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Effects of laparoscopic ultrasound-guided microwave ablation 
in combination with surgical resection on liver function and 

immune function in primary liver cancer patients 

INTRODUCTION 

Primary liver cancer (PLC) is a commonly              
diagnosed and life-threatening malignancy                   
worldwide (1). With the continuous progress of             
imaging techniques, the detection rate of PLC is also 
increasing (2). In China, the annual new PLC cases are 
approximately 500000, accounting for over half of 
global new PLC cases (3, 4). Although traditional               
surgical resection is considered as the preferred             
option for PLC treatment that can remove the           
diseased tissue, the operation is more traumatic, and 
it is easy to damage the surrounding important              
tissues and blood vessels (5). For patients with         
multifocal liver cancers, surgical resection is limited 
with low resection rate, and local treatment methods 
such as microwave ablation (MWA) and                    
chemotherapeutic embolization are recommended in 
clinical practice (6). As a new treatment method,                
microwave ablation has the advantages of precise 

efficacy, small damage, and relatively high safety. 
With the advancement in imaging technology, the 
combined application of laparoscopic technology  
optimizes its therapeutic effects (7). Hence, it is of 
great significance to assess the clinical effects of 
LMWA in combination with laparoscopic                        
hepatectomy (LH) on primary liver cancer. 

Previous studies have revealed that laparoscopic 
hepatectomy and ultrasound-guided percutaneous 
microwave ablation have similar efficacy in treating 
primary liver cancer, preventing recurrence, as well 
as improving liver function (8, 9). Laparoscopic surgery 
directly resects cancer tissue, and ultrasound-guided 
percutaneous microwave ablation uses the                   
microwave heat energy to promote cancer tissue  
coagulation, which are both effective for treating  
primary liver cancer (10, 11). Microwave ablation also 
possesses the advantages of high efficiency and fast 
rate compared with radiofrequency ablation in           
cancer treatment (12). Currently, the imaging-guided 
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ABSTRACT 

Background: To investigate the effects of laparoscopic ultrasound (LUS)-guided 
microwave ablation (MWA) combined with surgical resection on liver function and 
immune function of primary liver cancer (PLC) patients. Materials and Methods: 
Clinical data of 100 patients with PLC after surgery in our hospital from January 2021 
to December 2023 were retrospectively analyzed, and divided into laparoscopic 
hepatectomy (LH group) and laparoscopic ultrasound-guided microwave ablation 
combined with laparoscopic hepatectomy (LMWA+LH group). Clinical indicators, 
clinical efficacy, liver function, tumor markers, immune function, incidence of 
complications, postoperative overall survival rate along with tumor free survival rate 
between groups were compared. Results: Compared with the LH group, the 
intraoperative blood loss and postoperative hospital stay was decreased in the 
LMWA+LH group (P<0.05). Total effective rate of the LMWA+LH group was 90.00%, 
higher than the 70.00% in LH group (P<0.05). After therapy, reduction in aspartate 
alanine aminotransferase (ALT), aminotransferase (AST), total bilirubin (TBIL), and the 
elevation in albumin (ALB) in the LMWA+LH group were more obvious (P<0.05). The 
LMWA+LH group showed more obvious elevation in CD4+ and CD4+/CD8+ levels and 
reduction in CD8+ level relative to the LH group (P<0.05). The complication incidence 
showed no statistical difference between groups (P>0.05). Postoperative survival and 
tumor free survival rates in the LMWA+LH group were higher than LH group (P<0.05). 
Conclusion: Laparoscopic ultrasound-guided microwave ablation combined with 
surgical resection promotes the postoperative recovery, improves liver function and 
immune function and improves patient survival rate, which might provide guidance for 
clinical practice. 
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modalities include computed tomography (CT),       
ultrasound (US), and others. CT has the defects in 
displaying small lesion due to the metal material             
artifacts, and US is regarded as safe, fast and effective 
for microwave ablation guidance (13-15). However, few 
studies have explored the effects of laparoscopic             
ultrasound-guided microwave ablation combined 
with surgical resection of primary liver cancer in  
clinic. Therefore, the purpose of this study was to 
further evaluate this method, explore its feasibility 
and efficacy in clinical practice, and provide a more 
effective choice for clinical treatment of primary liver 
cancer. By comparing the safety and efficacy of             
combined LH and LUS-guided MWA therapy with 
those of LH therapy alone, findings of this study 
might guide the design of operative protocol in clinic. 

 
 

MATERIALS AND METHODS 
 

General data 
Clinical data of 100 primary liver cancer patients 

after surgery in our hospital from January 2021 to 
December 2023 were retrospectively analyzed, and 
were categorized into laparoscopic hepatectomy (LH) 
group and laparoscopic ultrasound-guided                
microwave ablation combined with laparoscopic 
hepatectomy (LMWA+LH) group. The LH group        
contained 24 male patients and 26 female patients, at 
an average of 43.56±5.47 years old (35 to 72 years). 
The tumor diameter ranged from 4 to 11 cm, at an 
average of 6.13±1.89 cm. The LMWA+LH group        
contained 25 male patients and 25 female patients, at 
an average of 3.62±5.52 years old (34 to 73 years). 
The tumor diameter ranged from 3 to 11 cm, at an 
average of 6.17±1.92 cm. No statistical difference was 
discovered in general data between groups (P>0.05). 

Inclusion criteria: (1) Preoperative diagnosis of 
primary hepatocellular carcinoma by imaging or 
pathological biopsy; (2) no more than 3 intrahepatic 
tumor lesions, including intrahepatic metastatic            
lesions, and the maximum diameter of metastatic 
lesions was no more than 3 cm; (3) Liver function 
was Child A or B; (4) Preoperative imaging                    
examination did not find vascular invasion and        
metastasis of other organs outside the liver.            
Exclusion criteria: (1) Severe jaundice and refractory 
ascites; (2) Severe dysfunction of the heart, lung, or 
other systems, unable to tolerate surgery; (3) History 
of upper abdominal surgery. 

 

Methods 
The LH group received laparoscopic hepatectomy. 

Briefly, preoperative three-dimensional spiral          
computed tomography (CT, Siemens, Germany) was 
used to accurately locate the boundary, size, location, 
and adjacency of the patient’s tumor tissue. After  
anesthesia and disinfection, a pneumoperitoneum of 
12 mm CO2 was established, and laparoscopy was 
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placed on the umbilicus, and operating holes were 
established under both ribs. During the operation, the 
first, second and third hepatic portal could be                
accurately dissected with the help of B-ultrasound. 
The scope of resection was defined by electrotome 
and was performed according to the preoperative 
three-dimension construction. The blood flow was 
selectively blocked for different liver lobes and liver 
segments according to the intraoperative needs, and 
the precise resection was performed according to the 
scope of the ischemic liver.  

The LMWA+LH group received laparoscopic            
ultrasound-guided microwave ablation combined 
with laparoscopic hepatectomy, the method of             
laparoscopic hepatectomy was the same as LH group, 
and the method of laparoscopic ultrasound-guided 
microwave ablation was as follows: after the patient 
was supine and pneumoperitoneum was established, 
the ultrasound probe (CA541) was used to select the 
puncture location under the guidance of ultrasound 
with ultrasonic apparatus (Mylab ClassC Advanced, 
Italy). The location of the operation hole was               
determined based on the location of the tumor. The 
shape, number, and distribution of peripheral blood 
vessels of the tumor were first observed by               
ultrasound to avoid missing lesions, etc. After               
determining the location of the lesion, abdominal 
wall puncture with microwave ablation needle (ECO 
Medical Technology (Nanjing) Co., Ltd., Nanjing,            
China) was performed, during which dynamic                
changes could be observed to change the puncture 
point and multiple puncture was avoided. After        
insertion into the liver, the probe was repeatedly  
rotated axially to determine the relationship between 
the microwave needle and the location of the lesion. 
If deviation occurred, the needle should be removed 
and re-puncture until the tumor was accurately             
penetrated. The hepatic vessels or bile ducts were 
protected during puncture. The ablation time should 
be determined based on the size, location, as well as 
degree of sclerosis of the tumor. The ablation time of 
each injection was 5-15 min, and the power was       
40-60 W. When necessary, re-puncture ablation was 
performed to ensure the ablation is complete. After 
the ablation, the needle was ablated when the needle 
was removed to prevent bleeding or tumor                
metastasis of the needle. Both groups were treated 
with anti-infection, analgesic and hormone drugs  
after operation. 

 

Regular postoperative follow-up 
Serum alpha-fetoprotein and abdominal enhanced 

CT or MRI were examined one month after surgery, 
every three months in the first year, and semi-
annually in the second and third years. 

CT was performed using a dual-source CT scanner 
(Siemens, Germany). Patients were asked to put 
hands aside of their heads, and instructed with 
breath-holding training before the scanning. Plain 
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scanning was conducted with matrix set as 512×512, 
pitch set as 1.2 mm, tube voltage at 120KV, tube             
current was set as 80-200mAs, the layer thickness 
was set as 1.0 mm, the layer spacing was set as 3.0 
mm, and gantry rotation speed was set as 0.5 s/r.  

For MRI, a 3.0 T MRI system (GE Healthcare, USA) 
was applied, and patients received breath-holding 
training before the scanning. The plain MRI scan was 
performed, including T1-weighted imaging (T1WI) 
with the time of repetition (TR) adjusted to 4 ms and 
the time of echo (TE) adjusted to 2 ms, and the T2WI 
with TR=6316ms, and TE=73 ms, layer thickness was 
set as 4.0 mm and layer spacing was set as 1.0 mm, 
and field of view (FOV) at 32cm×32cm (figure 1). 

Observation indicators 
(1) Clinical indicators including intraoperative 

blood loss and hospital stay in both groups were             
analyzed.  

(2) One month post operation, the clinical efficacy 
of treatment was assessed based on the evaluation 
criteria for solid tumor (16). Complete remission: the 
lesion disappeared after treatment. Partial remission: 
the lesion baseline diameter was decreased by ≥30%. 
Stable disease: there was no increase or decrease in 
the baseline length of the lesion <30%. Progressive 
disease: the lesion baseline diameter was increased 
or new lesions appeared. Total response rate = 
(number of complete remission+ number of partial 
remisson)/ total cases ×100%. 

(3) Liver function indicators: Automatic                        
biochemical analyzer of Beckman Coulter’s AU680 
model (Beckman Coulter, USA) was adopted to              
calculate and compare the liver function levels of  
patients such as total bilirubin (TBIL), albumin (ALB), 
alanine aminotransferase (ALT), as well as aspartate 
aminotransferase (AST). 

(4) Tumor markers: Fasting venous blood was 
taken from both groups before and 3 days after          

surgery, and serum was taken by centrifugation at a 
rate of 3000 r/min. The levels of alpha-fetoprotein 
(AFP, ab108838, abcam, UK), carbohydrate antigen 
199 (CA199, EHCA199, Invitrogen, USA) as well as 
carcinoembryonic antigen (CEA, ab264604, abcam, 
UK) were determined using enzyme-linked                      
immunosorbent assay (ELISA). 

(5) Before and after operation, T lymphocyte              
subsets, including CD3+, CD4+ and CD4+/CD8+, were 
detected by flow cytometry (BD Biosciences, USA) in 
both groups. 

(6) After operation, the two groups were observed 
continuously for 7 days to observe whether there 
were complications such as pleural effusion, chest 
infection, and incision congestion. 

(7) The rate of overall survival as well as tumor 
free survival in two groups was analyzed and               
compared. 

 

Statistical analysis 
SPSS 20.0 (SPSS, Inc., USA) was adopted for data 

analysis. Measurement data were shown as the (x±s) 
and t test was adopted for comparison between 
groups. Categorical data were exhibited as [n (%)], 
and were measured by χ2 test. P<0.05 indicated sta-
tistical significance. 

 
 

RESULTS 
 

Clinical indicators of primary liver cancer patients 
in two groups 

As shown in figure 1, the intraoperative blood loss 
was 93.1±10.7 in the LH group, while the LMWA+LH 
group reduced the level to 72.8±11.9 mL (P<0.0001, 
figure 2A). Additionally, those in the LMWA+LH 
group had average hospital stay of 6.9±1.1 days, 
which was reduced relative to the 9.1 ±0.9 days in the 
LH group (P<0.0001, figure 2B). The outcomes                
indicate that LMWA+LH group has better postopera-
tive recovery in comparison with the LH group.  

 

The clinical response of patients in two groups 
was monitored and evaluated one month after        
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Figure 1. Representative MRI images of primary liver cancer 
patients in the LH group and LMWA+LH group before and 

after treatment. (A) before LH. (B) after LH. (C) before 
LMWA+LH. (D) after LMWA+LH. 

A B  

Figure 2. Clinical indicators of primary liver cancer patients in 
two groups. (A) The intraoperative blood loss of patients in 

the LH or LMWA+LH groups. (B) The hospital stays of patients 
in the LH or LMWA+LH groups. ***P<0.001. 

 [
 D

O
I:

 1
0.

61
18

6/
ijr

r.
23

.2
.6

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ai
l.i

jr
r.

co
m

 o
n 

20
26

-0
2-

20
 ]

 

                               3 / 8

http://dx.doi.org/10.61186/ijrr.23.2.6
https://mail.ijrr.com/article-1-6231-en.html


surgery. In the LMWA+LH group, 26 patients had 
complete remission and 19 patients showed partial 
remission, and the total effective rate reached 
90.00%. In the LH group, totally 18 patients had  
complete remission and 17 patients showed partial 
remission, and the total effective rate was 70.00%, 
which was significantly lower than that of the 
LMWA+LH group, with statistical significance 
(P=0.012, table 1). 

Liver function of primary liver cancer patients in 
two groups 

Prior to therapy, no difference was discovered in 
liver function indexes such as AST (P=0.813), ALT 
(P=0.985), TBIL (P=0.856), as well as ALB (P=0.967) 
between the LH and LMWA+LH groups (P>0.05).  
After therapy, AST, ALT and TBIL were declined 
(P<0.0001) while ALB was elevated in the LH group 
(P=0.01) as well as the LMWA+LH (P<0.0001) group, 
and the LMWA+LH group showed more obvious      
reduction of AST (P<0.0001), ALT (P<0.0001) and 
TBIL (P=0.027) as well as the elevation of ALB 
(P=0.017) when comparing with the LH group (figure 
3A-D). 

 

Detection of cancer biomarkers in primary liver 
cancer patients in two groups 

Prior to therapy, the serum levels of tumor                
markers including AFP, CEA and CA199 in the LH and 
LMWA+LH groups were not statistically different 
(P>0.05). After therapy, AFP, CEA and CA199 levels 
were declined in two groups (P<0.0001), and those in 
the LMWA+LH group presented lower levels when 
comparing with the LH group (P<0.0001, figure 4). 

 

Detection of T lymphocyte subsets in 2 groups 
The T lymphocyte subsets were detected to              

evaluate the immune function of primary liver cancer 
patients in two groups before and after treatment. 
Prior to therapy, we found no statistical difference in 
T lymphocyte subsets between LH and LMWA+LH 
groups (P>0.05). After therapy, CD4+ and CD4+/CD8+ 
levels were elevated while CD8+ level was declined in 
both groups (P<0.0001). Relative to LH group, the 
elevation of CD4+ and CD4+/CD8+ levels as well as the 
reduction of CD8+ level in the LMWA+LH group was 
more dramatic (P<0.0001, figure 5). 
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Groups N 
Complete 
remission 

Partial 
remission 

Stable 
disease 

Progressive 
disease 

Total 
response 

rate 

LH group 50 18 17 7 8 
35 

(70.00%) 
LMWA+ 
LH group 

50 26 19 3 2 
45 

(90.00%) 
χ2           6.250 
P           0.012 

Table 1. Clinical efficacy of two interventions on primary liver 
cancer patients. 

N, number; LH, laparoscopic hepatectomy; LMWA, laparoscopic          
ultrasound-guided microwave ablation. 

Figure 3. Liver function of primary liver cancer patients before 
and after treatment in two groups. (A) AST, (B) ALT, (C) TBIL 
and (D) ALB level in patient serum was examined before and 

after the LH or LMWA+LH therapy. In contrast to before           
therapy, # meant P<0.05, ###meant P<0.001. In contrast to 

LH, * meant P<0.05, ***meant P<0.001. 

Figure 4. Comparison of tumor 
biomarker level between          

patients in two groups. Serum 
level of (A) AFP, (B) CEA, (C) 

CA199 in primary liver cancer 
patients in the LH and 

LMWA+LH groups. In contrast to 
before therapy, ### meant 

P<0.001. In contrast to LH, *** 
meant P<0.001. 

Figure 5. Detection of T         
lymphocyte subsets in primary 

liver cancer patients in two 
groups. Flow cytometry             

detected the (A) CD4+, (B) CD8+ 
and (C) CD4+/CD8+ levels in 

primary liver cancer patients in 
the LH and LMWA+LH groups. In 
contrast to before therapy, ### 
meant P<0.001. In contrast to 

LH, *** meant P<0.001. 
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Incidence of complications in primary liver cancer 
patients in two groups 

As shown in table 2, 4 patients had complications 
in the LMWA+LH group, with a total incidence of 
8.0%, and 3 patients in the LH showed complications 
with a total incidence of 6.0%. The incidence of            
complications showed no statistical difference             
between 2 groups (P=0.695). 

Postoperative survival rate and tumor free               
survival rate in both groups 

We also compared the survival outcomes between 
patients in the LH and LMWA+LH groups. As                  
displayed in figure 5, the postoperative tumor free 
survival rate (P=0.014) as well as the overall survival 
rate (P=0.028) in the LMWA+LH group was more 
favorable relative to the LH group (P<0.05, figure     
6A-B). 

 

DISCUSSION 
 

The incidence of primary liver cancer in China is 
relatively high, and the incidence and fatality rate are 
still rising (17). At present, the pathogenesis of               
primary liver cancer remains largely unknown, which 
might be the result of multi-factor synergism (18).  
According to relevant epidemiological investigations, 
primary liver cancer is mostly related to cirrhosis, 
viral hepatitis, alcoholic liver disease, family history 
and genetic factors (19). Surgery, liver transplantation 
and radiofrequency ablation are the main treatment 
methods for primary liver cancer (20). Radiofrequency 
ablation has significant effect on small tumors, but 
for large tumors, the internal ablation temperature 
cannot meet the requirements, which is easy to lead 
to tumor cell residue, which affects the therapeutic 
effect to a certain extent (21). At present,                     

ultrasound-guided microwave ablation has been 
gradually applied in clinical practice (22). By rubbing 
tumor cells to generate heat through microwave, it 
can rapidly generate heat inside the tumor and              
maintain a high temperature (23). In recent years, it 
has become a hot spot in the research of primary  
liver cancer (24). 

The clinical application of LMWA combined with 
surgical resection of primary liver cancer has                  
important research significance and clinical            
application value (25). First of all, laparoscopic              
ultrasound-guided microwave ablation or ultrasound
-guided microwave ablation combined with                 
laparoscopic surgery, shows great technical               
advantages. The laparoscopic ultrasound probe is 
high-frequency ultrasound, which can obtain               
high-resolution ultrasound images, conduct                 
comprehensive liver scan, achieve accurate tumor 
location, and promote cancer tissue coagulation 
through microwave ablation, which is comparable to 
surgical resection (26). Compared with traditional  
surgical resection methods, laparoscopic surgery has 
less trauma and smaller surgical wounds, and has 
obvious advantages in reducing patients’ pain and 
rapid recovery (27). Secondly, the clinical application 
of LMWA combined with surgical resection of                
primary liver cancer can avoid the risk of traditional 
surgical resection of important tissues and blood  
vessels around the injury, especially for the                   
pathological tissues adjacent to the main blood              
vessels, the risk of traditional surgical resection is 
greater (28). Pre-coagulation of tumor tissue through 
microwave ablation can better protect the integrity of 
surrounding tissues and blood vessels and reduce the 
risk of surgery (29). In addition, laparoscopic              
ultrasound-guided microwave ablation in                   
combination with surgical resection of primary liver 
cancer can also enhance the immune function of            
patients. Previous studies have shown that                
percutaneous radiofrequency ablation can enhance 
immune function and lessen the levels of tumor 
markers such as alpha-fetoprotein (30). Therefore, 
laparoscopic ultrasound-guided microwave ablation 
in combination with surgical resection of primary 
liver cancer may have a positive impact on the                
immune function and the level of tumor markers in 
patients. 

Previous studies have compared the effects                
between local ablation and laparoscopic surgery for 
liver disease therapy. For example, ultrasound-
guided thermal ablation shows significantly less   
trauma with reduced operation time, intraoperative 
bleeding volume and normal liver tissue loss             
compared with the laparoscopic surgery for treating 
focal nodular hyperplasia of the liver (27).                       
Ultrasound-guided microwave ablation is also 
demonstrated to not only reduce the operation time, 
blood loss, hospital stay, but also the ALT and AST 
levels compared with treatment with laparoscopic 
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Table 2. Incidence of complications in 2 groups. 

Groups N 
Pleural 

effusion 
Chest 

infection 
Incision 

congestion 
Total 

incidence rate 
LH group 50 1 1 1 3 (6.00%) 
LMWA+ 
LH group 

50 2 1 1 4 (8.00%) 

χ2         0.154 
P         0.695 

N, number; LH, laparoscopic hepatectomy; LMWA, laparoscopic           
ultrasound-guided microwave ablation. 

Figure 6. Postoperative survival rate and tumor free survival 
rate in both groups. (A) Tumor free survival rate (%) and (B) 

overall survival rate (%) of primary liver cancer patients in the 
LH group or LMWA+LH group. 
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surgery in small liver cancer patients (31). The               
Ultrasound-guided microwave ablation is revealed to 
be highly tolerated with high complete ablation rate 
in hepatocellular carcinoma patients (32).                       
Consistently, in our study, the LMWA+LH group 
showed improved operation outcomes such as              
reduced postoperative hospital stay and                     
intraoperative blood loss when comparing with the 
LH group (figure 2), the total effective rate of the 
LMWA+LH group was 90.00%, higher than that of the 
LH group (70.00%) (table 1), and the reduction of 
AST, ALT and TBIL as well as the elevation of ALB in 
the LMWA+LH group were more obvious when               
comparing with the LH group (figure 3), suggesting 
that laparoscopic ultrasound-guided microwave               
ablation in combination with surgical resection was 
effective in the treatment of primary liver cancer and 
could promote the postoperative recovery and                
reduce liver injury. The reason may be that LMWA 
has the advantages of minimal trauma, simple                
operation and quick postoperative recovery (33). It 
can be performed repeatedly, and it can be directly 
and locally radical for small focal tumors, and it is 
also very convenient to treat recurrent and multiple 
lesions. The microwave ablation curing zone is about 
1 cm, and the liver tissue outside the curing zone will 
not be damaged (34).  

Tumor markers play an important role in tumor 
screening, disease observation, efficacy evaluation as 
well as prognosis evaluation (35). AFP is of great              
significance in the diagnosis of liver cancer (36). The 
early clinical diagnosis of liver cancer is mainly based 
on the results of imaging tests and AFP level (37). AFP 
is an acidic glycoprotein, which is mainly secreted in 
large quantities during the fetal period (38). Because 
the cancerous liver cells can restore the embryonic 
AFP synthesis function, such as the AFP value in the 
blood >400 ng/ mL, more than 95% of the                        
probability can be confirmed as liver cancer (39). CEA 
is a glycoprotein of 180 kDa molecular weight, which 
is present in the epithelial cells of colon cancer and 
embryonic colon mucosa (40). When malignant                
changes occur, tumor cells abnormally synthesize 
CEA and enter the blood and lymphatic circulation, 
resulting in abnormal increase of serum CEA (41). 
CA199 belongs to the oligosaccharide tumor-
associated antigen secreted by digestive system            
tumor cell line, which has certain effect in the                 
diagnosis of digestive system malignant tumor               
diseases, especially liver cancer, colon cancer and 
pancreatic cancer (42, 43). In this study, AFP, CEA and 
CA199 after therapy showed lower levels in the 
LMWA+LH group relative to the LH group (figure 4), 
suggesting that laparoscopic ultrasound-guided              
microwave ablation in combination with surgical 
resection could decline the level of tumor markers in 
primary liver cancer patients, which was consistent 
with previous studies (44, 45).  

CD4+ can help regulate the phagocytic function of 

phagocytic cells, which is positively correlated with 
body immunity (46). CD8+ is a toxic T cell that                  
participates in the body’s immune suppression and is 
negatively correlated with the body’s immunity (47). 
CD4+/CD8+ can reflect the balance of immune cells of 
the subject, and the larger the ratio within the normal 
range, the stronger the immunity of the patient (48). In 
our study, the results displayed that after therapy, 
the elevation of CD4+ and CD4+/CD8+ levels as well as 
the reduction of CD8+ level in the LMWA+LH group 
were more obvious when comparing with the LH 
group (Figure 5), suggesting that laparoscopic               
ultrasound-guided microwave ablation combined 
with surgical resection could effectively restore the 
balance of T lymphocyte subsets and improve the 
immunity of patients. The reason may be that                   
laparoscopic ultrasound-guided microwave ablation 
combined with surgical resection can effectively kill 
tumor cells and reduce immune dysfunction on the 
one hand; on the other hand, microwave ablation 
promotes lesion coagulation, accelerates the                  
elimination of various immunosuppressive               
molecules, and improves the immune response of 
patients, thus achieving better immune improvement 
effects (49). Moreover, clinical outcomes of US-guided 
MWA and surgical resection for liver cancer                    
treatment have been previously compared. An et al. 
have reported that patients receiving US-guided 
MWA and surgical resection have similar five-year 
overall survival (63%, 48.1%) as well as disease-free 
survival (67.5%, 48.8%)(50). In our study, we found 
that the postoperative survival rate as well as tumor 
free survival in the LMWA+LH group was more            
favorable relative to the LH group (figure 6),                
implying that laparoscopic ultrasound-guided               
microwave ablation combined with surgical resection 
had obvious advantages in improving the clinical  
outcomes of patients. 

In conclusion, laparoscopic ultrasound-guided 
microwave ablation combined with surgical resection 
accelerates the postoperative recovery, improves 
liver function and immune function, reduces tumor 
biomarker levels, and improves patient survival rate, 
which might provide clues for the clinical                      
management of primary liver cancer. 
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