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Percutaneous cryoablation is a potentially curative treatment for hepatocellular carcinoma (HCC). After
liver cryosurgery, rapid elevations of transaminases and bilirubin are common, but are usually transient
and normalize within a few days. This study retrospectively reviewed clinical data from 51 patients who
underwent liver cryoablation in our hospital during the past 4.5 years. Sixty-six percutaneous cryoabla-
tions were performed in these patients and transaminase and bilirubin levels before and after the
procedure were observed. Although most patients received liver-protective treatment before
cryosurgery, transaminase levels were double (mean alanine transaminase (ALT) and aspartate
transaminase (AST) were 71 U/L and 85 U/L, respectively) the normal ranges in our hospital. One day after
cryosurgery, ALT and AST had increased 3.3-fold (peak mean was 241 U/L) and 5-fold (peak mean was
427 U/L), respectively, but were close to the preoperative level 5 days post-cryosurgery. No significant
increase of serum bilirubin was observed. Serum transaminase and bilirubin levels were compared
between hepatitis B positive and hepatitis B negative patients. Only in the hepatitis B positive group were
total bilirubin (74 pmol/L/23 pumol/L = 3.2) and direct bilirubin (45 pmol/L/12 pmol/L = 3.8) more than
3 times the preoperative level 7-9 days after treatment. Overall, ALT and AST are valuable as indicators
of liver function impairment following cryosurgery. In patients with hepatitis B virus, serum bilirubin
was 3 times the preoperative level 7-9 days after cryosurgery. Liver-protective treatment may alleviate
liver function impairment due to cryosurgery.
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Introduction extrahepatic disease [2,8]. Fortunately, non-surgical percutaneous

tumor ablation therapies - namely, percutaneous ethanol

Hepatocellular carcinoma (HCC) is one of the most common
malignancies worldwide and its incidence is increasing [4]. In
about 80% of patients, HCC is associated with chronic liver disease
(i.e., hepatitis, cirrhosis), which has major implications for the
prognosis and therapeutic options [9]. Many patients are unsuit-
able for tumor resection because of factors such as poor hepatic
reserve, cirrhosis or the presence of multicentric tumors or
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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 prolong the patient’s life and the
complications are acceptable. A long-term study of medium to
large lesions (mean diameter 4.6 cm) treated with cryoablation
and/or transarterial chemoembolization showed a 5-year survival
rate of 23% and a local progression rate of 24% [14,23]. The compli-
cation rate following cryoablation may be as high as 40%; side
effects include liver parenchyma fracture, cryoshock, biliary fistula,
hemorrhage, cold-induced lesions in nearby structures, thrombo-
cytopenia and coagulopathy, but these can be reduced by skilled
operators, strict patient selection and symptomatic treatment
[15,18,19,21]. Ablating the tumor as completely as possible
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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 with already impaired liver function [10].
After liver cryosurgery, rapid elevation of transaminases
[6,7,17,20,26] and bilirubin [1,7,11] is common, but the elevation
is usually transient and commonly normalizes within a few days.

To gather detailed information on the effect of cryoablation on
liver function, 51 HCC patients were observed for hepatic func-
tional reserve after 66 percutaneous cryoablations. Liver-protec-
tive therapy and symptomatic treatment were provided to these
patients and serum transaminase and bilirubin levels were
compared between hepatitis B virus positive and hepatitis B virus
negative patients.

Materials and methods
Ethics

The study protocol received ethical approval from the Regional
Ethics Committee of Guangzhou Fuda Cancer Hospital. Written
informed consent was obtained from each participant in
accordance with the Declaration of Helsinki.

Patient selection

In all patients, the diagnosis of unresectable HCC was confirmed
by liver pathology, imaging and tumor markers. Ideal patients for
this research were those with: only one significant tumor in the
liver; Karnofsky performance status score >70; platelet
count > 100 x 10°/L; white blood cell count >3 x 10°/L; neutro-
phil count > 2 x 10°/L; hemoglobin > 90 g/L; prothrombin time
international normalized ratio > 1.5; hepatic tumor not obviously
invading the gallbladder, diaphragm 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 pmol/L, direct bilirubin
(D.BIL) < 39 umol/L and Child-Pugh score A or B) and renal func-
tion (serum creatinine < 130 uM, serum urea < 10 mM). Between
January, 2005 and January, 2008, 38 patients met our inclusion cri-
teria and received simple hepatic cryoablation; from January, 2008
to July, 2012, 51 patients were enrolled in the study 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). Cryoprobes (3 mm in diameter) were inserted into
the center of 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. For masses <6 cm in long
diameter, two or three cryoprobes were placed within the center
of the tumor, to ensure freezing of the entire mass; for masses with
a long diameter of 6-10 cm, the tumor was divided into two parts
that were treated in turn, usually at an interval of 1 week; for
masses with a long diameter of 10-18 cm, the tumor was divided
into three parts treated at intervals of usually 1 week. The tracts
formed were sealed with fibrin glue immediately after removal
of the cryoprobes to ensure hemostasis.

Tests of hepatic functional reserve

Hepatic function was measured using an automatic biochemical
analyzer (Hitachi-7100; Hitachi, Tokyo, Japan); alanine transami-
nase (ALT) and aspartate transaminase (AST) were determined
with a specialized reagent kit using the velocity method and
T.BIL and D.BIL were determined with a kit using the vanadate
method (Biosino Biotechnology and Science Inc., Beijing, China).

Blood was drawn in the morning on an empty stomach. The
tests were performed every 1-3 days until patient discharge. Nor-
mal ranges are 5-35 U/L for ALT, 8-40 U/L for AST, 0-25.5 pmol/L
for T.BIL and 0-13 pmol/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, Chongqging, China) [24] were
administered to all patients. In patients with abnormal transami-
nase, the two drugs were given until the liver function returned
to normal; in patients with normal transaminase, the drugs were
usually ceased 3-4 days post-cryoablation to help maintain normal
liver function.

In patients with thrombocytopenia (platelet count < 150 x 10%/L),
platelet count was closely supervised and recombinant human
interleukin-11 (rhlL-11, 25 pg/kg/day; Northland Biotech, Beijing,
China) was given if coagulopathy (platelet count < 100 x 10°/L)
was detected [21]. For treatment of liver hemorrhage after cryosur-
gery, regular hemostatic agents were used; for treatment of liver
abscess, antibiotic and drainage treatment was instituted.

Evaluation and statistical analysis

All cases of impaired hepatic function in this study were unam-
biguous. Complications were recorded and classified in accordance
with the Common Terminology Criteria of Adverse Events v4.0.
Radiographic local tumor control was assessed using image-guided
tumor ablation criteria [5]. Abdominal ultrasonography was per-
formed both 1day and 1week after treatment. The revised
Response Evaluation Criteria in Solid Tumors v1.1 were used to
assess the response of the hepatic tumors [3]. Bonferroni’s multiple
comparison tests were used for comparisons between days. 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. All
analyses were conducted using GraphPad software (San Diego,
CA, USA).

Results
Clinical data

Detailed data for 38 patients before simple hepatic cryoablation
(51 sessions) are recorded in Table 1. Tumor long diameters were
<6 cm in 28 patients, 6-10cm in 8 and >10 cm in two. Twenty-
two (58%) had stage IV disease, 12 (32%) had a history of hepatitis,
174 (45%) had initially been treated surgically and 11 (29%) had
been treated with systemic chemotherapy in other centers, and
16 (43%) had thrombocytopenia. Detailed data for 51 patients
before cryoprotective therapy (66 sessions) are recorded in Table 2.
Tumor long diameters were <6 cm in 38 patients, 6-10 cm in 11
and >10cm in two. Thirty-one (61%) had stage IV disease, 14
(27%) had a history of hepatitis, 24 (47%) had initially been treated
surgically and 15 (29%) had been treated with systemic chemo-
therapy in other centers, and 24 (47%) had thrombocytopenia.



Table 1

Detailed data of 38 patients before simple hepatic cryoablation.

No. Gender/ Nationality Cancer ALT/ T/D.BIL  Hepatitis No. Gender/ Nationality Cancer ALT/ T/D.BIL  Hepatitis No. Gender/ Nationality Cancer ALT/ T/ Hepatitis
age stage AST (pmol/ age stage AST (pmol/ age stage AST D.BIL(pmol/
(UL) L) (UL) L) (UL) L)
1 M/79 China v 42/79 11/6 - 17 M/41 China I\% 26/53  26/14 - 26 M/64 China 11 15/52  20/8 -
2 M/42 China v 35/82  10/5 B+ 119/ 23/11 11/39  11/5
188
3 M/41 China v 114/ 41/20 - 18  M/30 China il 208/ 36/22 - 27  M/40 Indonesia 1\% 50/53 15/6 -
106 141
4  M/56 China 1 83/78  50/30 - 19 M/63 China I\Y% 221/ 27/15 B+ 48/48  9/3
186
5 F/53 China 11 18/ 33/12 - 20 M/55 Philippines 11 128/ 30/11 B+ 28 M/69 Indonesia il 18/34 12/3 -
121 55
6 F/56 China 1 77|43 20/8 B+ 114/ 21/11 19/20 25/14
85
7 FE/57 China 1 36/31 21/10 B+ 36/51 12/6 29  F/50 Vietnam v 17/24 7)1 -
8 M/49 Malaysia I\Y% 90/73  40/16 - 21 M/49 China I\% 74/ 39/28 B+ 30 M/66 Indonesia i 76/ 34/16 B+
114 168
9 M/45 China v 36/40 74/36 - 22 M/38 China \% 92/43  28/11 - 31 M/41 China v 4776 2412 B+
10 M/76 Indonesia 1 11/20 18/7 C+ 21/35  13/7 32 M/59 China 1 50/52  10/3 C+
11 M/45 China v 238/ 8/2 - 23 M/54 China Il 75/82  9/5 B+ 33 M/30 Indonesia v 55/ 26/17 -
151 213
12 Mj44 China 1l 18/22  10/3 - 98/60  19/6 34 M/41 China v 24/60  27/11 -
13 M/40 China \Y 16/55 12/9 B+ 69/87  9/2 110/ 25/10
137
25/37  20/10 24 M/[56 China il 21/ 26/14 - 35  F/96 Philippines IV 97/ 22/11 -
189 100
14  M/56 China v 72/69  55/24 - 28/95  20/8 36  M/69 China v 54/ 26/15 -
197
15  M/81 China v 30/35  13/7 - 25  M/36 China I\Y% 11/39 11/5 - 37 F/80 Thailand 1 25/25  15/6 -
16 M/48 China 11 43/ 23/11 - 15/52  18/9 38 M/40 China v 65/92  14/6 -
126

Note: M, male; F, female; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; DBIL, direct bilirubin.
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Table 2
Detailed data of 51 patients before cryoprotective therapy.
No. Gender/ Nationality Cancer ALT/ T/D.BIL  Hepatitis No. Gender/ Nationality Cancer ALT/ T/ Hepatitis No. Gender/ Nationality Cancer ALT/ T/D.BIL  Hepatitis
age stage AST (pmol/ age stage AST D.BIL(pumol/ age stage AST (pumol/
(UL) L (UL) L) (UL) L)
1 M/79 China v 85/78 11/6 - 22 M/41 China v 26/53  18/9 - 35  M/30 China il 15/52  20/8 -
2 M/42 China \Y 35/82 105 - 119/ 23/11 11/39  11/5
188
3 M4l China % 114/ 4120 - 23 M/56 China v 508/  36/22 - 36 M/40 Indonesia IV 24/60 15/6 -
106 231
4 M/56 China 1l 42/69 5030 - 24  M/63 China v 26/51  27/15 B+ 50/53  9/3
5  M/58 China il 41/40  17/9 - 25  M/50 China \Y 231/ 25/16 B+/ 37  MJ65 China il 61/74 73 -
160
6 F/83 China il 18/ 33/12 B+ 26 M/55 China 1 128/ 21/11 B+ 38 M/69 Indonesia I 18/34 123 -
121 55
7 Fl49 China 1l 77/43  20/8 B+ 314/ 1206 19/20  10/3
115
8 F/57 China 1l 36/31 20/10 B+ 221/ 30/11 39 F/50 Vietnam v 1724 7)1 -
186
9 M/56 Malaysia I\ 72/69  40/16 - 27 M/38 China v 74/ 39/28 B+ 40 M/66 Indonesia 11 76/ 34/16 B+
134 168
10  M/54 China 1l 70/65  16/6 - 28  M/57 Indonesia IV 28/38  20/13 - 41 M/53 China v 49/62  22/11 -
11 M/62 China 1 131/  26/18 B+ 31/33  36/26 42 Mj47 Philippines IV 15/27  18/7 -
271
12 M/45 China \Y 75/ 25/18 - 29  M/69 China v 67/55 34/13 - 63/24  43/22
118
13 M/61 China \% 28/ 63/42 - 30 M/38 China \Y 50/ 24/14 - 43 M/57 China il 94/ 24/16 -
121 114 103
14 M/45 China v 36/40 74/36 - 31 M/49 China il 92/43  28/11 - 44 MJ41 China v 47/76  24/12 B+
15  M/76 China 1l 11/20 187 - 21/35 13/7 45  M/59 China 1l 50/52  22/11 B+
16  M/45 China v 238/ 8/2 - 32 M/54 Vietnam I\% 75/82  9/5 B+ 46  M/64 Indonesia I\Y% 65/92  26/17 -
151
17 Mj44 China 1l 18/22  10/3 - 98/50  19/6 47 M4l China v 48/48 27/11 -
18 M/40 Indonesia v 16/55 129 B+ 69/87 9/2 110/ 25/10
137
15/37  23/11 33 M/30 China I 21/ 26/14 - 48  F/96 Philippines IV 97/ 25/14  C+/
189 100
19  M/56 China v 90/73 55/24 - 15/52  20/8 49  M/69 China v 54/ 26/15 -
197
20 M/53 China v 30/35 13/7 - 34 M/36 China 11 11/39 11/5 - 50 F/80 Thailand I\ 25/25 15/6 -
21 M/48 China il 4/126  21/10 - 21/ 26/14 51  M/40 China v 55/ 14/6 -
189 213

Note: M, male; F, female; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; DBIL, direct bilirubin.
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Fig. 1. Changes in hepatic functional reserve after 66 sessions of liver cryosurgery. Bonferroni’s multiple comparison test was used to compare different days. The number of
test results obtained varied between days (66, 18, 18, 16, 10, 15, 8, 9, 6, 8, 4 and 22 results were obtained on day 0, 1, 2, 3,4, 5, 6, 7, 8,9, 10 and 11-20, respectively); thus, days
with fewer than three test results were merged with neighboring days. 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 < 0.001.
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Fig. 2. Changes in the hepatic functional reserve of 37 non-hepatitis patients. Bonferroni’s multiple comparison test was used to compare different days. The number of test
results obtained varied between days (48, 16, 12, 10, 6, 11, 10, 12 and 18 results were obtained on day 0, 1, 2, 3,4, 5, 6-7, 8-10 and 11-20, respectively); thus, days with fewer
than three test results were merged with neighboring days. 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.

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. Many mild side effects occurred after cryosur-
gery, but the affected patients recovered with or without symp-
tomatic treatment. Slight liver hemorrhage occurred after 27
sessions (23%), but all cases resolved within 5 days with injection
of hemostatic agents. Liver capsular rupture occurred during six
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Fig. 3. Changes in the hepatic functional reserve of 14 hepatitis patients. Bonferroni’s multiple comparison test was used to compare different days. The number of test results
obtained varied between days (18, 8, 6, 4, 4, 5, 6 and 6 results were obtained on day 0, 1-2, 3,4, 5, 6, 7-9 and 10-20, respectively); thus, days with fewer than three test results
were merged with neighboring days. 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 < 0.05, **P < 0.01, ***P < 0.001.

sessions (5%) but resolved after blood transfusion. Among the 24
patients who had thrombocytopenia before liver cryoablation,
the thrombocytopenia had disappeared after 19 sessions and coag-
ulopathy occurred within 4 days after eight sessions; after admin-
istration of rhIL-11, all patients recovered within 1 week. Liver
abscess was observed after six sessions (5%) at the site of cryoabla-
tion, but the patients recovered within 2 weeks with antibiotic and
drainage treatment.

Changes of hepatic functional reserve after simple cryotherapy

Among the 38 subjects, 14 were hepatitis positive. Fifty-one
cryosurgeries were performed in these patients; transaminase lev-
els were abnormal before 39 of these ablations and bilirubin was
abnormal before 18 ablations. The test results were as follows:
ALT 61 + 52 U/L; AST 81 +52 U/L; T.BIL 23 + 13 umol/L; and D.BIL
11 = 7 pmol/L. In 3 days post cryosurgery, the serum transaminase
and bilirubin values rose rapidly to a peak, then fell gradually; in
the 26 hepatitis negative patients, 34 cryosurgeries were per-
formed, the maximal elevating fold of ALT, AST, T.BIL and D.BIL
were 13, 16, 4 and 3, respectively; in the 12 hepatitis positive
patients, 17 cryosurgeries were performed, the maximal elevating
fold of ALT, AST, T.BIL and D.BIL were 10, 12, 4 and 4, respectively.

Changes of hepatic functional reserve after cryoprotective therapy

Among the 51 subjects, 66 cryosurgeries were performed in
these patients; transaminase levels were abnormal before 53 of
these ablations and bilirubin was abnormal before 27 ablations.
The test results were as follows: ALT 71 + 41 U/L; AST 85 + 37 U/L;
T.BIL 24 +12 pmol/L; and D.BIL 13 +6 pmol/L. The day after
cryosurgery, the serum transaminase values rose rapidly to a peak
(ALT 241 £ 48 UJL; AST 427 + 45 U/L; both P < 0.001) and then fell
gradually; ALT and AST decreased significantly from day 5 and

day 2, respectively (both P<0.001) (Fig. 1A and B). No obvious
change in serum bilirubin was observed until 20 days post-cryosur-
gery (Fig. 1C and D).

In the 37 hepatitis negative patients, 48 cryosurgeries were per-
formed. Transaminase levels were abnormal before 35 of these
ablations and bilirubin was abnormal before 19 ablations. The test
results were as follows: ALT 61+ 11U/L; AST 79+8 U/L; T.BIL
24 +2 umol/L; and D.BIL 13 =2 pmol/L. Due to abnormal liver
function, liver-protective therapy was given before 35 (73%) abla-
tions. The day after cryosurgery, the serum transaminase values
rose rapidly to a peak (ALT 239 + 54 U/L; AST 437 £+ 50 U/L; both
P<0.001) and then fell gradually; ALT and AST decreased signifi-
cantly from day 5 (P<0.01) and day 2 (P < 0.001) (Fig. 2A and B).
No obvious change in serum bilirubin was observed until 20 days
post-cryosurgery (Fig. 2C and D).

In the 14 hepatitis positive patients, 18 cryosurgeries were per-
formed. No patient had normal transaminase levels and bilirubin
was abnormal before eight of these 18 ablations. The test results
were as follows: ALT 99+19U/L; AST 102+15U/L; T.BIL
23 +2 pmol/L; and D.BIL 12 +1 pmol/L. Due to abnormal liver
function, all 14 patients were given liver-protective therapy before
the ablations. Serum ALT rose to 243 + 62 U/L in 2 days (P < 0.05)
and then fell gradually; the level decreased significantly after day
10 (48 £+ 9 U/L, P<0.05; Fig. 3A). Serum AST fluctuated over time,
with no significant difference between time points (Fig. 3B). Serum
bilirubin rose gradually to a peak 7-9 days after cryosurgery (T.BIL:
74 +19 pmol/L, P<0.01, Fig. 3C; D.BIL: 45 + 17 pumol/L, P < 0.001,
Fig. 3D) and then fell gradually.

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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in those who undergo multiple cryoablations, which can further
improve survival [12]. For tumors of diameter >6 cm in this study,
two or three sessions of cryosurgery were performed to avoid seri-
ous side effects. To minimize impairment of liver function, liver-
protective therapy was given before and after the ablations. Based
on clinical observations, 1 week’s 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 toler-
ated the treatment and no severe complications occurred after
cryoablation, demonstrating the safety and efficacy of this
technique.

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 and all studies found obvious elevations of AST
and ALT [6,7,17,20,26] and bilirubin (including T.BIL and D.BIL)
[1,7,11]; these elevations are usually transient — especially in
patients with a healthy liver - and usually normalize within a
few days. In the present study, although most patients received
liver-protective treatment before cryosurgery, transaminase levels
were doubled (mean ALT and AST were 71 U/L and 85 U/L, respec-
tively) compared with the normal ranges in our hospital. One day
after cryosurgery, ALT and AST were increased 3.3-fold (peak mean
was 241 U/L) and fivefold (peak mean was 427 U/L), respectively,
but were close to the preoperative level 5 days post-procedure.
Hamad and Neifeld [7] showed that ALT and AST were increased
13- and 15-fold, respectively, by postoperative day 1 and then
gradually subsided. Compared with this study, our finding of
increased AST and ALT is consistent, but the extent of the increase
differs. The explanation for the lower increase in our study may be
due to two factors: the time of measurement and the use of liver-
protective therapy. Nair et al. [13] found that AST and ALT levels
were increased after all procedures and peaked at 6 h, but we mea-
sured AST and ALT 24 h after cryosurgery. 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 benefi-
cial in cryoablation.

No significant increase of serum bilirubin was observed in the
present study, which differs from the findings of Goodie et al. [6]
and Hamad and Neifeld [7]. Goodie et al. demonstrated an increase
in serum T.BIL from 11 pmol/L preoperatively to 28 pmol/L on
postoperative day 1 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 divided into
hepatitis B virus positive and hepatitis B virus negative groups, and
it was only in the hepatitis B positive group that T.BIL (74 pmol/L/
23 pmol/L = 3.2) and D.BIL (45 pmol/L/12 pmol/L = 3.8) increased
by more than 3 times 7-9 days after treatment. The reason for
the serum bilirubin increase in hepatitis B positive patients
remains unknown and needs further research.

Overall, the present results demonstrate that ALT and AST levels
are important indicators of liver function following cryosurgery. In
patients with hepatitis B virus, serum bilirubin increased by
3times the preoperative level 7-9days after cryosurgery.
Liver-protective treatment may alleviate liver function damage
following cryosurgery. In conclusion, we can say that cryosurgery
for liver cancer is relatively safe in terms of liver function, but
the research on long-term benefits are still needed in the future.

References

[1] P. Bayjoo, G. Jacob, Hepatic cryosurgery: biological and clinical considerations,
J. R. Coll. Surg. Edinb. 37 (1992) 369-372.

[2] G.M. Dusheiko, K.E. Hobbs, R. Dick, A.K. Burroughs, Treatment of small
hepatocellular carcinomas, Lancet 340 (1992) 285-288.

[3] E.A. Eisenhauer, P. Therasse, J. Bogaerts, L.H. Schwartz, D. Sargent, R. Ford, ].
Dancey, S. Arbuck, S. Gwyther, M. Mooney, L. Rubinstein, L. Shankar, L. Dodd, R.
Kaplan, D. Lacombe, ]. Verweij, New response evaluation criteria in solid tumours:
revised RECIST guideline (version 1.1), Eur. J. Cancer 45 (2009) 228-247.

[4] H.B. El-Serag, A.C. Mason, Rising incidence of hepatocellular carcinoma in the
United States, N. Engl. J. Med. 340 (1999) 745-750.

[5] S.N. Goldberg, C.J. Grassi, J.F. Cardella, ].W. Charboneau, G.D. Dodd 3rd, D.E.
Dupuy, D. Gervais, A.R. Gillams, R.A. Kane, F.T. Lee Jr., T. Livraghi, J. McGahan,
D.A. Phillips, H. Rhim, S.G. Silverman, Image-guided tumor ablation:
standardization of terminology and reporting criteria, J. Vasc. Interv. Radiol.
16 (2005) 765-778.

[6] D.B. Goodie, M.D. Horton, R.W. Morris, LS. Nagy, D.L. Morris, Anaesthetic
experience with cryotherapy for treatment of hepatic malignancy, Anaesth.
Intensive Care 20 (1992) 491-496.

[7] G.G. Hamad, ].P. Neifeld, Biochemical, hematologic, and immunologic
alterations following hepatic cryotherapy, Semin. Surg. Oncol. 14 (1998)
122-128.

[8] H.J. Hodgson, Primary hepatocellular carcinoma, Br. J. Hosp. Med. 29 (1983)
(240, 246, 250 passim).

[9] P.J. Johnson, Hepatocellular carcinoma: is current therapy really altering
outcome?, Gut 51 (2002) 459-462

[10] Y. Koike, H. Yoshida, S. Shiina, T. Teratani, S. Obi, S. Sato, M. Akamatsu, R.
Tateishi, T. Fujishima, Y. Hoshida, M. Kanda, T. Ishikawa, Y. Shiratori, M.
Omata, Changes in hepatic functional reserve after percutaneous tumor
ablation for hepatocellular carcinoma: long-term follow up for 227
consecutive patients with a single lesion, Hepatol. Int. 1 (2007) 295-301.

[11] S.M. Lee, ].Y. Won, D.Y. Lee, K.H. Lee, K.S. Lee, Y.H. Paik, ].K. Kim, Percutaneous
cryoablation of small hepatocellular carcinomas using a 17-gauge ultrathin
probe, Clin. Radiol. 66 (2011) 752-759.

[12] F. Mu, L. Niu, H. Li, M. Liao, L. Li, C. Liu, J. Chen, ]. Li, ]. Zuo, K. Xu, Percutaneous
comprehensive cryoablation for metastatic hepatocellular cancer, Cryobiology
66 (2013) 76-80.

[13] R.T. Nair, S.G. Silverman, K. Tuncali, N.A. Obuchowski, E. vanSonnenberg, S.
Shankar, Biochemical and hematologic alterations following percutaneous
cryoablation of liver tumors: experience in 48 procedures, Radiology 248
(2008) 303-311.

[14] A. Orlacchio, G. Bazzocchi, D. Pastorelli, F. Bolacchi, M. Angelico, C. Almerighi,
S. Masala, G. Simonetti, Percutaneous cryoablation of small hepatocellular
carcinoma with US guidance and CT monitoring: initial experience,
Cardiovasc. Intervent. Radiol. 31 (2008) 587-594.

[15] ASS. Pearson, F. Izzo, R.Y. Fleming, L.M. Ellis, P. Delrio, M.S. Roh, ]. Granchi, S.A.
Curley, Intraoperative radiofrequency ablation or cryoablation for hepatic
malignancies, Am. J. Surg. 178 (1999) 592-599.

[16] RT. Poon, S.T. Fan, F.H. Tsang, ]. Wong, Locoregional therapies for
hepatocellular carcinoma: a critical review from the surgeon’s perspective,
Ann. Surg. 235 (2002) 466-486.

[17] T.S. Ravikumar, R. Kane, B. Cady, R. Jenkins, M. Clouse, G. Steele ]Jr., A 5-year
study of cryosurgery in the treatment of liver tumors, Arch. Surg. 126 (1991)
1520-1523 (discussion 1523-1524).

[18] T. Sarantou, A. Bilchik, K.P. Ramming, Complications of hepatic cryosurgery,
Semin. Surg. Oncol. 14 (1998) 156-162.

[19] J.K. Seifert, D.L. Morris, World survey on the complications of hepatic and
prostate cryotherapy, World. J. Surg. 23 (1999) 109-113 (discussion 113-104).

[20] M. Shafir, R. Shapiro, M. Sung, R. Warner, A. Sicular, A. Klipfel, Cryoablation of
unresectable malignant liver tumors, Am. J. Surg. 171 (1996) 27-31.

[21] J. Shi, L. Niu, Z. Huang, F. Mu, J. Chen, J. Li, K. Xu, Diagnosis and treatment of
coagulopathy following percutaneous cryoablation of liver tumors: experience
in 372 patients, Cryobiology 67 (2013) 146-150.

[22] S. Shiina, T. Teratani, S. Obi, K. Hamamura, Y. Koike, M. Omata, Nonsurgical
treatment of hepatocellular carcinoma: from percutaneous ethanol injection
therapy and percutaneous microwave coagulation therapy to radiofrequency
ablation, Oncology 62 (Suppl. 1) (2002) 64-68.

[23] T. Shimizu, Y. Sakuhara, D. Abo, Y. Hasegawa, Y. Kodama, H. Endo, H. Shirato, K.
Miyasaka, Outcome of MR-guided percutaneous cryoablation for
hepatocellular carcinoma, J. Hepatobiliary Pancreat. Surg. 16 (2009) 816-823.

[24] D.M. Townsend, K.D. Tew, H. Tapiero, The importance of glutathione in human
disease, Biomed. Pharmacother. 57 (2003) 145-155.

[25] H.M. Xu, Y. Chen, ]J. Xu, Q. Zhou, Drug-induced liver injury in hospitalized
patients with notably elevated alanine aminotransferase, World J.
Gastroenterol. 18 (2012) 5972-5978.

[26] X.D. Zhou, Z.Y. Tang, Y.Q. Yu, Z.C. Ma, Clinical evaluation of cryosurgery in the
treatment of primary liver cancer. Report of 60 cases, Cancer 61 (1988) 1889-
1892.


http://refhub.elsevier.com/S0011-2240(14)00114-X/h0005
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0005
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0010
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0010
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0015
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0015
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0015
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0015
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0020
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0020
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0025
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0025
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0025
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0025
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0025
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0030
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0030
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0030
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0035
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0035
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0035
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0040
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0040
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0045
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0045
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0050
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0050
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0050
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0050
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0050
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0055
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0055
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0055
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0060
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0060
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0060
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0065
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0065
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0065
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0065
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0070
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0070
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0070
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0070
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0075
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0075
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0075
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0080
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0080
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0080
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0085
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0085
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0085
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0090
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0090
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0095
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0095
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0100
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0100
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0105
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0105
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0105
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0110
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0110
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0110
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0110
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0115
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0115
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0115
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0120
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0120
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0125
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0125
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0125
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0130
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0130
http://refhub.elsevier.com/S0011-2240(14)00114-X/h0130

	Cryoprotective therapy for hepatocellular carcinoma:  Study of 51 patients with a single lesion
	Introduction
	Materials and methods
	Ethics
	Patient selection
	Cryotherapy
	Tests of hepatic functional reserve
	Liver-protective therapy and symptomatic treatment
	Evaluation and statistical analysis

	Results
	Clinical data
	Perioperative outcomes
	Changes of hepatic functional reserve after simple cryotherapy
	Changes of hepatic functional reserve after cryoprotective therapy

	Discussion
	References


