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Abstract

Purpose: To evaluate the limitations and the feasibility of
contrast-enhanced ultrasonography (CEUS) for the
assessment of tumor response shortly after transarterial
chemoembolization (TACE).

Materials and methods. Fifty seven patients (41 patients
with hepatomas, 16 patients with metastases) were studied
with CEUS before, 1 day after, and 30 days after TACE.
A CEUS-efficiency score (CEUS-ES) was calculated,
which evaluated: (a) the completeness of visualization of
the target tumor(s) (2: good, 1: adequate, 0: poor) and (b)
the quality of delineation of post-TACE necroses (2: good,
1: adequate, 0: poor). A CEUS study was considered as
“diagnostic,” if each of the aforementioned parameters
was associated with grade 1 or 2.

Results: CEUS studies were “diagnostic” in 36/57 patients
(63.1%). Patients with hepatomas were more likely to
undergo “diagnostic”” CEUS than patients with metastases
(70.7% vs. 43.7%, P = 0.0728). Lesions’ multiplicity, deep
location, hypoenhancement on pretreatment CEUS, and
diffuse growth had a statistically significant (P < 0.05)
negative impact on CEUS-ES. Hyperechogenicity on pre-
treatment, unenhanced US had a non-statistically signifi-
cant (P = 0.176) negative impact. Differences between
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“diagnostic” CEUS studies and CT/MR regarding detec-
tion of residual tumor were insignificant (P = 0.8178).
Conclusion: The percentage of lesions which are unsuitable
for post-TACE evaluation with CEUS is not negligible.
For the rest, the respective role of CEUS is promising.
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Liver metastases

During the last 10 years, contrast-enhanced ultrasonog-
raphy (CEUS) has been used with promising results for
the study of malignant liver tumors (especially hepato-
cellular carcinomas, HCCs) after transarterial chemo-
embolization (TACE) [1-5]. With the introduction of
second generation echo-enhancers, along with contrast-
specific software and low-mechanical-index imaging
modes, detailed study of tumor vascularity is feasible in
real time, and high accuracy in the detection of necrotic
and residual viable neoplastic tissue has been achieved
[6, 7]. Tumor necrosis, demonstrated as disappearance
of tumoral enhancement on dynamic imaging studies, is
the major determinant of treatment efficacy after loco-
regional therapies [8] and extensive TACE-induced
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necrosis is associated with improved survival, in patients
with unresectable HCC [9].

However, in some studies which underscored the
advantages of CEUS as a post-TACE imaging modality,
observations were also made regarding limitations of
CEUS. For example, multiple or deep-seated lesions
were considered difficult to evaluate [3, 4]; transient,
TACE-induced hyperechogenicity of liver tumors, also
impaired detection of residual tumor enhancement [6].

In our institution we routinely use CEUS as a com-
plementary modality for the study of liver tumors after
TACE. Based on this experience, we herein attempt to
study and analyze the aforementioned and some addi-
tional limitations; we also try to assess the impact of
these limitations on the role of CEUS, as a tool for the
short-term evaluation of the effectiveness of TACE.

Materials and methods
Patients-tumors

Fifty seven patients (41 men, 16 women; mean age:
67.6 years; range: 30-84) with a total of 111 target
tumors were included in this retrospective study. Forty
one patients were affected by hepatocellular carcinoma
(HCC), and 16 patients were affected by liver metastases.
The maximum diameter of the lesions was 1.9-16 cm
(mean: 5.47 £ 2.97 cm). 30/57 patients (52.6%) under-
went TACE for solitary tumors. Twenty six of these
patients were affected by solitary HCCs and four by
solitary metastases. 27/57 patients (47.4%) had two
or more target lesions, as follows: two lesions in 12
patients, three lesions in nine patients, four lesions in
two patients, five lesions in two patients, six lesions in
two patients. Multifocal (two or more lesions) liver
involvement was caused by HCC in 15 patients and by
metastases in 12 patients. Target lesions’ distribution was
unilobar in 49 patients (right liver lobe: 41 patients, left
liver lobe: 8 patients) and bilobar in eight patients.
Tumor involvement of the liver exceeded 50% in 6/57
patients (11.5%).

Diagnosis of HCC was confirmed by biopsy in all
cases. Liver metastases were diagnosed on the basis of
typical imaging findings, combined with marked eleva-
tion of tumor markers and appropriate history. Fifty five
patients of this study were unsuitable for surgery or
radiofrequency (RF) ablation because of the size and/or
location of their tumors, coexisting cardiopulmonary
pathology, intolerance to RF, or combinations of the
aforementioned causes. Two patients finally underwent a
right hepatectomy for the removal of solitary hepatomas,
approximately 2 months after the 3rd and 4th session
(respectively) of TACE.

For each patient, only one session of TACE was
studied. Twenty six patients had received TACE, sys-
temic chemotherapy, or both, 2 or more months prior to

the studied session of TACE. This study did not include
subjects who had received RF ablation or antiangioge-
netic agents before, or shortly after TACE. Also excluded
were patients unsuitable for a technically adequate base-
line US scan (due to unfavorable anatomy, overlying
bowel gas, or poor cooperation). Demographic and clin-
ical data of the patients are provided in Table 1 and in
2nd—5th column of Table 2.

Written informed consent was obtained from all
patients prior to treatment. This study was approved by
the institutional review board of our hospital.

Chemoembolization

Selection criteria (fulfilled by all patients) as well as
technical details of chemoembolization were similar to
those described in previous work [10, 11]. Fifty three
patients were treated with subsegmental, segmental, or
multisegmental TACE. Four patients (two patients with
multiple metastases and two patients with bulky hepa-
tomas) were treated with lobar TACE.

Chemoembolization was performed with drug-eluting
beads (DC-Beads Biocompatibles Ltd, Surrey, UK).
Each patient received 3-4 mL of DC beads (diameters:
100-300 um and 300-500 um). For TACE of HCC, DC
Beads had been loaded with doxorubicin (Adriblastina,
Pfizer Italia S.r.L., Nerviano, Milano, Italy) at a dose of
25-37.5 mg drug/mL of hydrated beads. In 12 patients,
additional embolization with microspheres with diame-
ters of 40, 100, and 400 yum (Embozene, CeloNova
BioSciences Inc., Newnan, Georgia, USA) was performed.
Five patients with HCC underwent bland embolization
with Embozene microspheres (40/75/100/400 um). In this
study and for the sake of simplicity, these patients were
also considered as having undergone TACE. For TACE of
metastases, DC Beads had been loaded with irinotecan
(Campto, Aventis Pharma, Dagenham, UK) at a dose of
50 mg drug/mL of hydrated beads.

Table 1. Demographic and clinical data of the patients of this study

Patients with HCC
n = 41 (70 tumors)
Solitary tumors: 26 pts
Multiple tumors: 15 pts Multiple tumors: 12 pts
Age (years) Age (years)
30-84 (mean: 67.9) 43-81 (mean: 67.6)
Sex Sex
Male/female: 34/7 Male/female: 7/9
Clinical background Clinical background
Cirrhosis (39/41 pts), caused by: Colon cancer, n = 8
Hepatitis B, n = 19 Rectal cancer, n = 7
Hepatitis C, n = 8 Gastric cancer, n = 1
Hepatitis B + C,n = 4
Alcoholism,n = 4
Alcoholism + Hepatitis B, n = 2
Cryptogenic, n = 2

Patients with metastases
n = 16 (41 tumors)
Solitary tumors: 4 pts
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Table 2. Features of the target lesions and values of CEUS-ES for each of the patients of this study

Patient no Tumor  Tumor burden Segmental Number Maximum Distance Hyperechogenicity Hypoenhancement CEUS-ES (a) + (b)°

type (%)° distribution of target diameter from on US prior on CEUS prior
of target lesions  (cm) skin (cm) to TACE to TACE
lesions® (yes-y/no-n) (yes-y/no-n)
1 HCC <50 S5 1 7.3 8 y n 4 2+ 2
2 Meta <50 S5,8 2 3 5.2 n n 3 2+ 1
3 HCC <50 S8 1 8.5 8 n n 4 2+ 2
4 Meta <50 S4 2 5 5.2 n y 1 1+0
5 Meta <50 S5-8 5 5.1 9 n y 0 0+0
6 Meta <50 S1,3 2 4.1 9.5 n y 1 1+0
7 Meta <50 S7.8 3 2.6 7.5 n y 2 2+ 0
8 HCC <50 S5,6 1 10.2 8.5 n n 4 2+ 2
9 HCC <50 S8 1 4.7 4.8 n n 4 2+ 2
10 HCC <50 S7 1 9 8.5 y n 4 2+ 2
11 HCC <50 S5,6 1 9.1 12.1 n n 0 0+0
12 HCC dif* >50 S1-4 1 12.7 7.5 n n 1 1+0
13 HCC <50 S7 1 2.7 9.2 n n 4 2+ 2
14 HCC <50 S8 1 5.2 10.1 n n 4 2+ 2
15 HCC <50 S5,7.8 5 3.2 6 y b 0 0+0
16 Meta <50 S6 1 4.6 5.1 n y 2 1 +1
17 Meta <50 S7 1 4.7 7.7 n y 3 2+ 1
18 Meta <50 S6 2 1.9 5.5 n y 2 2+ 0
19 HCC <50 S2,3.4 3 2.8 7.5 n n 3 1+2
20 HCC <50 S4 1 3.7 2.8 n n 2 1 +1
21 HCC <50 S5.8 1 7.9 5 n n 4 2+ 2
22 Meta <50 S6 2 2.6 5.9 y n 3 2+ 1
23 HCC <50 S8,7,5 3 2.9 9.8 n n 3 1 +2
24 HCC <50 S8 1 6.5 6.3 n n 4 2+ 2
25 HCC <50 S4 1 5 49 n n 2 1 +1
26 Meta >50 S5-8 6 6.1 11.5 n y 0 0+0
27 Meta <50 S4,8 1 5.1 7.8 y n 2 1 +1
28 HCC <50 S8 2 3.3 9.1 n n 2 1 +1
29 meta <50 S7 1 6.1 10 n y 3 2+ 1
30 HCC <50 S8.4 3 3.1 10 n n 3 1+2
31 HCC <50 S2.4 3 2.2 7.2 n n 2 1 +1
32 HCC <50 S7.8 3 2.4 8.3 n n 3 1+2
33 HCC <50 S5,7.8 4 3.6 14.5 n n 2 0+2
34 HCC <50 S4.,8 2 2.6 11.6 n n 1 0+ 1
35 HCC <50 S7 1 4.5 12.9 n n 2 1 +1
36 HCC dif* >50 S3-8 1 12.2 7.8 n n 0 0+0
37 HCC <50 S7 1 4.5 12.7 y n 1 0+ 1
38 HCC <50 S8,6 2 3.8 6.2 n n 3 1+2
39 HCC <50 S6 1 7.6 7.3 n n 4 2+ 2
40 HCC <50 S5,6 3 5.5 11.4 n n 1 0+ 1
41 HCC <50 S8 1 44 9 n n 4 2+ 2
42 HCC <50 S5 1 4.6 8.2 n n 4 2+ 2
43 HCC <50 S5 1 33 4.6 y n 3 2+ 1
44 HCC <50 S3 1 6.5 5 n n 4 2+ 2
45 HCC <50 S5.,8 1 10.1 7.1 n n 4 2+ 2
46 HCC <50 S5,6 2 2 4.1 n n 4 2+ 2
47 Meta >50 S4-8 6 4.7 11.8 n y 0 0+0
48 Meta <50 S8 2 3.5 7.1 n n 2 1 +1
49 HCC <50 S8 1 8.4 6.1 n n 4 2+ 2
50 HCC <50 S8,7 2 5.5 11.8 n n 3 1+2
51 HCC <50 S7 1 8 12.4 n n 2 0+2
52 HCC <50 S 48,7 3 4.7 9.1 y n 3 1+2
53 Meta <50 S8,7,5 2 10.7 11.9 n y 0 0+0
54 Meta >50 S7,5,6 3 3.8 11 n y 2 0+2
55 HCC <50 S8 1 3 9 y b 2 240
56 HCC <50 S8,4,2 4 5 11.6 n n 1 0+ 1
57 HCC dif* >50 S4,8,7,5 1 16 10 n n 1 0+ 1

% Hepatocellular carcinoma with diffuse growth

® High echogenicity of these lesions impaired evaluation of tumor enhancement, both pre- and post-TACE
¢ (a) + (b) = CEUS-ES (CEUS efficiency score)

(a): completeness of visualization of the target tumor(s) (2: good, 1: adequate, 0: poor)

(b): quality of delineation of post-TACE necroses (2: good, 1: adequate, 0: poor)

CEUS-ES was calculated only for the 30 days post-TACE CEUS, not for the first-day post-TACE CEUS
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Sonography

Liver lesions were first studied by conventional, B-mode
ultrasonography (US). The positions of the probe and of
the patient that ensured the best quality of imaging and
the most complete scanning of the treated tumor(s) were
defined during this phase. CEUS was performed 3 times
in each patient: 1-3 days before TACE, 1 day post-
TACE and approximately 30 (28-35) days post-TACE.

Conventional US and CEUS were performed either
with an Esaote Megas GPX (Esaote, Genoa, Italy) or
with a Philips HD11 XE (Philips Ultrasound, Andover,
MA, USA) ultrasononographic unit with convex,
2.5-5 MHz probes. For CEUS, a second generation
ultrasound contrast agent (suspension of microbubbles
of sulfur hexafluoride, SonoVue, Bracco, Milan Italy)
was used. The total dose of each vial of SonoVue
(4.8 mL) was injected as a bolus in a forearm vein, fol-
lowed by a flush of 10 mL of normal saline. A dedicated,
contrast specific, continuous scanning, low mechanical
index technique was utilized (Mechanical Index = 0.08—
0.11). A high MI “flash,” causing destruction of the
microbubbles at the imaging plane, was occasionally
applied. The scanning position(s) that had been defined
by the baseline examination was preferentially used. The
aim was to visualize the entire tumor(s), when the
contrast between the viable (enhancing) and necrotic
(non-enhancing) tumoral components was greatest. This
occurred in the arterial phase but (particularly in tumors
with delayed wash-out) the portal phase was also eval-
uated. A second (but not a third) dose of 4.8 mL of
SonoVue was administered when deemed necessary.
Each CEUS examination was transferred and stored as a
digital video clip in a personal computer.

All the sonographic studies were performed by the
same consultant radiologist (HM) with 12 years’ expe-
rience in abdominal sonography and 6 years’ experience
in CEUS. This radiologist was aware of the findings of
pretreatment CT/MR. He was also aware of the results
of TACE (i.e. which lesions were embolized), so that
patients with multifocal disease underwent a post-inter-
ventional CEUS focused on the target lesions.

Image analysis. Evaluation and scoring of the
efficiency of CEUS

Two consultant radiologists (HM, MGP) experienced in
abdominal imaging and in CEUS reviewed in consensus
pre- and 30 days post-treatment US and CEUS studies.
The following features of the treated tumors were
recorded (Table 2): Number: in patients with multiple
lesions, only the treated ones were registered. Maximum
diameter: in cases with multiple lesions, the average of the
maximum diameters of the treated lesions was recorded.
Distance from the skin: this was defined as the distance
from the center of the lesion to the skin, at the scanning

position which provided the best acoustic window.
In cases with multiple lesions, the most deep-seated
lesion was registered. Echogenicity at fundamental
(non-enhanced) pretreatment US: if a lesion had higher
echogenicity than that of normal liver it was characterized
as ‘“‘hyperechoic,” otherwise as ‘‘non-hyperechoic.”
Multifocal liver involvement by lesions of different ech-
ogenicity was considered as “hyperechoic,” even if only
one of the lesions was hyperechoic. The rationale was that,
if even one of multiple lesions was hyperechoic, and if the
hyperechogenicity of this lesion precluded the assessment
of its enhancement, this would render non-diagnostic the
entire CEUS examination. Enhancement at pretreatment
CEUS: if the viable portion of a lesion enhanced to a lesser
degree than non-tumorus liver, this lesion was character-
ized as “‘hypoenhancing,” otherwise as ‘“‘non-hypoen-
hancing.” In the material of this study, multiple lesions in
the same patient did not differ regarding their enhance-
ment on pretreatment CEUS. Growth pattern: lesions
with indistinct borders and with diffuse infiltration of liver
parenchyma were considered as having a ““diffuse growth
pattern.” Diffusely infiltrating tumors were arbitrarily
considered as solitary lesions.

To assess diagnostic performance of CEUS, a scoring
system was applied, which evaluated the following two
parameters: (a) if all treated lesions were completely
visualized, both in pre- and in post-treatment CEUS and
(b) if post-TACE necroses could be clearly and confi-
dently detected within treated lesions. Disappearance of
enhancement in a part of a tumor after TACE was
defined as post-TACE necrosis. Regarding parameter
(a), the following scale was used: 2 good visualization of
the treated tumor(s) with no special effort from the
examiner, or the patient. 1 Adequate visualization of the
treated tumor(s). Deep breath and changes in patient’s
position or in acoustic window were required in order to
obtain a complete “sweep” through all the treated le-
sions. 0 Inadequate visualization of the treated tumor(s).
Regarding parameter (b), the following scale was used: 2
Definite and detailed delineation of post TACE necroses
as enhancement defects. A quantitative evaluation of
post TACE necrosis could be achieved. For example, a
percentage of necroses could be calculated by measuring
and comparing the extent of non-enhancing (necrotic)
components with the extent of the entire tumor (necrotic
and viable) at representative CEUS sections, as described
in previous work [5]. 1 Adequate detection of post TACE
necroses, although not as clear and detailed as in grade 2.
A rough estimation of post TACE necrosis (< 50%, >
50% and complete necrosis) could be made. 0 Poor
delineation of post TACE necroses. The latter could not
be safely differentiated from residual viable tumor. If
multiple lesions in the same patient differed in the clarity
of depiction of necrosis, the lowest score was recorded.

For each patient, a CEUS efficiency score (CEUS-ES)
was calculated. CEUS-ES was defined as the sum of the
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parameters (a) and (b). A CEUS examination (compris-
ing pre- and 30 days post-TACE scans) was considered
“diagnostic,” if both parameters, (a) and (b), were
associated with a grade 1 or 2.

The two reviewers also examined the CEUS studies
performed 1 day post-TACE, in order to identify addi-
tional factors that could reduce the effectiveness of this
early post-interventional evaluation.

Other investigations and correlations

All patients underwent pretreatment imaging (no more
than 10 days prior to TACE) with CT (20 patients) or
MR (37 patients). CT scans were performed on 4-slice
multi-detector scanners (typical parameters: 2.5 mm
collimation; 15 mm per rotation table feed; 4 mm
reconstruction interval) or single-slice helical CT scan-
ners (typical parameters: 5 mm collimation; 8 mm per
rotation table feed, 4 mm reconstruction interval) during
a single breath-hold helical acquisition. The hepatic
arterial, portal venous, and delayed phases were scanned
30, 60, and 180 s, respectively, after the start of the
intravenous injection of nonionic iodinated contrast
material (concentration: 300 mg iodine per milliliter,
dose: 2 mL per kg of bodyweight), by power injector at a
rate of 3 mL/s. MRI was performed with various types
of MR scanners at 1.5 Tesla and included T1 fat-sup-
pressed images, T2 fat-suppressed sequences, and
dynamic fat-suppressed T1 sequences obtained after
intravenous injection of gadolinium (0.1 mmol gadolin-
ium chelate per kg of body weight). 5-8 weeks post
TACE, each patient underwent follow-up imaging with
the same contrast-enhanced imaging modality and with
similar parameters with those used for pre-treatment
imaging.

Post-TACE results of CT and MR were also com-
pared with those of the corresponding ‘“‘diagnostic”
CEUS examination, regarding the presence and distri-
bution of residual tumor. For patients with “non-diag-
nostic” CEUS studies, post-interventional CT or MR
scans were also evaluated, for the presence of any signs
of tumor response.

Histologic sections of the two removed tumors were
examined by a pathologist (unaware of the imaging
findings), who evaluated the extent of tumoral necrosis.
His report was compared with the corresponding imag-
ing studies.

Statistical analysis

Numerical data were expressed as mean + standard
deviation. Differences in the means of numerical data
between subgroups were evaluated with ¢-test. The
degree of concordance between CEUS and CT/MR was
assessed with Fisher’s exact test. In order to assess the
effect of various potential limitations on the efficiency of

CEUS-ES, multivariate analysis was performed. Statistic
calculations were performed by dedicated software
(““data analysis’ tool of Microsoft Excel 2007 [Microsoft
Corp., Redmond, WA, USA]). A P value of <0.05 was
considered significant.

Results

In all patients TACE resulted in complete or partial
devascularization of the treated lesions.

“Diagnostic” CEUS studies (comprising pre- and
30 days post TACE scans) were achieved in 36/57
patients (63.1%). A ‘“‘diagnostic” CEUS was achieved
more frequently in patients with HCC (29/41) than in
patients with metastases (7/16) (70.7% vs. 43.7%,
P = 0.0728). Moreover, CEUS-ES was averagely higher
in patients with HCC than in patients with metastases
(2.68 & 1.33 vs. 1.62 £+ 1.15, P = 0.0071).

Multiplicity, deep location of the treated lesions,
hypoenhancement on pretreatment CEUS, and diffuse
growth pattern were identified as independent factors
with a statistically significant (P < 0.05) negative effect
on the efficiency of CEUS. In two patients, marked
lesional hyperechogenicity on unenhanced US (both pre-
and post-TACE) compromised detection of tumoral
enhancement, but overall the adverse effect of tumor
hyperechogenicity on CEUS-ES was not statistically
significant (P = 0.176). Lesion hypovascularity on pre-
treatment CEUS, with or without multiplicity, accounted
for the “non-diagnostic” CEUS studies of metastases.
Deep location and diffuse growth pattern accounted for
most of “non-diagnostic’” CEUS studies of hepatomas
(Fig. 1).

A ““diagnostic” CEUS could be achieved in 23/27
(85.2%) of patients treated for nodular, solitary tumors,
in 7/12 (58.3%) of patients with two treated lesions and in
6/9 (66.6%) of patients with 3 treated lesions. On the
other hand, no patient with 4 or more target lesions and
no patient with diffusely growing tumor proved suitable
for a “diagnostic”’ CEUS study.

One day post-TACE CEUS assessment was impaired
by markedly increased echogenicity, which occupied the
largest part of the treated tumors in 8/57 patients (14%).
This finding had resolved when patients were re-evalu-
ated 30 days post TACE (Fig. 2).

Results of ““diagnostic”” CEUS regarding the presence
and distribution of residual tumor enhancement post
TACE correlated well with those of CT/MR (Fig. 3).
“Diagnostic” CEUS revealed 44 lesions with residual
enhancement after TACE and 11 lesions with complete
necrosis. On corresponding CT/MR evaluation, 42
lesions were diagnosed with residual enhancement and 13
lesions with complete lack of enhancement. In one pa-
tient, CEUS identified a small marginal tumor residue
which was overlooked by CT. In a second case, detection
of residual tumor enhancement with MR was impaired
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Fig. 1. Bar graph comparing the numbers of “diagnostic”

and “non-diagnostic”’ CEUS studies (white and shadowed
bars, respectively) and illustrating the contribution of various
limitations to the latter. Bars of the first row. patients with
HCC. Bars of the second row: patients with metastases. DL
deep location, DG diffuse growth, HE hyperechogenicity on
unenhanced US, M multiplicity, HY hypoenhancement on
CEUS prior to TACE. Numbers of the patients of each cate-
gory are in parentheses.

by T1 hyperintensity (already present prior to gadolin-
ium injection), whereas CEUS showed definite residual
tumor enhancement. The differences between “‘diagnos-
tic CEUS studies and CT/MR regarding detection of
residual tumor were not significant (P = 0.8178).

For 19/21 patients with “non-diagnostic” CEUS,
follow-up with CT or MR revealed varying degrees of
response in the form of reduction in enhancement
(Fig. 4), or tumor shrinkage (Fig. 5). For 2/21 patients,
CT/MR failed to detect any change compared to pre-
TACE studies. This could be attributed to a poor TACE
result (i.e. ineffective TACE) and not to a limitation of
CT/MR. However, the consideration of these two cases
as ‘‘non-diagnostic” was not changed, because their
CEUS imaging was anyway suboptimal. The categori-
zation and correlations of CEUS studies are summarized
in Fig. 6.

No significant differences regarding the size of the
lesions were observed between pre- and 30 days post-
TACE CEUS studies. Moreover, the effect of tumor size
on CEUS-ES was not statistically significant (P = 0.64).
However, the extent and the distribution of neoplastic liver
involvement had an impact on the efficiency of CEUS.
None of the patients with a tumor burden of more than
50% and only 3/8 patients with bilobar tumor distribution
proved suitable for “diagnostic” CEUS evaluation.

All CEUS examinations were well tolerated and no
side effects were observed. A second injection of echo-
enhancer was required in 24 patients (42.1%). In 20 of
those patients, the second dose was used to facilitate the
evaluation of two or more lesions. The other four cases
were solitary lesions. In three of them the second
dose was used to elucidate small areas of marginal

enhancement in order to differentiate total from subtotal
necrosis. The last lesion was a solitary hypoenhancing
metastasis, in which the second injection facilitated
differentiation of hypoenhancing (but still viable) tissue
from non-enhancing (necrotic) tissue.

Discussion

The results of this study indicate that several features of
malignant liver lesions may affect the efficiency of
CEUS, when the latter is used for short-term evaluation
of the response of these lesions to TACE.

Lesion multiplicity may cause difficulties to CEUS
evaluation, since each lesion has to be studied separately
in order to detect changes in its enhancement. This
drawback has already been reported previously [3]. In
our series, CEUS could not reliably evaluate livers with 4
or more lesions. On the contrary, CEUS proved efficient
for the evaluation of a significant proportion (13/21,
61.9%) of patients with 2-3 lesions. In the absence
of other limitations, and with two injections of echo-
enhancer, two lesions can be separately studied. Three
lesions can also be evaluated, under favorable imaging
conditions, particularly if at least two of the lesions are
located close to each other (for example, in the case of a
dominant HCC with 2 smaller satellites). In this study,
we administered a full dose (4.8 mL) of SonoVue in each
injection; this decreased significantly the cost-effective-
ness of CEUS. With more advanced equipment and with
increased experience, a diagnostic CEUS examination
can be achieved with only a part (1.2 mL or 2.4 mL) of
the total dose of the echo-enhancer [12].

Deep location of the treated tumors is another limi-
tation for CEUS assessment. Similar observations were
made in two older studies [1, 4], in which tumor response
was studied with a Ist generation echo-enhancer
(Levovist). Detection of lesion enhancement was found to
be severely impaired at a distance of 8 or 10 cm from the
skin. In our study, deep location was a major limitation in
6/13 (46.1%) of the patients with lesions located deeper
than 11 cm from the skin. In a study [13], which utilized
SonoVue for the diagnosis (not for post-treatment eval-
uation) of liver lesions, difficulties were reported in ana-
lyzing contrast uptake in lesions located more than 12 cm
below the skin surface. Although a detailed comparison is
not feasible, the increased depth compared to the former
studies with Levovist might indicate an advantage of the
2nd generation echo-enhancers over their 1st generation
counterparts. CEUS is clearly superior to unenhanced
power-Doppler sonography, the latter being reportedly
unreliable for detection of residual vascularity in tumors
located at a depth of 5 cm or more [14].

In the absence of other limitations, detection of
TACE-induced necroses seems straightforward in tumors,
which are hyper- or isoenhancing prior to treatment.
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Fig. 2. Limitation of first day post-TACE evaluation. CEUS impaired detection of residual enhancement at the same day.
image (A) of a liver metastasis prior to TACE shows an ovoid On CEUS 30 days post-TACE (C) high level echoes have
hypoenhancing lesion. Unenhanced US image (B) of the disappeared and complete lack of enhancement can be
same lesion 1 day post-TACE shows high level echoes diagnosed. Correlation with axial, enhanced T1 weighted MR
occupying the largest part of the lesion (arrows). This feature images prior to (D), and 6 weeks post-TACE (E).

Fig. 3. Correlation of imag-
ing and pathologic findings
after TACE. CEUS image (A)
of a solitary HCC 1 month after
the fourth session of TACE
shows two small peripheral
enhancing nodules (arrows),
indicative of residual disease.
Contrast-enhanced CT section
(B) of the same lesion shows
similar amount and distribution
of residual enhancement (ar-
rows). Pathology specimen of
right hepatectomy (C) shows
the tumor (asterisk) with a yel-
lowish cut surface, indicative of
extensive coagulative necro-
sis. Histologic section (hema-
toxylin-eosin  stain, original
magnification x10) of the
same lesion (D) shows necro-
sis (N), coexisting with viable
tumor tissue (7). A few drug-
eluting beads are also depicted
at the left upper part of the
picture.
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Fig. 4. Limitation of CEUS in
assessing strongly hyperechoic
lesions. Unenhanced USimage
(A) in a patient with multinodu-
lar HCC 1 month post-TACE
shows three hyperechoic tu-
mors. Similar appearance was
observed prior to TACE (not
shown). On comparable CEUS
section 1 month after TACE
(B), the high level echoes of
these 3 lesions interfere with
detection of enhancement.
Axial, enhanced T1 weighted
MRimage 6 weeks post-TACE
(C) clearly shows intralesional
necroses as enhancement
defects (arrows).

Fig. 5. Limitation of CEUS
for short-term post-TACE eval-
uation of hypovascular tumors.
CEUS image (A) of a small,
hypovascular metastasis prior
to TACE shows subtle rim
lesional enhancement. No
significant change in lesion
enhancement is noted on
CEUS performed 29 days
post-TACE (B), despite suc-
cessful closure of the afferent
vessels (not shown). Compar-
ison of axial enhanced T1
weighted MR images prior to
(C) and 8 weeks post TACE
(D) of the same lesion (arrows)
indicates a definite decrease in
lesion’s size, although the
enhancement pattern s
unchanged.
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CEUS for short-term evaluation
of liver tumors after TACE
Total number of studied cases

57
Cases with “diagnostic” CEUS Cases with “non-diagnostic” CEUS
36 (63.1%) 21 (36,9%)
A A
Correlation with CT/MR Follow up with CT/MR
Cases Cases Cases . Cases
with concordant findings| |with discordant findings with response on CT/MR | | With no change compared
34 2 19 to pre-TACE CT/MR
2

Fig. 6. Flow chart depicting the categorization of CEUS studies according to their diagnostic efficiency and subsequent

correlation with CT/MR.

On the contrary, there was difficulty in detecting TACE-
induced necroses in originally hypoenhancing lesions,
because of the minimal contrast between non-enhancing
necroses and hypoenhancing tumor tissue. We have
encountered a similar problem in a few renal tumors, in
which we failed to differentiate histologically proven,
spontaneous, tumoral necrosis from viable, hypoenhanc-
ing neoplastic tissue [15]. Ding et al. [1] also reported of a
hepatoma unsuitable for post-TACE CEUS evaluation,
because of inherent hypovascularity. We experienced this
limitation with metastases, which were originally hypo-
vascular (occasionally with the exception of an enhancing
rim), or their vascularity had been reduced after intrave-
nous chemotherapy. This problem could probably be
overcome by means of dedicated software, which could
quantify lesional enhancement and detect subtle differ-
ences with higher sensitivity than visual assessment. Of
note, neither CT nor MR is devoid of this limitation [16,
17]. The assessment of hypovascular tumors’ response has
probably to incorporate RECIST, or other size-based
criteria. Additional evaluation with PET, or dedicated CT
and MR techniques may also be of value [16, 18].

Similar to the reported limitations in detection and
characterization of diffusely infiltrating hepatomas [19],

our small experience with these tumors indicates that
they also pose significant difficulties regarding their post-
TACE CEUS evaluation, being unsuitable, both for
complete visualization and for detailed evaluation of
necrosis.

In accordance to another report [20], increased lesion
echogenicity at baseline (non-enhanced) US did not have
a statistically significant effect on CEUS-ES. However, a
few, strongly hyperechoic tumors are associated with
high-signal intensity artifacts on low-MI imaging, which
may interfere with detection of tumor enhancement [13].
CEUS evaluation of such lesions may be problematic
both prior to, and after TACE. A particular form of
intralesional hyperechogenicity is observed immediately
after, until a few days after TACE and is attributed to
post-necrotic gas formation, or to gas-bubbles trapped in
the embolic material [21, 22]. Depending on its extent,
this finding may render non-diagnostic a CEUS study
performed immediately after, or 1-2 days after TACE
[6, 21]. Post-embolization hyperechogenicity resolves
almost completely a week after TACE.

In cases free of the aforementioned limitations, CEUS
could be a valuable tool for post-TACE assessment, as
indicated by the high degree of concordance, between
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“diagnostic” CEUS” and post-TACE CT/MR. CEUS
could partially substitute for CT or MR in patients with
superficially located, solitary hepatomas treated with
sequential TACE. Moreover, the combination of CEUS
with CT/MR could increase diagnostic accuracy in
challenging cases, in which detection of the smallest
enhancing focus (for differentiation of total from sub-
total necrosis) has a great impact on patient manage-
ment. Post-interventional CEUS could also be applied,
when detection of enhancement is impaired in the other
dynamic studies (for example, by lipiodol artifacts in CT,
or by TACE-related increased signal at unenhanced Tl
sequences in MR).

Liver metastases treated with TACE are probably less
suitable than hepatomas for post-treatment evaluation
with CEUS, and respective experience is limited. How-
ever, CEUS could be adequate for the evaluation of
solitary secondaries, if they exhibit even a brief arterial
hyperenhancement. Clearly, CEUS cannot compete with
the global evaluation provided by CT/MR in cases of
multifocal metastatic involvement of the liver. Further-
more, despite some encouraging data, the role of CEUS
for the detection of new lesions, as a part of the long-
term follow-up, has not been established [23].

Several weaknesses are associated with the present
study: First, our results regarding CEUS performance
are probably affected by the ultrasonographic equipment
which was not very advanced, or very modern. Second,
we did not take into account other factors, (such as
diffuse liver steatosis) which were likely to impair CEUS
efficiency [24]. Although we did observe some cases of
fatty infiltration, this was mild to moderate and its effect
on the quality of CEUS was considered insignificant. The
type of embolization might also be related to the clarity
of delineation of TACE-induced necrosis. Segmental or
subsegmental embolization is expected to cause a more
focused and well-defined devascularization (thus more
readily detectable on CEUS, as enhancement defect)
than lobar embolization. Finally, CT and MR, which
were used for the comparison with CEUS, are imperfect
reference standards [25].

In conclusion, we reviewed some factors which af-
fect diagnostic performance of CEUS, when this
modality is used to evaluate tumor response shortly
after liver TACE. Our observations are not novel,
however, they are based on a relatively large number of
patients and they could serve as additional evidence on
the practical application of CEUS for monitoring
intraarterial locoregional treatments in the liver. CEUS
is not likely to replace CT or MR, as the primary
modality for imaging liver tumors after TACE; how-
ever, under favorable conditions, CEUS could reduce
the number of CT/MR scans required for this purpose.
CEUS could also be combined with the aforementioned
modalities, in order to increase diagnostic confidence in
difficult cases.
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