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Abstract
Blood loss during liver transplantation (OLTx) is a com-
mon consequence of pre-existing abnormalities of the 
hemostatic system, portal hypertension with multiple 
collateral vessels, portal vein thrombosis, previous ab-
dominal surgery, splenomegaly, and poor “functional” 
recovery of the new liver. The intrinsic coagulopathic 
features of end stage cirrhosis along with surgical tech-
nical difficulties make transfusion-free liver transplanta-
tion a major challenge, and, despite the improvements 
in understanding of intraoperative coagulation profiles 
and strategies to control blood loss, the requirements 
for blood or blood products remains high. The impact 
of blood transfusion has been shown to be significant 
and independent of other well-known predictors of 
posttransplant-outcome. Negative effects on immu-
nomodulation and an increased risk of postoperative 
complications and mortality have been repeatedly 
demonstrated. Isovolemic hemodilution, the extensive 
utilization of thromboelastogram and the use of auto-

transfusion devices are among the commonly adopted 
procedures to limit the amount of blood transfusion. 
The use of intraoperative blood salvage and autologous 
blood transfusion should still be considered an impor-
tant method to reduce the need for allogenic blood and 
the associated complications. In this article we report 
on the common preoperative and intraoperative factors 
contributing to blood loss, intraoperative transfusion 
practices, anesthesiologic and surgical strategies to 
prevent blood loss, and on intraoperative blood salvag-
ing techniques and autologous blood transfusion. Even 
though the advances in surgical technique and anes-
thetic management, as well as a better understanding 
of the risk factors, have resulted in a steady decrease 
in intraoperative bleeding, most patients still bleed 
extensively. Blood transfusion therapy is still a critical 
feature during OLTx and various studies have shown 
a large variability in the use of blood products among 
different centers and even among individual anesthesi-
ologists within the same center. Unfortunately, despite 
the large number of OLTx performed each year, there is 
still paucity of large randomized, multicentre, and con-
trolled studies which indicate how to prevent bleeding, 
the transfusion needs and thresholds, and the “evidence 
based” perioperative strategies to reduce the amount 
of transfusion.
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INTRODUCTION
Bleeding in major surgical procedures involving the liver, 
such as partial liver resection and liver transplantation 
(OLTx), occurs almost inevitably and still represents a 
daunting problem when massive. Although the origin of  
bleeding during OLTx is multifactorial, technical diffi-
culties and pre-existing abnormalities of  the hemostatic 
system represent the principal causes of  significant peri-
operative hemorrhages. Since there is minimal consensus 
on transfusion guidelines during OLTx, massive volume 
empirical transfusion was the standard practice until a 
few years ago, and blood products accounted for ap-
proximately 10% of  the total cost of  transplantation[1,2].

As anesthesiologic and surgical teams have gained 
experience blood loss in patients undergoing liver trans-
plantation has decreased substantially and in recent years 
the procedure is occasionally performed without intra-
operative blood transfusion.

A variety of  strategies, including acute isovolemic 
hemodilution, appropriate surgical and anesthesiologic 
management, and the use of  autotransfusion devices 
have been adopted during the last decade to limit the 
amount of  allogenic blood transfusion. In addition, the 
extensive utilization of  thromboelastogram (TEG) has 
improved the understanding of  intraoperative coagula-
tion profiles of  these patients and led to a reduction in 
blood requirements[3].

However, the intrinsic coagulopathic features of  end 
stage cirrhosis make transfusion-free liver transplanta-
tion a major challenge, and despite the improvement in 
strategies to control blood loss, most patients still bleed 
extensively. This requires the transfusion of  variable 
amount of  blood or blood products and may be associ-
ated with increased rates of  morbidity and mortality.

Blood bank demands in complicated liver transplant 
surgery are still high and even though the quality and 
safety of  blood products continue to improve they re-
main costly and increase the risks encountered by the 
patient.

The relationship between intraoperative blood use, 
the effects on immunomodulation and an increased 
risk of  postoperative complications, such as infections, 
gastrointestinal, intra-abdominal, and/or pulmonary 
complications, prolonged recovery, and a higher rate of  
reoperation has been repeatedly demonstrated[4,5]. 

Among the various strategies to substantially reduce 
the amount of  blood product transfusions and the asso-
ciated side effects, intraoperative blood salvage has been 
considered and still is an important method of  blood 
conservation. However, controversy still surrounds its 
usefulness during OLTx, with studies demonstrating ei-
ther an increase or a decrease in blood transfusion. 

Since the clinical conditions of  the candidates who 
undergo liver transplant surgery are increasingly critical 
and therefore we cannot predict with accuracy which 
patients will bleed, in our personal view a cell saver ma-
chine should be instituted in all OLTx.
 

BLOOD LOSS DURING LIVER 
TRANSPLANTATION
The liver is a highly vascular organ and the transplant 
procedure usually involves a recipient with severe coagu-
lopathy, portal hypertension, and sometimes previous 
abdominal surgery. Blood losses and transfusion require-
ments remain difficult to predict in the intraoperative 
course of  OLTx and many studies have shown discor-
dant results and no uniform conclusions[6]. In general 
the predictions are based on the severity of  liver disease, 
preoperative coagulation function, recipient’s clinical 
status, quality of  the donor liver, and experience of  the 
transplantation team. Blood losses are frequently dif-
ficult to measure during OLTx, and quite often they are 
quantified indirectly by calculating the amount of  blood 
necessary to maintain or reach a predetermined hemato-
crit (Ht) or hemoglobin (Hb) value. As previously stated, 
advances in surgical technique and anesthetic manage-
ment, as well as a better understanding of  the risk fac-
tors, have resulted in a steady decrease in intraoperative 
bleeding and transfusion requirements[7]. However, the 
risk of  bleeding still seems to vary from centre to cen-
tre depending on various factors such as the severity 
of  recipient’s clinical conditions, surgeon’s preferred 
technique, the duration of  surgery, the duration of  the 
anhepatic phase, and the time to graft function. Many 
preoperative conditions and unforeseen intraoperative 
events impart complex changes to the recipient’s spon-
taneous hemostasis; the potential occurrence of  techni-
cal difficulties which require massive fluid resuscitation 
may alter the substantial intraoperative coagulopathy and 
predispose to further extensive bleeding. Contributing 
factors to blood loss during OLTx can be categorized as 
preoperative and intraoperative.

PREOPERATIVE HEMATOLOGIC AND 
COAGULATION DEFECTS
Hemostatic function is determined by the interaction 
of  the vascular wall, platelets, coagulation factors, and 
fibrinolytic function. All these components may be 
abnormal in patients who have a compromised liver 
function. Anemia is common in these patients as a re-
sult of  chronic disease, malnutrition, or occult bleeding. 
Bleeding complications may not be primarily related to 
impaired coagulation; alterations in haemodynamics and 
vessel wall function may play a more important role. 
The hyperdynamic circulation and the presence of  por-
tal hypertension are among the most important causes 
of  perioperative bleeding tendency[8]. The aetiology of  
impaired haemostasis in the advanced liver failure is of-
ten multifactorial and may include impaired coagulation 
factor synthesis, synthesis of  dysfunctional coagulation 
factors, their increased consumption, altered clearance 
of  activated factors, hyperfibrinolysis, disseminated 
intravascular coagulation (DIC), and platelet disorders. 
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The reduced hepatic synthesis of  clotting factors is also 
associated with a significant deficit of  natural anticoagu-
lants, particularly protein C and antithrombin.

Commonly, the vitamin K-dependent factors de-
crease first, starting with factor Ⅶ and protein C owing 
to their short half-life (6 h), followed by reductions in 
factor Ⅴ, Ⅱ and Ⅹ levels[ 9]. 

Impaired synthesis and altered clearance of  the fibri-
nolytic factors cause complex abnormalities in the fibri-
nolytic system. One of  the most striking mechanisms is 
an imbalance between tissue plasminogen activator (t-PA) 
and its specific inhibitor plasminogen activator inhibitor-1 
(PAI-1)[10]. Quantitative (thrombocytopenia) and/or quali-
tative platelet abnormalities (thrombocytopathies) such 
as impaired platelet adhesion and aggregation are often 
attributed to splenic sequestration (hypersplenism), but 
may also occur as a result of  platelet destruction mediated 
by platelet-associated immunoglobulins, impaired hepatic 
synthesis and/or increased degradation of  thrombopoi-
etin by platelets sequestered in the congested spleen[11].

Additional risk factors for extensive bleeding include 
the injury of  collateral vessels developing as a result of  
portal hypertension, some from the raw surface of  the 
liver, inflammatory adhesions, as well as previous ab-
dominal surgery.

INTRAOPERATIVE FACTORS 
CONTRIBUTING TO BLOOD LOSS 
Complex coagulation disorders may occur during liver 
transplantation due to the underlying liver disease and 
haemostatic changes associated with the transplanta-
tion. The latter may result from hemodilution, platelet 
consumption, disordered thrombin regulation, and fibri-
nolysis. Haemodilution secondary to fluid replacement 
and the preservation solution from the donor liver can 
additionally reduce plasma levels of  coagulation factors. 
Variable intraoperative blood loss may ensue in the form 
of  brisk bleeding through a vascular injury and/or appear 
as diffuse continuous microvascular bleeding mixed with 
the peritoneal ascites. Technical difficulties predisposing 
to bleeding include portal vein thrombosis, post-surgical 
adhesions, and, in children with biliary atresia, previous 
portoenterostomy. Bleeding is greatly potentiated by the 
activation of  the fibrinolytic system, which occurs both 
during the anhepatic and reperfusion phases. During the 
anhepatic phase, circulating levels of  PAI-1 are reduced 
leading to an increase in t-PA. Some patients develop se-
vere coagulopathy early after the reperfusion phase due 
to an accelerated release of  t-PA from the graft endothe-
lium which causes generalized fibrinolysis and significant 
bleeding[12]. Release of  exogenous heparin from the har-
vested graft after donor heparinization or endogenous 
heparin-like substances from the damaged ischaemic graft 
endothelium may also play a role in the coagulopathy at 
reperfusion[13]. Other intraoperative factors contributing 
to prolonged hemorrhage include hypothermia, hypocale-

mia and citrate toxicity. Bleeding during the postanhepatic 
phase may also be related to disseminated intravascular 
coagulation and platelet trapping. Platelet trapping has 
been documented by simultaneous measurement of  arte-
rial and venous platelet counts. DIC has been correlated 
with ischemic damage of  the graft liver[14]. Transplantation 
of  an optimal graft restores the patient’s clotting function. 
A dysfunctional graft may not immediately produce clot-
ting factors, thereby leading to prolonged coagulopathy 
mandating massive transfusions[15]. 

PREDICTORS OF TRANSFUSION 
REQUIREMENTS 
The most important variables affecting transfusion re-
quirements include the severity of  disease [Child-Tur-
cotte-Pugh Score, United Network for Organ Sharing 
priority for transplantation or in recent years model for 
end-stage liver disease (MELD) classification], preopera-
tive prothrombin time (PT), history of  abdominal op-
erations, and Factor Ⅴ levels. The Child classification is 
a measure of  disease severity that includes assessments 
of  ascites, encephalopathy and measurements of  serum 
bilirubin and albumin. MELD gives a score based on 
how urgently the patient needs a liver transplant within 
the next three months. Its impact on transfusion require-
ments at the time of  transplantation may be difficult to 
predict. The length of  cold ischemia time has also been 
associated with short-term graft dysfunction and nega-
tive effects on perioperative red blood cell (RBC) trans-
fusion requirements. Other variables include cholestasis, 
splenomegaly, the preoperative haematocrit value, use 
of  the piggyback transplantation method, and operative 
time[16]. Patients with chronic active hepatitis have more 
advanced disease and require more blood products than 
patients with primary biliary cirrhosis[17]. Previous up-
per abdominal surgery tends to have vascularised adhe-
sions which may render liver dissection hemorrhagic. 
Portal vein hypoplasia and decreased donor liver size, 
presenting a technical challenge for the surgeons, were 
predictive of  blood loss[16]. Use of  a partial liver graft, 
as in living-donor liver transplantation, creates a graft 
with a raw surface that can bleed after reperfusion[14]. 
The risk of  primary nonfunction after transplantation 
of  poor quality cadaveric graft increases proportionately 
with the degree of  steatosis. Graft dysfunction further 
necessitates massive transfusions[18]. Inadequate graft-
recipient body weight ratio, poor graft preservation and 
prolonged cold ischemia time have also been associated 
with increased intraoperative bleeding tendency[14]. Mas-
sicotte et al[6] in a retrospective study of  206 successive 
liver transplants found that the three most important 
variables related to the number of  RBC units transfused 
were: the starting international normalized ratio (INR) 
value, the starting platelet count, and the duration of  
surgery.Plasma transfusion did not decrease the amount 
of  RBC transfusions.
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Deakin et al[19] showed that in their population of  
300 adult liver transplantations, blood urea nitrogen level 
and platelet count had an independent correlation with 
transfusion necessity. Ramos et al[20] looking for useful 
variables for the preoperative identification of  patients 
likely to require transfusion of  RBCs could not show a 
statistically significant relationship between preoperative 
coagulation parameters and need for intraoperative blood 
products. However, age, Child class, diagnosis, INR, Hb 
level and the effect of  intraoperative portacaval shunt 
placement were close to significance on the amount of  
blood transfusion. They concluded that preoperative nor-
malization of  Hb level and placement of  intraoperative 
portacaval shunt could diminish the need for RBC trans-
fusion during OLTx. In a multivariate linear regression 
analysis of  526 liver transplants Mangus et al[21] demon-
strated that predictors of  estimated blood loss were age, 
MELD score, preoperative hemoglobin, initial fibrino-
gen, initial central venous pressure, and total anesthesia 
time. Specific predictors of  RBCs usage were age, MELD 
score, preoperative hemoglobin, initial fibrinogen, and 
anesthesia time. On the contrary, Massicotte et al[22] found 
that only two variables were linked to RBC transfusion: 
starting hemoglobin value and phlebotomy. In their study 
the MELD score did not predict blood losses and blood 
product requirement during OLTx.

Steib et al[23] looking at the preoperative factors as-
sociated with high blood loss in 510 consecutive patients 
undergoing OLTx, were unable to correctly identify pa-
tients at risk for intraoperative hemorrhage. In the recent 
study by Roullet et al[24], MELD score did not appear as a 
risk factor for bleeding or transfusion requirements dur-
ing OLTx, nor did previous upper abdominal surgery, 
preoperative coagulation defects, or Hb level. They con-
cluded that the preoperative risk factors for bleeding and 
transfusion during OLTx were of  little clinical usefulness 
and therefore blood products should always be available 
during the procedure. Given the poor predictive value 
of  the single preoperative variable even in a homoge-
neous population some authors recommend that centres 
evaluate their practice individually in order to identify 
the centre-specific risk factors and high risk patients for 
perioperative transfusion[25].

TRANSFUSION PRACTICE DURING OLTx
Blood transfusion therapy has remained a critical feature 
in OLTx and various studies have shown a large variabil-
ity in the use of  blood products among different centers 
and even among individual anesthesiologists within the 
same center[2]. The decision of  when a patient should be 
transfused with RBCs still remains a greatly discussed 
issue, in part because there is scant evidence support-
ing one practice over another. For example, conflicting 
results derive from the adoption of  different triggers 
for blood transfusion or different inter-centre protocols 
or protocols not driven by coagulation monitoring or 
with or without the use of  antifibrinolytics. Evidence 

that liberal RBCs transfusion thresholds are associated 
with better outcomes than a more restrictive approach is 
still lacking, and a remarkable variability in this practice 
continues to be observed. In particular, there is little 
published data in support of  RBCs transfusion when the 
Hb level is above 7 g/dL, even if  the patient has cardiac 
comorbidities[15,26]. Some authors recommend to keep 
the hematocrit between 30% and 35%; others think it 
advisable and acceptable to maintain it between 26% and 
28%[27,28]. In the study by Steib et al[23] RBCs were admin-
istered to maintain Ht levels at 30%. Even though OLTx 
surgery is widely seen as a highly specialized procedure, 
strict guidelines for optimal use of  packed red blood 
cells have not been developed. The influence of  the 
amount of  transfusion of  various blood components on 
clinical outcome after liver transplantation has not been 
studied in detail. Blood transfusion is generally consid-
ered a surrogate marker for sicker patients and complex 
surgery, and its role on outcome has not been precisely 
defined in large trials[7].

Fresh frozen plasma transfusion
The standard indication for fresh frozen plasma (FFP) 
infusion is clotting improvement; in some centres FFP 
is still administered for volume replacement in case of  
hemodynamic derangement. Many consider transfusing 
FFP while waiting for laboratory results reasonable and 
preferable to not giving coagulation factors in time[29]. 
Freeman et al[30] support the view that FFP administra-
tion is not essential during OLTx and that platelets and 
fibrinogen concentrates may be given when platelet 
count and fibrinogen level fall to below 50.000 mm3 
and 1 g/L, and human serum albumin can be used as a 
volume expander. Liver removal during surgery leaves 
the patient anhepatic for a period of  time, which further 
complicates the coagulation. This phase is associated 
with a decrease in Factors Ⅷ and Ⅴ, a decrease in fi-
brinogen, and an increase in fibrinolysis. FFP is expected 
to improve complex coagulation disorders in case of  
severe bleeding as it contains all coagulation factors and 
inhibitors. FFP should be treated with solvent-detergent 
to inactivate viral particles and decrease the risk of  vi-
ral infection. Treated plasma has lower factor Ⅷ and 
alpha-2 antiplasmin activity, but patients who receive 
treated FFP demonstrate a similar correction of  the 
INR and activated partial thromboplastin time (aPTT), 
and they have transfusion requirements similar to those 
of  patients who receive untreated FFP[30]. Whether FFP 
should always be used for treating a patient with major 
blood loss during OLTx is still not completely defined. 
In addition there is currently no consensus on the vol-
ume of  FFP or rate of  infusion required to prevent or 
treat intraoperative persistent bleeding; in the common 
practice 10-15 mL/kg are usually administered. Because 
of  the lack of  universally shared guidelines, beside some 
centre-specific indications[28], both the amount and 
timing of  FFP administration during OLTx still seem 
guided by experienced clinical judgment, local practices 
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and the assistance of  timely coagulation tests (including 
near-patient tests). 

Platelets transfusion during OLTx  
Although there is no consensus regarding the appropri-
ate threshold, platelet concentrates are frequently admin-
istered during OLTx for the prevention or treatment of  
bleeding. However, intraoperative platelet transfusions 
have been identified as a strong independent risk factor 
for patient survival after OLTx, in addition to RBCs[31]. 
The negative impact of  platelet transfusions is indepen-
dent from other well known risk factors, in accordance 
with the adverse effects of  platelets discovered in experi-
mental studies. In animal models of  liver transplantation, 
studies have demonstrated that platelets are involved in 
the pathogenesis of  reperfusion injury of  the liver graft 
by inducing endothelial cell apoptosis. This effect is 
independent of  ischemia-related endothelial cell injury 
and cannot simply be explained by activation of  the co-
agulation system and aggregation of  platelets at the site 
of  endothelial cell injury[32]. In addition, platelets contain 
many cytokines and vasoactive and inflammatory media-
tors which are rapidly released on activation by various 
stimuli after reperfusion. The specific causes that lead 
to a worse outcome following platelet transfusion have 
not been examined, however, several factors have been 
considered such as the risk of  viral transmission, the po-
tential for bacterial contamination especially for platelets 
stored at room temperature[33], the risk of  alloimmuniza-
tion, graft vs host disease, nonspecific immunosuppres-
sive effects, and acute lung injury (ALI) or adult distress 
respiratory syndrome (ARDS). Recent studies show that 
it is not RBC, but, in fact, plasma-rich blood products, 
such as FFP and platelet transfusions, that are linked to 
the development of  ALI/ARDS[34]. Pereboom et al[35] 

demonstrated that platelet transfusion during OLTx is 
associated with increased postoperative mortality due to 
heavy lungs because of  severe lung edema in accordance 
with the clinical diagnosis of  transfusion-related acute 
lung injury (TRALI)/ARDS. The increased rate of  graft 
loss after platelet transfusion did not result from the 
specific adverse effects of  transfused platelets such as an 
increased occurrence of  graft-related thrombotic com-
plications, but it was caused by higher rate of  patients’ 
death with a well functioning graft. Due to the difficulty 
in discerning whether a bleeding complication during 
OLTx is a result of  the lack of  platelets or defects in 
other hemostatic systems it seems reasonable not to 
transfuse patients based on a low platelet count alone. 
Given the reported detrimental effects of  platelet trans-
fusion, it is advisable to transfuse them only if  signifi-
cant bleeding complications do occur which are mostly 
attributable to low platelet count or dysfunctional plate-
lets as demonstrated by on-site coagulation monitoring. 
Considering that the appropriateness of  different blood 
components administration schemes has not been evalu-
ated in randomised studies, a specific approach targeted 
to the individual needs may be reasonable. In addition 

to surgical and anesthetic measures to minimize intraop-
erative blood loss, a conservative and more targeted use 
of  blood products, weighing the short-term benefits vs 
increased postoperative risk for adverse events in each 
individual patient, should be considered.

OLTx WITHOUT BLOOD/BLOOD 
PRODUCTS 
For many uncomplicated recipients OLTx has been safe-
ly performed without transfusion of  any blood products, 
especially when maximum blood loss was limited to 
2500-3500 mL[36]. Even though, as aforementioned, the 
reports from various centres attest to the high variability 
of  transfusion requirements, a confirmed trend toward 
a significant reduction in the use of  blood products is 
being observed nowadays[2]. Massicotte et al[6] reported 
that up to 79% of  their patient population did not need 
any red cell transfusion during surgery. Transfusion-
free OLTx in Jehovah’s witnesses, in combination with 
preoperative stimulation of  red cell production using 
recombinant human erythropoietin and iron, cell sal-
vage, volemic replacement and tolerance of  moderate 
anemia, have been associated with favourable results[37]. 
Limiting transfusions to situations where clinical bleed-
ing and/or severe anemia are present has been shown 
to reduce many perioperative complications. Bloodless 
strategies also include meticulous surgical technique 
and the intraoperative hemodilution procedure, where 
the patient’s blood is removed and replaced with non-
blood products (5% albumin and crystalloid solution) 
whenever feasible. The patient’s blood is later reinfused 
during the operation as needed or routinely after liver 
implantation. Acute normovolemic hemodilution pre-
serves the integrity of  the red blood cells and clotting 
factors, ensuring the availability of  safe, fresh autologous 
blood. Contraindications to the hemodilution procedure 
include coronary heart disease, significant anemia, and 
severe pulmonary hypertension. Both prophylactic (prior 
to incision) and intraoperative administration of  recom-
binant activated Factor Ⅶa has been considered by some 
authors to prevent intraoperative blood transfusion in Je-
hovah’s witnesses or markedly reduce it in non-Jehovah’s 
witnesses[36,37]. 

INTRAOPERATIVE BLOOD 
TRANSFUSION, COMPLICATIONS AND 
OUTCOME 
The impact of  blood transfusion has been shown to be 
important and independent of  other well-known pre-
dictors of  posttransplant outcome, such as recovery of  
graft function, infectious disease, renal failure, and other 
comorbidities. Older studies have observed that an in-
creased blood requirement was associated with many ad-
verse events in the postoperative period, including higher 
rates of  graft failure and patient mortality[18]. Cacciarelli 
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et al[38] reviewed 225 adult OLTx recipients and showed 
a significant improvement in both patient and graft 
survival when less than 5 U of  RBCs were transfused 
intraoperatively. Ramos et al[20] showed that even a mod-
erate number of  blood transfusions was associated with 
a longer hospital stay and that transfusion of  more than 
6 U of  PRBCs was associated with diminished survival. 
In pediatric patients, increased blood product adminis-
tration appeared as a significant independent negative 
predictor of  long-term patient survival[39]. As Hendriks 
et al[39] stated intraoperative transfusion of  RBCs was the 
sole predictor of  surgical reintervention after OLTx. Pa-
tients with reinterventions had a three-fold higher mor-
tality during the observation period and had significantly 
longer hospital stay compared with patients without 
reinterventions. Whether the difference in outcome is 
related to the transfusion as an independent risk factor 
or whether the transfusion is a marker for a technically 
more difficult surgery remains unclear[14]. However, 
multiple observations underline that every attempt to 
control blood loss and reduce transfusion requirements 
should be practiced in order to lessen the probability of  
surgical reintervention and improve in-hospital morbil-
ity and overall outcome. The immunosuppressive effect 
and the induction of  several complications may account 
for the negative correlation between the intraoperative 
blood transfusion and postoperative outcome. Common 
complications of  massive transfusions are immunologic 
adverse effects, metabolic derangement, infectious ex-
posure with increased septic episodes, and acute lung 
injury. Transfusion-related immunological adverse effects 
include anaphylactic reactions, hemolysis, graft vs host 
disease, and nonspecific immunosuppressive effects. 
Large volumes of  allogenic blood result in the infusion 
of  large amounts of  foreign antigens in both soluble and 
cell-associated forms. The persistence of  these antigens 
in the circulation of  the recipient is considered to result 
in impaired cell-mediated and natural killer cell activity, 
and deterioration in liver regeneration[40,41]. Severe meta-
bolic derangement from massive transfusion may occur 
as a consequence of  dilutional coagulopathy, dilutional 
thrombocytopenia, DIC, citrate toxicity, metabolic al-
kalosis, hypocalcemia, hypomagnesemia, hyperkalemia, 
acid/base disturbances and hypothermia[42]. Blood prod-
ucts transfusions have been identified as a risk factor for 
TRALI, ALI and ARDS[43].

ARDS is a serious multifactorial complication after 
OLTx most likely caused by fluid overload from crystal-
loid liquid infusion or massive transfusion and reperfusion 
syndrome[44]. The risk of  developing ALI/ARDS seems 
to be higher after transfusion of  FFP or platelets than af-
ter RBC[34]. Other postoperative complications associated 
with blood transfusion include perioperative myocardial 
infarction, postoperative low-output cardiac failure, and 
increased tumor recurrence[45-47]. In addition, exposure to 
multiple units of  allogenic blood increases the risk of  de-
veloping abnormal antibodies which makes future cross-
matching more difficult and time-consuming[48].

INTRAOPERATIVE STRATEGIES TO 
REDUCE BLOOD LOSS
Anesthesiologic management
Properly balanced intraoperative fluids, use of  pre-
defined or “individualized” transfusion triggers, and 
prophylactically administered pharmacologic agents ca-
pable of  reducing blood loss may have a positive impact 
on amount of  bleeding and transfusion requirements. 
Avoiding excessive fluid administration and maintain-
ing relative hypovolemia have been firmly advocated. As 
demonstrated during hepatic resections, maintaining a 
low central venous pressure (CVP) via volume restric-
tion, phlebotomy, or both, has been shown to decrease 
surgical blood loss and promote graft decongestion. A 
low CVP has been recommended to minimize blood 
loss during explantation of  the liver. With the “classical” 
cava-cava technique severe hemodynamic instability may 
ensue when inferior vena cava is clamped in the pres-
ence of  hypovolemia; on the other hand with the wider 
application of  the “piggy-back” technique measures to 
maintain CVP below 5 cm H2O have become possible. 
Massicotte et al[49,50] reported that maintaining a low CVP 
before the anhepatic phase was of  utmost importance to 
decrease blood loss and transfusion rate. However, the 
debate on an optimal CVP value to prevent major bleed-
ing during OLTx is still not solved; in fact, although a 
low CVP is associated with reduced blood loss, it also 
carries a higher risk of  complications such as air embo-
lism, systemic tissue hypoperfusion, and renal failure. 
Schroeder et al[51] demonstrated that intentionally lower-
ing the CVP to decrease blood loss during OLTx was 
associated with significant morbidity and mortality; the 
postoperative peak serum creatinine level, the need for 
dialysis, and 30-d mortality were higher in patients who 
had low CVP. Many transplant surgeons prefer that the 
CVP be kept “low” after reperfusion of  the graft to 
avoid venous congestion of  the new graft, but any quan-
tification of  this “low” number is futile. During liver 
transplantation there is no evidence to support decreas-
ing CVP and effective circulating blood volume to levels 
currently practiced during hepatic resections surgery; 
this practice might compromise vital organ perfusion[52]. 
Diuretics also often play a role in achieving euvolemia 
and can help in reducing transfusion requirements. The 
osmotic activity of  mannitol can aid in removing free 
water within abdominal organs, particularly in the setting 
of  hepatorenal syndrome, thus preventing hepatic dis-
tension once the graft is reperfused. Due to the lack of  
adequately powered, randomized, prospective controlled 
trials further investigations are needed to determine 
which patients would benefit from restrictive volume 
management in the intraoperative period of  OLTx. In-
traoperative coagulation abnormalities have long been 
thought of  as major culprits for blood loss and transfu-
sion requirements. They may be aggravated by unrecog-
nized hypothermia and acidosis. Hypothermia likely oc-
curs when large volumes of  unheated fluids are admin-
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istered; acidosis affects hemostasis as well, probably by 
inhibition of  platelet function[53]. Among the strategies 
to attenuate surgical bleeding by reducing both graft and 
portal vein pressure the use of  lower tidal volumes (6-8 
mL/kg) and very low positive end-expiratory pressure, 
have also been advocated[3].

Thromboelastography
Besides standard coagulation tests (i.e., PT, aPTT, fi-
brinogen levels), TEG allows a rapid on-site assessment 
of  the functional clotting status. Its use permits the 
assessment of  both cellular and humoral components 
of  whole blood coagulation and fibrinolysis, instead of  
a single procoagulation or anticoagulation parameter. 
Results can be obtained fairly quickly, the onset of  clot 
formation within a few min and platelet function within 
45 min. The prognostic value of  intraoperative standard 
tests on bleeding or blood component requirements is 
poorly documented and controversial. 

TEG, on the other hand, can assist anesthesiologists 
in treating intraoperative bleeding by identifying the 
cause and facilitate selective use of  blood components 
and specific drug treatments[54]. In various studies the 
amount of  blood usage was significantly reduced when 
TEG monitoring was compared to the conventional 
“clinician-directed” transfusion management. Wang et 
al[55] demonstrated that the same was true for FFP ad-
ministration during OLTx as well. Fewer units of  FFP 
were required to keep the TEG reaction time within an 
accepted transfusion threshold compared with the PT/
INR. TEG may also diagnose a heparin-like effect after 
reperfusion and determine the lowest efficient dose of  
protamine to correct the prolongation of  the reaction 
time representing the rate of  initial fibrin formation[28].

In addition, TEG may help document the prothrom-
botic state that sometimes occurs in post liver transplant 
patients because of  deficiencies in antithrombin Ⅲ and 
protein C causing potentially disastrous hepatic artery 
thrombosis[56].

Even though the usefulness of  TEG in complex co-
agulation defects has been questioned[57], recent literature 
does reaffirm that the use of  TEG and rotation throm-
boelastometry in more rational transfusion algorithms 
can reduce the number of  blood products transfused[58].

Surgical techniques to reduce blood loss 
The importance of  surgical experience and skill during 
hepatic dissection and meticulous hemostasis has long 
been recognized as important in determining the amount 
of  intraoperative blood loss. One of  the first techniques 
introduced to reduce intraoperative bleeding was the ap-
plication of  the venovenous bypass (VVB) during the 
anhepatic phase of  “classic” OLTx. By decompressing 
the splanchnic and retroperitoneal circulations, venove-
nous bypass contributes to reduce blood loss and avoids 
important hemodynamic changes caused by a variable 
reduction in venous return to the heart. Another ex-
tensively adopted method is the piggy-back technique, 

which consists of  performing the anastomosis of  the 
retrohepatic inferior vena cava of  the donor liver directly 
to the recipient inferior vena cava, thus avoiding exten-
sive dissection of  the retroperitoneum in this area. In 
recipients with portal hypertension and multiple venous 
collaterals this technique may reduce the anhepatic time 
and the amount of  bleeding. Another advantage of  the 
piggy back technique is the shorter warm ischemia time 
during implantation of  the graft as only one cavo-caval 
anastomosis has to be performed, compared to the two 
end-to-end anastomoses of  the inferior vena cava in the 
“classic” technique. While the proponents of  the exten-
sive use of  venovenous bypass claim that it improves 
hemodynamic stability, reduces blood loss, and reduces 
the incidence of  postoperative acute renal failure[59], many 
authors have shown an association between VVB and an 
increased transfusion of  blood products. This increase 
in the amount of  intraoperative bleeding during VVB 
has been attributed to fibrinolysis, hemolysis, and platelet 
activation by bypass tubing[60-62]. Miyamoto et al[63] dem-
onstrated significantly lower blood transfusion require-
ments in patients in whom the “piggyback” technique 
was used, compared with patients transplanted using the 
“classic” technique. According to the recent statements 
from the Cochrane database[64] no superiority of  one over 
another technique seems to emerge from the examined 
trials. Based on the available studies there is currently no 
evidence to recommend or refute the use of  piggy-back 
method during OLTx as far as the amount of  bleeding 
and blood product consumption is concerned.

PHARMACOLOGICAL STRATEGIES TO 
REDUCE BLOOD LOSS
Antifibrinolytic drugs  
Hyper-fibrinolysis plays a significant role in non-surgical 
blood loss requiring massive transfusion. Antifibrinolyt-
ics will decrease bleeding only in cases where it is caused 
by enhanced fibrinolysis but they are potentially harmful 
in patients with prothrombotic states like Budd-Chiari 
syndrome, retransplantation, fulminant liver disease, 
primary biliary cirrhosis, primary sclerosing cholangitis, 
transplant for malignant disease, portal vein thrombo-
sis[65]. Of  the two groups of  antifibrinolytics available, 
lysine analogues [epsilon aminocaproic acid (EACA) and 
tranexamic acid] and serine protease inhibitors (apro-
tinin), tranexamic acid (TA) is more commonly used. 
EACA is a synthetic lysine analogue that competitively 
inhibits the binding of  plasminogen to lysine residue 
on the surface of  fibrin and prevents conversion of  
plasminogen to plasmin. It may also prevent plasmin 
degradation of  platelet glycoprotein Ib receptors, thus 
preserving platelet function[66]. EACA has demonstrated 
less antifibrinolytic potency than tranexamic acid. In a 
prospective, double-blinded, placebo-controlled, ran-
domized study by Dalmau et al[67], prophylactic EACA 
did not reduce intraoperative total red blood cell transfu-
sion during OLT. In addition its use may be associated 
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with renal complications such as acute tubular necrosis, 
renal infarction, myopathy, pigment-induced renal com-
plications, glomerular capillary thrombosis and elevated 
excretion of  beta-2 microglobulin. Tranexamic acid 
prevents plasmin-mediated conversion of  fibrinogen to 
fibrinogen split products by competitively binding to the 
lysine binding sites on the plasminogen molecule. As 
compared to EACA, its antifibrinolytic activity is 6-10 
times more potent, and higher in peripheral compart-
ments like kidney, intestines, and prostatic tissues. Strong 
evidence that TA reduces blood transfusion in various 
types of  surgery has been provided in a recent review, 
even though its effects on thromboembolic events and 
mortality remains uncertain[68]. In liver transplant surgery 
the effectiveness of  TA in reducing blood transfusion 
is still under critical evaluation. Years ago, Boylan et al[69] 

demonstrated that administration of  tranexamic acid (20 
mg/kg) was associated with significantly less intraopera-
tive blood loss and reduced transfusion requirements. 
No patient had hepatic artery or portal vein thrombosis. 
More recently, Dalmau et al[70] did not find any significant 
difference in blood loss and transfusion requirements 
with TA (10 mg/kg per hour) or aprotinin. Thrombo-
embolic events, reoperations and mortality were similar 
in both groups. Massicotte et al[71] compared the efficacy 
of  TA vs aprotinin during OLTx. They found no inter-
group difference in intraoperative RBC transfusion per 
patient, final Hb concentration, and the percentage of  
OLTx cases requiring no blood product administration. 
In their experience, administration of  aprotinin was not 
superior to TA with regards to blood loss and blood 
product transfusion requirement. 

A study published in 2011 by the Cochrane Hepato-
Biliary Group[72], which included all randomised clini-
cal trials that compared various methods of  decreasing 
blood loss and blood transfusion during OLTx, re-
ported that there were no significant differences in the 
allogenic blood transfusion requirements, amount of  
platelets, FFP, or cryoprecipitate transfused between the 
tranexamic acid and control groups.

Aprotinin
Even though a reduction in intraoperative bleeding and 
transfusion requirement with aprotinin has very fre-
quently been reported, aprotinin use has recently been 
reduced and criticized as it was related to an increased 
mortality in cardiac surgery[73]. 

Antifibrinolytic effect of  aprotinin is complex and 
includes inhibition of  plasmin, contact activation system 
(via kallikrein inhibition) and inhibition of  tissue-plasmin-
ogen activator production. In addition to antifibrinolysis, 
aprotinin also has antithrombotic effects, which may 
be due to selective blockade of  proteolytically activated 
thrombin receptors on platelets[74]. The European Mul-
ticentre Study of  Aprotinin in Liver transplant showed 
that both high dose and regular dose of  aprotinin attenu-
ated fibrinolytic activity, and decreased blood loss and red 
blood cell transfusion requirements during OLTx[75]. The 

blood-saving effect of  aprotinin was particularly evident 
when surgery was complicated with significant blood 
loss. Subsequently, several other reports supported these 
findings[76,77]. However, parallel to its widespread utiliza-
tion, concerns arose about the safety of  aprotinin and 
an increased risk of  thrombotic complications has been 
reported[78]. Thromboembolic phenomena are among the 
most undesirable complications during liver transplanta-
tion manifesting as hepatic artery thrombosis, venous 
thromboembolism, and pulmonary thromboembolism. 
Lentschener et al[78] reported that prophylactic use of  
large dose aprotinin decreased blood loss and transfu-
sion requirement only when OLTx was associated with 
significant blood loss, but it did not alter the postopera-
tive outcome. Because of  its potential side effects, they 
recommend that aprotinin should not be systematically 
administered to patients undergoing OLTx.

It should be noted that most of  the data contribut-
ing to the increased thromboembolic risk with aprotinin 
came from a single study - the BART trial[74], whereas in 
the recent years its negative side effects have been con-
sistently reconsidered. 

Molenaar et al[79] demonstrated that both aprotinin and 
TA significantly reduce RBC transfusion requirements; 
intraoperative use of  FFP was significantly reduced with 
aprotinin but not with TA. No increased risk of  hepatic 
artery thrombosis, venous thromboembolic events or 
mortality was detected in patients who received antifibri-
nolytics. No significant difference in the proportion of  
thromboembolic episodes or other serious adverse events 
between the aprotinin-treated groups and controls was 
also reported in the recent review by Gurusamy et al[72] and 
Liu et al[80] performed a meta analysis to study the effect 
of  aprotinin on the intraoperative requirement for blood 
products and the postoperative outcomes. They observed 
that aprotinin can reduce the intraoperative requirement 
of  blood product, and has no significant effect on the 
incidence of  laparotomy for bleeding, thrombotic events 
and mortality. A Cochrane Intervention Review (2011)[81] 
on anti-fibrinolytic use for minimising perioperative al-
logenic blood transfusion concluded that anti-fibrinolytic 
drugs provide worthwhile reductions in blood loss and the 
receipt of  allogenic red cell transfusion. Aprotinin appears 
to be slightly more effective than the lysine analogues in 
reducing blood loss. The lysine analogues are effective in 
reducing blood loss during and after surgery, and appear 
to be free of  serious adverse effects. 

However, given the high risk of  type Ⅰ and type Ⅱ 
statistical errors because of  few trials and the small 
sample size in some trials, the authors stated that further 
large clinical randomized multicentre controlled trials are 
likely needed to confirm the specific advantages of  apro-
tinin in liver transplantation surgery. 

Recombinant factor Ⅶa
Recombinant activated Factor Ⅶa (rFⅦa) complexes 
directly with tissue factor (TF) released from the suben-
dothelium at sites of  vascular disruption. The TF-rFⅦ
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a complex then activates the remainder of  the common 
coagulation cascade via activated factor Ⅹ. Additionally, 
rFⅦa may bind to activated platelets, which also concen-
trates factor Ⅹ activation to sites of  tissue injury. The 
factor Ⅹa generated by these two mechanisms ultimately 
drives the thrombin burst, which cleaves fibrinogen to fi-
brin, thus initiating the formation of  the fibrin meshwork 
critical to secondary coagulation and clot stabilization[82].

Nieman et al[83] demonstrated that in a selected group 
of  patients with prolonged PT and high MELD score, 
the prophylactic application of  rFⅦa at the start of  the 
OLTx may reduce perioperative transfusion require-
ments. However, the prophylactic administration of  rF
Ⅶa during orthotopic liver transplantation has lead to 
inconclusive results; there was a trend across studies 
toward reduced red blood cell transfusion requirements 
with prophylaxis, but neither operating room time nor 
length of  stay in the intensive care unit was reduced[84-86]. 
Nowadays the strength of  evidence is low or moderate 
for intraoperative blood saving capability when given as 
prophylaxis; furthermore use of  rFⅦa has been associ-
ated with an increased rate of  thromboembolic events 
in intracerebral hemorrhage and cardiac surgery[87]. 
Therefore the prophylactic administration may not be 
the most efficient use of  this drug; it should instead be 
seen more as a “rescue therapy” to control bleeding in 
situations of  major perioperative bleeding where other 
therapies have failed[88]. Case reports and studies with 
small number of  patients found this drug beneficial in 
correcting clotting alterations, reducing frank surgical 
bleeding, controlling clotting failure due to graft reperfu-
sion, or stabilizing clotting functions before the closure 
of  the abdomen[89,90].

Recombinant activated factor Ⅶa is not a substitute 
of  clotting factors; in addition, it can also induce other 
negative pharmacological effects. It seems to be use-
ful in improving coagulation in transplant recipients 
with refractory hemorrhagic complications serving as a 
bridge to definitive treatment. Safety of  rFⅦa in OLTx 
has been demonstrated in many reports; no effects on 
thromboembolism or mortality have been found in vari-
ous trials[87]. However, the experience with this drug is 
still too limited and the benefit/risk ratio not completely 
evaluated. The role of  recombinant factor Ⅶa during 
OLTx still remains to be completely defined. Its admin-
istration provides a novel way to increase the thrombin 
burst and acutely improve coagulation in the presence 
of  rapid factor consumption. It is advisable that TEG 
monitoring be performed before rFⅦa administration[91].

BLOOD SALVAGE DURING OLTx
The use of  intraoperative blood salvage and autologous 
blood transfusion has been for a long time an important 
method to reduce the need for allogeneic blood and the 
associated complications[92].

By reducing the demand for heterologous transfu-
sion this strategy can prevent or diminish the exposure to 

transmissible infectious diseases. The use of  cell salvage 
has become an important part of  intraoperative manage-
ment of  Jehovah’s Witnesses who refuse allogeneic blood 
or blood products transfusion on religious grounds[93].

The principle of  cell salvage consists of  collecting 
RBCs from the operative fields, storing the blood in a res-
ervoir, separating the components, and transfusing. Blood 
collection is carried out with a dedicated double-lumen 
device, one for suction and the other for adding a prede-
termined volume of  anticoagulant to the aspirated blood. 
After storage the blood is centrifuged and the RBCs are 
washed and filtered across a semi-permeable membrane 
which removes free haemoglobin, plasma, white blood 
cells, platelets and heparin. The process of  concentra-
tion by centrifugation enables the plasma, platelets, and 
irrigating solutions to be removed, as well as 70%-90% 
of  the soluble contaminants and the so called “biochemi-
cal debris” present in the salvaged blood. The salvaged 
blood may then be transfused after being re-suspended in 
normal saline. The resultant hematocrit ranges between 
50%-80%[15]. Although the safety of  cell-salvaging pro-
cedure has been widely demonstrated[94] intraoperative 
red blood cell salvage and autologous transfusion is not 
routinely used in major liver surgery as cost-effectiveness 
is still an unsolved concern[95]. 

Blood salvaging techniques are controversial during 
OLTx as well, since some studies demonstrated their 
effectiveness in reducing allogeneic RBCs requirements 
and safety, while others reported higher blood loss, 
mainly through fibrinolysis, and increased costs[7,96,97]. 
Hendriks et al[98] reported a remarkable increase in trans-
fusion requirements in liver transplant recipients where 
cell saver blood was returned. They hypothesised that 
excessive blood loss was a consequence rather than a 
cause of  transfusion of  cell saver blood. The need for 
an increased amount of  RBCs, FFP, cryoprecipitate, 
and platelets in autotransfused patients was also demon-
strated by other studies[99,100]. The increased blood loss in 
recipients receiving cell saver blood has been attributed 
to the release of  fibrinolytic compounds from blood 
cells in the collected blood and/or from the transplanted 
liver, that are not washed out by the cell saver[99]. As op-
posed to the above-mentioned reports many other stud-
ies underline that cell salvage is efficacious in reducing 
the need for allogeneic blood transfusion in adult elec-
tive surgery, as evidenced by a recent Cochrane Collabo-
ration meta-analysis of  various studies[101]. Waters et al[102] 
in a review of  the cell salvage data from 2328 surgical 
patients suggested that cell salvage can be significantly 
less expensive than allogenic blood. Older experiences 
in patients undergoing liver transplantation with large 
volumes of  blood loss, demonstrated that besides its 
medical benefits intraoperative autologous transfusion 
was also cost-effective. Use of  intraoperative autologous 
transfusion resulted in conservation of  erythrocytes and 
reduction in exposure to homologous blood and blood 
components[103]. Similar observations were also reported 
in a prospective study on 660 adult liver transplant pa-
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tients published more recently[104].
Sankarankutty et al[105] demonstrated that when cell 

saver was used during OLTx more than half  of  the 
blood lost was recovered and was almost entirely avail-
able for reinfusion after processing. Substantial reduction 
in FFP and a lesser reduction in platelet requirement was 
also seen. 

Nowadays the use of  cell salvage to collect and rein-
fuse shed, autologous blood during OLTx is a common 
practice when high blood loss is anticipated. It is, in fact, a 
complementary method that can replace blood in propor-
tion to the volume lost. However, when compared with 
the cost of  providing allogenic blood, it becomes cost 
effective when at least two or more units of  blood can be 
salvaged and reinfused. Massicotte et al[95] demonstrated 
that when cell salvage autotransfusion was used systemati-
cally for every patient (75 OLTx) there was enough blood 
salvage to retransfuse 65% of  the cases; in their centre 
with a low transfusion rate, it saved a mean of  21 g/L of  
Hb per patient or two RBC unit transfusions.

Even though the collection of  a recipient own blood 
from surgical sites may result an effective, safe and cost-
effective procedure, there are some relative contraindica-
tions due to the presence of  certain materials incorpo-
rated into the salvaged blood that could potentially harm 
the patient upon readministration[106]. These include con-
taminants such as stool, urine, or blood aspirated from 
contaminated or septic wounds, intestinal leaks, intra-
abdominal infections, and malignant cells.

Bacterial contamination
Bacterial contamination of  intraoperatively cell salvaged 
and processed blood is a known phenomenon even if  the 
technique is applied to so-called “sterile” operations[107,108]. 

Contamination may occur during blood sampling and 
washing. It may originate from intestinal flora or it may 
be blood-borne in the recipient. Retrograde contami-
nation of  the shed blood from the bile duct has been 
demonstrated as well[101]. The most common source of  
contamination is thought to be the skin and the environ-
ment. The use of  cell salvage has been contraindicated 
in cases where there is potential contamination with 
enteric contents, however, the relationship between the 
transfusion of  contaminated cell-salvaged blood and 
an increased risk of  systemic infection is not clear. Fel-
tracco et al[109] in a prospective observational study of  38 
patients undergoing OLTx found samples of  processed 
salvaged blood positive for microorganisms in 68.4% 
cases. A variety of  microorganisms were cultured, i.e., 
Staphylococcus (73%), Escherichia coli (4%), Propionibacter 
(4%) and Candida (8%). All the patients in this study had 
blood cultures obtained on postoperative days 1 and 3, 
and none was positive for the organisms previously cul-
tured from the salvaged blood. Studies on transfusion 
of  microbiologically contaminated salvaged blood have 
demonstrated no adverse outcomes nor an increase in 
postoperative infectious complications[109,110]. Therefore, 
potential contamination should no longer be considered 

an absolute contraindication to the use of  intraoperative 
cell salvage during OLTx.

Blood salvaged from patients with liver tumor
The presence of  hepatocellular carcinoma has been con-
sidered a contraindication for the use of  blood salvaging 
techniques due to the theoretical risk of  reintroducing 
neoplastic cells into the circulation and disseminating the 
tumor. In 1986 the American Medical Councils stated that 
cell salvage was contraindicated in cases of  malignancy[111].

However, in clinical practice the use of  autologous 
transfusion from salvaged blood of  patient with ma-
lignant disease has been diffusely reported in different 
surgical settings, such as urological cancer and gynae-
oncology surgery[112,113]. In various studies on surgical pa-
tients with malignant disease autologous transfusion with 
cell salvaged blood did not increase recurrence rates and 
was effective at reducing allogenic blood requirements. 
The use of  leucocyte depletion filters (LDFs) has been 
proposed to improve cell salvage safety, to reduce the 
number of  malignant cells in the blood recovered during 
cancer surgery, and to attenuate the side-effects[114]. In a 
prospective observational study on 32 patients undergo-
ing OLTx for hepatocellular carcinoma, Liang et al[115] 
investigated the presence of  tumour cells in shed blood 
and the efficiency of  cell salvage in combination with a 
LDF at removing them. Tumour cells were present in 
the cell saver reservoir in 62.5% of  patients and after 
processing tumour cells were still detected in 75% of  
those. After passing through an LDF, tumour cells were 
only detected in 10% of  samples where the tumour had 
ruptured intraoperatively. Because of  the incomplete 
elimination of  tumour cells in the autologous blood, in 
circumstances where the potential rupture of  the tumor 
may occur intraoperatively the authors raise concerns 
on the opportunity of  reinfusing the salvaged blood. In 
the report by Catling et al[116], the cell saver used in com-
bination with LDFs significantly reduced the number 
of  tumour cells from salvaged blood. After collecting 
the blood from the field and processing it, viable cells 
were demonstrated in 62% of  samples, but once the 
processed salvaged blood was passed through an LDF 
no tumor cells were found, only tumour cell fragments, 
which were unable to cause metastases. Muscari et al[117] 
reported no difference in the incidence of  neoplastic 
recurrence with the use of  cell saver during liver trans-
plantation for hepatocarcinoma. Various authors also 
confirm that the use of  cell salvage is useful to reduce 
the exposure to allogenic blood during liver transplanta-
tion for hepatocellular carcinoma and is cost-effective as 
well[95,115]. Filtration through leucodepletion filters in as-
sociation with irradiation (25 Gy) prior to transfusion of  
recovered blood has also been proposed to increase the 
safety of  blood salvaging procedure in cancer surgery[118]. 
Other potential complications associated with cell sal-
vage include non-immune haemolysis, air embolus, fe-
brile non-haemolytic transfusion reactions, coagulopathy, 
contamination with cleansing solutions and incomplete 
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washing leading to contamination with activated leuco-
cytes, cytokines, and other microaggregates[92]. Abnormal 
suctioning of  RBCs may cause sheer stress injury, which 
can result in haemolysis and therefore reduction in re-
turn of  RBCs[119]. Saline washing of  red cells increases 
sodium levels and decreases potassium and calcium lev-
els; potassium and calcium continuous monitoring and 
supplementation may be necessary during autologous 
transfusion of  salvaged blood. An inadeguate wash-
ing of  administered blood could result in renal insuf-
ficiency and failure. As the washing process discards all 
platelets and clotting factors leaving only the red cells 
re-suspended in normal saline, the reinfusion of  large 
amount of  blood from the cell saver machine may de-
termine coagulation disturbances. Large volume transfu-
sion of  salvaged blood can, in fact, cause postoperative 
hypofibrinogenemia, thrombocytopenia, prolonged pro-
thrombin and partial thromboplastin time and elevated 
fibrin split products[120]. FFP, platelet and cryoprecipitate 
administered in association with reinfusion of  salvaged 
blood may prevent the cell saver induced coagulopathy.

CONCLUSION
Improvements in organ preservation, surgical technique, 
anesthesiologic care, as well as in postoperative intensive 
care management have contributed to a steady reduction 
of  transfusion requirements in the perioperative period 
and have increased the number of  patients undergoing 
OLTx without any need for blood products[92,121].

Because of  the progressive increased severity of  end 
stage liver disease of  candidates undergoing OLTx with 
the “MELD rules” for graft allocation, and the poor 
quality of  many donor livers, the bleeding risk correlated 
with the surgical manoeuvres may be relevant with inevi-
table consequences on the amount of  transfusions. Even 
though the transfusion practices still vary greatly from 
centre to centre, considerable progress has been made 
on properly balancing intraoperative fluid, preventing 
and treating clotting abnormalities as well as on “indi-
vidualizing” the transfusion triggers. The understanding 
that perioperative blood loss and blood transfusions 
have a negative impact on postoperative outcome has 
led to emphasize the need for a critical reappraisal of  
the traditional heterologous transfusion policies and a 
re-evaluation of  cell salvage as part of  a blood conserva-
tion strategy in anaesthesia.
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