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Abstract Background and Aims: Currently, Surgical resection is still the main radical approach for malignant

liver tumors. However, sometimes due to reasons such as small tumor size, deep location, multiple
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occurrences, or secondary liver cancer forming "disappearing liver metastases" after drug treatment, it is
challenging to accurately locate or detect the tumor during surgery. This study was performed to explore
the application value of intraoperative contrast-enhanced ultrasound (CE-IOUS) in the surgery of
malignant liver tumors.

Methods: A retrospective analysis was conducted on 56 patients with malignant liver tumors who were
treated and underwent surgical resection at Zhongshan Hospital, Fudan University, from September 2022
to February 2023. The detection rates of liver lesions and the diagnostic accuracy rates for malignant
tumors among preoperative enhanced magnetic resonance imaging (P-MRI), preoperative ultrasound
(P-US), intraoperative ultrasound (IOUS), and CE-IOUS were compared.

Results: There were a total of 85 lesions in the 56 patients, among which, P-MRI detected 75 lesions,
with postoperative pathology diagnosing 64 malignant lesions and 11 benign lesions, while 10 lesions
were missed; P-US detected 46 lesions, with postoperative pathology diagnosing 30 malignant lesions
and 16 benign lesions, while 39 lesions were missed; IOUS detected 64 lesions, with postoperative
pathology diagnosing 44 malignant lesions and 20 benign lesions, while 21 lesions were missed;
CE-IOUS diagnosed 78 lesions as malignant, with postoperative pathology confirming 66 malignant
lesions and 12 benign lesions, while 7 lesions were missed. CE-IOUS had a significantly higher lesion
detection rate compared to P-US and IOUS (91.8% vs. 54.1%, P<0.001; 91.8% vs. 75.3%, P<0.001) and
a higher diagnostic accuracy rate compared to P-US and IOUS (86.8% vs. 65.2%, P<0.001; 86.8% vs.
68.7%, P<0.001). There was no statistically significant difference between CE-IOUS and P-MRI in
terms of lesion detection rate, diagnostic accuracy for malignant tumors, and misdiagnosis rate.
Conclusion: Using Sonazoid contrast agent for CE-IOUS has a higher tumor detection rate and
diagnostic accuracy for malignant liver tumors compared to P-US and IOUS. It can be used to identify
and locate small lesions that cannot be displayed before surgery, to guide tumor resection or
radiofrequency ablation and thereby improve surgical efficacy.
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76 W 2 AT SE ok AR Y Sk O i R I 22 = R
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G a  C  = B Rl Al 1 @S o D o
FER AP A R T, HEFER RN 0.12 L 4
ST BE R kg (140 . MR 60 kg, BV S TAE
W 0.90 mL, Sonazoid 7.2 pwL) . FEHXFLHIGF, A
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19 &t M AT CE-IOUS A& BL: 144 4 mm 1 JBR
JoR e IS R i kb, 24 S A M SRR AL, 7E £ CE-
10US K 5 1 8 52 K e v S5 Se I BR g . 7 AN 4T
CE-TOUS # # K46 9 <5 mm B 4, S7EMSE N
AR KR R E T, AT D) R R S AR AR E D ik
JERELEAT , RJFWR B2 W A M AL

CE-TOUS %% P-US & 10US 7 %5 =5 f s kLG ) R
ERAG ¥ E X (91.8% vs. 54.1%, P<0.001;
91.8% vs. 75.3%, P<0.001); 1fif CE-IOUS Fl34 5% MRI

lhis, 2R LG+ ¥%E X (91.8% vs. 88.2%, P=

0.25) (#£2).

®1 56 GIFTAERPE B & HIGRSFEn (%) |

Table 1 Clinical features of 56 patients with liver tumors

[ (%)]
PR HfH

e

5% 31(55.36)

o 25(44.64)
AEIR (%)

>50 34(60.71)

<50 22(39.29)
FALECE (4)

1 39(69.64)

2 5(8.93)

3 12(21.43)
AR kL

JT-240 s 25(44.64)

ARAS A i 8(14.29)

JER R e 7% AL 7(12.50)

7R 2 5(8.93)
R AL

JHRE AL 25 3(5.36)

JH R 3(5.36)

JEE SRk Al P A 5(8.93)
FALA

I e 35(62.50)

Tk 21(37.50)
FARFE (min)

<120 29(51.79)

>120 27(48.21)
H i (mlL)

<100 22(39.29)

>100 34(60.71)
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Table 2 The detection results of the 85 liver lesions using
different methods [n (%)]

ik B
P-MRI
i 75(88.2)
A H 10(11.8)
P-US
LAy 46(54.1)"
A 39(45.9)
10US
it 64(75.3)"
A 21(24.7)
CE-IOUS
LAy 78(91.8)
A 7(8.2)

1:1) 5 CE-IOUS Ml kb, P<0.001
Note: 1) P<0.001 vs. CE-IOUS

2.3 P-MRI,P-US,IOUS ¥ CE-IOUS 3t BT Bt 7% 1%

BhyEE 2

XTI o5 57 1) 8 1 i R 12 W o 2R SR 12
R, CE-IOUS % P-US J& 10US A %% & 1Y #E i %
(86.8% vs. 652%, P<0.001; 86.8% vs. 68.7%, P<
0.001), %A git2%E X, 1 CE-IOUS Fl P-MRI
i, 25 g8 L (86.8% vs. 85.3%, P=
0.50) (#£3),

®3 BMAHRISEATAER R AL R
Table3 The accuracy of different methods in dignosing
malignant liver lesions

. S (n) "
Ik Py W MR (%)
P-MRI 11 64 85.3
P-US 16 30 65.2"
10US 20 44 68.7"
CE-IOUS 12 66 86.8

1) 5 CE-IOUS H 5%, P<0.001
Note: 1) P<0.001 vs. CE-IOUS

3 i i

ik P IR A8 R A4k i P B9 O e R AL B4 B U S
PR, TR U0 BR R AT AR O I EARGA PR IR T
it 2 —® R ME R S BPEAS L A T
NG AR . 2R ARSI A
S TR I T A o AL R A ks e TR
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{0 A5 20 9 iff R o H i A S B Al O AR AT
HAEAE — AR, XF T il Ak o8 g sl AR i s 3,
0 22 A AR e S AL B 1 i W a2
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LAk TJOT T AR A, R AE R H e 5 R Bl
AR SR ME M 58 R T R IR T AR A R A
A A, R T BT R XS ROk i A
BRALAYE X, A A AR M s e kR HR
A5 85 IhJg B T 00 B TR AE L O AR U A R
Bous ok kB, JUHIE HARTE 2 em LT BIHH
SR A 45 AR MESE 0], H R S A R AR
UM 22, HEK T IR FIR 2 B R A AR

CE-10US W) 3= 2058 3o B Pl iR, #4221
$fE5 5lmESHEIARFIRN, 25 PR e
AR B, DR R 08 B 4 b R G0N e kY
N, HEMR o HEREGE . BA B N BURE S Ry
S JE B R R i 2 52 B I R 9 AE 28 AL A i 1
s, 2 2R, R s T
Mg 2k, HHREHEE S BHMENREZ, m
CE-IOUS XJ F /N g kb A th R o &y, F S 2 OF
s H AR M R A i %2 f A SonoVue Al
Sonazoid, HWFE94E HY, Sonazoid % i 995 4 1412 Wi
W A4 T SonoVue, Sonazoid REH& /= JFFE & 5% (1) 5T
w, HHEEBGR R KD, 242 P5 SonoVue

El1 CE-IOUS %M /NEkt
ikt

Figure 1 Small lesions detected by CE-IOUS

MU Friedrich-Rust S5 0 A, X 4 sy kb 14 o A8
(focal liver lesions, FLLs) & #E47H A &R A,
HCAORR E KRR R BE 43 0 A 93% F90% . — Wi £ th
OBFFRU IR, HXE FLLs 12 W7 09 SO R & 4 5 B
Iy 9N 96% I 83% ., Zhai S B 5T 45 BB R
Sonazoid XT T J&y %1 9 28 19 &5 /3K B R 84.6%~100% .
Alaboudy S5 FEAEAT T ARIG YT 1Y 32 191 £ 3 1Y 50 4>
kb, XS kR A R 72% 3 3 Sonazoid 47
M R ROR W <10 mm PR A AR Rk
90%" , AW 5% 45 FAE S, CE-IOUS XF F T I % &k
KR R 91.8%, i P-US AV A 54.1% . 10US Ky
75.3%, CE-IOUS A%} F P-US K 10US 7 Jif JIF fif 23 A6
MR EARE SN R, 2RAAREE, CE-I0US
32 P-US K TOUS A3 %5 i FA HE R K .

9 4 40 Kupffer 40 M 50 W 25 (% T 98 55 41 41
AR AT 1E % FF4140, Sonazoid ] H T HFIE Kupffer £
it fi 5 5 45 L Sonazoid 3 52 577 59 5 P, A8 T 5T
Sonazoid J& #F A K 5 M B9 Kupffer 1221 /i F K
2B IR S B B F /D i Kupffer 4000, 40 40
JiL 95 7€ Kupffer 3 22 510 987 52 {05 344 5 ok 14 5 dile 26 12
H R ARWRI 2 1~2 W™, H T Sonazoid £2 & Y Kupffer
1 RT AT 0 7 s AT e e n, W] DLl — 20 kAT
g1 5 2L TR U B sl S Al (18 1-2) o I
I, CE-IOUS & —Ma s, BUSm . T & SLH Ik
/NI K 1) AR T2 W RORS o 2 O B B R, T
F T AMBHA T 09 5 K M TR R ak & I, Tl LA
I TG 1k S I b 9EE e kb Bl IR TR AR e G
A AR K B I P Ak B B O

e G

A: RETMRIARULIE; B: HAEE AL (FikabApikt) ;s C: RIEHRA L) 4 mm

A: No tumor detected on preoperative MRI; B: Lesion detected by contrast-

enhanced ultrasound (the arrows indicating the lesion); C: A lesion of approximately 4 mm in the postoperative specimen
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Figure 2 Radiofrequency ablation under CE-IOUS

tumor (arrow indicates the ablation needle)
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AR, ERA BEE
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A: Tumor localization with ultrasound; B: Radiofrequency ablation of the
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