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Abstract

Purpose To evaluate the efficacy and safety of ultrasound
(US)-guided percutaneous argon-helium cryoablation for
hepatocellular carcinoma (HCC) and determine appropriate
indications.

Methods We reviewed outcomes of 300 HCC patients who
underwent US-guided percutaneous cryoablation.

Results Overall, 223 tumors (mean diameter 7.2 £
2.8 cm) in 165 patients were incompletely ablated, while
185 tumors (mean diameter 5.6 &= 0.8 cm, P = 0.0001 vs.
incomplete ablation) in 135 patients were completely
ablated. Nineteen patients (6.3%) developed serious com-
plications while in hospital, including cryoshock syndrome
in six patients, hepatic bleeding in five, stress-induced gastric
bleeding in four, liver abscess in one and intestinal fistulas in
one. Two patients died because of liver failure. The median
follow-up was 36.7 months (range 6—-63 months). The local
tumor recurrence rate was 31%, and was related to tumor size
(P = 0.029) and tumor location (P = 0.037). The mean
survival duration of patients with early, intermediate and
advanced HCC (Barcelona Clinic Liver Cancer staging
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system) was 45.7 & 3.8,28.4 £+ 1.2 and 17.7 £ 0.6 months,
respectively.

Conclusions US-guided percutaneous cryoablation is a
relatively safe and effective therapy for selected HCC
patients.

Keywords Cryoablation - Efficacy - Hepatocellular
carcinoma - Safety - Treatment

Introduction

Hepatocellular carcinoma (HCC) is ranked as the third
most common cause of cancer-related death worldwide [1]
and as the second in China [2]. The resectability rate of
HCC is limited to 20-30% of patients because of various
factors such as multifocal disease and poor liver function
reserve as a result of cirrhosis [3]. Liver transplantation is
an alternative potentially curative treatment for early HCC,
but is limited by the limited availability of donor organs.
Hence, local ablative therapies, such as ethanol injection,
radiofrequency ablation (RFA), laser photocoagulation,
high-intensity focused ultrasound (US), microwave and
cryoablation, have been proposed for the treatment of un-
resectable HCC.

Cryoablation is a technique based on in situ freezing and
devitalization of tissues, which can be precisely controlled
to produce a predictable zone of necrosis. Recently, Osada
et al. [4] found that not only was the local tumor necrotic,
but so was adjacent tumor tissue following cryoablation in
HCC patients, which they regarded as ectopic tumor sup-
pression. The technology has been used extensively in open
surgical settings and, more recently, has been applied
percutaneously to treat renal tumors [5]. However, other
than in China, there are very few studies reporting the
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efficacy of ultrasound (US)-guided percutaneous cryoab-
lation of HCC. Most of the bias against this percutaneous
setting is based on a theoretical risk associated with an
ablation modality that does not employ cauterization, such
as heat-based ablation therapy, and because of the large
probes, which can cause serious bleeding when removed
[6]. However, experimental studies have found no signifi-
cant difference in the rate of hemorrhage following abla-
tion with a single RF probe versus a single cryoprobe
[7]. Moreover, with the development of argon gas-based
systems, the cryoprobes have decreased in size (now
15-17 gauge), meaning percutaneous cryoablation is now
feasible. The percutaneous approach has two advantages
over the laparotomic approach. First, the percutaneous
approach is less invasive than laparotomic methods, an
important consideration in terms of coagulation disorders
that may lead to disseminated intravascular coagulation
(DIC), liver failure and myoglobinuria, for example. Sec-
ond, but most important, is that the ablation zone can be
carefully monitored by US [4].

In this report, we document our experience of percuta-
neous cryoablation for HCC in a relatively large cohort of
patients. The aim of this analysis was to demonstrate the
safety and efficacy of percutaneous cryoablation, to assess
the medium-term outcomes and evaluate the indications for
this treatment modality.

Materials and methods
Patients

A total of 300 patients with HCC who were treated at the
Center of Therapeutic Research for HCC, Beijing 302nd
Hospital between April 2003 and June 2006 were included
in this study. HCC was diagnosed based on imaging find-
ings and a-fetoprotein (AFP) levels, and was confirmed by
needle core biopsy. The tumors were graded histologically
based on Edmondson’s grading system as follows: well
differentiated, grade I or I-II; moderately differentiated,
grade II or II-III; poorly differentiated, grade III or TII-IV.
Performance status (PS) was evaluated according to the
Eastern Cooperative Oncology Group (ECOG) criteria.
The Barcelona Clinic Liver Cancer (BCLC) classification
[8] was used to identify tumor stage. The 300 patients had a
total of 408 tumors of 1.9-15 cm in diameter (mean
6.4 + 3.3 cm). The clinical characteristics of the patients
are summarized in Table 1. All cryoablation treatments
were approved by the Research Ethics Committee at Bei-
jing 302nd Hospital, and written informed consent was
obtained from all patients who met the inclusive criteria
before collecting blood and tumor specimens, data collec-
tion and analysis.

Table 1 Patient characteristics

Clinical features Values

Gender, number (%)

Male 256 (85.3%)

Female 44 (14.7%)
Age (years), median (range) 53 (29-79)
Child-Pugh class, number (%)

A 133 (44.3%)

B 167 (55.7%)
Liver cirrhosis, number (%)

No 68 (22.7%)

Yes 232 (77.3%)
With portal invasion, number (%) 170 (56.7%)
With inferior vena cava invasion, number (%) 20 (6.67%)
With HBV infection 259 (86.3%)
With HCV infection 35 (11.7%)
With HBV and HCV concurrent infection 6 (2%)
Tumor differentiation, number (%)

High 56 (18.7%)

Medium 174 (58.0%)

Low 70 (23.3%)
Tumor number

1 208

2 76

3 16
BCLC stage, number (%)

Early 34 (11.3%)

Intermediate 96 (32%)

Advanced 170 (56.7%)

Tumor diameter (cm), mean (range) 6.4 £ 3.3 (1.9-15)

HBYV hepatitis B virus, HCV hepatitis C virus, BCLC Barcelona Clinic
Liver Cancer

Inclusion and exclusion criteria

Patients were included in this study if they met the fol-
lowing criteria: unresectable tumor because of the number
and size of HCCs, tumor location and/or underlying ill-
nesses that contraindicated surgery; were reluctant to
undergo hepatic resection or liver transplantation; the HCC
had recurred after resection; tumor metastasis with partial
portal vein thrombosis (PVT) or vena cava invasion and the
patient wished to destroy the tumor to reduce tumor load,
even though they would not normally be considered for
local ablative therapy; Child-Pugh class A or B liver
function, with a serum bilirubin level <51.3 pmol/l; and
ECOG PS <2. Patients were excluded for the following
reasons: BCLC stage D (ECOG PS >2, Child-Pugh C);
obvious cirrhotic ascites; had tumor thrombosis at the main
branch of the portal vein, and the size of the thrombosis
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exceeded 50% of the diameter of the portal vein; extra-
hepatic metastases in the lung, bone or brain; or use of
other ablative therapies or TACE before cryoablation.

Treatment selection

Patients with a tumor <5 cm in diameter were intended to
receive curative therapy with single or repeated cryoabla-
tion. Patients with incomplete ablation or tumors >5 cm
underwent transarterial chemoembolization (TACE) after
cryoablation. For patients with partial PVT or vena cava
invasion, based on the patient’s wishes, liver function and
financial status, cryoablation and TACE were performed in
combination with systemic therapy with the multikinase
inhibitor sorafenib. For TACE, super-selective catheteri-
zation was performed directly to the artery supplying the
tumor, wherever possible, to avoid hepatic failure and
severe adverse events.

Preoperative preparation

The coagulation profile, including prothrombin time,
bleeding time, coagulation time and plasma biochemical
assay, was determined for each patient before the proce-
dures. Oral anticoagulants were stopped for 3 days before
the operation. Patients who coughed frequently were given
an antitussive. The blood pressure of hypertensive patients
was controlled to approximately 140/90 mmHg, and the
blood glucose levels of diabetic patients were lowered to
<10 mmol/l. All patients were injected with 10 mg mor-
phine and 10 mg of an antipsychotic before entering the
operating room. An intravenous infusion route was also
established immediately before the procedure.

Argon-helium cryoablation procedure

Argon-helium cryoablation was performed as previously
described [9]. Briefly, an argon-helium gas-based CRYO-
care system (EndoCare, Irvine, CA, USA) and cryoprobes
were used to freeze the tumor with a dual freeze-thaw cycle
under ultrasound guidance. After sonographically deter-
mining the most favorable percutaneous approach, we
inserted the cryoprobes into the tumor under US guidance
and advanced the tip to reach the distal margin of the
targeted lesion. The number of probes used depended on
the location and size of the lesions to be ablated. The dual
freeze-thaw cycle was comprised of a 20-min freeze, fol-
lowed by a 10-min thaw and a 15-min freeze. The
dimensions of the frozen tissue were monitored by US.
The cryoprobe temperatures were reduced with 1 min to
—135 £ 2°C. Upon removal of the probes, all tracts were
packed with Surgicel (Johnson & Johnson, Inc., Arlington,
TX, USA) to control bleeding. We aimed at curative
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ablation of all tumors by leaving a 5-mm margin beyond
the edge of the tumor, wherever feasible, in a single
cryoablation. The procedure was performed under con-
scious sedation. The cardiogram, ventilation and oxygen
saturation levels were monitored throughout. Warming
mats were used to keep the patients warm during the
cryoablation.

Postoperative management

After treatment, all patients were observed in an intensive
care unit overnight to monitor for life-threatening delayed
hemorrhage and other complications. Patients received
analgesic drugs for pain control, as well as antiemetic
therapy and sedatives as necessary. Intravenous fluid
replacement was also conducted. Mannitol was used to
induce osmotic diuresis, and aminocaproic acid was
infused (5-g loading dose followed by 1 g/h for 6 h) to
reduce coagulopathy. We also infused 5% sodium bicar-
bonate (40-60 ml) intravenously to maintain urine at pH
>6 and urine output at >100 ml/h. In addition, hemostatic,
antibiotic (third-generation cephalosporin or third-generation
fluoroquinolone antibacterial agents) and nutrition support
(blood plasma 200 ml/day or human albumin 10 g/day)
therapies were provided for 5 days after cryoablation.

Follow-up

Helical contrast computed tomography (CT) or magnetic
resonance imaging (MRI) scans were done 1 week after
cryoablation to determine the extent of ablation. Patients
with incomplete ablation underwent a second or third
session of cryoablation to completely ablate the tumor or
TACE using lipiodol plus 10-20 mg epirubicin hydro-
chloride. All patients were followed and underwent serial
monitoring of serum AFP, chest radiographs, and CT or
MRI scans every 2 months to detect tumor recurrence.
Local recurrence was defined as tumor recurrence within or
at the periphery of the ablated lesion. Distant intrahepatic
recurrence was defined as a new tumor that appeared in a
region of the liver separate from the ablated area. Extra-
hepatic recurrence refers to any tumor recurrence outside
the liver.

Statistical analysis

Comparisons between groups were done using y° tests.
Local tumor recurrence was analyzed by logistic regres-
sion. Survival rates were estimated by the Kaplan-Meier
method and compared using the log rank test. All analyses
were done using SPSS software version 13 (SPSS Inc.,
Chicago, IL, USA). P values <0.05 were considered sta-
tistically significant.
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Results
Patients and procedures

A total of 559 cryoablations were performed in 408 tumors
in 300 patients with HCC, with 1, 2, 3, 4 and 8 procedures
in 112, 129, 51, 7 and 1 patient, respectively. CT scanning
showed that that 223 tumor lesions with a diameter of
5.0-15 cm (mean 7.2 £ 2.8 cm) in 165 patients were not
completely ablated, while 185 tumor lesions with a diam-
eter of 1.9-7.0 cm (5.6 £ 0.8 cm) in 135 patients were
completely ablated. Liver function and complications were
evaluated in all of the patients. This included 35 patients
who were discharged from the hospital 2-3 weeks after
incomplete ablation, but who were lost to follow-up
because of incorrect contact details. These 35 patients
developed no severe complications in the hospital. The
remaining 265 patients were followed up for a median of
36.7 months (range 6—63 months).

Mortality and adverse events

The cryoablation-related adverse events were observed
during and after treatment. Percutaneous cryoablation

caused transient elevations in alanine aminotransferase and
bilirubin levels, and mildly decreased platelet (PLT) levels,
which returned to baseline levels about 2 weeks after
treatment, at which time they were not significantly dif-
ferent from the levels before cryoablation (P > 0.05,
Table 2). However, severe liver dysfunction occurred in
seven patients, two of whom had ascites. After treatment
for 30-45 days, five patients recovered and two died of
liver failure. The seven patients belonging to Child-Pugh
class B (score >8) and together with PVT were considered
as having advanced HCC. In these seven patients, the mean
total estimated area (TEA) of the tumor to be cryoablated
was 70% (Table 3).

Severe complications occurred in 19 patients (6.3%).
Five of these (1.7%) developed liver hemorrhage, which
was usually diagnosed within 3-6 h after the cryoablation.
In one of these patients, there was a lesion in the caudate
lobe of the liver, while the tumors in the other four patients
were near the liver capsule but were not surrounded by
liver parenchyma (Fig. 1). In one patient, using CT, we
detected a subcapsular hemorrhage that extended from the
ablation zone. Fortunately, the liver capsule was intact, and
the patient recovered following transcatheter arterial
embolization (TAE) and supportive measures. The other

Table 2 Effects of percutaneous argon-helium cryoablation for HCC on liver function parameters

Liver function Preoperation

Postoperation 1 day

Postoperation 7 days Postoperation 14 days

ALT (U/) 57.8 £21.7 193.1 £+ 122.7*
TBIL (pumol/l) 2377 £ 189 45.5 £ 39.8%*
TP (g/l) 66.8 £ 6.3 65.7 £5.1
ALB (g/l) 376 £39 36.5 £ 4.6
PA (%) 81.1 £12.0 78.5 £ 13.6
PLT (x10°/) 126.2 £ 83.2 113.5 £ 81.4%

72.7 £ 65.3*% 46.9 £ 21.13
28.23 £ 19.7* 29.4 £ 25.6
63.2 £ 8.7* 65.4 £ 7.2%
354 £ 6.3% 32.0 £5.9%
784 £ 21.5 82.8 £ 19.1
127.3 £ 83.7 127.8 £+ 84.7

ALT alanine aminotransferase, TBIL total bilirubin, 7P serum total protein, ALB serum albumin, PA prothrombin activity, PLT platelet

* P < 0.01 versus before operation

Table 3 Liver function and total estimated area (TEA) of cryoablation in seven HCC patients who developed severe liver damage following

cryoablation
Patient Child-Pugh class CHE (g/1) ALB (g/1) TBil (pumol/1) Tumor Portal vein TEA (%) Prognosis
diameter (cm)  invasion
Pre Post Pre Post Pre Post Pre Post

1 B(8) C(11) 4948 3067 36 31 61.7 143.9 10 Yes 70 Improved
2 B(9) C(10) 1620 1683 30 30 44.1 138.5 9 Yes 60 Improved
3 B(©9) B(7) 3552 3601 27 42 83.7 214.4 8 Yes 80 Improved
4 B(8) C(10) 4415 3601 41 38 35.7 218.5 12 Yes 70 Died

5 B(©9) C(15) 4107 2981 33 28 38.5 79.6 12 Yes 70 Improved
6 B(©9) C(15) 4107 2981 33 28 38.5 339.3 11 Yes 70 Died

7 B(8) B(9) 4500 3600 33 32 35.4 94.3 10 Yes 70 Improved

Pre pretreatment, Post posttreatment, CHE cholinesterase, ALB serum albumin, 7B/L serum total bilirubin
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four patients showed hepatorrhexis bleed into the perito-
neal cavity. The five patients with liver bleeding were
cured by immediate TAE. Two patients (0.7%) developed
liver failure (Table 3) and died at 35 and 45 days,
respectively.

Six patients who underwent cryoablation and had TAE
of 50-60 cm? developed cryoshock syndrome with chills,
fever, tachycardia, tachypnea and temporary renal damage.
All six patients recovered following intravenous atropine
and 5% sodium bicarbonate, being covering with an elec-
tric blanket and oxygen inhalation. Four patients (1.3%)
developed stress-related gastric mucosal lesion-induced
hemorrhage, and they were treated with acid-inhibiting and
gastric mucosa-protecting agents. One patient developed a
liver abscess at the ablation zone that was not absorbed,
and the abscess content exuded from a scar of the probe
tract 1 month after cryoablation and required drainage

Fig. 1 The location of the tumor in a patient with liver hemorrhage
after cryoablation, which was close to the liver capsule without being
surrounded by liver parenchyma (solid arrows)

Fig. 2 Liver abscess following cryoablation. The liver abscess
occurred in the ablation zone and was not absorbed. The abscess
content exuded from a scar of a probe tract 1 month after cryoablation

@ Springer

(Fig. 2). In one patient, the loop of the bowel was injured
and intestinal fistulas formed, which required surgical
repair (Fig. 3). Minor complications were also noted,
including pneumothorax, hemothorax, pleural effusion and
postablation syndrome (e.g., fever, pain, skin frostbite).

Follow-up and survival

Of the 300 patients, 35 were discharged from the hospital
without experiencing severe complications, but we could
not follow-up these patients because of incorrect contact
details. Therefore, 265 patients were included in our fol-
low-up, including 135 with complete ablation and 130
patients with incomplete ablation. Among those with
incomplete ablation, 87 underwent postoperative TACE
(median 2.0 times, range 14 times) and 43 received a
multikinase inhibitor (sorafenib). The median duration of
follow-up was 36.5 months (range 6—63 months). Overall,
168 of 265 patients died for the following reasons
(Table 4): esophagogastric variceal bleeding in 61 (36.3%),
liver failure in 44 (26.2%), tumor recurrence/metastasis in
39 (23.2%), tumor rupture and hemorrhage in 15 (8.9%),
and refractory ascites-induced renal failure in nine (5.4%).

The overall 1-, 2- and 3-year survival rates were 80, 45
and 32%, respectively, with a mean survival of 28 months
and median survival of 22 months. The mean survival of
patients with early HCC was 45.7 £ 3.8 months, and their
1-, 2- and 3-year survival rates were 91, 85 and 65%,
respectively. The respective values in intermediate HCC
were 28.4 + 1.2 months, 87, 62 and 45%, respectively, and
those in advanced HCC were 17.7 £+ 0.6 months, 73, 25 and
12%, respectively (Fig. 4). The mean recurrence-free sur-
vival of patients with early HCC was 39.7 & 3.8 months,
and their 1-, 2- and 3-year recurrence-free survival rates
were 91, 79 and 53%, respectively. The respective values in

and required drainage. a The tumor before cryoablation (open arrow).
b A sinus (solid arrow) formed between the skin and the liver abscess
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Fig. 3 Bowel loop injury and formation of intestinal fistulas
following cryoablation. a The tumor before cryoablation. b The

Table 4 Causes of death in 168 patients after cryoablation according
to tumor stage

Causes Early Intermediate Advanced
n ()

Esophagogastric variceal bleeding 4 17 40

Liver failure 2 12 30

Tumor recurrence and metastasis 0 13 26

Tumor rupture and hemorrhage 0 4 11

Refractory ascites-induced renal 2 1 6

failure
Total 8 47 113

intermediate HCC were 21.4 + 1.5 months, 68, 41 and
24%, respectively. For advanced HCC, the median progress-
free survival was 7.1 months (Fig. 5).

Tumor recurrence

Tumors recurred in 190 of 265 patients, with intrahepatic
recurrence in 156 patients, intrahepatic plus extrahepatic
recurrence in 26 patients and extrahepatic recurrence alone
in 8 patients. Among 182 patients with intrahepatic
recurrence, 106 developed local recurrence, whereas the
other 76 patients developed distant intrahepatic recurrence.
For the 34 patients with extrahepatic recurrence, 16 had
pulmonary metastasis, 10 had retroperitoneal or celiac

tumor was completely ablated and decreased in size. ¢ The intestinal
fistulas formed 1 month after cryoablation. d The intestinal fistulas
were confirmed on X-ray images following iohexol administration

lymph node metastasis, 3 had bone metastasis and 5 had
adrenal metastasis. There was no evidence of needle-track
metastasis.

Local recurrence

Local recurrence after cryoablation remains one of the
main limitations of this therapy. Overall, 185 lesions in 135
patients with complete cryoablation and 102 lesions in 87
patients with incomplete cryoablation followed by TACE
were considered effectively destroyed. Of these, 89 lesions
(of 287, 31%) recurred at the site of cryoablation. Several
tumor factors possibly influence the local recurrence,
including tumor size and location, tumor stage, tumor
differentiation and mode of therapy. The rate of local
recurrence increased with increasing tumor size, with rates
of 7.1% (4/56), 25.5% (26/102) and 45.7% (59/129) for
tumors with a diameter of <3, 3-5 and >5 cm, respec-
tively. The rates of local recurrence was significantly lower
in tumors with complete ablation versus those with
incomplete ablation followed by TACE [15.1% (28/185)
vs. 59.8% (61/102), respectively; P = 0.0001].
Sixty-seven of the 287 tumors were located in segments
4,5 and 8, and were thus close to the inferior vena cava or
portal vein with large venous affluxes. Tumor recurred in
41 (61.2%) of these tumors (Table 5). Tumor differentia-
tion and tumor stage were not associated with local

@ Springer



680

J Hepatobiliary Pancreat Sci (2012) 19:674-684

Fig. 4 Overall survival (a) and
prognostic influence of BCLC
stage on overall survival rate
after cryoablation in the 265
patients (b)

Fig. 5 Prognostic influence of
BCLC (early stage HCC and
intermediate stage HCC) a on
recurrence-free survival and
advanced HCC b on progress-
free survival

Table 5 Univariate analysis of
factors associated with local
recurrence

BCLC Barcelona Clinic Liver
Cancer, TACE transarterial
chemoembolization, VC vena
cava
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Factors No. of local P value
recurrence (%)
BCLC stage (tumors/no. of patients) 0.1602
Early (56/34) 13 (23.2)
Intermediate (126/86) 46 (36.5)
Advanced (105/102) 33 (28.6)
Tumor size (no. of tumors) 0.0001
<3 cm (56) 4(7.1)
3-5 cm (102) 26 (25.5)
>5 cm (129) 59 (45.7)
Tumor differentiation (no. of tumors) 0.3928
High (52) 12 (23.1)
Medium (134) 44 (32.8)
Low (101) 33 (32.7)
Therapy method (no. of tumors) 0.0001
Complete cryoablation (185) 28 (15.1)
Incomplete cryoablation plus TACE (102) 61 (59.8)
Tumor location (no. of the tumors) 0.0001
Close to VC or portal vein (67) 41 (61.2)
Distant to large vessel (220) 48 (21.8)
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Table 6 Multivariate analysis of factors associated with local
recurrence

Variable Risk ratio (95% confidence interval) P

BCLC stage 0.782 (0.142-1.568) 0.220
Tumor differentiation 1.059 (0.707-1.649) 0.724
Methods of therapy 0.523 (0.182-1.506) 0.230
Tumor size 2.120 (1.082-4.513) 0.029
Tumor location 1.956 (1.042-3.671) 0.037

BCLC Barcelona Clinic Liver Cancer

Table 7 Comparisons of clinical characteristics between patients
with complete and incomplete ablation

Factors Complete Incomplete P
ablation (n)  ablation (n)
Gender 0.9477
Male 115 141
Female 20 24
Age (years) 51+ 14 55+ 10 0.079
Cirrhosis 104 128 09117
Tumor differentiation 0.8329
High 27 29
Medium 78 96
Low 30 40
Cryoablation (number) 0.123
1 43 69
2 67 62
3 23 28
More 2 6
Tumor diameter 5.6 £0.8 72 +28 0.0001
Child-Pugh classification 0.972
A 60 73
B 75 92
Tumor no. 0.8904
1 92 116
2 36 40
3 7 9
Portal or vena cana invasion 70 100 0.1279

TACE transarterial chemoembolization

recurrence. On the other hand, multivariate analysis
(Table 6) showed that tumor size and tumor location were
independent factors associated with local recurrence
(P = 0.029 and 0.037, respectively).

Association between tumor diameter and complete
ablation

CT scans showed that 223 tumors (mean diameter
7.2 £ 2.8 cm, range 5.0-15 cm) in 165 patients were

incompletely ablated, while 185 tumors (mean diameter
5.6 £ 0.8 cm, range 1.9-7.0 cm) in 135 patients were
completely ablated. There were no significant differences
in terms of sex, age, presence of liver cirrhosis, tumor
differentiation, number of cryoablation sessions, Child-
Pugh class, portal or vena cava invasion, or number of
tumors between these two groups of patients (P > 0.05).
However, the tumor diameter was significantly different
between the two groups of patients (t = 5.65, P = 0.0001;
Table 7).

Discussion

Argon-helium cryoablation is a new local ablative modality
for the treatment of tumors. Cryotherapy is believed to kill
cells by several mechanisms, including intracellular ice
formation, solute-solvent shifts that cause cell dehydration
and rupture, small vessel obliteration causing hypoxia, and
specific antitumor immunoreactions that limit tumor
growth [4, 10-12]. Currently, however, few studies outside
of China have evaluated US-guided percutaneous cryoab-
lation. In comparison, several research groups in China
have tested percutaneous cryoablation. Indeed, two recent
studies have described the outcomes of percutaneous
cryoablation for HCC under CT or MRI guidance, and
showed that it was safe and effective [4, 13]. In one of
these studies, the complete ablation rate for HCC of <5 cm
in diameter was 80.8% at 3 years [13].

In this study, our aim was to evaluate the efficacy and
complications associated with this modality, and evaluate
the indications for US-guided percutaneous cryoablation of
HCC. Therefore, we included many patients in this study,
even those who would not normally be candidates for local
ablative therapy. In recent years, numerous studies of local
ablation in combination with systemic therapy for
advanced HCC have been performed. Therefore, we per-
formed local tumor cryoablation for the majority of
patients with vascular invasion under the condition that
they wanted this treatment, and received it in combination
with TACE or systemic therapy. Moreover, there was a
large number of patients with early disease that would
normally be considered for radical therapy, such as resec-
tion and transplantation, because these patients had a his-
tory of mild to severe chronic liver dysfunction because of
hepatitis B or C infection, and are at high risk of secondary
growths of new HCC [14, 15], and did not want to undergo
hepatic resection and transplantation.

Based on the results of this study, we suggest that
patients with a tumor of <5 cm in diameter are suitable for
percutaneous cryoablation. Tumor diameter is related to
adequate ablation and local tumor recurrence. The mean
diameter of the tumors with complete ablation was 5.6 cm,
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and the rate of local recurrence was higher in tumors with a
diameter >5 cm. Several reasons for this may exist,
including the difficulty in ablating larger tumors because of
inadequate freezing margins and the proximity of larger
tumors to vascular structures resulting in incomplete
cryoablation. In vivo experiments showed that the 3-mm
probe could produce an iceball of 3 cm in diameter.
Therefore, while tumors <3 cm in diameter can be treated
with a single 3-mm cryoprobe, tumors with a diameter of
3-5 cm or >5 cm may require 2-3 and 3-4 cryoprobes,
respectively. Theoretically, if multiple probes can be
placed simultaneously, very large ablation zones can be
achieved. However, in actual clinical practice, using more
than three 3-mm probes simultaneously in a percutaneous
setting under US guidance is technically challenging. First,
the 3-mm cryoprobe is relatively large and, in most cases,
percutaneous cryoablations were performed via the inter-
costal approach, which limits the number of probes that can
be used simultaneously. Second, although there are many
advantages of US to monitor the extent of freezing,
including its excellent soft tissue resolution, as well as
providing real-time feedback regarding tumor location and
freezing, incomplete imaging of the entire frozen tissue,
low spatial resolution in deeper structures and operator
dependency are disadvantages of the technique. The frozen
tissue is identified as a hyperechoic boundary with dense
posterior shadowing, which allows excellent visualization
of the nearest aspect of the ablation zone, but actually
obscures the deep border of the ablation (Fig. 6). There-
fore, to overcome these limitations of US-guided percuta-
neous cryoablation, we performed repeated cryoablation by
repositioning the cryoprobe during the procedure or per-
forming a second or third session of cryoablation to
achieve adequate ablation.

Tumor location is another factor associated with local
tumor recurrence. In our study, 61.2% of the tumors were
close to the inferior vena cava or another large vessel. In
such cases, care must be taken when performing cryoab-
lation. Because of the heat-sink effect, nonlethal isotherms
at the edge of the frozen tissue may affect blood vessel
integrity [16, 17]. Therefore, the probe should be located at
a sufficient distance from the blood vessel. Unfortunately,
this may mean an adequate ablation beyond the tumor
border cannot be achieved.

Another interesting finding related to local recurrence
involves the method of therapy. In our study, local recur-
rence was significantly higher in patients with incomplete
ablation followed by TACE than in those with complete
cryoablation, which differs from the results of previous
studies [18, 19]. In fact, most of the data published on local
ablation combined with TACE showed a decreased rate of
recurrence and prolonged disease-free survival with this
approach [19]. Even though this factor was excluded from
the multivariate analysis because of the influence of tumor
size, we should pay close attention to this phenomenon for
the following reasons. First, TACE is a non-curative ther-
apy. Although TACE has been reported to induce extensive
tumor necrosis in >50% of patients with an objective
response ranging from 16 to 60%, fewer than 2% of
patients treated with TACE alone achieved a complete
response [20, 21]. Second, the order of cryoablation or
TACE may influence clinical outcomes. Combined strate-
gies, incorporating ablation with TACE for the treatment of
HCC, are likely to play a greater role in the future. How-
ever, no studies have prospectively compared the effect of
performing ablation before or after TACE. On the other
hand, a randomized controlled trial reported median sur-
vivals of 37, 24 and 22 months, and complete tumor

Fig. 6 Ultrasound (US) visualization of cryoprobe and frozen tissue
during cryoablation. a US image obtained during placement of a
cryoprobe into hepatocellular carcinoma (HCC). A longitudinal view
of the cryoprobe is shown (arrow). The angle of approach and depth
of the lesion are easy to estimate in the percutaneous setting and can
help to position multiple cryoprobes. b Intraoperative US image of the
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frozen tissue during cryoablation of an HCC. The hyperechoic line
represents the proximally edge of the frozen tissue (arrow). The
posterior aspects of the frozen tissue are represented by an acoustic
shadow. Although the contralateral side of the frozen tissue can be
evaluated by insonating from a different angle, this region is difficult
to evaluate fully
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Fig. 7 MRI images (early phase) before and after treatment in a
completely ablated HCC case. a MRI shows an HCC lesion with
4.2 cm in diameter before cryoablation. b MRI scanning at 1 week
after cryoablation of HCC. The HCC lesion was completely ablated

response rates of 55, 5 and 37% for TACE followed by
RFA, TACE alone and RFA alone, respectively [19]. In our
study, the tumors were treated by cryoablation first, fol-
lowed by TACE. In theory, performing cryoablation first
can reduce the tumor load and thus enhance the effects of
TACE. However, cryoablation can destroy the blood ves-
sels supplying the tumor or create arterioportal or arterio-
venous fistulas, thus limiting the potential efficacy of
TACE [16]. These aspects need to be studied in more
detail.

Complications of varying degrees of severity occurred
during and after hepatic cryoablation. Although the
majority were minor, severe complications occurred in 19
patients (6.3%). We found that, in five patients with liver
bleeding and one patient with intestinal fistulas, the ablated
tumors were located in the subcapsular region, but were not
surrounded by liver parenchyma. Tumors in a subcapsular
location and tumors adjacent to the gallbladder or loops of
the bowel can be problematic and should be treated with
caution. The postoperative period is an important aspect of
patient care as we may occasionally find life-threatening
delayed hemorrhage during this time, and TAE should be
done as soon as possible. In most cases, however, there
were no true contraindications to ablation. However, seven
patients with Child-Pugh class B (score >8) and TEA of
cryoablation of 70% experienced severe liver damage. Two
of these patients developed liver failure and died. There-
fore, borderline liver dysfunction and TEA should be
considered, and may present contraindications to cryoab-
lation. Cryoshock is a severe systemic adverse effect that
has been reported to occur in up to 1% of all hepatic
cryoablations [22, 23]. This disorder may be related to the
ablation zone reperfused and resorption of necrotic debris
directly into the bloodstream during cryoablation [16, 22].
In our series, only six patients developed mild cryoshock,
and all recovered rapidly following intravenous adminis-
tration of atropine and 5% sodium bicarbonate, and
warming during the cryoablation.

showing a hypovascular zone with a hypervascular inflammatory rim
around the ablation zone. ¢ MRI scanning at 12 months after
treatment

In this study, the overall 1-, 2- and 3-year survival rates
were 80, 45 and 32%, respectively, with a mean survival of
28 months and a median survival of 22 months. For
patients with early HCC (i.e., one to three HCCs of <3 cm
in diameter), the 1-, 2-, 3- and 5-year survival rates were
91, 85, 65 and 54%, respectively. Tumor stage is an
important prognostic factor for the long-term outcomes
of cryoablation. Most of the intermediate and advanced
HCCs were combined with a poor Child-Pugh classifica-
tion, large tumor size and intra- or extrahepatic metastasis,
which resulted in low survival rates. In our study the
median overall survival (OS) of the advanced HCC was
8.6 months. For comparison, the median OS of similar
patients was only 4 months and 6.5 months in advanced
HCC patients receiving combination local therapy and
systemic treatment. The encouraging results suggest that
patients with advanced HCC may benefit from cryoablation
of HCC. This deserves further study. Analysis of causes of
death in our study revealed that the leading cause was
esophagogastric variceal bleeding due to portal hyperten-
sion, accounting for 36.3% of all deaths. Liver failure was
the second most common cause of death, accounting for
26.2% of all deaths, while tumor recurrence and metastasis
accounted for 23.2% of deaths. These findings indicate that
prevention of esophagogastric variceal bleeding in liver
cirrhosis and maintaining good liver function can avoid up
to 62% of deaths.

During follow-up, contrast-enhanced CT scanning or
MRI and alpha feto-protein (AFP) determination every
2 months after the cryoablation are crucial for detection of
tumor recurrence. One imaging feature that can complicate
the short-term postablation imaging evaluation is a hyper-
vascular inflammatory rim that develops around the abla-
tion zone. It appears about 1-2 weeks after the cryoablation
and disappear 2 weeks later, and is not regarded as tumor
recurrence (Fig. 7).

In conclusion, this study revealed that percutaneous
cryoablation is a relatively safe and effective therapy for
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HCC. We believe this approach is best suited for regional
tumors of <5 cm in diameter. Postoperative management is
very important for timely detection of delayed hemorrhage.
With improvements in technology and advances in cryop-
robes and guidance, percutaneous cryoablation represents a
robust ablation modality and should be strongly considered
for HCC and possibly other cancers, particularly when a
precise or large zone of ablation is required.
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