MEDICAL
SCIENCE

CLINICAL RESEARCH

. e-ISSN 1643-3750

© Med Sci Monit, 2022; 28: e937832
MON |TOR DOI: 10.12659/MSM.937832

Received: 2022.07.16

e 2oosron Application of Indocyanine Green Fluorescence

Available online: 2022.11.21

Pablished:  2032.12.05 Imaging Combined with Laparoscopic Ultrasound
in Laparoscopic Microwave Ablation of Liver

Cancer
Authors’ Contribution: Bc 1 Yu Hu 1 Department of General Surgery, Anhui Provincial Hospital, Cheeloo College of
Study Design A o 1 Wenting Guo Medicine, Shandong University, Hefei, Anhui, PR China
Data Collection B T 2 Department of General Surgery, Anhui Provincial Hospital, Hefei, Anhui, PR China
Statistical Analysis C 2 Jlnllang Ma
Data Interpretation D 2 Jihai Yu
Manuscript Preparation E pE 2 Wenbin Liu
Literature Search F .
Funds Collection G ¢ 2 Chuanhai Zhang
AE 1 Weidong Jia
e 1 Yongsheng Ge

Corresponding Authors: Weidong Jia, e-mail: jiaweidongjia901@163.com, Yongsheng Ge, e-mail: 13615695603@163.com
Financial support: This work was supported by the Key research and development projects of Anhui Province in 2019 (201904a07020096)
Conflict of interest: None declared

Background: The aim of this study was to assess the effect of indocyanine green (ICG) fluorescence imaging combined with
laparoscopic ultrasound in laparoscopic microwave ablation of liver cancer.
Material/Methods: This study retrospectively analyzed 61 patients who underwent laparoscopic microwave ablation of liver can-
cer, including laparoscopic microwave ablation with and without ICG fluoroscopy.
Results: The operative times, ablation times, postoperative hospital stay, postoperative complication rate, hospitaliza-
tion cost, postoperative liver function changes, and postoperative overall survival were similar between the 2
groups, but there was a statistically significant difference in recurrence-free survival (P<0.05). A total of 5 le-
sions were found in the fluorescence laparoscopy group that were not found by preoperative imaging, while
no new lesions were found in the ordinary laparoscopy group. Fluorescence laparoscopy has obvious advan-
tages over ordinary laparoscopy in finding small lesions that were not found before surgery. In terms of com-
plete ablation rate, 3 patients in the ordinary laparoscopy group and 1 patient in the fluorescence laparosco-
py group were judged to be incompletely ablated and were ablated again at 1 month after the operation.
Conclusions: For small hepatocellular carcinoma with severe liver cirrhosis and located on the liver surface, fluorescence
laparoscopy can better reveal the location and boundary of the tumor, and fluorescence laparoscopy can de-
tect tiny lesions that cannot be detected by preoperative imaging. The combination of fluorescence laparosco-
py and microwave ablation has a good effect on the treatment of small hepatocellular carcinoma located on
the surface of the liver that is difficult to distinguish.
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Background

Primary liver cancer is one of the most common cancers in
China [1], ranking fourth in incidence and third in mortality
rate [2]. Surgical resection remains the preferred treatment for
liver cancer [3], but some patients are not candidates for hep-
atectomy due to cirrhosis, hepatic insufficiency, or poor gen-
eral health. Local ablation, including microwave ablation, is a
widely used minimally invasive treatment for small liver can-
cers, especially in patients with severe cirrhosis. Laparoscopic
microwave ablation of liver cancers is a safer and more ef-
fective treatment for liver cancers in some anatomic sites [4],
such as beneath the liver capsule, and lesions protruding be-
yond the liver capsule, in the diaphragmatic dome, or close
to the gallbladder and gastrointestinal tract, and adjacent to
great vessels and the hepatic portal [5,6]. Accurately locat-
ing tiny tumor tissue under laparoscopic direct vision has be-
come a key factor to improve the success rate of laparoscop-
ic microwave ablation. Indocyanine green (ICG) fluorescence
imaging during laparoscopy has emerged as an auxiliary tech-
nique in recent years [7]. ICG injected into the human blood-
stream binds to proteins and emits near-infrared light with a
wavelength of 840 nm when excited by light at 750-810 nm.
The emitted near-infrared light can penetrate connective tis-
sues at a 5-10 mm thickness [8-10]. ICG can be used to indi-
cate tumor position and delineate tumor boundaries based on
this principle [11,12]. From 1 April 2019 to 31 December 2021,
our department used the intraoperative navigation of ICG flu-
orescence imaging laparoscopy, combined with laparoscopic
ultrasound, to perform fluorescence laparoscopic microwave
ablation of liver cancer in 29 patients with small liver cancer.
Microwave ablation of hepatocellular carcinoma was performed
in 32 patients with small hepatocellular carcinoma. The data
and results of the 2 groups of patients are reported as follows.

Material and Methods

Clinical Data

We recruited 61 patients who underwent laparoscopic microwave
ablation to treat liver cancers at the First Affiliated Hospital of
the University of Science and Technology of China from 1 April
2019 to 31 December 2021 with a total of 67 tumors in 61 pa-
tients. The research was approved by the Ethics Committee of
Anhui Provincial Hospital, He Fei, China (No. 2021-S(H)-017). All
patients signed an informed consent form conforming to medi-
cal ethics requirements before surgery. Inclusion criteria were:
(1) pathologically confirmed or clinically diagnosed with primary
liver cancer using 2 or more imaging modalities (liver MRI, up-
per-abdomen contrast-enhanced CT, ultrasonography, and PET-
CT) combined with tumor markers (AFP, DCP, and human pro-
thrombin complex); (2) single or multiple liver cancers with a
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diameter <3 cm and totaling <3; (3) no evidence of vascular in-
vasion, bile duct invasion, or extrahepatic metastases; and (4)
assessed as class A or B according to the Child-Pugh classifica-
tion system. The exclusion criteria were: (1) single or multiple
liver cancers with a diameter >3 cm and totaling >3; (2) com-
bined with extrahepatic metastases; (3) class C liver function
according to the Child-Pugh classification system; and (4) se-
vere underlying diseases, such as heart and renal failure. There
were 35 males and 26 females with an average age of 58.91
years. Among the 61 patients, 54 and 7 had class A and B liver
function, respectively, according to the Child-Pugh classification
system. According to the 2020 China liver cancer (CNLC) staging
system, 55 and 6 patients were classified as CNLC stage la and
Ib, respectively. All patients were thoroughly evaluated before
surgery to exclude surgical contraindications. All tumors locat-
ed inside the liver parenchyma and positive iodine allergy test
were in the general laparoscopy group.

Equipment and Instruments

We used a high-resolution fluorescence laparoscope manufac-
tured by Guangdong Optomedic Technologies, Inc. (Guangdong,
China). The microwave ablation system was the ECO-100C
cold cycle microwave knife (Nanjing Yigao Microwave System
Engineering Co., Ltd., Nanjing, China). We used an ECO-100AI8
disposable microwave ablation needle (2.0x150.0 mm).

Surgical Method

The patients were placed in supine position after endotrache-
al anesthesia was established. The right shoulder was slight-
ly elevated in some patients who had cancers in the right pos-
terior lobe of the liver. A pneumoperitoneum was established,
with the pressure maintained at 10-14 mmHg and the head
elevated. The laparoscope was inserted through a subumbili-
cal incision to inspect the peritoneal cavity, the tumor position,
number of tumors, and whether there was a need to dissoci-
ate the liver from the peri-adherent tissues. If necessary, 2 to
4 incisions were made in the following positions: below the xi-
phoid process, right midclavicular line, below the costal margin
at the anterior axillary line, and below the costal margin at the
left midclavicular line. The specific positions of the additional
incisions were adjusted according to the patients’ body size,
tumor position, and intraoperative manipulations performed.
The ablation fully covered and exceeded the liver tumor by 0.5-
1 c¢m. For larger tumors, overlapping ablation was performed.

Timing and Dose of ICG Injection

All patients underwent iodine allergy testing before surgery. An
ICG injection was contraindicated in patients with positive io-
dine allergy testing. Otherwise, ICG was injected into a periph-
eral vein 2-3 days before surgery at a dose of 0.3-0.5 mg/kg.
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Table 1. Comparison of preoperative clinical indicators between laparoscopic ablation with and without ICG fluorescence imaging.

Clinical indicator N .
fluorescence imaging group

Laparoscopic ablation with ICG

Conventional laparoscopic
ablation group

t/y?

statistic SRSl

Age (year) 58.17+9.99

59.66+7.46

Preoperative TB (U/L)

18.29+7.86

16.67+4.90

* t-test; ** Chi-square test.
Postoperative Follow-Up

The patients were re-examined radiographically (by contrast-
enhanced MR, or contrast-enhanced CT, or CEUS of the liver)
1 month after surgery, and the ablation effect was assessed
by tumor-related indicators (eg, AFP, DCP). Contrast-enhanced
ultrasonography indicates that there is no contrast agent fill-
ing inside the tumor, and contrast-enhanced CT or MR indi-
cates that the tumor is not enhanced, indicating that the ab-
lation is complete. If there is still tumor residue, re-ablation
can be performed until the tumor is completely inactivated.
The patient was followed up every 2-3 months in the outpa-
tient clinic thereafter. Color Doppler ultrasound or CT showed
new lesions around the ablated tumor, in the liver, or in oth-
er parts, which was defined as recurrence.

Statistical Methods

Statistical analyses were performed using SPS526.0 software.
Quantitative data are expressed as ¥+s, and the intergroup
comparison was conducted using an independent-samples t
test. Qualitative data are expressed as n (%), and the inter-
group comparison was made using Pearson’s x? test/adjusted
% test. P<0.05 was regarded as indicating a significant differ-
ence. The Kaplan-Meier method was used to compare the over-
all survival and recurrence-free survival between the 2 groups.

Results

The 2 groups of patients were comparable with respect to gen-
eral preoperative information inpatient observation index, and
postoperative complete ablation rate (P>0.05; Table 1). The sur-
gery was successfully completed in all 61 patients. There was
no postoperative bleeding or deaths. The 2 groups of patients
did not differ significantly in length of hospital stay, operative
time, ablation time, hospitalization cost, complications, and liv-
er function (Table 2). The patients began to consume a liquid
diet on the first day after surgery. The average time to discharge
was 4.27 days. All 61 patients completed follow-up evaluations
as scheduled. By 18 March 2022, the patients had been fol-
lowed for 3-41 months, with an average of 23.21+11.23 months.
Metastasis or recurrence occurred in 7 patients (1 in the fluores-
cence laparoscopy group and 6 in the laparoscopy group), and 2
patients died (1 in the fluorescence laparoscopy group died 15
months after the operation, and 1 in the laparoscopy group died
after 18 months). The overall survival time of the 2 groups of
patients was not significantly different, but the recurrence-free
survival time was significantly different (P<0.05) (Figures 1, 2).

Discussion

Local ablation and surgical resection had similar efficacy for a
single lesion <5 cm or 2-3 lesions with a maximum diameter
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Table 2. Comparison of intraoperative and postoperative clinical indicators between the laparoscopic ablation with and without ICG
fluorescence imaging.

Laparoscopic ablation with ICG Conventional laparoscopic

Clinical indicator . . ) t-statistic P-value
fluorescence imaging group ablation group
Number of days after surgery (d) 4.55+2.11 4.03+2.12 0.959 0.341
Hospitalization cost (10,000 yuan) 2.76+0.52 2.58+0.43 1.438 0.156
Operative time (min) 103.38+44.14 107.16+51.71 -0.305 0.761
Ablation time (min) 14.51+11.79 17.01+£12.02 -0.840 0.404
Postoperative ALT peak (U/L) 211.61+143.34 203.89+107.37 0.239 0.812
Postoperative AST peak (U/L) 261.85+127.99 261.27+141.46 0.017 0.987
Postoperative TB peak (U/L) 26.30+7.80 24.13+7.54 1.106 0.273
Intraoperative new tumor 5(17.2) 0 (0) 3.937 0.047
A B
100.0% 100.0%1 IH
95.0% 1 £ 95.0%
Z 90.0% £ 90.0%
£
85.0% 1 & 85.0%-
p=0.64 . . p=0.044 ) )
Group -+ Conventional laparoscope ablation Group -+ Conventional laparoscope ablation
80.0%- -+ Laparoscopic ablation with 1CG fluorescence 80.0% -+ Laparoscopic ablation with ICG fluorescence
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Time in months Time in months

Figure 1. (A) Overall survival. (B) Recurrence-free survival.

Figure 2. (A) Tumor residues after ultrasound-guided percutaneous microwave ablation. (B) Fluorescence imaging of tumor residues
after ultrasound-guided percutaneous microwave ablation.
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Figure 3. (A) No lesions can be found in conventional laparoscopic mode, and no lesions can be found by laparoscopic
ultrasonography. (B) Fluorescence imaging of the lesion. (C) During lesion ablation. (D) After lesion ablation.

<3 c¢m not combined with vascular, bile duct, and adjacent or-
gan invasion or distant metastases, and class A and B liver
function. These patients usually achieved a radical cure by lo-
cal ablation [13]. Local ablation has the advantages of simplic-
ity and effectiveness, less trauma, better safety and reliability,
and wide indications, and has been widely used in the treat-
ment of small hepatocellular carcinoma. Microwave ablation
uses heat produced by high-speed rotational friction of polar
molecules and collision movement of polar ions. This process
usually creates considerable heating in the tissues. Protein de-
naturation can be induced in tumor cells when the tissue tem-
perature is >60°C, resulting in irreversible necrosis. The tumor
cells release heat shock proteins, which activate the immune
response to inhibit tumor spread [14,15].

Microwave ablation can be delivered via 3 pathways: percutane-
ous, laparotomy, and laparoscopic. B-mode-guided, CT-guided,
and guided microwave ablation of liver cancers have the bene-
fits of convenience and minimal invasiveness [4]. This ablation
procedure has been widely used clinically, but it requires high-
level physician skill in puncture techniques under the guidance
of images such as B-ultrasound, CT, or MRI. In addition, intense
pain may be induced because the liver capsule is irritated during
the microwave ablation. Body position changes and respirato-
ry movement can lead to inaccurate puncture or displacement
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of the ablation needle, thus resulting in incomplete ablation,
as shown in Figure 3. Using B-mode-, CT- and MRI-guided per-
cutaneous microwave ablation, the clinician is operating blind-
ly. The ablation procedure is more likely to cause bleeding, tu-
mor rupture, and incidental injury to the surrounding organs
and tissues if the liver cancers are protruding outside the liver
capsule, located in the diaphragmatic dome or near the gall-
bladder and the gastrointestinal tract, or near the great ves-
sels and hepatic portal [16]. Lesions close to the portal vein are
even more difficult to manage and are a potential risk factor for
incomplete ablation [17]. Laparoscopic microwave ablation is
a better treatment for liver cancers in these positions [18-20].

Liver cancer patients undergoing microwave ablation usually
have severe cirrhosis and cirrhotic liver nodules of varying siz-
es on the liver surface [21,22]. Laparoscopic ultrasound can-
not demonstrate the liver surface or accurately detect tumor
position in these patients. The cancers are difficult to differ-
entiate from cirrhotic liver nodules. Laparoscopic ultrasound
with ICG fluorescence navigation can visualize the tumors, as
shown in Figure 4. In patients undergoing conventional lapa-
roscopy combined with laparoscopic ultrasonography, the tu-
mor cannot be found and located at all, but the tumor can be
clearly located under ICG fluorescence laparoscopy.
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Cirrhosis nodules

The advantage of ICG fluorescence laparoscopy over conven-
tional laparoscopy is the ability to detect micrometastases and
satellite lesions during surgery [23,24]. Intraoperative detec-
tion and management of micrometastases other than primary
lesions are very important for patient prognosis. Preoperative
imaging examinations, including enhanced CT, MRI, and con-
trast-enhanced ultrasonography, cannot easily identify small
liver cancer lesions, and small lesions are easily confused with
cirrhotic nodules in imaging and cannot be located during sur-
gery [25]. Intraoperative ultrasound has a low sensitivity for
small hepatocellular carcinoma lesions, is difficult to distinguish
from normal cirrhotic nodules, and has extremely high require-
ments for the surgeon [26]. ICG fluorescence imaging has high
sensitivity for small liver cancer. It can detect and locate liver
cancer lesions in real time during surgery, and can also detect
small lesions not found by preoperative imaging examination,
thereby reducing the residual risk of tumor and improving the
prognosis of patients. The comparison of the 2 groups of pa-
tients in the present study shows that the ability of ICG flu-
orescence laparoscopy to detect small lesions that cannot be
detected by preoperative imaging is significantly better than
that of conventional laparoscopy, so the patients in the ICG flu-
orescence laparoscopy group had better recurrence-free sur-
vival. There was no significant difference in the overall survival
of the 2 groups of patients, which may be related to the short-
er follow-up time and the small number of cases. Multicenter
studies with larger samples and longer follow-up are needed.

It is noteworthy that some cirrhotic liver nodules, hepatic cysts,
and hyperplastic bile ducts are also capable of ICG uptake, thus
leading to false-positive results [27]. Differentiation can be
made by surgeons based on their experience and by combin-
ing laparoscopic ultrasound findings with preoperative imaging.

We identified 4 major benefits of laparoscopic microwave
ablation of liver cancers with ICG fluorescence navigation
through the comparative analysis of 29 cases of fluorescence
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Figure 4. ICG staining of a benign liver lesion.
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laparoscopic microwave ablation of liver cancer and 32 cases
of conventional laparoscopic microwave ablation of liver can-
cer undergoing this procedure in our department: (1) This pro-
cedure has high safety, and all manipulations are done under
direct vision. In addition to dissociating the liver and the peri-
hepatic adhesion, safe spaces can be created by artificial as-
cites or separation with wet gauze for cancers in special po-
sitions, such as lesions close to segments VIl and VIII of the
right liver and lesions close to the gallbladder and the gastro-
intestinal tract. In this way, undesired damage caused by nee-
dle puncture and burn injury caused by heat conduction can
be avoided. (2) The procedure has high reliability and can be
repeated under direct vision. The procedure also allows for
puncture from different directions, thereby preventing incom-
plete ablation as much as possible. (3) The procedure achieves
a more precise tumor localization by combining fluorescence
navigation with laparoscopic ultrasound. The tumor position
and the relationship between the tumor and the surrounding
blood vessels and organs can be more accurately determined.
A clearer delineation of tumor boundaries is conducive to ma-
nipulations during the ablation. Liver cancers can be difficult to
differentiate from the cirrhotic liver nodules in some patients
when combined with severe cirrhosis. This situation may still
exist, even under laparoscopic ultrasound. ICG staining offers
a good solution to this problem. (4) For detection of small le-
sions, ICG staining can reveal minimal lesions that are other-
wise not visible using preoperative imaging modalities [28].

However, the application of fluorescence laparoscopy also has
certain limitations. For tumors located inside the liver paren-
chyma, fluorescence cannot be localized and imaged. In addi-
tion, fluorescence cannot monitor the ablation effect in real
time, and cannot judge whether the ablation is complete. In
addition, in this study, tumors located deep in the liver paren-
chyma were more difficult to ablate than tumors located on
the surface of the liver. The advantages of fluorescence lapa-
roscopy in microwave ablation of liver cancer require further
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research with large samples, multicenter evaluation, and lon-
ger follow-up.

Conclusions

To conclude, ICG fluorescence navigation during laparoscop-
ic microwave ablation of liver cancers achieved good efficacy.
This procedure has advantages compared with conventional
laparoscopic microwave ablation. The complete ablation rate
was even higher for those patients with severe cirrhosis and
small liver cancers on the liver surface. In addition, the new
ablation procedure more accurately detected tumor position
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and differentiated between cancers and cirrhotic liver nodules,
especially in patients with severe cirrhosis. More importantly,
fluorescence laparoscopy can effectively detect small lesions
that cannot be displayed by preoperative imaging. Therefore,
laparoscopic microwave ablation with ICG fluorescence nav-
igation has high clinical utility for liver cancers and is high-
ly recommended.
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