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Doppler Sonography in the Diagnosis of Liver Tumors

Kazunori Arai
Department of Radiology, Kanazawa University School of Medicine

Research Code No. : 514.2
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The value of color duplex Doppler sonography in evaluating tumor vascularity was investigated in
82 hepatic tumors (61 hepatocellular carcinomas, 11 metastatic cancers, eight adenomatous hyper-
plasia, one focal nodular hyperplasia, and one cholangiocellular carcinoma) receiving angiography, 64
intrahepatic arteries, and five hepatic cysts.

The minimum diameter of the intrahepatic arteries (lateral inferior subsegmental arteries) from
which signals could be weakly obtained by using a 3.5 MHz transducer was 0.7 mm. Twenty-eight
(74%) of 38 tumors with signals within thern had definite tumor vessels on angiography, and
continuous blood flow within the tumors showed an association with the dilated tumor vessels.
Eighteen (69%) of 26 tumors with signals within them receiving conventional angiography had tumor
vessels greater than 0.7 mm. However, only 17 (31%) of 55 tumors =3 cm showed signals within them
in contrast to 21 (78%) of 27 tumors >3 cm. Three of eight adenomatous hyperplasias, which were
angiographically undetected and had portal or hepatic venous branches, showed signals within them.
Four tumors that had abnormally high velocity arterial signals (>0.63 m/sec) within them showed no
arteriovenous shunt.

Evaluation of tumor vascularity according to the Doppler sonographic findings at the periphery of
the tumor was difficult. This was attributed to the fact that the real sample volume was larger than
that on B-mode image, with no correlation seen between the signals at the tumor periphery or the
existence of arteries surrounding the tumor and tumor vascularity. Although a correlation was seen
between tumor vascularity or tumor size and peak systolic velocity determined at the turnor periphery
(p<0.05), five of six tumors with abnormally high velocities (>0.63 m/sec) at the tumor periphery were
=5 cm in diameter.

Doppler signals of the artery feeding the arteriovenous shunt were characterized by abnormally
high velocity and low resistive index.

In conclusion, Doppler sonography is somewhat useful in evaluating tumor vascularity, but less
so in small hepatic tumors.
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Fig. 1 a: Intrahepatic arterial Doppler signals
barely obtained from the middle portion of the
lateral inferior subsegmental artery (arrow). b:
The diameter of the artery corresponding to the
site of origin of the Doppler signals (arrowheads)
was calculated by conventional angiography.

matous hyperplasia (AH) 8 # &5, metastatic
liver cancer (MLC) 1145, cholangiocellular
carcinoma (CCC) 1#5fiTH 5 (Table 1), 14
FEET R BR\ T2 ORI I EIAY e BRFRFT R & iR
FRIZL VBEHCEIhicboThs, AHD
EEZENC LT, B HCC L oBARTED
BEICERENE-TWBH L ATHBA, EBIR
HEPIIRIER TE#HE CT (FIIR CT) * &7 Mt
WATRE UBMIIBREEOFT R 2K S h
Foene - EEARIL1.1~16cm (B3, 7cm) TH -
fe, BERLUCBEREOBES3.5MHz, 5MHz
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Fig. 2 The angle between the artery which runs parallel to the umbilical portion
of the left portal vein (arrows) and the ultrasound beam (straight line) is acute.

Table 1 Materials

Lesions

Diagnosis (pathologically
confirmed lesions)

Hepatocellular carcinoma (HCC) 61C 6)
Focal nodular hyperplasia (FNH) 10D
Adenomatous hyperplasia (AH) 8C 4
Metastatic liver cancer (MLC) 11C 3)
Cholangiocellular carcinoma (CCC) 1

Total 82(14)

Diagnosis of most cases was made according to the
typical imaging and clinical findings.

THbH, wall filter 12100Hz, sample volume %
FALH R Amm, #6725 FIC3~Tmm iIC3%E L T
AT Lz, FRERICL > TH T — K75 W@
BAOFA Lic, MESRIX 202 E8vkvTs
il T digital subtraction angiography #*ffi {7 X
NnTik b, BHMMEST CIXIA KL EREY & D
cut ilm ETH|MP Ehi, MEFESFORTE,LL
f&E5% > vascularity » 3 Bfic 08 L7,

0% | [EBHRY, BEMmMELZDEV(Fig. 3).

13 EBBREOAEXZD S, b L 2k
EFME>»RD5 (Fig. 4),
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2H  EENCRBEShATBEEOMEYEDT
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MiREEFRSCE B coEFBHIRoO
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Fig, 3 Adenomatous hyperplasia (vascularity 0).
a: Color Doppler flow image shows arteries sur-
rounding hypoechoic mass,

shown on digital subtraction angiography.

b: Wo tumor stain is

Shafosim, FHEBcmBE+ 5 ERmEy
ETHDICITERNHED, oMM G, 0.63
m/sec Ll E%7:120.52L F o Rl 2=+ &R #:E
SR L CER LA,
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PRI PR RIL F 7 5 — (B2 e T
TEldhats, LiL, FFFAMERSRFAARS
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Fig. 4. Hepatocellular carcinoma (vascularity 1).

a, b: Color Doppler flow image (a) and pulsed.
= g Doppler sonogram (b)) show arteries surrounding
‘ . mass, ©: Faint tumor stain Carrows) is shown
on digital subtraction angiography.
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Fig. 5 Hepatocellular carcinoma (vascularity 20,
4, b Color Doppler Alow images artery surround-
ing mass and arterial blood flow in the mass, ¢
Conventional angiography shows definite hyper-

vascularity within the tumor.
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Table 2 The diameters and sites of lateral infe-
rior subsegmental arteries from which arterial
Doppler signals were only weakly obtained

0. Detected site Arterial diameter (mm)

0.9
0.8 | * 5
x a
T 0.7
5
o
-} o .
5 A
2
w
W 0.6 .
g ”
0‘5 L i i L i
0.1 0.2 0.3 0.4 0.5 0.6 0.7

Peak systolic welocity (m/sec)

Fig. 6 Distribution of peak systolic velocities and
resistive indexes of arteries running parallel to
the umbilical portion of the left portal vein.

B-mode EizZ 7~ & 5 sample volume 75 Z h
BOIREIZET S X 51tk BEE1L, sample vol-
ume BERAICE > TH L ORE»HHETE
HE5 LAEOESHBEE T E (Fig. 7). Pk
PEEE L T A EEIRMIRicEE T A EIROE
ShwHTER,

N
1 middle
2 middle
3 distal
4 middle
5 proximal
6 middle
7 middle
8 distal
9 middle
10 middle
11 middle
12 middle
13 middle
14 middle

0.7
0.7
0.8
0.7
0.7
0.8
0.
(.
]
0
(.
1=
11
0

-] & O 00 00 © =1 00

Detected site : lateral inferior subsegmental artery was
roughly divided into three portions-proximal, middle,

and distal.

3) FFEHNFF5—FiR

RO TH LMo

&<, EET

B0 F 77 —FEE5REAMRKE - OBFRINEER

Fig. 7 Pulsed Doppler sonogram shows that continuous blood flow was obtained
from periphery of liver cyst, although the entire sample volume was within the

cyst.

ERL 443 A25H (67)



328

BEYE V7 -k 2 FFESLH
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D%t
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Fig. 8 Hepatocellular carcinoma. a: Pulsed
Doppler sonogram shows continuous blood flow
within mass. b: Conventional angiography
shows abnormally dilated vessels or sinusoids
wihtin the tumors,

7 -G8 L DfHf% Table 3 1r3. 2 #oD vas-
cularity %53 % 33#E Mrh28fE & (85%) TVF 7
F-EENRETER, (RO 1B T4
HirP 106580 (20%) TULMEHCTE e -1,
FEFN D HEF DM T & 703848 Bt 261 &
THEEA O MEGRAFHEMCBEFTE B X 5 bk
B gl cut film B EF AT S hiz
ny, 18/268580 (69%) THEFZ0. 7mm Ll LD fE
BIMEOHFAENTER SRz, 0.7mm U Eo[EE
MEPHERTEed o7 S SEMTI, #
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Table 3 Correlation between Doppler signals and
vascularity within the tumor

Doppler Vascularity
signal 0 1 9
[ ] OD0O0C
A+C O00AA
N
@] 2000A Q0000
A Oo00A
(X ] O 00000
C ole;
OCeee 00000 00000
[ X Java QOQ0OQ
ND QOO0
elolelele)
00000
FAVAVAVAYAN

O :HCC,FNH e :AH A :MLC,CCC
Doppler signal
A ' arterial
C ! continuous
ND ! not detected
Vascularity
0 : arteriographically undetected
1 © detected with tumor stain and/or faint neovas-
cularization
2 detected with definite hypervascularity

PP, FTRIREHFET 2 02 Mo ER2
rc@Es bt (Fig 9.
cularity (X 0 BETH D, HE#HH 5\ 2P CT *
WSS B g EE 0 BEIR e Fr R AH & 28
Shic, BY SEMBIEZTOREFITATS -
7o, 3 #EEGISMHz o B ClRE L TR
LEIREIBE S RE EhicboTh D, 245
33.5MHz THE L CEFEIRE S hicdo
Th5b,

F77-FE50oRHEBELYEEE3em LT &3
cmzB2AHbOLTHTTHEFLTCABLE, 3
cm 8z HRET2L/274EH (718%) TEES» K
HT s, 3cm LTOBETIRLT/556H (31%)
TLMBRE T & ot (Table 4)., MLC ®
CCC 7z £ o— 912X hypovascular & & T\
HIEETH3cm Bz 5P TREFICEERN
LESEHEETE L,

EFEAE A bR OBIREES GEEEH T
MeFT 7 50.63/sec B2 HPE & L) 1k 4 #5E

SERE 4 £ 3 A25A

b o e vas-

(69)
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Table 4 Correlation between tumor size and
detectability of Doppler signals within the tumor

Doppler signal

Tumor size

+) (=)
olelslale)] [elelelel
QOOCO 00000
QOOCe 00000
— oe 00000
S Q0000
De0ee
[ _FiWAVAWAN
FAWAWAN
00000 Q0000
QO0C0 O
>3em QOOQ0O
QAAAA
Fad
(O HCC, FNH  Doppler signal
@ AH (+) : detected
A MLC, CCC (=) ! undetected

Table 5 Correlation between abnormally high
velocity arterial Doppler signals within the tumor
and arterio-venous (A-V) shunt

No. Diagnosis Tumor size Vmax RI  A-V shunt
1 MLC 5.5 1.01 0.5 (=2
2 MLC 16 0.96 0.68 (-
3 CcCC 10 0.79 0.5 =)
4 HCC 11 0.85  0.77 (ED)]

Vmax=peak systolic velocity (m/sec)
RI=resistive index

THLRMD, BEhinE#Ry + v P EETS
FliEERD T, MLC % CCC T b #it & hiz(Table
5), W PIlRE- L EIRE: 2 &1 AH %R\ T
EHWO DA & his 8 f5fich 5 58 (RoOE
HHEBIREREBHE SR R 1SS 6 4
f) CTEBENCRECHELCEENE (EEA
i) 2388s bhte (Fig. 8). “hizx LT, B
Wi FABHEE D 2 H X h - 1686 HiCIIAEER L ke

MEBE I/ % 3 #5685 L 2 iRed e o 7,

b, /NIFEEDETO V7 7 —EE 0K

B 1 005 % ST 5 O A S TH
%3cm LLUF o /NIFRESES5HS £ (HCC 394 &1,
MLC 7 #5865, AH 84581, FNH 1458 oy
Ltz [BEUEE» BB/ ONhE V75 —F50MH,
SR B O vascularity 12 X BB S p T E
FRB oo, MLC T3 HCC = AH ikt
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Fig. 9 Adenomatous hyperplasia.
rial blood flow within hypoechoic mass.

~NEBSOKRHEEILES - 72 (Table 6),

A7 = F 77 —WhE CHMICTHE X A7 1845 #
(HCC 114580, AH 5 %585, MLC 2 &8 T 7
BEHICEZLEYBECBHRLABD S5 hic
(Table 7). = ®FF R vascularity »3 0 B &S
(Fig. 3)Tx 7 #5805+ 2 ##iT, vascularity 75 1

(70)

a: Pulsed Doppler sonogram shows continuous and arte-
b: T1l-weighted MR image (1.5T, spin echo, TR=
500msec, TE=20msec) shows hyperintense mass and vessels within the mass (arrows). c¢:
CT during arterial portography shows portal branches within the mass (arrows). The mass
is not clearly shown due to the existence of portal blood flow in it.

FoEE (Fig. 4) TX4/9%E 8T, vascularity 73
2 BoEE (Fig. 5) TRI2&EEHTRD LA,

v

vascularity 3 0 FEOREE CHRER LS/ -

7o s, @@ vascularity & ORI LB & A7l
RIZESGhich o, MLCIX 2 #5685 & Xt & a4
ehroiehy, MEXEE CBREBED AT, B
#5204

A ARBE &3 M35



Table 6 Correlation between Doppler signals at
periphery of the turnor and vascularity within the
tumnor less than 3cm in diameter

Doppler Vascularity
signal 0 1=12) 1 (=32 2 (=11
Deee Q0000 O
A+C Q00
A O000A 0000
C Cee elololele] 000
Q4
[ X X JaVaN 00000 [@]e)]
ND o000A
FAWAN

O HCC,FNH ®:AH A MLC

g s Bk R S - DL R4
it +5 HCC & AH #1Th - -,

c. BEL&ELLHE LI DBIRMTAENNE O iTE
K ORI &[EE D vascularity B OEER O G

05 B 3245 85 (HCC 254585, FNH 1#
#, AH 34585, MLC 3 ##0) caiREmEii %
WH U7, BIREMEIE © Vmax & @5 D vas-
cularity ®Bifr% B 5 &, [EH D vascularity 4
&< fe5 & Vmax 55 < e @AMSHR 5o Fig
10a), Vmax &[EBROBEFREY L &, BEEEHN
K& D E Vmax BEL B HAN A BRI

2t . /
-
o)
-
T 1F .wv(
3 ~
8 r=0.60
S
o0 R =32
P<0.05

o] 0.2 04 06 0.8 1 1.2 1.4 1.6
Peak systolic veleeity [(m/sec)

a
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Table 7 Correlation between vascularity within
the tumor (less than 3cm in diameter) and detec-
tion of hepatic artery surrounding the tumor on
color Doppler flow imaging

Hepatic artery

Vascularity
+ (=)
0 oe Oeeen
1 olelele 0000A
2 ) 8]
O:HCC ®:AH A :MLC

Hepatic artery
(+) . hepatic artery surrounding the tumor was
detected
(--) : hepatic artery surrounding the tumor was not
detected

(Fig. 10b), FEREHE COHE 2> 50.63m/sec L
FEREEEOKE TS E, 6 CREESEM
MaxBDdiz, 2hb6EHET4ed 2 FHED vas
cularity #F L, 1#E*EV-C5cm L ETdh -
7z,

EH0&» 5/ LA 5 BIRERNBIEO RI L&
# D vascularity, BEBE & CBIRBA BRI A 5
7o (Fig. 11D 2%, BEIELV- BRI (<£0.52) 7R/ L
2% HCC TH Y, 1&EMHIBERESMm

ERAER D, 1 REEIERCESRL L EmEHE
1.6 ¢
1.4F
m
5 1.2} .
|
2 1F . //
i ~
Sosl - . //
2 //
8 0.6 .
2 0.} .;/'/' r=0.65
& A% . n=32
2 0.2F "¢
o * P<0.05
[ -
Q i A 2 g
0 5 10 15 20
Tumor size (cm)

b

Fig. 10 a: Correlation between peak systolic velocity of arterial flow obtained at periphery
of tumor and vascularity within the tumors. b: Correlation between peak systolic velocity
of arterial flow obtained at periphery of tumor and tumor size.

ERU44E 3 A25H (71)
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Resistive index
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:
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Resistive index
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Fig. 11 a:Correlation between resistive index of arterial flow obtained at periphery of tumor
and vascularity within the tumor. b: Correlation between resistive index of arterial flow

obtained at periphery of tumor and tumor size.

Table 8 Peak systolic velocity and resistive index
of artery feeding the arterio-venous (A-V) shunt

No. Cause of A-V shunt V max R1
1 Hepatocellular carcinoma 0.95 0.5
2 Liver cirrhosis 0.69 0.5
3 Hemangioma 0.43 0.43
4 Hepatocellular carcinoma 0.95 0.57

V max=peak systolic velocity (m/sec)
R I=resistive index

B HERBAR OB H 2 7,
4) BEgiR> v > M BT 28RO N T 5 —5F
B (Table 8)
¥ x v FERAED S BDRA D 4 Bl 3 PITEE
Tem M (> 0.63m/sec) # #2%, 4 fit 3 #lT
REWEVRI (<0.52) #Bd7, ZOWEDR
REFAFrT b0 2 flcRo5hic (Fig 12).,
BER> + v P 2 Rh o B OLE G5
b i BhREFENE T Z Ol E O R RARICE
T AHHNLERD I 5T,
Iv. % =%

BB OXBZMEN S - X HIFEIRIC X 25X
I<mbhi-EEThY, FEEFCET LA
BIROBEHE F 7 7 —ic X 5RHECESOMR

(72)
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Fig. 12 a: Conventional angiography shows
arterio-venous (portal) shunt (arrows) in left
lobe. b: Arterial flow with abnormally high
velocity (0.69m/sec) and low resistive index
(0.5) was obtained from the artery running par-
allel to the umbilical portion of the left portal
veln.

o b 8

IR o B S h, 2 §580123.5MHz 0 B
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