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Percutaneous cryoablation is a potential cure for hepatocellular carcinoma (HCC). This study reviewed
retrospectively clinical data from 14 patients who underwent cryoablation of huge HCC (long diameter
>7 cm). The side effects of cryosurgeries and liver function reverse were recorded and compared every-
day. All the patients survived cryosurgery and none died before leaving hospital 2 weeks later. Despite
liver-protective treatment before cryosurgery, alanine transaminase (ALT) and aspartate transaminase
(AST) levels were increased significantly, but returned to preoperative levels 2 weeks post-cryosurgery.
Before cryosurgery, mean total bilirubin (T.BIL) and direct bilirubin (D.BIL) levels were normal; 8–10 days
after cryosurgery, they increased more than two-fold, but returned to the preoperative level 2 weeks
post-cryosurgery. Serum transaminase and bilirubin levels were compared between hepatitis B positive
and negative patients. The hepatitis B negative group’s AST level increased significantly 1 day post-cryo-
surgery (mean, 186 U/L) and decreased to the preoperative level at day 14. In the hepatitis B positive
group, means transaminase and bilirubin reached peak values at different days post-cryosurgery. Overall,
ALT and AST are valuable indicators of liver function impairment following cryosurgery. In patients with
hepatitis B virus, close attention to the serum bilirubin level should be paid 8–10 days after cryosurgery.
Liver-protective treatment may alleviate liver function impairment caused by cryosurgery of huge HCC.

� 2014 Elsevier Inc. All rights reserved.
Introduction

Hepatocellular carcinoma (HCC) is one of the most common
malignancies worldwide, and its incidence is increasing [5]. HCC
is associated with chronic liver disease (i.e. hepatitis or cirrhosis)
in about 80% of patients, which has major implications for progno-
sis and therapeutic options [10]. Many patients are unsuitable for
tumor resection because of poor hepatic reserve, cirrhosis or the
presence of multicentric tumors or extrahepatic disease [3,9].
Fortunately, non-surgical percutaneous tumor ablation therapies
– namely, percutaneous ethanol injection, microwave coagulation,
radiofrequency ablation and cryoablation – have been introduced,
and now play an important role in the treatment of HCC [16,22].
Cryoablation is an attractive option because the therapy can pro-
long the patient’s life and the complications are acceptable. A
long-term study of medium to large lesions (mean diameter
4.6 cm) treated by cryoablation and/or transarterial chemoemboli-
zation showed a 5 year survival rate of 23% and a local progression
rate of 24% [14,23]. The complication rate following cryoablation
may be as high as 40%. Side effects include liver parenchyma frac-
ture, cryoshock, biliary fistula, hemorrhage, cold-induced lesions in
nearby structures, thrombocytopenia and coagulopathy; however,
these can be reduced by skilled operators, strict patient selection
and symptomatic treatment [15,18,19,21]. Ablating the tumor as
completely as possible inevitably damages the normal liver tissue,
affecting liver function. Preservation of liver function is at least as
important as ablation of HCC nodules in patients liver function is
already impaired [11]. After liver cryosurgery, rapid elevation of
transaminases [1,7,8,17,20,26] and bilirubin [1,2,8,12] is common;
however, the elevation is usually transient and usually normalizes
within a few days.
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Previous studies have reported on either laparotomy
[2,7,8,17,20,26] or percutaneous ablation of small tumors (long
diameter <7 cm) [12]; however, there is only one report of percu-
taneous ablation of huge tumors (long diameter >7 cm) [1]. Thus,
the effectiveness and safety of single percutaneous cryosurgery
on huge tumors is not clear. In this study, 14 HCC patients were
observed for hepatic functional reserve after single percutaneous
cryoablation. Liver-protective drugs and symptomatic treatment
were provided to these patients after cryosurgery (so called ‘‘cryo-
protective therapy’’). Serum transaminase and bilirubin levels were
compared between hepatitis B virus positive and hepatitis B virus
negative patients.
Materials and methods

Ethics

The Regional Ethics Committee of Guangzhou Fuda Cancer Hos-
pital approved the study protocol. Written informed consent was
obtained from each participant, in accordance with the Declaration
of Helsinki.

Patient selection

For all patients, liver pathology imaging (usually magnetic res-
onance imaging (MRI)) and tumor markers confirmed the diagnosis
of unresectable HCC. Ideal patients for this research were those
with: only one significant tumor in the liver; Karnofsky perfor-
mance status score P70; platelet count P100 � 109/L; white
blood cell count P3 � 109/L; neutrophil count P2 � 109/L; hemo-
globin P90 g/L; prothrombin time international normalized ratio
P1.5; hepatic tumor not obviously invading the gallbladder, dia-
phragm or large vessels; absence of level 3 hypertension, severe
coronary disease, myelosuppression, respiratory disease and acute
or chronic infection; and adequate hepatic function (total bilirubin
(T.BIL) <75 lmol/L, direct bilirubin (D.BIL) <39 lmol/L and Child-
Pugh score A or B) and renal function (serum creatinine
<130 lM, serum urea <10 mM). Between November 2008 and
November 2011, 14 patients met our inclusion criteria and
received cryoprotective therapy.

Cryotherapy

Each procedure comprised two freeze–thaw cycles, accom-
plished using an argon gas-based cryosurgical unit (Endocare,
Irvine, CA, USA). Six to ten cryoprobes (3 mm in diameter) were
inserted into the tumor mass under ultrasonographic guidance,
each reaching a temperature of �150 �C at the tip of the probe.
The duration of freezing was dependent on the achievement of
an ice ball that extended 1 cm beyond the boundary of the tumor
and was visible as a hypoechoic region on ultrasonography. Gener-
ally, the maximal freezing time was 15 min, followed by thawing
for 5 min; this cycle was then repeated. The tracts formed were
sealed with fibrin glue immediately after removal of the cryop-
robes to ensure hemostasis.

Tests of hepatic functional reserve

An automatic biochemical analyzer (Hitachi-7100; Hitachi,
Tokyo, Japan) measured hepatic function. The alanine transami-
nase (ALT) and aspartate transaminase (AST) activities were
detected using the velocity method. A kit (Biosino Biotechnology
and Science Inc., Beijing, China) determined the T.BIL and D.BIL
using the vanadate method. Blood was drawn in the morning on
an empty stomach. The tests were performed every 1–2 days until
patient discharge. Normal ranges were defined as 5–35 U/L for ALT,
8–40 U/L for AST, 0–25.5 lmol/L for T.BIL and 0–13 lmol/L for
D.BIL. Values higher than the upper limits were considered
abnormal.

Liver-protective therapy and symptomatic treatment

Diammonium glycyrrhizinate capsules (150 mg twice per day
orally; Chia Tai Tianqing Pharmaceutical Co. Ltd, Jiangsu, China)
[25] and Atomolam (reduced glutathione tablets, 180 mg/day
intravenous injection; Yaopharma, Chongqing, China) [24] were
administered to all patients. In patients with abnormal transami-
nase activity, the two drugs were given until the liver function
returned to normal. In patients with normal transaminase activity,
the drugs were usually stopped 3–4 days after cryoablation to help
maintain normal liver function. In patients with thrombocytopenia
(platelet count 6150 � 109/L), the platelet count was closely
supervised and recombinant human interleukin-11 (rhIL-11,
25 lg/kg/day; Northland Biotech, Beijing, China) was given if coag-
ulopathy (platelet count 6100 � 109/L) was detected [21]. Regular
hemostatic agents were used to treat liver hemorrhage after cryo-
surgery. Antibiotics and drainage were used to treat liver
abscesses.

Evaluation and statistical analysis

All cases of impaired hepatic function in this study were unam-
biguous. Abdominal ultrasonography was performed both 1 day
and 1 week after treatment. Complications were recorded and clas-
sified in accordance with the Common Terminology Criteria of
Adverse Events v4.0. MRI was performed 2 weeks after treatment.
Image-guided tumor ablation criteria assessed radiographical local
tumor control [6]. The revised Response Evaluation Criteria in Solid
Tumors v1.1 were used to assess the response of the hepatic tumors
[4]. Bonferroni’s multiple comparison tests were used to compare
data between time points, which were day 0, 1, 2, 4, 6, 8, 10, 12
and 14 after cryosurgery. The test results were expressed as the
mean ± standard error and statistical significance was indicated
by P < 0.05, P < 0.01 or P < 0.001. Prism 5 (GraphPad, San Diego,
CA, USA) performed all the analyses and generated the figures.
Results

Clinical data

Detailed data for the 14 patients before single hepatic cryoabla-
tion are shown in Table 1. All of the patients were men. Tumor long
diameters were 7–10 cm in 8 patients, 10–14 cm in 6 patients.
Twelve (86%) had stage IV disease, 8 (57%) had a history of hepati-
tis, 6 (43%) had initially been treated surgically and 4 (29%) had
been treated with systemic chemotherapy in other centers, and 5
(36%) had thrombocytopenia, and 4 (29%) had small to medium
amount of ascites.

Perioperative outcomes

All percutaneous cryoablations of hepatic lesions were per-
formed successfully. No severe complications (such as liver rupture
or failure, myoglobinuria or acute renal failure) were discovered
post-cryoablation. Mild side effects occurred after cryosurgery,
but the affected patients recovered with or without symptomatic
treatment. Slight liver hemorrhage occurred in three patients
(21%), but all cases resolved within 5 days with injection of hemo-
static agents. Liver capsular rupture occurred in one patient (7%),
but resolved after a blood transfusion. New thrombocytopenia



Table 1
Detailed data of 14 patients before cryoprotective therapy.

No. Age Nationality Cancer stage Size of liver tumor (cm � cm) ALT/AST (U/L) T/D.BIL (lmol/L) Hepatitis Ascites

1 54 China IV 10.7 � 7.6 29/28.3 15.7/5.9 – –
2 48 China IV 11.1 � 7.8 41/126.4 20.6/10.2 B+ Medium amount (�700 mL)
3 63 Indonesia IV 9.4 � 8.2 24.5/88.8 36.1/25.3 – –
4 58 China III 9.2 � 8.8 94/11 23.8/15.9 B+ –
5 40 China IV 11.9 � 11.3 46.7/206.2 14.9/6.7 B+ Small amount (�400 mL)
6 40 China IV 8.7 � 7.9 81.6/70 19.5/9.4 B+ –
7 58 Thailand IV 9.6 � 8.5 38.2/109.4 26/11 B+ –
8 79 China IV 8.3 � 7 11.8/24 5.8/3.2 – –
9 55 China IV 13.8 � 10 45.2/105.9 12.3/8.5 B+ –
10 68 Indonesia IV 10.1 � 9.5 20.2/26.2 24.6/10 B+ Small amount (�450 mL)
11 47 China IV 10.4 � 8.5 41.2/74.2 14.5/7.4 – Small amount (�350 mL)
12 60 China IV 8.1 � 7 44.2/45.8 10.4/5.4 – –
13 60 China III 8 � 7 13.8/25.9 11.7/4.4 – –
14 48 Thailand IV 9 � 8 35.7/54.7 5.7/3.7 B+ –

Note: All of the patients were men; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; DBIL, direct bilirubin.
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was found in five patients after cryosurgery: all patients recovered
within 2 weeks after administration of rhIL-11. Liver abscess was
found in one patient (7%) at the site of cryoablation; however,
the patients recovered within 2 weeks after antibiotic and drainage
treatment. Nearly all patients had pain in the abdominal puncture
site, and they all recovered within one week after administration of
analgesic drugs. Before leaving our hospital, radiographical assess-
ment confirmed that all the patients had good control of their liver
functions.

Changes of hepatic functional reserve after cryoprotective therapy

Before cryosurgery, 10 of the 14 patients had abnormal transam-
inase levels and three had abnormal bilirubin levels. The test results
were as follows: ALT 41 ± 6 U/L; AST 71 ± 14 U/L; T.BIL 17 ± 2 lmol/
L; and D.BIL 9 ± 2 lmol/L. Within 2 days after cryosurgery, the
serum transaminase values rose rapidly to a peak (ALT
196 ± 57 U/L; AST 313 ± 67 U/L; both P < 0.01) and then fell
Fig. 1. Changes in hepatic functional reserve after cryosurgery of all 14 patients. Bonferr
The results were tested at day 0, 1, 2, 4, 6, 8, 10, 12 and 14. Indices of hepatic functional
bilirubin (T.BIL) (C) and direct bilirubin (D.BIL) (D). ⁄P < 0.05, ⁄⁄P < 0.01.
gradually. Two weeks after cryosurgery, the transaminase levels
recovered to their preoperative levels (Fig. 1A and B). Within
10 days after cryosurgery, the serum bilirubin values rose gradually
to a peak (T.BIL 39 ± 12 lmol/L, P < 0.05; D.BIL 24 ± 7 U/L, P < 0.01)
and then fell gradually. Two weeks after cryosurgery, the bilirubin
levels recovered to their preoperative levels (Fig. 1C and D).

For the six hepatitis negative patients (Fig. 2), only the AST val-
ues rose rapidly at day 1 after cryosurgery (186 ± 75 U/L, P < 0.01;
Fig. 2B) and then fell gradually. For the eight hepatitis positive
patients, peaks of transaminase and bilirubin appeared at different
time points after treatment. The peak of ALT was at day 2
(293 ± 85 U/L, Fig. 3A, P < 0.001), the peak of AST was at day 1
(408 ± 93 U/L, Fig. 3B, P < 0.001), the peak of T.BIL was in day 10
(57 ± 19 lmol/L, Fig. 3C, P < 0.01), and the peak of D.BIL was at
day 8 (36 ± 10 lmol/L, Fig. 3D, P < 0.01). All 14 patients were given
liver-protective therapy before the ablations because of their
abnormal liver function. All indexes had returned to their preoper-
ational levels 2 weeks after cryosurgery.
oni’s multiple comparison test was used to compare the results from different days.
reserve were alanine transaminase (ALT) (A), aspartate transaminase (AST) (B), total



Fig. 2. Changes in the hepatic functional reserve of six non-hepatitis patients. Bonferroni’s multiple comparison test was used to compare the results from different days. The
results were tested at day 0, 1, 2, 4, 6, 8, 10, 12 and 14. Indices of hepatic functional reserve were alanine transaminase (ALT) (A), aspartate transaminase (AST) (B), total
bilirubin (T.BIL) (C) and direct bilirubin (D.BIL) (D). ⁄⁄P < 0.01.

Fig. 3. Changes in the hepatic functional reserve of eight hepatitis patients. Bonferroni’s multiple comparison test was used to compare the results from different days. The
results were tested at day 0, 1, 2, 4, 6, 8, 10, 12 and 14. Indices of hepatic functional reserve were alanine transaminase (ALT) (A), aspartate transaminase (AST) (B), total
bilirubin (T.BIL) (C) and direct bilirubin (D.BIL) (D). ⁄⁄P < 0.01, ⁄⁄⁄P < 0.001.
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According to our former follow-up data, the overall survival
(OS) of patients who received cryosurgery was significantly longer
than those received no treatment (Median OS: 26 vs. 3.5 months,
P < 0.001) [13], which showed a huge advantage for tumor-reduc-
ing cryosurgery.
Discussion

Cryosurgery is becoming an attractive technique for non-resect-
able hepatic tumors. The complications of cryoablation for HCC are
acceptable and the therapy can prolong the patient’s life, especially
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for those who undergo multiple cryoablations, which can further
improve survival [13]. In this study, for tumors with a long diam-
eter (>7 cm), only one session of cryosurgery were performed
according to the patients’ wish. To maximize the protection of liver
function, liver-protective therapy was given before and after the
ablations. Based on our clinical observations, 2 weeks’ rest was
usually sufficient for patients to recover their strength and for most
tumor breakage products to be metabolized. All of the patients in
this study tolerated the treatment and no severe complications
occurred after cryoablation, demonstrating the safety of this ther-
apy. Meanwhile, radiographical assessment indicated that all the
patients obtained good control of their liver functions, which dem-
onstrated the efficacy of this therapy.

Cryosurgery for liver cancer inevitably induces hepatocyte
destruction and the subsequent release of transaminases and bili-
rubin, which are important indices of hepatic functional reserve.
From 1988 to 2005, much research was undertaken in the field
of cryotherapy, which found obvious elevations of transaminases
[1,7,8,17,20,26] and bilirubins [1,2,8,12]; these elevations are usu-
ally transient – especially in patients with a healthy liver – and
usually normalize within a few days. Other studies did not provide
any liver protection before or after ablation, whereas in the present
study, with the aid of liver-protective therapy, the rapid release of
transaminases was controlled and recovered quickly. It seems that
the use of liver-protective therapy is beneficial for cryoablation.

Elevation of serum bilirubin was observed in the present study,
which was similar to the findings of Goodie et al. [7] and Hamad
and neifeld [8], but occurred on different days post-cryosurgery.
Goodie et al. demonstrated an increase in serum T.BIL from
11 lmol/L preoperatively to 28 lmol/L on postoperative day, and
Hamad showed that serum T.BIL almost tripled on postoperative
day 1. These differences may be explained by the fact that the
patients in the present study were all treated with liver-protective
drugs. Perhaps the continued use of these drugs delayed the dam-
age to normal hepatocytes, causing a gradual accumulation of
bilirubins.

The different reactions after cryosurgery indicated that the
degree of liver damage is more serious for hepatitis patients (all
indexes were elevated significantly after cryosurgery). The causes
of this phenomenon may be the overlap of double damage by the
virus and the low temperature. Fortunately, liver-protective drugs
could play a strong protective role, and helped the serum values of
transaminase and bilirubin to return to normal after 2 weeks.

Overall, ALT and AST are valuable as indicators of liver function
impairment following cryosurgery. In patients with hepatitis B
virus, serum bilirubin should also be close monitored 8–10 days
after cryosurgery. Liver-protective treatment may alleviate liver
function impairment caused by cryosurgery of huge HCC.
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