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Hepatocellular carcinoma (HCC) is the third most common cause of cancer-related deaths worldwide and 

the second most common cause in China. The rate of resection of HCC is limited to 20-30%. Therefore, 

various local ablative therapies such as radiofrequency ablation (RFA), percutaneous cryoablation (PC), 

microwave, and percutaneous ethanol injection therapy, which play an important role in the treatment of 

HCC, have been developed [1]. Recently, PC, a local ablative therapy, has been developed with several 

advantages (such as ability to produce larger and more precise zones of ablation) over RFA and other 

thermal ablation treatments. This review mainly focuses on the indications, techniques, patient 

management, safety, and efficacy associated with PC for patients with HCC. 
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HISTORY OF CRYOTHERAPY 
In the early days, cryotherapy was used only in laparotomy 

due to the bulky size of the system, use of liquid nitrogen as a 

refrigerant, and various complications, which resulted in 

sluggishness in the use of cryotherapy technique for about 

200 years. In 1998, emergence of modern cryoablation 

equipmen and argon-helium surgery system (Endocare 

Corporation, Irvine, CA) has brought revolutionary advances 

in minimally invasive cryosurgery and was deemed as the 

duration of recovery of PC for tumor clinically. Since 

endocare argon-helium surgery system was introduced in 

1999, China has accumulated abundant clinical experience in 

treating lung, kidney, prostate, and liver cancer. In 2002, the 

American Medical Association designated PC as the 

preferred treatment for prostate cancer; in 2010, the 

American Urological Association issued the Best Practice 

Statement of Cryotherapy for Renal Carcinoma and 

recommended PC; in 2010, the National Health and Family 

Planning Commission of the People’s Republic of China 

designated PC and RFA as local treatment options for HCC 

in the face of normalized diagnosis and treatment; in 2012, 

the National Comprehensive Cancer Network recommended 

PC to the treatment guidelines for non-small cell lung cancer; 

and in 2012, European Association for the Study of the Liver 

and European Society for Medical Oncology jointly renewed 

management guideline for HCC and believed that PC was the 

biggest challenge to RFA.1 

NECROCYTOSIS MECHANISM OF PC 
Cryoablation region comprises the central coagulation 

necrosis and damaged regions in the peripheral tissues. Rapid 

direct necrosis mechanism of central cells includes 

mechanical and permeability damage caused by intra- and 

extracellular ice crystals, and dehydration of cell rupture, 

respectively.3-7 The damage of the peripheral regions is 

mainly due to the secondary injury related to cryoablation 

including hypoxia and activation of programmed cell death, 

which are caused by disrupted small vessels.8 Recent studies 

have indicated that apoptosis is associated with local 

recurrence.9-11 Thermal-cold cycles twice can improve the 

effectiveness of cryoablation and the rate of control of local 

tumor in the therapeutic process. Some evidences have 

shown that single thermal-cold cycle can hardly inactivate 

the tumor with a stronger anti-indemnification as compared 

with normal tissue, which may due to the characteristics of 

tumor fibrous tissue.12-14 Cryoablation mechanism15 is 

provided in Figure 1. 

 

RATIONALE OF PC FOR HCC 

The rationale of PC for HCC is as follows: (1) rich 

experience of RFA for HCC and (2) outstanding clinical 

effect of PC for other solid tumors including kidney, prostate, 

and lungs. The efficiency of RFA may be associated with the 

characteristics of cirrhotic and tumor tissues. When capsule 

or false capsule exists between the soft tissue of tumor and 

juxtacancerous cirrhotic tissue, radiofrequency heat should 

be packed in tumor tissue to produce oven effect, which 

could improve the necrotizing of tumor treatment but limit 

the therapy for microsatellite of tumor.16 Oven effect does 

not exist in PC as cryoablation mechanism has no effect on 

the energy and efficiency. Therefore, PC can sufficiently 
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treat the microsatellite of tumor margin as well as 

juxtacancerous microsatellite. PC has seldom been studied in 

other countries except China, but it is a potential treatment 

method. Previously, it was difficult to perform percutaneous 

pathway because the diameter of cryoprobe, which uses 

liquid nitrogen as a refrigerant, was too large. Nowadays, the 

cryoprobe with a smaller diameter (15-17G, 3 mm=11G) 

makes it possible to perform PC, which has been given close 

attention by western researchers. In comparison to thermal 

ablation including RFA, PC has some advantages. First, the 

ice ball formed in the process of PC can be clearly monitored 

using ultrasonography (US),17 computed tomography (CT).17 

and magnetic resonance imaging (MRI).18 Later a 1.1-mm 

edge, formed between the ice ball and liver tissue, can make 

the liver tissue with abundant moisture necrotic, which 

represents an isotherm of -20°C. Abundantly fibrotic tumor 

tissue can form an 8-mm border at the edge of the ice ball, 

which represents isotherm of -40°C. It is crucial to the 

treatment. The high visibility of ice ball ensures precision 

and safety of therapy, and the tissue gasification during 

thermal ablation process, which affects the observation of 

boundary between the area of therapy and adjacent tissue. 

Second, the concurrent placement of multiple probes can 

ablate the tumor with a 10-cm diameter.20 Additionally, PC 

can reduce evident pain.21 PC focuses the risk of hemorrhage 

after cryoablation. In comparison to thermocautery probe 

path of thermal ablation, PC does not have this advantage. 

However, Shock et al22 did not find that PC could increase 

the risk of hemorrhage in normal liver tissue and had no 

report on cirrhotic tissue. 
 

TECHNICAL FACTORS OF PC 

The critical factors affecting the complication after tumor 

treatment include the place of cryoprobe, imaging monitor, 

patient management, and postoperative nursing. Local 

ablation strategy is to completely damage the tumor and 

normal tissue with 1 cm distance from the tumor. For the 

patients with cirrhosis-related HCC, ablation of peripheral 

normal liver tissue should be reduced properly. 

 

Placement of Cryoprobe 

The place and number depend on the shape and size of the 

tumor. Wang et al. and Hinshaw and Lee proposed 2-to-1 

principle, which is deemed as an ideal place method.23-24 The 

number of cryoprobe is determined using the tumor size. 

Multiple cryoprobes can be placed simultaneously so that 

cryotherapy can produce larger ablation zone. Isothermal 

uniform field of -20°C or below -40°C caused by synergistic 

effect of multiple cryoprobes is able to inactivate tumor cell. 

The effect is superior to single cryoprobe treatment. It is hard 

to follow the 2-to-1 principle due to the rib. Generally, 2 or 3 

cryoprobes are placed simultaneously. For the tumors with 

incomplete ablation, the place of cryoprobe can be changed 

to continue the treatment or re-treatment can be provided to 

thoroughly ablate the tumor below 5 cm. For the tumors with 

a diameter ≤2 cm, 17G single cryoprobe treatment is 

performed using the 2-to-1 principle. Thermal subsidence of 

large vessel should be considered for PC, which has a greater 

effect on the size and shape of isothermal field. If tumor is 

adjacent to the vessel, the cryoprobe should be placed close 

to the vessel as precisely as possible. The ideal method is to 

place the cryoprobe within the tumor edge of vascular side 

about 0.5 cm and <1 cm to form a low-temperature field 

sufficiently. Some tests have proved that PC could not harm 

the vascular wall.25 If the tumor is at the top or at a higher 

place of right lobe of the liver, it is necessary to perform 

intercostal puncture and pay attention to avoid hurting the 

pleural cavity; for the tumor at the top of the liver, CT 

guidance should be used to reduce the possibility of 

pneumothorax. 
 

 

 
 

Figure 1. Mechanisms of Cryoablation A. The temperature of tissues 

adjacent to argon-helium knife drops sharply, resulting in cell death due to 

the formation of ice crystals inside the cell; B. The temperature of tissues a 

little far from argon-helium knife drops relatively slowly. Later ice crystals 

form outside the cell, resulting in the change in osmotic pressure and 

dehydration of cell rupture; C. Ischemia due to disrupted small vessel and 

thrombosis; D. Apoptosis. 

 

 

Imaging Guidance 

US, CT, or MRI guidance can be used in PC; of which MRI 

guidance is considered as the optimum. Ice ball on the MRI 

presents an evident low signal and is clearly visible. MRI has 

a better resolution of soft tissue than the CT, and can clearly 

exhibit tumor. Besides, MRI can investigate the tumor and 

ice ball at multiple planes to check whether the tumor is 

wrapped in the ice ball. Even then, most medical centers still 

choose US or CT guidance due to the constraints of 

equipment. The advantages of US guidance are that it has a 

better resolution of soft tissue and can supervise the location 

of tumor and formation of ice ball in real time. It shows that 

the leading edge of ice ball presents “arc-shaped” bright band 

and the back of ice ball presents “clean” acoustic shadow. 

Although US can clearly monitor the ice ball, the acoustic 
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shadow could affect the observation of deep tumors. On CT, 

the ice ball is identified as a low-density area around high-

density cryoprobe and it has clear boundaries with peripheral 

tissues so that treatment could be supervised precisely. 

However, the main limitation of CT guidance is the low 

resolution of some tumors as well as the imprecise guidance 

due to the ambiguous identification against peripheral tissues, 

and it is difficult to distinguish soft tissues containing fat and 

ice ball, which may lead to incidental injury. 

 

Cryoablation, Freezing, and Number of Times of Thaw 

The size and shape of the ice ball are determined using the 

number of cryoprobe, distance from the cryoprobe, blood 

flow around the cryoprobe, and energy output. Generally, 

100% energy output and two times of thermal-cold cycle (15 

min per time) can sufficiently kill the tumors. The increase in 

the duration of cryoablation and number of times of thermal-

cold cycle can enlarge the volume of ice ball to a limited 

extent. For the tumor edge that cannot be completely ablated 

after two times of thermal-cold cycle, it is difficult to make it 

fully ablated even if the third thermal-cold cycle is performed. 

In this case, a new cryoprobe should be placed or the 

placement of the previous cryoprobe should be adjusted. 

 

Anesthetic Methods 

Local or general anesthesia was provided depending on the 

design of cryotherapy used by the surgical physician. Pain 

caused by PC is less than the thermal ablation including RFA; 

however, local anesthesia method with auxiliary sedation is 

usually adopted. In case the tumor is located in a difficult-to-

treat region or the patients need repeated treatments and can 

hardly expected to hold breath, general anesthesia is usually 

recommended. 

 

Postoperative Management 

Postoperative management mainly involves monitoring the 

vital signs and timely detection of relevant complications. 

After surgery, intravenous glucose was provided to 

supplement fluid and energy, sodium bicarbonate was 

provided to alkalize urine to prevent myoglobinuria, 

symptomatic treatment was provided for antiemesis and 

sedation, and patient-controlled intravenous analgesia was 

provided for the patients experiencing pain caused by the 

special location of the tumor. 

 

SAFETY OF PC 

PC is a type of minimally invasive technology. The incidence 

of complication varies due to some factors such as grade of 

liver function, diameter of the cryoprobe, location as well as 

area of the tumor, and duration of ablation. Some severe 

complications may occur due to the immature treatment 

experience. The incidence of complication in 300 patients 

with HCC at the hospital was 6.3%, involving six patients 

with cryoablation reaction syndrome, five patients with 

hepatorrhexis, four patients with stress gastrorrhagia with 

erosion, two patients with hepatic failure, one patient with 

liver abscess, and intestinal fistula.26 Some innovative 

measures were established after the analysis: (1) PC was 

changed using cryoprobe guidance location, and hemostasis 

was performed using hemostatic gel foam sponges, which 

was imported cryoprobe track through vascular; (2) the edge 

of complete ablation declined from 2 to 1 cm over tumor 

boundary, and warm brine and general electric blanket 

warmth were provided for cryoprobe zone. After the 

treatment, the occurrence of cryoablation reaction syndrome 

declined from 2 to 0.58%, and the rate of local recurrence did 

not increase; and (3) anhydrous alcohol injection combined 

with cryoablation or manual injection of sterile normal saline 

was used to isolate the intestine for the refractory lesions, and 

the rate of occurrence of serious complications after PC 

declined from 6.3 to 3.4%27,28 and had acceptable safety 

(Table 1). This measures have been popularized.  

 

EFFICACY 

In the early phase, the study found that the US guidance of 

PC can thoroughly ablate the focus of the tumor to less than 5 

cm [35]. The duration of median follow-up was 37 months (8 

to 48 months). The rates of survival at 1, 2, and 3 years were 

92, 82, and 64%, respectively, and the disease-free survival 

rates at 1, 2, and 3 years were 72, 56, and 43%, respectively. 

Eight-five (54.5%) patients had relapse in 4 years. Even 

though PC has significantly improved the rate of survival of 

patients with HCC, the higher rate of recurrence is a demerit 

for further improvement in PC for patients with cirrhosis-

related HCC. Therefore, alone US guidance location was 

replaced by both of CT and US bidirectional guidance 

location and timely monitoring. The patients with positive 

hepatitis B DNA virus were provided antiviral drug therapy 

of nucleoside for before PC. After the treatment, the long-

time prognosis of 866 patients with cirrhosis-related HCC 

who met the Milan criteria of PC showed that the rate of 

complete ablation was up to 96.1%, and the duration of 

median survival for the patients with HCC after PC was up to 

77.9 months. The rates of survival at 1, 3, and 5 years were 

98.6, 80.6, and 60.3%, respectively, and the rates of local 

recurrence at 1, 3, and 5 years were 10.7, 22.1, and 24.3%, 

respectively. The positive clinical effect was similar to the 

long-term prognosis of RFA for HCC in recent studies 

(Table 2). A randomized clinical trial (RCT) that compared 

the PC and RFA for the lesions with 4 cm diameter of HCC28 

showed that rates of the complete ablation were 98.3 and 

95.65%, respectively, and the control rates of local tumor 

were 5.6 and 10%, respectively (P=0.126, P=0.115). When 

the diameter of the tumor was >3 cm, the control rate of local 

tumor of PC was superior to RFA (7.7 vs 18.2%; P=0.041). 

The potential superiority of PC was shown by the RCT study 

for the first time, as per the result of non-RCTs.39,40 Hence, 

not only PC kills tumor directly, but also it confirms the 

selective cryoablation for advanced HCC resulted with 

ectopic anti-tumor effect that can inhibit tumor with the 

potential Cryo-immunology. In total, 120 patients with 

advanced HCC were analyzed prospectively and 

retrospectively, and the duration of median follow-up was 9 

months. The clinical results showed that the duration of 

median survival was 10.5 months in the advanced HCC after 

PC and the median time to progress was 5.5 months. The rate 

of clinical effectiveness was 16.7%, the rate of disease 

control was up to 62.5%, the rate of ectopic anti-tumor effect 
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was 6%, and the rate of incidence of severe complications 

was merely 6.3%. The study proposed that after PC, the 

reduced PD-1/PD-L1 and regulatory T-cells were closely 

associated with ectopic anti-tumor effect.42,43  

 

Table 1. Incidence of complications on percuterous cryoablation for hepatocellular carcinoma at different stages. 

 

Authors         
Year  

Journal       
Volume, Page  

Study Design    Number   Severe 
implication (%)  

Bleeding   
(%)  

CS    
(%)  

L A   
(%)  

Cryoshock    
(%)  

LI    
(%)  

B or BF    
(%)  

Seeding 
(%)   

Joachim K. S 
199929    

World J Surg.    
23(2):109-14 

Retrospective   2173 48.3             12   8.3      9     
 

1         12      6 - 

Pearson et al.  
199930  

Am J Surg. 
178:592-99 

Prospective 54 40.7  
 

3.7     5.8     22.2     2         7       -   - 

Tait et al.  
200231 

Br J Surg.  
89:1613-19 

Prospective      44         43.2            34.1      4.5     -      -        4.5      -          -    

Bilchik et al.  
200032 

Arch Surg. 
135:657-64 

Prospective      159         23.0            11.8      3.6     7.0     -         -       4        - 
 

Yang et al.  
201226  

J Hepatobiliary  
Pancreat Sci. 
19:674-684 

Prospective     300          6.3            2.0      2.0     0.33    -        0.67      0.33     0.76[34] 

Wang et al.  
201428 

Hepatology.  RCT           360        3.9         1.1      0.55      -      -       0.55      -        - 

Rong et al.  
201527 

PLoS ONE.  
10: e23621.   

Prospective      866          2.4            0.32     0.58     0.16    -       0.34     0.11      0.67  

Rong et al.   
201533       

Front Med.     
9(1):63-71 

Retrospective    
 

1595         
 

3.4             
 

0.38     
 

1.08     
 

0.17    
 

0.06       
 

0.52     
 

0.04      
 

0.9  
 

 

RCT, randomized controlled trial; CS, cryoreaction syndrome; LA, liver abscess; LI, liver injury; B or BF, biliary or bowl fistula. 

 

 

 

ISSUES AND PROSPECTS 

In conclusion, PC is a potential local ablation technique and 

can effectively ablate larger lesions. Bleeding in the path of 

cryoprobe and implantation metastasis can be significantly 

reduced by hemostatic technology and reasonable puncture 

path. Using the guidance of US or CT, no absolute 

contraindication to PC was found if the puncture path can be 

kept away from the adjacent vessel, blood vessel, and 

gastrointestinal gall bladder. Whereas, the liver function of 

patient and overall rate of survival should be considered. 

Many issues should be studied further: (1) evaluation of 

image (CT or MRI) and dynamic change in the duration of 

follow-up after PC; (2) some studies have reported that the 

growth of residual tumors could be stimulated after RFA, but 

whether uncompleted cryotherapy would stimulate the 

growth of residual tumors still need to be analyzed; and (3) 

immunity due to cryosurgery. 
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