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Aim: To compare the diagnostic performance of contrast-enhanced intraoperative ultrasono
graphy (CE-IOUS) with Kupffer phase in metastatic liver tumours.
Methods: Twenty-seven consecutive patients with liver metastasis were prospectively 
recruited from November 2019 to July 2020 in the Department of HPB, Beijing Hospital. 
MRI and Contrast Enhanced Ultrasonography (CEUS) were obtained preoperatively, and the 
diagnosis was made by radiologists independently and blindly. Intraoperative ultrasonogra
phy (IOUS) and CE-IOUS with Sonazoid were done by the same sophisticated surgeon and 
sonographer and Kupffer phase was used to detect lesions. The sensitivity and specificity to 
detect lesions were compared between different radiologic methods. Then, the changes in 
treatment strategy due to CE-IOUS with Sonazoid were analysed.
Results: Twenty-seven patients were included. In MRI, 91 lesions were detected with 
sensitivity 93.3% (70/75) and specificity 68.8% (11/16). In CEUS, it was 97.1% (68/70) 
and 86.7% (13/15) in 85 lesions. Meanwhile, in the Kupffer phase in CE-IOUS, 99 lesions 
were found and 8 new lesions were discovered in 7 cases, with sensitivity 97.5% (80/82) and 
specificity 94.1% (16/17). The four imaging methods showed no statistic significance in 
sensitivity and specificity in detecting lesions (Cochran’s Q 10.825, P=0.055). Treatment 
strategies were altered in 7 patients, 6 achieved R0 resection or ablation, and 1 patient 
changed from planned R0 resection to palliative surgery.
Conclusion: CE-IOUS may play a similar or even better role than other radiological 
methods in diagnosing liver metastasis. The CE-IOUS using Sonazoid demonstrated a high 
sensitivity and specificity for finding occult metastases intraoperatively and changing the 
treatment strategy.
Keywords: contrast-enhanced intraoperative ultrasonography, Kupffer phase, liver 
metastasis, Sonazoid

Introduction
Intraoperative ultrasound (IOUS) is considered as an intraoperative method to 
determine the margin of lesions and to detect preoperatively undiscovered 
tumors.1,2 The use of IOUS for liver surgery is effective for detecting occult or 
additional nodules.3–5 Meanwhile, contrast-enhanced IOUS (CE-IOUS) with 
Sonazoid has improved the detection and identification of malignant liver lesions 
and subsequently changed the surgical plan.6,7
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Sonazoid (perfluorobutane, GE Healthcare, Oslo, 
Norway) provides a parenchyma-specific contrast image 
based on its accumulation in the Kupffer cells in the liver.8 

It presents with a late Kupffer-phase image with a long 
duration for scanning the whole liver of more than 1 hour. 
The Kupffer phase by CE-IOUS is more sensitive than 
IOUS and MRI to detect small malignant lesions less than 
1 cm.9,10

The aim of our study was to estimate the capability of 
IOUS and CE-IOUS to detect occult liver lesions in liver 
metastasis surgery.

Materials and Methods
Twenty-seven Consecutive patients with liver metastasis 
were prospectively recruited from November 2019 to 
July 2020 in the Department of General Surgery, Beijing 
Hospital. These patients included 20 males and 7 females 
and had a mean age of 59.6 (range, 33–83). The primary 
lesion was located in the rectum in 13 cases, breast in 4, 
pancreas in 3, colon in 4, stomach in 3, duodenum in 1.

This study was approved by the Ethics Committee 
regarding Human Research of Beijing Hospital. All 
experiments were performed following the relevant guide
lines and regulations of the Institutional Ethics Committee 
and the Declaration of Helsinki, 1975. All patients pro
vided written informed consent.

CEUS Techniques
All patients underwent conventional US, CEUS with 
Sonazoid. All examinations were performed by two sono
graphers using an Aplio 500 (Canon, Honshu, Japan) with 
a convex probe (6C1, 1–6 MHz) and a linear probe (11L4, 
4–11 MHz). The mechanical index (MI) was set to be 0.2. 
The patients received a bolus intravenous injection of 
Sonazoid (0.015 mL/kg body weight) through 
a peripheral venous line, followed by 5 mL of normal 
saline flush. Immediately after the administration of 
Sonazoid, the portal veins, hepatic veins, and the normal 
liver parenchyma were uniformly enhanced during an 
early vascular-phase image lasting 3 min. Approximately 
10 min after the injection, the liver was scanned again to 
observe the post-vascular phase image (Kupffer phase). In 
all patients, including those with no lesion visualized on 
US, the whole liver was observed in the Kupffer phase, 
and the presence of defects was evaluated. Visualized 
defects were examined using defect reperfusion imaging, 
in which liver metastasis would be observed.11 Diagnostic 
features of liver metastases were early washout in the 

portal venous phase along with hypo-enhancements during 
portal venous and Kupffer phases.

MRI Protocols
All patients underwent MRI exams on a 3.0-T whole-body 
scanner (Signa Pioneer, GE Healthcare, Milwaukee, 
USA). T1-weighted images (T1WI), T2-weighted images 
(T2WI) and diffusion-weighted images (DWI) were 
obtained. Images were obtained in the transverse plane. 
Dynamic MRI was acquired before and at 20 and 60 
seconds and 2, 5, 10 minutes after injection of gadolinium 
diamine. The contrast medium (0.2 mL/kg of body weight) 
was injected intravenously and flushed with 20 mL of 
saline using a power injector.

The final diagnosis and identification of liver metasta
sis were made by pathological examination using resected 
specimens and biopsy or follow-up imaging modalities 
(changes of size).

IOUS and CE-IOUS
Examination of IOUS and CE-IOUS was performed using 
a HITACHI ALOKA (ARIETTA 70, Tokyo, Japan), 
laparoscopic probe (L44LA, 2–13 MHz) and micro- 
convex probe (C42T, 3–10 MHz). CE-IOUS was per
formed under the pulse inversion harmonic (PIH) imaging 
capability. A bolus intravenous injection of Sonazoid 
[0.015 mL/kg body weight] was performed via the central 
venous line followed by 5 mL of normal saline flush. The 
injection could be repeated.

During the intra-operatory evaluation, IOUS was per
formed to search for new nodules. And then, CE-IOUS 
was carried out both for lesion characterization and for 
new nodule detection. If new lesions were detected in 
IOUS, CE-IOUS was performed in vascular phases to 
distinguish between benign and malignant lesions. After 
10 mins, the whole liver was scanned again to observe the 
post-vascular image (Kupffer image). Kupffer defects 
detected in the Kupffer phase and defect reperfusion ima
ging are useful to distinguish true metastatic lesions from 
other types of tumors.

MRI and CEUS were obtained preoperatively, and the 
diagnosis was made by 2 radiologists independently and 
blindly. All included patients were discussed by the multi
disciplinary team (MDT). IOUS and CE-IOUS with 
Sonazoid were done by the same sophisticated surgeon 
and sonographer. Neither the radiologist nor the surgeon 
performing the IOUS was blinded to the findings of any of 
the investigations. The imaging of MRI, IOUS and CE- 
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IOUS were compared. The interval between the preopera
tive imaging and intraoperative findings should be less 
than 15 days. The surgical staging or management of the 
disease noted the changes.

Statistical Analysis
Statistical analysis was performed using MedCalc 19.3.1 
(MedCalc Software Ltd) software. In order to verify any 
differences in the detection of liver metastasis capability 
among the four imaging methods, we used the nonpara
metric Cochran Q-test.

The sensitivity, specificity, accuracy, positive predic
tive value (PPV), negative predictive value (NPV), 95% 
confidence interval (95% CI) and Youden index (Y) were 
calculated by use of standard statistical formulae. Number 
needed to diagnose (NND), predictive summary index 
(PSI), number needed to predict (NNM) and number 
needed to misdiagnose (NNM) which can be calculated 
accordingly. A p value of less than 0.05 was considered 
statistically significant.

Results
There were 99 lesions detected in the 27 patients. Of these 
lesions, 82 were diagnosed as metastases and 17 as non- 
metastasis, with 88 diagnosed pathologically and 11 diag
nosed according to course observation of at least 6 months 
using imaging modalities. The 17 non-metastasis lesions 
were 3 hemangiomas, 1 liver cyst, 2 focal nodular hyper
plasias (FNH), 1 inflammatory lesion, 10 necrosis after 
treatment (Table 1).

The results of lesion-by-lesion analysis of sensitivity, 
specificity, PPV, NPV, accuracy, 95% CI, Y, NND, PSI, 
NNP and NNM of each imaging method are reported in 
Table 2. The four imaging methods showed no statistic 
significance in sensitivity and specificity in detecting 
lesions (Cochran’s Q 10.825, P=0.055).

Of the 27 patients, IOUS or CE-IOUS demonstrated 
additional or previously undetected liver lesions in 7 
patients. A summary of the 7 patients is reported in 
Table 3. In these 7 patients, MRI had detected 36 lesions, 
preoperative CEUS detected 36 lesions, IOUS detected 42, 
and CE-IOUS detected 44 lesions. A total of 8 new lesions 
were diagnosed at CE-IOUS.

In the patient No.1 (Table 3), a 4 mm nodule at the 
Segment VIII was newly found by CE-IOUS during the 
Kupffer phase, MRI and CEUS did not detect this lesion 
because of volume effect. Another a 6 mm lesion at 

Segment III was detected by both IOUS and CE-IOUS 
confirmed, while MRI and CEUS did not show this lesion. 
The two lesions were all resected and confirmed as meta
static nodules.

In the patient No.5, MRI and preoperative CEUS could 
not show the lesion with 6 mm in diameter at the Segment 
VI. During the surgery, IOUS did not show the lesion, 
while Kupffer phase in CE-IOUS showed a well-defined 
mass. The lesion at Segment VI was removed by laparo
scopic radiofrequency ablation and pathologically verified 
as a metastasis. The patient had complete regression 
(Figure 1).

In the patient No.6, two additional hyperechoic lesions 
with 4–5 mm in diameter at Segment II and III were 
detected by IOUS and confirmed by CE-IOUS. The patient 
had five liver metastases and two benign lesions on both 
MRI and CEUS and two additional metastases on both 
IOUS and CE-IOUS and performed a palliative bypass 
instead of planned R0 resection.

In the patient No.14, a lesion at the Segment II was 
detected by MRI and considered suspicious for metastasis, 

Table 1 Characteristics of the Patients

All (n=27)

Age (years) (mean± SD) 59.6±16.7

Gender

Male/female 20/7

Sites of primary lesions
Rectum 4

Colon 13

Pancreas 3
Breast 4

Stomach 2

Duodenum 1

Liver tumors 99

Liver metastases/ others 82/17

Others

Hepatic hemangioma 3
Liver cyst 1

FNH 2

Inflammatory lesion 1
Necrosis after treatment 10

Confirmed diagnosis
Histopathological 88

Various imaging modalities 11
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while CEUS did not show this lesion. IOUS and CE-IOUS 
found the lesion confirmed the cyst. The findings changed 
planned management and cancelled radiofrequency ablation.

In the patient No.17, a hypoechoic nodule with 8 mm 
in diameter at Segment VIII was newly found by IOUS 
and confirmed by CE-IOUS although MRI and CEUS did 
not show this lesion. The lesion was removed by laparo
scopic radiofrequency ablation and pathologically verified 
as a metastasis. The patient had complete regression.

In the patient No.23, MRI and preoperative CEUS 
could not show the lesion with 6 mm in diameter at the 
Segment V. During the surgery, the new lesion was 
detected by IOUS and confirmed by CE-IOUS. The lesion 
was resected and pathologically confirmed as a metastasis. 
A lesion at Segment IV was detected by MRI and CEUS, 
considered suspicious for metastasis. IOUS and CE-IOUS 
found that the lesion confirmed benign lesion. With intrao
perative rapid frozen, the lesion was pathologically veri
fied as necrosis after treatment. The finding changed 
planned management and cancelled resection.

In the patient No.24, a hypoechoic nodule with 9 mm 
in diameter at Segment IV was found by IOUS and con
firmed by CE-IOUS. The patient had eight liver metastases 
and an additional metastasis on both IOUS and CE-IOUS 
and performed percutaneous or laparoscopic radiofre
quency ablation and laparoscopic resection.

Discussion
IOUS is the most sensitive and accurate tool for the 
detection of additional liver nodules that are not detected 
by preoperative staging modalities used in liver metastases 

(met). CE-IOUS was more sensitive than IOUS to identify 
new lesions and to influence surgical management. In our 
study, 8 occult metastatic lesions were newly found in 7 of 
the 27 patients using CE-IOUS. These newly detected 
lesions changed the preoperatively planned surgery. 
Treatment strategies were altered in 7 patients, 6 achieved 
R0 management including 3 removed by additional hepa
tectomy and 3 removed by radiofrequency ablations, 1 
patient changed from planned R0 resection to palliative 
surgery. Kupffer defects detected in the Kupffer phase by 
CE-IOUS are not always met, and defects reperfusion 
imaging is useful to distinguish true metastatic lesions 
from other types of tumors, such as cyst, hemangioma or 
FNH.12–14 In addition to the Kupffer defect, information 
on arterial vascularity, such as the reinjection method, 
increased the diagnostic accuracy to 100% even in deeply 
seated nodules.8 Four new lesions were discovered by 
IOUS and additional 4 occult lesions were detected by CE- 
IOUS. Among 4 lesions discovered by IOUS, 2 lesions 
were verified as metastatic lesions by CE-IOUS, while 
IOUS was difficult to identify, 2 lesions were clearly 
diagnosed as metastatic lesions by IOUS. The additional 
4 occult lesions detected by CE-IOUS were all diagnosed 
as metastatic lesions. Of 5 of 27 patients, CE-IOUS altered 
the diagnosis and detection of IOUS. The frequency of 
detecting occult nodules by CE-IOUS was more sensitive 
than that of IOUS and CE-IOUS seemed to be more 
accurate about the characterization of these lesions.15–18

Sonazoid is a new microbubble medium and is classi
fied as a newly generation medium in which the perfluor
ocarbon gas has enough intravascular stability.19 The 

Table 2 Lesion-by-Lesion Comparison Among Different Radiologic Imaging Methods

Diagnosis Performance MRI CEUS IOUS CE-IOUS

Sensitivity (%) (95% CI) 93.3 (70/75) (85.1–97.8) 97.1 (68/70) (90.1–99.7) 92.5 (74/80) (84.4–97.2) 97.5 (80/82) (91.5–99.7)
PPV (%) (95% CI) 93.3 (70/75) (87.1–96.7) 97.1 (68/70) (90.3–99.2) 89.2 (74/83) (83.9–92.8) 98.8 (80/81) (92.3–99.8)

Specificity (%) (95% CI) 68.8 (11/16) (41.3–89.0) 86.7 (13/15) (59.5–98.3) 47.1 (8/17) (23.0–72.2) 94.1 (16/17) (71.3–99.9)

NPV (%) (95% CI) 68.8 (11/16) (47.0–84.5) 86.7 (13/15) (62.0–96.3) 57.1 (8/14) (34.7–77.0) 88.9 (16/18) (66.9–96.9)
Accuracy (%) 89 (81/91) 95.3 (81/85) 84.5 (82/97) 97 (96/99)

AUC (95% CI) 0.810 (0.715–0.885) 0.919 (0.839–0.967) 0.698 (0.596–0.787) 0.958 (0.898–0.988)

Y 0.621 0.838 0.396 0.916
NND 1.610 1.193 2.525 1.092

PSI 0.621 0.838 0.463 0.877
NNP 1.610 1.193 2.160 1.140

NNM 9.091 21.277 6.452 33.333

Abbreviations: CEUS, contrast-enhanced ultrasonography; IOUS, intraoperative ultrasonography, CE-IOUS, contrast-enhanced intraoperative ultrasonography, PPV, 
positive predictive value; NPV, negative predictive value; 95% CI, 95% confidence interval; Y, Youden index; NND, number needed to diagnose; PSI, predictive summary 
index; NNP, number needed to predict; NNM, number needed to misdiagnose.
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microbubbles of Sonazoid were taken up by Kupffer cells 
and sustained in hepatic parenchyma within Kupffer cells 
lasting up to 60 minutes. The Kupffer phase image shows 
hyperenhancement in the liver parenchyma.20 However, 
most tumors, especially the malignant tumors, defect 
Kupffer cells and depict them as hypo-enhancement or 
absent enhancement. Kupffer phase provides enough time 
for the whole liver as long as 1 hour, and small occult 
lesions can be detected which may not be visible with non- 
contrast imaging, while SonoVue probably does not pro
vide enough time to detect occult lesions that are not 
visible with non-contrast imaging. On the other hand, 
other kinds of contrast mediums such as SonoVue, which 
cannot be devoured by Kupffer cells, provide parenchyma 
contrast through transient slowdown of microbubbles, and 
the Kupffer cells hardly phagocytosed the microbubbles of 

SonVue.21,22 For CE-IOUS examination, SonoVue needs 
repeated injections to perform a whole-liver examination 
due to short duration.6,7 Meanwhile, CE-IOUS using 
Sonazoid could precisely investigate a whole liver aimed 
at detecting the possible metastases. Therefore, Sonazoid 
seems to be a better choice for CE-IOUS in patients 
with met.

Lesion-by-lesion analysis in all patients showed that in 
the assessment of met, CE-IOUS had the highest sensitiv
ity and specificity, albeit not statistically better than other 
imaging methods. However, CE-IOUS can only be per
formed during the operation, we believe that CEUS shows 
the best sensitivity (97.1%) in the detection of met in 
patients. On the other hand, CEUS performed preopera
tively could not detect extra-hepatic disease comprehen
sively. The MRI with a sensitivity of 93% and an accuracy 

Figure 1 An occult metastasis. (A) An occult metastasis at the Segment 6 only detected by CE-IOUS. A clear hypo-enhanced lesion (approximately 4mm in diameter, white 
arrow) was newly detected at the Kupffer phase. (B) CE-IOUS in arterial phase (30 seconds) showed hyper-enhancing lesion (white arrow). (C and D) This metastasis could 
not be found by dynamic MRI.
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of 89% seems to be the reasonable choice for staging 
patients towards surgery because it assesses extrahepatic 
disease as well as intrahepatic metastases.23

Limitations of this study should be acknowledged. The 
main limitation is the small sample. Although there were 
only 27 patients, we evaluated 99 lesions, which were not 
too small sample. However, we still found this interesting 
result in such a small sample, and we thought that we 
could share this experience with others because patients 
would benefit from this new technique, and we need 
further multi-center studies with larger sample to confirm 
the findings of this study in the future.

Conclusions
CE-IOUS may play a similar or even better role than other 
radiological methods in diagnosing liver metastasis. The 
CE-IOUS using Sonazoid demonstrated a high sensitivity 
and specificity for finding occult metastases intraopera
tively and changing the treatment strategy.

Disclosure
The authors declare no conflicts of interest for this work.
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