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Evaluation of the intratumoral vasculature of hepatocellular
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Abstract Doppler sonography is very useful for evaluating blood
Background:To determine whether a difference exists in flow without exposing patients to radiation and without
the relative ability of power Doppler sonography andthe requirement for contrast material. Color Doppler
conventional color Doppler sonography to detect the in-sonography has been used to differentiate hepatocellular
tratumoral vasculature of hepatocellular carcinoma basedarcinoma from other kinds of hepatic nodules [1, 2, 3, 4,
on lesion size and location. 5, 6, 7], to evaluate the response of nonsurgically treated
Methods:Sixty patients with 88 hepatocellular carcinoma hepatocellular carcinoma [8, 9], and to guide percutane-
lesions that showed tumor staining on angiography an@us ethanol injection for large hepatocellular carcinoma
were enhanced on dynamic computed tomography werflO]. Tanaka et al. differentiated hepatocellular carcinoma
evaluated. Power Doppler sonography and color Dopplefrom other kinds of hepatic nodules based on the finding
sonography were used to detect the intratumoral vasculesf a basket-pattern vascular network on color Doppler
ture, and their sensitivity to blood flow was evaluated. sonography that is characteristic of hepatocellular carci-
Results:Power Doppler sonography showed a superiomoma [1]. Tanaka et al. demonstrated intratumoral vascu-
detection rate for lesions smaller than 2 cm and locatedature on color Doppler sonography in residual hepato-
4-8 cm from the abdominal surface in the right hepaticcellular carcinoma lesions after transcatheter arterial
lobe as compared with color Doppler sonograplpy< ~ chemoembolization [8]. Lencioni et al. confirmed residual
0.01). Neither power Doppler sonography nor color intratumoral vasculature on color Doppler sonography as
Doppler sonography depicted the intratumoral vasculagvidence of incomplete percutaneous ethanol injection
ture of lesions located more than 8 cm from the abdomtherapy for hepatocellular carcinoma [9]. But color Dopp-
inal surface § = 14). Both color Doppler imagings ler sonography has some limitations because of its rela-
exhibited a low detection rate for lesions in the left tively low sensitivity to blood flow [1, 3, 8, 9, 11], and
hepatic lobe 6 = 31, p < 0.01). color Doppler sonography cannot depict the intratumoral
Conclusions:Power Doppler sonography should be ap_vasculatu're of left lobe and deep hepatocellular carci-
plied in the evaluation of small or intermediate depthnoma lesions.

lesions because it is more sensitive to these lesions than Power Doppler sonography was developed to over-

color Doppler sonography, but it is not useful for left lobe come the limitations of conventional color Doppler
and deep lesions. sonography, with preliminary studies suggesting that

power Doppler sonography is superior to conventional
~ color Doppler sonography in evaluating the intratumoral

Key words: Color Doppler sonography—Comparative yascylarity of liver tumors [12, 13, 14]. Theoretically,
study—Hepatocellular carcinoma—Liver, neoplasm—pswer Doppler sonography is also affected by ultrasonic
Power Doppler sonography. attenuation and tissue motion [15, 16]. We investigated
these obstacles to identify to which kind of hepatocellular
carcinoma lesions power Doppler sonography should be
- applied as an alternative to conventional color Doppler
Correspondence toK. Kubota sonography.
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Table 1. Detection rate of intratumoral vasculature by location of

lesions
Right lobe Left lobe
(n = 57) (n = 31)
Power 41 (71.9%) 13 (41.9%)
Color 31 (54.4%) 9 (29.0%)
Avascular Spotty vascular Curvi-linear Numbers indicate vascular lesions, including those with spotty and

vascular curvilinear vascular patterns

Fig. 1. Types of vascular pattern with power Doppler sonography.

moral vasculatures. Hepatocellular carcinoma lesions were judged to
have intratumoral vasculatures if it showed color signals that were
confirmed to be pulsatile waveform by Doppler spectral analysis. Intra-

tumoral vasculature on power Doppler sonography was classified into
three types: avascular, spotty vascular, and curvilinear vascular (Fig. 1).
The following hepatocellular carcinoma lesions were selected for thisavascular lesions had no intratumoral vasculature on power Doppler
study: (a) lesions that were depicted on gray-scale ultrasonography ansbnography (Fig. 1). Both spotty and curvilinear vascular lesions had an
were examined with color Doppler sonography and power Dopplerintratumoral vasculature. Spotty vascular lesions had a dotted color
sonography before undergoing angiographies and biopsies, and (Bignal, whereas curvilinear vascular lesions had a straight or curved
lesions that showed tumor staining on angiography and on dynamigolor signal (Fig. 1). Examiners and judges of Doppler examination

computed tomography at the arterial phase. were not aware of the results of any dynamic computed tomographic

(CT) and angiographic studies.

Materials and methods

Subjects

_ Dynamic CT and angiography procedures
Between December 1995 and July 1997, the intratumoral vasculature of

88 angiographically hypervascular hepatocellular carcinoma lesions in o )

60 patients was evaluated using color Doppler sonography and poweySing a power injector (Auto enhance, Nemotokyorindo, Kyoto, Japan),
Doppler sonography. The subject population comprised 45 men and 18 mML/kg of iopamidol 300 (lopamiron Nihon Schering, Japan) was
women, aged 50—84 years (mean68.97 years). Fifty-three patients infused at a rate of 3 mL/s through a 20-gauge venous access catheter
had HCVAD, three patients had HBsAg, and four patients were unin-Placed into an antecubital vein. Helical scanning of the entire liver was
fected by hepatitis viruses. Histologic diagnoses of hepatocellular carbegun at either 30 (arterial phase) or 120 (equilibrium phase) s after the
cinoma were obtained for eight lesions by following ultrasonogram- Start of the |nfu5|on._ All scans were (_)btamed with a helical CT scanner
guided percutaneous biopsies. The remaining 80 lesions were diagnoségroSeed GE Medical Systems, Milwaukee, WI, USA) with 10-mm
clinically by examining the history of viral hepatitis and by interpreting beam collimation and 10-mm/s table speed. _ _
characteristic angiographic and dynamic computed tomographic find-  Digital subtraction angiography was performed with a DFP-60A unit
ings. The experimental protocol was designed and performed accordingl 0shiba, Tokyo, Japan) with use of 5-F catheters. At first, 20-30 mL

to the principles of the Helsinki Declaration. The subjects gave their full Of iopamidol 300 (lopamiron Nihon Schering) was injected at 4-5 mL/s
informed consent. at the level of the right, left, or proper hepatic arteries. Catheterizations

and injections were repeated so that the whole liver parenchyma could
be imaged, if accessory or replaced hepatic arteries were found. Tumor
staining on CT and angiography was judged by consensus by two
radiologists (M.F., D.Y.) who were not aware of the results of the

) Doppler examination.
Color Doppler sonography and power Doppler sonography studies were

performed by using color Doppler ultrasound equipment (LOGIQ700
GE Medical Systems, Milwaukee, WI, USA) with electrical probes at . . . .
Doppler frequencies of 2.5, 4.0, and 5.0 MHz. Hepatocellular carcinomaEvaluation of factors affecting color Doppler imaging

lesions 4 cm or smaller from the abdominal surface were examined with

é;]Do%%Ier f_re(?uen;:y of 5.0 or 4'(?. l\gHz_.hLesions Ilargfer than 4 CT frgm We evaluated factors affecting the ability to detect intratumoral vascu-
the abdominal surface were studied with a Doppler frequency of 4.0 Ofjg ity g ch as location of lesions in the liver, greatest tumor diameter,

2.5 MHz. Color gain was adjusted to the highest value at which the color, 4 depth of lesions. Location refers to which hepatic lobe the lesions

|ma;g_et v(\;as not a}f;fected by_ballrtn;acts, and thfh COIO{'COded _f_lr_eta WaSccupied. Greatest diameter was measured on a gray-scale ultrasono-
restricted as much as possibié 1o maximize the color Sensiivity antyam pepth refers to the distance between the abdominal surface and

frame rate for both colo_r Doppler imagings. The_pglse repetition_fre-t e center of the lesion. A minimum depth was chosen for this study by
guency and bandpass filter were selected to optimize the detection ultidirectional scanning

weak signals as follows. The former ranged from 4 to 10 KHz, and the There were 57 lesions (64.8%) in the right hepatic lobe and 31

latter ranged from 16 to 63 Hz for color Doppler sonography. For POWET o gions (35.2%) in the left hepatic lobe. The 88 hepatocellular carcinoma

Doppler sonography, the ranges were 4—7 KHz and 80—-140 Hz, respec- . R o
tively. All intratumoral color signals were analyzed by Doppler spectral ‘fesmns were 0.8-5 cm in diameter (mear2.01 cm). Specifically, 57

analyses. The sample volume for spectral analysis varied from 2 to 48Si0ns (64.8%) were=2 cm, and 31 lesions (35.2%) were2 cm.

mm. The pulse repetition frequency was adjusted to obtain the fre-/ MMy lesions (34.1%) were superficially located (i.e., the depth of
quency shift of blood flow. Doppler examination was performed by onelesion was=4 Cm). 44 lesions (50%) were Intermedlate_ly located (i.e.,
of the two authors (K.K. or N.H.). Color and power Doppler ultrasonog- the depth of lesions was4 cm and<8 cm), and 14 lesions (15.9%)
raphy and spectral examinations were recorded on a Magneto Opticavere deeply located (i.e., the depth of lesions wascm).

disc present within the system. The recorded images recalled on the Statistical comparison was performed with the chi-square test, Fish-
system imaging monitor were judged by three radiologists (K.K., N.H., er's exact probability method, and the McNemar test, witk< .05
Y.F.) who determined by consensus whether the lesions had intratuindicating a statistically significant difference.

Doppler procedure
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Fig. 2. Hepatocellular carcinoma in the left hepatic lobe, 1.8 cm at its greatest diameter and 9 cmAJe@plo¢ Doppler sonography and power
Doppler sonographyB) show longitudinal images of the left hepatic lobe. A flash artifact buries a leaiwow). C Digital subtraction angiogram
shows tumor stainingafrow). D Dynamic computed tomography shows nodular enhancenaeravw) in the arterial phase. A huge liver cyst is
depicted in the right hepatic lobarfowhead.

Table 2. Detection rate of intratumoral vasculature by the greatestin the right hepatic lobe were clearly higher than those in
diameter for each hepatic lobe the left hepatic lobe on both color Doppler imaging meth-
ods (p < 0.01 for power Doppler sonographyy =

=2 cm ~2em 0.023 forcolor Doppler sonography, chi-square test). In

Right lobe the left hepatic lobe, motion caused by the heart beat

n 34 23 disturbed the effective use of both color Doppler imaging

E‘;‘I’;‘r}r 125(%3;‘-27;/5) 113((;382-5;/5) methods (Fig. 2). Power Doppler sonography was signif-
Left lobe ' ' |cantly superior to color Doppler sonography in the right

n 23 8 hepatic lobe p < 0.01, McNemar test) but not in the left

Power 7 (30.4%) 6 (75.0%) hepatic lobe p > 0.1, McNemar test).

Color 5 (21.7%) 4 (50.0%)

Numbers indicate lesions in which vascularity was detected, incIudingG test di t
those with spotty and curvilinear vascular patterns reatest diameter

Detection rates of intratumoral vasculature according to
the greatest diameter are presented in Table 2. Power
Location of lesions Doppler sonography exhibited a superior detection rate
for small lesions compared with color Doppler sonogra-
Detection rates of intratumoral vasculature according tgphy (p < 0.01, McNemar test), but there was no statis-
lesion location is presented in Table 1. The detection ratetical superiority between color Doppler sonography and

Results
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Fig. 3. Hepatocellular carcinoma in the right hepatic lobe, 1.5
cm at its greatest diameter and 7 cm dekpGray-scale ultra-
sonography shows a hyperechoic noda@edw). B Color
Doppler sonography depicts no color signal in the les©n.
Power Doppler sonography shows a spotty vasculagme\)
within the lesion.D By spectral analysis of the color signal, a
pulsatile waveform is obtaine@& Dynamic computed tomo-
gram shows nodular enhancemeaitr¢w) in the arterial phase.

power Doppler sonography for large lesions in the rightDoppler sonographyg < 0.01, chi-square test) but did
hepatic lobe p > 0.1, McNemar test). The greatest not affect that of power Doppler sonography in the right
diameter statistically affected the capability of color hepatic lobe p > 0.1, chi-square test; Fig. 3).
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Table 3. Detection rate of intratumoral vasculature analyzed by the Discussion
depth for each hepatic lobe

Superficial Intermediate Deep Although color Doppler sonography noninvasively de-
Right lobe picts the int_ra'gumoral _vascu_lature _of hepa_tic nodules, it
n 16 29 12 has some limitations including noise, which can over-
Power 16 (100%) 25 (86.2%) 0(0.0%) Whelm the flow signal, angle dependence, and aliasing
Color 16 (100%) 15 (51.7%) 0(0.0%) [15]. Power Doppler sonography was developed to over-
Left lobe come the limitations of conventional color Doppler
gower 1140 (71.4%) 153 (20.0%) 20(0 0%) sonography. Conventional color Doppler sonography is
Color 9 (64.3%) 0 (0.0%) 0 (0.0%) based on mean Doppler frequency shift, whereas power

Doppler sonography displays the integrated power of the
Numbers indicate lesions in which vascularity was detected, includingDoppIer signal in color flow mapping [15, 16], Power
those with spotty and curvilinear vascular patterns Doppler sonography is relatively angle independent, does
not alias, and has an extended dynamic range that in-
creases the sensitivity in comparison with conventional
color Doppler sonography [15, 16]. In fact, preliminary

There was no statistical difference between POWEIS;  dies have indicated that power Doppler sonography is

5\?5Eignzolggggssrxitﬁnrgg;?:jo;oDsci)Eglﬁ: tiznlcé%ri%gét:gmore sensitive to the vasgulature of hepatocellular carci-
lobe (p > 0.1, McNemar test) nomas [12, 13], nprmal kidneys [15], and normal testes
" ' [17] than conventional color Doppler sonography. Theo-
retically, however, power Doppler sonography also has
Depth some limitations in that the flow detection for power
Doppler sonography depends on the target's depth and
The detection rates of intratumoral vasculature accordindlash artifacts [15, 16]. Deep lesions should also be neg-
to depth are presented in Table 3. Power Doppler sonogative on vascular on power Doppler sonography because
raphy was superior to color Doppler sonography in theultrasonic attenuation reduces its sensitivity. In addition,
evaluation of intermediate lesionp < 0.01, McNemar tissue motion causes flash artifacts that overwhelm true
test; Fig. 3), but there were no statistical differencessignals. Because of its high sensitivity to motion, power
between color Doppler sonography and power DopplePoppler sonography has been presumed to be more sus-
sonography for either Superﬁcia| or deep lesions in th@eptlb'e to flash artifacts than conventional color Doppler
right hepatic lobe. Both color Doppler imagings depictedsonography [15, 16]. Power Doppler sonography showed
the intratumoral vasculature of all superficial lesions butPoor sensitivity for deep lesions and lesions in the left
none of the deep lesions in the right hepatic lobe (Fig. 4)hepatic lobe in this study, and this result was consistent
There was no statistical difference between poweMith the theory [15, 16]. In addition, small lesions of
Dopp|er Sonography and C0|Or Dopp'er Sonography in théntermed|ate depth tended to haVe a IOWer grade Vascular

left lobe regarding the depth of lesionp & 0.1, Mc-  Pattern in this study. The amount of color signal on power
Nemar test). Doppler sonography decreased gradually before it van-

ished.
Unfortunately, hepatocellular carcinomas generally
Gradient in the signal on power Doppler sonography  originate in cirrhotic liver, which strongly attenuates ul-
by size and depth trasound [18, 19]. For this reason, ultrasonic attenuation
should markedly decrease the depiction rate of the intra-
The vascular pattern of power Doppler sonography findtumoral vasculature of deeply located hepatocellular car-
ings according to greatest diameter and depth is shown iginomas. A contrast agent for color Doppler sonography
Figure 5 and in Table 4. has been developed that can be delivered by intravenous
In the right hepatic lobe, superficial lesions tended toinjection because of its capability to pass through the
be curvilinear vascular, and none of the deep lesions hagtanspulmonary capillaries [20]. This contrast agent con-
intratumoral vasculature regardless of their greatest diamtributes to the depiction of intratumoral vasculature by
eter. Twenty-five of 29 intermediate lesions had an intracolor Doppler sonography in deeply located hepatocellu-
tumoral vasculature, whereas small lesions of intermeditar carcinoma [21]. Use of a contrast agent may aid power
ate depth tended to be spotty vascular in the right hepatiDoppler sonography like conventional color Doppler
lobe (p < 0.01, Fisher’'s exact probability method was sonography, but the contrast agent works effectively only
used and the numbers of avascular and spotty vasculdor a few minutes after injection [21, 22], which is insuf-
were summed for the analysis; Fig. 3). In the left hepaticficient to observe patients with multiple nodules. Ad-
lobe, superficial lesions also tended to show an avascularances to overcome the limitations of power Doppler
pattern. sonography and contrast agents are expected.
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A B Fig. 4. Hepatocellular carcinoma in the
right hepatic lobe, 2.5 cm at its greatest

diameter and 10 cm deef. Gray-scale

5 5 L4 ultrasonography shows a hypoechoic

nodule arrow). B Dynamic computed

tomography shows nodular enhance-

4 4 hd x ment @rrow) in the arterial phase.

° oo Color Doppler sonographyC) and

° power Doppler sonographip) show no

x 3 ° % color signal within the lesioragrow).

Fig. 5. Gradient in the signal on power
x x 2 0! x Doppler sonography by greatest diame-
X ter depth for each hepatic lob&. Right
hepatic lobeB Left hepatic lobe. Axial
bar indicates depth (cm), and the verti-
cal bar indicates greatest diameter (cm).

* avascularppen circlespotty vascular;
0 2 4 6 8 10 12 0 2 4 6 8 10 12 solid circle curvilinear vascular.

Power Doppler sonography was more sensitive tomediate-depth lesions, but it is not useful for deep or left
small or intermediate-depth lesions than conventionalobe lesions because of attenuation and flash artifact.
color Doppler sonography in this study. Power Doppler  Conventional color Doppler sonography was rela-
sonography may differentiate hepatic nodules and evalutively insensitive to blood flow, although it was sensitive
ate the response of nonsurgically treated hepatocellulao large and superficial lesions, similar to power Doppler
carcinomas more effectively if applied to small or inter- sonography. Conventional color Doppler sonography
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Table 4. Gradient in the signal on power Doppler sonography by
greatest diameter and depth for each hepatic lobe

Superficial Intermediate Deep
Right lobe 7
n 16 29 12
=2cm Avas 0 3 9
Spot 1 8 0 )
CL 9 4 0
>2 cm Avas 0 1 3
Spot 0 0 0 9
CL 6 13 0
Left lobe
n 14 15 2 10
=2cm Avas 4 10 2 '
Spot 0 0 0
CL 5 2 0
>2cm Avas 0 2 0
Spot 0 0 0 11.
CL 5 1 0

Numbers indicate each vascular pattern lesion. Avas, avascular; spo%,z-

spotty vascular; CL, Curvilinear vascular

13.

may also be a useful noninvasive vascular detection tool

because it can depict flow direction, which power Dopp-14.

ler sonography cannot. For instance, conventional color
Doppler sonography can easily depict a characteristic

centrifugal spoke-wheel vascular pattern in focal nodulafs

hyperplasia [23, 24], but power Doppler sonography can-
not.

1
In summary, power Doppler sonography can evaluate

small or intermediate-depth hepatocellular carcinomagz.

more effectively than conventional color Doppler sonog-
raphy, but it is less satisfactory for left lobe or deep

lesions because of limitations caused by attenuation antt

flash artifact.

19.
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