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Abstract: 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.

Key words: focal liver lesions, power doppler sonography, contrast agent.

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 pum in diameter, being
bigger than 6 pm 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 — Tabemna 1

Changes in vascularity on power doppler images after Levovist administration
IIpomeHnn Bo BacIypaHHOT NPHKA3 HAa power doppler o agMuHHCTpALH]A
HAa KOHTPAacTeH MEeJHYM Levovist

Precontrast Postcontrast
study — flow 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
1 7 1 1 2 6
)
FNH
3 2 0 3 2 0
(5)
Focal
steatosis (3) 2 ! 0 2 ! 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

Cnuka 1 — Meracrarcka npomena (a, 0) — BACKY/JIADHHA CHTHAJIH
Ha nepageprjaTa Ha JI€3HjaTa

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 — TaGemna 2

Changes in flow distribution on power doppler images after Levovist administration

TIpomenwn Bo gucTprOynujata Ha MPOTOK MpH power doppler mpaka3
10 afMHHHCTPAaNHja Ha Levovist

Precontrast Postcontrast
study — flow study — flow
Absent Minimal Absent Minimal
Metastasis
(20) 0 12 2 16
Hemangioma
(12) 2 5 6 6
HCC
4 6 5 9
)
FNH
1 2 1 2
(5)
Focal
steatosis (3) 0 ! 0 !
Total 7 26 14 34

Figure 2 — Hepatocellular carcinoma a) intensive and homogeneous enhancement
in arterial phase, b) large arterial blood vessel supplying
the mass is clearly visible

Cnuka 2 — XemaroneaynapeH KapIuHOM ) HHTCH3HBHO
H XOMOIeHO MOJaKHYBame BO apTepuckaTa Qasa, 0) jaceH roiem
KPBEH cajf BO Macata
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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 ef 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].

Contribution, Sec. Biol. Med. Sci. XXVI/1 (2005) 41-49



Contrast-enhanced power doppler sonography... 47

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 — Tabemna 3

Typical flow patterns for three most frequent focal liver lesions

KapakreprcraaHn npaKasn Ha NIPOTOK Kaj TPHATE
HajgecTy QOKaJIHN PHOAPOOHH JIE3HH

. No Flow Precontrast Contrast-
Type of lesion lesions attern stud enhanced
P Y Study
Metastasis 20 Detour 6 11
Hemangioma 12 Central spots 4 7
HCC 9 Basket 2 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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Pesume

KOHTPACTHO-3ACHUIEHATA POWER DOPPLER COHOI'PAPMIA
BO JETEKIIMIATA U TUOEPEHITUIALIMJIATA
HA ®OKATHUTE HPHOOPOBHH JIE3UN

Marpanena I'enagueBa-IumurpoBa, Metonuja HemkoBcKy,
Pozanunna ITonoBa, Heran JokcumoBuk, Mepu TpajkoBcka,
Murko Munomescku, Biaguvup Cepadumockn’

Kinanka 3a ractpoerTepoxenarosiornja, Knnamwakw rienrap,
Ckomje, P. Makegonnja
Makenorcka akagemuja Ha Haykure H ymerHocrure, Ckomje, P. Makegormja

Llen Ha cryamjaTa Oellle fa ce eBalyupa KOHTPACTHO-3aCUIIEHHOT power
doppler Bo mporeHkaTa Ha KapakKTepUCTUYHATA BacKyJjlapu3annja Kaj (POKATHATE
UpHOAPOOHNU ne3uu. Bo Tek Ha cryawjaTa aHanu3upaHu ce 49 manueHTu co
¢okanHu UPHOAPOOHM Je3uu — 29 ManueHTy MMaa MalluTHU IPHOAPOOHHU JIe3Uun
(9 xenmaTouenynapan KapiumaoMmd, 20 METacTaTCKU MpoMeHn), a 20 GEHUTHA Je-
3um (12 xemaHrmomwu, 5 (pokamHa HOMyJApHA XWIEpIUIa3uja, 3 (okajaHa crea-
to3a). Kaj cure e HampaBeHa kimacmuHa B-mode m power doppler conorpadmja

Contribution, Sec. Biol. Med. Sci. XXVI/1 (2005) 41-49



Contrast-enhanced power doppler sonography... 49

npej aAMUHACTpalja Ha KOHTPACTHUOT MeiuyM Levovist (Bo KOHIleHTpauuja of
300 mr/mi), kKako 1 power doppler eBanyainuja 1o afuMUHCTpanyja Ha METHYMOT.

Ilo apMuHHMCTpanuja Ha KOHTpacTeH MeauyM Ipu power doppler coHo-
rpacuja 6pojoT Ha Je3uH cO OTCYCTBO HA MPOTOK ce Hamanu off 19 Ha 11 ciayyan.
Ha nocr-koHTpacTHaTa aHanu3a 3abelieskaH € MapKaHTeH MPOTOK Kaj 15 ciyvan
Ha (pOKalHA NPHOAPOOHM JIE3WM, 3a pasiimka of 4-Te BO TpPeAKOHTpacHaTa
crynuja. [Tpu power doppler ckeHUpamkETO HEHTPAJICH MPOTOK € JeTeKTHPaH Kaj 7,
a nepudepeH Kaj 26 cinyvan. [locT-KoHTpacTHaTa aHanM3a Mak yTBPAM LIEHTpa-
JIeH IPOTOK Kaj 14, a nepucpepet Kaj 34 pokannu upHoapoOHu ne3un. Kaj manur-
HHUTe (POKATHU LPHOAPOOHU NMPOMEHH, KaKO M Kaj XeMaHTMOMUTE pa3juKaTa BO
BacKyJlapu3angjata moMery npef-KOHTpAacTHUTE M KOHTpacTHuUTe power doppler
eBajyanuy Oellle CTaTUCTUYKYU 3HavajHa. Kaj ¢okamHaTa HOynapHa Xumepria-
3Wja 1 poKasHaTa cTeaTo3a He e 3abelieskaHa CTaTHCTUYKY 3HaUajHa Pa3JInKa.

AnMuHNCTpanyjaTa Ha KOHTPACTHHOT MeinyM 00e30efyBa nogobpa BU-
3yenu3anyja Ha MHTPATYMOPCKUTE KPBHU CafioBU Kaj (POKAIHUTE LPHOAPOOHU
ne3un. OBa Bo KoMGuHanuja co power doppler TexHukara o6e30eyBa NpUOIILKY-
Bame O aHTHorpad)CKUTE HAOAM.

Knyaan 360poBu: ¢okanHu LpHORpPOOHM je3uu, power doppler yiaTpacoHoOrpa-
¢uja, KOHTpacTEH METUYM.
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