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The usefulness and optimal dose of absolute ethanol in renal arterial embolization therapy were

studied by macroscopical and microscopical examination using 19 dogs.

Ethanol injection of 0.1 ml/kg induced only partial infarction in the renal cortex, suggesting an in-
sufficient embolization effect. Injection of 0.2ml/kg induced degenerative atrophy without losing the
renal contour and caused no serious injury. Injection of 0.3 and 0.4 ml/kg produced severe damage such
as degenerative break-down, bloody ascites and adhesion. This indicated 0.2ml/kg to be the optimal

dose.

Of 7 cases of renal cell carcinoma treated by renal arterial embolization using ethanol, 5 were the
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preoperative treatment and 2 the palliative treatment. In the operative cases, necrosis was expansively
spread. In the non-operative cases, the tumor was remarkably reduced.

In occlusion with a balloon catheter, a complete embolization effect was obtained with ethanol at the
same concentration of 0.2 ml/kg as demonstrated in the experiment. However, the injection volume had

to be increased in cases of rich vascularity.

No serious complication occurred. Post-infarction syndrome was transient and relatively mild.
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Fig. 1 Experimental methods for dose-time
relationship of renal arterial embolization by
ethanol using dog

Dose Days
(ml/kg) 14 21 !
0.1
0.2 %’ %. 1'
0.3
0.4

# . necrosis

Fig. 2 Morphological changes after renal arterial embolization by ethanol using

dog
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Table 1 Macroscopic and microscopic findings at 4th day after renal arterial embolization by ethanol using

dog
macroscopic findings microscopic findings
Dose : . N
‘e tissue  inflammatory . destroy of thrombus
(ml/kg) ascites adhesion "t]f('?;c atrophy break- cell deﬁgg:;git;ve vascular ——————————
down infiltration wall terminal proximal
0.1 - - x~+ - - +~H £~ - + -
0.2 - - + + - HH +~+ + H~H -~
0.3 —~+* —~+  H Attt + i 1 - +
0.4 +~H* H H~H e + H#t 4 H H

* ! bloedy ascites ** ! degeneration like bean curd

-\f1
i .
. 'ﬁ‘f““':" s
WA - o

Fig. 3 Renal arterial embolization with 0.2ml/kg of absolute ethanol in dogs.
a) Macroscopic view 4 days after embolization : Extensive infarction is recogn-
ized chiefly over the cortex of the left embolized kidney.

b) Microangiogram of the same time : A vascular and hypovascular areas are
extensively visualized, corresponding to the infarcted area of the emhbolized
kidney.

¢) Microscopic view of the macroscopically confirmed infarcted area (the same
time) : Degenerative necrosis and infiltration of inflammatory cells are exten-
sively spread. (H.E.x<40)

d) Microscopic view of the macroscopically confirmed noninfarcted area (the
same time) : The gromeruli and vessels are occluded by thrombus. Cell necrosis
is partially present. (H.E.>x100)

(10) AAREREE $45% H35
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Xk (KXO-8type HZ8) AL, 2K
KTERMI L HBO 2Bk b fTo 1,

a) BEEAROWRE

ethanol DEFEARXRET 5 BT, FEL
kg o+ 5 E%0.1ml, 0.2ml, 0.3ml, 0.4ml @ 4
BizowT, BEAK 4 HE o ARNESENEZE
BT - 1.

b) EFEARIC & B EEIZEAL
DDOERERNCB/BOIILEBETH 50.2
ml/kg #EBIRICEAL, Efg1, 3,4, 7,
14, 21, 28H HoOfHE X WERL S O lBEn
CHZE LT, ethanol AR & ERMHEOKRE Y
1T - IcKf A & DB R % Fig. iR Lz,
BEFOBERE, hsr <) VICEEER S
74 vEEL, FHEYA Z{FR L T, hematox-
ylin-eosin (H.E.) Jefa# i L eSS cHZE L
fo.

2, #ER

a) EEEAROIRE

ethanol DEAROERIC L AERNE 4R E
DAEFHE LY Fig. 2ic, BRAGESFHZEL
% Table liz;mL 7z,

0.1ml/kg HEARE T, ERME4IBBCEE
CHENBEEZRDHDOLTHY, ARNLELD
CHEBZHCIERYRIZLALRD bR
Mot 0.2ml/kg AR TIRERNE4HE T,
ARMCEEYHLE LTHEYEUBTEEDIL
i FR I BE2E & 72 (Fig. 3a), microangiogram T
W, BESIC—H LA, SnEE - m
B TH -7 (Fig. 3b). BHFRORBETIL, BHZE
BRI ZEMESETE L o\~ SE Ml D BRI R B e
(Fig. 3c). bz, ARMCHLNEEEYRD
VBT R VTS, HBENCRIRERPERE
MR mESATRL, Mo RZEEd A2
T\ 7 (Fig. 3d). 0.3ml/kg HEABETIE, 2 B
1 i EOMBIEKI A SR, ARMCEX
2HEE VERNT4 ABRIIERFL, FELEcdh
oY EMBEEREL 2L b —TICIEERE Y
fFoTwie, 2HEF1ECE, FTECHESEY
Difc, EEBEME, 2HE DCELELIETHKAL
L, RBMERLG T BEIRARIC S MR
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Fig. 4 Renal arterial embolization with 0.4ml/kg
of absolute ethanol in dogs.
a) Macroscopic view 4 days after embolization :
Degenerative atrophy and tissue break-down are
seen in the embolized kidney.
b) Microscopic view of the same time: Expan-
sive degenerative necrosis is visualized on the
kidney. The vessels are completely occluded by
thrombus and the vascular wall is markedly
destroyed.

& bhiz, 0.4ml/kg EATTE, 25F 1B
FEOMMERAD, o 1FHTHIEDOEKNL
bhie, BIL2HEDE L CEMRL TEMELY
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Table 2 Macroscopic and microscopic findings after renal arterial embolization by 0.2ml/ kg of ethanol

using dog
days macroscopic findings microscopic findings
embao{}:;tion ;eac}:;gf; aiz infarction  atrophy bregifsgwn 1n.ﬂar2£ill;a‘tory de%gg%git;ve ——_%ﬂ__
infiltration terminal proximal
1 - + + - +H + e~ -
3 = + + = + + e +
4 - 4 + - - +~+ e~ —~4
7 - +# - - “H + H +
14 - HH - - S K o +
21 - H + - +H H# H +
28 - s HH - + HH e +

AL, Wicd & ZAIHEBREZROTERILL
Tz (Fig. 4a,b). 288+ 1 51X, FTEH IO
B & 5 L CIBBTR R, o 1EI%, FF
THEEFCRBEEL L EEL, SRECES
PHE L CHECEBRIEELRED bR, Zh
HOEEL0.3ml/kg EAFEL b bl o7, M
WHANTE, 2HELBLETbl s EHEEL

&b IR % 2398 <, MEMICIX0.3ml/kg &
AR & ARG A 2 B AR ¥ T MO TR
EMEBEDBIE L L b hie (Fig. 4c).

PlEX b, EAREAHERELE, 2 bR, 0.3
ml/kg Ll E® ethanol D EA TR EE fEE %
Flef T2, 0.2ml/kg T3, EX S Z e
BB TEELTIERI T LRS-, £ Z
T0.2ml/kg # EHWEAE & U CERANE O LR
X BT LT,

b) 0.2ml/kg HEA (EHEAR) I X 5 ERH
ZAiL

ZHBETHAH0.2ml/kg EAK X 5 ERFHTRE
FWZE{LH Fig. 212, EROYARMESENHEL
% Table 2Ic/R L, RN 1 H B TRARHY
CEEEICH ) SHOEENRD b h, Ml
B, BZEERIC—3T 5 B & RS e
iE MM AR & S 1R i MR TR A D &
hic, ERMm#E4BEETE, AL, 1H
BX DM WBEREOLTALEEY ARMICR
o, B 1HB X hiEWELr R,
ERMET AR T, ARMCIZISIFEETIE

(12)

E23 ) BoRTEG0EIRC Wb, A d
BHBRIEAGE S 7 ), REMAE D H 7 bFAR I
b MBS A BIE, TR E & bIHik
ERWBLIOEHBERY &L, 28HA T, AR
B R & O fE CHEBRE L &3 { B
ROV OER IR EE LR -L (Fig. 5
a, b), MMFERIC L Beticit 5B L 1
EA O MBFER 2 KBME DR bTAHTH R
sic (Fig. 5c). LlEA80.2ml/kg DEAT L%
BTROERFOBEL»LIEATARTHEZ &
AR LT,
II. FREREIICF

1. MHREFHE

&% 7 i ethanol 2 (A L CERM 2 HfT L
7z (Table 3). stage II o 4 ] & stage III @ 1
RERMERCBHHN 2T - 720, FTABIRES
Er & o 7o stage 1T 161 & SR 0GB
o 7o stage IV D 1 FIILERIT O R TH - 7z,
7 Bilsh 4 #13, balloon catheter % i\, B Eik &
B CIMATIEMT U 7223 S 2R 2T\, ethanol D #E
AFEIL0.2~0.43ml/kg TH - 7=, balloon catheter
EEAL T2V 3FOEAER, 0.04~0.47
ml/kg TH -7z, 1%, ethanol @ A gela-
tine sponge DK ZBINL 7, FH x24T - 72 5 4
3, FhrxhZERAEE L, 2, 4,5, 8 HEHCEHH
HifT & 1T L 7z,

2. #R

ElEfi T -2 5#D 5%, 24k, balloon

BARERSE H468% £35
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Fig. 5 Renal arterial embolization with 0.2ml/kg
of absolute ethanol in dogs.
a), b) Macroscopic views 28 days after emboliza-
tion: The embolized kidney is markedly atro-
phied with degeneration, keeping the original
contour.
¢) Microscopic view of the same time : Degener-
ative necrosis and intravascular thrombus are
visualized. (H.E.x40)

catheter % fj\~T ethanol 10.0ml (0.2ml/kg) &
20.0ml (0.43ml/kg) =X b ERM 2T -1, B
BMECT L 16T, ERfEonESEEc
PHIMT5E4TH » 1c (Fig. 6). ERME 2 B
B2 1Ty, AR EE ST AT

604 3 A258
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L, FEEETTLARMEALEENL SN,
FIEESE & ORBECTRREHILELBD LN
Motc, —7F, BEEIEDBER 1HTDERA
BomEEY CHIMESTH -1, ERHES
HERCEMImM 2T L, AR AR
DFEXRD bR oteht, Bl EEER
THH, BREMCEEBRCEEL TV, Sl
BV VX T (3. 5E 4 1 FERE A0 13 A Bl FR v 33 1L
LTz (Fig. 7). Bl 2T 56l05 %
balloon catheter % IR T - 7= 3 4l
D 5B 2 Hli, EHINE O 4% % 4 ethanol 2.5ml
(0.04ml/kg) £7.5ml(0.14ml/kg) i X b, fho
1 PNEEEIRAE L b ethanol 25ml  (0.47ml/
k) X W ERMZT -4, Thb 3FlniEky
HE T3, flchfifatimn, ikl b i
BIENHZ LR, ARENR L COERICEE, Mk
AT LOEEO~HoBREATED bhich, =
b OZAbiL balloon catheter 7z 26 L b
LEETH -1 (Table 3).

B M 2 M7 LT e 2 Bk, & %12 bal-
loon catheter % I\ EER A& 8> Hethanol 10.0
ml (0.24ml/kg) &25.0ml (0.38ml/kg) =Xk b
BRI E 1T -7, AIEXE#EIRD 5T ABIRIC
ThHERERYE-TRY, ERHTHHSHBED
RERFMEEY T2, BEHIRO AR HEIKBHIR
OFEAIEIEREBE L T, AIEInfTEORE
bERed LT, EHME & T ABIRNES 2k
ELCHEA LT, ethanol 8Smlick b 2[EH
DERME KT, WEERMELL ARESEL
7o (Fig. 8). ##F 1k, HWHRERMEBROMKA
HIEl S T Te A, TR RER O 7o D IR AT
4» FBEIFET LI,

ethanol £ ANz X % IR, 7 H&fhicEA
this & OYE A IC— @ik DEE & BUE N2 5 h e
%%, gelatine sponge I L b b BEETH b #fi
b @<, EFRFERATH2LES eh o,
SHIERRMES X CIRAOES b 7  Eieil
BOBEBLAHERLBD SR 5T,

I, & %

B ARERMN X, Lang® 0MELISE, B O M

RTLE PRSI  Cin LR SEECER
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Fig. 6 Case 4 (47-year-old man)
a), b) Left renal arteriogram before embolization: A hypovascular tumor of

7x6cm is visualized,

¢) Aortogram immediately after embolization : The renal arterial branches are
completely occluded after injection of 10ml of absolute ethanol through a

balloon catheter.

Table 3 Clinical Results

Volume of ethanol

Case Tumor Days until Occluding
no.  size(cm) Stage Total(ml)  Dose(mi/kg) nePhrectomy efect
1 4.0% 5.0 Il 2.5 0.04 1 +
2 4.5% 4.5 I 7.5 0.14 8 +
3 7.0%10.0 I 25.0 0.47 4 +H
4 7.0% 6.0 I 10.0* 0.2 2 H
5 10.0x11.0 1 20.0* 0.43 5 H
6 20.0%10.5 I 10.0* 0.24 (=2 H
7 13.0x10.0 IV 25.0* 0.38 (-2 H
* © Balloon catheter
THHHMOIEMO B E LTAL Thh T [ BERF U IS -3 5 B, BhIR oD A B AR~

h, TOFRABIZO>VWTREELREI AT
B~ GTEETIL, BRMICET 5 i oME L
ZLL ERYELEAFHAIh TR Y20, 2
b % coil % gelatine sponge /s E X {EH L, ZEik
BRI OCTIT IR L™, 13 abso-
lute ethanol M ERWE L LTFIHEhTW5
P20 BFREHRIZOWTIRWE BT ST
EROBELR T Wi\, ethanol D&M &
ZOEFRITOVTHRE L1,

ethanol 12 X % ZEiegh ik, M OEEK S
DEMALI X OYRIRAL, /NI D spasm DEIE,

(14)

DEEE EVHER IR T B0 = 50
BER- 1%, ethanol DEEE D RIMIEH & BAEM
LD2RPEEICIDEDEEZDL R DM,

Rabe 5112, ethanol iz X % 2w X b piREID
ME DA LTREOBMMEDOAESEL DT
ERGEFHL, NEEToHEE D B\ (RFH MBS A A
t>h, ethanol ZER i HBIEIEAY B - TEEY
BELTHERL, &5 balloon catheter & FiLs
BINRBHI T AT 5 & & I2 & 5 ERHR ORI
ZABRL T3, B 517, balloon catheter @
fERIL, ethanol o {5 F & D 4> = KB IR~ D

BARERSEEE H45% H35



Fig. 7 Case 5 (62-year-old woman)

a) Right renal arteriogram before embolization : Numerous tumor vessels and
tumor stain are visualized.

b) Right renal arteriogram immediately after embolization : The renal arterial
branches are completely occluded after injection of 25ml of absolute ethanol
through a Balloon catheter, showing the disappearance of tumor vessels.

¢), d) Microscopic views of the same time : The tumor is completely necrosis.
The extra-tumor region also shows an expansive necrotic change and the
vessels are filled with thrombus. (HE, X 40)

WOBFIE b HFRTHS EMEL T3, 4, R, BERAR» RS cComBR LEE
EELDIT > EB T, catheter ¥ BHIIR A AN Z DN ERYRIBEFTH -1,
I wedge L T I Jfi & B T 1 ethanol 2 A L %= Ellman 5 @271, & (0.1ml/sec) T

BRFI604E 3 A25H (15)
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BB 5 EENE L, ethanol D
ATEHE (2ml/sec) IfTHRETHAH LHWMEL T
wh, Zhid, BENROIEFHM T T, HEAEE
PGBk E ethanol AR Eh, EBcwT 5%
WHUNE L Ipbicd bEZ BN, SEIDOEEDL
DT> T-EBTIE, 0.1, 0.2, 0.3, 0.4ml/kg %

£l p.;..

' ] . 4 ' 3 - ‘. A >.‘ . “" ..‘
:, | ) i/ . - " . ’ y .' %
B YA LT B i~ &

a), b) Right renal arteriogram before embolization : The entire kidney is full
of tumor vessels. A thread and streaks sign extends into IVC.

¢) Inferior vena cavography before embolization : A defect is visualized in IVC
corresponding to the thread and streaks sign.

d) Right renal arteriogram immediately after embolization : The renal artery
is completely occluded.

catheter % wedge L7-PHILRAEC, 1 HfT &
#7H0.1ml/sec L FDRBHRATEATH o e ER
BRI+ TH - 7o, BEREFHIM L7 RAETE,
3% ethanol P ETH-THHFRIh b £
Eudicd, BB E b iBedichic 5 Fikss
R 1 R o

BAERSIE H45E H3IS
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e) Right renal arteriogram 8 months after embolization : The right renal artery
resumed patency but is narrow. The tumor is markedly reduced.
£) Inferior vena cavogram of the same time : The turnor thrombus is reduced.

2) Dynamic CT before embolization : The right kidney is remarkably enlarged.
A high density area suggesting a hypervascular tumor is visualized all over the
kidney. A funicular shadow of high concentration extends continuously into
IVC through the right renal vein from the intrarenal tumor.

h) Dynamic CT 4 months after embolization : The right kidney is markedly
atrophied. The tumors are mostly changed into low density areas showing no
contrast enhancement. Numerous residual tumor vessels are present in IVC.
However, tumor thrombus is diminished.

Fig. 8 Case 6 (74-year-old woman)

EEPRIGH T, balloon catheter # {8 L7- 4 JOICH, HEAEENLEAED S ERT D
AT, BELTEATH - THHoRERGED balloon catheter % Fi\ 7-8f 1z Hhis U C e 4h R
F B, balloon catheter A LTl 7ol MEE ST &3, M X % ethanol %

BEFI604F 3 A25H (17)
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FicksrdbobtEZLLNRS,

/B, Ekelund?V & o &Y E T, eth-
anol tEAE0.5ml/kg LT THhIERETH S
FHELTVWA, LL, chbXBEIRIELT
X BEATIR R, SE0EER T, catheter
% B &R 1= wedge L T BH Il F120.3, 0.4ml/kg
o ethanol XEATHIE, BEEOEHE%EHTH
<, BRSO FECHEA A LA EDE]
ER %R, oo boB{kit, 0.3ml/kg i
HAT0.4ml/kg DML Y B X ESE
DORENE» -7z, LHL0.2ml/kg AT, &
DEdBEEYHI L, SHLEBEREDE
MaiEbhi bR e &b BFedichic ) Bk
EMLTEDY, ethanol Iz X AERMIZKITHE
HWEEE BN, EHICZDEEIL, ethanol IZ
L % BEIRERM O MTRTAE © 2 7e b TR IBEE
BISHATESD 2 L 2FRRL T35, Ellman 52
1%, RISz 35\~ C, balloon catheter Z{FH L
T A390.5ml/kg @Y ETH D, 1.1
kg/ml BE FclLL L@ELTW5, AL
H2N3, ethanol i X % ZERLHR 1 REKFH T
BRI EXD, EAMEORY - THEARRZHE
FELTHDH, X512 balloon catheter #{HHT %
LI BEAROBMAERELCWB, Fi:
Rabe 52, balloon catheter Z H\~5 Z &1 X
DEAEDOBAVTRETH - ExBMEL T
50, BHEAELOWTIRABNT WL, 46
D4 OEEFRIGH T, balloon catheter % Fiu»
E\CEE T, #90.5ml/kg © A DL T fE B
3 & - 773, balloon catheter % i\, BIIREEIM T
IWHEA Lc#4& X, hypovascular tumor (Fig.
6) Ti%0.2ml/kg DEAIC L Y ELRAELF L
#iz. hypervascular tumor (Fig. 7) Ti%0.43
ml/kg DEATHRHEEL&ETFEERTH Y, &l
fERPED o, ThEiEREREZELEH LM
R Tk AT 28546, HENEZEOECZ L
W EEFE0.2ml/kg, BEME ST L EE,
0,2ml/kg X W LIET A - L X hEL7e
ENREOhB EHEShEY, BELTELLE
ERBDHOND Z ELSHIEMZHES LEHNT
BLEND B,

(18)

absolute ethanol iz & % B BhIR2E&

Ellman 5% ethanol = & % Ei&fii © 4 B i
i, SREREE CEIIREAZERFE, L ToiikEEst
T AANBIRERIELRHZ &, Ei,
O, RBIs L oERITEEERVBERTHSD &
&, BfirfiEChHY, BPrsIshvo i
ErpFTnb, S0, EEFELIT-ERTD,
FERMEFETIC— B L CTRMAT S X OURIKEED
SEL TR R RO, EORBEEOARTLILE S
T b RHE & AREREDZEMA LR L UHRERER O M
BB 2B, LSRR L L bzl bl T <
bor#Ezbhlk, MERCRMERIERHBL, B
REED T EEZ R D & & H» b ethanol IZ & A
JE~DEENHE I L, ERNEERLE LI
BLEichi 2 EE B YR T LMk,
ethanol 23k ARERYE £ L CEBIRZERATIZ
ISHTE B LHERHCEST Hhl, BERE
ek, B ATE S A B A D Tk
b, %1z balloon catheter Z i/ L 7= Tix, &
P B R ER R L OURME © ML BhR
Bt~ damage 2358 <, BEIIRAR O MIEIERL %
b, FHEMAME O o s bR E o nE F ©
sEaitHENE bR, T, FHTEMTLH
MBS Ah R A ZEB T H B = & % ethanol IZ X 5 ZEf:
T ERERPEBENESTHHZ b, ER
e X HRENERCHIGHATES Z EMNEFES
hic, BRIGHT, ERiiEokss, BRI v
B ERITEBIEERE S, gelfoam % steel coil
RECIBBEL D LEENEETH -1 &
3, BIA, Rabe?®, Ekelund®, Ellman®, 4|12
LOoHE & FE-FHLCW5, Cox ¥, eth
anol IZ X % BBk ERME:, TIERESIRELRC
ethanol i AT 5 = i X 5B OB EOER
RHEL TS0, EHLORBRTRE, BFHIRKE
MTFIEAL TS icdiE s LERRL, AR
BNC b IBIFZERRS bt h - iz, BERIEATD
balloon catheter {ifJi DA HEICBIR7z <, BEIIR
LA DBROBAEY BEHh 2 BIEARED bhi
Aso o,

LD F 0% X OFERIC T A ERKER L D,
ethanol 2 X % FERERML, FHMT Cciid &
(0.2ml/kg) T, %7 vascularity 23EH ThH il

BAREMSEE H45E F35
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DIEETHAZ LIV EHELREEY LD
L, s &b eBiieficbi b #IALL, 1
BIALE D 2 e b FIRBRERICSEDTHH = &
DB LA,

IV. # ¢ ®

1) BERERNIZIs T 5 absolute ethanol ®
Btk L OE#ERYARCT 5 BT, #AR19
B & A\ B BIRERATE O ARMEBFAIRN &
1Tt

2) 0.1ml/kg AT, FRECHIEHETEE
ERDBDHRTH ) ERHRITBRTH »1,0.2
ml/kg EAB T, BERMCEBZRLIENLE
HZEMBL, 0.3,0.4ml/kg HEATFCIX, EHB%E,
MEEARPEEL EOBERESE bR L2
b, 0.2ml/kg EMEAETHB Z EN¥B L
7o,

3) BRIRICA %17 - 7B 7 X, 5 BT a4
B, 2fI»RENERETH Y, FHFICAEE
LB D bh, FRAES CILERINIES
R D 5T,

4) balloon catheter {#fic X % [HMKRE T,
ERER L AR (0.2ml/kg) TIRIET5IRERT)
BB S, vascularity 23 EH Th TN E
THLENRD T,

5) BEELAEMHEIE L BD LT, ERTHIE
B b —lME CHERNBM T H - i,

3L (1

1 KB T, fIHENRE, KEE— FEEH, +
FHoAE, BHEAH BRI T = vEY ¥ —
vav—HELH DR E— Bk 28:
27—33, 1983

2) hEEFK, BANE, fEA—E BHE B T
H B iR, PHREE BalRfEcksD a8 57—
7 AEhIRERT, DR, 17 547—553, 1979
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