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Abstract: Objective: To investigate the risk factors of liver function damage induced by microwave ablation (MWA) 
in patients with hepatocellular carcinoma (HCC). Methods: We retrospectively reviewed the liver function of 498 
patients with HCC undergoing MWA treatment. The dynamic changes of liver enzymes and Child-Pugh scores were 
observed. The potential risk factors, including the relative position between the tumor and portal vein (PV), tumor 
numbers, ablation volumes, Child-Pugh classifications, platelet, APRI and MELD scores, were analyzed. Results: 
13.86% (69/498) patients suffered from liver function damage, that is, having an increase of two in Child-Pugh 
score three days after MWA. The incidences of liver dysfunction of the patients with tumors close to PV, more than 
three tumors, ablation volumes larger than or equal to 22.5 cm3, Child-Pugh classification B, APRI > 1.6, MELD > 
30 or PLT < 110 × 109/L were 53.85%, 46.15%, 20.60%, 24.24%, 31.53%, 22.55% or 18.92%, respectively, all of 
which are much higher than those of patients without the aformentioned characteristics. Conclusions: MWA can 
cause a transient deterioration of liver function. Patients with tumors close to PV, large number of tumors or large 
ablation volumes may present a great fluctuation of liver enzymes and an aggravation of liver dysfunction. In addi-
tion, poor liver reserve function is a risk factor of liver function damage, but not the elevation of liver enzymes after 
MWA.
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Introduction

Hepatocellular carcinoma (HCC) is one of the 
most common malignancy around the world [1]. 
Approximately, up to one million new liver can-
cer cases are diagnosed and about 745,500 
people die of HCC-related diseases each year, 
making it already the second commonest cause 
of cancer-related mortality [2].

Thermal ablation techniques, especially percu-
taneous radiofrequency ablation (RFA) and 
microwave ablation (MWA), are widely used in 
the treatment of HCC in recent years [3-7] 
because of their minimal invasion and superior 
treatment efficacy. However, ablation of tumors 
usually accompanies with the deterioration of 
liver function [8, 9]. Previous studies showed 
that liver function damage after RFA is related 

to the location of tumors, level of platelet and 
Child-Pugh score [8, 10, 11]. Compared with 
RFA, MWA have a higher output power and larg-
er ablation volume and therefore may increase 
the possibility of liver dysfunction [12, 13]. The 
dynamic changes of liver function induced by 
MWA in patients with HCC, however, have not 
been well studied. In China, however, most of 
the patients are with poor liver reserve function 
due to the chronic viral hepatitis and liver cir-
rhosis [1, 2]. These patients, hence, are prone 
to suffer from liver dysfunction after thermal 
ablation. To prevent from the possible liver dys-
function and further complications, it is of para-
mount importance to understand their related 
factors. 

In the present study we monitored the changes 
of liver function after MWA. A total of seven fac-
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tors, including the relative position between the 
tumor and PV, tumor numbers, ablation vol-
umes, Child-Pugh classification, PLT, APRI and 
MELD scores, were included in this study to 
explore the reasons of the occurrence of liver 
dysfunction.

Methods

Patients

This retrospective study was approved by 
Tianjin Third Central Hospital Institutional Re- 
view Board. All procedures performed in this 
study involving human participants were in 
accordance with the ethical standards of the 

MWA ablation

MTC-3 microwave therapy instrument (Forsea 
Microwave & Electronic Research Institute, 
Nanjing, China) with a frequency of 2450 MHz 
and an output power of 40-80 W was used for 
MWA therapy. The diameter of the cooling uni-
polar needle was 16-guage and the length of it 
is 15 cm. All of the MWA procedures were per-
formed percutaneously by using the ultrasound 
systems of Philips IU-22 (Philips, Bothell, WA, 
USA) with a frequency of 1-5 MHz convex array 
probe under the real-time US guidance. In order 
to achieve complete necrosis of a tumor, the 
radius of ablation volume was 0.5 cm larger 
than that of the tumor.

Table 1. Baseline characteristics of the patients in this 
study before MWA ablation
Parameters Value
Number of patients 498
Total number of tumors 721
Sex (Male/Female) 374/124
Age 59.56 ± 9.07
Etiology
    Hepatitis B virus 410
    Hepatitis C virus 55
    Alcohol 9
    Others 24
Child-Pugh classification
    A 432
    B 66
    ALB (g/L) 39.84 ± 5.99
    ALT (U/L) 32.68 ± 22.01
    AST (U/L) 36.14 ± 22.54
    ALP (U/L) 87.17 ± 41.75
    γ-GGT (U/L) 76.39 ± 119.15
    TBIL (μmol/L) 18.87 ± 10.40
    PLT (109/L) 108.16 ± 58.66
Relative position between the tumor and PV
    Far away 407
    Close to the third branch 72
    Close to the second branch 13
    Close to the first branch 6
    Number of tumors (1/2-3/> 3) 336/149/13
    APRI 1.17 ± 1.07
    Size of the tumors (cm) 2.39 ± 0.82
serum albumin (ALB), alanine transaminase (ALT), aspartate amino-
transferase (AST), alkalinephosphatase (ALP), gamma-glutamyltrans-
peptidase (γ-GGT), serum total bilirubin (TBIL), blood platelet count 
(PLT), aspartate aminotransferase-to-platelet ratio index (APRI). 

institutional and/or national research 
committee and with the 1964 Helsinki 
declaration and its later amendments  
or comparable ethical standards. The 
informed consents of the patients were 
waived. All the treatments were per-
formed in accordance with relevant 
guidelines and regulations. Patients 
selected in this study obey the follow- 
ing inclusion criteria: (1) they were diag-
nosed with HCC and underwent MWA; 
(2) the diameters of their nodules were ≤ 
5 cm; (3) the number of the nodules was 
≤ 5; (4) they did not suffer from portal 
thrombus or extrahepatic metastases; 
(5) they had liver cirrhosis and a liver 
function of Child-Pugh classification A or 
B; (6) the level of platelet counts was ≥ 
50 × 109/L or the international normal-
ized ratio was ≤ 1.7; (7) did not receive 
any other invasive treatment, such as 
PEI, TACE, RFA, during preoperative and 
postoperative period and (8) they did 
not suffer from non-liver related serious 
complications after MWA. Patients were 
excluded from the study for the following 
reasons: (1) with a tumor > 5 cm in size 
or with > 5 tumors; (2) undergoing other 
invasive treatment during preoperative 
or postoperative period; (3) with serious 
complications which may have an effect 
on liver function damage. A total of 498 
patients were included in this study 
(Table 1). All of the diagnoses were re- 
confirmed by ultrasound guided percu-
taneous biopsy.
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Follow-up

To confirm the curative effect of MWA, enhanced 
computed tomogram (CT) or magnetic reso-
nance imaging (MRI) scan was performed one 
month after MWA. Complete tumor ablation 
was confirmed when the postoperative hypoat-
tenuation/hypointensities was in all the phases 
of the CECT or CEMRI. Blood tests for liver func-
tion, complete blood count and prothrombin 
time (PT) were routinely performed along with 
imaging.

Assessment of liver function and data collec-
tion

The size of tumors, number of tumors, relative 
position between the tumor and portal vein 
(PV), blood platelet count, serum albumin (ALB), 
alanine transaminase (ALT), aspartate amino-
transferase (AST), alkalinephosphatase (ALP), 
gamma-glutamyltranspeptidase (γ-GGT), serum 
total bilirubin (TBIL), Child-Pugh classification, 
MELD score, total ablation volume and aspar-
tate aminotransferase-to-platelet ratio index 
(APRI) were collected. The laboratory test was 
performed and Child-pugh scores were collect-
ed before, 3 days after and 1 month after MWA. 
Based on the relative position between the 
tumor and PV, the tumors of the patients were 
divided into four groups, (1) far away from PV; 
(2) close to the third branch of PV (< 5 mm); (3) 
close to the second branch of PV (< 5 mm); (4) 
close to the first branch of PV (< 5 mm). If a 
tumor was near by the furcation of portal vein, 

the tumor was classified to the group with the 
larger branch. Deterioration of liver function 
was defined as an increase of Child-Pugh score 
by two three days after MWA therapy.

Statistics

Continuous variables are shown as mean ± 
standard error. Categorical variables are pre-
sented by frequencies and percentages. 
Comparisons between liver function parame-
ters at different times were performed using 
the repeated measures analysis of variance or 
paired Student’s t-test. The Receiver Operating 
Characteristic Curve (ROC) was used to deter-
mine the cut-of value. A p-value of less than 
0.05 indicated a significant difference. All the 
statistical analysis was conducted using SPSS 
package.

Results

All the patients were successfully treated by 
percutaneous microwave ablation without any 
procedure-related death. 721 tumors were in- 
cluded in this study. Among them, 156 tumors 
were close to the PV and the rest 565 tumors 
were far away from PV. Complete response was 
achieved in 409 (98.08%) of 417 patients with 
tumors far away from the PV and in 89 (95.70%) 
of 93 patients with tumors close to a branch of 
the PV (Figure 1), respectively. 

Three days after MWA, 91 patients with a clas-
sification of Child-Pugh A shifted to B, 12 pa- 

Figure 1. Relative position between the tumor and portal vein. A. The tumor far away from portal vein before treat-
ment. B. The tumor close to the third branch of portal vein before treatment. C. The tumor close to the second 
branch of portal vein before treatment. D. The tumor close to the first branch of portal vein before treatment. E. The 
tumor far away from portal vein after treatment. F. The tumor close to the third branch of portal vein after treatment. 
G. The tumor close to the second branch of portal vein after treatment. H. The tumor close to the first branch of 
portal vein after treatment.
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tients from B to C and one patient from A to C. 
A total of 69 patients suffer from liver dysfunc-
tion, that is, have an increase of two in Child-
Pugh score three days after MWA. 

The changes of liver function indicators were 
shown in Table 2. Large fluctuations in levels of 
ALB, ALT, AST and TBIL were observed three 
days after treatment, while the concentrations 
of ALP and γ-GGT were relative stable. 

Effects of the relative position between the 
tumor and PV on liver function 

The incidences of liver dysfunction of the 
patients with tumors far away from PV, close to 
the third branch, the second branch and the 
first branch of PV were 9.58% (39/407), 29.17% 
(21/72), 53.85% (7/13) and 33.33% (2/6), 
respectively (P < 0.001). The time evolutions  

Figure 3. Three days after MWA, the levels of 
ALT increased by 131.01 ± 148.45, 204.03 ± 
2210.79 U/L and 521.00 ± 513.08 U/L respec-
tively in patients with one, two or three and 
more than three tumor(s) (P < 0.001). The lev-
els of AST increased by 153.46 ± 171.48, 
225.96 ± 193.25, 548.40 ± 487.81 U/L, 
respectively (P < 0.001) and of TBIL, 6.31 ± 
11.98, 9.04 ± 11.50 and 20.37 ± 19.60 
(μmol/L), respectively (P < 0.001). The changes 
of the concentrations of ALB of the three groups 
had no statistically significance.

Effects of the ablation volumes on liver func-
tion 

ROC curve was adopted to find out the cut-off 
value of ablation volumes, i.e. 22.5 cm3. In this 
study, 265 patients had ablation volumes less 
than 22.5 cm3 and 233 patients were with 

Table 2. Changes of liver function indicators before, three days and 
one month after MWA

Before Three days after One month after P value 
ALB 39.84 ± 5.99 36.40 ± 4.71 40.82 ± 6.61 < 0.001
ALT 32.68 ± 22.01 196.51 ± 197.40 37.89 ± 34.07 < 0.001
AST 36.14 ± 22.54 221.60 ± 203.60 46.74 ± 37.12 < 0.001
ALP 87.17 ± 41.75 82.78 ± 42.10 90.07 ± 69.72 0.189
γ-GGT 76.39 ± 119.15 72.45 ± 103.09 80.27 ± 90.40 0.555
TBIL 18.87 ± 10.40 26.42 ± 15.31 21.71 ± 15.69 < 0.001

Figure 2. Effects of the relative position between the tumor and PV on the 
dynamic changes of liver biochemical laboratory values three days after and 
one month after MWA.

of liver biochemical labora- 
tory values, including ALB, 
ALT, AST and TBIL were sh- 
own in Figure 2. The lev- 
els of ALT three days after  
MWA of patients with tum- 
ors far away from PV, close  
to the third branch, the se- 
cond branch and the first  
branch of PV increased by  
139.11 ± 163.17, 265.28 ±  
301.36, 344.55 ± 234.96 
and 165.83 ± 92.74 U/L (P < 
0.001), respectively, of AST, 
165.15 ± 178.12, 283.91 ± 
278.93, 287.31 ± 300.39 
and 160.76 ± 91.17 U/L (P < 
0.001), respectively, and of 
TBIL, 6.27 ± 11.05, 11.25 ± 
12.21, 24.88 ± 27.58 and 
8.17 ± 8.59 (μmol/L) (P < 
0.001), respectively. 

Effects of the tumor numbers 
on liver function 

The patients with more than 
three tumors had an inci-
dence of 46.15% for liver dys-
function, higher than those 
with two or three tumors 
(20.81%) and with only a 
tumor (9.52%). Time evolu-
tions of liver biochemical lab-
oratory values were shown in 
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ablation volumes lager than or equal to 22.5 
cm3. Liver dysfunction incidences in patients 
with small and large ablation volumes were 
7.92% and 20.60%, respectively, (P < 0.001). 
The time evolutions of liver biochemical labora-
tory values for two groups were shown in Figure 
4. The differences between the two groups in 
the elevated levels of ALT, AST and TBIL were 
statistically significant (< 22.5 cm3 vs ≥ 22.5 
cm3: 122.81 ± 152.82 vs 208.79 ± 230.22 U/L 

AST and TBIL were comparable in two groups 
(the classification A vs classification B group: 
188.10 ± 199.67 vs 168.17 ± 226.25 U/L, 
P=0.459, for AST; 7.65 ± 11.80 vs 6.47 ± 15.24 
μmol/L, P=0.467, for TBIL). 

Effects of APRI on liver function 

Patients were divided into three groups accord-
ing to the cut-off values of APRI, namely, ≤ 0.8, 

Figure 3. Effects of the tumor numbers on the dynamic changes of liver bio-
chemical laboratory values three days after and one month after MWA.

Figure 4. Effects of the ablation volumes on the dynamic changes of liver 
biochemical laboratory values three days after and one month after MWA.

for ALT, P < 0.001; 146.56 ± 
177.14 vs 229.70 ± 221.60 
U/L for AST, P < 0.001; and 
6.31 ± 10.08 vs 8.86 ± 14.31 
μmol/L for TBIL, P=0.024). 
The elevated levels of ALB in 
patients with ablation vol-
umes < 22.5 cm3 or ≥ 22.5 
cm3 were 3.33 ± 4.80 and 
3.72 ± 4.67 g/L, respectively 
(P=0.364).

Effects of the Child-Pugh 
classification before MWA on 
liver function 

The incidence of patients with 
Child-Pugh classification B 
suffering from liver dysfunc-
tion was 24.24% (16 of 66), 
much higher than that of pa- 
tients with classification A (53 
of 432, 12.17%, P=0.009). 
The time evolutions of liver 
biochemical laboratory values 
for the two groups were sh- 
own in Figure 5. Three days 
after MWA, the levels of ALB 
decreased from 41.18 ± 4.78 
to 37.17 ± 4.24 g/L in patients 
with Child-Pugh classification 
A and from 31.64 ± 4.84 to 
31.40 ± 3.82 g/L in patie- 
nts with classification B. The 
decreased levels of ALB in the 
classification A group was 
greater than B group (3.99 ± 
4.56 vs 0.46 ± 4.77 g/L, P < 
0.001). The increased level of 
ALT was 175.23 ± 203.66 U/L 
three days after MWA in the 
classification A group, also 
greater than that in the clas-
sification B group (83.23 ± 
125.08 U/L), P < 0.001. The 
elevated concentrations of 
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0.8 to 1.6 and > 1.6. The numbers of patients 
in the three groups were 241, 146 and 111, 
respectively. The possibilities of liver dysfunc-
tion were related to the APRI and the corre-
sponding liver dysfunction rates for the three 
groups were 6.44%, 12.33% and 31.53%, 
respectively (P < 0.001). The changes of the 
liver biochemical laboratory values of the th- 

The patients were classified into three groups 
according to the cut-off values of MELD score, 
namely, MELD score < 25, 25 ≤ MELD score < 
30, and MELD score ≥ 30. The numbers of the 
patients of the three groups were 139, 257 and 
102, respectively. The corresponding incidenc-
es of liver dysfunction were 5.76%, 14.79% and 
22.55% (p < 0.001), respectively. The incidence 

Figure 5. Effects of the Child-Pugh classification on the dynamic changes 
of liver biochemical laboratory values three days after and one month after 
MWA.

Figure 6. Effects of APRI on the dynamic changes of liver biochemical labora-
tory values three days after and one month after MWA.

ree groups before and after 
MWA treatment were shown 
in Figure 6. All the fluctua-
tions in ALB, AST and TBIL, 
except in ALT, had no stati- 
stically significance. The sma- 
ller the APRI is, the more the 
concentration of ALT incre- 
ases, i.e., 199.10 ± 225.55 
U/L when APRI ≤ 0.8, 150.29 
± 169.68 U/L when APRI 
between 0.8 to 1.6, and 
101.50 ± 142.62U/L when 
APRI > 1.6. 

Effects of PLT on liver func-
tion

According to the ROC curve, 
the cut-off of PLT was found to 
be 110 × 109/L. The numbers 
of patients with PLT < 110 × 
109/L and ≥ 110 × 109/L were 
287 and 211, respectively. 
The incidence of liver dysfunc-
tion was 18.82% in patients 
with PLT levels < 110 × 109/L, 
significant higher than that in 
patients with PLT ≥ 110 × 
109/L (7.11%, P < 0.001). The 
time evolutions of liver bio-
chemical laboratory values 
for the two groups were shown 
in Figure 7. Similar to the 
results of APRI, the changes 
of ALB, AST and TBIL were 
comparable between the two 
groups. The patients with 
lower PLT, however, had a 
larger fluctuation of ALT than 
those with PLT ≥ 110 × 109/L 
(189.28 ± 211.05 vs 143.74 
± 184.85 (109/L), P=0.011).

Effects of MELD scores on 
liver function
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of liver dysfunction of patients with MELD 
scores ≥ 30 was about 4 times of that of 
patients with MELD scores < 25. The time evo-
lutions of the liver biochemical laboratory  
values for the three groups were shown in 
Figure 8. All the changes of liver biochemical 
laboratory values before and after MWA am- 
ong the above-mentioned three groups were 
not statistically significant (ALB, P=0.242; ALT, 

patient shifted from B to C. CT scan showed a 
large volume ascites. Branched chain amino 
acid (BCAA) and ornithine aspartate were used 
to reduce the blood ammonia. Drainage of asci-
tes was admitted. Liver protecting and prophy-
lactic antibiotics therapy were performed. Two 
weeks later, the physical condition of the 
patient was improved with the symptoms of 
hepatic coma and ascites disappeared. The 

Figure 7. Effects of PLT on the dynamic changes of liver biochemical labora-
tory values three days after and one month after MWA.

Figure 8. Effects of the MELD scores on the dynamic changes of liver bio-
chemical laboratory values three days after and one month after MWA.

p=0.288; AST, p=0.227 and 
TBIL, p=0.740). 

Case report 

This patient was a 72-year-old 
woman with hepatitis C virus 
related liver cirrhosis. She 
was admitted to our institu-
tion for the treatment of three 
recurrences HCC tumors with 
diameters of 2.6, 2.3 and 1.5 
cm, one of which closed to  
the third branch of PV. The 
patient was treated by the 
TACE and MWA therapy for 
HCC several months ago. The 
laboratory data showed that 
the levels of PLT, ALB, ALT, 
AST, ALP, γ-GGT and TBIL of 
the patients were 69 (109/L), 
29.6 g/L, 34 U/L, 49 U/L, 71 
U/L, 105 U/L and 26.8 
μmol/L, respectively. Her liv- 
er function was evaluated  
as Child-Pugh classification B 
according to the correspond-
ing criteria. The calculated 
APRI was 1.76 and the MELD 
score was 31.98.

MWA was performed strictly 
in accordance with the proce-
dure detailed in the method 
section. The patient suffered 
from serious liver function 
damage and hepatic coma 
syndromes. Laboratory test-
ing of blood revealed the fol-
lowing levels: blood ammonia, 
57 μmol/L; PLT, 59 (109/L); 
ALB, 26.3 g/L; ALT, 873 U/L; 
AST, 1760 U/L; ALP, 101 U/L; 
GGT, 117 U/L; TBIL, 84.2 
μmol/L, respectively. The Ch- 
ild-Pugh classification of the 
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concentrations of ALT and AST recovered to 
normal values. The patient was discharged  
with hypoproteinemia and hyperbilirubinemia 
because of her claim. Eventually, the patient 
died due to the multiple organ failure 5 months 
after MWA. 

Discussion

Nowadays, the demand for security of thermal 
ablation is getting higher and higher. The cor-
responding risk factors of some of complica-
tions, therefore, were clarified in previous stud-
ies [14-16]. However, due to the relatively low 
incidence of serious liver dysfunction, the 
potential thermal damage of liver function men-
tioned in previous studies [8, 11, 17], is usually 
ignored in practice. The aim of this study was to 
investigate effects of MWA on liver function and 
the risk factors of liver function damage.

Our results show that the concentration of  
ALT, AST and TBIL increased while the level of 
ALB decreased three days after treatment,  
all of which recovered within one month ex- 
cept for TBIL. 13.86% (69/498) patients suf-
fered from liver function damage. The inci- 
dence of liver dysfunction in this study is lo- 
wer than that in the studies of Koda et al. and  
Li et al. [17, 18], in which the incidences  
were 25% and 36%, respectively. The low inci-
dence of liver function damage in our study 
may be on account of good liver reserve func-
tions of the patients. Moreover, we investigated 
the risk factors of liver function damage 
systematically. 

The results of our study demonstrate that the 
tumor-related local factors have effects on liver 
enzymes and reserve function. Patients with 
tumor(s) close to PV, large number of tumors or 
large ablation volume have significant fluctua-
tions in liver enzymes and are prone to suffer 
from liver function damage. We suggest that 
there are two reasons resulting in the aggravat-
ing liver function damage from above three fac-
tors. Firstly, the heat produced by MWA may 
cause injury of the normal hepatic parenchyma 
surrounding the tumor. With the increase in 
tumor numbers or ablation volume, more 
parenchyma is ablated and more serious liver 
damage may happen. Our conclusion is consis-
tent with the results of Cizginer et al. [19], which 
confirmed that the elevated aminotransferase 
levels are correlated with the ablation volume. 

Secondly, the heat produced by microwave 
antenna is delivered to liver parenchyma away 
from the ablation area and then harm the tis-
sues. This damage usually happens when the 
tumor near a large vessel is ablated, as firstly 
reported by Jiang et al. [8]. Liu et al. [20] also 
found that thermal ablation for liver cancers 
adjacent to large vessels results in transiently 
damage of liver function. The results of this 
study also suggest that the larger portal vein 
the tumor is close to, the more seriously liver 
function is damaged. Besides, the loss of heat 
may increase the risk of inadequate tumor 
ablation [21]. In order to achieve complete 
necrosis of tumor, more liver parenchyma may 
be ablated. Hence, the incidence of liver dam-
age will further increase. 

Liver reserve function related factors have a 
great influence on the increase in Child-Pugh 
score instead of liver laboratory data. Patients 
with liver function of Child-Pugh classification 
B, high APRI, low level of PLT or large MELD 
scores have a high possibility of liver dysfunc-
tion. The effects of Child-Pugh score and PLT on 
liver function have been explored in previous 
studies. Li et al. [18] and Kuroda et al. [11] 
reported that patients with Child-Pugh scores 
larger than 8 are at the high risk of the aggrava-
tion of liver dysfunction after RFA. Lee et al. 
[10] demonstrated that thrombocytopenia is a 
critical parameter to predict the deterioration 
of liver function after RFA. These results were 
also confirmed by this study. However, none of 
the previous studies, to our best extent, men-
tioned the effects of APRI and MELD scores on 
liver dysfunction. APRI, an indicator of liver stiff-
ness, can reflect the degree of liver cirrhosis 
directly [22, 23]. MELD scores is a system 
assessing the severity of chronic liver disease, 
eliminating the effects of two subjective vari-
ables, portosystemic encephalopathy and 
severity of ascites [24]. Both of APRI and MELD 
are related to liver dysfunction as depicted in 
this study. 

This study has several limitations. Firstly, we 
did not take the influence of indocyanine green 
retention rate into account. Secondly, Chronic 
liver diseases may impact the results of this 
study, but we did not discuss the long-term 
change of hepatic function after the percutane-
ous tumor ablation. In future, a long-term case-
control study may be helpful in accurately pre-
dicting the effects of MWA on liver function.
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Conclusion

MWA is minimally invasive and with a relative 
low incidence of liver function damage in the 
treatment of HCC. Patients with tumors close to 
PV, large numbers of tumors and large ablation 
volumes may present a great fluctuation of liver 
enzymes and an aggravation of liver dysfunc-
tion. In addition, serious liver dysfunction is 
more likely to happen in patients with poor liver 
reserve function. 
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