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Background: Cryoablation of hepatocellular carcinoma (HCC) close to major organs or viscus is challenging because it can
cause complications. This retrospective study aimed to investigate the safety and efficacy of percutaneous ar-
gon-helium cryoablation of small HCC located adjacent to major organs or viscus.

Material/Methods: Ninety-two patients who underwent percutaneous argon-helium cryoablation between February 2012 and
December 2018 at the Fifth Medical Center of the Chinese People’s Liberation Army General Hospital were in-
cluded. Treatment efficacy was evaluated by magnetic resonance imaging or triphasic computed tomography
scan within 1 week after each cryoablation procedure. Local tumor progression, distant recurrence, and over-
all survival were analyzed using the Kaplan-Meier method and log-rank test.

Results: A total of 92 patients with small HCC located adjacent to major organs or viscus who underwent cryoablation
were retrospectively reviewed. The number of patients with tumors adjacent to the gallbladder, portal or he-
patic vein, diaphragm, stomach, heart, and intestine was 22, 1, 39, 6, 8, and 16, respectively. Cumulative lo-
cal tumor progression rates at 1 and 2 years were 2.8% and 7.3%, respectively. Cumulative distant recurrence
rates at 1, 2, and 3 years were 11.1%, 17.6%, and 20.7%, respectively. The overall survival rates at 1, 2, and
4 years were 100%, 93.6%, and 74.9%, respectively. Major complications were observed in 5 (5.4%) patients.
Minor complications were observed in 85 (92.4%) patients.

Conclusions: This experience from a single center showed that percutaneous argon-helium cryoablation was safe and effec-
tive in the management of small HCC that is located adjacent to major organs or viscus.
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Background

Hepatocellular carcinoma (HCC) is one of the most common ma-
lignancies and causes approximately 1.25 million deaths each
year [1,2]. With the development of diagnostic imaging tech-
nology and the wide application of screening methods in high-
risk groups, the early diagnosis rate of small HCC is increasing
yearly [3]. For many years, surgical treatment (liver resection and
transplantation) for small HCC has been used as a first-line ther-
apeutic option; however, its development is still limited by do-
nor availability and is accompanied by many complications [4,5].

Recently, with the development of percutaneous local abla-
tive therapy, percutaneous argon-helium cryoablation has
been regarded as a safe and effective method for the treat-
ment of very early or early-stage HCC [1,4,6,7]. Compared with
open surgery, percutaneous cryoablation has the advantages
of safety, cost-effectiveness, minimal invasiveness, and fast-
er postoperative recovery [8]. However, complete cryoablation
is still a challenge when the tumor is located in certain loca-
tions such as the gallbladder, portal or hepatic vein, diaphragm,
and heart [9,10]. Previous studies have reported catastrophic
consequences of radiofrequency ablation of HCC at these lo-
cations [11-13]. In the report by Moumouh et al [13], hemor-
rhagic cardiac tamponade occurred during surgery on HCC lo-
cated in the second segment of the liver, near the diaphragm.

Cryoablation of HCC close to major organs or viscus is chal-
lenging because it can cause complications. At present, few
studies have evaluated the safety and efficacy of cryoablation
for small HCC that is located adjacent to major organ or vis-
cus. Therefore, this retrospective study aimed to investigate
the safety and efficacy of percutaneous argon-helium cryoab-
lation of small HCC located adjacent to major organ or viscus.

Material and Methods

Patients

This retrospective study was approved by the Ethics Committee
of the Fifth Medical Center of the Chinese People’s Liberation
Army General Hospital, Beijing, China. Informed consent was
waived. Ninety-two patients underwent cryoablation for the
treatment of small HCC between February 2012 and December
2018 at the Fifth Medical Center of the Chinese People’s
Liberation Army General Hospital. The diagnostic criteria for
HCC were based on current clinical guidelines [14-17]. Patients
were enrolled in this retrospective study based on the follow-
ing inclusion criteria: (1) presence of a single nodule <5 cm or
3 or fewer nodules with <3 cm [18]; (2) absence of vascular
invasion or distant metastasis; (3) Child-Pugh class A or B; (4)
the HCC was located in a high-risk location; and (5) the patient
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had not received any previous surgical treatment. The exclu-
sion criteria were as follows: (1) recurrent HCC; (2) serious co-
morbidities such as cardiopulmonary and renal insufficiency;
(3) severe coagulation disturbance (prothrombin time >25 s,
prothrombin activity <40%, and platelet count <50x10°/L);
and (4) severe infection. All cases of HCC were discussed in a
multidisciplinary meeting consisting of surgeons, medical on-
cologists, and radiologists. Treatment with cryoablation or ra-
diofrequency ablation/microwave coagulation therapy or re-
section or liver transplant was determined using the following
criteria: (1) cryoablation for tumors in close vicinity to major
hepatic veins, hepatic hilum, secondary branches of the por-
tal pedicles, or other organs; (2) microwave coagulation ther-
apy for tumors of <1 cm; and (3) patient preference. All pa-
tients gave their written consent after being fully informed of
each treatment procedure.

Definition of HCC Located Adjacent to Major Organs or
Viscus

Cryoablation of HCC located adjacent to major organs or viscus
is challenging because it can cause some complications. The
HCC located adjacent to major organs or viscus was defined
as the tumor in close vicinity to organs, such as the stomach,
gallbladder, portal or hepatic vein, heart, intestine, and dia-
phragm, with a maximum distance of 1.0 cm [9,19]. The dis-
tance from the edge of the tumor to neighboring organs was
independently analyzed by 2 radiologists on sagittal and cor-
onal reconstruction computed tomography (CT) images or
magnetic resonance imaging (MRI) of axial and coronal/sag-
ittal scans before the procedure.

Percutaneous Argon-Helium Cryoablation

Cryoablation was performed with an argon-helium-based
EndoCare system (EndoCare, Irvine, CA, USA) as previously
described [4,20]. Cryoprobes with different diameters (2 mm
or 3 mm) were applied. The frozen area covered the whole
tumor and at least 5 mm to 10 mm of paraneoplastic liver
tissue. Following the administration of local anesthesia, the
cryoprobes were inserted percutaneously into the tumor site
under CT guidance. The cryoprobe advanced until it reached
the distal edge of the target lesion. The double freeze-thaw cy-
cle included freezing for 20 min, thawing for 10 min, and fur-
ther freezing for 15 min. After removing the probes, all tracts
were packed with Surgicel (Johnson & Johnson, Arlington, TX,
USA) through the sheath introducer to control bleeding, and
the sheath introducer was removed.

Follow-Up Protocol After Treatment

Treatment efficacy was assessed by MRI or triphasic CT scan
within 1 week after cryoablation. Serum o-fetoprotein (AFP) was
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Figure 1. A 45-year-old man who underwent cryoablation for small hepatocellular carcinoma (HCC). (A, B) Axial and coronal magnetic
resonance imaging (MRI) obtained during the arterial phase shows a nodule of approximately 1.1x1.5 cm (white arrow),
located in liver segment VIII, abutting the diaphragm. (C) Cryoprobes were inserted into the tumor under computed
tomography guidance. (D, E) MRI scanning 4 days after cryoablation of HCC. The HCC lesion was completely ablated, showing
a hypovascular zone with a hypervascular inflammatory rim around the ablation zone (white arrow). (F) MRI scanning at 12
months after treatment shows that the ablated area had shrunk significantly (white arrow).

also evaluated 2 weeks after cryoablation and was rechecked
every month thereafter. All patients were followed up every 3
months in the first year after cryoablation and twice a year there-
after to observe tumor recurrence. The follow-up visits includ-
ed routine physical examination, laboratory tests (such as total
bilirubin, serum albumin, prothrombin time, and tumor mark-
er levels), and contrast-enhanced imaging including CT or MRI.

Clinical Outcome Assessment

The treatment was considered a technical success when the
cryoablation area was shown to completely cover the tumor on
the CT that was performed immediately after the procedure,
and when the procedure was without acute complications.
Complete ablation was defined as a lack of enhancement within
the cryoablation area on the initial 1-month follow-up CT scan
or MRI[21]. Local recurrence was defined as tumor recurrence
within or at the periphery of the area that was previously con-
sidered to be completely ablated. Distant intrahepatic recur-
rence was defined as a new lesion that appeared at least 1 cm
from an area previously considered to be completely ablated.
Extrahepatic recurrence referred to the recurrence of any tu-
mor outside the liver. Patients who developed local recurrence
with or without distant intrahepatic recurrence or extrahepatic

recurrence were considered to have local tumor progression,
while patients with distant intrahepatic recurrence or extrahe-
patic recurrence or both were considered to have distant re-
currence. Overall survival was calculated as the time from the
first cryoablation treatment to death or the final follow-up [4].

Statistical Analysis

SPSS version 21.0 software (SPSS, Chicago, IL) was used to
perform statistical analyses. The quantitative variables are ex-
pressed as the mean and standard deviation, while the qualita-
tive variables are expressed as the frequency or percentage. The
rates of local tumor progression, distant recurrence, and over-
all survival were calculated using the Kaplan-Meier method. A
2-sided P value of <0.05 was considered statistically significant.

Results

Baseline Characteristics

A total of 92 consecutive patients with small HCC located ad-
jacent to major organs or viscus who underwent cryoablation
were retrospectively reviewed. Among the 92 patients, 90
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Figure 2. Images from a 51-year-old man who underwent cryoablation for small hepatocellular carcinoma (HCC) located in liver
segment I. (A) Magnetic resonance imaging (MRI) axial scan in the arterial phase before cryoablation; 1 nodule located in
liver segment | (white arrow). (B) Cryoprobes were inserted into the tumor under CT guidance. (C) MRI scan preformed 3 days
after cryoablation indicated technical success. (D) MRI scanning shows that local tumor recurrence (white arrow) was not
found at the 18-month follow-up.

patients had a single tumor and 2 patients had 2 tumors. The
numbers of patients with Child-Pugh grades of A and B were
83 and 9, respectively. The range of tumor size was 2.1+0.6
cm in diameter (from 0.6 to 4.0 cm). The number of patients
with tumors adjacent to the gallbladder, portal or hepatic vein,
diaphragm, stomach, heart, and intestine was 22, 1, 39, 6, 8,
and 16, respectively (Figures 1, 2). Depending on the size and
location of the tumors, 1 to 2 cryoprobes were used (Table 1).

Technical Effectiveness and Clinical Outcomes

The technical success rate and the complete ablation rate
were 100%. The median follow-up time was 20 months (range,
5-63 months). During the follow-up period, local tumor pro-
gression and distant recurrence were found in 4 (4.3%) and
13 (14.1%) patients, respectively (Table 2). Among them, 8

patients underwent cryoablation again, 2 patients were treat-
ed with transarterial chemoembolization, 3 patients underwent
cryoablation in combination with ethanol injection, and the re-
maining patients were not treated. The median duration from
cryoablation to the first recurrence was 11.5+6.2 months. The
cumulative local tumor progression rates at 1 and 2 years were
2.8% and 7.3%, respectively. The cumulative distant recurrence
rates at 1, 2, and 3 years were 11.1%, 17.6%, and 20.7%, re-
spectively. The overall survival rates at 1, 2, and 4 years were
100%, 93.6%, and 74.9%, respectively (Figure 3).

Complications
Cryoablation of HCC located adjacent to major organs or vis-

cus is challenging because it can cause some complications.
In this study, no treatment-related deaths occurred. Major
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Table 1. Demographic and clinical characteristics of study

patients.

Number of patients 92
CMale®) 64 (696
Aget 530495
 Child-Pugh Class %)
"""" A 83 (02
"""" B 9 ©8
Cftiology®%)
"""" Hepatitis Bvirus 78 (848
"""" Hepatitis Cviis 10 (109
"""" othe 6 (65
Tumorsize €m)* 21506
AP level (ng/ml)* 119943776
Totalbilirubin (umol/)r 186+100
Albumin gU)*  370+48
AT 205:306
CasTon 4841488
Tumor location (%)
"""" Galbladder 22 (39)
"""" Portalor hepaticvein 1 (L)
"""" Diaphragm 39 (424
"""" Stomach 6 (65
"""" Heart 8 &1
"""" Intestine 16 (17.4)

* The values are given as the mean and the standard deviation.
AFP — a-fetoprotein; AST — aspartate aminotransferase;
ALT - alanine aminotransferase.

complications were observed in 5 (5.4%) patients, including
spontaneous bacterial peritonitis in 2 patients (2.2%) and pleu-
ral effusion in 3 patients (3.1%) (Table 2). The patients with
spontaneous bacterial peritonitis were treated with antibiotic
therapy and recovered within 1 week. The cases of pleural ef-
fusion were usually self-limited to within 2 weeks. Minor com-
plications were observed in 85 (92.4%) patients, including 15
patients (16.3%) with postoperative surgical-related pain, 19
patients (20.7%) with postoperative fever, 77 patients (83.7%)
with transient elevation of aminotransferase, and 2 patients
(2.2%) with bleeding at the probe insertion point. Consistent
with previous studies [20], postoperative surgical-related pain,
fever, and transient elevation of aminotransferase were the
most common minor complications of cryoablation, and these
complications in patients were usually self-limited, with pa-
tients recovering within 2 weeks without treatment.

CLINICAL RESEARCH

Table 2. Complications after ablation.

Complication Patients (%)

Major complications 5 (5.4)
"""" Spontaneous bacterial peritonitis 2 (22)
"""" Pleural effusion 3 (1)
 Minor complications 85 (924)
"""" Postoperative pain 15 (163)
"""" Postoperative fever 19 (07)
" Transient elevation of aminotransferase 77 (83.7)
"""" Bleeding at the probe insertion point 2 (22)
Discussion

This study aimed to evaluate the experience from our center
of treating patients with small HCC located adjacent to major
organs or viscus. Our results showed that percutaneous ar-
gon-helium cryoablation is feasible for the treatment of small
HCC located adjacent to major organs or viscus, with accept-
able clinical outcomes and rare postoperative complications.
For small HCC, percutaneous argon-helium cryoablation should
be considered as one of the standard local ablation modali-
ties in these patients.

With the significant development of cryotherapy technolo-
gy, minimally invasive percutaneous cryoablation is consid-
ered as a promising option for the treatment of early-stage
HCC. According to guidelines of the American Association for
the Study of Liver Diseases and European Association for the
Study of the Liver, local ablation is the best option for patients
with early-stage HCC who are not suitable for liver resection
or transplantation [6,22]. Compared with other local ablation
techniques, including microwave ablation and radiofrequen-
cy ablation, cryoablation has a more obvious ablative periph-
ery and larger ablative area and causes less pain for the pa-
tient [23]. Also, the safety and efficacy of cryoablation have
been confirmed by previous studies. In a large cohort of cir-
rhosis-based HCC, Rong et al found that the overall survival
rates at 1, 3, 5, and 10 years were 85.7%, 44.6%, 25.7%, and
9.2%, respectively. The rates of local recurrence at 1, 3, 5, and
10 years were 14.8%, 23.5%, 32.7%, and 39.3%, respective-
ly [4]. In a multicenter randomized controlled study compar-
ing percutaneous cryoablation and radiofrequency ablation,
Wang et al found that the incidence of local tumor progres-
sion in patients undergoing cryoablation treatment was sig-
nificantly reduced. However, for tumors that are larger than
2.5 cm to 3 cm, multifocal, or near high-risk locations, such
as major vascular or biliary structures, ablation techniques of-
ten fail to achieve complete ablation coverage of the tumor
[22]. In addition, it can cause many complications. Ma et al [9]
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Figure 3. Kaplan-Meier curves show the cumulative local tumor progression rates, cumulative distant recurrence rates, and cumulative
overall survival rates. (A) The cumulative local tumor progression rates at 1 and 2 years were 2.8% and 7.3%, respectively.
(B) The cumulative distant recurrence rates at 1, 2, and 3 years were 11.1%, 17.6%, and 20.7%, respectively. (C) The overall
survival rates at 1, 2, and 4 years were 100%, 93.6%, and 74.9%, respectively.

reported that the incidences of biloma, capsular injury, sub-
capsular planting metastasis, and pneumothorax after cryo-
ablation treatment of liver cancer in special sites were 1.4%,
18.8%, 1.4%, and 2.8%, respectively. Some previous studies
have reported that fatal complications such as cardiac perfo-
ration, tamponade, and arrhythmia can occur when tumors
are adjacent to the heart [11-13]. Therefore, tumors located
adjacent to major organs or viscus are still a challenge for the
cryoablation procedure.

To date, few studies have focused on the safety and efficacy of
cryoablation treatment in small HCC. However, there have been
several reports showing evidence that cryoablation is a safe and
effective option for small HCC treatment. Orlacchio et al [24]
conducted a case series of 4 patients and reported the safe-
ty and effectiveness of percutaneous cryoablation with ultra-
sound guidance and CT monitoring for the treatment of small
HCC. After a 6-month follow-up, all 4 patients survived with-
out short-term or long-term complications. Shimizu et al [25]
reported the outcomes of MRI-guided percutaneous cryoab-
lation in 15 patients with 16 small HCCs. The results showed
that 1-year and 3-year overall survival rates were 93.8% and
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79.3%, respectively. The complete ablation rate was 80.8% at
3 years. In our cohort, the technical success rate and the com-
plete ablation rate was 100%. Major complications occurred
in 5.4% of the 92 patients, with no procedure-related mortali-
ty. Our results are consistent with previous studies [9,26], and
provide a further clinical reference for the application of per-
cutaneous ablation in the treatment of HCC located adjacent
to major organs or viscus.

The heat-sink effect is a common phenomenon that is char-
acterized by the production of warm blood flow to protect
the heart and peritumoral hepatic vessels from ablation dam-
age [27]. The convective influx of warm blood weakens the ef-
fect of ablation and makes the ablation coverage of a tumor
insufficient. Periportal tumors are difficult to treat owing to
their complex anatomical location and are accompanied by a
higher recurrence rate. Kang et al [28] found that the peripor-
tal location has a significant association with the development
of aggressive intrasegmental recurrence after radiofrequency
ablation. Some authors considered that the high recurrence
rate of perivascular tumors is due not only to the heat-sink
effect, but also to the sudden release of internal pressure of
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the tumor during ablation, which causes tumor cells to spread
through the hepatic portal vein [10]. Therefore, compared with
radiofrequency and other types of thermal ablation, cryoab-
lation has certain advantages in treating perivascular HCC. In
our study, there were only 2 patients (2 of 9) that had distant
intrahepatic recurrence with HCC adjacent to the portal vein
and heart. We consider that the use of cryoablation may pre-
vent the spread of tumor cells and is more suitable for the
treatment of perivascular HCC than is radiofrequency ablation.

The tumors adjacent to the diaphragm can easily cause dam-
age to the diaphragm, pleural, and lungs. A previous study
of 3670 patients who underwent radiofrequency ablation
for liver tumors adjacent to the diaphragm showed that the
incidence of diaphragm damage was 0.16% (6 of 3670 pa-
tients) [29]. Kang et al [30] reported a higher rate of diaphrag-
matic and lung injuries of 25% following radiofrequency ab-
lation. Yang et al found that 24 patients (39.3%) undergoing
cryoablation for HCC adjacent to the diaphragm experienced
intrathoracic adverse events. In our present study, there were
no diaphragmatic injuries, perforations, or other serious compli-
cations in patients with small HCC adjacent to the diaphragm.
Three patients (3 of 39) developed pleural effusion after surgery,
and they recovered within 2 weeks, without further treatment.
It is worth noting that all cases of pleural effusion occurred in
patients with tumors adjacent to the diaphragm. The probes
were inserted through the transthoracic transpulmonary ap-
proach when tumors were adjacent to the diaphragm, so the
pleural effusion was likely caused by the stimulation of the
probe puncture. Consistent with our results, Wang et al [31]
found that post-treatment asymptomatic pleural effusion is
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related to the treatment of tumors located in the diaphragm
dome. Yang et al also found that the incidence of intrathorac-
ic complications of tumors adjacent to the diaphragm is high-
er than that of other tumors.

The present study has certain limitations. First, the retrospec-
tive nature of the study may lead to selection bias. Second,
although the current literature on the efficacy of liver tumors
located adjacent to major organs or viscus is limited, the sam-
ple size of this study is still small, so multicenter studies and
studies with larger sample sizes are needed. Third, our team
has carried out percutaneous argon-helium cryoablation tech-
nology since the 2000s. All patients included in this study were
treated by the same surgeon who had nearly 30 years of surgi-
cal experience. Therefore, the differences in surgical experience
may lead to inconsistent results of efficacy. Finally, the median
follow-up time was only 20 months. Therefore, some late com-
plications such as tumor seeding may not be well evaluated.

Conclusions

This experience from a single center has shown that percu-
taneous argon-helium cryoablation was safe and effective in
the management of small HCC located adjacent to a major
organ or viscus.
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