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Key words transcatheter arterial embolization (TAE), embolus, small intestine
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Abbreviations | TAE, transcatheter arterisl embolization; PVA, polyvinylalchol; & 45%! 14§55 B 5iE A
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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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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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—%, 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).
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Fig. 11. Vital microscopic view of small intestine 48 hrs after embolization with 53 ~ 106 «m sized microspheres. (A) Blue ink injection
into the mesenteric artery showed the occlusion of vasa recta (arrows) and reconstruction through second and third branches ( white
arrowheads). Dilatation of a part of the network- like arteries was also seen. (B) Microvascular cast revealed obstruction of the vasa recta
and reconstruction through second and third branches(arrows).

Fig. 12. Vital microscopic view of small intestine 48 hrs after embolization by Gelfoam particles. (A) Broad discoloration and small area of
necrosis were observed in rat intestinal wall embolized with 33 ~ 45 ;zm Gelfoam particles (arrowheads). (B) Large area of necrosis was
revealed with 45~65 ;«m (arrows). (C) Large area of necrosis was seen with 53 ~ 106 ,.m (arrows).

Fig. 13. Vital microscopic view of small intestine 48 hrs after embolization with 33 ~ 45 ,.m sized Gelfoam particles. (A) Blue ink injection
into the mesenteric artery showed the occlusion of vasa recta(arrows) and reconstruction through second and third branches(white
arrowheads). Dilatation of a part of the network- like arteries was also seen (arrowheads). (B) Microvascular cast revealed obstruction of
the vasa recta (arrows) and avascular areas in the antimesenteric border of the small intestine.
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Fig. 14. Vital microscopic view of small intestine 48 hrs after embolization by polyvinylalcohol particles. (A) Band shaped discoloration and
small necrosis (arrowheads) were observated in rat intestinal wall embolized with 33 ~ 45 ,,m PVA particles. (B) Wedge or band shaped
discoloration was seen with 45 ~ 65 ;m (white arrowheads). (C) Broad discoloration and large area of necrosis were revealed with 65 ~

125 e m.

Fig. 15. Vital microscopic view of small intestine 48 hrs after embolization with 33 ~ 45 ;. m sized polyvinylalcohol particles. (A) Blue ink
injection into the mesenteric artery showed no definite occlusion of the proximal portion of the vasa recta. However, reconstruction of
peripheral portion of the vasa recta through second and third branches was seen in some area of the small intestine (arrowheads). (B)
Microvascular cast reveals obstruction of the distal or middle portion of the vasa recta (arrows) and reconstruction through second and
third branches (arrows). Prominent network-like arteries were also visualized.

A B

Fig. 16. Microvasculer cast of intestinal wall 48 hrs after embolization with 65 ~ 125 ;.m polyvinylalcohol particles. (A) Microscopic view of
microvascular cast. (B) Microvascular cast revealed obstruction of the middle portion of the vasa recta and reconstruction (black
arrowheads) through second and third branches (white arrowheads).
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Abstract

To investigate the optimal embolic material in transcatheter arterial embolization therapy (TAE) for small intesinal arterial
bleeding, the dynamics of various embolic materials in the blood vessel and their influence on the intestinal wall were
experimentally analyzed in rats. The third ileal branch of the rat small intestine was retrogradely punctured, and the adjacent
intestinal wall artery was locally embolized. Gelfoam particles, polyvinyl alcohol (PVA) particles, Lipiodol, and a
cyanoacrylate/Lipiodol mixture were employed, as embolic materials, while uniformly sized styrene divinylbenzene
copolymermicrosphere beads, which are not used clinically, were selected as a control. The in vivo dynamics of the embolic
materials in the vessels was observed using a vital digital microscope. Forty eight hours after the embolization, presence of
small intestinal wall injuries was also determined macroscopically, and collateral pathway formation was investigated using
the ink injection method and vascular casts. Microspheres are smooth-surfaced, globular particles which are relatively uniform
in size. Because their configuration does not change within vessels, they mostly accumulate locally. For this reason, collaterals
readily developed, and the injury to the intestinal wall was mild. Gelfoam particles show a great variation in size, with their
configuration tending to alter in vessels, and so flowed into vessels narrower than their original size. And blood flow was
retarded only after the particles had packed into column-like aggregates. As a result, the 2nd and 3rd branches that make up
the collaterals were embolized, as were the distal branches too, and the injury to the small intestinal wall was severe. Because
PVA particles do not readily change their size or configuration in the biood vessels and their shape is prickly, anything from
one to a very few PVA particles was able to induce stasis of the blood flow. However, since the particles vary in size, the
distribution was wider than that of the microspheres, the development of collaterals was somewhat less, and the degree of
injury to the intestinal wall was in between that of microspheres and Gelfoam particles. Lipiodol showed a transient
embolizing effect in the distal arteries, but most of it was removed due to venous drainage. Lipiodol/cyanoacrylate mixture
induced widespread embolization in the arteries in the mesentery. These results suggest that microspheres with a uniform
particle diameter of the right size to embolize the proximal side of the vasa recta would be the optimal embolic material.
Prediction of the embolic effect is difficult with all of the embolic materials currently used clinically, and the development of
new embolic materials with uniformly sized particles is necessary. At present, however, creation of uniform PVA particles
with a diameter similar to that of the human vasa recta (approx. 400 ~ 500 zm) for use is super-selective micro embolization
at the level of the vasa recta is considered to be the best available method.



