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Hepatocellular carcinoma (HCC) is the most common primary cancer of the liver re-
sponsible for an increasing number of cancer-related deaths in China (1). Tumor re-
section is presently the preferred curative treatment. However, the estimated rate 

of HCC patients who eventually receive hepatectomy is approximately 5%–15%, and the 
number of HCC patients eligible for hepatectomy is often limited by several factors. There-
fore, local ablation has become a regular treatment approach for HCC (2–5), while radiofre-
quency ablation (RFA) has been widely accepted as a first-line, locally controlled treatment 
for small HCC. Studies have shown that RFA can be as effective as surgical resection, but 
with reduced invasiveness (6–8). However, some groups had considered the location of sub-
capsular lesions as a contraindication to RFA due to the theoretical risk of seeding cancer 
cells along the needle tract or within the peritoneal cavity, the possibility of uncontrolla-
ble hemorrhage, the risk of thermal damage to adjacent organs, and increased risk of local 
tumor progression (9–13). Other studies  reasoned that these limitations could be over-
come through careful attention to the RFA technique when applied to subcapsular lesions 
(14–16). More recently, many studies have investigated and recommended a series of new 
techniques to optimize RFA procedures for subcapsular HCCs, including artificial pleural 
effusion, artificial ascites, artificial pneumothorax, the transthoracic approach, and thora-
coscopic or laparoscopic approaches (12, 16–20). Furthermore, although these innovations 

PURPOSE 
This study aims to evaluate the safety and effectiveness of the percutaneous cryoablation for 
subcapsular hepatocellular carcinoma (HCC).

METHODS
A total of 57 patients with subcapsular (<1 cm form the liver edge) HCCs (68 lesions), who were 
treated with CT-guided percutaneous cryoablation in the Department of Interventional Radiol-
ogy of our hospital between July 1, 2016 and September 1, 2018, were retrospectively included. 
Complete ablation rate, local tumor progression (LTP) and treatment-related complications were 
evaluated. Furthermore, the degree of intraoperative and postoperative pain was measured with 
the visual analog scale (VAS), and laboratory findings were compared before and after the pro-
cedure. 

RESULTS
All patients successfully completed the treatment. The mean follow-up period was 12.8 months 
(range, 3–27 months), and the complete ablation rate was 97% (66/68). Local tumor progression 
occurred in 11 lesions (16.2%), and the 6-, 12- and 18-month cumulative LTP rates were 4.0%, 
8.2% and 20.5%, respectively. Two patients (3.5%, 2/57) developed major complications, and 12 
patients had minor complications (22.8%, 12/57). The mean VAS score during the operation was 
1.65 points (range, 1–3 points). Postoperative pain worsened in 3 patients, and the VAS scores 
reached 4–5. Transient changes in biochemical and hematologic markers were observed.

CONCLUSION
Percutaneous cryoablation for subcapsular HCC is safe and effective; the procedure is simple and 
the patients suffer less pain.
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may improve the effectiveness and safety of 
RFA-based treatment for subcapsular HCCs, 
these would certainly add new elements to 
the complexity of the treatment. Thus, per-
forming a complete and safe ablation for 
subcapsular HCCs remains challenging. 

Recently, revolutionary advancements in 
cryoablation and image-guided equipment 
have made the advantages of cryoablation 
increasingly clear, including reduced inva-
siveness, improved precision in positioning 
and anchoring, and more rational puncture 
routes. A recent randomized controlled trial 
revealed that cryoablation is equally safe 
and effective, when compared with RFA 
for HCC treatment (21). Additional studies 
have revealed that cryoablation is advan-
tageous in treating liver tumors at high-
risk locations (22–24). To date, data on the 
safety and effectiveness of cryoablation for 
subcapsular HCCs remain scarce. The pres-
ent study aimed to evaluate the safety and 
effectiveness of the percutaneous cryoabla-
tion for subcapsular HCCs.

Methods
Patients

The institutional review board of Chang-
hai Hospital approved this retrospective 
study and waived the informed consent. 
Between July 1, 2016 and September 1, 
2018, 89 patients with liver tumors were 
selected to undergo percutaneous cryoab-
lation in the Department of Interventional 
Radiology of our hospital. The eligible crite-
ria for cryoablation were as follows: 1) Up to 
three tumor lesions with diameters of up to 
5 cm; 2) Liver reserve: Child-Pugh class A or 
B cirrhosis; no evidence of adhesions to the 
hollow viscera; the absence of macrovascu-
lar invasion and extrahepatic metastasis; 3) 
Coagulation function: normal prothrombin 
time and platelet count ≥50  000 cells/mL; 
4) Age <85 years old; 5) A written informed 
consent for the cryoablation. Among the 
89 patients, 20 patients with liver metas-

tasis and 12 patients who had non-sub-
capsular HCCs were excluded. Subcapsular 
tumors were defined as lesions located at 
<1 cm from the liver edge (near the stom-
ach, bowel, kidney, liver dome, diaphragm 
and abdominal wall) (14). Finally, a total of 
57 patients (42 male and 15 female) were 
included in the present study. All patients 
met the diagnostic criteria of HCC (25). 

Cryoablation technique
All cryoablation procedures were per-

formed by an experienced interventional 
radiologist using the cryoablation system 
of AccuTarget (AT-2008-II, AccuTarget Medi-
Pharma), and was performed in a comput-
ed tomography (CT) room equipped with 
a CT scanner (Philips Brillance iCT 256 slice 
CT). A suitable operative position and the 
number of cryoprobes (a maximum of four 
cryoprobes can be operated with four sep-
arate output jacks at the same time) were 
selected based on the location, size, and 
shape of the tumor. After local anesthesia 
without sedation, the cryoprobes (1.5 mm, 
straight cryoablation probe; AccuTarget 
MediPharma) were inserted into the target 
lesions guided by the CT image. The routine 
perpendicular puncture method tended to 
perforate the pleura and lung tissue when 
the sub-diaphragm tumors are targeted. 
Hence, the “slant paracentesis” method was 
chosen, and the cryoprobe was inserted 
by tilting from the side of the foot to the 
head. Once the cryoprobe was satisfactorily 
placed, the freezing cycle was initiated, and 
the probe temperature rapidly dropped to 
-170°C in 60 seconds. The freezing period 
lasted for 6–15 minutes, as largely dictat-
ed by the size of the tumor. Then, this was 
terminated once an ice-ball formed large 
enough to wrap the entire tumor (at least 
1 cm beyond the most outer boundary of 
the tumor). Afterwards, the target area was 
warmed up by raising the temperature to 
above 50°C and maintaining it there for 3 
minutes. Each procedure consisted of two 
freeze–thaw cycles. CT scans were per-
formed every 3 minutes during the freezing 
cycle to monitor the size of the ice ball. All 
patients were admitted as inpatients for ob-
servation after the procedure.

Outcome and safety measures 
The follow-up was conducted by mon-

itoring the imaging for each patient. The 
schedule comprised of a dynamic con-
trast-enhanced magnetic resonance im-
aging (MRI) performed at month one, and 

subsequently every 2–3 months after the 
procedure. Complete ablation was defined 
as the absence of any enhanced lesion in 
the ablation area at one month after the 
procedure. If complete ablation was not 
achieved, the patient received a repeat 
round of cryoablation, or other treatments. 
If the patient achieves complete ablation 
after the second cryoablation, the moni-
toring was continued, while if this fails, the 
patient was excluded from further analysis. 
The appearance of visible tumor foci with-
in or at the periphery of the ablated lesion 
uncovered by the follow-up contrast-en-
hanced CT or MRI was defined as local pro-
gression. Distant intra- or extrahepatic re-
currences that occurred without evidence 
of local progression were treated with other 
therapies, and monitoring was continued 
until documented local progression or 
death. Major and minor complications after 
the procedure were monitored and docu-
mented in all patients. Major complications 
were defined as events that required addi-
tional treatments or hospitalization, or that 
resulted in permanent adverse effects. All 
other complications were minor. The de-
gree of intraoperative and postoperative 
pain was measured with the visual analog 
scale (VAS). Biochemical and hematologic 
markers were compared before and after 
the procedure. 

Statistical analysis
SPSS statistics (version 22; IBM Corp.) was 

used for statistical analyses. The complete 
ablation rate was expressed in percentage. 
The cumulative local tumor progression rates 
during the follow-up period were estimated 
using the Kaplan-Meier method. The ob-
servational period for counting recurrence 
was defined as the interval between initial 
treatment and death, or the date of last fol-
low-up visit that ended before September 1, 
2018. Pre- and postprocedural biochemical 
and hematologic data were compared using 
paired t-test. A P value of ≤0.05 was consid-
ered statistically significant.

Results
Table 1 summarizes the main demo-

graphic and clinical characteristics of the 
study group. A total of 57 patients (68 le-
sions) were enrolled in this retrospective 
study. The mean age of patients was 62.4 
years (range, 48–82 years). Each patient 
had either one or two lesions with a mean 
tumor size of 2.4 cm (size range, 0.6–4.0 

Main points

•	 Percutaneous cryoablation for subcapsular 
hepatocellular carcinoma (HCC) is safe and 
effective.

•	 The procedure of percutaneous cryoablation 
for subcapsular HCC is simple.

•	 Subcapsular HCC patients suffer less pain 
with percutaneous cyroablation treatment 
and require only local anesthesia.



cm). All patients had chronic liver disease 
or liver cirrhosis associated with hepatitis B 
(n=52), hepatitis C (n=3), and others (n=2). 
Furthermore, 29 lesions (42.6%) received 
cryoablation as the first-line treatment, 
while 39 recurrent lesions (57.4%) previous-
ly underwent transarterial chemoemboli-
zation (TACE), RFA (Fig. 1) or TACE plus RFA 
treatment and received cryoablation as a 
supplemental therapy. Relative locations of 
tumors were under the diaphragm or liver 

dome for 18 lesions (26.5%), near the stom-
ach or bowel for 9 lesions (13.2%), near the 
abdominal wall for 33 lesions (48.5%), and 
near the kidney for 8 lesions (11.8%).

The complete ablation rate was 97% 
(66/68); the edge of the ablation area was 
enhanced in two patients by dynamic con-
trast-enhanced MRI, which was performed 
at one month after the procedure. Both 
patients underwent an additional cryoab-
lation, in order to adjust for the residual 

enhanced edge of the lesion, and complete 
ablation was achieved thereafter.

The mean follow-up period was 12.8 
months (range, 3–27 months). All patients 
underwent at least one follow-up con-
trast-enhanced CT or MRI test. Local tumor 
progression was detected in 11 lesions 
(16.2%), and the cumulative local tumor 
progression rate at 6, 12, and 18 months 
were 4%, 8.2%, and 20.5%, respectively  
(Fig. 2). Furthermore, distant intra- or extra-
hepatic lesions emerged in 8 patients, and 
these patients were treated with TACE, TACE 
plus RFA, or systemic chemotherapy. Two 
patients with multiple systemic metastases 
died of multiple organ failure at 12 and 15 
months after the procedure.

The cryoablation procedure was suc-
cessfully completed in all patients. The 
major and minor complication rate was 
3.5% (2/57) and 22.8% (13/57), respective-
ly. Two patients presented with local skin 
frostbite at the puncture site, manifesting 
a reddened skin and itching sensation. 
One patient presented with more severe 
symptoms, including small skin blisters 
around the needle site. The skin frostbite 
was healed using frostbite salve over a pe-
riod of 2–3 weeks by intensive skin care. 
Moderate pneumothorax occurred in three 
patients, who fully recovered without any 
additional treatment or prolonging hospi-
tal stay. Varied fever occurred in 7 patients 
after the operation, but none of these pa-
tients had a temperature higher than 39°C, 
and only few of these patients were treated 
with antipyretics. All patients were able to 
tolerate the peri-procedural pain, and their 
VAS scores ranged within 1–3 (mean, 1.65). 
Postoperative pain worsened in 3 patients, 
VAS scores reached 4–5, but this was gradu-
ally relieved after the administration of oral 
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Table 1. Demographic and clinical characteristics of included patients

Age (years), mean (range) 62.4 (48–82) 

Gender (M/F), n 42/15 

Etiology, n

   HBV 52

   HCV 3

   Others 2

Child-Pugh class (A/B), n 52/5

Tumor size (cm), mean (range) 2.4 (0.6–4.0)

Tumor location, n (%)

Near diaphragm or liver dome 18 (26.5)

Near stomach or bowel 9 (13.2)

Near body wall 33 (48.5)

Near kidney 8 (11.8)

Cryoablation as primary therapy, n (%) 29 (42.6)

After TACE, n (%) 23 (33.8)

After RFA, n (%) 7 (10.3)

After TACE+RFA, n (%) 9 (13.2)

M, male; F, female; HBV, hepatitis B virus; HCV, hepatitis C virus; TACE, transarterial chemoembolization; RFA, 
radiofrequency ablation.

Figure 1. a–c. A 51-year-old male patient with a recurrent lesion after liver transplantation. Arterial phase magnetic resonance image (a) demonstrates 
residual enhancement at the edge of the lesion (arrow) after RFA. CT image (b) shows ice-ball covering the lesion completely (arrow) after freezing cycle. 
Arterial phase magnetic resonance image (c) obtained 19 months after procedure shows no evidence of local tumor progression (arrow).

a b c
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painkillers. The routine blood and white 
blood cell count were elevated, platelets 
decreased to varying extents at one day 
postprocedure in all patients, but the al-
tered values remained within the normal 
range. Hepatic function, including total bil-
irubin, alanine aminotransferase and aspar-
tate transaminase, was noticeably altered 
and gradually restored to normal levels af-
ter one month (Table 2).

 
Discussion 

The present study achieved complete 
ablation in 97% lesions (66/68). Local tumor 

progression occurred in 11 lesions (16.2%) 
after a mean follow-up of 12.8 months, and 
the cumulative local tumor progression 
rates at 6, 12, and 18 months were 4.0%, 
8.2%, and 20.5%, respectively. The recent 
RFA treatment of subcapsular liver tumors 
revealed similar complete ablation rates 
that ranged within 88.6%–100% (14, 15, 
26). The local tumor progression rate in the 
present study was comparable to that pub-
lished in 8%–19.25% of studies on RFA- or 
cryoablation-based treatment for subcap-
sular liver tumors (14, 15, 27), although the 
overall mean follow-up period in the pres-
ent study was relatively short. Kim et al. 

(22) reported a 96.4% technical success rate 
for the cryoablation of subcapsular HCCs, 
but no complete ablation was assessed 
(22). Komorizono et al. (28) and Ng et al. 
(29) suggested that the rate of local tumor 
progression was technique effectiveness 
dependent. Thus, the completeness of the 
ablation was the main determinant for local 
tumor progression. At the pathology level, 
local tumor progression was likely correlat-
ed to microscopic vascular invasion and 
satellite micrometastases within 5–10 mm 
of the tumor, which varies among individ-
ual patients. Okusaka et al. (30) reported in 
a study that among 149 cases with resected 
small solitary HCC, 19% patients had satel-
lite lesions, and 33% of which were located 
within 5 mm of the main tumor, while the 
other 50% were located within 10 mm of 
the main tumor. In another study of simple 
nodular-type HCCs, adjacent microsatellite 
lesions in the adjacent 2 mm from the tu-
mors were found in 66.7% of cases, while 
the other 11.1% of patients had lesions lo-
cated within 5 mm (31). It is common prac-
tice in thermal ablation to create an abla-
tion zone large enough to cover the entire 
tumor volume, and provide a 5–10 mm ab-
lation margin. In our experience in achiev-
ing complete ablation, the edge of the 
cryoablation should induce an ice ball that 
must exceed the dimensions of the tumor 
by 10 mm or more. In addition, cryoprobe 
placement should be parallel to the tan-
gent line of the liver capsule and penetrate 
through the tumor, and this is important for 
subcapsular tumors. 

No treatment-related deaths or serious 
adverse events occurred in this study. In 
recent years, subcapsular HCCs were con-
sidered less suitable for RFA. Subcapsular 
tumors and tumors abutting the hollow 
viscera have long been associated with 
increased risk of complications. Recent 
studies on the RFA- or cryoablation-based 
treatment of subcapsular liver tumors have 
reported that major complications ranged 
within 0%–6.8%. Two patients in the pres-
ent study developed postoperative frostbite 
around the skin at the puncture site. This 
frostbite was caused by the bending of the 
deformed cryoprobe, which led to the mal-
function of the hollow temperature insula-
tion in the cryoprobe during the process of 
the puncture. Nonetheless, these frostbites 
were successfully healed. Furthermore, 
three patients developed a small amount of 
pneumothorax, which required no addition-
al treatment. Although 18 lesions abutted 

Figure 2. Cumulative local tumor progression (LTP) rate in study patients. 

Table 2. Changes in laboratory findings before and after the procedure

Variable Preprocedure Postprocedure P 

WBC (×109/L) 5.36±1.34 7.00±1.89 <0.001

PLT (×109/L) 152±71.51 130±59.24 <0.001

TBIL (µmol/L) 10.36±4.14 15.4±5.77 <0.001

ALT (U/L) 27.71±23.21 187.14±127.06 <0.001

AST (U/L) 25.71±12.31 169.21±123.54 <0.001

WBC, white blood cells; PLT, blood platelets; TBIL, total bilirubin; ALT, alanine aminotransferase; AST, alanine 
aminotransferase.



the liver dome or diaphragm, the low inci-
dence of pneumothorax benefited from the 
selected method of “slant paracentesis”, in 
which the cryoprobe was inserted by tilting 
from the side of the foot to the head. This 
technique efficiently reduced the incidence 
of direct penetration through the pleura 
with the cryoprobe. The treatment proce-
dures for subcapsular tumors are associated 
with risk of bleeding from both non-tumor 
and tumor tissues, and diaphragmatic and 
gastrointestinal perforation complications. 
During the cryoablation procedure, the 
formation of ice balls can be monitored 
in real-time, and the ablation zone can be 
controlled through ultrasound, CT, or MRI. 
Generally, cryoablation is selected to treat 
tumors that are near the gallbladder, dia-
phragm, major bile ducts, hepatic portal 
and other high-risk locations. In a study of 
28 patients with the cryoablation of subcap-
sular HCCs, merely one patient developed 
injury of the hepatic capsule with no active 
arterial bleeding. This was classified as a ma-
jor complication, and the patient recovered 
without any sequelae (22). Such complica-
tions were not encountered, partly because 
of the relatively small sample and the selec-
tion of patients. 

Cryoablation can rarely induce tumor 
seeding, but it presents a major concern. 
The reported incidence of seeding after RFA 
varied within 0.005%–12.5% (13, 26, 32, 33). 
Subcapsular location was a risk factor asso-
ciated with an increased likelihood of tumor 
seeding. The 7.9%–36.0% seeding rates for 
the RFA of subcapsular lesions have been 
reported (9, 13). High seeding rates were 
partially attributed to technical problems in 
the procedures (32, 34). Tumor seeding was 
low in another study, and merely 11 of 1436 
patients (0.76%) were found to have seed-
ing during a total of 3015 HCC cryoablation 
sessions (35). No tumor seeding was ob-
served during the follow-up period in the 
present study. The longest interval from the 
first session to the diagnosis of seeding was 
two years (35). Therefore, a longer follow-up 
period is required for assessing tumor seed-
ing in this study.

Severe pain is a notable side effect during 
and after the RFA session. This may interfere 
with the patient’s daily activities for sever-
al days, and require analgesic or sedative 
medication. A RFA study revealed that the 
location of a tumor adjacent to the parietal 
peritoneum is an independent predictor of 
higher pain level. All patients in the present 

study were able to tolerate the peri-proce-
dural pain under local anesthesia using li-
docaine, and the mean VAS score was 1.65 
(range, 1–3). Postoperative pain in three 
patients was intensified at 6 hours after the 
operation, and the VAS scores reached 4–5, 
all of them relieved with oral painkillers. 

At present, the argon-helium knife (Amer-
ican Endocare Cryocare and Israel Galil Cryo-
hit Cryosurgery system) is the most common 
cryoablation device in clinical application. 
High-pressure (5000 psi) argon and helium 
gas are used as the refrigerant, which em-
ploys the principle of Joule-Thomson to cool 
and warm the end of the cryoprobe. In the 
present study, a novel cryoablation device 
(Accu Target) was applied, which similarly 
utilizes the Joule-Thomson principle, uses a 
mixture of low-pressure (1500 psi) argon and 
nitrogen as the cooling gas, and combines 
the characteristics of the fast cooling rate of 
argon and the terminal low temperature of 
nitrogen. At present, this novel cryoablation 
device is widely used in clinical practice in 
China, but needs extensive and long-term 
evaluation.

The present study has some limitations. 
First, this was a retrospective study that con-
sisted of a small number of patients and a 
short follow-up period. Second, a portion of 
patients with recurrent lesions experienced 
other treatments before the cryoablation, 
which may complicate the evaluation. In 
addition, comparisons were not performed 
between the RFA and cryoablation treat-
ment of subcapsular HCCs. 

In conclusion, our results imply that the 
cryoablation of subcapsular HCCs is safe 
and effective. The procedure is simple and 
the patients suffer less pain. 
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