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A b s t r a c t : The aim of the study is to evaluate the contrast enhanced power 
doppler technique as a method to detect and differentiate vascular patterns of focal liver 
lesions. 

Fourty-nine patients with focal liver lesions were included in the study, twenty-
nine of them with malignant liver lesions (9 HCC, 20 metastatic), twenty patients with 
benign lesions (12 haemangiomas, 5 focal nodular hyperplasia, 3 focal steatosis). In all 
patients classic B-mode and power doppler sonography was performed prior to 
administration of  the contrast medium Levovist (300 mg/ml) and a power doppler 
examination subsequent to medium administration. 

Contrast administration led to lowering the number of "no-flow" lesions from 
19 to 11. Postcontrast scan analysis revealed markedly enhanced flow  in 15 cases in 
comparison to only 4 in pre-contrast examinations. The pre-contrast power doppler 
showed central flow in 7, and peripheral in 26 focal liver lesions. On the other hand, the 
postcontrast study revealed a central flow in 14, and peripheral in 34 focal liver lesions. 
Statistical significance between pre- and post-contrast power doppler detection of 
vascularization existed in malignant focal liver lesions and haemangiomas. The same 
pre- and post-contrast evaluation proved to be statistically non-significant in the focal 
nodular hyperplasia and focal steatosis groups. 
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Administration of contrast medium enables a better visualization of intra-
tumour blood vessels in focal liver lesions. This, in combination with the power doppler 
technique, brings such scans close to angiographic findings.  
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Introduction 
 

The Color Doppler imaging technique has been developed by Name-
kawa and his collaborates who have used it to evaluate the dynamics of  blood 
flow in the heart and the major blood vessels. Its application in hepatic tumour 
evaluation was initiated by Sukigara in 1985 who presented a successful color 
image of the arteries around and in the tumour in two cases of advanced hepa-
tocellular carcinoma. A significant contribution in this field was made by 
Tanaka who described the color doppler features of malignant and benign focal 
liver lesions identifying four types of blood flow in hepatic tumours: basket 
pattern, vessels in tumour, spot pattern and detouring pattern [1]. 

The introduction and development of power doppler sonography 
enabled greater sensitivity while detecting the flow in comparison with classic 
doppler imaging, though still insufficient in cases of low and slow flow. Thus, 
the intravenous contrast media are of interest, especially in cases of "slow", 
"low" and "no" flow [2]. 

In that context, the aim of the study is to evaluate whether the 
ultrasonographic contrast medium helps in the visualisation of flow in focal 
liver lesions with power doppler. 
 
 

Material and methods 
 

49 patients with focal liver lesions are analyzed in the study: 29 of them 
with malignant lesions (9 HCC, 20 metastatic) and 20 with benign lesions (12 
haemangiomas, 5 focal nodular hyperplasia, 3 focal steatosis). Patients were 
treated at the Clinic of Gastroenterohepatology in Skopje and in all of them le-
sions were hystologically verified. Classic 2D realtime and power doppler sono-
graphy using Aloka SSD-2000 Multiview (convex probe 3,5 MHz) was perfor-
med in all patients prior to contrast application. A suspension of the contrast 
medium Levovist – Schering AG (4 g in 11ml aqua destilata) with a concen-
tration of  300 mg/ml was administered intravenously through the cubital vein. 
Levovist (Schering AG) is non-toxic, biodegradable, contains 99.9% galactose 
and 0.1% palmitic acid. The suspension bubbles are 2–8 µm in diameter, being 
bigger than 6 µm in 97%. The low content of palmitic acid stabilizes the intra-
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vascular bubbles and blocks their resorption through the pulmonary capillaries 
which in turn results in higher echogenecity of the blood. The galactose which 
is in fact the medium itself, is swiftly metabolized in the liver. No side effects of 
the medium were registered except the feeling of flow and a slight burning at 
the spot of administration in a few patients. After administration of the medium, 
power doppler examination of the lesions was performed in all patients. 

The flow in the lesions was graded as: absent, minimal and marked in 
both pre- and post-contrast studies. According to localization, flow was deter-
mined as peripheral or central. The morphological characteristics of the blood 
vessels were also evaluated and categorized as: punctate, short or long seg-
ments. The presence of blood vessels which feed or drain the lesion was also 
registered. 

Statistics were achieved with Fischer’s exact test, p < 0.05 being of 
statistical significance. 
 

 
Results 

 
Enhanced vascularity after Levovist administration was noticed in all 

focal liver lesions in this study (Table 1). 
 

Table 1 – Tabela 1 
 

Changes in vascularity on power doppler images after Levovist administration 
Promeni vo vasluraniot prikaz na power doppler po administracija 

 na kontrasten medium Levovist 
 

 Precontrast 
study – flow 

Postcontrast 
study – flow 

 Absent Minimal Marked Absent Minimal Marked 
Metastasis 

(20) 8 10 2 4 11 5 

Hemangioma 
(12)   5 6 1 1 7 4 

HCC  
(9) 1 7 1 1 2 6 

FNH  
(5) 3 2 0 3 2 0 

Focal 
steatosis (3)  2 1 0 2 1 0 

Total 19 26 4 11 23 15 
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Half of the lesions (4 of 8) that did not display any intralesional flow on 
pre-contrast images clearly showed flow on contrast-enhanced images. Many  
lesions with a minimal flow signal in the pre-contrast study showed marked 
flow signals after contrast administration. These  findings were somewhat more 
obvious for HCC and haemangiomas but otherwise did not vary greatly among 
diagnostic groups. The difference in vascularity between pre-contrast and post-
contrast doppler analysis in these groups proved to be of statistical significance 
(p < 0.05, Fischer exact test). The statistical differences in the groups with focal 
nodular hyperplasia and focal steatosis were not significant. 

The changes in distribution of flow are shown in Table 2. In two pati-
ents with metastatic lesions blood vessels in the center of the lesion were shown 
only with contrast enhancement. Furthermore, in four more patients from the 
same group peripheral blood vessels were detected in the same way (Figure 1). 

  
a)                                                                    b) 

 
 

 

 

 

 

 

 

Figure 1 – Metastasis (a, b) – vascular signals at the periphery of the lesion 
Slika 1 ‡ Metastatska promena (a, b) ‡ vaskularni signali 

na periferijata na lezijata 

 
Moderate central flow after administration of contrast was noticed in 

four patients. 
In the group of hepatocellular carcinoma identification of vascularity 

was satisfatory on the pre-contrast scans, however on post-contrast analysis a 
larger number and longer segments of blood vessels were detected (Figure 2). 
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Table 2 – Tabela 2 
 

Changes in flow distribution on power doppler images after Levovist administration 
Promeni vo distribucijata na protok pri power doppler  prikaz 

 po administracija na Levovist 
 
                                                 Precontrast                  Postcontrast 
                                                 study – flow                              study – flow 

 Absent Minimal Absent Minimal 
Metastasis 

(20) 0 12 2 16 

Hemangioma 
(12) 2 5 6 6 

HCC 
(9) 4 6 5 9 

FNH 
(5) 1 2 1 2 

Focal 
steatosis (3) 0 1 0 1 

Total 7 26 14 34 
 
 

a)        b) 
 

 
 
 
 
 
 
 
 
 

Figure 2 – Hepatocellular carcinoma a) intensive and homogeneous enhancement 
 in arterial phase, b) large arterial blood vessel supplying 

 the mass is clearly visible 
Slika 2 ‡ Hepatocelularen karcinom a) intenzivno 

 i homogeno pojaknuvawe vo arteriskata faza, b) jasen golem  
krven sad vo masata 
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 In the focal nodular hyperplasia and focal steatosis groups differences 
were not statistically significant pre- and post-contrast.  
 The peripheral blood vessels which are characteristic of metastatic liver 
lesions in our study were punctate or shortly segmented in 10 out of 18 meta-
static lesions. Long segments of blood vessels were registered in 8 hypervascu-
larized metastatic lesions. In 7 out of 12 haemangiomas vessels were punctate, 
but in only 2 out of 7 lesions were long segments detected. Long segments of 
blood vessels in the post-contrast study proved to be characteristic of hepatocel-
lular carcinoma (detected in 7 out of 8 cases). 

 
 

Discussion 
 

Slow flow is the main limitation while implementing doppler for chara-
cterization of focal liver lesions [3, 4]. To overcome this, two possibilities are 
currently available. First, the introduction and development of power doppler 
produced greater sensitivity in comparison to conventional doppler imaging. 
Secondly, contrast media implementation is giving a chance better to detect low 
and slow flow. 

The results of our study show that adding a contrast medium to a power 
doppler scan improves the detection of flow in focal liver lesions. In the pre-
contrast study "no- flow" was detected in 19 out of 49 focal liver lesions, while 
in 11 in the post-contrast group. Marked flow signal was detected in 4 focal le-
sions prior to contrast administration, while in 15 after. These results are similar 
to those of Tapo et al. [4]. They analyse 10 hyperechogenic focal liver lesions, 
in none of them detecting flow with classic doppler. Nevertheless, after inje-
ction of Levovist they detect flow in 4/4 HCC and 2/4 haemangiomas, but in 
none of 2 focal steatosis. Fujimoto et al. and Ernst et al., using the same con-
trast medium, find that the detection of flow is better with higher concentrations 
of Levovist. Intratumour arterial flow is detected in 61% of HCC with a 
Levovist concentration of 200mg/ml and in 83% with 400mg/ml [5, 6]. 

In their study, Lin et al. compare vascular profiles of HCC, metastatic 
lesions and haemangiomas. They point out the possibility of overlapping of the 
findings of HCC with  hypervascular metastases [7]. In our contrast enhanced 
power doppler study, we detected a moderate to marked flow signal in meta-
static lesions. Except in 2 cases of hypervascular metastases, all the other meta-
static lesions showed peripheral to lesion blood vessels. In hepatocellular carci-
noma, the detected blood vessels were of moderate diameter and mainly in long 
segments, while in metastatic lesions the detected blood vessels were more 
densely packed [8]. 
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Characterising  the vascular patterns of focal liver lesions, Tanaka et al. 
pointed out the "basket pattern" [1] as typical of hepatocelular carcinoma, as it 
was in our study, too. We detected this pattern in 6/9 cases of HCC. Similarly, 
we detected Tanaka’s "spot pattern", typical of haemangiomas, in half of the 
post-contrast scans [9, 10] (Table 3). 
 
Table 3 – Tabela 3 
 

Typical flow patterns for three most frequent focal liver lesions 
Karakteristi~ni prikazi na protok kaj trite 

 naj~esti fokalni crnodrobni lezii 

 

Type of lesion No 
lesions 

Flow 
pattern 

Precontrast 
study 

Contrast-
enhanced 

Study 

Metastasis 
Hemangioma 

HCC 

20 
12 
9 

Detour 
Central spots 

Basket 

6 
4 
2 

11 
7 
6 

 
 

Conclusion 
 

Administration of a contrast medium enables better visualisation of 
intratumour blood vessels in focal liver lesions. Power doppler sonography is a 
useful, non-invasive tool to evaluate the flow and differentiate liver tumours, 
superior to conventional doppler sonography. Furthermore, contrast-enhanced 
power doppler sonography moves a step closer to angiography in the diffe-
rentiation of certain types of focal liver lesions.      
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Cel na studijata be{e da se evaluira  kontrastno-zasileniot power 

doppler vo procenkata na karakteristi~nata vaskularizacija kaj fokalnite 
crnodrobni lezii. Vo tek na studijata analizirani se 49 pacienti so 
fokalni crnodrobni lezii ‡ 29 pacienti imaa maligni crnodrobni lezii 
(9 hepatocelularni karcinomi, 20 metastatski promeni), a 20 benigni le-
zii (12 hemangiomi, 5 fokalna nodularna hiperplazija, 3 fokalna stea-
toza). Kaj site e napravena klasi~na B-mode i power doppler sonografija 
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pred administracija na kontrastniot medium Levovist (vo koncentracija od 
300 mg/ml), kako i power doppler  evalualcija po adiminstracija na mediumot. 

Po administracija na kontrasten medium pri power doppler sono-
grafija brojot na lezii so otsustvo na protok se namali od 19 na 11 slu~ai. 
Na post-kontrastnata analiza zabele`an e markanten protok kaj 15 slu~ai 
na fokalni crnodrobni lezii, za razlika od 4-te vo predkontrasnata 
studija. Pri power doppler skeniraweto centralen protok e detektiran kaj 7, 
a periferen kaj 26 slu~ai. Post-kontrastnata analiza pak utvrdi centra-
len protok kaj 14, a periferen kaj 34 fokalni crnodrobni lezii. Kaj malig-
nite fokalni crnodrobni promeni, kako i kaj hemangiomite razlikata vo 
vaskularizacijata  pome|u pred-kontrastnite i kontrastnite power doppler 
evaluacii be{e statisti~ki zna~ajna. Kaj fokalnata nodularna hiperpla-
zija i fokalnata steatoza ne e zabele`ana statisti~ki zna~ajna razlika. 

Administracijata na kontrastniot medium obezbeduva podobra vi-
zuelizacija na intratumorskite krvni sadovi kaj fokalnite crnodrobni 
lezii. Ova vo kombinacija so power doppler tehnikata obezbeduva pribli`u-
vawe do angiografskite naodi.  
 
Klu~ni zborovi: fokalni crnodrobni lezii, power doppler ultrasonogra-
fija, kontrasten medium. 

 

 
 

 


