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Abstract
AIM: To investigate the therapeutic efficacy and safety 
of continuous autotransfusion system (CATS) during liv-
er transplantation of hepatocellular carcinoma patients.

METHODS: Eighty-three hepatocellular carcinoma 
(HCC) patients who underwent liver transplantation 
with intraoperative CATS (n  = 24, CATS group) and 
without (n  = 59, non-CATS group) between April 2006 
and November 2011 at the Liver Transplant Institute of 
Inonu University were analyzed retrospectively. Post-
operative HCC recurrence was monitored by measuring 
alpha-fetoprotein (AFP) levels at 3-mo intervals and 
performing imaging analysis by thoracoabdominal mul-
tidetector computed tomography at 6-month intervals. 
Inter-group differences in recurrence and correlations 

between demographic, clinical, and pathological data 
were assessed by ANOVA and χ 2 tests. Overall and 
disease-free survivals were calculated by the univariate 
Kaplan-Meier method.

RESULTS: Of the 83 liver transplanted HCC patients, 
89.2% were male and the overall mean age was 51.3 
± 8.9 years (range: 18-69 years). The CATS and non-
CATS groups showed no statistically significant differ-
ences in age, sex ratio, body mass index, underlying 
disease, donor type, graft-to-recipient weight ratio, 
Child-Pugh and Model for End-Stage Liver Disease 
scores, number of tumors, tumor size, AFP level, Mi-
lan and University of California San Francisco selection 
criteria, tumor differentiation, macrovascular invasion, 
median hospital stay, recurrence rate, recurrence site, 
or mortality rate. The mean follow-up time of the non-
CATS group was 17.9 ± 12.8 mo, during which system-
ic metastasis and/or locoregional recurrence developed 
in 25.4% of the patients. The mean follow-up time for 
the CATS group was 25.8 ± 15.1 mo, during which 
systemic metastasis and/or locoregional recurrence 
was detected in 29.2% of the patients. There was no 
significant difference between the CATS and non-CATS 
groups in recurrence rate or site. Additionally, no signif-
icant differences existed between the groups in overall 
or disease-free survival. 

CONCLUSION: CATS is a safe procedure and may de-
crease the risk of tumor recurrence in HCC patients.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
Since the first report of  a successful human liver trans-
plantation (LT) in 1963, this procedure has become the 
gold standard treatment for end-stage liver diseases, in-
cluding acute liver failure, some metabolic liver diseases, 
primary liver cancers [such as hepatocellular carcinoma 
(HCC)], and some metastatic liver tumors[1-3]. Despite 
its widespread application, intraoperative hemorrhag-
ing remains a significant limitation of  the procedure[1,4]. 
The liver is directly connected to three different vascular 
systems, all of  which may be weakened by the underlying 
disease’s pathogenic processes. Serious collateral circula-
tion damage can accompany chronic liver disease and 
parallel severity of  the disease status, increasing the risk 
of  hemorrhage during LT surgery. 

Clinical studies have identified the most important 
factors influencing development of  major hemorrhage 
during surgery as adhesions between cirrhotic liver and 
surrounding structures, impaired clotting factor synthesis, 
inherent hemorrhage tendency of  some liver diseases, 
retransplantation, portal vein thrombosis, and the experi-
ence level of  the involved hepatobiliary surgical team[3,5-7]. 
Moreover, the extent of  any hemorrhage that develops 
during surgery has been defined as one of  the most sig-
nificant factors affecting patient morbidity and mortal-
ity[6,8]. Suitable and balanced blood replacement is vital 
for patients undergoing major surgery. Unfortunately, the 
exogenous blood transfusion methods remain inadequate 
for resolving major blood loss that occurs during surgery. 
Various intraoperative blood salvage autotransfusion 
systems have been developed to overcome this clinical 
challenge, and are based upon re-use of  the patient’s own 
blood that has accumulated at the surgical site[4,9].

Intraoperative blood salvage autotransfusion (IBSA) 
systems have emerged as cost-effective intraoperative 
tools that reduce the blood requirement by up to 60%[5]. 
However, some studies have indicated that the IBSA 
systems may cause cancer cell dissemination when used 
during cancer surgery[5], thereby increasing a patient’s 
risk for metastasis or recurrence. These results have not 
been upheld by other studies[4] and the therapeutic ef-
ficacy and safety of  IBSA systems remain to be definitely 
established. The IBSA system employed in our health-
care institute is the continuous autotransfusion system 
(CATS) manufactured by Fresenius Kabi AG (Bad Hom-
burg, Germany). To gain a better understanding of  the 
therapeutic efficacy and safety of  CATS during LT, this 
research study was designed to retrospectively analyze 
groups of  HCC patients who underwent LT with and 
without CATS to determine postoperative rates of  tumor 
recurrence and survival.

MATERIALS AND METHODS
Between April 2006 and November 2011, a total of  
702 LTs were performed for 664 patients at the Liver 
Transplant Institute of  Inonu University. Histopathologi-
cal evaluation of  the resected hepatectomy specimens 
revealed HCC foci of  varying sizes and numbers for 
17.1% (114/702) of  the LT recipients. Of  those, 28.1% 
(32/114) were considered ineligible for this study based 
upon insufficient follow-up data (< 3 mo; n = 2) and 
other-cause mortality within 3 mo after the LT (n = 29). 
From the remaining cohort of  LT HCC patients, only 
those receiving primary liver transplants were selected for 
study inclusion. These 83 patients were then divided into 
two groups according to use of  CATS during the LT sur-
gery: CATS group, n = 24; non-CATS group, n = 59. The 
study participant selection process is outlined in Figure 1. 

The following data were recorded for comparative 
analysis between the CATS and non-CATS groups: age, 
sex, body mass index (BMI; in kg/m2), underlying disease 
[hepatitis B virus (HBV) infection, hepatitis C virus (HCV) 
infection, or primary HCC], donor type (living/deceased), 
graft-to-recipient weight ratio (GRWR), Child-Pugh 
score, model for end-stage liver disease (MELD) score, 
number of  tumors (< 10 or > 10), mean tumor size (in 
cm), Milan selection criteria (within/beyond), University 
of  California San Francisco (UCSF) selection criteria 
(within/beyond), preoperative alpha-fetoprotein (AFP) 
levels (< 200 or > 200 ng/mL)[10], tumor differentiation 
(good/average/poor), macrovascular invasion (positive/
negative), systemic metastasis and locoregional recur-
rence (positive/negative), recurrence site (hepatic and/or 
extrahepatic), current status (alive/died), and duration of  
follow-up (in mo).

The LT patients had been classified according to the 
Milan and UCSF criteria, both of  which consider the di-
ameter and number of  HCC lesions observed by patho-
logical examination to identify individuals likely to benefit 
from and survive the LT procedure. Specifically, patients 
with a single lesion of  ≤ 5 cm diameter or with three 
or less lesions for which the largest was ≤ 3 cm were 
defined as ‘within’ Milan criteria, whereas patients with a 
single lesion of  ≤ 6.5 cm or with three or less nodules 
for which the largest was ≤ 4.5 cm and the total tumor 
diameter was ≤ 8 cm were defined as ‘within’ UCSF 
criteria[2,11]. Donor type (deceased or living) was based on 
recommendations of  the Milan group and the criteria ac-
cepted by the United Network of  Organ Sharing. HCC 
cases within the Milan criteria (n = 30) were first given the 
chance of  deceased-donor liver transplantation (DDLT; n 
= 3), whereas HCC cases beyond the Milan criteria were 
given living-donor liver transplantation (LDLT; n = 80). 

In the LDLT procedure, venous drainage was facili-
tated by creating a wide-orifice venous drainage model 
using a saphenous vein graft followed by a wide-aperture 
anastomosis created between the wide-orifice hepatic 
vein and inferior vena cava. In the DDLT procedure, a 
hepato-caval anastomosis was created by using the stand
ard piggyback technique. Anastomoses of  other vascular 
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structures and the biliary tract were created by standard 
techniques.

In the early postoperative period, all known HCC ca
ses were given the immunosuppressive regimen of  low-
dose sirolimus, steroids, and mycophenolate mofetil. The 
postoperative pharmaceutical regimen for non-HCC 
patients who received LT for end-stage liver disease in-
cluded the calcineurin inhibitor; however, nine of  those 
patients were subsequently diagnosed with HCC by pa-
thology and were immediately switched to sirolimus treat-
ment.

All patients were followed-up with measurement 
of  AFP levels at 3-mo intervals and thoracoabdominal 
multidetector computed tomography (MDCT) imaging 
at 6-mo intervals. Suspicion of  tumor recurrence led 
to shorter interval monitoring. Sixty-nine patients with 
chronic liver disease showed enhanced AFP values dur-
ing follow-up and were monitored by dynamic MDCT. 
Five additional cases of  primary HCC showed enhanced 
AFP levels by other tests carried out for symptoms un-
related to clinical liver disease and were then monitored 
by dynamic MDCT. HCC recurrence was indicated when 
dynamic MDCT scan images showed heterogeneous 
contrast with the arterial phase, evidenced by hypodense 
or isodense regions in the normal liver parenchyma of  
the portal phase, and contrast enhancement extending to 
the capsule in the late phase. In cases of  suspected HCC, 
ultrasonography or CT-guided biopsy was performed, 
depending on mass location. A total of  74 patients were 
diagnosed with HCC during follow-up. 

HCC recurrence was diagnosed by enhanced blood 
AFP levels, MDCT tumor detection, and/or biopsy-
detected cancer of  the same cell type as the originally re-

sected HCC. Recurrence was categorized as either system-
ic metastasis (in a different organ system with no other 
identifiable cause) or locoregional (within the transplanted 
liver and/or perihepatic lymph node chain). Overall sur-
vival was defined as the time interval from LT to death 
from any cause, or to the last outpatient clinical follow-up 
for censored patients. Disease-free survival was defined as 
the time from LT to HCC recurrence or death from any 
cause.

Statistical analysis
Statistical analyses were performed by the SPSS software 
package (version 13.0; SPSS, Chicago, IL, United States). 
Categorical data were analyzed by the χ 2 test. Continu-
ous data were analyzed by the ANOVA test. Overall and 
disease-free survivals were calculated by the univariate 
Kaplan-Meier method. Statistical significance was indicat-
ed by P < 0.05. Data are expressed as mean ± SD errors 
of  the mean (SEM).

RESULTS
Eighty-three HCC patients who underwent LT were 
analyzed. The male:female ratio was strongly biased (74: 
9). The mean age was 51.3 ± 8.9 years (range: 18-69). 
The CATS procedure was used in only 28.9% of  the LT 
patients (CATS group, n = 4; non-CATS group, n = 59). 
No significant differences were identified between the 
two groups in terms of  age, sex, BMI, underlying disease, 
donor type, GRWR, Child-Pugh score, MELD score, tu-
mor count, tumor size, AFP levels, Milan criteria, UCSF 
criteria, tumor differentiation, macrovascular invasion, 
presence of  recurrence, recurrence site, mortality rate, or 
duration of  hospital stay. Clinical and demographic data 
of  both groups are shown in Table 1. The tumor charac-
teristics of  all patients are shown in Table 2. There was 
no difference between the groups for disease-free (P = 0.9) 
or overall (P = 0.06) survival (Figure 2).

The mean follow-up time for the CATS group was 25.8 
± 15.1 mo (range: 4-53), during which systemic metastasis 
and/or locoregional recurrence was detected in 29.2% 
(7/24) of  the patients. Four of  these patients experienced 
locoregional recurrence together with distant organ metas-
tasis. One patient developed distant organ metastasis only, 
and the remaining two patients developed locoregional re-
currence only. The mean follow-up time of  the non-CATS 
group was 17.9 ± 12.8 mo (range: 4-56 mo), during which 
systemic metastasis and/or locoregional recurrence devel-
oped in 25.4% (15/59) of  the patients. Ten patients experi-
enced locoregional recurrence together with distant organ 
metastasis. Two patients developed distant organ metastasis 
only, and the remaining three patients developed locore-
gional recurrence only. There was no significant difference 
between the CATS and non-CATS groups in recurrence 
rate (P < 0.7) or site (P < 0.8) (Table 2).

DISCUSSION
IBSA collects a patient’s own blood accumulated at a 

114 HCC patients 
(Histopathologically proven)

2 patients excluded: 
< 3 mo follow-up

29 patients excluded: 
Died for other reason 
within 3 mo

85 HCC patients

83 HCC patients

Non-CATS Group (n  = 
59 HCC patients)

CATS Group (n = 
24 HCC patients)

4 HCC patients 
(Incidentally 
detected)

55 HCC patients 
(Preoperatively 
detected)

5 HCC patients 
(Incidentally 
detected)

19 HCC patients 
(Preoperatively 
detected)

Figure 1  Flow chart showing the study selection methodology for hepato-
cellular carcinoma patients. HCC: Hepatocellular carcinoma; CATS: Continu-
ous autotransfusion system.
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surgical site for re-use after aspiration, washing, filtration, 
and reinfusion[9,12-15]. Following the first description of  
an IBSA system, the Bentley autotransfusion device, the 
Haemonetics Co. manufactured an IBSA-based device 
for washing and concentrating of  erythrocytes; known 
as the Cell Saver (Haemonitics, Braintree, MA, United 
States), this system became commercially available in 
1974. Nearly two decades later, the CATS was produced 
by the Fresenius Kabi Co. and has since been successfully 
applied in clinical practice.

Correlations of  IBSA with postoperative complica-
tions, tumor recurrence, and mortality of  patients receiv-
ing either homologous (allogenic) or autologous blood 
transfusion have been extensively studied, but the results 
have been inconsistent[16]. Some studies have shown 
increased infection rates, delayed wound healing, and 
increased mortality, depending on the amount of  blood 
used following homologous transfusion. Similarly, in-
creased rates of  tumor recurrence and mortality were re-
ported for patients who underwent homologous transfu-
sion. Further study has suggested this situation is associ-
ated with suppression of  natural killer cells and cytotoxic 
T-cells, and activation of  T-suppressor cells[7,13,16-18]. Some 
studies have also demonstrated that the infectious and 

non-infectious complications associated with homolo-
gous blood transfusion occur less frequently with autolo-
gous blood transfusion[13,15,17]. The autologous transfusion 
strategy boasts other advantages as well, including: lower 
volume requirement for exogenous blood, which increas-
es cost-effectiveness; higher oxygen-carrying capacity, 
which accelerates wound healing; an immunostimulant 
effect, which reduces tumor recurrence and increases pa-
tient survival rates[5,7,13-15,18,19].

Although positive results have been obtained with 
autologous transfusion in patients undergoing tumor 
surgery, the possibility that tumor dissemination may be 
caused by the IBSA transfusion method remains a signifi-
cant concern[17,20]. This potential risk was first reported by 
Yaw et al[15], who demonstrated the ability of  tumor cells 
to pass through the filter of  the Bentley autotransfusion 
device. Subsequently, the American Medical Association 
designated IBSA systems as unsuitable for use in cancer 
surgery[13,17]. However, this restriction was later modified 
by the National Institute of  Clinical Excellence, which 
indicated that IBSA systems could be used in cancer 
surgery when combined with leukocyte depletion filters 
(LDFs)[13,19]. Since then, the Association of  Anaesthetists 
of  Great Britain and Ireland, Obstetric Anaesthetists As-
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Figure 2  Kaplan-Meier overall survival curves of hepatocellular carcino-
ma patients undergoing liver transplantation with and without continuous 
autotransfusion system. A: Overall survival curves; B: Disease-free survival 
curves.
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Table 1  Clinical and demographic characteristics of 83 hepa-
tocellular carcinoma patients undergoing liver transplantation 
with and without continuous autotransfusion system   n  (%)

Patient Characteristics CATS group 
(n  = 24)

Non-CATS 
group (n  = 59)

P

Sex
   Male 22 (91.7)   52 (88.1) 0.6
   Female 2 (8.3)     7 (11.9)
Age, yr
   mean ± SE 52.0 ± 1.8 51.0 ± 1.2 0.7
   Median (range) 54 (37-67) 53 (18-69)
   BMI, kg/m2 25.5 ± 0.8 25.1 ± 0.6 0.8
Underlying disease
   HBV         18 (75) 39 (66) 0.2
   HBV + HCV   0   1 (1.7)
   HBV + HDV   5 (20.8)     9 (15.3)
   HCV   0   5 (8.5)
   Primary HCC   0   5 (8.5)
Wilson 1 (4.2)   0
Donor type
   Living 24 (100)            56 (95) 0.1
   Deceased 0              3 (5)
GRWR 1.10 ± 0.06   1.20 ± 0.05 0.9
Child score
   A   6 (25.0)  18 (30.5) 0.7
   B 11 (45.8)  29 (49.2)
   C   7 (29.2)  12 (20.3)
MELD score 14.5 ± 0.9 13.6 ± 0.8
Current status
   Alive 13 (54.2)  41 (69.5) 0.2
   Mortality 11 (45.8)  18 (30.5)
Hospital stay, d (range)   35.0 ± 13.8 (14-69)     33.0 ± 38.2 (7-274) 0.6
Follow-up, mo (range) 25.8 ± 15.1 (4-53)   17.9 ± 12.8 (4-56)

HBV: Hepatitis B virus; HCV: Hepatitis C virus; CATS: Continuous auto-
transfusion system; BMI: Body mass index; HCC: Hepatocellular carcino-
ma; CATS: Continuous autotransfusion system; GRWR: Graft-to-recipient 
weight ratio; MELD: Model for End-Stage Liver Disease.
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sociation, American College of  Obstetricians and Gyne-
cologists, and British Confidential Enquiry of  Maternal 
and Child Health, have confirmed the clinical utility and 
safety of  various IBSA systems alone or integrated with 
LDF in cancer surgery.

The most comprehensive study of  IBSA systems in 
cancer surgery was conducted as a meta-analysis of  10 
published studies of  2326 prostate, liver, cervical, and 
gastrointestinal cancer patients[12]. The results showed that 
IBSA did not constitute a risk in terms of  tumor recur-
rence and metastasis. Yet, it has been shown in many stud-
ies that 91%-100% of  tumor cells passing through the 
IBSA system filter reach the reinfusion bag[1,9,13,14,16,17,19-21]; 
therefore, LDF should be integrated into the IBSA sys-
tems.

Catling et al[17] showed that the Cell Saver filter failed 
to remove 91.2% of  tumor cells but that integration of  
LDF resolved this completely. Another study of  patients 
undergoing LT for HCC showed that the Cell Saver fil-
ter system alone removed only 25% of  tumor cells, but 
93.3% of  tumor cells when integrated with an LDF[1]. 
However, the IBSA CATS system used in our study was 
not integrated with LDF and was not associated with 
increased tumor recurrence. This difference may reflect 
the pore diameters of  the different IBSA systems’ filters; 
for example, the pore diameter range of  the Cell Saver’s 
filter is 20-150 µm, whereas the CATS machine’s filter is 
40-120 µm. The different cancer cells types examined in 
the different studies may also influence the finding. Cervi-
cal cancer cells generally range from 25-65 µm diameter, 
whereas HCC cells range from 41-55 µm. Thus, certain 
cancers may require different filters and IBSA systems, 
integrated or unintegrated, should be applied accordingly. 

Most studies of  IBSA systems in gastrointestinal sur-
gery have involved the liver and emergency situations[17]. 
The complicated vascular structure of  the liver and the 
frequency of  severely cirrhotic conditions necessitate 
highly expert surgeons to lessen the high risk of  hemor-
rhage. Nonetheless, massive blood loss remains a com-
mon occurrence in liver tumor surgeries involving major 
resection, and particularly in LT[7]. Two studies have 
investigated the survival rates associated with IBSA sys-
tems in patients undergoing liver resection for HCC. Fu-
jimato et al[22] found equal cumulative overall and disease-
free survival rates for patients treated with and without 
IBSA, and showed that the IBSA system was superior in 
its requirement for a lower volume of  transfused blood. 
Hirano et al[7] reported better 10-year overall and disease-
free survival rates for patients treated with IBSA. These 
authors also showed that the overall and disease-free sur-
vival rates were better for early-stage HCC cases treated 
with IBSA, but no significant advantage was found when 
used in advanced-stage HCC cases.

A few studies have reported on IBSA systems in LT. 
One study by Philips et al[23], in which HCC and sepsis 
cases had been excluded, use of  the Cell Saver during LT 
reduced the requirement for homologous blood transfu-
sion and was cost-effective. Similarly, Sankarankutty et 
al[8] showed that use of  the Cell Saver during LT reduced 
the requirement for homologous blood transfusion and 
lowered the risk of  infection. In a study of  CATS dur-
ing LT performed by Massicote et al[24], in which patients 
with preoperative infection had been excluded, the pro-
cedure reduced the requirement for homologous blood 
transfusion. Finally, Liang et al[3] showed that the Cell 
Saver integrated with LDF reduced bacterial contami-
nation rates by 90.3%. Thus, IBSA systems exhibit a 
reduced requirement for homologous blood transfusion, 
are cost-effective, and have less risk of  microbiological 
contamination.

According to our knowledge, only three studies have 
investigated the effect on tumor recurrence of  IBSA sys-
tems used during LC in HCC patients[1,4,5]. Foltys et al[5] 
reported use of  the Cell Saver in 40 of  136 HCC patients 

Tumor 
characteristics

CATS group 
(n = 24)

Non-CATS 
group (n = 59)

P
value

Tumor count 
   < 10 17 (70.8) 47 (79.6)	 0.4
   > 10   7 (29.2) 12 (20.3)
Mean tumor size, cm 5.8 ± 0.9 5.2 ± 0.5 0.7
Milan criteria
   Within   8 (33.3) 22 (37.3)	 0.7
   Beyond 16 (66.6)	 37 (62.7)
UCSF criteria
   Within   9 (37.5) 29 (49.2)	 0.3
   Beyond 15 (62.5)	 30 (50.8)
AFP levels
   < 200 17 (70.8)	 43 (73) 0.7
   > 200   7 (29.2) 16 (27)
Tumor differentiation
   Good 12 (50.0)	 24 (41.0)	 0.6
   Average   9 (37.5) 23 (39.0)
   Poor   3 (12.5) 12 (20.0)
Macrovascular invasion
   Present   2 (8.4)   3 (5.0) 0.6
   Absent 22 (91.6)	 56 (95.0)
HCC recurrence
   Present   7 (29.2) 15 (25.4) 0.7
   Absent 17 (70.8)	 44 (74.6)
Recurrence and/or metastasis
   Hepatic   2   3 0.8
   Extrahepatic   1   2
   Both   4 10
Recurrence site
   Liver   2   3
   Lung   0   2
   Liver + bone   1   0
   Liver + lung   1   1
   Liver + stomach   1   0
   Liver + bone + lung   1   0
   Lung + surrenal gland   1   0
   Liver + surrenal gland   0   4
   Liver + surrenal gland + lung   0   2 0
   Liver + esophagus   0   1
   Liver + lung + brain   0   1
   Liver + surrenal gland + peritoneum   0   1

UCSF: University of California San Francisco; CATS: Continuous autotrans-
fusion system; AFP: Alpha-fetoprotein; HCC: Hepatocellular carcinoma.
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undergoing LT showed no influence on recurrence rate, 
overall survival, or disease-free survival during a mean 
follow-up period of  1015 d. In another study of  the Cell 
Saver autotransfusion system in 31 of  47 HCC patients 
undergoing LT, Muscari et al[4] reported no influence 
on recurrence rates during a mean 34-month follow-up 
period. Liang et al[1] reported that 15 samples of  blood 
collected in the re-infusion bag by the Cell Saver from 
the surgical sites of  20 HCC patients undergoing LT 
contained tumor cells; however, when a two-stage LDF 
system was used with the Cell Saver process, 14 of  those 
samples were tumor-cell negative. In these studies, cases 
that were beyond the Milan and UCSF criteria and devel-
oped tumor perforation due to manipulation during sur-
gery, the Cell Saver system was shown to be insufficient. 
It is, thus, presumed that the cell-holding capacity of  the 
filters decreases due to the combined tumor load in the 
surgical area and that resulting from the IBSA device.

Studies in our laboratory have attempted to determine 
whether the IBSA system-displaced tumor cells enter sys-
temic circulation and, if  so, to what extent and whether 
their presence promotes metastasis. It is well established 
that the surgical procedure itself  can passage tumor cells 
into the patient’s systemic circulation. However, once in 
circulation, these tumor cells have a 0.000 001%-0.01% 
chance of  causing metastasis[9,17,19,20]. Therefore, cells 
passing into the circulation via the IBSA system are ex-
pected to have a less-than-absolute potential to cause 
metastases. In the current study, there was no difference 
in postoperative metastasis between the CATS group and 
the non-CATS group. This finding may reflect the fact 
that > 50% of  the CATS group was beyond the Milan 
and UCSF criteria. Thus, our results indicate that cancer 
cells passing into the circulation did not cause metastasis.

This study has some important limitations that may 
have influenced the results. First, some patients’ records 
were missing blood transfusion data, making it impos-
sible to determine how much CATS reduced the need for 
homologous blood transfusion. Second, the retrospec-
tive design of  the study restricted the data available for 
analysis. A future study of  prospective design may allow 
for quantitative detection of  tumor cells or AFP using a 
genetic-based procedure, such as polymerase chain reac-
tion; in this way, blood collected from surgical sites and 
in the re-infusion bag can be compared to a preopera-
tive peripheral blood sample to more directly determine 
whether the CATS procedure contributed to recurrence, 
as opposed to preexisting tumor cells in circulation.

In conclusion, our findings suggest that the use of  
IBSA systems during LT of  HCC patients has no effect 
on tumor recurrence and survival. 
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