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Abstract
AIM: To find occult metastases during hepatectomy 
in patients with colorectal cancer liver metastases 
(CRCLM) , con t ras t -enhanced in t raope ra t i ve 
ultrasonography (CE-IOUS) was performed using a 
new microbubble agent, sonazoid, which provides 
a parenchyma-specific contrast image based on its 
accumulation in the Kupffer cells.
METHODS: Eight patients with CRCLM underwent CE-
IOUS using sonazoid before hepatectomy. The liver 
was investigated during a late Kupffer-phase imaging, 
which is a valuable characteristic of sonazoid.
RESULTS: CE-IOUS using sonazoid provided the 
early vascular- and sinusoidal-phase images for  
10 min followed by the late Kupffer-phase image up 
to 30 min after the injection of sonazoid. IOUS did 
not provide new findings of metastatic lesion in the 8 
patients. However, during the late Kupffer-phase image 
of sonazoid, a metastatic lesion was newly found in 
two of the 8 patients. These newly detected lesions 
were removed by an additional hepatectomy and 
histopathologically diagnosed as a metastasis.
CONCLUSION: CE-IOUS using sonazoid can allow 
surgeons to investigate the whole liver with enough 
time and to find new metastases intraoperatively. 
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INTRODUCTION
Hepatic resection is the only treatment offering a chance 
of  long-term survival to patients with colorectal cancer 
liver metastases (CRCLM)[1-4]. However, a total of  75% 
of  patients with CRCLM who undergo liver resection 
will develop recurrence and the main site of  recurrence 
is the liver[5]. In addition, 65% to 85% of  all recurrences 
appear within the first 2 years[5]. Therefore, occult liver 
metastases may present at the time of  hepatectomy 
and can be undetected preoperatively by computed 
tomography (CT), magnetic resonance image (MRI), or 
positron emission tomography (PET)[6].

Intraoperative ultrasound (IOUS) is now considered 
as a standard method to determine the resection margin 
or to find preoperatively undetected tumors[7,8]. Recently 
some authors reported that a contrast-enhanced IOUS 
(CE-IOUS) was more sensitive than conventional IOUS 
to identify new lesions and subsequently to influence 
surgical management[9,10].

Sonazoid (perfluorobutane, GE Helthcare, Oslo, 
Norway) is a new microbubble agent[11] that provides a 
parenchyma-specific contrast image based on its accumu-
lation in the Kupffer cells in the liver[12-14]. Sonazoid was 
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recently approved for clinical use in Japan, and it presents 
with a late Kupffer-phase image with a long duration 
following a vascular- and a sinusoidal-phase images[14]. 
SonoVue (Bracco spA, Milan, Italy) has been already 
used as a microbubble agent in CE-IOUS[9,10], but it does 
not have the Kupffer-phase image[13]. The present brief  
clinical report shows our experience of  CE-IOUS using 
sonazoid in patients with CRCLM.

MATERIALS AND METHODS
Examination of  IOUS and CE-IOUS was performed 
using an Aplio-XV (Toshiba, Tokyo, Japan) and a 
micro-convex probe (PVT-375BT, 3.5 MHz, Toshiba). 
CE-IOUS was performed under a pulse inversion 
harmonic (PIH) imaging capability (Toshiba). A bolus 
intravenous injection of  sonazoid [0.015 mL/kg body  
weight (0.12 μL microbubble/kg body weight as 
perflubutane microbubble)] was performed via the 
peripheral venous line followed by 10 mL of  normal 
saline flush. Immediately after the administration of  
sonazoid, the portal veins, hepatic veins, and the normal 
liver parenchyma were uniformly enhanced. Hepatic 
metastases were identified as a dark contrast free filling 
defect during an early vascular phase image lasting 3 min 
after the injection of  sonazoid. Approximately 10 min 
after the injection, the liver was scanned again to observe 
a late Kupffer-phase image. The hepatic metastases were 
identified as filling defects clearer than those observed 
at the vascular phase (Figure 1). The late Kupffer-phase 
image lasted at least for 30 min.

Eight patients with CRCLM underwent CE-IOUS in 
addition to IOUS. The number and size of  metastases 
identified on preoperative CT, MR, and percutaneous 
contrast-enhanced ultrasonography (CE-US) were 
compared with those detected by IOUS and CE-IOUS. 

RESULTS
CE-IOUS using sonazoid provided the early vascular- and 
sinusoidal-phase images for 10 min followed by the late 
Kupffer-phase image up to 30 min after the injection of  
sonazoid. Figure 1 shows IOUS and CE-IOUS images of  
a metastasis at the Segment 8. The lesion was detected as 
an unclear slightly hypoechoic mass by IOUS (Figure 1A),  
but the lesion was shown as a clear hypoechoic mass 
during the late Kupffer-phase (Figure 2B).

Between December 2007 and February 2008, eight 
patients underwent CE-IOUS. Preoperatively detected 
sites of  liver metastases by CT, MRI, and CE-US were 
listed, and some differences among CT, MRI and CE-
US existed as shown in Table 1. Preoperative CT seemed 
superior to MRI (patient No. 1 and 4). In addition, 
preoperative CE-US did not seem useful for finding 
metastases at the Segment 7 (patient No. 1, 2, and 5).  
Mainly based on the preoperative findings of  CT, 
surgical methods were planned preoperatively in the eight 
patients (Table 2). IOUS did not provide new findings 
of  metastatic lesion in the eight patients. Indeed, IOUS 
could not show some metastatic lesions detected by CT or 

MRI (Table 1, patient No. 1 and 2). However, CE-IOUS 
confirmed all hepatic lesions detected by CT or MRI. 
In addition, metastatic lesions were newly found by CE-
IOUS in two of  the eight patients. These newly detected 
lesions were removed by an additional hepatectomy and 
histopathologically diagnosed as a metastasis.

In the patient No. 1 (Table 1), a small hypoechoic 
lesion with 6 mm in diameter at the Segment 4 was newly 
detected by the CE-IOUS at the late Kupffer-phase view 
(Figure 2A) although IOUS did not show this lesion. 
This small lesion was resected and histopathologically 
confirmed as a metastatic nodule (Figure 2C).

In the patient No. 2 who preoperatively presented 
with liver metastases at the Segment 3 (Table 1), another 
lesion at the Segment 7 was pointed out as a metastasis 
with an ill-defined mass by preoperative CT and MRI 
(Figure 3A and B). Preoperative percutaneous CE-US 
using sonazoid could not show the lesion at the Segment 
7 because of  the attenuation of  echogenecity. During 
the surgery, IOUS did not show the metastasis at the 
segment 7, but CE-IOUS showed a well-demarcated 
mass at the Segment 7 (Figure 3C). This lesion was 
resected by a partial hepatectomy and histopathologically 
confirmed as a metastasis. In addition, CE-IOUS 
detected a new small lesion at the Segment 6 which was 
not pointed out by CT or MRI preoperatively (Figure 4).  
This lesion at the Segment 6 was also removed and 
histopathologically confirmed as an occult metastasis.

DISCUSSION
The importance of  CE-IOUS in patients with CRCLM 
has been shown by two recent studies[9,10]. Indeed, 
Torzilli et al reported that new metastatic lesions, which 
were not detected by preoperative examinations and 
IOUS, were detected in 5 out of  24 patients (21%) using 
CE-IOUS[9]. They also reported that the modification 
rate of  hepatectomy by CE-IOUS alone was 21% in the 
patients with CRCLM. Leen et al showed that additional 
new hepatic metastases were detected in 11 out of  57 
patients (19%) and the planned surgical methods were 
converted in these patients[10]. In the present study, an 
occult metastatic lesion was newly detected in two of  
the eight patients using CE-IOUS and removed by an 
additional hepatectomy. These metastatic lesions were 
not detected by preoperative CT, MRI, preoperative 
percutaneous CE-US, or IOUS.

Sonazoid is a novel microbubble-based ultrasound 
contrast agent, and is classified as a second-generation 
agent in which the perfluorocarbon gas has enough 
intravascular stability in vivo[15,16]. Watanabe et al showed 
that microbubbles of  sonazoid were taken up by Kupffer 
cells immediately after intravenous injection and existed 
as microbubbles for 30 min within Kupffer cells, and that 
the hepatic parenchyma-specific contrast by sonazoid 
was due to the distribution of  the microbubbles in 
Kupffer cells[14]. Therefore, sonazoid has a unique “late 
Kupffer-phase image” in addition to “early-vascular 
phase image” and “sinusoidal-phase image”. This late 
Kupffer-phase image can provide high echogenic contrast 
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enhancement in the liver parenchyma[14]. On the other 
hand, other microbubble contrast agents such as Imavist 
and SonoVue provide parenchyma-specific contrast by 
transient mechanical slowdown of  microbubbles within 
the sinusoid, and these two contrast agents are hardly 
phagocytosed by the Kupffer cells[10,13,17]. Therefore, 
Imavist and SonoVue cannot provide the late Kupffer-
phase image, and the parenchyma-specific contrast image 
of  these two microbubble agents can be seen during only 

3 min to 5 min after the injection. Therefore, as previously 
described, SonoVue needs repeated injections during 
CE-IOUS to perform a whole liver examination[9,10]. 
Therefore, sonazoid seems a superior microbubble 
contrast agent for CE-IOUS in patients with CRCLM 
since a whole precise liver investigation by CE-IOUS, in 
which determination of  surgical margin and examination 
of  occult metastases should be investigated. Therefore, 
CE-IOUS needs more than 5 min, and the present brief  

Figure 1  IOUS and CE-IOUS views 
of a metastasis at the Segment 8.  
A: The metastatic lesion was unclearly 
detected as a slightly hypoechoic mass; 
B: CE-IOUS view of the same lesion. 
The metastatic lesion was shown as 
a distinct hypoechoic mass at the late 
Kupffer-phase.

BA

Figure 2  An occult metastasis. A: 
An occult metastasis at the segment 
4 only detected by CE-IOUS. A clear 
hypoechoic mass (approximately  
6 mm in diameter; black arrow) was 
newly detected at the delayed Kupffer 
phase. This metastatic lesion could 
not be found by CT, MRI, and IOUS. 
B: Macroscopic view of this metastasis 
(arrow).

BA

Patient No. Preoperatively planned surgery Mainly performed operative 
procedures

Methods of additional surgery 
based the findings of CE-IOUS 

1 Enucleations at S5, S5-S6, and S7 Bisegmentectomy of S5 and S6 Enucleation at S4
Enucleation at S7 

2 Left lateral sectionectomy, 
partial resection of S7

Left lateral sectionectomy, 
partial resection of S7

Enucleation at S6

3 S6 segmentectomy S6 segmentectomy (-)
4 Right posterior sectionectomy, 

S1 partial resection
Right posterior sectionectomy, 
S1 partial resection

(-)

5 S7 partial resection S7 partial resection (-)
6 S7 segmentectomy S7 segmentectomy (-)
7 Posterior sectionectomy, 

left lateral sectionectomy
Posterior sectionectomy, 
left lateral sectionectomy

(-)

8 Enucleations at S3, S4, and S8 Enucleations at S3, S4, and S8 (-)

Table 2  Preoperatively planned surgical methods mainly performed surgical methods, and methods 
of additional surgery according to the findings of CE-IOUS
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Table 1  Preoperatively diagnosed sites of liver metastases by CT, MRI and CE-US, intraoperatively 
found lesions by IOUS and CE-IOUS, and intraoperatively newly found metastases by CE-IOUS

Patient Preoperatively diagnosed metastases Intraoperatively found lesions

No. By CT By MRI By CE-US By IOUS  By CE-IOUS By CE-IOUS

1 S5, S5-6 S5, S5-6, S7 S5, S5-6 S5, S5-6 S5, S5-6, S7 S4
2 S3, S7 S3, S7 S3 S3 S3, S7 S6
3 S6, S6 S6, S6 S6, S6 S6, S6 S6, S6 (-)
4 S6-7, S1 S6-7 S6-7, S1 S6-7, S1 S6-7, S1 (-)
5 S7 S7 (-) S7 S7 (-)
6 S7 S7 S7 S7 S7 (-)
7 S7-6, S3 S7-6, S3 S7-6, S3 S7-6, S3 S7-6, S3 (-)
8 S3, S4, S8 S3, S4, S8 S3, S4, S8 S3, S4, S8 S3, S4, S8 (-)



clinical experience of  CE-IOUS confirmed the usefulness 
of  sonazoid during surgery in patients with CRCLM. In 
addition, the duration of  the approximately 30 min of  the 
late-Kupffer phase image using sonazoid seems useful to 
perform preoperative percutaneous CE-US compared to 
SonoVue because the limiting time of  SonoVue image  
(5 min) does not seem convenient to perform preoperative 
CE-US. Indeed, a routine preoperative CE-US in our 
institution, in which only the late Kupffer-phase image 
is performed, can be performed between 10 min and  
30 min after the injection of  sonazoid. However, based on 
our experience, small metastases at the Segment 7 seem 
hardly visualized by percutaneous CE-US using sonazoid 
because of  the attenuation of  echogenecity as shown in 
the present case No. 2.

Sonazoid has been reported as a safe medicine. 
Indeed, the incidence of  adverse effects of  sonazoid was 
shown in 25 out 397 patients (6.3%) in a clinical phase 
Ⅱ study performed in Japan. The main side effects were 
headache (1.0%) and diarrhea (1.0%), but no anaphylactic 
shock due to sonazoid was reported unlike with contrast-
enhanced CT. The image mechanism of  CE-IOUS using 
sonazoid seems similar to superpara-magnetic iron oxide-
enhanced magnetic resonance image (SPIO-MRI) because 
both images are based on the phagocytosis by Kupffer 
cells. However, sonazoid is much less expensive compared 
to SPIO-MRI. Regardless of  sensitivity rate of  sonazoid 
for detecting small metastases compared to SPIO-MRI, 
CE-IOUS is useful to perform intraoperative liver biopsy 
of  newly detected lesions and to determine an additional 
hepatectomy.

In conclusion, CE-IOUS using sonazoid can allow 

surgeons to investigate the whole liver with enough time 
(at least 30 min of  the late Kupffer-phase image) and to 
find new metastases intraoperatively. 

 COMMENTS
Background
Contrast-enhanced intraoperative ultrasonography (CE-IOUS) seems more 
sensitive than conventional IOUS to identify new occult lesions during 
hepatectomy in patients with colorectal cancer liver metastases (CRCLM). 
Sonazoid (perfluorobutane, GE Helthcare, Oslo, Norway) is a new microbubble 
agent that provides late Kupffer-phase image, which cannot be obtained by 
conventional contrast mediums.
Research frontiers
No study has investigated the intraoperative efficacy of the late Kupffer-phase 
image of sonazoid in patients with CRCLM. 
Innovations and breakthroughs
CE-IOUS using sonazoid enabled whole liver investigation at least for  
30 min of the late Kupffer-phase image. Occult metastases, which had not been 
detected preoperatively, were newly found in some patients and removed by an 
additional hepatectomy. 
Applications
CE-IOUS using sonazoid can reduce intrahepatic recurrence after hepatectomy 
in patients with CRCLM.
Peer review
This article presented the clinical significance of CE-IOUS using sonazoid 
during hepatectomy for colorectal cancer liver metastases. CE-IOUS for 
detection of liver metastases requires stable image for enough time to perform 
repeated whole liver scans. Sonazoid seems to be suitable for this purpose. 
This article is worthy for publication in WJG with minor revision.
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