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Introduction

Liver cancer is one of the most common malig-
nancies of the digestive tract, with over 1 million new 
cases being reported globally every year. Liver cancer 
is associated with a high malignancy grade, high re-
currence rate, high metastasis rate, and poor prog-
nosis. Surgical resection is considered to be the pre-
ferred method for treating primary liver cancer, and 
allows for radical treatment in some patients [1, 2]. 
However, in the clinical setting, most patients pres-
ent with multiple lesions located in various hepatic 

lobes; thus, a low resection rate is a known obstacle 
in liver cancer treatment. Moreover, some liver cancer 
patients are insensitive to chemotherapy and radio-
therapy and not eligible for surgery; effective treat-
ment for such subsets of patients are currently lack-
ing [2–4]. Over the past few years, minimally invasive 
ablation technology has been continuously perfected 
and clinical experience constantly accumulated. Min-
imally invasive ablation procedures have become one 
of the major means for treating unresectable multifo-
cal liver cancer and have been extensively applied in 
primary and metastatic liver cancer treatment. Lapa-
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A b s t r a c t

Introduction: Liver cancer is one of the most common malignancies of the digestive system. Minimally invasive abla-
tion procedures have become one of the major means for treating unresectable multifocal liver cancer and have been 
extensively applied in primary and metastatic liver cancer treatment. Laparoscopic B-ultrasound-guided microwave 
ablation is an example of the progress made in this field.
Aim: To analyze and summarize the results of and experience with laparoscopic B-ultrasound-guided microwave ab-
lation for multifocal primary liver cancer; moreover, the ablation effects were compared between tumors of different 
sizes.
Material and methods: Laparoscope-guided needle ablation was conducted on 84 lesions from 32 patients with 
primary liver cancer based on tumor size, quantity, and location. Moreover, the perioperative data, ablation effects 
according to tumor size, and long-term follow-up results were analyzed.
Results: Among the 84 nodules treated via microwave ablation, tumors measuring ≤ 3 cm demonstrated complete 
ablation upon imaging analysis conducted 1 month after surgery. Moreover, 5 of the tumors measuring > 3 cm 
demonstrated incomplete ablation. In these cases, a second procedure was performed, until imaging studies con-
firmed that complete ablation was achieved. 
Conclusions: Laparoscopic microwave ablation allows for precise puncture positioning, an effective ablation range, 
and safe and feasible surgery, which is especially suitable for liver tumors located in sites difficult to access.
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roscopic B-ultrasound-guided microwave ablation is 
an example of the progress made in this field. 

Aim

The aim of this study was to explore the applica-
tion of laparoscopic microwave ablation in treating 
multifocal primary liver cancer and to analyze the 
therapeutic effect.

Material and methods

Participants

Herein, data for 32 patients undergoing laparo-
scopic B-ultrasound-guided microwave ablation in 
the General Surgery Department of Wenzhou People’s 
Hospital from September 2013 to September 2015 
were analyzed. The inclusion criteria were as follows: 
(1) patients without extra-hepatic metastases from 
primary liver cancer; (2) patients with > 2 lesions 
located in different liver segments, increasing the 
difficulty of surgical resection; and (3) patients with 
multiple lesions who were indicated for surgery but 
demonstrated high surgical risk such as hepatic in-
sufficiency, severe cirrhosis, and portal hypertension. 
Of the 32 patients, 14 were male and 18 were female, 
with a median age of 59 (48–72) years. The patients 
were informed of the surgical procedure and provided 
informed consent to participate in this research. All 
patients first underwent a careful preoperative exam-
ination, including definitions of underlying diseases 
based on the Child-Pugh criteria and tumor morpho-
logic analysis using computed tomography (CT).

Surgical procedure

Intraoperative laparoscopic ultrasound explora-
tion (Model) was adopted if the precise tumor loca-
tion was not known (Photo 1). The tumor diameter 
was measured carefully; echo characteristics as well 
as the tumor’s association with important peripher-
al structures were recorded. Blood flow distribution 
and the degree of blood flow in and around the tu-
mor, as well as the vasa vasorum, were observed, to 
determine the insertion route of the microwave nee-
dle. The microwave generator was connected to the 
cooling circulating system, with the temperature of 
the condensate water maintained at 3–5°C. A small 
incision was made in the abdominal wall above the 
tumor, and the 14 G microwave needle was inserted 
into the tumor under laparoscopic guidance. The ab-

lation range was set at 0.5–1.0 cm bordering the tu-
mor lesion; if this could not be achieved, multi-point 
and multifold cycles were conducted, with each cycle 
lasting 3 min at a solidification efficiency of 60 W. 
The radiation conditions were set at 80 W and 600 s 
if the tumor body diameter was < 3.0 cm to achieve 
overall tumor coverage and inactivation. However, 
1- or 2-needle microwave ablation was adopted for 
tumor body diameters of 3–5 cm based on the co-
agulative necrosis. If the tumor body diameter was 
> 5 cm, a combination of multi-needle, multi-point, 
and multi-direction approaches was used, with the 
needle interval being set at < 1.5 cm at a duration of 
10–15 min. Needle withdrawal was conducted under 
laparoscopic and ultrasound guidance. The needle 
was withdrawn while cauterizing the liver, so as to 
reduce the risks of bleeding due to needle passage 
and cancer metastasis. After the surgery was com-
pleted, bleeding and bile leakage were recorded and 
treated accordingly. 

Postoperative follow-up

All patients enrolled in this research were fol-
lowed up by the same surgical team as follows:  
(1) a-Fetoprotein (AFP) and new lesions discovered 
at the re-examination conducted within 1 month 
after surgery were deemed as local residue rath-
er than recurrence; (2) follow-up was conducted 
once every month in the first year, and once every  
3 months in the second year; (3) AFP and liver B-ul-
trasound were the major parameters assessed at the 
follow-up, but CT and magnetic resonance imaging 
examinations were carried out if recurrence was sus-
pected; and (4) patients with confirmed recurrence 
were admitted for treatment again via multimodal 
therapy according to the type of recurrence.

Statistical analysis

Continuous data are expressed as mean ± stan-
dard error (x

_
 ± SEM), and statistical processing of 

data was conducted using the t-test. The test level 
was set at α = 0.05, and values with p < 0.05 were 
deemed statistically significant. 

Results

Patient characteristics

Herein, data for 32 consecutive patients with 
primary liver cancer who underwent laparoscopic 
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B-ultrasound-guided microwave ablation from Sep-
tember 2013 to September 2015 were prospectively 
analyzed. The characteristics of these patients are 
shown in Table I. The median age of the patients was 
59 years, with most cases involving female patients. 
All patients had viral hepatitis B (100%); 53% of pa-
tients were classified as having stage B liver function 
according to the Child-Pugh criteria. A  total of 84 
nodules in 32 patients were treated via laparoscop-
ic B-ultrasound-guided ablation using a microwave 
ablation device. Among these cases, 2 additional tu-
mors were discovered intraoperatively. 

Short-term data

The postoperative complications included pain 
(n = 8), fever (n = 6), and abdominal distension  
(n = 6). The median postoperative length of stay was 

4 days (range: 2–8 days). Enhanced CT was carried 
out 1 month after surgery to determine the thera-
peutic effects of microwave ablation and tumor res-
idue. The results suggested that all treated necrotic 
volumes showed a lower density than that observed 
in the original tumor or even cyst-like low-density 
necrotic regions; moreover, enhanced CT showed no 
enhancement within the tumor region (Photo 2). Im-
aging examination conducted 1 month after surgery 
showed that a complete ablation rate of 100% was 
achieved for nodules with a diameter of ≤ 3.0 cm (n = 
48), among the 84 nodular tumors. Among the nod-
ules with a diameter of > 3.0 cm (n = 36), incomplete 
ablation was achieved for 5 nodules (4 cases); how-
ever, complete ablation was confirmed in the second 
enhanced CT examination conducted 1 month after 
the second laparoscopic microwave ablation. Recur-
rence of each lesion and overall in 32 patients at 3, 

Photo 1. Intraoperative photo showing the procedure of laparoscopic microwave ablation (MWA). Liver cirrho-
sis and surface mass (A); dissect ligamentum teres hepatis (B); B-ultrasound-guided microwave ablation (C, D)
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6, and 12 months after surgery was recorded. We 
found that the difference in local recurrence after 
surgery between the two groups was not statisti-
cally significant. In terms of overall recurrence and 
metastasis, 2 cases involved intrahepatic recurrence 
in other sites; conventional B-ultrasound-guided mi-
crowave ablation was indicated owing to the single 
small lesion and accessible position.

Survival statistics

Patients were followed up for a  median of 16 
months (12–20 months). The follow-up results were 

as follows: (1) 4 (12.5%) cases involved local tumor 
recurrence; (2) 5 (15.6%) involved intra-hepatic me-
tastasis; (3) 4 (12.5%) involved extra-hepatic metas-
tasis. No cases of death were reported during the 
follow-up.

Discussion

Multifocal primary liver cancer is frequently 
treated via ablation, largely because the tumors are 
difficult to resect; however, microwave ablation is 
a common treatment at present [1–4]. Convention-
ally, microwave ablation for liver cancer is completed 
under B-ultrasound guidance, but the tumor may 
be shaded by lung gas or intestinal gas or may be 
located close to vital regions of the organ, which 
may affect puncture positioning. Therefore, laparo-
scopic B-ultrasound-guided microwave ablation has 
been increasingly applied in clinical settings [3, 4]. 
Compared with conventional B-ultrasound-guided 
microwave ablation, the surgical field is clear and 
the operation can be conducted safely under direct 
laparoscopic guidance. However, peri-hepatic tissues 
and organs can be moved intraoperatively, which 
may reduce collateral damage to peripheral tissues. 
The exploratory field of vision is clear and extensive, 
and is not restricted by abdominal incision size or 
current imaging technology [5, 6]. Moreover, laparo-
scopic B-ultrasound-guided microwave ablation can 
easily identify lesions that are not visible on preop-
erative imaging examination. In addition, the closest 
point to the tumor cannot be selected when posi-
tioning the puncture point in vitro, which may add 
to the risk of accessory injury. The radiofrequency 
ablation needle can be placed more accurately under 
laparoscopic guidance. In particular, the monitored 
treatment range and effects are more reliable in cas-
es of multifocal liver cancer requiring multi-needle 
and multi-operation approaches [5–9]. Thus, laparo-
scopic B-ultrasound-guided microwave ablation can 
reduce the chance of intrahepatic bile duct injury, 
spare excessive coagulation of peripheral non-tu-
mor tissue, and preserve impaired liver function. 

Laparoscopic B-ultrasound-guided microwave 
ablation is superior to the conventional approach in 
that it allows for ablation in sites difficult to access. 
In our practice, multifocal liver cancer manifests in 
different sites; the ablation is carried out from the 
periphery to the center, as well as from safe to dan-
gerous sites. For tumors near the liver surface that 

Table I. Demographic data for 32 patients with 
hepatocellular carcinoma (HCC) undergoing lap-
aroscopic microwave ablation

Parameter Value

Age [years] 58.9 (48–72)

Sex (female/male) 18/14

Abdominal surgical history 6 (18.8%)

Anti-virus treatment 12 (37.5%)

Child-Pugh grade:

A 15 (46.9%)

B 17 (53.1%)

Tumor number [cm]: 84

≤ 3 48 (57.1%)

> 3 36 (42.9%)

Tumor size [cm]:

≤ 3 2.1 ±0.2

> 3 3.4 ±0.1

Liver segmental location:

Segment I 2 (2.4%)

Segment II 11 (13.1%)

Segment III 9 (10.7%)

Segment IV 8 (9.5%)

Segment V 15 (17.9%)

Segment VI 10 (11.9)%

Segment VII 18 (21.4%)

Segment VIII 11 (13.1%)

Bile duct or blood vessel proximity 13 (15.5%)
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exhibit hemorrhage after ablation (55 cases in the 
present study), the ablation time can be delayed or 
an electric coagulation device can be applied under 
direct observation. Compared with measures of in-
ternal bleeding and digital subtraction angiography 
(DSA) for cases of hemorrhage after conventional 
B-ultrasound-guided microwave ablation, direct vi-
sion under laparoscopy leads to more accurate he-
mostatic effects and fewer injuries [10–12]. Further-
more, a tumor exceeding the liver surface is at risk for 
rupture during ablation. During the procedure, low 
power (30 W) ablation is administered for the first 
30 s, which is increased to 80 W thereafter to avoid 
high temperature-induced tumor rupture. In cases 
of liver cancer located at the top of the liver near 
the diaphragm, conventional B-ultrasound-guided 
operation may injure the diaphragm. In contrast, 
laparoscopic operation is convenient for observation 
and positioning. Artificial ascites can be established 
using saline, such that the liver and diaphragm can 
be isolated with water while absorbing some of the 
heat, thus avoiding injury to the diaphragm. In cases 
of liver cancer located in the lower part of the liver 
near the gastrointestinal tract, organs close to the 
tumor can be isolated through traction or compres-
sion with pliers under laparoscopic guidance. Thus, 
injury to adjacent organs such as the gastrointes-
tinal tract can be prevented, and therefore compli-
cations such as colonic and gastric perforation can 
be prevented. It is worth noting that in cases of he-
patic tumors located in the left lateral lobe accom-
panied by cirrhosis, the left hepatic lateral lobe is 
thin; therefore, the stomach is likely to be damaged 
during percutaneous microwave ablation. Therefore, 
during the procedure, the hepatic left lateral lobe 
can be slightly dissociated under laparoscopic guid-
ance and lifted using the autooperation laparoscopy 

pole for ablation [12]. In cases of liver tumors locat-
ed near the great vessel branch and great bile duct 
branch (33 cases in the present study), poor control 
over the ablation range may lead to severe com-
plications. All microwave ablation procedures are 
conducted based on the principle of an inside-out 
ablation range and the formation of a quasi-circular 
destruction range behind the needle tip. The preset 
location of the needle tip can be adjusted as much 
as possible towards or facing the great vessel branch 
and great bile duct branch. Thus, the progression of 
the ablation can be observed, such that the maxi-
mal ablation effect is achieved without affecting the 
great vessel branch or great bile duct branch. Fur-
thermore, previous studies have reported that blood 
flow will absorb some of the heat from the ablation 
near the great vessel, which may lead to incomplete 
ablation. Therefore, hepatic portal occlusion can be 
induced to arrest the blood flow; however, this meth-
od was not attempted in this research [11, 13].

In the present study, 32 patients successfully 
completed the treatment, and no severe complica-
tions were reported. The major adverse reactions 
were pain, fever, and abdominal distention, which 
improved after the corresponding treatment. How-
ever, precautionary measures for severe complica-
tions were also taken during the perioperative pe-
riod. The needle passage transfer rate is reported to 
be in the range 0.2–12.5%, which is in contrast to 
that observed in our study [12, 14]. Needle passage 
transfer may directly affect the therapeutic effect 
and therefore warrants attention. In the present 
study, most tumors were located close to the liver 
surface or great vessel or were poorly differentiated 
in terms of pathology. On the basis of our clinical 
experience, we recommend that needle withdrawal 
be conducted slowly along with microwave irradia-

Photo 2. Postoperative contrast-enhanced CT examination (complete ablation)

BA
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tion (cooling water should be shut down for 10–15 s,  
followed by shutting down of the microwave nee-
dle power supply). This effectively inactivates tumor 
cells adhering to the needle. Repeated puncture at 
the same site should be avoided for tumors located 
close to the liver surface; moreover, needle passage 
transfer should also be reduced. The incidence of 
hepatic abscess is estimated at 2–3%. This can be 
avoided by selecting the optimal approach so as to 
reduce repeated puncture and heat damage due to 
ablation [15]. Moreover, antibiotic treatment should 
be continued for a  long time after surgery. All pa-
tients in the present study received antibiotics con-
ventionally after surgery. No cases of liver failure 
were reported in our patients. The literature states 
that the degree of liver function impairment is sig-
nificantly worse in patients with a long operation du-
ration than in those with a short operation duration 
under the same operation conditions. In our study, 
transient elevation in alanine aminotransferase was 
observed on the first day after surgery, and returned 
to the preoperative level 1 week later; no cases of 
remarkably impaired liver function were observed. 
Additionally, albumin and total bilirubin levels did 
not significantly differ before and after treatment. 
a-Fetoprotein levels decreased notably 1 month af-
ter treatment compared with that before (Table II). 
We believe that microwave ablation would cause 
limited liver function impairment, and the operation 
duration should be reduced as much as possible un-
der the premise of guaranteeing ablation effects.

Local tumor residual rate is an important indi-
cator of the reliability of microwave ablation or ra-
diofrequency ablation. A previous study showed that 
complete coverage of the tumor by the coagulation 
region in 3D space is the key to determining the ef-
fect of microwave ablation. The microwave antenna 
is placed in the center of the tumor body when the 

diameter is ≤ 3 cm so that the treatment can be com-
pleted via coagulation on the first attempt. Thus, 
the survival rate in cases of residual cancer tissue 
peripheral to the tumor can be reduced; moreover, 
the coagulative necrosis region can cover > 5 mm  
outside the outer edge of the tumor [15, 16]. Liv-
er tumors with a diameter of > 3 cm require multi-
point and multi-directional punctures for divided 
treatment. Patients who developed local recurrence 
in the ablation region or a new lesion in the adja-
cent liver tissue underwent a  second laparoscopic 
B-ultrasound-guided microwave ablation. The re-ex-
amination CT conducted 1 month after surgery did 
not reveal any tumor residue in cases of tumors with 
a diameter of ≤ 3 cm; however, in 5 cases (involv-
ing 4 patients) among 56 wherein the tumor diame-
ter was > 3 cm, residual lesions were detected. The  
5 residual tumors were treated with a  second ab-
lation, and no tumor residue was observed on en-
hanced CT 1 month later. Thus, complete ablation 
may not be achieved in tumors measuring > 3 cm, 
because large tumors do not show a regular shape 
in 3D space, which may lead to omission when de-
signing the ablation range. No obvious local resid-
ual lesions are typically identified after the second 
ablation [17, 18]. Laparoscopic B-ultrasound-guided 
microwave ablation is a  treatment for liver cancer 
that has the advantages of reproducibility and mini-
mal trauma, adverse reactions, and complications. It 
is the preferred choice for patients with multiple le-
sions and with no surgical indications. It can greatly 
improve the quality of life of patients with advanced 
tumors and led to the establishment of new condi-
tions for further surgery or chemotherapy for some 
patients. Tumor size, quantity, site, and adjacent an-
atomical relationship were found to vary. Therefore, 
different operation methods were adopted based 
on different conditions. It is noteworthy that impor-

Table II. Postoperative data comparison

Variable ALT [U/l] TBIL [µmol/l] Albumin [g/l] AFP [µg/l]

Before ablation 67.2 ±19.0 34.8 ±10.5 39.2 ±10.4 451.4 ±140.1

After ablation
1 day

246.1 ±93.0 48.7 ±22.1 38.4 ±11.3 –

After ablation
1 week

98.3 ±20.2 40.6 ±11.3 37.9 ±9.8 401.8 ±172.7

After ablation
1 month

60.2 ±11.2 34.7 ±12.1 38.3 ±9.7 204.5 ±134.4*

*P ≤ 0.05, TBIL – total bilirubin.
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tance should be attached to the adjacent anatom-
ical characteristics among the numerous factors. 
Ablation for liver cancer adjacent to other anatom-
ical structures is likely to induce thermal ablation 
injury and complications or tumor residue owing 
to an insufficient safety range. Another important 
factor affecting the effects of ablation is tumor size. 
A previous study reported that definite ablation can 
be achieved for tumors with a diameter of < 3 cm. 
However, tumors measuring > 3 cm are associated 
with the possibility of incomplete ablation, which is 
consistent with the results of this research [16–19]. 
The minimally invasive and reproducible nature of 
laparoscopic microwave ablation entails no signifi-
cant differences in terms of ablation effect and fol-
low-up results between patients receiving a second 
ablation and those with tumors measuring < 3 cm 
in diameter. Therefore, an individualized regimen 
and strategy for laparoscopic B-ultrasound-guided 
microwave ablation can guarantee precise position-
ing and a sufficient therapeutic range for multi-focal 
primary liver cancer with different sizes in different 
sites. This contributes to achieving the goal of in situ 
tumor inactivation. 

Objectively, this research is associated with 
numerous drawbacks, among which the leading 
problem is that this was a single-center study with 
a  sample size of only 32 patients. The inadequate 
experience at the beginning of carrying out the re-
search may have also led to differences in the ab-
lation effect. Furthermore, there are numerous de-
fects in the experimental design. To be specific, an 
excellent comparative study is lacking. Particularly, 
when certain death case which has different sizes of 
tumors, the comparison of the effect of microwave 
ablation will be affected.

Conclusions 

Laparoscopic B-ultrasound-guided microwave ab-
lation is a local treatment regimen for advanced liver 
cancer, which conforms to the preference for mini-
mally invasive surgery. Compared with conventional 
B-ultrasound-guided microwave ablation, it allows 
for determining the degree of cirrhosis under direct 
vision. Moreover, laparoscopic B-ultrasound-guided 
microwave ablation can help achieve better ablation 
effects for tumors located close to the liver surface. 
More importantly, it can provide a safe ablation en-
vironment for multi-focal tumors or those located in 

sites difficult to access. Further studies are neces-
sary to accumulate additional evidence in favor of 
this approach 
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