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Abstract
AIM: To assess the clinical value of contrast-enhanced 
intraoperative ultrasound (CE-IOUS) as a novel tool 
in partial hepatectomy for cirrhotic patients with 
hepatocellular carcinoma (HCC).
METHODS: From January 2007 to September 2007, 
a total of 20 consecutive cirrhotic patients with HCC 
scheduled to undergo partial hepatectomy were 
studied. Preoperative contrast enhanced computer 
tomography (CT) and/or magnetic resonance (MR) 
scans were performed within 1-2 wk before operation. 
Intraoperative ultrasound (IOUS) and CE-IOUS were 
carried out after mobilization of the liver. Lesions on 
precontrast and postcontrast scans were counted and 
mapped. CE-IOUS was performed with intravenous 
injection of ultrasound contrast agents SonoVue (Bracco 
Imaging, Milan, Italy). Arterial, portal and late phases 
of contrast enhancement were recorded and analyzed. 
Nodules showing arterial phase hyper-enhancing 
and/or hypo-enhancing in late parenchymal phase 
were considered malignant and removed surgically. 
Ultrasound-guided biopsy and ethanol ablation would 
be an option if the nodule could not be removed 
surgically. Newly detected nodules on IOUS showing 
iso-enhancement in both arterial and late phases 
were considered benign. These nodules were either 

removed surgically if they were close to the main 
lesion or followed by examinations of alpha-fetoprotein 
(AFP) level and ultrasound and/or CT/MR every 3 mo.
RESULTS: IOUS found 41 nodules in total, among 
which 17 (41.46%) were newly detected compared 
to preoperative imaging. Thirty-three nodules were 
diagnosed malignant by CE-IOUS, including one 
missed by IOUS. The sensitivity and specificity of CE-
IOUS on detecting HCC nodules are 100% (33/33 
and 100% (9/9), respectively. Nine nodules were 
considered benign by CE-IOUS, four was confirmed at 
histology and five by follow-up. CE-IOUS changed the 
surgical strategy in 35% (7/20) of patients and avoid 
unnecessary intervention in 30% (6/20) of patients.
CONCLUSION: CE-IOUS is a useful means to charac-
terize the nodules detected by IOUS in cirrhotic liver, 
to find isoechoic HCC nodules which can not be shown 
on IOUS and to improve the accuracy of conventional 
IOUS, thus it can be used as an essential tool in the 
surgical treatment of cirrhotic patients with HCC.
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INTRODUCTION
Intraoperative ultrasound (IOUS) is an important tool 
for surgical treatment of  liver tumors[1,2], and particularly 
for hepatocellular carcinoma (HCC). It has been shown 
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that IOUS is the most accurate diagnostic technique 
for detecting focal liver lesions (FLL) and has a great 
impact on the surgical approach to liver tumors[3-7]. 
However, in cirrhotic patients with HCC, not all nodules 
detected by IOUS are neoplastic[8]. Compared with CT 
and magnetic resonance (MR) imaging, IOUS has better 
spatial resolution with high frequency probe[9], however, 
it can not provide information about tumor vascularity 
and tissue microcirculation. How to differentiate small 
HCC from the nodules detected by IOUS poses a big 
challenge both for surgeons and ultrasonic doctors. 
The application of  intravenous ultrasound contrast 
agents during transcutaneous ultrasonography of  the 
liver has shown to improve nodule characterization in 
comparison with unenhanced ultrasound[10-14]. Therefore, 
we investigated if  the application of  contrast-enhanced 
ultrasound examination intraoperatively could solve 
the aforementioned deficiencies of  IOUS during liver 
exploration.

MATERIALS AND METHODS
This study was conducted under the approval of  the 
Committee of  Ethics of  West China Hospital and 
informed consents of  all the patients were obtained. 
From January 2007 to September 2007, a total of  20 
consecutive cirrhotic patients with HCC scheduled 
to undergo partial liver resection were studied. They 
included 15 men and 5 women, aged 28-68 (mean 50) 
years. Preoperative contrast enhanced CT and/or MR 
scans were performed within 1-2 wk of  operation. 
Contrast enhanced CT scans were obtained with multi-
detector CT scanners (Somatom Sensation 64, Siemens 
Medical Solutions, Erlangen, Germany). The patients 
received 120-150 mL iopromide (Ultravist 300 or 370; 
Schering, Berlin, Germany) at a rate of  3 mL/s. CT 
was performed during the arterial phase using a 25-35 s  
delay, portal venous phase using a 70-75 s delay, 
and equilibrium phase using a 3 min delay after i.v. 
administration with 7-mm section thickness. Contrast-
enhanced MRI examinations were performed with a 
1.5 T imaging system (Gyroscan Intera, Philips Medical 
Systems Best, Netherlands), using a breathhold 3D 
gradient echo sequence with fat saturation sequence, 
following an iv bolus of  0.1 mmol gadobenate 
dimeglumine (MultiHance, Bracco SpA, Milan, Italy) 
per kg of  body weight at a rate of  2 mL/s. Data was 
acquired in the hepatic arterial, portal venous, and 
equilibrium phases. CT was performed in 15 patients 
and MRI in two and both in three patients. The number 
of  the lesions was recorded.

Intraoperative imaging techniques
We used VIVID4 unit (GE, USA) with an I-shaped 
10-4 MHz intraoperative probe for IOUS scans. After 
mobilization of  the liver, IOUS was performed to 
search for nodules and suspected lesions were counted 
and mapped. CE-IOUS was carried out both for lesion 
characterization and new nodule detection. Considering 
no specific intraoperative probe is available for contrast 

study, we used IU22 unit (Philips, USA) equipped with 
a 5-2 MHz convex transducer and a 9-3 MHz linear 
transducer instead. Both of  the probes have the capacity 
for contrast enhanced ultrasound studies. The contrast 
agent was SonoVue (Bracco Imaging, Milan, Italy) 
which consists of  sulphur hexafluoride microbubbles 
stabilized by a phospholipid shell; 4.8 mL of  SonoVue 
per exploration was injected intravenously through a 
peripheral vein. A low mechanical index (MI < 0.1) 
mode was used. All phases of  contrast enhancement, 
including arterial (10-20 s to 25-35 s after injection), 
portal (30-45 s to 120 s) and late parenchymal (> 
120 s) phases were recorded and analyzed[13]. HCC is 
characterized by arterial phase hyper-enhancing and 
wash out of  microbubbles during the portal and late 
phase, while benign solid lesions are characterized by 
persistence of  contrast enhancement during the portal 
and late phase[15].

Nodules showing arterial hyper-enhancement 
and/or hypo-enhancement  in late parenchymal phase 
were removed surgically. Ultrasound-guided biopsy and 
ethanol ablation would be an alteration if  the nodule 
can not be removed surgically. Nodules depicting 
isoenhancement both in arterial and late parenchymal 
phases were considered benign and removed only in 
cases located close to the main lesion and the others 
were followed by examinations of  alpha-fetoprotein 
(AFP) level and ultrasound and/or spiral CT every 3 mo.

RESULTS
The number of  nodules detected by different imaging 
methods is summarized in Table 1. The sensitivity and 
specificity of  CE-IOUS in detecting HCC nodules 
is 100% (33/33) and 100% (9/9), respectively. IOUS 
and CE-IOUS confirmed the existence of  all the 24 
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Patient no.                       Number of HCC nodules

Preoperative imaging IOUS CE-IOUS

1 1 3 1
2 2 4 2
3 1 3 2
4 2 2 2
5 1 1 1
6 1 1 1
7 1 1 1
8 1 2 1
9 1 3 3
10 1 2 1
11 1 1 1
12 1 1 1
13 1 1 1
14 2 2 2
15 1 2 2
16 2 5 4
17 1 1 1
18 1 3 2
19 1 2 2
20 1 1 2
Total                   24                  41       33

Table 1  HCC nodules detected at preoperative imaging, 
IOUS and CE-IOUS



nodules found preoperatively. Among the 24 lesions, 
which were proved to be HCC at histology, 23 nodules 
demonstrated arterial phase hyper-enhancement and 
late phase hypo-enhancement (Figures 1 and 2). One 
nodule had no contrast agent uptake both in arterial 
and late parenchymal phases (Figure 3). Seventeen 
nodules were newly detected by IOUS (Figure 4). 
Among the 17 IOUS newly detected nodules, 8 
were hyper-enhanced in arterial phase and hypo-
enhanced in late phase on CE-IOUS and proved to be 
malignant at histology. The other 9 nodules illustrated 
isoenhancement in both arterial and late parenchymal 
phases (Figure 5). Four of  them were removed because 
they were located close to the main lesions and these 
lesions were dysplastic nodules in histology. Five 
nodules were not removed and follow-up ultrasound 
and/or CT showed no sign of  malignancy with normal 
AFP level after 6-15 mo. One isoehoic HCC nodule 
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Figure 1  It illustrates the enhancing pattern of HCC and normal liver parenchyma. 
With more arterial supply, HCC appears hyperechoic in the arterial phase and 
the lesion is slightly and then clearly hypoechoic, and relative to the surrounding 
parenchyma in the portal and late phases with the washout of contrast agents.
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Figure 2  A mosaic nodule in a cirrhotic liver at IOUS. A: At arterial phase, 
the nodule shows early enhancement (arrows); B: The nodule demonstrates 
contrast agent wash-out in late phase: it was a typical appearance of HCC and 
proved malignant at histology (arrows); C: Another hypoechoic nodule at IOUS 
was hypoenhanced in late phase: it was considered intrahepatic metastasis and 
confirmed malignant at histology (arrows).
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Figure 3  A mosaic nodule in a cirrhotic liver at IOUS. A: The nodule shows 
no contrast agent uptake in arterial phase (arrows); B: The nodule shows no 
contrast agent uptake in late parenchymal phase (arrows); C: Specimen of the 
mass after resection proved to be HCC at histology.



was missed by IOUS, but showed a typical contrast 
agent washout pattern on CE-IOUS late parenchymal  
phase (Figure 6). 

CE-IOUS changed the surgical strategy in 35% 
(7/20) of  patients,  including addit ional  tumor 
enucleation in five and ultrasound guided ethanol 
injection in two patients. CE-IOUS also avoided 
unnecessary intervention in 30% (6/20) of  patients 
who otherwise need additional nodule enucleation or 
extended hepatectomy according to the IOUS results.

DISCUSSION
Radicality and preservation as much remnant liver 
parenchyma as possible are a goal for hepatic resection for 
cirrhotic patients with HCC. Since it is not uncommon 
that multiple nodules exist in cirrhotic liver with HCC, 
differential diagnosis of  such nodules is critical, because 
the operation strategy may have to be changed if  

another HCC lesion is found. Utilizing high frequency 
probe, compared with CT and MRI, IOUS has better 
spatial resolution and it is regarded as the most accurate 
diagnostic method for detecting FLL. In our study, besides 
the 24 nodules which were already detected preoperatively, 
IOUS found 17 new nodules in 50% (10/20) of  patients. 
However, new nodules lack specific IOUS findings for 
HCC. Some studies showed that nodules with a mosaic 
ultrasound pattern are malignant in 84% of  cases; about 
24%-30% of  hypoechoic nodules, and 0%-18% of  
hyperechoic nodules are malignant[16]. In our study, only 
47.06% (8/17) of  the IOUS newly detected nodules were 
confirmed to be HCC at histology. Patients would be 
at higher risk for postoperative complications if  all the 
nodules detected by IOUS were removed. So it is urgent 
that new ways are developed to increase the accuracy of  
IOUS.
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Figure 5  A: A hyperechoic nodule detected at IOUS in cirrhotic liver; B: The 
nodule shows no arterial enhancement and late parenchymal phase wash-out; 
C: A hypoechoic nodule detected at IOUS in cirrhotic liver, and it shows the 
same enhancing pattern with the surrounding parenchyma. These two nodules 
were considered dysplastic and the diagnosis was confirmed by pathologic 
examination.
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Figure 4  Appearance of nodules in a cirrhotic liver at IOUS. A: Mosaic pattern 
nodule (arrows); B: Hypoechoic nodule (arrows); C: Hyperechoic nodule 
(arrows).



Studies suggest that liver ultrasound performed 
with microbubble contrast agents has led to improved 
characterization and detection of  FLL since it provides 
information about tumor vascularity and tissue 
microcirculation comparable to that provided by contrast-
enhanced CT and MR imaging, with the added benefit 
of  real-time imaging[17,18]. Different enhancing patterns to 
differentiate FLL have been described[19,20], for example, 
typical HCC shows arterial phase hyperenhancement and 
wash-out of  contrast agent in portal and late parenchymal 
phase. The late phase is useful to determine the benign 
or malignant nature of  a lesion while the arterial phase 
helps predict its histology[21-25]. About 86%-93% of  
benign lesions retain the contrast in the late phase, while 
78%-98% of  the malignant ones demonstrate wash-out 
of  the contrast[21,22].

In our study, CE-IOUS confirmed the malignancy of  
the 24 HCC nodules detected preoperatively and showed 
the vascularity and microcirculation of  the IOUS newly 
detected nodules. In total, 96.97% (32/33) of  the HCC 
nodules depicted arterial phase hyperenhancement  and 
100% (33/33) showed late phase hypoenhancement, 
while 100% (9/9) of  dysplastic nodules illustrated 
isoenhancement in both arterial phase and late phase.

CE-IOUS can also help find isoechoic HCC nodules. 
An isoechoic nodule measuring 7 mm which was missed 
at IOUS showed a typical contrast agent wash-out in 
late phase at CE-IOUS. Its malignancy was confirmed at 
histology. This phenomenon highlights the importance 
of  scanning of  the whole cirrhotic liver in late phase of  
CE-IOUS to detect occult lesions at IOUS.

A

B

Figure 6  A: An isoechoic nodule measuring 7 mm was missed at IOUS but 
appeared clearly at late phase of CE-IOUS with contrast agent wash-out; B: 
Specimen of the nodule after resection proved to be HCC at histology.

It is known that IOUS affects surgical strategy in 
20%-43.8% of  patients with liver tumors[26-28]. CE-
IOUS findings further demonstrate the benign or 
malignant nature of  the lesions detected by IOUS. Since 
the duration of  late parenchymal phase is much longer 
than arterial phase, a comprehensive assessment of  the 
whole liver parenchyma which can not be accomplished 
in arterial phase is required in late phase. Generally, 
resection of  the hypo-enhanced nodules in late phase 
on CE-IOUS is recommended. In our study, CE-IOUS 
changed the surgical strategy in 35% (7/20) of  patients 
and avoided unnecessary intervention in 30% (6/20) 
of  patients. That is to say CE-IOUS makes IOUS more 
accurate, thus enhancing the impact of  this technique on 
operative decision-making for liver tumors.

There is still atypical enhancing mode of  HCC. One 
nodule with a diameter of  2 cm which was enhanced in 
preoperative CT, mosaic at IOUS and hard on palpation 
showed no contrast agent uptake in both arterial and 
late phases. It was proved to be HCC at histology. This 
atypical pattern of  enhancement of  HCC nodule at CE-
IOUS, when compared with that at spiral CT, supposes 
that some tumor vascular architecture may permit 
the spread of  CT contrast agent while prevent that 
of  ultrasound contrast agent[29]. However, this needs 
further studies to find any pathological correlations.

In our experience, high frequency probe (L9-3) is 
more suitable for CE-IOUS study of  superficial lesions 
because of  its high resolution in the near field. But 
for lesions deeper than 3 cm, lower frequency probe 
(C5-2) is recommended for better penetration and echo-
enhancement. The respiratory tract pressure increased 
during general anesthesia and the scanning is performed 
directly on the liver surface, bubble destruction thus 
increased[30]. Therefore 4.8 mL SonoVue per exploration 
is recommended for CE-IOUS.

In conclusion, though only preliminary experience 
is available, CE-IOUS appears to be an exciting and 
promising new application. It helps differentiate nodules 
detected by IOUS in cirrhotic liver and find isoechoic 
nodules which can not be shown on IOUS, and then im-
proves the accuracy of  conventional IOUS. Considering 
the small number of  patients, more studies are needed 
for further evaluation of  this new technique.
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Background
Intraoperative ultrasound (IOUS) is an important tool for liver tumors, but it has 
some drawbacks such as lack of specificity to differentiate cirrhotic nodules 
from small malignant nodules. Contrast-enhanced ultrasound was shown 
with improved nodule characterization by recent studies. Therefore, authors 
investigated if the application of contrast-enhanced ultrasound intraoperatively 
could solve the aforementioned deficiencies of IOUS.
Innovations and breakthroughs
The application of CE-IOUS improves nodule characterization. It helps surgeons to 
eradicate malignant nodules and avoid unnecessary intervention of benign ones.
Applications
CE-IOUS raised the accuracy of conventional IOUS, thus improving the 
management of nodules detected in liver surgeries.
Terminology
To apply ultrasound examination during surgeries, IOUS is considered an 
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essential tool for detecting focal liver lesions (FLL) and has a great impact on 
the surgical approach to liver tumors. Besides the merits of IOUS, CE-IOUS 
can display the tumor vascularity and tissue microcirculation using intravenous 
ultrasound contrast agents, thus helping differentiate malignant nodules from 
benign ones.
Peer review
The research is quite interesting and the results are relevant to improve the 
quality of hepatic surgery, mainly in cirrhotic patients. The role of contrast-
enhanced ultrasound in the study of hepatocellular carcinoma has already been 
studied in the preoperative setting. However few studies have focused on its 
intraoperative role, and thus this report is quite innovative.
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