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Abstract

Background/aims The advent of contrast-enhanced ultrasound
(CEUS) has called into question the efficacy of standard
ultrasonographic techniques. In this study, we evaluated
B-mode and color-duplex imaging and CEUS in the detection
of liver metastases, using intraoperative and histological
findings as a reference.
Materials and methods Before laparotomy, 108 patients
suspected of having liver metastases were prospectively
examined with B-mode and color-duplex imaging, followed
by contrast-enhanced ultrasound (2.4 ml SonoVue). Patients with
unresectable tumors (n=8) were excluded from the analysis.
The sonographic diagnosis in the remaining 100 patients
was compared to the intraoperative and histological findings.
Results/findings CEUS improved the sensitivity for detecting
liver lesions from 56.3% (B-mode) to 83.8% (CEUS)
(p=0.004). In particular, the contrast agent led to an
improvement in ultrasonographic detection in the following
cases: nodular metastases smaller than one centimeter; after
adjuvant chemotherapy; for tumors near the surface of the
liver; and for lesions situated around the ligamentum teres.

Interpretation/conclusions CEUS provides significant im-
provement in the detection of liver metastases, and should
therefore, be performed routinely in the surveillance of
cancer patients.
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Introduction

Generally, hepatic metastasis is a sign of advanced
tumor stage [1–3]. Curative treatment is only possible in a
very small number of patients, e.g., only 20% of patients
with colorectal metastases. In patients with pancreatic
carcinoma, hepatic metastases imply a palliative situation
[4–6].

When the objective is cure, liver resection is the most
effective therapy [7–9]. For liver surgery, precisely imaging
the number and distribution of the metastases is required.
According to the literature, in detecting liver metastases,
unenhanced ultrasonography achieves a sensitivity between
48 and 92% and a specificity between 76 and 96% [10–14].
Thus, its efficacy is inferior to the imaging modalities using
contrast media [computed tomography (CT), magnetic
resonance imaging (MRI)].

In Europe, contrast agents have been available for
ultrasonography since 1995 [15, 16]. Complementing other
new ultrasonographic technology, contrast agents have
improved the detection of liver metastases considerably.
Some authors have even reported sensitivities and specific-
ities of up to 100% for contrast-enhanced ultrasonography
(CEUS) [17–19]. However, in theses studies, the reference
methods used in comparison were other imaging modali-
ties, which lessens the impact of such reports, as none of
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the imaging methods reach the efficacy of today’s gold
standard, intraoperative evaluation of the liver [20–22].

The aim of our work was to evaluate the efficacy of
unenhanced and enhanced ultrasonography in the detection
of liver metastases, as compared to intraoperative findings.

Materials and methods

For this prospective, nonrandomized study, a total of 108
patients underwent diagnostic CEUS for staging or exclu-
sion of liver metastases between January, 2003 and April,
2005. This study was approved by the local ethics
committee and performed according to the declaration of
Helsinki. All patients gave their informed consent before
their inclusion into the study.

There were 59 men and 41 women with a median age of
60 years (24 to 82 years). Sixty-five patients were
examined when a suspicious lesion was noted during
surveillance of their previously diagnosed cancer. Twenty
of the 65 patients had already received adjuvant chemo-
therapy after primary surgery. Forty-three were referred for
exclusion of liver metastases (n=36) or staging (n=7).

All patients first underwent diagnostic hepatic ultrasonog-
raphy without contrast enhancement (B-mode and color
duplex), followed by contrast-enhanced ultrasound with pulse
inversion and low MI (0.07–0.14). A bolus of 2.4-ml
SonoVue (Bracco-Altana, Milan, Italy), a second-generation
ultrasound contrast agent, was used as the contrast medium.
The ultrasound device used was a Sonoline Elegra (3.5-MHz
transducer, Siemens Medical Solutions, Erlangen, Germany).

The ultrasonographic diagnosis was made by one of
three examiners. This group of examiners consisted of an
attending physician and two experienced residents. All
examiners were blinded to any diagnosis of hepatic
metastases obtained before ultrasonography.

Preoperatively, the liver was screened for metastases
with and without contrast enhancement. The number and
localization of the liver metastases were recorded and each
metastasis was marked on a diagram of the liver segments
(Couinaud). Correspondingly, during surgery, the intra-
operative findings (obtained by inspection, palpation, and
intraoperative ultrasonography) were drawn onto a similar
diagram. To avoid bias, the data evaluation (comparison of
both diagrams) was performed in a blinded fashion by
someone not involved in performing the sonographic
examinations. Statistical analysis was performed using the
two-tailed McNemar test (SPSS V12.01).

A preoperative spiral CT or MRI of the abdomen with
intravenous contrast was also available for all patients. As
these CT and/or MRI studies originated from different
institutions and varied to a great extent in the examination
technique, they were not included in the results of this
study. A repetition of the exams was avoided as the main
focus of the study was the evaluation of unenhanced and
enhanced sonography.

To minimize the number of unnecessary laparotomies,
only patients with resectable lesions (n=65), as determined
by sonography and CT or MRI, or patients scheduled for
surgery for their primary cancers were selected for the
study. In 29 patients, after intraoperative exclusion of liver
metastasis, the primary cancer was resected. Six additional

Table 1 Primary cancer and histological findings in 100 patients

Histology Number of patients (n) Number of metastases
(intraoperative findings) (n)

Primary cancer Colorectal Adenocarcinoma 49 93
Pancreas Adenocarcinoma 28 8

Neuroendocrine carcinoma (insulinoma) 1 1
Kidney Renal cell carcinoma 8 10
Thyroid Papillar carcinoma 3 4

Follicular carcinoma 1 1
Stomach Adenocarcinoma 2 1

Non-Hodgkin lymphoma 1 1
Ovary Adenocarcinoma 2 3
Breast Invasive ductal carcinoma 2 5
Gallbladder Adenocarcinoma 2 1
Lung Adenocarcinoma 1 2

Liver findings Metastases 67 130
Cholangioma 2
Adenoma 1
Cyst 1
No tumor 29
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patients received palliative bypass surgery when the intra-
operative examination of the liver led to the conclusion that
the primary tumor was unresectable (Table 1). Eight
patients initially scheduled for surgery who underwent
CEUS were later dropped from the study. Two of these
patients had large metastases in the right lobe of the liver
and additional central metastases. Four patients had
multiple metastases (two patients with six metastases, one
patient with seven, and one patient with nine). In another
two patients, large metastases infiltrated the central portal
vein. For this group of eight patients, unenhanced sonog-
raphy showed 20 metastases in six patients, while enhanced
ultrasound accounted for 32 metastases. None of these eight
patients underwent surgery and all were excluded from the
study. The metastases were biopsied percutaneously under
sonographic guidance to acquire a histological diagnosis. In
two patients, the three lesions were only visible while using
contrast media. In these cases, the biopsy was performed
while using the contrast agent, thereby, avoiding a
laparotomy.

Results

A total of 100 patients underwent laparotomy. Intraopera-
tively, by inspection, bimanual palpation and in situ ultraso-
nography of the liver, 134 lesions suspicious for metastases
were found in 71 patients. Using B-mode ultrasonography,
only 70 of these 134 (52.2%) lesions in 46 patients were
detected (Fig. 1), while CEUS was able to detect 122 of 134
(91%) suspicious lesions in 60 patients (Fig. 2). In 52 patients,
the histological diagnosis was obtained from the surgical
specimen, while in 19 patients, the metastasis was biopsied
percutaneously. In five of these patients not undergoing
surgery, radio frequency ablation was performed.

In the 67 of the 71 patients, surgery and final histology
revealed 130 metastases (Fig. 3). The number of metastases
varied between 1 and 10. In the remaining four patients, the
final histological analysis showed a blood-filled liver cyst

in one patient who had suffered from blunt abdominal
trauma, a small cholangioma in two other patients (6 and
8 mm), and a 7-mm adenoma in one patient. None of these
benign lesions were distinguishable preoperatively from
metastases as they were small and demarcated in the late
phase of the CEUS (Table 1).

Sonographic imaging compared with intraoperative results

In assessing the number of hepatic metastases by ultraso-
nography as compared to the intraoperative results, the rate
of correct ultrasound findings rose from 67% (n=67) without
contrast enhancement to 84% (n=84) with SonoVue. The use
of the contrast medium provided additional information,
particularly for metastases smaller than 10 mm. By CEUS,
18 small nodular metastases were detected in nine patients,
whereas, unenhanced sonography only detected five metas-
tases in four patients. Intraoperatively, 20 metastases smaller
than 10 mm were discovered in 11 patients.

Further information was also obtained by CEUS after
adjuvant chemotherapy. In these cases, unenhanced sonog-
raphy detected six lesions in five patients. With the use of
SonoVue the detection rate rose, identifying 17 metastases
in 11 patients. In total, for 14 patients who had undergone
adjuvant chemotherapy, 21 metastases were detected.

Thus, in the assessment of the number of hepatic
metastases detected by different techniques, the sensitivity
of CEUS was significantly higher than without contrast
enhancement (83.8 vs 56.3%; p=0.004). There was no
significant difference in the specificity (p=0.43) (Table 2).

CEUS in colorectal metastases

Forty-nine patients suspected of having colorectal metasta-
ses underwent laparotomy. Intraoperatively, 55.1% of all
unenhanced sonograms were shown to be correct (n=27)
while 79.6% of the CEUS examinations were accurate
(n=39). During surgery, 14 patients exhibited 24 metastases
close to the diaphragm in segments 7 and 8. Unenhanced

Table 2 Sensitivity and specificity of B-mode and CEUS compared to intraoperative findings

Diagnostic
modality

Patients True
Positive

False
positive

True
negative

False
negative

Sensitivity (%) Specificity (%)

n n n n n

Metastases (total) Unenhanced US 100 40 2 27 31 56.3 p=0.004 93.1 p=0.43
CEUS 100 57 5 27 11 83.8 84.4

Colorectal
metastases

Unenhanced US 49 25 1 2 21 54.3 p=0.001 66.7 p=0.52
CEUS 49 37 4 2 6 86.0 50.0

Non-colorectal
metastases

Unenhanced US 51 15 1 25 10 60.0 p=0.21 96.2 p=1.0
CEUS 51 20 1 25 5 80.0 96.2

CEUS Contrast enhanced ultrasound with 2.5-ml SonoVue bolus, US ultrasound, Sensitivity true positive×100/(true positive+false negative),
Specificity true negative×100/(true negative+false positive)
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sonography had only shown 11 of these in six patients. By
using the contrast agent, correct detection was increased to
23 metastases in 13 patients. Similarly, metastases located
along the ligamentum teres were detected more reliably
when using contrast agent. During surgery, 18 metastases
along the ligament were detected in 12 patients. By
unenhanced sonography, six of these were seen in three
patients, while CEUS detected 13 metastases in eight
patients.

False negative findings were obtained by CEUS in six
patients. In four of these patients, five additional metastases
were found at surgery around the ligamentum teres, and one
metastasis was found in each of segments 5 and 8.

In six patients, no metastases were found during surgery.
Of those in two patients, the preoperative diagnosis of a
metastasis-free liver was confirmed and the primary
colorectal cancer was resected (true negative finding). In
four patients, a local recurrence was suspected during
follow-up after partial liver resection. CEUS showed
suspicious lesions without contrast enhancement measuring
up to 12 mm. However, during surgery, these areas were
found to be cicatrices (false positive findings).

Thus, the additional information gained by using
SonoVue is reflected in the significantly increased sensitiv-
ity (p=0.001) of liver metastasis detection as compared to

unenhanced sonography. No difference was found regard-
ing specificity (p=0.52) (Table 2).

CEUS in non-colorectal metastases

Fifty-one patients underwent surgery for non-colorectal
metastases to the liver. The findings obtained by unen-
hanced sonography were verified by intraoperative explo-
ration of the liver (including intraoperative sonography) in
78.4% (n=40) of the patients, while the findings obtained
by CEUS were verified in 88.2% (n=45) of the patients. In
25 patients, the liver was found to be free of metastases
intraoperatively, as predicted by both unenhanced and
contrast-enhanced ultrasound (true negative findings). Of
those, 23 had pancreatic cancer, one patient had cancer of
the gallbladder, and one had gastric cancer. All of these
patients underwent resection of the primary tumor.

The advantage of CEUS over unenhanced sonography in
providing additional information was most evident in cases
of superficial metastases and lesions along the ligamentum
teres. Of nine superficial metastases discovered intraoper-
atively in seven patients, unenhanced sonography had
detected only six in four patients. CEUS, however,
predicted eight metastases in six patients. Along the round
ligament, where 12 metastases were found in nine patients
intraoperatively, unenhanced ultrasound only detected six
metastases in four patients. CEUS identified ten metastases
in seven patients.

False positive results were obtained in one patient, in
which a scar after resection of a liver metastasis of a renal
cell carcinoma was misinterpreted as recurrence. False
negative results in five patients were observed despite the
application of SonoVue. In two patients with pancreatic
cancer, miliary metastases had not been detected by any
preoperative imaging. In two patients, after thyroid carci-
noma and renal cell carcinoma, respectively, one metastasis
in each case in segment four close to the ligamentum teres
was not detected sonographically. Furthermore, in one
patient, a diffuse infiltrating non-Hodgkin lymphoma was

Fig. 1 Patient, 53 years. Evidence of two liver metastases of a
neuroendocrine tumor (segment 5 and 8) with contact to the right liver
vein in B-mode ultrasound

Fig. 2 Same Patient as Fig. 1. Evidence of two additional lesions in
the arterial phase after administration of SonoVue

Fig. 3 Same Patient as Fig. 1. Operation specimen after right
hemihepatectomy
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not diagnosed by CEUS. In this case, the contrast-enhanced
sonogram was interpreted as an irregularity in the distribu-
tion of adipose tissue. The lesion was biopsied. As no final
diagnosis was determined by biopsy, open surgery was
performed.

Thus, the sensitivity in the detection of non-colorectal
liver metastases was raised from 60.0% in unenhanced
sonography to 80.0% by using the contrast agent. However,
there was no statistically significant difference (p=0.21) in
the sensitivity between the two methods. The specificity
remained unchanged at 96.2% (Table 2).

The origin of the metastases (colorectal vs non-colorec-
tal) had no effect on detection rates by either unenhanced
ultrasonography or CEUS (Table 3).

Discussion

Since the introduction of contrast-enhanced ultrasonogra-
phy, a number of studies have demonstrated its safety. Side
effects include dysesthesia at the site of injection, headache,
nausea, rash, and symptoms of anaphylaxis [15, 23–25].
However, such side effects are described with a frequency
of only about 0.002% in the literature [26]. In our patients,
one anaphylactoid reaction with dyspnea required an
inhaled beta-2-agonist and intravenous corticosteroid.

Besides known allergies, additional contraindications to
SonoVue administration are unstable angina pectoris or an
acute coronary syndrome within 7 days before the CEUS
exam. Patients with these diagnoses have a markedly
elevated risk of cardiac damage during anaphylactoid
reactions [25].

The use of a contrast agent can double the time required
for an ultrasound exam. However, in our opinion, the
additional information obtained by CEUS outweighs this
disadvantage. CEUS is very cost-effective, as the amount
normally administered (2.4 ml) is available for 30–35 Euro.

Most studies, to date, have evaluated the ability of CEUS
to differentiate various types of liver lesions and to detect
liver metastases. However, in these studies, the reference

methods used, are generally, other imaging procedures such
as MRI or CT [27–32].

For our study, we chose intraoperative findings as the
benchmark for the quality of the preoperative diagnosis.
The intraoperative results were obtained by a combination
of surgical examination with inspection and palpation and
intraoperative ultrasound of the liver. According to
Hölscher and Stadler (1989) [21], this procedure achieves
the highest detection rate for hepatic metastases. In 85
patients having 128 metastases, Hölscher reported the
detection of 89 metastases by the combination of preoper-
ative unenhanced ultrasound and CT scan (sensitivity:
48.5%, specificity: 93.3%). By intraoperative inspection
palpation of the liver, 110 metastases were detected
(sensitivity: 75.4%, specificity: 98.3%). Problems arose in
detecting small metastases located deep within the paren-
chyma. Intraoperative unenhanced ultrasound, alone,
revealed 120 metastases (sensitivity: 89.9%, specificity:
98.3%). However, by this method, the detection of
superficial metastases became problematic. Thus, only the
combination of inspection, palpation, and intraoperative
ultrasound reached the highest detection rate with 127
correctly detected metastases (sensitivity: 100.0%, specific-
ity: 98.3%) [21]. However, these results show that even this
intraoperative “gold standard” cannot guarantee 100%
reliability as, for example, it is unable to detect micro-
metastases [33].

In comparing unenhanced ultrasound and ultrasound with
contrast agent vs intraoperative findings, CEUS showed a
significant improvement in sensitivity in the detection of liver
metastases from all primary cancers (p=0.001) and from
colorectal cancer alone (p=0.004). No significant difference
was observed for non-colorectal metastases. This is due to
the smaller proportion of patients with such metastases and
not the efficacy of CEUS. This is substantiated by the
absence of statistically significant differences in sensitivity
comparing the results of CEUS in the detection of colorectal
vs non-colorectal metastases (Table 3).

Because of their subphrenic location, focal lesions, and
in particular, metastases near the surface of segments 7 and

Table 3 Comparison of sensitivity and specificity of preoperative ultrasound in the detection of colorectal and non-colorectal metastases in
comparison to the intraoperative findings

Sensitivity Specificity

Colorectal
metastases (%)

Non-colorectal
metastases (%)

p Colorectal
metastases (%)

Non-colorectal
metastases (%)

p

Unenhanced US 54.3 60.0 0.80 66.7 96.2 0.83
CEUS 86.0 80.0 0.51 50.0 96.2 0.88

CEUS Contrast enhanced ultrasound with 2.5-ml SonoVue as bolus, US ultrasound
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8 are often overlooked. This also applies to the subphrenic
areas of segments 2 and 4a; it is well-known that it is
difficult to detect focal metastases around the ligamentum
teres [10, 33–35]. By using a contrast agent, the detection
of metastases in these regions can be markedly improved
[36]. This was verified in this study as well. The improved
sonographic detection resulted, in most cases, from the
identification of the metastases in the portal venous and late
phase of the exam. In contrast to a sensitivity of 88.3%
published by our group in 1998 [33], the present study
shows poorer sensitivity (56.3%) of unenhanced ultrasound
in the detection of liver metastases. A reason for this
discrepancy is the high percentage of patients included in
this study who had already undergone adjuvant chemother-
apy at the time of examination. The detection of liver
metastases is dependent upon differences between the
impedances of the metastases and the surrounding normal
liver tissue. Preoperative chemotherapy is known to render
unenhanced ultrasound of the liver more difficult, as it
decreases the differences in the impedance [33]. In our
study, the use of the ultrasound contrast agent in these
patients revealed an additional 11 metastases (52.4%) in six
out of 14 patients undergoing surgery. Therefore, we are of
the opinion that the patients most likely to profit from
CEUS are those who have been given chemotherapy.

Both unenhanced and enhanced ultrasonography
achieved a very high specificity (96.2%) in the group of
patients with non-colorectal metastases. This is mainly due
to the high number of correct negative findings which led to
surgery for the primary cancer (e.g., a pancreatic carcinoma).
In contrast, the specificities for the two ultrasonographic
methods in the group of patients with colorectal metastases
is comparably low (50 and 66%). The reason for this is a
very low number of true negative findings. Small alterations
in these numbers impart a large difference in the specificity.
Hence, the significance of the calculated specificity for
CEUS for colorectal and non-colorectal metastases should
not be overestimated.

Liver metastases smaller than 10 mm remain very
difficult to detect by preoperative staging methods. We, like
other authors, confirm the benefits of contrast-enhanced
ultrasonography in the detection of these small nodular
metastases. In our study, the detection rate was increased by
65% (13 metastases) with the use of a contrast agent as
compared to unenhanced sonography in patients with such
lesions. According to literature, CEUS improves the number
of detected small nodular metastases by 22–82%. It has been
shown that metastases larger than 5 mm are, generally, easily
identified when contrast agent is used, and even metastases
smaller than 5 mm are frequently detected [16, 20, 38–41].
More studies of CEUS are needed with patients at risk for
small miliary metastasis (e.g., pancreatic carcinoma). This
group of patients could benefit greatly from CEUS when

liver metastases are detected, as unnecessary laparotomies
could, thereby, be avoided.

Conclusion

CEUS of the liver with SonoVue provides a significantly
higher sensitivity in the detection of liver metastases as
compared to unenhanced sonography and identifies up to
40% more of metastases. This is mainly due to improved
detection of metastases in the superficial subphrenic areas
and around the ligamentum teres. Especially with small
nodular metastases and after chemotherapy, patients benefit
from the additional information obtained by CEUS.
Particularly in these patients, we consider contrast-
enhanced ultrasound to be an indispensable part of modern
treatment.
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