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ABSTRACT
Endoscopic ultrasound (EUS) have been not only a diagnostic tool, but also available in interventional
therapy, which often previously needed surgical approaches to achieve. The study aimed to evaluate the
effectiveness and safety of EUS-guided Nd:YAG laser ablation in unresectable tumors of the caudate lobe
and left liver. We discussed ten cases of the caudate lobe and left liver tumors underwent laser ablation
with EUS guidance. And we also have reviewed previous publication of EUS-guided thermal ablation for
liver tumors in several decade years. EUS-guided Nd:YAG laser ablation (LA) of these tumors were
successfully completed in ten patients, who had favourable prognosis with no complications in two-
month follow-up. Based on our early observations, this suggested that EUS-guided LA might be
technically feasible in selected patients with tumors of the caudate lobe and left liver. However, the safety
of this technique need to be further confirmed in the future and if possible larger, prospective trials.

Abbreviations: AFP, alpha fetal protein; CA12–5, carbohydrate antigen 12–5; CA19–9, carbohydrate antigen 19–9;
CEA, carcinoembryonic antigen; CECT, contrast-enhanced computered tomography; EUS, Endoscopic ultrasound; LA,
laser ablation; MRI, magnetic resonance imaging; MWA, microwave ablation.; RFA, radiofrequency ablation; TACE,
transarterial chemoembolization
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Introduction

As the endoscope technique advance since the 1980s, endo-
scopic ultrasound have been not only a diagnostic tool, but
also available in interventional therapy, which often previ-
ously needed surgical approaches to achieve. Thinner laser
fibers in combination with EUS-needles could enable their
potential application in deep abdominal organs like the
pancreas, which are difficult through the percutaneous
method. Previous preliminary studies in animals showed
that EUS-guided LA could be conducted safely in the por-
cine pancreas,1 and subsequently the new treatment way
was successfully applied in recurrent pancreatic neuroendo-
crine tumor.2 Interestingly, EUS-guided Nd:YAG LA of a
hepatocellular carcinoma in the caudate lobe was ever
reported. Follow-up of 2 months indicated that clinical
examination and lab tests were normal, and CT scan sug-
gested uniform hypoattenuation without enhancement in
the ablated zone.3 Here we report four successful cases of
men with liver tumors by EUS-guided Nd:YAG LA, which
further indicated the effectiveness and safety using this
technique.

Methods and patients

This is a prospective, observational, open-label, single-arm
clinical trial performed at one tertiary care center from May
2016 through October 2017, which was registered in Clini-
caltrials.gov ID: NCT02816944. Patients were eligible if they
met the following inclusion criteria:1) lesions caudate lobe
or left liver that could not be easily detected by percutane-
ous ultrasound; 2) liver function evaluated with Child-Pugh
classes A and B; 3) surgery was refused by the patient or
not suitable assessed by surgeon. EUS-guided LA for target-
ing lesions would be not taken into account if any of the
following criteria were included: 1) patients with suspicious
upper gastrointestinal stenosis, esophagogastric varices or
bleeding, existing severe cardiopulmonary dysfunction; 2)
coagulopathy (platelets < 50, 000). In this study, ten
patients who were unwilling to accept surgical resection for
liver cancer were enrolled in the First Affiliated Hospital,
College of Medicine, Zhejiang University. This trial was
approved by the ethics committee of the First Affiliated
Hospital of Zhejiang University. All authors had access to
the study data and reviewed and approved the final
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manuscript. Both the enrolled patients had informed con-
sent for the procedure. The basic information of the ten
patients was listed in Table 1. Among the ten patients
enrolled, 6 cases underwent laser ablation in the caudate
lobe and 4 in the left liver, in whom 3 tumors came from
colorectal carcinoma. In this study, case 1 was a 63-year-
old man with recurrent hepatocellular carcinoma. He has a
history of hepatectomy in IV segments in 2011. On admis-
sion, magnetic resonance imaging (MRI) presented a mildly
enhancing mass (Fig. 1a and 1b) after combined treatment
of TACE and RFA. EUS detected a homogenous hypoechoic
lesion (2.2�1.7 cm) with a central hyperechoic focus in the
caudate lobe (Fig. 1c). He had experienced EUS-guided LA
of the same nidus. Case 2 was a 70-year-old man who had
colon surgery 2 years ago. One month later, he had liver
resection and cholecystectomy. Recently, magnetic reso-
nance imaging (MRI) (Philips, Amsterdam, Holland)
showed T1 and T2 phase enhancement of the caudate lobe,
suggesting a malignant metastasis (Fig. 2a and 2b). Case 3,
a 57-year-old man, was admitted to this hospital because of

recurrent liver cancer. The patient, who suffered from hepa-
tocellular carcinoma, had left liver resection approximately
4 years ago. Then he underwent transarterial chemoemboli-
zation (TACE) because of recurrence 6 months later, and
liver resection again this year. On admission, the patient
had no obvious discomfort on examination such as fever,
chills, abdominal distension, abdominal pain, nausea, vomit-
ing, but an increased alpha fetal protein (AFP) level of
109.2 ng/mL. The latest MR images showed a tumor of
1.3�1.2 cm in size near the caudate lobe in contrast with
previous images (Fig. 3a). Case 4 had left liver resection
and TACE three years ago. Preoperative T2 MR image
showed a round tumor about 1.1�1.0 cm in the left liver
(Fig. 4a).

After a 8-hour supervised fast, all cases underwent EUS-
guided LA in supine position by orally taking lidocaine hydro-
chloride under conscious sedation. A curved linear array
echoendoscope (Olympus Ltd, Tokyo, Japan) was used to have
examinations by orally inserting probe. Under the echoendo-
scope, the deep lesions in the caudate lobe or left liver were

Table 1. Patient characteristics.

Patient Sex Age(year) Primary cancer Location Child-Pugh

Case 1 Male 63 HCC Caudate lobe B
Case 2 Male 70 Colorectal carcinoma Caudate lobe A
Case 3 Male 57 HCC Caudate lobe A
Case 4 Male 54 HCC Left liver A
Case 5 Female 55 Colorectal carcinoma Caudate lobe A
Case 6 Male 56 HCC Left liver A
Case 7 Male 67 HCC Left liver A
Case 8 Male 63 Colorectal carcinoma Left liver A
Case 9 Male 62 HCC Caudate lobe A
Case 10 Male 61 HCC Caudate lobe A

HCC: Hepatocellular carcinoma.

Figure 1. A 63-year-old man with hepatocellular carcinoma. Preoperative MR and CEUS images showed a mass of 2.2�1.7 cm in size in the caudate lobe (a, b and c) (white
arrows). EUS suggested laser fiber inserted into the tumor (d) and then total enhancement of the lesion (e) (white arrows). One year later, substance phase MR image
showed that the mass has a complete response (f) (white arrows).
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easily visualized from the cardia of stomach, and punctured
with a 22-gauge aspiration needle (Wilson Cook Medical, Bloo-
mington, United States). Then the needle core was withdrawn
and the laser fiber inserted into the needle sheath outside of the

end within 1 cm. The distance between fiber tip and lesion wall
was ranged from 1.0 cm to 2.0 cm. During the procedures, the
nidus was ablated by a Nd:YAG laser fiber (300 mm in diame-
ter) with a wavelength of 1064 nm, each of which has an output

Figure 2. Representative images from a 70-year-old man diagnosed liver metastasis from colon cancer. T1 and T2 MR images revealed a tumor about 2.1�1.7 cm in the
caudate lobe (a and b) (white arrows). One laser fiber was ablating the tumor with local enhancement (c) (white arrows). T2 MR image two months obtained after ablation
showed complete response in the tumor (d) (white arrows). At the corresponding ultrasounography, it also showed a complete necrosis without any enhanced perfusion
in CEUS (e and f) (white arrows).

Figure 3. A 57-year-old man with hepatocellular carcinoma. MR obtained one month before ablation showed the tumor measuring 1.3�1.2 cm in diameter in the caudate
lobe (a) (arrowheads). Preoperative EUS indicated a low echo area (b) (arrowheads) and it had increased echogenicity covering the whole mass after ablation (c) (arrow-
heads). After one month, enhanced MR revealed the lesion complete necrosis (d) (arrowheads).
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power of 5W for 1500–1800 J (ESAOTE, Genova, Italy). The
ablation was not stopped until hyperechoic area overlaying the
entire lesions. After each ablation, especially for the tumor
larger than 2 cm, immediate CEUS images (2.4 ml SonoVue
mixed with 10.0 ml 0.9% sodium chloride solution) were
required to closely monitor whether any potential residual
lesions left. If found, then additional punctures and fibers abla-
tion were repeated orally by angle adjustments within EUS
guidance.

These patients underwent followed-up using ultrasound, CT
(GE, Fairfield, United States), MRI images every 3 months after
the operation Hematological examinations included: carci-
noembryonic antigen (CEA) levels, AFP levels, carbohydrate
antigen 19–9 (CA19–9) levels, and carbohydrate antigen 12–5
(CA12–5) levels.

Furthermore, we seriously performed a systematic review
using keywords of endoscopic ultrasonography, liver, tumor,
and thermal ablation by searching from PubMed, Scoups and
Web of science before November 2016 without language limita-
tions (Appendix 1 and Fig. S1).

Results

The detailed information of EUS-guided tumor ablation
techniques in the ten patients was listed in Table 2. The total
energy in each patient ranged from 1800 J to 11950 J under
5 w power. After laser ablation by EUS guidance, cases had
significant decrease in AFP level. The results from CT or
MR scan at least one or three months later showed com-
pleted response with a homogeneous nonenhancing (Fig.1–
4). On the second day after ablation, only case 3 complained
of a sense of mild nausea then relieved. There were no major
procedure-related complications.

During a systematic review, we found 4 studies presenting
abdominal tumors following EUS-guided RFA or cryoablation,
of which the summary was listed in Table 3.3-6 There were 3
studies about EUS-guided RFA on porcine livers and 1 for
EUS-guided LA on a HCC in the caudate lobe. They both
showed a favourable prognosis.

Discussion

Recently, traditional routes of ablation included percutaneous
and surgical applications,7,8 but using flexible endoscopy and
EUS-guided needles was still limited. In a porcine model, the
lesions from liver and lymph node were successfully treated
using RFA under EUS guidance.9-12 Previous studies had
reported that percutaneous laser ablation with chemotherapy is
effective for colorectal cancer liver metastases, and the median
overall survival time was 19.1 months.13 EUS-guided RFA has
been used for the pancreatic cystic neoplasms and neuroendo-
crine tumors.14 Complications included retroperitoneal fibrosis,
adhesions of the pancreas.12 It was also showed that complica-
tions like postinterventional abdominal pain, minor duodenal
bleeding, jaundice, duodenal stricture appeared after EUS-
guided cryoablation for locally advanced pancreatic cancer.15

Several technical problems might occur regarding the prototype
RFA probe, including bending of the tip of the catheter probe
and mild stripping of the probe by moving the EUS needle for-
ward or backward.10

However, percutaneous laser thermal ablation of liver
malignancies is a well-established treatment for both primary
and secondary liver tumors, with its effectiveness and safety
being proven over the last several years,16 and with a rate of
complications lower than those of other thermal techniques
such as RFA and MWA.17,18 Among all thermal treatment

Figure 4. Representative images from a 54-year-old man diagnosed with hepatocellular carcinoma. Preoperative T2 MR image shows a round tumor about 1.1�1.0 cm in
the left liver (a) (arrowheads). After enhanced perfusion of this tumor under CEUS guidance (b) (arrowheads), then a laser fiber ablated the target tumor (c) (arrowheads),
and immediately CEUS showed no enhanced perfusion (d) (arrowheads). During six-month follow-up after ablation, T1 (e) and substance phase MR images (f) showed
the mass was successfully ablated (arrowheads).
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modalities, LA enabled the use of finer needles than RFA and
MWA, and allowed to tailor the ablation volume by using one
to four laser fibers, and thus preserving the normal paren-
chyma as such as possible. In addition, as is well-known, the
high ablation temperature enables the tissue dehydration and
strong coagulability. LA provided the highest central and sur-
rounding temperature avoiding the splitting or falling off of
target lesions. Moreover, LA provided unambiguous edge
between coagulation area and adjacent normal structure rather
than irregular and thick using RFA and MWA.19 Moreover,
emerging studies showed the possible malignant tumor relapse
and rapid expansion20-22 if excessive energy input. LA has the
lower power of 1 W to 7 W while 10 W to 100 W in RFA
and MWA, which brought better prognosis based on the
destroyed tumor. These attributes made LA an attractive
option for the treatment of nodules in high-risk, or multiple
nodules in different size.23,24 Furthermore, CEUS image was
used to immediately assess the size of the ablation zone,
defined by the non-enhanced area, which was deemed better
than US in monitoring the efficacy of ablation.25 Thus it
would make it possible to repeatedly ablate targeting lesions.
In the light of the above, the endoscopic application of this
technique should be reserved for selected cases not eligible for
surgery or percutaneous treatment with severe comorbidity
and/or advanced Child-Pugh (B or C), and would benefit
patients with arrhythmia and cardiac pacemaker.

This study has several limitations present as follows. First,
prognosis is limited by the small number of patients and the
relatively short follow-up time. Second, this preliminary
study just focused on the lesions in the caudate lobe and left
liver. For lesions adjacent to large vessels, the efficacy of
thermal ablation including LA might be sometimes influ-
enced by the “heat-sink” effect, in which blood perfusion of
vessels cooled surrounding tissue.26,27 Preliminary porcine
model by PLA showed that portal regions had more heat
sink than hepatic veins. The impact reduced with the dis-
tance between vessel and tip, but it was less for portal
regions.26

Conclusion

In conclusion, the study has indicated that the EUS-guided LA
might be technically feasible in selected patients with the caudate
lobe and left liver tumors. However, the safety of this technique
need to be further confirmed in the future and if possible larger,
prospective trials.
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