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Usefulness of CO2 US Angiography in
Treating Hepatocellular Carcinoma

Takeo Irie, Tetsuhisa Yamada, Fumikiyo Ganaha,
Masuo Ujita, Chikako Ishii and Shinpei Tada

We evaluated the usefulness of CO2 US angiography in
the detectability of and the effectiveness of TAE and/or PEIT
for hepatocellular carcinoma (HCC). Twenty-three patients
with HCC underwent CO: angiography during the
interventional procedure to treat HCC after examination of
CT and conventional US. CO: US angiography was observed
on the US monitor by injecting CO2 microbubbles through
a catheter placed in the hepatic artery. Contrast materials for
CO:2 US angiography were 3 ml of CO2 microbubbles pre-
pared by vigorously mixing 3 ml of normal saline with 3 ml
of 20% Intralipid, 3 ml of 20% albumin or 3 ml of the patient's
own blood. In all patients, CO2 US angiography revealed equal
or superior tumor detectability as compared with CT, con-
ventional US and angiography. For demonstrating the inner
structure of HCC, the image of CO2 microbubbles mixed with
Intralipid was better than that of CO2 microbubbles mixed
with albumin. In 9 of 23 patients, CO2 US angiography de-
picted nodules that had not been seen in the other images.
TAE was performed in 21 patients with HCC who showed
hypervascularity. In one patient in whom it was difficult to
clearly depict the small lesion of HCC by conventional
angiography and US, PEIT was successful under CO:2 US
angiography. The detectability of HCC was higher in CO:
US angiography than in CT, conventional US or angiography.
The distribution of blood supply to HCC was observed eas-
ily by CO2 US angiography. In TAE of HCC, CO: US angio-
graphy was useful to determine the dose of embolization
materials without having to perform repeated angiography.
It was possible to perform PEIT easily for non-detectable
tumors without CO2 US angiography. CO2 US angiography
was useful to evaluate the stage of HCC and to perform TAE
and PEIT.
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JFFRE# 12 3317 5 C02US Angiography (LA FCO0:US) D4 H
PEL, FEBIRLENBEIC BV TE IS, Fof
HOLECALNLDS, HENRICHOME XL, 406
bivbiud, IR IC B 5 C0UST O AE & TAE
(transcatheter arterial embolization)/PEIT (percutaneous etha-
nol injection therapy) 47 T DA 22 EigFT L 7=,

HEHIVFE

JFHIRaE23 B & b3 & L7z, BNE, SBiE196, ok 4
BT, FiGIZ458D 5785 CF63i%) THh - 72, Mz
DHIRAHEFTREEY 2> 5 B-NFRE, Stage 1 A% 4 61 (5
£ 10~20mm), Stage [IA%4 F(HL5E - 16, 256 3 44,
JEHEFE - 15~30mm), Stage A9 B (65 : 9 B, REMEEE :
12~60mm), Stage IV-A%S6 5] (£5& & 6 B, BEHFEE : 10~
80mm) TH -7z, &ffl, il oUs(LLTUS), mAsEwEU
CTZ AT L, NEBOHIEEICD ZC0US & Heliat L7-.
MEELL, BT =TV ERFERLNVICES S Y b7
ANLIZTHRFE L. CTi, HEHMCT(10mmA T 1 A&,
10mmfFE) & #FCT (FEA A » MErE#I300mgl/ml, 100ml
FURERE, AT A AE L BRI EMCT & [ L) % 5EfT L7z,
CO:USIE, HFIHEEREOTE =¥ — T IZC0microbubble %
WIFBIRIC BV A F—F U SiEALIBIT L. 72,
COUSIZBVT, @AY FFVEY FQ0%A V¥

PR ARBEER) 3mI, (b)) T T3 2 3ml (0% RRIME 7L
73V AU, (c) BFIMTK 3mlo 2 Fhus A Ak
3ml&CO3mlZ HFMIZRE L D& E A LIESG 2B
5 MEENRE DR FEIZ D WT D BRET L 72, Z o blidk
FAZH 7 - TUE, BEONEF IFFICHD T, Az AN7zCOo:
AT L Twash ont EN/-DFUS ETHER L 7214, 5%
BehEL. IEHH WCBALTIE, R FERSEE SN
5 L TORFM, PIHZ FERSEESN TV EEH, %
AR % I3 & 0 iR Aswash out B N7 o & HE L
7z, B5HIZ, COUSIIBITAIMEREDIEEIZX D, TAE
F 72 IIPEIT TR #RE L BN L 72,

HAREREEE #58% %75
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Table 1 Detectability of HCC in COz US Angiography Compared
with Angiography, CT and US(n = 23).

CO=Us
Detectability
VS excellent same
AG 48% 52%
us 43% 57%
CT 65% 35%

B/ R

1. (Table 1)

JEE O HEED ELTIE, COUSAS, MR LD EN
TWizbD48%, FEETH-725?M52%, USL HERLTY
72 D43%, A% TH-72HD57%, CTL HERLTWZH
D65%, FM%ETH-72bD35%THY, £TIZIBNT
co2usit, AENMENTEY, HoTWibDE R o7z
(Fig.1A, B).

2. (Table 2)

COUSZEMATL7zZ &I2& Y, StageDEHIN/2H D
1%, 5H(21%) TdH -7z, StageI D 2 H1(SS5 : 20mm) (S8 :
15mm) (&, FHFStage 11(S5 : 20mm, S5 15mm),
Stage I11(S8 : 15mm, S5 :23mm) 2, Stage 1?2 fi(S7 :

Table 2 Change of Stage after CO2 US Angiography.

Change: 5/23 (21%)

Pre COz2 US Pre CO2 US
Stage Case Stage Case
| 6 ~—0 | 4
I 5~ w\:“# I 4
\HH___\\\

1] 9 -~ O 32 9
"‘"'--.______' ~
\ \““h'"‘ ~
IV-A 3 - V-A 6

15mm, S8 : 12mm) (S4 : 18mm, S3 :10mm))i%, EHZ
NStage I11(S5 : 24mm, S7 : 15mm, S8 :12mm), StagelIV-
A(S2:13mm, S3:10mm, S4:18mm, S7:10mm, S8 :
15mm) |2, Stage I 1 F(S5 : 25mm, S8 : 16mm) iX,
Stage IV-A(S3: 15mm, S5 :25mm, S7 . 16mm, S8 .
16mm) (ZET1E 27z,

3. (Table 3)

COUSD T2, LItk Tdh - 722101 I TAEDHEAT S 1
(Fig.2A-C), US, ME&EF B L UCTTIIHHEET
COUSIZBWT H ZIETdHh o 72 2 FlITIIPEITAHEAT E
7z (Fig.3A-D).

TAEIZ BT AP35 1L, Stage
[ . Epirubicin 23mg + lipiodol 8.3ml,
Stage II © Epirubicin 23mg + lipiodol
8.3ml, Stage Il . Epirubicine 20mg +
lipiodol 7.2ml, SMANCS 3.3mg,
Stage IV-A ! Epirubicine 30mg +

Fig.1

A: Prain US.HCC,Recurrence. 59-year-old-male.
Any tumor lesion could not be detected.

B: CO: US.HCC, Recurrence. 59-year-old-male.
Hyperechoic mass lesion enhanced by CO:
microbubble was well seen.

Table 3 Interventional procedure to treat HCC.

TAE 21 cases
Dose  Epirubicin  +  Lipodol (n=18) SMANCS (n=3)
Stage mg ml mg
I 23 (10-30) 8.3 (3.6-10.8)
] 23 (20-30) 8.3 (7.2-10.8)
II 20 (10-30) 7.2 (3.6-10.8) 3.3 (2-4)
IV-A 30 (20-40) 10.8 (7.2-14.4)
PEIT 2 cases )
Stage Ethanol (ml)
| |
1l Il

FHE 1046 A 25 H
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lipiodol 10.8ml T& - 7-.
PEITIZ B} HethanoliE A&t (L. Stagel:2ml, Stagell :
1.2mlThH o7z, £/, COUSII &L Y StagedZEb 72 5 i
H 46T, TAEDFESEHESNI, $74bbH, segmental
TAE®, MRiOFEL Y SHBMERL D26, F
7€ L TV 7zEpirubicin + lipiodol + gelform|Z & % segmental
TAED S, TEAERFEIRS S DSMANCSEEIZEE Shizd
O 2HTH 7. —FH, TAEX AT L72£BicB T
lipiodol DHEFK L, CO2US TRE® b AL7-ERALIZ—F L T BAT
Thot-.
4. (Table 4)

A1 VKSR, TMTI Y, B#E
MEDENENDELI R OB TIE,
BHEIMIZBWT, 17 Ey Filg
bEN, BEEOB)IRME T OMKE)EE % Ik
WICESRBELZ:, DT, 7732,
BEMBEOIETH - 7. BEHETIE, #
NEMIBWT, L EFFE#ED o
YIFZAMIER oL, TALTI Y
EWBLT, 1 b7V EY FTIE, W
WEBREFRTIE AL, S M
BEDBEHTRETH - 72 (Fig.d).

5. (Table 5)

LY FVEYF, PATIY, BE
IMLE D+ NENDWash out® HEE T,
177V Ey FARLE {15308,
RIZT VT I 2247, BEIMTE4 5 ONE
THhor:.

Fig.2

A: CO2 US. HCC. Stage Ill. 59-
year-old-male. Hyperechoic mass
lesions enhanced by CO:
microbubbles was noted in seg-
ment 6 (arrow)and 7 (arrow) of
liver.

B: Post TAE US. HCC. Stage III.
59-year-old-male. Lipiodol accu-
mulation was noted in segment 6
(arrow)and 7 (arrow)as well as
CO:z US angiographic findings.
C: Pre TAE CT. HCC. Stage IlI.
59-year-old-male. Faint low den-
sity lesion was noted in segment
6 of liver.

D: Post TAE CT. HCC. Stage III.
59-year-old-male. Similar lipiodol
accumulation was noted as well
as CO:z US angiographic findings,
on CT.

10

US angiography D47 %

Table 4 Comparison of Enhancement Efficacy of CO:
Microbubbles Mixed with Intralipid, Albumin and

_ Blood(n = 11).

Early phase

Detectability of
turnor vascularity

Delayed phase

Contrast ratio of tumor to
liver parenchyma

Intralipid excellent
Albumin good
Blood fair

good
good

good
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coausz;.t 19864EMatsuda S22 & 1) JFIESS - B1) 5 Hig
T2 SNTLISK, # DD H AT L < Fl
Ménfé Va0, FOFREIZOWTE, RED
—FHTrLiAlLoTWE, FOHBED—DE LT,
US, IMEEERCTLREL T, COUSOIEEDIRHFEDE
DRSNS, Kudo S5 ME, 3emEL T O JFHINRE 10345012
BIFBHHEE, COUS 86%, M DIMEEK63%, DSA
70%, lipiodol CT 82% & #iti L Cvr 5. Imari 541, 22
DIFHIEREIZBWT, UST24#EEII0 L, COUSDJGEFTIC
L O3HEEHERBTAIENTELE LTS, biubh
DIEFINZBVWTH, COUSIIMDmodality & Il L, 43%7:
565%DERLERL, COUSDREITIZL Y, 2361 5 Fi

Table 5 Woash out Time of COz Microbubbles Mixed with Intralipid,
Albumin and Blood.

min
25

1.5 L

0.5 —

Intralipid Albumin Blood

ERE 1046 A 25 B

Fig.3
A: Plain CO2US. HCC, Recurrence.
65-year-old-male. Hypoechoic mass
lesion (—)noted in segment 3 of liver.
B: CO: US. HCC, Recurrence. 65-
year-old-male. The tumor demon-
strated as hypovascular pattern (—)
without enhancement. PEIT was
perfomed.

C: Pre-PEIT CT. HCC, Recurrence.
65-year-old-male. Low density mass
lesion was noted in lateral segment of
liver.

D: Post-PEIT CT. HCC, Recurrence.
65-year-old-male. After performing
PEIT with 1.2ml of ethanol and 2ml of
lipiodol, lipiodol accumulation was well
seen.

B TStageBF L WET LD DITEES /. Tl i
L0, WENZFE L TWATAEOHEIERH Sz H OHT4
ey, IVRICBIT2HEHEDOERFICBVTLHETH -
7o, BEHO OB E LT, USEFIH L TWw A O THEREDF
RSB TNDZETHDL, FNIIMRAT, 25—
7V DAL % % 2.COUS w* FTYAZ &k, fERIRE
DHDHEEHEME) Z L iz Dsegmental,
subsegmental TAEZSH[fETHH. = DHDEHM &L LT,
vascularity DYV 7 O MEEL TIEH M A NEET, USTD
ANHAIEE 2 fERE Tld, COUST TOPEITOMILE 7 W HESH I
HATT A2 EHTES, Imarib¥ i, USTARBPEETDH -7z
FHIR R AEFN X L, CO:USF CTPEIT % JitifT L 4 @ Ak
PEEL TV,

EZAHT, COUSIIBITAEEEIZIL, MidvaTHE
ZIZBVWTENRONSE, o2 ik, BEOFEAEZRTIC
HEEE D, TAECOGRBNDHICEZ 2B O»ICE
EHos, Imari bV, COEEZ5-10mIFEATEZZ &I
&0, 15-6057 (F3919.65) b ], MBI 2 Rl L
L, CO:Zmicrobubbleiz L CTIHEATAHELD, ELIEH
DHF ) HHF O N, FESRRPPEITHTICBWTHEHTS
oz LTwah, MEESYE, FRIZISmIOCOZFAL,
IEH T 4-1547 (F359.5%7), - 3410955 D% %
WAR SN LTWA,

----- #, Kudo®¥1d, CO210ml% A 10ml, B MiESml &
& microbubble & LTHEAL, IEHFTOEE DI 1-3
GFTHoizk LTwhA, KEFLYL, TAEIZH - THEOD
ATEEHE L, X 0EREIZIEE D 5 C020wash outh?
#oN5 K912, Kudob DEZEMBEOIHYIZT VT I
FRHL, EETS47TH £ 17402004%:F ) Thotz L
Bl Fh, TAMTIVRERTAILET, LS H
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Pre-CO-US

Intralipid

Alubumin

Early phase

Post-CO.US

Middle phase Late phase

Fig.4 Comparison of enhancement efficacy with intralipid and albumin. 46-ye!ar-oid-male with HCC. The upper images was intralipid.
Left was pre-COz, right was post-CO= US angiogram with intralipid foilowed from early phase to iate phase. The bottom images was albu-
min. In early phase and middle phase of COz US angiography with intralipid compared with albumin, vascularity pattern was clearly dem-

onstrated and observed detail structure of HCC.

CO:z microbubble & 7% V), JEEAN THCOZERIZ L ATAED
[HES bR kb L L*Ch% bhvbhd, FEEDEZD
bEiz, BEME, TLMNTIV, A5 Ey Falifk
ELTHHUBE LER, £ 50y FAEEERFT
T aoRF ) L B, BRI T OMERE O Mk
BEED L D EEMIICBIE &, ZOMEEBELT, 12T
¥y FEREEHEICOUE, F D /NE vV imicrobubble %
BT A0 LHEENL, ZOZ L, COERIZLS
TAEOHEDT e A L VK T HbDEEZ LN, &
[6], TAE# fifT L7226 5BV Tlipiodol DHEfEIE, CO.US
TRO LNV —H L TRIFTH 5722 5 HTAE
BEZ B AMERBIOEH I MEII v EBbhi, 74, IE
WHED 5 Dwash outH™F < WEEIE 2 M%) 7 < BRI HEATC &
50T, TAEMATRICIFICHERATSH 723 TR, Bl

TEAEBWIPPEITIC B W T AT S REEIX R SNl h o7z,

¥ & O

1. CO:USIZBIT A IFH@o gL, US, CT, &
WEBLEWERTEY, Z0OStageBlilcHHTH -

r

~—

2. CO:USIE, HEHEADIMLGE A0 K O OFEEE A5 2 F
ITE, IVROEIR(TAE/PEIT, TAED ) IZEWTHH
THhoz.

3. TAER}IZBITACO:USIE, CO:microbubble ik & LT
A b7y FEFIHTAZ LT, washout? 5 { TAE#
FET 22 L4 CHEROMBTATETS ), FICEHTH
bHEBbhiz.
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