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Core tip: The use of intraoperative blood salvage auto-
transfusion (IBSA) in hepatocellular carcinoma (HCC) 
patients undergoing liver transplantation is controver-
sial as it may reinfuse salvaged blood contaminated by 
tumor cells. In this article, we reviewed the relevant 
literature and tried to address the critical questions 
about IBSA. The available data indicate that IBSA is 
safe in liver transplantation for HCC, but randomized, 
controlled and prospective trials are urgently required 
to clarify the uncertainty.
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COMMENTARY ON HOT TOPICS
We have read with great interest the recent article by Ak-
bulut et al[1] describing the effects of  intraoperative blood 
salvage autotransfusion (IBSA) during liver transplanta-
tion (LT) in patients with hepatocellular carcinoma (HCC) 
on tumor recurrence or metastasis, and would strongly 
recommend it to the readers.

HCC is often associated with chronic hepatitis B 
and C, particularly in East and Southeast Asia, Middle 
and Western Africa, and Northern and Eastern Europe, 
where as high as 85% of  HCC patients simultaneously 
suffer from liver cirrhosis[2]. In view of  the impaired liver 
function, elevated portal pressure and increased collateral 
circulation in these patients, LT has been recommended 
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Abstract
Intraoperative blood salvage autotransfusion (IBSA) is 
used in various surgical procedures. However, because 
of the risk of reinfusion of salvaged blood contaminated 
by tumor cells, the use of IBSA in hepatocellular carci-
noma (HCC) patients undergoing liver transplantation 
(LT) is controversial. The critical points include whether 
tumor cells can be cleared by IBSA, whether IBSA in-
creases the risk of recurrence or metastasis, and what 
are the indications for IBSA. Moreover, is it warranted 
to take the risk of tumor dissemination by using IBSA 
to avoid allogeneic blood transfusion? Do the remaining 
tumor cells after additional filtration by leukocyte deple-
tion filters still possess potential tumorigenicity? Does 
IBSA always work well? We have reviewed the litera-
ture and tried to address these questions. The available 
data indicate that IBSA is safe in LT for HCC, but ran-
domized, controlled and prospective trials are urgently 
required to clarify the uncertainty.
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as an optimal treatment for HCC as the tumor burden 
and the underlying liver disease are resolved at the same 
time[3]. However, the decreased synthesis of  coagulation 
factors, elevated portal pressure and increased collateral 
circulation all increase the risk of  hemorrhage during sur-
gery. Intraoperative hemorrhage is currently recognized 
as a mortality risk and massive blood transfusion is neces-
sary during LT[4]. 

As a result of  the underlying risk of  transfusion of  
banked blood, IBSA has been used in various surgery 
procedures[5,6]. With this technique, blood lost during sur-
gery is recovered and processed through a pump system 
called cell saver, then transfused back into the patient[7]. 
This requires a system that suctions the wound, separates 
the blood cells from the other blood products and debris, 
washes the cells, and returns them to the patient[1]. It is 
estimated that IBSA reduces the intraoperative blood 
requirement by up to 60%[1]. The main complication is 
dilutional or disseminated coagulopathy[8,9]. Another rare 
complication is pulmonary injury probably linked to leu-
koagglutinins and transient hemoglobinuria[10]. At present, 
the risk of  complications during IBSA has declined due 
to technical advances, and IBSA has significantly lower 
adverse events than allogeneic blood transfusion[11]. How-
ever, the use of  IBSA in surgical oncology involving LT 
in HCC patients is controversial, as it may result in rein-
fusion of  salvaged blood contaminated by tumor cells[11]. 
To date, a few studies have investigated the effects of  
IBSA system on tumor recurrence in HCC patients un-
dergoing LT[4,6,11].

Can tumor cells be filtered away by IBSA?
The process of  IBSA involves collection of  blood, fil-
tration, washing, and reinfusion. The use of  IBSA for 
cancer patients is always performed with caution as blood 
collected from the operating site is at a high risk of  con-
tamination with tumor cells. Tumor cells are detected in 
91%-93% of  blood samples from surgical sites during 
various cancer surgical procedures including liver resec-
tion for liver metastasis[12,13]. During LT for HCC patients, 
the detection rate of  tumor cells in samples from surgical 
sites was as high as 62.5%[6]. Moreover, Hansen et al[13] 
has reported that in one-third of  cases examined, tumor 
cells in blood collected from surgical sites showed prolif-
erative capacity by forming cell colonies, invasive capacity 
by passing the collagen coated membrane in vitro, and one 
cell line displayed tumorigenicity in vivo, indicating the un-
derlying hazards of  salvaged blood. 

The crucial consideration is whether IBSA can ef-
fectively filter out the tumor cells. Obviously, the use of  
IBSA alone is not satisfactory, as tumor cells are detected 
in 62%-91.2% of  blood samples after filtration[6,11,14,15]. 
Leukocyte depletion filters (LDF) with smaller-diameter 
(3-8 µm) holes have been recommended to further clear 
away tumor cells from the collected blood. The high ef-
ficacy of  LDF in removing tumor cells from blood col-
lected from surgical sites has been reported in patients 
with HCC and prostate, bladder, lung, breast, endome-
trial, cervical and ovarian cancers[11,14-18]. Catling et al[15] 

reported that LDF removed all the tumor cells in 91.2% 
of  positive samples after LDF with IBSA. Considering 
the difference in diameters of  tumor cells, Liang et al[6]  
further compared the positive cell rates by using the 
IBSA system with and without LDF in HCC patients 
undergoing LT, and the results showed that only 25% 
of  the positive samples became negative after cell saver 
processing, while after additional filtration by LDF, only 
2 out of  20 patients whose tumors were unexpectedly 
ruptured during surgery had the collected blood positive 
for α-fetoprotein mRNA, and one of  these patients was 
still positive after the second LDF[6]. These data indicate 
that LDF can render IBSA more efficient in eliminating 
tumor cells from blood collected from surgical sites, and 
thus reduce the risk of  tumor cell reinfusion.

Does IBSA increase the risk of recurrence or metastasis?
Although more evidence supports application of  IBSA 
in surgical oncology, the fear of  reinfusing tumor cells 
always troubles surgeons. However, in fact, a case report 
was the only evidence supporting the opinion up to 
now[19]. In 1975, a patient died from diffuse metastasis 
4 wk after pneumonectomy. Because of  the blood sal-
vaged during surgery and tumor cells detected in salvaged 
blood, the metastasis was ascribed to the autotransfusion 
of  blood[19]. Although the American Medical Associa-
tion issued an alert about the use of  IBSA in cancer 
surgery in 1986[11,15], some organizations, including the 
National Institute of  Clinical Excellence, the Associa-
tion of  Anaesthetists of  Great Britain and Ireland, the 
Obstetric Anaesthetists Association, the American Col-
lege of  Obstetricians and Gynecologists, and the British 
Confidential Enquiry of  Maternal and Child Health have 
developed guidelines to support the use of  IBSA alone 
or in combination with LDF in cancer surgery[11,15,20,21].

Notwithstanding the above facts, clinical investiga-
tions to clarify the correlation of  IBSA with tumor re-
currence or metastasis have been carefully conducted in 
the past few decades. The currently available results have 
failed to show that IBSA increases the risk of  recurrence 
or metastasis; on the contrary, equivalent or even better 
outcomes have been reported in patients with various 
cancers who received IBSA during surgery[5,6,12,22-25]. 

A study aimed at evaluating the long-term safety of  
IBSA in hepatectomy for HCC was conducted by Hirano 
and collaborators[22]. Significantly higher 10-year cumula-
tive overall survival and disease-free survival rates were 
demonstrated in the patients receiving IBSA, particularly 
patients with stage Ⅰ/Ⅱ HCC, but the differences in 
cumulative survival and cancer-free survival rates of  pa-
tients with stage Ⅲ/Ⅳ HCC were not significant from 
those who did not receive IBSA[22]. Another study re-
ported similar cumulative overall survival and recurrence 
rates in the IBSA group and IBSA-free group, but IBSA 
reduced the mean volume of  infused allogeneic blood[26].

To date, three studies have investigated the use of  
IBSA in LT for HCC[4,6,11]. One was to evaluate the ef-
ficiency of  additional LDF in eliminating tumor cells 
from IBSA[6]; the other two investigated whether IBSA 
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increased the risk of  recurrence or metastasis[4,11]. In the 
study by Muscari et al[4], among the 47 HCC patients 
undergoing LT, 31 patients received IBSA while the 
other 16 did not. During a mean 34-mo follow-up pe-
riod, both groups showed similar recurrence rates (6.4% 
in the IBSA group vs 6.3% in the IBSA-free group). In 
another study, Foltys et al[11] reported a similar recur-
rence rate and 5-year survival rate in the IBSA group 
of  40 patients compared with the IBSA-free group of  
96 patients during a mean follow-up period of  1015 d. 
However, because the two studies lacked a randomized 
design, heterogeneities existed in age[11], Child score[4,11], 
the percentage of  severe portal hypertension[4] and pre-
treatment with transarterial chemoembolization[11]. In the 
study by Akbulut et al[1], recurrence, overall survival and 
disease-free survival rates were comparable in the IBSA 
and non-IBSA groups, which were similar in age, gender, 
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, 
alpha-fetoprotein level, Milan and University of  Califor-
nia San Francisco (UCSF) criteria, tumor differentiation, 
macrovascular invasion, or median hospital stay. 

Without results from prospective, randomized and 
controlled clinical trials in a large number of  subjects, it 
is difficult at this stage to judge whether the use of  IBSA 
during LT for HCC is more beneficial or not. However, 
the current available data may at least indicate that IBSA 
does not increase the risk of  recurrence or metastasis.

What are the indications of IBSA?
Although the current studies partially reduced the fear 
of  the theoretical risk of  IBSA during cancer surgery, 
there are still a series of  problems urgently requiring at-
tention.

First, is it justified to take the risk of  tumor dissemi-
nation during IBSA to avoid or reduce allogeneic blood 
transfusion? Allogeneic blood transfusion is not a cost-
effective method as it is associated with increased risk 
of  transfusion reactions and transfusion-transmitted 
infections, and induction of  immunosuppression[27]. In 
hepatectomy for HCC, autologous blood transfusion has 
shown benefits in simulating liver synthetic function[28]. 
Moreover, allogeneic blood transfusion also increased 
the tumor recurrence rate by nearly 2-fold in a dose-de-
pendent manner[28]. From the prevailing evidence, it was 
concluded that the correlation of  cancer recurrence and 
allogeneic blood carried more weight than the theoretical 
risk of  utilizing blood salvage in cancer surgery[28].

Second, do the remaining tumor cells after additional 
filtration by LDF still possess potential carcinogenici-
ty? It is difficult to answer this question because of  
lacking of  detailed and systemic studies, although the 
answer has been speculated by some authors[20,28]. Only 
0.01%-0.000001% of  circulating tumor cells have the 
potential to form metastatic lesions[20,25,28]. However, the 
effect of  LDF in eliminating tumor cells is also limited[25]. 
In patients undergoing LT for HCC, a 10% remnant rate 

of  tumor cells was reported by Liang et al[6]. However, 
another fact is that tumor cells ubiquitously exist in circu-
lating blood of  cancer patients[28]. Although the theoreti-
cal risk of  the remnant tumor cells after reinfusion has 
not been verified[5,6], the correlation of  circulating tumor 
cells and poor prognosis has been proved in various can-
cers[25,28]. In the study by Akbulut et al[1], more than 50% 
of  patients were beyond the Milan and UCSF criteria 
in the IBSA group, but the metastasis rate in the IBSA 
group was similar to that in the non-IBSA group. Based 
on the above facts, it is difficult to distinguish whether 
the recurrence or metastasis is caused by the reinfusion or 
circulating tumor cells, but the risk indeed exists. There is 
the point of  view that if  tumor cells are already in circu-
lation, is there any significance to adding a few more[20,28]? 

Third, does IBSA always work well? Although the 
scavenging capacity of  LDF is far beyond the amount 
of  tumor cells remaining in the reinfusion blood[6,13], 
the remnant tumor cells appeared in all salvaged blood 
samples from the HCC patients with ruptured tumors[6]. 
Moreover, IBSA showed less benefit for patients with 
stage Ⅲ/Ⅳ HCC than for those with stage Ⅰ/Ⅱ HCC, 
when compared respectively with corresponding patients 
without IBSA[22]. The results warn against the application 
of  IBSA in patients with more tumor cells in salvaged 
blood, such as patients with ruptured tumors or advanced 
HCC, which may exceed the filtering capacity of  IBSA. 

In conclusion, IBSA is a safe procedure of  blood 
salvage in LT for HCC based on the available evidence 
to date. However, well-designed, randomized, controlled, 
prospective trials are urgently required to clarify the exist-
ing concerns. 

REFERENCES
1 Akbulut S, Kayaalp C, Yilmaz M, Ince V, Ozgor D, Karabu-

lut K, Eris C, Toprak HI, Aydin C, Yilmaz S. Effect of auto-
transfusion system on tumor recurrence and survival in he-
patocellular carcinoma patients. World J Gastroenterol 2013; 19: 
1625-1631 [PMID: 23538988 DOI: 10.3748/wjg.v19.i10.1625]

2 Alves RC, Alves D, Guz B, Matos C, Viana M, Harriz M, Ter-
rabuio D, Kondo M, Gampel O, Polletti P. Advanced hepato-
cellular carcinoma. Review of targeted molecular drugs. Ann 
Hepatol 2011; 10: 21-27 [PMID: 21301005]

3 Rahbari NN, Mehrabi A, Mollberg NM, Müller SA, Koch 
M, Büchler MW, Weitz J. Hepatocellular carcinoma: cur-
rent management and perspectives for the future. Ann 
Surg 2011; 253: 453-469 [PMID: 21263310 DOI: 10.1097/
SLA.0b013e31820d944f]

4 Muscari F, Suc B, Vigouroux D, Duffas JP, Migueres I, Ma-
thieu A, Lavayssiere L, Rostaing L, Fourtanier G. Blood 
salvage autotransfusion during transplantation for hepa-
tocarcinoma: does it increase the risk of neoplastic recur-
rence? Transpl Int 2005; 18: 1236-1239 [PMID: 16221153 DOI: 
10.1111/j.1432-2277.2005.00207.x]

5 Waters JH, Yazer M, Chen YF, Kloke J. Blood salvage and 
cancer surgery: a meta-analysis of available studies. Trans-
fusion 2012; 52: 2167-2173 [PMID: 22321196 DOI: 10.1111/
j.1537-2995.2011.03555.x]

6 Liang TB, Li DL, Liang L, Li JJ, Bai XL, Yu W, Wang WL, 
Shen Y, Zhang M, Zheng SS. Intraoperative blood salvage 
during liver transplantation in patients with hepatocellular 

3373 June 14, 2013|Volume 19|Issue 22|WJG|www.wjgnet.com

Zhai B et al . IBSA: Risk of recurrence or metastasis?



3374 June 14, 2013|Volume 19|Issue 22|WJG|www.wjgnet.com

DOI: 10.1111/j.1537-2995.2012.03682.x]
17 Aning J, Dunn J, Daugherty M, Mason R, Pocock R, Ridler B, 

Thompson J, McGrath JS. Towards bloodless cystectomy: a 
10-year experience of intra-operative cell salvage during radi-
cal cystectomy. BJU Int 2012; 110: E608-E613 [PMID: 22823412 
DOI: 10.1111/j.1464-410X.2012.11338.x]

18 Kongsgaard UE, Wang MY, Kvalheim G. Leucocyte deple-
tion filter removes cancer cells in human blood. Acta Anaes-
thesiol Scand 1996; 40: 118-120 [PMID: 8904269]

19 Yaw PB, Sentany M, Link WJ, Wahle WM, GGlover JL. Tu-
mor cells carried through autotransfusion. Contraindication 
to intraoperative blood recovery? JAMA 1975; 231: 490-491 
[PMID: 1172829]

20 Esper SA, Waters JH. Intra-operative cell salvage: a fresh 
look at the indications and contraindications. Blood Transfus 
2011; 9: 139-147 [PMID: 21251468 DOI: 10.2450/2011.0081-10]

21 Bouras I, Mingo O. Should cell salvage be used in oncological 
surgery? Br J Hosp Med (Lond) 2010; 71: 57 [PMID: 20081649]

22 Hirano T, Yamanaka J, Iimuro Y, Fujimoto J. Long-term safe-
ty of autotransfusion during hepatectomy for hepatocellular 
carcinoma. Surg Today 2005; 35: 1042-1046 [PMID: 16341484 
DOI: 10.1007/s00595-005-3082-8]

23 Ubee S, Kumar M, Athmanathan N, Singh G, Vesey S. In-
traoperative red blood cell salvage and autologous transfu-
sion during open radical retropubic prostatectomy: a cost-
benefit analysis. Ann R Coll Surg Engl 2011; 93: 157-161 [PMID: 
22041147 DOI: 10.1308/003588411X561044]

24 MacIvor D, Nelson J, Triulzi D. Impact of intraoperative red 
blood cell salvage on transfusion requirements and outcomes 
in radical prostatectomy. Transfusion 2009; 49: 1431-1434 
[PMID: 19320863 DOI: 10.1111/j.1537-2995.2009.02131.x]

25 Trudeau JD, Waters T, Chipperfield K. Should intraopera-
tive cell-salvaged blood be used in patients with suspected or 
known malignancy? Can J Anaesth 2012; 59: 1058-1070 [PMID: 
22996966 DOI: 10.1007/s12630-012-9781-x]

26 Fujimoto J, Okamoto E, Yamanaka N, Oriyama T, Furukawa 
K, Kawamura E, Tanaka T, Tomoda F. Efficacy of autotrans-
fusion in hepatectomy for hepatocellular carcinoma. Arch 
Surg 1993; 128: 1065-1069 [PMID: 8396388]

27 Ishizawa T, Hasegawa K, Tsuno NH, Tanaka M, Mise Y, 
Aoki T, Imamura H, Beck Y, Sugawara Y, Makuuchi M, Taka-
hashi K, Kokudo N. Predeposit autologous plasma donation 
in liver resection for hepatocellular carcinoma: toward allo-
genic blood-free operations. J Am Coll Surg 2009; 209: 206-214 
[PMID: 19632597 DOI: 10.1016/j.jamcollsurg.2009.03.004]

28 Waters JH, Donnenberg AD. Blood salvage and cancer sur-
gery: should we do it? Transfusion 2009; 49: 2016-2018 [PMID: 
19903281 DOI: 10.1111/j.1537-2995.2009.02379.x]

P- Reviewer  Dehghani SM    S- Editor  Zhai HH    
L- Editor  Cant MR    E- Editor  Zhang DN

carcinoma: efficiency of leukocyte depletion filters in the re-
moval of tumor cells. Transplantation 2008; 85: 863-869 [PMID: 
18360269 DOI: 10.1097/TP.0b013e3181671f2e]

7 Pasternak J, Nikolic D, Milosevic D, Popovic V, Markovic V. 
An analysis of the influence of intra-operative blood salvage 
and autologous transfusion on reducing the need for alloge-
neic transfusion in elective infrarenal abdominal aortic aneu-
rysm repair. Blood Transfus 2012; 1-6 [PMID: 23114525 DOI: 
10.2450/2012.0069-12]

8 Scrascia G, Rotunno C, Nanna D, Rociola R, Guida P, Rubino 
G, de Luca Tupputi Schinosa L, Paparella D. Pump blood 
processing, salvage and re-transfusion improves hemoglobin 
levels after coronary artery bypass grafting, but affects co-
agulative and fibrinolytic systems. Perfusion 2012; 27: 270-277 
[PMID: 22440640 DOI: 10.1177/0267659112442236]

9 Page P. Perioperative autotransfusion and its correlation to 
hemostasis and coagulopathies. J Extra Corpor Technol 1991; 
23: 14-21 [PMID: 10149019]

10 Ashworth A, Klein AA. Cell salvage as part of a blood conser-
vation strategy in anaesthesia. Br J Anaesth 2010; 105: 401-416 
[PMID: 20802228 DOI: 10.1093/bja/aeq244]

11 Foltys D, Zimmermann T, Heise M, Kaths M, Lautem A, 
Wisser G, Weiler N, Hoppe-Lotichius M, Hansen T, Otto G. 
Liver transplantation for hepatocellular carcinoma--is there a 
risk of recurrence caused by intraoperative blood salvage au-
totransfusion? Eur Surg Res 2011; 47: 182-187 [PMID: 21986299 
DOI: 10.1159/000330746]

12 Oefelein MG, Kaul K, Herz B, Blum MD, Holland JM, Keeler 
TC, Cook WA, Ignatoff JM. Molecular detection of prostate 
epithelial cells from the surgical field and peripheral circula-
tion during radical prostatectomy. J Urol 1996; 155: 238-242 
[PMID: 7490843]

13 Hansen E, Wolff N, Knuechel R, Ruschoff J, Hofstaedter F, 
Taeger K. Tumor cells in blood shed from the surgical field. 
Arch Surg 1995; 130: 387-393 [PMID: 7710337]

14 Futamura N, Nakanishi H, Hirose H, Nakamura S, Tatemat-
su M. The effect of storage on the survival of cancer cells in 
blood and efficient elimination of contaminating cancer cells 
by a leukocyte depletion filter. Am Surg 2005; 71: 585-590 
[PMID: 16089124]

15 Catling S, Williams S, Freites O, Rees M, Davies C, Hopkins 
L. Use of a leucocyte filter to remove tumour cells from intra-
operative cell salvage blood. Anaesthesia 2008; 63: 1332-1338 
[PMID: 19032302 DOI: 10.1111/j.1365-2044.2008.05637.x]

16 Raval JS, Nelson JB, Woldemichael E, Triulzi DJ. Intraopera-
tive cell salvage in radical prostatectomy does not appear to 
increase long-term biochemical recurrence, metastases, or 
mortality. Transfusion 2012; 52: 2590-2593 [PMID: 22612661 

Zhai B et al . IBSA: Risk of recurrence or metastasis?


