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Abstract
Allogeneic blood transfusion during liver resection for 
malignancies has been associated with an increased 
incidence of different types of complications: infectious 
complications, tumor recurrence, decreased survival. 
Even if there is clear evidence of transfusion-induced 
immunosuppression, it is difficult to demonstrate that 
transfusion is the only determinant factor that decisively 
affects the outcome. In any case there are several mo-
tivations to reduce the practice of blood transfusion. 
The advantages and drawbacks of different transfu-
sion alternatives are reviewed here, emphasizing that 
surgeons and anesthetists who practice in centers with 
a high volume of liver resections, should be familiar 
with all the possible alternatives.
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INTRODUCTION
Improvements in surgical techniques, in pre- and post-
operative care, and increased experience have improved 
the safety of  liver resections for hepatocellular carcinoma 
(HCC), and these procedures frequently can be carried 
out without blood transfusions[1-5]. By contrast, riskier 
hepatectomies, including posterior resections with 
reconstruction of  the vena cava or resection of  the caudate 
lobe, represent complex procedures which could require 
perioperative blood transfusion. Transfusion of  allogenic 
blood has been reported to be associated with potentially 
devastating complications such as transmission of  human 
immunodeficiency virus and hepatitis, transfusion reactions, 
increased postoperative infection rate, and increased 
incidence of  recurrences for certain cancers[6]. Moreover, 
pulmonary oedemas occurring during or after a blood 
transfusion appear as the most frequent serious immediate 
incidents: they include transfusion-associated circulatory 
overload and transfusion-related acute lung injury 
(TRALI)[6]. Transfusion of  allogenic whole blood products 
has been shown to induce variations in certain immune 
functions[7,8], such as reduced NK cell activity, T lymphocyte 
blastogenesis, and increased suppressor T lymphocyte 
activity, which may be of  great relevance for host resistance 
to infection and the spread of  neoplastic cells. But, the 
adverse effects of  allogeneic whole blood transfusion 
on cancer recurrence and survival rates[9-12], regardless of  
innumerable published studies, continue to be debatable, 
since as many studies can be found that invalidate[13-18] as 
those that substantiate[19-27] this hypothesis.

Recent advances in surgical techniques to control 
blood loss and transfusion need[28-32], and the growing 
vast experience with hepatic resections, have been 
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responsible for a remarkable reduction in the use of  
blood and blood products during surgery. Despite these 
efforts, allogeneic blood transfusion rates during hepatic 
resections have been reported at 40% to 80% depending 
upon the magnitude of  the resection[3]. Furthermore, 
even though the introduction of  the hepatic inflow 
occlusion technique introduced by Pringle[33] and 
selective and/or intermittent inflow occlusion have 
been very effective at reducing blood loss during hepatic 
resection, back bleeding from the hepatic veins and their 
tributaries during the Pringle manoeuvre can still be 
unpredictable, severe, and unexpected[34].

This paper outlines the current perspectives on blood 
transfusion in hepatic resection, focusing on allogeneic 
blood transfusion, intraoperative autotransfusion, 
preoperative autologous blood donation, and intraoperative 
isovolemic hemodilution.

ALLOGENEIC BLOOD TRANSFUSION
New measures to reduce transfusion errors have recently 
been defined by Regan et al[35]. The incidence of  alloge-
neic blood transfusion is high in patients with cirrhotic 
livers undergoing liver resections for HCC, and for that 
reason it is vital to determine whether these transfu-
sions stimulate tumor recurrence. The postoperative 
recurrence of  HCC associated with perioperative blood 
transfusion has been supported[36] and disputed[37]. Fur-
thermore the relationship between perioperative alloge-
neic blood transfusions, recurrence free survival, and the 
immunologic profiles of  patients with HCC who have 
undergone curative liver resections has been investi-
gated[38]. These studies have shown that in transfused pa-
tients, the CD4 levels are decreased by 90 postoperative 
days, whereas the CD8 levels are elevated during 14-90 d 
after surgery, as compared with nontransfused patients. 
Postoperative levels of  the CD57+NK-cell subset and 
PHA responses in the transfused group are elevated as 
compared with the nontransfused group, and the PHA 
response of  the transfused patients is significantly in-
creased at seven postoperative days. Recurrence free 
survival seems not to be affected by perioperative blood 
transfusions.

All these studies suggest the significance of  periop-
erative blood transfusion as an independent prognostic 
variable in terms of  recurrence, survival, complications, 
and death. Patients who need preoperative, intraopera-
tive, or postoperative transfusions are generally those 
with large lesions that either require a tri-segmentectomy, 
or are too close to the vena cava. On the other side, pa-
tients who do not need blood transfusions tend to have 
smaller, more peripheral lesions that can be resected un-
der close hemostatic control. This suggests that patients 
with large HCC (with poor prognosis) are more likely to 
receive blood, and possible other factors should be taken 
into consideration for a more accurate evaluation. In 
regard to survival, for instance, the margin of  resection, 
evidence of  metastatic disease, liver failure or other peri-
operative complications should always be reviewed. 

INTRAOPERATIVE AUTOTRANSFUSION
Intraoperative autotransfusion [also known as autolo-
gous blood salvage or intraoperative blood salvage (IBS)] 
is a medical procedure involving recovering blood lost 
during surgery and re-infusing it into the patient. Dif-
ferent medical devices have been developed to assist 
in salvaging the patient’s own blood in the periopera-
tive setting. IBS is widely used in a variety of  surgical 
procedures, including cardiovascular, orthopedic, and 
gynecologic procedures, and emergency medical situ-
ations[39-41], but IBS in oncologic patients has not been 
widely studied. IBS has been cited as a contraindica-
tion[42] because of  the potential risk of  disseminating 
metastasis. This concept was introduced firstly by Yaw  
et al[43] who demonstrated tumor cells in processed blood 
that passed through filters in the Bentley autotransfusion 
device. Other studies support that IBS can be safely used 
in patients with cancer[44-46]. Because the Haemonetics cell 
saver processes blood by centrifuge-based washing after 
filtration, the risk of  reinfusion of  malignant cells seems 
to be lower than by the Bentley system. Clinical evidence 
of  dissemination of  cancer cells caused by IBS has not 
been reported, and several studies show no correlation 
between the presence of  malignant cells and their subse-
quent dissemination[47,48]. The haemonetics cell saver was 
employed by Fujimoto et al[49] as an intraoperative scav-
enger of  blood in patients undergoing hepatectomy for 
HCC. In this study autotransfusion was shown to be safe 
and effective, and the pattern and frequency of  recurrence 
suggest that autotransfusion is not responsible for recur-
rence or metastasis. Hashimoto et al[50] showed that IBS 
in living liver donors undergoing liver resection for graft 
procurement offered the advantage of  reduced blood loss 
during parenchymal transection.

At the present time, the processes used to assist 
in salvaging the patient’s own whole blood in the 
perioperative setting can be categorized into three general 
types: (1) Cell processors and salvage devices that wash 
and save red blood cells (RBCs), i.e. “cell washers” or 
RBC-savers; (2) Direct transfusion; (3) Ultrafiltration of  
whole blood. Cell processors are red cell washing devices 
that collect anticoagulated shed or recovered blood, wash 
and separate the RBCs by centrifugation, and reinfuse 
the RBCs. RBC washing devices can help remove 
byproducts in salvaged blood such as activated cytokines, 
anaphylatoxins, and other waste substances that may 
have been collected in the reservoir suctioned from the 
surgical field. However, they also remove viable platelets, 
clotting factors, and other plasma proteins essential for 
homeostasis. Direct transfusion is a blood salvaging 
method associated with cardiopulmonary bypass circuits 
or other extracorporeal circuits that are used in surgery 
such as coronary artery bypass grafts, valve replacement, 
or surgical repair of  the great vessels. Hemofiltration 
or ultrafiltration devices constitute the third major 
type of  blood salvage appearing in operating rooms. 
In general, ultrafiltration devices filter the patient’s  
anticoagulated whole blood. The filtration process 
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removes unwanted, excess non-cellular plasma water, low 
molecular weight solutes, platelet inhibitors and some 
particulate matter through hemoconcentration, including 
activated cytokines, anaphylatoxins, and other waste 
substances making concentrated whole blood available 
for reinfusion. Hemofiltration devices return the patient’s  
whole blood with all the blood elements and fractions 
including platelets, clotting factors, and plasma proteins 
with a substantial Hb level. Presently, the only whole 
blood ultrafiltration device in clinical use is the Hemobag. 

Concerns about possible contamination of  autologous 
RBC with cancer cells responsible for metastasis still 
continues to limit the use of  IBS in cancer patients. This 
is despite the fact that no evidence has been reported 
showing an increase in metastasis or a decrease in patient 
survival, regardless of  the obvious demonstration that 
salvaged blood is contaminated with viable tumor cells 
which are not washed out of  the RBC layer during IBS. 
Total elimination of  the risk of  reinfusion of  cancer 
cells by irradiation has been proposed by Hansen[51], who 
has been able to show that IBS with blood irradiation is 
safe as it provides efficient elimination of  contaminating 
cancer cells, does not compromise the quality of  RBC, 
and is very effective in saving blood resources. The 
effectiveness of  this procedure has been shown on a large 
number of  oncologic patients[52].

PREOPERATIVE AUTOLOGOUS BLOOD 
DONATION
Evidence that allogeneic transfusion may lead to a 
potential risk of  postoperative infections, and the 
increased demand for blood with a declining population 
of  qualified, willing, and healthy donors, give reason 
for the current support for preoperative autologous 
transfusion (PAD)[53,54]. The overall benefits of  PAD 
have been assessed in both randomized trials and cohort 
studies[55]. Assuming that the donor is not bacteremic at 
the time of  donation and/or there are no clerical errors 
resulting in the accidental transfusion of  the wrong unit 
of  blood, the patient is also protected against hemolytic, 
febrile or allergic transfusion reactions; alloimmunization 
to erythrocyte, leukocyte, platelet or protein antigens; 
and graft-versus-host disease (GVHD). An additional 
benefit is that erythropoiesis may be stimulated by 
repeated phlebotomies, thereby enabling the patient 
to regenerate hemoglobin at an accelerated rate after 
surgery.

PAD programs are not without some disadvantages. 
Perhaps the most important is that autologous blood 
is considerably more expensive than allogeneic blood. 
This problem is compounded by the fact that current 
reimbursement programs of  most of  the National 
Health systems around the world either deny the medical 
necessity of  PAD or ignore the well-documented 
increase in cost[56]. Moreover, the blood that is not 
transfused to the intended recipient (approximately 50% 
of  donated blood) is generally wasted rather than being 
transfused to other patients[57]. This wastage of  blood 

and the costs of  administering autologous programmes 
result in collection expenses that are higher than those 
for allogeneic transfusion.

Patients undergoing PAD may donate a unit (450 ±  
45 mL) of  blood as often as twice weekly, until 72 h before 
surgery. Under normal conditions, patients conventionally 
donate once weekly. Oral iron supplements are routinely 
prescribed. This iatrogenic blood loss is accompanied by a 
response in endogenous erythropoietin (EPO) levels that, 
although increased significantly over basal levels, remain 
within the normal range. The erythropoietic response 
that occurs under these conditions is therefore modest[58]. 
With routine PAD, erythropoiesis of  220-351 mL  
(11%-19% RBC expansion)[59,60] or the equivalent 
of  1-1.75 blood units, occurs in excess of  basal 
erythropoiesis, which indicates the efficacy of  this blood 
conservation practice.

The use of  autologous blood deposits for cancer 
patients undergoing elective surgical procedures has 
been studied by Lichtiger[61], who was able to show 
that the majority (132/182) of  his patients (with head 
and neck, neurosurgical, gastrointestinal and colorectal, 
adrenal, gynecologic, soft tissue and bone, breast, and 
genitourinary tumors) underwent surgery using only 
autologous transfusions. Kajikawa et al[62] evaluated the 
benefit of  autologous blood transfusion and the effect 
of  recombinant human erythropoietin (rh-EPO) on 
preoperative autologous blood donation for hepatectomy 
in patients with cirrhosis. Their study shows that 
autologous blood transfusion yields clinically superior 
results for hepatectomy in patients with cirrhosis when 
compared with homologous transfusion. In addition 
preoperative rh-EPO administration minimizes presurgical 
decreases in hematocrit (HCT) caused by autologous 
blood donation[62]. Likewise preoperative autologous 
blood donation in combination with rh-EPO therapy 
markedly reduces the requirements for homologous blood 
transfusion during hepatic resections[63].

Other studies on patients undergoing hepatic resection 
have shown that the predeposition of  autologous blood 
decreased the need for homologous transfusions from 
56% to 38%. A further reduction in the transfusion 
rate of  25% could have been possible if  all patients had 
donated 2 U of  autologous blood[64].

To determine if  predonation of  autologous blood 
impacts upon transfusion practice and clinical outcome 
following liver resection, clinical records of  379 con-
secutive patients undergoing hepatic resection for metas-
tases of  colorectal cancer were identified from the pro-
spective hepatobiliary database and reviewed by Chan 
et al[65]. No conclusion could be drawn from their data 
concerning the influence of  allogeneic transfusion on 
tumor recurrence, since their study was not a random-
ized trial comparing allogeneic blood transfusion with 
autologous transfusion. Data from their study however 
demonstrated that PAD alone is insufficient to alter the 
rate of  tumor recurrence or disease-specific survival. 
Furthermore major hepatic resections using current sur-
gical techniques can be performed safely with low blood 
loss so that transfusion is required for only a minority 
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of  patients. PAD may further reduce the need for allo-
geneic blood. Autologous blood transfusion is safe after 
storage and it has advantages if  compared with homolo-
gous blood transfusion with regard to postoperative liver 
function and survival rate after hepatectomy for HCC[66].

In a recent study, Hirano et al[67] have shown that their 
autologous blood program, with IBS and preoperative 
blood donation, reduces the volume of  banked blood 
needed and improves the prognosis of  patients 
undergoing hepatectomy for HCC.

INTRAOPERATIVE ISOVOLEMIC 
HEMODILUTION
Acute isovolemic hemodilution (ANH) is another possi-
ble alternative to allogeneic blood transfusions, which was 
introduced in the early 1970s[68]. The procedure implies 
the removal of  blood from the patient immediately before 
operation and the simultaneous replacement with appro-
priate volume of  crystalloid or colloid fluids. ANH will 
reduce the HCT so that blood shed during the operative 
procedure will result in less RBC mass loss. The amount 
of  blood removed varies between one and three units 
(450-500 mL constitutes 1 U), although larger volumes 
may be withdrawn safely in certain circumstances. The 
removed blood is then reinfused as autologous whole 
blood after the major blood loss portion of  the procedure 
is completed. The blood withdrawn is anticoagulated and 
maintained at room temperature, in the operating room, 
for up to 8 h. It is reinfused into the patient as needed 
during, or after, the surgical procedure. ANH can be used 
as the only blood preservation technique, or it can be 
combined with preoperative autologous donation, blood 
salvage, or both. 

Hemodilution could be classified according to the 
target HCT as mild (HCT ≥ 30%), moderate (30% 
< HCT ≥ 20%), or severe (HCT < 20%)[16]. The 
target HCT with ANH is variable but is often around 
25%-30%. Severe hemodilution (e.g. 20%) is likely to 
be more efficacious with regards to blood conservation, 
but the risks are greater, particularly for patients with 
preexisting medical conditions such as coronary heart 
disease[69].

ANH should be taken into consideration for patients 
with good initial HCTs who are assumed to be deprived 
of  more than two units of  blood (900-1000 mL) during 
surgery. This technique works better in healthy, young 
adults, but it has been successfully employed in children 
and elderly patients. ANH has been used in vascular, 
orthopedic, and in some general surgical procedures. 
In addition, Jehovah’s Witnesses patients accept this 
technique with the modification that we keep the 
blood moving and in direct contact with the patient’s  
vascular system. Some Jehovah’s Witnesses will agree 
to ANH if  the blood is maintained in a closed circuit 
continuous flow system[70].

ANH is contraindicated in cardiac disease, since the 
main compensatory mechanism for the induced anemia 
is an increase in the cardiac output, when renal function 

is impaired, since large amounts of  infused fluids need 
to be excreted, and when baseline hemoglobin is below 
110 mg/L (11 g/dL). Furthermore low concentrations 
of  coagulation proteins, inadequate vascular access, 
and the absence of  appropriate monitoring capability 
indicate that ANH should not be used[71].

In the last 20 years several groups reported the use 
of  ANH during major hepatic resections[72-76], and the 
overall conclusion is that ANH, in selected patients, is 
a safe and effective technique that appears to reduce 
the number of  patients requiring homologous blood 
transfusion as well as the number of  units transfused per 
patient. Furthermore, Jehova’s Witnesses with hepatic 
tumors represent a major problem for liver surgeons to 
achieve good outcome, in fact these patients, because 
of  their religious beliefs, refuse transfusion of  blood 
and blood products. In order to avoid transfusion 
Barakat et al[75] have recently described the use of  ANH 
in a Jehova’s Witness who underwent a combined left 
trisegmentectomy and caudate lobectomy to treat a large 
intrahepatic cholangiocarcinoma.

ANH is considered a simple and inexpensive proce-
dure, and has the advantage that fresh autologous blood 
is readily available. Numerous studies of  its efficacy, 
however, have produced conflicting results, perhaps be-
cause of  the heterogeneity of  the surgeries in which it 
was used, differences in study protocol, and differences 
in the definition of  outcome variables[77,78].

DISCUSSION
Liver resection is still the mainstay of  treatment for patient 
with HCC. Even though improved surgical techniques 
and anesthesia have remarkably decreased the mortality 
rates of  liver resections, morbidity rates, remain high. One 
of  the major risks of  hepatectomy is large-volume blood 
loss, which necessitates perioperative blood transfusion. 
The possible consequences of  homologous blood 
transfusion are well known and include noninfectious risks 
such as transfusion reactions, transient immunodeficiency, 
transfusion-associated GVHD, and TRALI[79-84]. Thus 
there are conclusive motivations to reduce blood loss 
during surgery and, as a consequence to lessen blood 
transfusion. It has been clearly shown that transfusion 
has a significant negative effect on perioperative mortal-
ity, complications, and length of  hospital stay, even if  it is 
difficult to demonstrate that transfusion is the only factor 
that decisively affects the outcome. The magnitude of  the 
surgical procedure has always to be considered the most 
critical factor. It is intuitive that anterior, small, marginal 
atypical resections are quite different to complicated pos-
terior large resections which include reconstruction of  
resected vena cava. 

An association between transfusion and postoperative 
complications has been shown in preclinical models[85,86] 
and in clinical studies[87-91]. The review of  378 consecu-
tive elective liver resections performed in our institution 
shows that 62% of  the patients were not transfused, and 
the remaining 38% received blood products delivered with 
different procedures (Figure 1). 
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Infectious complications (wound infections, pneu-
monia, urinary tract infections, central venous catheter 
infections, abscesses, and undiagnosed postoperative fe-
ver) have been more frequent in the transfused group of  
patients (33 vs 7). Most of  the infections complications 
(18) have been recorded in the patients receiving autolo-
gous blood transfusions, the most frequent being wound 
infections (7) and pneumonia (5). Our results confirm 
the observation of  Alfieri et al[92] who in a series of  254 
liver resections found a significant association between 
blood transfusions and development of  complications. 
More recently, Kooby et al[93] have been able to show that 
perioperative blood transfusion is a prognostic factor 
for the development of  complications in univariate and 
multivariate analysis. Transfusion predicted development 
of  both minor and major complications. Transfused 
patients had twice as high a chance of  developing major 
complications and four times the risk of  perioperative 
death. Transfused patients also had a higher incidence of  
infectious complications (17% vs 13%, P = 0.03)[93].

Despite these results and studies, it is still debatable 
whether transfusion is the only and independent factor 
related to short term outcome, and specifically the only 
determinant of  postoperative infectious complications. 
Is the transfusion itself  and not the reason for the trans-
fusion the cause of  postoperative morbidity? Intraop-
erative hypotension, complexity of  operation (extended 
hepatectomies vs lesser resections), duration of  anesthe-
sia, age, stage of  the neoplastic lesion, degree of  liver 
dysfunction, nutritional status, and possible neoadjuvant 
treatment, are all factors which could interfere with 
some aspects of  the complex immunologic response. 
Furthermore, timing of  the transfusion and the circum-
stances necessitating transfusions have been proposed as 
the real determinants of  prognosis[94]. Today we are not 
able to conclude that transfusion is the factor produc-
ing the infectious complication, and the correlation we 
found of  transfusion with complications should not be 
interpreted as a direct cause and effect relationship. The 
infectious complications are different in the transfused 
and non-transfused patients, but we cannot say for sure 

that immunologic irregularities are what produces the 
difference.

In recent years, we have had the occasion to carry 
out seven major liver resections on Jehova’s Witnesses 
with large tumors. The management of  Jehova’s 
Witnesses with HCC, or any other type of  liver tumor, 
entails a multidisciplinary, adapted plan in harmony with 
their religious beliefs to achieve good outcome[95]. This 
approach enabled us to perform the surgical procedure 
respecting their religious conviction, and authorized 
us to anticipate that ANH could be considered a safe 
alternative for use in selected cases in which allogeneic 
blood transfusion is considered of  high risk. This 
approach, in our series, has been associated with a 
relative high incidence of  infectious complications, if  
compared with other autologous blood transfusion 
procedures (Figure 2).

CONCLUSION
A substantial discrepancy is apparent in transfusion 
practice for elective surgery, and even more so for liver 
resections[96]. Reducing unneeded exposure to blood 
components by blood saving measures is essential in 
patients undergoing elective surgery. A publication 
for anesthesists reviews good transfusion practices in 
surgical patients[97].

Perioperative blood transfusion has been described 
as one of  the risk factors for poor outcome after 
liver resection. This seems particularly verifiable for 
infectious complications. The postoperative recurrence 
of  HCC associated with perioperative blood transfusion 
has been the subject of  controversy due to conflicting 
results. Although allogeneic blood transfusion may 
have immunosuppressive effects, perioperative blood 
transfusions seem not to influence the cancer free 
survival rate in patients with HCC. Even if  there is no 
evidence of  one transfusion procedure which prevails 
over the others, surgeons who practice in Centers with 
high volume of  liver resections should be familiar with 
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all the possible alternatives (ABT, IBS, PAD, ANH), 
since each of  them, when blood products are needed, 
have a place depending upon the different clinical 
pattern.

Finally, maintaining a low central venous pressure 
has been shown recently to be effective in reducing 
blood loss during partial liver resections. Moreover 
antifibrinolytic drugs have proved to be effective in 
reducing blood loss during liver transplantation[98].
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