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Abstract
Contrast enhanced ultrasonography (CEUS) has im
proved both the detection and characterization of focal 
liver lesions. It is now possible to evaluate in real time 
the perfusion of focal liver lesions in the arterial, portal 
and late contrast phases, and thus to characterize 
focal liver lesions with high diagnostic accuracy. As 
a result, CEUS has taken a central diagnostic role  
in the evaluation of focal liver lesions that are inde
terminate upon computed tomography (CT) and 
magnetic resonance imaging. The combined use of 
second generation contrast agents and low mechanical 
index techniques is essential for the detection of liver 
metastases, and it now allows the examination of 
the entire liver in both the portal and late phases. 
Several studies have shown that using CEUS instead of 
conventional ultrasonography without contrast agents 
significantly improves sensitivity in detection of liver 
metastases. Furthermore, the detection rate with CEUS 
seems to be similar to that of CT. This review describes 
the clinical role of CEUS in detecting liver metastases, 
including details about examination techniques, features 
of metastases observed with CEUS, and clinical results 
and guidelines.
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INTRODUCTION 

The liver is a very common site for the spread of  
malignancy. Between 15%-25% of  patients with colorectal 
cancer have synchronous liver metastases, and a similar 
proportion develop metachronous liver metastases after 
colorectal resection with curative intent[1-3]. Also, patients 
with gastric, pancreatic, breast and lung cancer have been 
shown to have a high frequency of  liver metastases[4,5]. 
The frequent involvement of  the liver is probably due 
to its inherent characteristics, such as its blood supply 
from both the portal vein and the hepatic artery, the 
high volume of  blood flow, its major role in biochemical 
activities and its anatomy, which provides several different 
possibilities for tumor cells to become trapped. These 
factors all create an ideal environment for the rapid 
growth of  malignant cells in the liver[6].

Early detection of  liver metastases in patients 
with known malignancy is important for determining 
therapeutic strategy, and crucial to the prognosis for 
survival. In some patients with preoperatively detected 
liver metastases, synchronous therapy of  the primary 
tumor and liver metastases is a possibility. Also, the 
detection of  liver metastases in some patients with 
known malignancy influences the use of  adjuvant 
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preoperative irradiation or chemo-irradiation. Finally, it 
is important to detect small liver metastases because the 
chances of  radical treatment are related to the size and 
number of  liver metastases. It is therefore crucial to have 
a preoperative imaging modality with a high sensitivity 
for the detection of  liver metastases. Moreover, detection 
of  all metastases and their localization is essential for 
the optimization of  the therapeutic strategy, which may 
include liver surgery and radiofrequency ablation (RFA). 

Furthermore, a high specificity in the preoperative 
imaging is required. The prevalence of  solid benign 
liver tumors has been reported to be more than 20% in 
autopsy series[7,8]. In patients with malignancy, 25%-50% 
of  lesions under 20 mm in size are benign[9,10], and about 
80% of  lesions less than 10 mm in size are benign[11].

Conventional transabdominal ultrasonography is still 
used in the detection of  liver metastases, even though its 
sensitivity is known to be relatively low (53%-77%)[12-15]. 
The technique’s sensitivity depends on the size of  the 
metastasis, and it is only 20% effective for metastases 
smaller than 10 mm[13]. In addition, the echogenicity 
of  the metastases is important. Isoechoic metastases 
are difficult to detect because they exhibit the same or 
similar acoustic behavior as the surrounding normal 
liver tissue (Figure 1), while hyperechoic metastases can 
mimic hemangiomas[16]. Finally, it is well known that 
the sensitivity of  US is reduced in patients with obesity, 
a high lying diaphragm, interposition of  the intestine, 
tissue-composition or even lack of  co-operation.

With the abovementioned sensitivity of  US in 
mind, the reported sensitivity of  contrast enhanced CT 
(58%-85%)[12,17-20] and MRI (70%-98%)[19,21] is clearly 
superior.

However, during the 1990s, diagnostic ultrasound 
entered a new era with the introduction of  microbubble 
contrast agents. Based on contrast-specific gray-scale US 

techniques, which are very sensitive to the non-linear 
signals from the microbubbles, the dynamic detection 
of  tissue flow in both macro- and microvasculature was 
improved. This resulted in better detection of  focal liver 
lesions. Several studies have shown that US techniques 
using intravenous contrast media (CEUS) have clearly 
improved sensitivity in detecting liver metastases to 
80%-90% (Table 1), which is comparable with the best 
reported CT results. Some studies have found that 
CEUS improves sensitivity by more than 50%, and is 
especially helpful for metastases smaller than 10 mm[22,23].

CONTRAST AGENTS
This paper does not focus on the history of  ultrasound 
contrast agents or their differences. In the case of  liver 
metastasis detection, it is sufficient to emphasize the 
clear advantages of  second generation contrast agents 
because they allow continuous real-time imaging of  
all the vascular contrast phases in the liver, and the 
scanning time (not more than 5 min) makes it possible 
to systematically scan the entire liver in the portal and 
late contrast phases. This is essential for liver metastasis 
detection[24,25]. In the following sections, the role of  
CEUS involving a second generation contrast agent in 
the detection of  liver metastases will be reviewed.

BASIC PRINCIPLES
Performing CEUS for the detection of  liver metastases 
always begins with a careful conventional B-mode US to 
assess the morphology of  the lesions (i.e. fatty sparring, 
hemangioma or cyst), and the liver in general, including 
the assessment of  diffuse parenchymal changes, such as 
steatosis or cirrhosis.

Then, before beginning the CEUS of  the liver, it is 
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Table 1  Results of studies comparing CEUS and US in the detection of liver metastases

Study n Study group1 Gold standard Type of 
analysis

Sensitivity Specificity

US CEUS US CEUS

Piscaglia et al[33], 2007 109 UK CT, FNA, follow up P-by-P2 0.77    0.95 (23%)3

Konopke et al[23], 2007 100 K IOUS P-by-P 0.56   0.84 (50%) 0.93 0.84
Larsen et al[38], 2007 365 UK FNA, CT, IOUS P-by-P 0.69   0.80 (16%) 0.98 0.98
Janica et al[40], 2007   51 S or K CT, FNA, follow up P-by-P 0.63   0.90 (43%)
Dietrich et al[32] 131 UK CT, MRI, FNA, follow up P-by-P 0.81   0.91 (12%)
Quaia et al[31], 2006 253 S or K FNA, CT, MRI, IOUS P-by-P 0.40     0.83 (107%) 0.63 0.84
Konopke et al[39], 2005   56 S or K IOUS, FNA, CT P-by-P 0.53   0.86 (62%) 0.89 0.89
Oldenburg et al[15], 2005   40 S CT, MRI L-by-L4 0.69   0.90 (30%)
Albrecht et al[51], 2003 123 S or K CT (MRI, IOUS, FNA) P-by-P 0.94 0.98 (4%) 0.60 0.88
Esteban et al[36], 2002   27 K CT L-by-L Found 9.3 metastases 

pr. patient
Found 18.8 metastases pr. 

patient 
Solbiati et al[52], 2001   32 K CT L-by-L Found in 21 out of 32 patients 

10-94 more metastases than US
Bertanik et al[53], 2001   28 K CT L-by-L 0.59   0.97 (64%)
Albrecht et al[22], 2001   62 S or K CT, MRI, IOUS, FNA P-by-P 0.92 0.97 (5%)
Harvey et al[37], 2000   11 K CT L-by-L Found 9.0 metastases 

pr. patient
Found 21.8 metastases pr. 

patient

1Included patients with known (K), suspected (S) or unknown (UK) liver metastases; 2Patient-by-patient analysis; 3Figures in brackets are percent changes 
in sensitivity; 4Lesion-by-lesion analysis.



important to position the patient correctly, because due 
to the low MI, the penetration is limited to 12-14  cm. 
In order to overcome this limitation, some authors 
recommend placing the patient on the left side instead of  
the normal supine position, because in this position the 
liver moves forward toward the transducer at the anterior 
abdominal wall and usually improves the penetration by 
one to two cm[26]. 

When using Sonovue® (sulfur hexafluoride with 
phospholipid shell) (Bracco, Milan, Italy) for liver 
metastasis detection, a 2.4 mL bolus is given through a 
20-gauge (minimum diameter) intravenous catheter and 
a three-way stopcock, which is followed by a flush with 
5-10 mL of  saline. Because of  the specific blood supply 
to the liver, three phases of  contrast enhancement appear, 
namely, the arterial, due to the supply from hepatic artery 
(10-20 s to 25-35 s after injection), the portal (30-45 s to 
120 s), and the late (> 120 s) phases[27].

Video frames of  the entire liver are recorded in all 
three contrast phases, but the portal and late phases 
are of  greatest interest when detecting liver metastases. 
Finally, the examination can be evaluated on workstations.

FEATURES OF METASTASES ON CEUS
Both hypovascular and hypervascular liver metastases 

have a predominantly arterial blood supply, but the 
degree of  arterial perfusion is variable, and the contrast 
enhancement in the arterial phase is related to this varia-
tion. Hypovascular metastases, which have relatively 
low arterial perfusion, are usually seen in patients with 
adenocarcinoma or squamous cell carcinoma, most likely 
related to colorectal cancer, gastric cancer, pancreatic 
cancer or ovarian cancer. In nearly all hypovascular me-
tastases, contrast enhancement of  varying degrees is 
seen in the arterial phase, typically in the periphery (rim 
enhancement) (Figure 2). However, some authors describe 
a more diffuse enhancement, especially when the tumor is 
small[28].  

Hypervascular metastases, which frequently arise 
from neuroendocrine tumors, malignant melanoma, 
and sarcoma, as well as from renal, breast, or thyroid 
cancer, have a very high arterial perfusion and display a 
diffuse or inhomogeneous enhancement in the arterial 
phase. These metastases present a hyper-reflective signal 
compared to the surrounding normal liver parenchyma 
(Table 2 and Figure 3). 

In the portal and delay phases, both hyper- and 
hypovascular metastases appear as dark defects, while 
the enhancement persists in normal liver parenchyma 
(Figure 4). The metastases do not retain the contrast 
agent like the normal liver parenchyma. This rapid and 
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Figure 1  US, CEUS and CT visualizations of the same liver metastasis (indicated by an arrow). The lesion is not recognizable using US, but is visible by CEUS 
and CT. A: US; B: CEUS; C: CT.

Figure 2  Hypovascular liver metastases visualized with US and CEUS. The same hypovascular liver metastasis is visualized by US and CEUS in both the arterial 
and portal phases. In the arterial phase a slight rim enhancement is seen (arrows). The non-enhancing area in the center represents a necrosis, and is demonstrated 
in both the arterial and late phases. A: B-mode US; B: Arterial phase; C: Late phase.
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complete “washout” in the metastases can be explained 
by a consistently lower fractional vascular volume when 
compared to normal liver parenchyma[29], and also by the 
absence of  portal supply to the neoplastic lesions. The 
“washout” phenomenon in CEUS must not be confused 
with the “washout” of  contrast agents seen on CT or 
MRI. The ultrasound contrast agent remains exclusively 
intravascular, which is not the case for the contrast agents 
used in CT and MRI.

Using CEUS, it is possible to differentiate cystic 
metastases from a non-neoplastic complex of  cysts by 
demonstrating vascular flow in the cyst wall or in mural 
nodules[28].

The optimal time to scan for all types of  metastases 
is from about 90 s to 5 min. This is the time when the 
contrast between the enhanced normal liver and the 
non-enhanced metastases is most pronounced, but 
some metastases can be detected in the arterial phase, 
especially hypervascular metastases. 

RESULTS OF CLINICAL STUDIES
General considerations
One of  the main problems in comparing the sensitivity 
of  CEUS in liver metastasis detection to other imaging 
modalities is the choice of  a gold standard. Theoretically, 
all detected liver lesions must be histologically proven, 
but for ethical and technical reasons, this is not possible. 
Due to a lack of  verification, many studies on the topic 
have important limitations. Not all patients with liver 
metastases are histologically verified, and in cases where 
histology is obtained, it is usually only performed on one 

lesion per patient, even if  multiple lesions are present. 
This is especially problematic in lesion-by-lesion analysis. 
However, in some studies, the preoperative CEUS fin-
dings have been compared with the histopathological 
specimens after liver resection, which is clearly the ideal 
gold standard[30]. Such results are correct for the particular 
specimen, but this practice does not exclude non-
visualized metastases in the remainder of  the liver.

In cases where the gold standard is based only on 
imaging modalities, like CT or MRI, the true prevalence 
of  liver metastases remains unknown, since some of  the 
smaller liver metastases will remain undetected and will 
not be included in the population of  metastases[21]. Even 
the use of  intraoperative ultrasonography (IOUS) as a 
gold standard cannot guarantee 100% reliability, primarily 
because it is unable to detect micrometastases[23]. 
Another problem is that many studies use CT (sometimes 
together with histology, MRI, and follow-up)[31-34] as 
the gold standard and then compare the sensitivity of  
CEUS and CT, which inevitably leads to an overestimate 
of  CT’s sensitivity. However, bearing these studies’ 
limitations in mind, the results of  the clinical studies 
concerning CEUS versus US and CEUS versus CT for 
the assessment of  liver metastases are described in the 
next section.  

Contrast enhanced US versus US 
Several studies have shown that CEUS detects more liver 
metastases than US (Table 1). The first published studies 
were mostly based on lesion-by-lesion analysis. All of  
these studies showed that CEUS has better sensitivity 
in detecting liver metastases than US[35-37]. However, it is 
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Table 2  Enhancement patterns of liver metastases

Tumor entity Arterial phase Portal phase Delayed phase

Hypovascular metastasis
   Typical features Rim enhancement Hypo-enhancement Hypo-/non-enhancement
   Additional features Complete enhancement Non-enhancement areas

Non-enhancement areas (necrosis)
Hypervascular metastasis
   Typical features Hyper-enhancement, complete Hypo-enhancement Hypo-/non-enhancement
   Additional features Chaotic vessels
Cystic metastasis
   Typical features Hyper-enhancement nodular/rim component Hypo-enhancement Hypo-enhancement

Figure 3  Hypervascular liver metastases visualized 
by CEUS. The patient is a woman, 77 years old, with 
renal cancer and hypervascular liver metastases in 
segment 6 as visualized with CEUS. In the arterial phase, 
the metastases present a hyper-reflective signal when 
compared to the surrounding normal liver parenchyma 
(arrows). The non- enhanced area in the center represents 
necrosis. In the late phase there is clearly a washout of 
contrast in the metastases (w). The kidneys are visualized 
below the liver (k). A: Arterial phase; B: Late phase.
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w
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well known that it is often difficult to compare the same 
liver lesions by US and CEUS, despite their assignment 
to a Couinaud segment. Thus, when many liver lesions 
are present and are analyzed on a lesion-by-lesion basis, 
there is a potential source of  error[37,38]. Nevertheless, 
these promising results have been confirmed in several 
studies based on a patient-by-patient analysis[23,32,33,38-40]. 
Most of  these studies showed that the detection of  liver 
metastases was significantly improved, by between 5% 
and 62%, with one study showing a 107% improvement. 
However, this study also found that US had a remarkably 
low sensitivity (0.40)[31]. The impact of  CEUS on 
therapeutic strategies also seems to be significant. In one 
study involving[40] patients who underwent laparatomy 
for liver resection, the preoperative US findings would 
have led to an extension of  the resections in 16 cases 
(40%). In a significant number of  cases (9/40 patients, 
22.5%), preoperative CEUS findings changed the 
surgical strategy[30]. Furthermore, in patients treated 
with chemotherapy, CEUS had significantly greater 
sensitivity than US as determined by both patient-by-
patient analysis (79.5% vs 63.2%) and lesion-by-lesion 
analysis (82.0% vs 60.3%)[30]. Another study showed that 
the origin of  the metastases seems not to influence the 
rate of  detection in either US or CEUS (colorectal liver 
metastases were compared to metastases from cancers 
originating in the pancreas, kidneys, stomach, ovaries, 
breast, gallbladder and lungs)[23].

Contrast enhanced intraoperative US (CE-IOUS) versus 
intraoperative US (IOUS)
Two studies have found a further value for CE-
IOUS, describing additional findings of  colorectal 
liver metastases using contrast agents as compared to 
conventional IOUS[41,42]. Additional liver metastases were 
found in 19% and 13% of  the patients, respectively, and in 
one of  the studies, CE-IOUS altered the surgical plans in 
30% of  cases[41]. On the other hand, a recently published 
study involving 39 patients with 137 identified malignant 
lesions concluded that the use of  CE-IOUS in addition 
to preoperative contrast enhanced CT and IOUS did not 
improve the ability to characterize previously detected 

lesions. This study also showed that only in a small 
number of  patients did CE-IOUS facilitate the detection 
of  new liver metastases or have implications on surgical 
strategy[43]. The differences in these results could be 
explained by the varying levels of  skill with the techniques 
used in the studies, but further studies on the role of  CE-
IOUS seem to be needed.

Contrast enhanced US versus CT
The detection rate for liver metastases by CEUS seems 
to be similar to the best reported results by CT and 
MRI[15,31-33,39,44]. However, some of  the studies must be 
evaluated with caution, due to the use of  unclear gold 
standards[31] and because CEUS is sometimes compared 
to somewhat out-of-date CT equipment[31,33,39]. The 
technical advantages achieved with modern multidetector 
CT (MDCT) might show that the results from studies 
using single-slice CT and thick scan slices are no longer 
valid when compared to modern MDCT. None of  the 
existing studies found significant differences between 
CEUS and CT with regard to sensitivity in detecting 
liver metastases (Table 3), but most studies found the 
sensitivity of  CEUS to be slightly higher[33,39,40]. 

Contrast enhanced US versus MRI or positron emission 
tomography (PET)
To date, there have been no studies comparing the 
effectiveness of  CEUS and MRI [with liver-specific 
contrast agents like SPIO (superparamagnetic iron 
oxide) or Gd-EOB-DTBA (gadolinium ethoxybenzyl 
diethylenetriaminepentaacetic acid)] or PET in detecting 
liver metastases. However, in some studies, MRI is used 
in combination with other imaging modalities as the gold 
standard (Tables 1 and 3). 

LIMITATIONS OF CEUS
In general, if  an examination of  the liver by US is 
insufficient, then examination by CEUS will also be 
insufficient. The limitations that apply to US are the 
same as those that apply to CEUS, so the quality of  the 

January 27, 2010|Volume 2|Issue 1|WJH|www.wjgnet.com 12

Larsen LPS. Clinical results, role and limitations

Arterial phase Portal phase Late phase

Figure 4  Typical contrast enhancement pattern of a hepatic metastasis by CEUS.
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examination still depends on the skill of  the operator. 
In addition, as has been noted previously, CEUS has 
limited ability to observe certain parts of  the liver, 
especially in obese patients and/or in cases of  steatosis. 
Further limitations are related to the acoustic window 
and movement artifacts.

It is not possible to simultaneously examine multiple 
lesions in the arterial and early portal phases[45]. The 
characterization of  suspected liver lesions can also be 
complicated by difficulties in interpreting results in cases 
of  hypervascular metastases and hemangiomas with 
incomplete filling. 

In addition, in patients with many cysts, metastases 
can be missed because it can be difficult to differentiate 
some of  them from cysts in the late contrast phase, 
since both appear hypoechoic. Conversely, cysts can be 
misinterpreted as metastases. Also in cases with few and 
relatively small cysts, which have not been detected by 
US, the cysts can be misinterpreted as small metastases. 
They can usually be distinguished from metastases 
by their characteristically increased transmission[46]. 
However, it is recommended that cysts be confirmed by 
US before CEUS[38,47].

THE CLINICAL ROLE OF CEUS IN THE 
DETECTION OF LIVER METASTASES
The European Federation of  Societies for Ultrasound 
in Medicine and Biology (EFSUMB) in Guidelines 
and good clinical practice recommendations for 
contrast enhanced ultrasound (CEUS) - update 2008[46] 
recommends that CEUS be used in the following cases: 
(1) All liver ultrasound scans to rule out liver metastases 
or abscess, unless conventional ultrasound shows clear 
evidence of  these lesions; (2) In selected cases, when 
clinically relevant for treatment planning by helping to 
assess the number and location of  liver metastases as a 
complement to contrast enhanced CT and/or contrast 
enhanced MRI; and (3) For surveillance of  oncology 
patients in whom CEUS has previously been useful. 
These guidelines are based on literature surveys including 
results from several clinical trials, some of  which have 
been mentioned earlier in this paper. However, it is 
important to emphasize that CEUS is complementary 

to CT/MRI in the preoperative staging before liver 
resection. It cannot replace the other imaging modalities 
in the preoperative work-up or in the follow-up of  
patients with liver metastases during chemotherapy, since 
CT and MRI give more comprehensive information 
about the liver and all other organs. Even the PACS-
systems have been improved, so it is easier to manage 
digital cine-loops, and while some institutions have 
introduced the practice of  doing a standard sweep of  
the entire liver when performing CEUS, there are still 
problems with reproducible image documentation. This 
limits the ability of  CEUS to clearly show small changes 
over time. In most cancer centers, including ours, CT 
and MRI are therefore preferred for follow-up imaging. 
On the other hand, CEUS is a very useful and important 
non-invasive imaging modality for resolving problems, 
such as patients with or without known malignancies 
where CT has demonstrated an uncharacteristic app-
earance. It is also necessary to emphasize that, in pati-
ents who are known or strongly suspected of  having 
a malignancy, an adequate US examination for the 
detection of  liver metastases includes CEUS, even if  
the baseline US is normal. Numerous studies have 
demonstrated that CEUS clearly and significantly 
improved sensitivity and specificity in the detection of  
liver metastases (Table 1).

The economic advantage of  the use of  CEUS for 
characterization of  focal liver lesions seems to be clear. 
Compared with CT and MRI, CEUS provides significant 
cost savings, both for a national health service and for 
hospitals[48,49]. However, there are still some barriers 
to using CEUS, like the costs of  CEUS compared to 
US and the fees paid by health insurance companies to 
perform CEUS[50]. 

CONCLUSION
The use of  second generation ultrasound contrast agents  
in combination with low MI contrast-specific US 
techniques has clearly improved US imaging of  the liver, 
including the dynamic examination of  focal liver lesions. 
Contrast enhanced US has improved the detection of  
liver metastases when compared to US itself, and it seems 
to have a diagnostic performance and  accuracy similar to 
that of  CT. 
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Table 3  Sensitivity of CEUS and CT in detecting liver metastases; an overview of studies

Study n Study   
group1

Type of CT Analysis Gold standard Sensitivity Statistic

CEUS CT

Quaia et al[31], 2006 253 K or S 1-slice CT P-by-P3 CT, FNA, Follow-up, MRI, IOUS 0.83 0.89   NS2

Larsen et al[34] , 2007 365 S 4-slice CT P-by-P CT, IOUS, CEUS, FNA, surgery resection, follow-up 0.8 0.89 NS
Dietrich et al[32] 131 UK Multislice CT in most cases4 P-by-P CT, MRI, FNA, follow up 0.91 0.89 NS
Piscaglia et al[33], 2007 109 S 1-or 4-slice CT P-by-P CT, US, FNA, Follow-up 0.95 0.91 NS
Janica et al[40], 2007 51 K or S Not described L-by-L5 FNA, surgical resection, CT and follow-up 0.9 0.78 NS
Konopke et al[39], 2005 56 S or K 1-, 4- or 16-slice CT P-by-P IOUS, FNA, CT 0.86 0.76 NS

1Included patients with known (K), suspected (S) or unknown (UK) liver metastases; 2Not significant; 3Patient-by-patient analysis; 4Details not described. 
5Lesion-by-lesion analysis.
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