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 Introduction 

 An increasing amount of literature concerning blood 
conservation, restrictive transfusion strategies, pharma-
cological manipulation of the hemostatic and fibrinolyt-
ic systems, minimal invasive surgery, local hemostatic 
agents and guidelines for blood transfusion, is being pub-
lished each year. Most of these articles deal with different 
strategies to reduce blood loss and transfusion require-
ment in the perioperative period. Recently, a number of 
national and international societies ‘for the advancement 
of bloodless medicine’ have been launched and the num-
ber of institutions claiming the performance of bloodless 
surgery is increasing  [1] .

  Interestingly, most of the literature on the subject of 
‘bloodless surgery’ has been published in anesthetic, 
transfusion medical, general medical and hemostatic 
journals. However, a blood conservational program can 
only be developed through multidisciplinary effort and 
knowledge, in which the surgeon also plays a key role
 [1, 2] .

  Is ‘bloodless surgery’ or rather minimization of peri-
operative blood loss and transfusion requirement neces-
sary? If the answer is ‘yes’, what are the possibilities and 
what is the role of the surgeon?

  The aim of this paper is to show that reduction of the 
use of allogeneic blood and blood products is necessary, 
to discuss the possibilities to do so and to show the neces-
sity of a multidisciplinary effort with the surgeon as cor-
nerstone and with special attention given to hepatic sur-
gery.
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 Abstract 
  Background/Aims:  An increasing amount of literature con-
cerning blood conservation, restrictive transfusion strate-
gies, pharmacological manipulation of the hemostatic and 
fibrinolytic systems, minimal invasive surgery, local hemo-
static agents and guidelines for blood transfusion, is being 
published each year. Is ‘bloodless (liver) surgery’ or rather 
minimization of perioperative blood loss and transfusion re-
quirement necessary?  Methods:  To answer this question, we 
studied key articles and checked cross-references with the 
support of PubMed and the Cochrane Database of system-
atic reviews.  Results:  At present there is still a need to reduce 
the use of blood. Pre-donation, set of transfusion triggers, 
(non-)pharmacological approaches to decrease surgical 
blood loss, hemodilution techniques, peri- and postopera-
tive cell salvage and postoperative re-transfusion can con-
tribute to the success of a bloodless (liver) surgery program. 
 Conclusion:  We conclude that a multidisciplinary effort has 
to be made through the entire chain, from the outpatient 
clinic through discharge from the hospital, with the utmost 
exertion of all team members in which surgeons play a key 
role in the adaptation of a bloodless (liver) surgery program 
to the specific needs of patients. 
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  Do We Have to Reduce the Use of Blood? 

 Is blood-borne viral infection still a problem? Due to 
rigorous donor selection and the development of more 
sensitive testing methods, the risk of transfusion-ac-
quired viral infection such as HIV, HTLV and hepatitis B 
and C, have decreased dramatically  [3] . On the other 
hand, new transfusion-transmitted viruses, such as West 
Nile virus  [4] , Simian foamy virus  [5] , and the variant 
Creutzfeldt-Jakob disease have been detected  [6] . 

  Immunomodulation following blood transfusion in-
creases the risk of postoperative infection which may lead 
to severe morbidity, treatment of which may be quite 
costly  [7–11] . Although not quite clear, allogeneic blood 
may cause a more rapid recurrence of the primary tumor 
or the development of metastases after oncological sur-
gery  [12–17] . Additional non-infection risks include 
transfusion-associated graft-versus-host disease and 
transfusion-related acute lung injury  [10, 18, 19] .

  Shortage of bank blood is becoming a threat  [3] . Be-
cause of severe donor selection in combination with a de-
creased interest in voluntary blood donation, the number 
of donations is declining. In addition, an ever-increasing 
number of elderly patients undergoing large surgical in-
terventions cause a greater demand of banked blood  [3] . 
Even now, in some countries, if an operation such as e.g. 
a liver transplantation is accompanied by excessive blood 
loss, other elective surgery will have to be postponed or 
performed elsewhere due to shortage of blood.

  Uncontrollable blood loss during liver surgery has al-
ways been a feared complication. Carson et al.  [20]  re-
ported that blood loss and mortality are related:  ! 500 vs. 
 1 2,000 ml blood loss was accompanied by a mortality 
rate of 8 vs. 43%, respectively. These authors also found a 
relation between preoperative hemoglobin (Hb) level and 
mortality in patients refusing blood transfusions: Hb 
 1 6.2 mmol/l (10 g/dl) vs.  ! 3.7 mmol/l (6 g/dl) was ac-
companied by a mortality rate of 7 vs. 62%, respectively 
 [20–22] .

  Reviewing the above, the question ‘do we have to re-
duce the use of blood’ may be answered by: ‘yes, definite-
ly’. This in turn implies that the subsequent discussion 
should address the following:

  How Can We Reduce the Use of Allogeneic Blood? 

 Most bank blood is used in the perioperative period 
and in the intensive care unit. To diminish the use of al-
logeneic blood, a multidisciplinary effort has to be made 

through the entire chain, from the outpatient clinic 
through discharge from the hospital. Perioperative blood 
loss may have a surgical cause or may be due to either 
congenital or acquired abnormalities of the hemostatic 
system. To be able to estimate, treat, but especially dimin-
ish blood loss, knowledge with respect to hemostasis, 
blood conservational techniques, treatment of anemia 
and transfusion triggers is necessary. Pharmacological 
manipulation of coagulation, systemic as well as local-
ized, is becoming increasingly important and may influ-
ence perioperative blood loss positively as well as nega-
tively.  Table 1  shows the contribution of selected blood 
conservation techniques in surgery as described by 
Shander and co-workers  [1, 2] .

  Preoperative Screening 

 Preoperatively, at the outpatient clinic the surgeon 
should evaluate the patient, taking into account the ex-
tent of the scheduled surgical intervention, the estimated 
amount of intraoperative blood loss, the prevalence of 
bleeding complications and the required Hb concentra-
tion  [23] . At this point in time, a strategy should be 
formed to minimize perioperative blood loss and trans-
fusion requirement  [2] . This encompasses knowledge of 
the coagulation status of the patient, diagnosis and treat-
ment of preoperative anemia  [23] , and setting a time path 
for possible perioperative autotransfusion and blood con-
servational techniques. Multidisciplinary communica-
tion between surgeons, anesthetists, hematologists, in-

Table 1. Contribution of selected blood conservation techniques 
in surgery [1, 2]

Option Units of
blood

Preoperative
Reduced transfusion trigger 1–2
Increase preoperative red cell mass 2
Preoperative autologous donation 1–2

Intraoperative
Meticulous hemostasis and operative technique ≥1
Acute normovolemic hemodilution 1–2
Blood salvage ≥1

Postoperative
Restricted phlebotomy 1
Blood salvage 1
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tensivists, nurses and blood bankers can adapt a blood-
less surgery program to the specific needs of patients  [1, 
2, 23] .  Table 2  gives an overview of advances in bloodless 
surgery.

  In hepatic surgery, bleeding not only results from the 
hepatic veins and inferior vena cava during parenchymal 
resection but also is greatly increased due to significant 
coagulopathy induced by steatosis, cirrhosis, etc.  [24] . 
The most frequent hematological abnormalities in pa-
tients with liver disease include decreased synthesis of 
clotting factors and inhibitors, reduced clearance of acti-
vated factors, quantitative and qualitative platelet defects, 
hyperfibrinolysis and accelerated intravascular coagula-
tion  [24] . Vitamin K-dependant clotting factors, protein 
C and protein S, presence of thrombocytopenia, hyper-
splenism and portal hypertension are all factors that pre-
operatively should be optimized.

  Hemostasis 
 Hemostasis can be theoretically divided into primary 

hemostasis (platelet adhesion and aggregation) second-
ary hemostasis (coagulation cascade resulting in fibrin 
formation) and the fibrinolytic system (causes plasmin to 
degrade fibrin, necessary to keep the balance between 
bleeding and thrombosis).

  Abnormalities in all three systems exist and may be 
congenital or acquired from origin. Congenital hemostat-
ic defects are generally known by the patient; if not a spec-
ified patient history generally reveals a hemorrhagic dia-
thesis. Acquired defects are frequently related to underly-
ing disease and/or pharmacologically induced. Thus 
specific questions relating to a bleeding diathesis and med-
ications will reveal hemostatic abnormalities in more than 
95% of the cases. If a defect is suspected, a general coagula-
tion screening (activated partial thromboplastin time 
[APTT], prothrombin time [PT] and thrombocyte count) 
can be performed. If the screening is normal in combina-
tion with a strong suspicion of a bleeding diathesis, von 
Willebrand’s disease may be present. When the screening 
is abnormal the patient should consult a hematologist.

  In patients using anticoagulants, fibrinolytic or plate-
let aggregation inhibitors, the reason for their use should 
be evaluated and a plan must be made as to when to either 
stop or antagonize them, depending on the reason for 
prescription.  Table 3  shows frequently used anticoagu-
lants, platelet inhibitors and fibrinolytic agents.

  A major problem for pre-testing in liver surgery is that 
neither the cause and the severity of liver disease, nor the 
basic coagulation tests are useful in the prediction of ex-
cessive intraoperative bleeding  [25, 26] . Furthermore, al-

though levels of Hb and fibrin degradation products, as 
well as a history of previous upper abdominal surgery 
have been shown to predict a risk for perioperative blood 
loss, they all lack sensitivity  [27] . In the absence of de-
finitive risk factors, it is recommended that centers should 
assess their practice individually  [24, 27] .

Table 2. Advances in bloodless surgery – possible drugs or tech-
niques

Preoperative optimization
Increasing red blood cell mass:

Use of (i.v.) iron
Recombinant human erythropoietin

Other recombinant drugs to stimulate platelets or various white 
blood cells:
Recombinant interleukin-11
Recombinant human thrombopoietin
GM-CSF
G-CSF
M-CSF
Recombinant factor VIIA
Factor VIII
Factor IX

Intraoperative reduction of losses
Modification of surgical technique:

Laparoscopy
Endoscopy
Robotic surgery
Transcatheter surgical techniques
Ultrasonic scalpel
Argon beam coagulator
Surgical packing material

Modification of anesthetic technique:
Epidural anesthesia
Spinal anesthesia
Optimization of monitoring devices to manipulate hemo-

dynamics, blood oxygen levels, actual coagulation
Acute normovolemic hemodilution
Cell saving
Use of artificial oxygen carriers

Pharmacological interventions
Aprotinin
Antifibrinolytics
Desmopressin
Fibrin glues

Strict transfusion triggers

Postoperative optimization
Recycling of drain blood
Strict transfusion triggers
Low threshold for re-intervention in case of postoperative

bleeding
Re-operation
Angiography combined with arterial embolization
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  Anemia 
 Depending on the extent of the operation, the esti-

mated blood loss and the co-morbidity of the patient, an 
impression of the number and function of the erythro-
cytes may be useful. Generally the Hb concentration is 
sufficient. In some groups of ethnic patients, knowledge 
of the kind and proportion of aberrant Hb is helpful (e.g. 
HbS in sickle cell patients).

  Preoperative anemia, usually defined as an Hb  ! 8.0 
mmol/l (13 g/dl), is often encountered. This is frequently 
seen in the elderly, oncological patients or patients with 
chronic disease  [28] , or blood loss  [29] . The cause of ane-
mia is easily diagnosed  [28] . Perioperative anemia was 
also found to be an independent risk factor for infection 
and mortality in surgery  [30] . Optimization of the Hb 
concentration can be accomplished by iron therapy either 
orally or intravenously, alone, or in combination with re-
combinant human erythropoietin (rh-EPO)  [31, 32] . In-
creasing preoperative Hb will reduce transfusion require-
ment and may improve postoperative rehabilitation  [1, 
33] .

  Pre-Donation 
 For certain elective interventions, pre-donation of au-

tologous blood (PAD) may be a good option  [31, 34] . Ad-

ditional treatment with iron and rh-EPO can increase the 
number of donated units  [35] . In a Swiss study, pre-exist-
ing anemia with Hb  ! 6.8 mmol/l (11 g/dl) proved to be 
the only contraindication for PAD  [36] . Recently it was 
established that even in esophageal cancer, resection al-
logeneic blood transfusion worsened the survival of pa-
tients in comparison to patients who received transfusion 
with PAD blood  [37] .

  Intraoperative Phase 

 During the preoperative phase a multidisciplinary 
blood conservational strategy should have been made. 
Intraoperative blood loss may vary according to type of 
anesthesia and anesthetic agent used  [38, 39] . Elevation 
of the surgical site by position change may reduce blood 
loss but at the same time can induce embolism  [40] . 
Maintenance of normal body temperature prohibits del-
eterious effects of hypothermia on platelet function  [41] . 
Although the different options will be discussed sepa-
rately, it should be underlined that a combination of 
techniques is far more effective than one single tech-
nique.

Table 3. Anticoagulants, platelet inhibitors and fibrinolytics

Working mechanism Antagonist

Present anticoagulants
Warfarin (Coumadin�) Inhibitor vitamin-K-dependent factors II, VII, 

IX, X
Vitamin K
Four-factor concentrate

Unfractionated heparin Inhibits factors IIa, and Xa through AT III Protamine chloride
Low-molecular-weight heparin Inhibits factor Xa, and to a lesser extent F IIa Protamine chloride (F II component) 

r-F VIIa

Future anticoagulants
Pentasaccharides
Specific thrombin inhibitors

Platelet inhibitors
Acetylsalicylic acid Cyclooxygenase pathway inhibitor Desmopressin (DDAVP)
Glycoprotein IIb/IIIa inhibitors Inhibition of platelet aggregation through 

 receptor IIb/IIIa blockage
None

Adenosine diphosphate antagonist Inhibition of ADP secretion None

Fibrinolytics
r-TPA Activation of plasmin Antifibrinolytics, e.g. aminocaproic acid
Urokinase type plasminogen activator Activation of plasmin

AT III = Antithrombin III; r-F VIIa = recombinant activated factor VII (Novoseven�); DDAVP = 1-deamino-8-D-arginine vaso-
pressin; r-TPA = recombinant tissue plasminogen activator.
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  Transfusion Trigger 
 The trend in blood management is to restrict transfu-

sion as much as is reasonably possible  [22, 42] . The dis-
cussion about this item certainly received a boost by pub-
lication of the Transfusion Requirements In Critical Care 
trial in 1999  [43] . This trial, performed in 838 critically 
ill patients, documented an overall non-significant trend 
toward decreased 30-day mortality (Hb trigger  ! 4.3 
mmol/l (7.0 g/dl) vs. 6.2–7.4 mmol/l (10–12 g/dl): 18.7 vs. 
23.3%; p = 0.11), and a significantly decreased mortality 
among patients being less acutely ill (APACHE II  ̂  20): 
(8.7 vs. 16.1%: p = 0.03) when the restricted approach (Hb 
trigger 4.3 mmol/l) was followed  [43] . Just one year later, 
the Cochrane Database of Systemic Reviews published its 
recommendation to become more conservative in com-
mon transfusion practice, e.g. to withhold blood transfu-
sion in the presence of Hb 4.3 mmol/l as long as there is 
no notable bleeding, especially in countries with inade-
quate screening of donor blood  [44] .

  A successful liver transplant program is known to be 
highly dependent upon an extensive blood transfusion 
service with careful planning and organization  [45] . His-
torically, median and maximum intraoperative red blood 
cell use in orthotopic liver transplant was very high with 
28.5 and 251 U respectively for adult patients  [46] . How-
ever, later reports noted that liver transplantation was 
possible without the use of blood products when an ag-
gressive preoperative work-up was followed  [47, 48] . With 
the publication of a multicenter trial studying the effect 
of aprotinin infusion, a new step was made in the reduc-
tion of blood-transfusion requirements  [49] . Also the in-
troduction of new surgical techniques like piggyback 
clamping of the inferior caval vein and comparison of se-
quential and simultaneous revascularization in adult or-
thotopic piggyback liver transplantation added some 
progress in preventing blood transfusion  [50] . Several 
centers are now reporting liver transplantation without 
any need for blood transfusion in up to 30% of their pa-
tients  [51] . Despite these improvements, most patients 
undergoing liver transplantation still require blood trans-
fusion  [51] .

  Non-Pharmacological Approaches to Decrease 
Surgical Blood Loss 
 Keeping blood loss to a minimum by a non-pharma-

cological approach can be achieved by influencing the 
intravascular hydrostatic pressure and by prevention of 
hemostatic failure  [52] . Surgically, techniques such as en-
doscopy, minimal invasive surgery, and the use of argon 
beam coagulation, water jet dissectors, microwave tissue 

coagulation and laser techniques may reduce blood loss 
 [53] . Reduction of systemic arterial and venous hydro-
static pressures is thought to result in lower surgical blood 
loss, but may be accompanied by an increase in adverse 
effects  [52] . In liver surgery, a very significant correlation 
was found between blood loss, transfusion requirement 
and inferior caval vein pressure;  ! 6, 6–12, and  6 13 mm 
Hg was accompanied with a mean blood loss of 363, 1,259 
and 2,703 ml, respectively  [54] . A liberal approach to flu-
id loading must therefore be prohibited.

  Although it requires an experienced anesthesiologist, 
induced hypotension is a well-known anesthetic tech-
nique used to reduce blood loss  [52] . Other techniques, 
such as prevention of hypothermia by aggressive warm-
ing  [52] , and surgical techniques like inflow occlusion of 
the hepatic artery and portal vein (Pringle’s maneuver) 
 [55] , and/or total vascular isolation can be used in liver 
surgery  [56] .

  In a consecutive series of patients undergoing ortho-
topic liver transplantation that we have studied for com-
parison of oxygen consumption measurement tech-
niques  [57] , we found a relationship between blood loss 
and surgical technique (full cross-clamping vena cava 
inferior vs. piggyback technique: 11.0 vs. 5.6 l, respec-
tively; p = 0.004) and between blood loss and warm isch-
emia time ( table 4 , mean warm ischemia time; p = 
0.007). No relationship was found between body tem-
perature and blood loss in these patients ( table 4 ). This 
latter finding is also in accordance with the literature 
since the mean body temperature was around 35   °   C and 
no major impact on blood coagulation is expected at 
that temperature.

  Pharmacological Approaches to Decrease Surgical 
Blood Loss 
 Maintenance of an adequate balance between abnor-

mal bleeding and thrombosis by a careful control of blood 
coagulation is important in the reduction of blood loss 
 [53] . Although the hemostatic response has classically 
been described as a cascading series of enzymatic reac-
tions, this model does not satisfactorily explain the dy-
namic regulation of blood coagulation that occurs in vivo 
 [58] . Functionally, hemostasis can be divided into initia-
tion, propagation, termination and resolution of fibrino-
lysis  [58] .

  Systemic pharmacological hemostatic agents may be 
helpful when one has to deal with excessive surgical 
bleeding, patients with mild hemostatic defects, or in 
those who refuse blood transfusion  [59] . Desmopressin, 
tranexamic acid, nafamostat, aprotinin and factor VIIa 
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are all used, but are all known to have their advantages 
and disadvantages  [59] . Adequate primary hemostasis is 
dependent upon the number of blood platelets and their 
function. If possible, treatment should be guided by labo-
ratory parameters such as platelet count, PT, APTT, INR 
and fibrinogen level (platelet count  1 50,000/mm 3 , PT 
and APTT,  ! 1–1.5 times reference value, INR  ̂  2.0, fi-
brinogen  1 1.0 g/l).

  Not only systemic pharmacological hemostatic agents 
are used to control surgical bleeding, but also topical he-
mostats and surgical fibrin sealants have a clear role in 
maintaining hemostasis in liver surgery and transplan-
tation  [60] . Quixil � , FloSeal � , BioGlue � , Surgicel Nu-
Kit TM , and TachoSil � , all may have their own indication 
for use  [60] . These products may in addition facilitate 
wound healing and optimize wound integrity in situa-
tions where sutures cannot control or may aggravate 
bleeding  [60] .

  Hemodilution Techniques 
 Acute hemodilution can be achieved in two ways  [61] . 

At first by a rapid infusion of fluids without blood with-
drawal, called acute hypervolemic hemodilution (AHH). 
Secondly, by removal of a predetermined amount of 
whole blood with simultaneous replacement of a combi-
nation of colloids and crystalloids to maintain normovo-
lemia: acute normovolemic hemodilution (ANH)  [34] . 
Both techniques essentially reduce the number of eryth-
rocytes lost per volume of blood loss. The advantage of 
ANH is that at the end of surgery the patient receives au-
tologous whole blood with viable platelets.

  These procedures are performed in the operating 
room under standard or invasive monitoring conditions 
depending on patient’s co-morbidity and degree of he-
modilution  [62] . Usually, the systemic hematocrit (Hct) 
is chosen to describe the degree of hemodilution applied. 
Moderate hemodilution decreases Hct to 28% while a re-
duction to  ̂  20% is defined as extreme hemodilution 

Table 4. Data of 20 consecutive patients undergoing orthotopic liver transplantation

Full cross-clamping 
vena cava inferior
(n = 8)

Piggyback clamping 
vena cava inferior
(n = 12)

Mann-Whitney 
U test
p value

Mean blood loss 8 SD, l 11.084.1 5.683.6 0.004
Median blood loss [95% CI], l 10.0 [7.6–14] 4.5 [3.3–7.9]

Mean temperature pre-anhepatic phase 8 SD, ° C 35.480.5 35.680.9 0.624
Median temperature pre-anhepatic phase [95% CI], ° C 35.3 [35.0–35.8] 35.6 [35.0–36.1]

Mean temperature anhepatic phase 8 SD, ° C 34.981.0 35.081.1 0.910
Median temperature anhepatic phase [95% CI], ° C 34.9 [34.1–35.8] 35.0 [34.3–35.7]

Mean temperature post-anhepatic phase 8 SD, ° C 35.180.9 35.281.1 0.773
Median temperature post-anhepatic phase [95% CI], ° C 34.8 [34.3–35.9] 35.0 [34.5–35.9]

Mean warm ischemia time 8 SD, min 78813 58823 0.007
Median warm ischemia time [95% CI], min 83 [67–88] 52 [43–73]

Mean cold ischemia time 8 SD, min 5318131 5678157 0.678
Median cold ischemia time [95% CI], min 508 [421–640] 579 [468–667]

Blood loss versus item Spearman rank correlation

r 95% CI p value

Temperature pre-anhepatic phase –0.39 –0.72 to 0.07 0.088
Temperature anhepatic phase –0.34 –0.69 to 0.14 0.148
Temperature post-anhepatic phase –0.44 –0.75 to 0.03 0.060
Warm ischemia time 0.55 0.13 to 0.80 0.012
Cold ischemia time 0.30 –0.18 to 0.66 0.202

95% CI = 95% confidence interval; SD = standard deviation.
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 [63] . Although the exact point at which anemia becomes 
critical in humans is not known, extremely low Hct levels 
can be tolerated  [64] .

  The acutely induced anemia is compensated for by a 
decrease of blood viscosity with a subsequent increase of 
cardiac output  [64] . The improvement of blood flow dis-
tribution within the microcirculation enhances tissue 
perfusion. In addition, a number of vasoactive changes 
take place in the macro- as well as in the microcirculation 
ensuring adequate oxygenation of the tissues  [65–67] .

  Although both hemodilution techniques may save 
blood transfusions, it is unclear whether they influence 
the total amount of blood loss during surgery  [61, 68] . 
Because AHH will increase vena caval pressure, this tech-
nique must be avoided in liver surgery  [54] .

  Cell Salvage 
 In short, this technique involves the evacuation of 

blood from the site of surgery through a suction device, 
which transports the blood to a cell-saver machine. The 
cell-saver filters, washes and concentrates the red blood 
cell suspension to an Hct of 60%. The efficacy of this 
method very much depends on the surgeon. The suction 
device should be used as much as possible at the lowest 
possible pressure. If surgical sponges are used, they should 
be rinsed and the contents processed  [69] .

  There are two relative contraindications with respect to 
the use of intraoperative cell salvage (ICS) that are fre-
quently discussed: infected or malignant fields  [70] . Pro-
cessing of blood from an infected surgical site may cause 
bacteremia or septicemia. Studies indicate that patients 
with an adequately functioning immune system withstand 
the bacteremia showing only passing pyrexia. In addition, 
the routinely used perioperative antibiotics ameliorate the 
consequences of a transitory bacteremia. A great number 
of bacteria are eliminated when the blood is passed through 
a leukocyte-depleting filter after processing  [71] .

  With respect to processing blood from malignant 
fields, it should be stressed that from a practical point of 
view, malignant cells can be found in the circulation prior 
to surgery and many more are driven into the circulation 
as soon as the surgeon touches the tumor. This occurs 
both in patients who do not develop metastasis as well as 
in those who eventually do. Experimental work in the 
mid-1920s already showed that blood collected through 
cell salvage contained cancer cells. Later studies, however, 
indicated that this was not a fact with all types of cancer. 
More recent work has shown that ICS combined with the 
use of a modern leukocyte-depletion filter or irradiation 
(50 Gy) produced a product that was either free of cancer 

cells or was with cells that were not viable anymore  [72] . 
Recently, two studies were published about ICS with au-
totransfusion in patients undergoing hepatectomy or liver 
transplantation for hepatocellular carcinoma  [73, 74] . 
Both studies could not find any modification of the risk 
of tumor recurrence. Patients receiving autologous blood 
were found even to have a significantly better survival rate 
than those receiving homologous blood (cumulative 10-
year survival rate: 20 vs. 8%, respectively)  [73] .

  In conclusion, ICS can be lifesaving (trauma, acute 
massive blood loss) and decrease the need to transfuse. 
With regard to ICS in either infected or malignant fields, 
the issue is one of balancing risks. On balance the use of 
antibiotics, leukocyte-depletion filters either alone or in 
combination with irradiation, can produce a processed 
product that is as safe, if not safer, than allogeneic blood. 
ICS in combination with ANH results in a lower transfu-
sion requirement of bank blood than either technique by 
itself  [69] .

  Postoperative Period 

 Any sign of active bleeding during the postoperative 
phase needs a prompt reaction of the medical team  [1] . 
This makes vigilant monitoring in this phase essential, 
especially when a bloodless surgery program is followed. 
Attention should further be paid to the number of phle-
botomies performed since often more blood samples are 
taken than necessary resulting in postoperative anemia 
 [75, 76] . This may lead to extra transfusions when pa-
tients are in their critical Hb range  [75] .

  Intravenous iron and rh-EPO can further restore acute 
postoperative anemia  [31] . Hct increase was prolonged by 
1 week in Jehovah’s Witnesses not receiving either intra-
venous iron or rh-EPO  [77] . Optimal nutritional support 
in this phase is quite important  [78] .

  Postoperative Salvage from Wound Drain Blood 
 This salvage can be performed either by means of a 

mechanical device  [79] , or through the use of a vacuum 
system  [80] . Interestingly re-infusion of autologous sal-
vaged blood has been found to decrease postoperative in-
fections in orthopedic surgery  [81] .

  Postoperative Re-Transfusion 
 In the above-mentioned Swiss study on autologous 

pre-donation, not only PAD and ANH were performed, 
but also additional infusion of salvaged drainage blood 
postoperatively was applied in 84% of the patients  [36] . 
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In doing so, no complications implicating the autotrans-
fusion techniques were encountered and in addition a 
cost reduction of 40% compared to homologous blood 
transfusion was achieved  [36] .

  Conclusion 

 It is clear that at present there is still a need to reduce 
the use of allogeneic blood. A multidisciplinary effort 
therefore has to be made through the entire chain, from 

the outpatient clinic through discharge from the hospital, 
with the utmost exertion of all team members in which 
surgeons play a key role in the adaptation of a bloodless 
surgery program. Pre-donation, adherence to transfu-
sion triggers, (non-)pharmacological approaches to de-
crease intraoperative blood loss, hemodilution tech-
niques, peri- and postoperative cell salvage and postop-
erative re-transfusion and use of proerythropoietic 
and/or prohemostatic agents may all contribute to the 
success of a bloodless (liver) surgery program.
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