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Abstract

AIM: To evaluate the detection and differentiation ability
of contrast-enhanced intraoperative ultrasonography
(CE-IOUS) in hepatocellular carcinoma (HCC) operations.

METHODS: Clinical data of 50 HCC patients were
retrospective analyzed. The sensitivity, specificity, false
negative and false positive rates of contrast enhanced
magnetic resonance imaging (CE-MRI), IOUS and CE-
IOUS were calculated and compared. Surgical strategy
changes due to CE-IOUS were analyzed.

RESULTS: Lesions detected by CE-MRI, IOUS and CE-
IOUS were 60, 97 and 85 respectively. The sensitivity,
specificity, false negative rate, false positive rate of CE-
MRI were 98.2%, 98.6%, 98.6%, 60.0%, respectively;
for IOUS were 50.0%, 90.9%, 1.8%, 1.4%, respec-
tively; and for CE-IOUS were 1.4%, 40.0%, 50.0%,
9.1%, respectively. The operation strategy of 9 (9/50,
18.0%) cases was changed according to the results of
CE-IOUS.
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CONCLUSION: Compared with CE-MRI, CE-IOUS
performs better in detection and differentiation of
small metastasis and regenerative nodules. It plays an
important role in the decision-making of HCC operation.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

The incidence rate of hepatocellular carcinoma (HCC)
and cirrhosis in the hepatic B infection population is
high in China, about 53.8%-85.9%, and more than 95%
in some reports. There are several stages of hepatocar-
cinogenesis, from regenerative nodule, to degenerative
nodule and to HCC. While comparing preoperative
imaging results and pathological results after operation,
the sensitivity of contrast enhanced magnetic resonance
imaging (CE-MRI) is not satisfactory and can hardly
detect some lesions'”. It has been shown that intrao-
perative ultrasound (IOUS) is the most accurate diag-
nostic technique for detecting focal liver lesions (FLL)
and has a great impact on the surgical approach to liver
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tumors”". However, in cirrhotic patients with HCC,

not all nodules detected by IOUS are neoplastic[s‘. How
to differentiate small HCC from the nodules detected
by IOUS poses a big challenge for surgeons. The
application of intravenous ultrasound contrast agents
during transcutaneous ultrasonography of the liver
has been shown to improve nodule characterization in
comparison with unenhanced ultrasound®"”, Therefore,
we investigated whether the application of contrast-
enhanced ultrasound examination intraoperatively could
solve the aforementioned deficiencies of IOUS during
liver exploration.

MATERIALS AND METHODS

Common materials

The data from 50 HCC patients, including 38 males, 12
females, mean age 45 years (range, 19-67 years) was ret-
rospectively analyzed. Thirty nine cases had a history of
hepatitis B infection and 2 of hepatitis C infection; nine
had no hepatitis history. Three cases had undergone sur-
gical resection for HCC before. Preoperative MRI, IOUS
and contrast-enhanced intraoperative ultrasonography
(CE-IOUS) were performed in 395 liver segments of 50
patients.

CE-MRI

CE-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.

I0US

IOUS scans were done by a VIVID4 (GE, US) ultrasound
system with I-shaped 10-4 MHz intraoperative probe.
After mobilization of the liver, IOUS was performed to
search for nodules. Suspected lesions were counted and

mapped.

Contrast-enhanced intraoperative ultrasonography (CE-
10US)

CE-IOUS scans were carried out both for lesion
characterization and new nodule detection. Since no
specific intraoperative probe is available for contrast
study, we used the 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),
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portal (30-45 s to 120 s) and late parenchymal (> 120 s)
phases were recorded and analyzed.

Imaging analysis

In the CE-IOUS study, 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.

Surgery and follow up

Lesions considered malignant were removed surgically.
Ultrasound-guided biopsy and ethanol ablation would be
an alternative if the lesion can not be removed surgically.
Nodules regarded as benign were removed only in
cases located close to the main lesion and others were
followed by examinations of a-fetoprotein (AFP) level
and ultrasound and/or CE-MRI every 3 mo for more
than 6 mo.

Golden standard

Pathologic examination was taken as the golden standard.
Those untesected lesions with negative findings during
3 mo follow-up were regarded benign.

Statistical analysis
y” tests were used to analyze the data, P < 0.05 was
considered to be statistically significant.

RESULTS

Imaging results

Preoperative MRI detected 60 lesions in total and IOUS
found 96 nodules in 50 patients (Figure 1A-C). A total
of 85 lesions were detected by CE-IOUS, among them,
73 HCC (Figure 2A and C) and 7 benign nodules (Figure
2B) were proved by pathology; another 5 lesions which
were considered benign were not removed. Follow-up
ultrasound showed no sign of malignancy with normal
AFP levels after 6-15 mo in 4 patients and the size of
the lesion in the other patient increased during 3 mo
follow up. Further surgery was performed in this patient
and proved to be HCC at histology.

Malignant and benign lesions detected by CE-MRI,
IOUS and CE-IOUS were listed in Table 1.

The sensitivity, specificity, false negative ratio and
false positive ratio of CE-MRI, IOUS and CE-IOUS,
respectively, were shown in Table 2.

Particularly, one isoechoic HCC nodule was missed
by IOUS, but showed a typical contrast agent wash-out
pattern on CE-IOUS late parenchymal phase (Figure 2D).
Another hypo-enhanced nodule was diagnosed as
malignant by CE-IOUS but proved to be a necrotic
nodule at histology.

Operation

Among 18 additional malignant lesions detected by CE-
IOUS, 1 patient had 3 lesions, 4 patients had 2 lesions,
and 7 patients had 1 lesion. The size of lesions was 5-20
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Figure1 10US showing typical sonographic appearance of HCC nodules with mosaic pattern (A, arrow) and hyperechoic regenerative nodules (B, arrow); It is
hard for IOUS to accurately diagnose a hypoechoic nodule (C, arrow) which could be a regenerative nodule or a small HCC nodule or focal fatty sparing nodule.

Figure 2 CE-IOUS showing an HCC nodule
with hyperenhancement in arterial phase
(A, arrow) while a regenerative hyperechoic
nodule shows isoenhancement on CE-IOUS
(B, arrow); Hypoechoic intrahepatic metastatic
nodule showing wash out of contrast agent
on late phase (C, arrow); Isoechoic nodule
missed on I0US showing a clear margin on
CE-IOUS (D, arrow).

mm (mean 12 mm). Surgical strategies of 9 patients (18.0%,
9/50) wete changed because newly detected lesions wete DISCUSSION
not in the same segment as the old ones (Table 3). Recently, the incidence of HCC has had a tendency to
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Table 1 Malignant and benign lesions detected by CE-MRI, Table 2 Sensitivity, Specificity, False negative rate and False
IOUS and CE-IOUS positive rate of CE-MRI, IOUS and CE-IOUS (%)
Malignant Pathology Benign Pathology + Sensitivity Specificity Accuracy False False
lesions lesions follow up negative rate positive rate
CE-MRI 56 54 4 3 CE-MRI 98.2 60 95 1.8 40
I0US 89 72 8 7 10US 98.6 50 814 14 50
CE-IOUS 74 73 11 10 CE-IOUS  98.6 90.9° 97.6 1.4° 9.1f
CE-MRI: Contrast enhanced magnetic resonance imaging; IOUS: P > 0.05 compared with CE-MRI and IOUS, ‘P < 0.05 compared with CE-
Intraoperative ultrasonography; CE-IOUS: Contrast-enhanced MRI and IOUS, °P > 0.05 compared with CE-MRI and I0US, P < 0.05
intraoperative ultrasonography. compared with CE-MRI and IOUS.

Table 3 Operation changed according to the newly detected lesions by CE-IOUS

Operation (liver resection)

1 segment 2 segments 3 segments Right liver Left liver Right 3 segment Left 3 segment Liver Liver resection +
transplantation ethanol injection

Pre-operation 13 21 7 4 5] 1 1 0
Intra-operation 9 18 8 6 4 2 1 1 1

'This patient accepted right lobe of liver resection and ethanol injection in the 1 stage, then accepted liver transplantation 4 mo later.

increase and radical resection is considered to be the most high compared with CE-IOUS. Consequently, we believe
effective therapym’lz]. The rate of HCC with cirrhosis is that CE-IOUS is an ideal diagnostic method in the
high in China; therefore, differentiation of regenerative decision-making about hepatocellular carcinoma surgery.
nodules from malignant ones plays an important role Among 85 lesions detected by CE-IOUS, we had one
in the decision-making about surgery. However, the false negative and one false positive case. The reason
performance of preoperative CE-MRI is not satisfactory for the false negative case is that the minor lesion was
in detection of small lesions and unenhanced IOUS can located under the right diaphragm, and the probe we
hardly make the differential diagnosis of regenerative used for CE-IOUS was too big to thoroughly scan that
nodules from malignant ones in cirrhotic patients. The area. The reason for the false positive case is that the
purpose of our research is to find a better imaging minor nodule was a necrosis nodule. Parenchymal phase
method with high sensitivity and specificity. was used to search for malignant nodules during the CE-
CE-IOUS is a real time gray scale imaging with IOUS study and both necrotic nodules and small HCC
low mechanical index (MI), which can clearly show shows hypoenhancement in parenchymal phase.
microcirculation and perfusion of a tumor. HCC is a CE-MRI had 19 false negative cases (27%), with size
typical hyper-vascular tumor with the majority of blood 5-20 mm (mean 12 mm). Among these, 3 HCCs and 5
contained in microvessels which can be demonstrated by metastatic nodules had typical hyper-enhancement in
CE-IOUS. The contrast agent we used in our research artery phase and hypo-enhancement in portal phase in

is SonoVue which consists of sulphur hexafluoride CE-IOUS. All patients accepted surgery and malignancy
microbubbles stabilized by a phospholipid shell. was proved by pathological results. Research found
Microbubbles of SonoVue can stay in blood for about that CE-IOUS with low MI is more sensitive than CE-

8 min which makes it possible for us to observe dynamic MRI in revealing artery perfusion of liver tumors. Time
changes of liver enhancement. Pulse inversion harmonic resolution of CE-MRI is relatively low, so it can not
technology can use non-linear signals in low acoustic observe the dynamic enhancement of lesions, which
pressure while restraining the linear signals from liver is very important in differential diagnosis of HCC.
parenchymam], so it has the high sensitivity of harmonic Therefore, CE-IOUS is proved to be another sensitive
signal detection. imaging method with high diagnostic value!™
Sensitivity of CE-MRI (98.2%), IOUS (98.6%) CE-IOUS is of vital importance in detection and

and CE-IOUS (98.6%) were high, but compared with differentiation of lesions which were not detected pre-
CE-IOUS, the specificity of CE-MRI and IOUS were operatively with other imaging methods. Newly found

fairly poor. In our study, 85 lesions were diagnosed in tumors in pre-considered normal liver segments may
50 patients finally, preoperative CE-MRI only detected lead to expanded resection, or combination treatment
60 lesions, indicating the diagnosis rate of CE-MRI with radiofrequency ablation and ethanol injection.
for micro lesions is poor. In the 97 lesions that were Sometimes, surgeons were obliged to give up or change
detected by IOUS, only 74 malignant lesions were finally their operation strategy. It had been reported that IOUS
diagnosed, and the false positive rate of IOUS is too changed 18%-51% of operation strategies in liver
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metastasis patients with rectal cancer'™", Eighteen newly

detected malignant liver nodules by CE-IOUS in all 50
patients were proved by histology. The primary operation
strategy was changed in 9 cases but not in another 3 cases.
Two cases proved to have micro-metastatic lesions in
another lobe of the liver during operation which can not
be radical cured. One had half liver resection and ethanol
injection of another nodule. Another patient had right
part of liver resection and ethanol injection of another
nodule. After operation, the patient’s AFP level decreased
to normal and gradually increased over 2 and 4 mo later,
he received cadaveric liver transplantation.

In our preliminary study, CE-IOUS is proved to
be better than CE-MRI and IOUS in detecting and
differentiating micro-metastatic liver lesions and hyper-
plastic nodules, which helped decision-making about
surgical strategy. However its impact on increasing the
long-term survival rate need further follow-up.

COMMENTS

Background

In cirrhotic patients with hepatocellular carcinoma (HCC), preoperative imaging
was unsatisfactory in detection of some lesions. Intraoperative ultrasonography
(IOUS) was sensitive in finding small lesions but not all nodules detected by IOUS
are neoplastic. How to differentiate small HCC from the nodules detected by
IOUS poses a big challenge for surgeons. Contrast enhanced ultrasound of the
liver has been shown to improve nodule characterization. Therefore, the authors
investigated if the application of contrast-enhanced ultrasound examination
intraoperatively could solve the aforementioned problems during liver exploration.

Research frontiers
Radical resection is the goal of surgery for HCC and the key is to find all the
malignant lesions.

Innovations and breakthroughs

CE-IOUS proved to be better than CE-MRI and 10US in detecting and
differentiating micro-metastatic liver lesions and hyperplastic nodules, which
helped decision-making about operation strategy.

Applications
The application of CE-IOUS in surgery for HCC has a positive impact on the
decision making about surgical strategy.

Terminology

CE-IOUS is an ultrasound exam performed by applying contrast agent during
surgery. Besides the high sensitivity of detecting focal liver lesion, it shows
tumor vascularity and tissue microcirculation, thus helping differentiate
malignant nodules from benign ones.

Peer review
This article aims to determine the role of CE-IOUS vs IOUS vs CE-MRI in the
detection and characterization of suspicious nodules in cirrhotic patients.
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