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NGB 280 7 — 7 VB R ERAMT O BT
— S RBERWE OBIRPIBIE L ERAF O LRI~

ERAFAFREERINERERER L EBERMAEBRE
(IHFEEE @ BUMEES)
(E1E 89 B3UR)

" B E A

WRERED S O MM L2 OB MEO RER EMIC IS SERER PERTVSEES AL ELLTWE. L Lk
WO L TOERNS & CRRRNIIER D& (, BEEESLHHMSEFMEL 22, AR, BT 2%e
TLOHFEORHCEIRERAMZHET2HNT, ERYHEDOBEROENTOMELBEL, oueWHOBEEINTA
WEERETAILICL ), Rl ERYHOBIRICHET M T2, Ty M /NGB E RS T L, BBk
SREEMTECERL, EHEOREEERIEBINCERTEL LI LA ERYWHLLTE, BEHEICBVTE AN
OENTVAERMETHBEY LT+ —24, F)EZ VT IT—) (polyvinyl alcohol, PVA), V¥ * F—L, ¥ FIF75%1) L —
PO, av oL LTRRICEFEASNCW LY, KESOBH LTI /ORAT 2T —THAHAFL Y YRy
ErHEBEERPE - Mz, FEL/RETEREMBETICZAFROERMTONENTOTELBHE L, -
48 MR ICPAIRAYIZ, FAMBEHENC L )IGERORESLUMBIBICH L THRIT LA, 4 20X 7 2 7 — SR T 2 58
DRFTEDRE SFILBNH—TH Y, MEFNTRIRIE LA vz E L L TR T ENMAEREE —5T 5 L VISR
L. COOMERLEE LBEROMENEr 272, £V 7+ — AR TR AEZIESDEFE L, MENTER
LRTWVWIZDEDORES LN LD L DML ANLVOKREE CTHALL, EAMBENTY VT ¢ — T LTS ks
MADETIREONT, DT LREBTIREE Lo THO TR LA, TOBEL LTURIR KT 32, 3%
BRSRSHbER SN, BEIM o7, PYARTRIERTAE ERBIRILED Y 12< {, ZOHBURDILHE T MR A
—B LR AR TR L, —D Lo F TR e B 82 T EACE 2, LALKES 2 D&
HY DDA AR T 2T — I LAMPLEHTH D, MAKORENPLPEL, BEMOBEOBRERILZOHMTH
o7z U ET F— ViE—RRIIOREEIRICER RO A SN, KESIEEIRIOERELE. VT F—V—YTF 272
LU= MEEMERHRBENBIRICEAGEREER L. LEOER» OAREIZAVAERDEO L » TIHEFREIY—1 <
AZBA7 27— CTEPREBREMLMEZERTIRESDOL O BBERYE L E L SN BEBKTHV STV BER
WREWTNLERDROTFUSEE TS ) H- 2 ERYAOMBEIVELEZ SN, L LA S PVAK T T hEd)
R (#7400 ~ 500 pmE) \SEVAS S TH—LRTR2ERL, BAOEBIIR L NVIZT A 2058 F—F b % v CEsRIRm i
ERTIFESHBATRRRAOFELEELZ O,

Key words transcatheter arterial embolization (TAE), embolus, small intestine

#EA T — 7 VB AR ZE T (transcatheter arterial
embolization, TAE) B EIRIEH MOBEILMEE LTLEER
LEBERIIERETHITTB. Bio, Ok, BEEERGD, ®
m, MEMEMMIm, B, FElm, SEMEL BT ss
AMERE(LEAOFTEELTESE LTS, HLERMICSB
WTUE, NREMIEMATEEE A F -+ B LIz L C TAE
DOFME, BEEIELINTEY & OBTH EH 2,
i, E, TTHREBRERSORL 2EHOBRTEESA
% (ZEE) 72012, HOBROERIC L 2 ElNMEELE T
BAREIINZ 2N TEENSTHB 99, —), KiEH
M, /AEHmICH L TTAE RS2 —RAZitiT En s 12z E

SERCI34E 11 A2THZR, K144 1 F25 H%H

2TV, FOEHE L CIEEEE A0 5 IBEEIEND
i DD L g At BTN AR L P
BEMEE#ETS ) REMOBHVEEL TAE O A E N
A.

DB T BZTAEIZOWTIEWL D20 HENHD, 20
ZEMIZDVT IV ODDOREDH 299, Gordon 5 i3
IEMIEERE SR A VEGERTS 2 L C/ABERE S1T5
ZENTEBEREL TV, LEFAITORETHY +5%
ZFBMOHIMEL RS L. T2, €B 24 VDL B35
ZERTIIARIEC L 2 RHFHOATEINLD, BEBRD
EDVLRNVTOERMWELTHDHOERLLEY, 0L

Abbreviations | TAE, transcatheter arterisl embolization; PVA, polyvinylalchol; & 45%! 14§55 B 5iE A
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ELTHEREICH S 2 2 i & Bl L 20 WA AT & % 2
END. ZOX) it E AR TERYEHONIELETIE
MARDOEHNTAEN e L Z2 5N 5.

=7, MBI B ERDE T 5 EBRFIEO L W IE
OV &2, BEDEERIC X 2 AR T OO R
BhHIToNns., REMABEINEHBHTI IV~ 70 Aa—
7 TIIERE) T T RE A ED R N O 1M 5T 2> FE AW E O BIEE ASH]
BET, Z OFIRDAEMRPIEIRE DT ICH L VRS S
5.

AEFFETIE, 7 v ORIV TERPEOMENTOH
RAEWMT Yy VYA 7 0Ra—TTEHEL, $-E6WYE
DB EREA T 2 BE T 52 LT, BETO/NGHILI
B LEEMDEVTAERED - DERMEZHERTH
EREHMET S,

WHEB LU FHE

I. EBREM)

Y4 AY— (Wistar) % 7 v b, H, K200~ 250g, 43JL
ERR L L.

I. #EFE

RYMSVES =)V (AT % =), KAREE KK B
WERB G2 TREE L, IERYIBHIC TRIBER, /N R & (Rt
~FEE L, BRI AR O 3Kk L RV & 25— Vgt
WCCHATIRICER L, e E kL, 0L 7208 B
50 EEIE O B RE A RF I ICIE T C R L2 (K1), FE
REEMER T 12, BRIR OB L AR E BB IR I ATE i 3 A 42
EFTEREITS.

. =eE

BRIR IS S T B S FEIE R E O BhRE R ZERR KD R OGS
KBIFrarba—Ledh0I, KESERKINIITH—
LI/ NERIERL - (¥4 27 0 A7 = 7 —, microsphere) & L TA
FLryIEZuRy ¥y REAKRERIEE — X (Aminex, Bio-Rad
Laboratories, Hercules, USA) O%7~ 11, 30~35, 53~ 106 zm
D= A BEE L L7z,

— 7 VR BYIRZEARAT O B 56 83

FERIICHH SN TW 2 ERYE L LT, 77V =17
YIF AR (FVTr—4, HERT Y 7V 3 >y, ®Hi)
OFA, K1Y ¥ =Z—)L7 L 2—) (polyvinylalcohol, PVA) % -,
3 — b7 P JEHEE — A 7 )L (Lipiodol ultrafluid, Byk-Gulden,
Konstanz, France), VU F K=V & T7FLI 7 /2727 LA K
(histoacryl blue, B.Braun Melsungen AG, Melsungen,
Germany) DiRAH () €A F—L—v X b7 27 ) VIREH) %
B L L7, ‘

T T F — LRCFIER R % 33, 45, 65, 125 pm O IUFERH D 5 5
W22, 33 ~ 45, 45~ 65, 65 ~ 125 ;m O = FH & a4
& L7z, PVAKLFI3, EROEBATOMHA & FEKIZPVAZAL
BARAR D2 — b (OKDWIR AR > ¥, [ HEM &, 5
o) AN JITHIRIL, SHICFERTHML TER L. Zh
LT 4 = AR R EEROHETIEHEORE S L LAZL D
AR RE L, A2 ORAT 2T —, V74 —LBL
PVAK {1, FRBAMEE T COBEEX L b L) 12, HE
DMHETHE B LI, YAV OAT72T7—dAFLY T V=T
TNT7 4 —LABLUPVAK T IEHFLOL v 7 BLOITL e
DAV I ITERL., VEF F—LVidFROLA V7LD

Fig. 1. Injection method of embolic materials. A third order
branch of the superior mesenteric artery of a rat was
punctured retrogradely, and embolic materials were injected
until retardation of the arterial flow was observed under vital
microscopy in the adjacent small intestinal wall. The arrows
indicate the flow direction of the injected embolic materials.

A

C

Fig. 2. Microscopic view of embolic materials in contrast medium. (A) Microsphere particles stained with methylene blue were relatively
uniform in size and round. (B) Gelfoam particles stained with blue ink lost their original shape and were variably sized. (C)
Polyvinylalcohol particles stained with blue ink were prickly in shape and showed no changes in size.
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V. BEARE
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EEF T O /NERE MM/ N IR OBIEAVTRETH 2.

BT L, EREMETICEhELoEehHIcL s
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Bt EBEE LGS0 e BEE L. MR ISR E
254 - VEHITHATIRICER L, 2 L 04 ¥ 7 &ifiFiic
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EEEMSE T CHEL TEFFICEMLL.

2. v MEEMATXROHFIERIC L HBE

ALE B L U 4SERBICERBE LT v P OEHY
FUTOFETER L. 3> 77 — VEHRFAR S 2 CTBRE,
AEER R EDAR % 21G & CT I 2 L 456 % EIFMIRBERIC B
& TRERZ B/ L ARETERERKTHSICRIE L.
FD# 1) a» 55— (Microfil, Flow Tech Inc., Carver,
Massachusetts, USA) # FFMIZIEA L7, TOIRET24HH
HRFIRTE L 25%, 50%, 75%, 95%, A7 L3 — I TIEHR 24K
MMLE 1T ORBICAF V) FUEETAS MMM L7z, =
b QM TIER L M HIERATA (MFHE) T EM4H
MEETEHEL.
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MARTD, FEVEF F-LIeLTay, YEF F—L—
EAMTZUNRETRICOWTIZ2E D (FH40ID) BT
FEREMEY HVTERME O MERNEIHER SRR 2 ST
WCEIgL.
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D FIEEEEE Lz, ARABER, Fhfh4lP2lics
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BEABEL,. BYO2LTIRERGMEHIEREGERLT
RO % 1T o7z, MBEHEET—F 77 7 b GRALERN
DUARTEEL) A4 7% v & W L 7286 CEHIE L 72,

4. BRERBIIC BT B/ANBENIR S BAEDEH

T MBI ERERCFRRICHT2BOREELT, B
BBl GBI10ZE, B4, 1, FHEMSTY BT D/MEHIR
SHEOBEEBIRER G HEHI L7,
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&, EEBRABRELS L B TOEROBEERESS
~106 ym DA 7 BRX 7 =T~ DERER L.
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D

Fig.3.  Digital vital microscopic picture of the small intestine in a normal rat. (A) Vasa recta and accompanying veins were shown
(arrows). (B) Second and third branches of the vasa recta were demonstrated following blue ink injection (arrows). Communications
between each vasa recta were seen just before intestinal wall (arrowhead). (C) In the magnified view, second and third branches
connecting each of vasa recta were shown (arrows). (D) In the magnified view, fine arterial networks connecting second and third
branches were shown (arrowhead).

Fig. 5.  Vital digital microscopic view of embolized 53 ~ 106 1
m sized microspheres stained with methylene blue . The
distribution of embolized microspheres was confined to
several points of arteries in the small intestine, according to
the sizes of their aggregates. Retardation of arterial flow was
observed following the aggregation of several particles
(arrowhead).

Fig. 4.  Vital microscopic view of transparent specimen of the
microvascular cast of small intestine of a rat. Vasa recta
(arrows), second and third order branch (arrowheads), and
network-like small arteries connecting them were well
visualized. Accompanying veins were also well shown.
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2. V74— LT SIRED TN AF GG L 72AS, #7275V 7 4 — AH5A L —3
TV T & — ARFRERLEATIEELL T, £2OKE 127 ) MR A R R L 7 IRRE CREOKRM AN BB T 5 Do 8]

SED LR LNVORMETHRALEH L. £ BaIhz, LALEEFRONTD, BEIIMKDOH S 2 2%
A \

Fig. 6. Distribution of each embolic materials following intraarterial injection. (A) Anatomy of the schema. Vasa recta (arrow), second and
third order branches (arrowheads). (B) The distribution of microspheres. 7~ 11 ;. m (left), 30 ~ 35 xm (middle), 53 ~ 106 m (right).
(C) The distribution of Gelfoam particles. 33 ~ 45 xm (left), 45 ~ 65 . m (middle), 65~ 125 xm (right). (D) The distribution of PVA
particles. 33 ~ 45 ;m (left), 45 ~ 65 ;. m (middle), 65~125  m (right). Dots indicate embolic materials.
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TREONAT, BI&EVTHRAT LYV 7 4 — DK F-HIIAE N
TH T LIRE BT BIREE L 7 o THO TMFH DAL S iz
(7). SEEIMFEAHER S -8k T b B oBlETliko
HHESROOND ZENH o7, BEMIZE33~45 m D
TN T — LR, EERAEEA 2 S RIS FTh
T LRIZHA L, 2K, 3RFENS 3 AiDGRO SNz, 45
~65mDYT I T & — LKL, EEIIRA R AL A S F LIS

Fig. 7.

FLLCHAT LA, 1833 ~45 um D b O & Ik L T HREIAE
DHAINL% L, 22K, 3RS L 5 AHFED BTz, 565~
125 ym D H N 7 4 — LRFIE, EEIIRAE IR A S A1
FELTHA L. SHIERMIZH I I LRICHML, 2, 3K
FRARC b L RS ARG SR (M6). ZRENOE
TOERILETH > E-RTONAER, AL AED
yiha— VIl LERPo 7. (R

C

Sequential vital digital microscopic images of the injected Gelfoam particles stained with blue ink. A cluster of Gelfoam particles

(33 ~ 45 m) stained blue which once stopped (A), and then, moved distally in accordandce with the increased number of the particles

(B and C). (Arrows show the direction of the arterial flow).

Table 1. Distribution of three sizes of each embolic materials following intra-aterial injection

Site of distribution

Vasa recta
Particle  Size of particles (1 m) Proximal Intermediate Distal 2nd pranch 30d pranch
Microsphere 7~11 - - — — W+
30~35 = = + + +
53~106 + + — = =
Gelfoam 33~45 — E W w w
45~65 = w w w w
65~125 w w w w L
PVA 33~45 = i L L L
45~65 — w L L L
65~125 w w — L —

Proximal, proximal portion of one third of vasa recta; Distal, distal portion of one third of vasa recta;

Intermediate, intermediate portion of

‘Proximal’ and ‘Distal’.
control; L, less distribution than microsphere control.

W, wider distribution than microsphere
Microsphere, spherical beads of styrene

divinylbenzene copolymers; Gelfoam, absorbale gelatin sponge; PVA, polyvinylalcohol.

Fig. 8.

C

Sequential vital digital microscopic images of the injected polyvinylalcohol particles stained with blue ink. A few polyvinylalcohol

praticles (45~ 65 ,.m) stained blue (arrowhead) could evoke the obstruction of arterial flow and dislogement was not observed. ( sequential

from A to C).
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3. PVAKITF

PVARI TR EFMENTL AE EPHRIIELET, ER
LR RS ERCER L, —Ed L EBEOR
FTTHRPPICERBROMBARE, HETLIONEHESN
7 (E8). ERMHENBEIIF VT a—~LERBLTHEL,
04 LOBETERBITED oo, EREMETT
OEBETIE, B33~45,mOPVAKTIIEMIRAEBEYOS
BB EIEE L, 228, SKAHOPEEIZ S SR
LALF. 1245~ 65 um O PVAR T, EBIIRATGEM 2 5
B2l 2RI HESAE LAY, 3KRAH
IZIEE A YBED bRk o7, 865~ 125 xm O PVARIFIE,
EERAGOEM D SEMICER L. FLBEEICASTFER
DEFHRL ANVIZSDHAR SNz, E45~65 umB LU65
~125 ym D PVARI T4V 7 4 — A F E B LA L LA
TOERIIETIHTFEIBLMICAL L, FLEHLALD
G b Lol (FED). 23K, 3IAMHB L UEBIRELT
ERITLETH - LERTOSAREI > PE— VO ERED
ot —7, EBRESHRHES LR TOERTOS
fildar bo— LY Ehoiz ().

W, ieHECL3AURRBEOHRRRCREEOER

. 470X 7x7— (#2,3)

TE7~11pm T, 48RHBEOARMBET, 4618 B,
WA PEERBO SN Do 72 (M-A). 1 ¥ 7 IEATI?
FEHEHRP 2K, SROBRIEBREHFRERED ok,
—%, F v b 7= 2 FRIUEDER AN S WA R bR,
ZORECHEL Ay b7 — 7SR Sz (K10).
1460 CIERS BRI 0B8R < A2 A > 7 AR RIEAFD 5
e, A8 IR TE D MR T IAMRET L7 2Bl i AR O HHIG
DA H1IRTRBORME HEALICERO 248, 2K, 3RGHE
A LTEREOFESBO O, FA—FTHy b7 — 70
EORMEIEIWITRD bz,

230~35 umTid, 48MMHOAIREBETLHI & HIIN
PEREREREED LN 272 (M9-B). 1 ¥ 7iEATH
PR L Ay b7 — 7 BINENB O b iz, W)
B 2K, SROBOBMBITA ST, Fiod v 7 HARR
Bh WS PTELD o7, A8REEIHR O M FHE TG L
2B S RKDERNRD 9 B 3AUTEML T, AT I6: Tl
B b Nz, HATOBRMERDIZIAE IR O TR

Table 2. Occlusion and reconstruction of vasa recta in microvascular cast of microfile following injection of

three sizes of each embolic materials

Number of occlusion (reconstruction) of vasa recta

Particle Size of particles (/2 m) Proximal Intermediate Distal
Microsphere 7~11 - 14 (1/1) -
30~35 - 1/5 (1/1) 3/5 (0/3)
53~106 1/5 (1/1) 5/5 (515) 2/5 (0/2)
Gelfoam 33~45 - - 4/4 (0/4)
45~65 - 2/4 (2/2) 4/4 (2/4)
65~125 2/4 (2/2) 4/4 (2/4) 4/4 (4/4)
PVA 33~45 - - 4/4 (1/4)
45~65 - 2/5(2/2) 2/5 (1/2)
65~125 * 4/5 (3/4) 515 (1/5)

Proximal, proximal of one third of vasa recta; Distal, distal one third of vasa recta; Intermediate, intermediate
portion of between ‘Proximal’ and ‘Distal’. *, One of vasa recta occluded just before intestinal wall and

focal reconstruction was observed.

Table 3. Injury of small intestine following injection of three sizes of each embolic materials

Number of injuries
Particle Size of particles ( zm) Necrosis (Large) Necrosis (Small) Discoloration
Microsphere 7~11 — — -
30~35 - - 1/4
53~106 - 1/4 4/4
Gelfoam 33~45 - 1/4 4/4
45~65 3/4 1/4 4/4
65~125 1/4 2/4 4/4
PVA 33~45 1/4 2/4 4/4
45~65 - - 4/4
65~125 1/4 - 4/4

Necrosis is an area whose color is darkly gray and margin is clear. Small, Area of necrosis is included of the
basin of one or two vasa recta; Large, larger necrosis than ‘smalll’ ; Discoloration is an area of which color is

milk-white and margin is vague.
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A

Fig. 9.  Vital microscopic view of small intestine 48 hrs after embolization by microspheres. (A) Discoloration or necrosis were not
observated in rat intestinal wall embolized with 7 ~ 11 xm particles. (B) Discoloration or necrosis were not observated with 30~35 .

(C) Discoloration was seen with 53 ~ 106 ,.m.

Fig.10. Vital microscopic view of small intestine 48 hrs after
embolization with 7~ 11 ;2 m sized microspheres. Blue ink
injection into the mesenteric artery showed the obstruction of
a part of the network-like arteries (arrow) and dilatation of the
neighboring arteries (arrowhead).

D5, HBIALOEMEIX2K, 3KRGH % i d 5 MEIHTE
WO FEAED SNz, 22K, 3ROHITEHM L T 5 EHFrH
%<, —ifichy MU= 2B 2 A L CHEDSED SN,
IS Ay BT — 7 BRINAE QYRR DS A SO A D - 72,
53 ~106 m TiE, 48140 ARMEIEE T A B2 Rl
BRRD SNz, F 7z 4B 1B IR RS 75 1 12 /NSEE $ai A
Bobih, FBEIER Y b -2 FNEOIESE - 72 (™
9-C). A ¥ 7 EATREBIRAZOSEMAZ SN, 22K, 3K5%
Bty M7= Z7BME % i L COMBIFEAZEE L T/ (I
11-A). @A & BE DT IFIZ—F L v, F -3k
A AW TR 7 A~ 7 AR BBAED Sz, EHRO
FEARIME D EMIZ2, BROBENLTHRADTRDOON, &5
RO 2K, 3RSHEEANDHRNDZRD b7z, MFHER TR
S LA7ZZ2BHRSKROEBRD ) bIEMTIA, HHMTSA,
BT 2ARAEM L Tz, ML OEM L7 1A, hHfz 0%
i L7225 AR TIREAD 22K, 3 K54 % 49 MR T fs o
BEAFRO HN 72 (K11-B), mALOEHE L 722K TIZZDEKAY
DFHEIIFRD S T IR ML R C A v b T — 2 Bmss 2 H
SEOTEFTASRAE S A S 7z,

2. V74 —2Ah (2,3)

£33 ~45 um Tld, 48[4 IR LT LB TILILIC
HREIRATRED SN, ANEIERATLHIC 0 S (K12-A).
A2 7EANTIZEBIREN 2SI ICBZEL, 2kd 50 1d3
RIPHE A L COMWEIR THES N Wi A SN 20
VT 4 — LR A DFRAEDHTER T E D120 hh b & FIRER T
B L TV BT AR SN (13-A). 481 B O Il
FHRTIE, AT LR 7224 ROERIRD ) b 4 AI2# T
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