES00umIAF oM ET_CiHE Lz, BRI
EETEEAICBVWTERRLVHEDEEIILEATS
D, BHEZRTODOE LD o7 ERLEBLIL OEE
OB D & ik h o 72 (Fig.2).

FEME L2 LB & OB DA £ RO 0%, BEIH
ML DOBEBREIILAL L BOWMIBRIBES THo 2
(Fig.3). TEHERIX 1AMKT, ERENIEERANCES
1205 %R L7258, 4 ELETIIEH.67ETH -7z,

MR R ERGOBIIC L ) T XTI ERL
720 971 A (Fig.4 (A)) iI2 BV TIZSAP-Microsphere D
K EBIIRAICTST L2 CRO 6N RFICET AR
IR EDZEALIZA %, RTFDOREN -85 1S NE
HPADBETEDIE - 72 h%, THIRMFEZIETEL 2714 7Y
Y2k BbDE#EZ SN, SAP-Microsphere DI E N FEIE
oAkl s 20 ELEROL. LEN, mE
BE\CRAEMBROMEBEIL A {, MEROEHEHOEMED &
<, MERFMARIHFHERE £ &3 5 BIMERDEZHE A
CROLND 00, AEMBOMBIZRED b o7, —

FHigesE1 H25H

DORF O JE B IZARAMESEMIR O AR b7z, FRME
L RS LA S » Tz, MEERIROERR
TIXRVE DR 2 L RRIMIC & 2 BEFEME 2L AR B s Bl
B RATERIRICED Nz, 4 AME TR (Fig4(B)), I
BN LTV AR TFITIZIFE A EBbD R {, METFHE
HOELLRBD SN h o7z, MENOKFOFEICIZA
FREHTE S TR FOBIRIIBD bWk h o7z,
BRI & 220X & S ICHEAT L, ILHREEOMMEL L B
BEFl T 5 RIKIEARS bz, 168/H% T (Fig.4
(C)), SAP-MicrospherelBIIRPYIC FARDOTEIRZ1R- TH
D, MREDEIEZEMIIRD 2o 7z, MBENDRT-DE
B i —REV AT S Tz, B3 EK
L EHT—ERICIEBEDE LTV, HEEITHY TS
B T BAT ERALAEDTRRD bz, TITORAIZB W
TIMEOFERBEZRET 2RI % <, AREEICEFEMmIC
LM RO LN, PRI DNTVE D EEZ
¥ (VAN

Z v FOETIZEAN S-S AP-Microsphere ¥ -1 D JE B
12, ARG TIIELEROBRE % 70 5 O A TEEMRO
B AR o 72, 2 AR TIIRAERE & IBIEEH B L S
MR & RTF-O BB R AT S iz, 3 AEEKR T
RIEVERZE D BN % 520 B MLBR DR BT HA L Tz,
SAP-Microsphere D713 3 JAMEZICB VT H 2 R BIEAF
LTz,
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Fig. 2 Renal angiogram of a rabbit

{A)Renal angiogram before the embaolization

{B)Renal angiogram immediately after the embolization
(ClRenal angiogram 7 weeks after the embolization

Fig. 3 A cut surface of the resected kidney
T weeks after the embaolization

22

HEEN S Hoshk 15



Fi% 4 Light microscopic photograph (H E stain, x 200)of the rabbit's kidney embolized with SAP-Microspheres
A)Sacrificed 1 week after the embolization. The arteries in the renal parenchyma were filled with the SAP-Microsphere. The reactive

changes of the endotherial cells attached to the SAP-Microspheres were not seen.

(B)Sacrificed 4 weeks after the embolization. SAP-Microspheres maintained their spherical shape. The particles of the extravasation
were surrounded by granulomas, but the shape was kept.
(C)Sacrificed 16 weeks after the embolization. SAP-Microspheres were not destroyed. Marked calclflcanon and extensive fibrosis were
seen in the parenchyma.
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bhvbhil, BRAME)—DVOEDTHETZ )N
R ~—0F M)y LIEFERYE L T = — 7 25
EHL, T OTHhORTHRYLERERIITASH I &
PEBRETNVICE VIO THRE LY. LELEVLID
BRI ) = 13X, FOVEREEATIEEAYEG < ME & gk L
Jok SEMEATHEBIRE 2 ), EMMELC FTERS
hBEEZOLNLEY, ZOZ i, BHEEOERATICIEE
bOTHFITH AHH, AVMZE EDERMGIIIAF2EE T
bhH. TOHHE LT, BRNOBEBOBENDDHDZ &
EZRZ SEIMERL BRI LTHDL. £2°CT
AVM 7 EOFEARHMT I8 L 7B IS BEER S
iz, ARIOFETIE, MM THRLERT 2 6Bk
R ~v -0 ED L, POMEINEZ 5 IMEREZ Tl
T& 5 ¥ & L TSAP-Microsphere % i A 72, SAP-
Microsphereld, (ZIZERIZOMECTHIVIREDTE LT L T

ERE8E T H25 1

HEIE S WEHEMTH B, AWIZETIZSAP-Microsphere
EMEE L THOESEOZOFRIZOW TR L7

BAEFK RO TV 2 ERYEOP TEHRIRDEIRZ L
TWVabDIER\v., ERYEIEEOR T TH HFIMII,
OB LR T EOMENC I ERT 28R T 5% <
WD ZEHNTE, O MFEEMPTELZZETH
%. SAP-Microsphere Tl & § HEEDRIFIE, A v P
274N —FHWAZLIZENERIBEIENTSE,
ML E LTRELAETHAE, L LEFLHRERT
1%, SAP-Microsphere Dfi T & 5EaIZEA LD T LMWL
, NERRFHFILMBATLEIENDHY, ZNEE
SN B ZENFLSBOBETHL, HTELTEHRZH
CENTELLDLE LTPVADH D™, RT-HHHELTZIK
FLTWAZDIZ, B LT FREM IRV INE % %
BT AT B 5S . —J, SAP-Microsphere (3
YBT3, WETAZNEDOEEL FHILLT .
SAP-Microsphere (&9 2 AR OREEZ & ) PUEARE
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D, EARTNVIA-NEE oK S v, 2oz
FIFH LT, EATNI— )V CHRELEZIT, 2SS
2T 7ok, BN TVIRIE L. Z OB TSAP-
Microsphere # HEFIREE IR DO Z L ATTE, 7 a—)LidsE
£\27E5 L TSAP-Microsphere IZERAFT 5 Z L i3, B
RTL CAVONLRERYRIE, TVa—-NLEDE
WiEH e STH4E, BIIRERRC MRS ER T 2
LA ERES 22559 7, ERBEN ISR R
DRV EHPLINLDS, D THSAP-microsphere Tl
AWBEHL S o ET VI ENS, MEIHT SR
HIEWEEb s,

SAP-Microsphereld, £ 74 Y& Al 2 & Tk
FED2.0 525612 h Y, ZokF#MmiEPICBTEH
1 57 TC3.565127% 5. SAP-Microsphere D12 ¢ ¥ -
TPKER L 2Was, 44 A HEEERETILL 720 DIFFES
PCEREICEL, RROERIZIZAED0.53mmD F 5
H—=18A T — T IWERVIZA, 60% 707574 T
R0 Tmm E R TR, B ESNTIC b T v h—18%
T—7 IV EEE L7z, 0K IZSAP-Microsphereld, HiT
BEIOVMCAT TV EBEBL, MM ATHME
PTELICEELERDEE LT 2 LriifFETE s,
CHUIRRDOEEMRA 2728 5 172SAP-Microsphere DEE
PEALZHFL) bnFhdk&Ero22 bhs, EiE
DERBICBNTORILHEREZbDLEEZ LN,

SAP-Microsphere 3 L 72 b EMEIEI 2, v/ 21
AT —TNEDELRLVHBLE T TNV EEZEELT
LEIZLidhwv. 0, Bifit~v A z0h5F—FI
ZAAAR S FE L T Deyanoacrylate? |2, L RdERR
HREZEZONE.

TERA) 2 WL L 72SAP-Microsphere(d, #DfFHi2iFiZ
ERA L FFO I — FikE% &40 TR FILER T ol
KO LNL. FROERTIE, BIRMICETT 5SAP-
Microsphere (XBHIEIZFERR T & 5 DT, HAYE LAaVEIIR~

DWFHEMTEZEHFTEL, LeLadS, #Hilkhci
RTINS LR, bTrOBTERVPRERT 572012
IR % BT CHERET 5 & LI TH - 72,

KROFHIRDZEEAR L Z { LR DSAP-Microsphere T/7 5
ZEATTE . MREA T, 18#ICIZSAP-Microsphere
BIERE T E3MeCEOTEY, FOMERITEALS:
SAP-Microsphere & V)  §_XTKRED -7, Zteiii 678
4T SAP-Microsphere X BIfIlR A CER DR 2R B, 2D
BRIARRD bz, B FHLEKICHEA L72SAP-Microsphere
ORAFTIE, 3EMEICBVTEMEEE S v
N7z K E MR- TVv>7z. SAP-Microsphereld, & Tk
PIZBW TR E N wEESLS, D EOFR
75, SAP-Microsphere & ZEfML & U TR L 7235&12id
FREOBEE  L1dEZ 2L, AABRYRLE E2
TIv, ZOZ LIXEHEATIAT > 2MEEE» S5 3B
2T, HEIMRICBVTSAP-Microsphere i3k AZERII R4 A
THLOTH-,

SAP-Microsphere DI 3T 5 HEHEDHFHIZOWTIL,
ARIOMBEEEBRE DA TIZB S I LRV, ¢
ELSMENBORISIZ L <, MEBEDFE M3
AHREEEIIFRD b o fz, B FHALRE R B T AP 12
BOTHRTORBMICAFORRSRONDDAT, KiE
FISICZ Loz, F7:-880O0#H MR TIILDS0EA 10g/Kg
DETHBZ LRV, FERASERIBEIERIC 3\ T b il i
RBOLNT, FUEELBD LN TRV Z EMSHEMIT X
DOTEWDDLEEZONE, ZOHICHMLTII5 XHX
BMERVLETHHH, BED L ZAHMOERME ]
RTEWFEEEFOZ L EZRTHERII RV,

BERKRTHEATE 28RERYE IS OMBESZE
T 5%, SAP-Microsphereld Z L 8 ORI i 2 Rk 2 1T fE
HAHY, FRELLHRERYE L LTHVL I EXT
EBHLEZTVAS,
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