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Abstract
There is wide variation in the management of coagula-
tion and blood transfusion practice in liver transplanta-
tion. The use of blood products intraoperatively is declin-
ing and transfusion free transplantations take place ever 
more frequently. Allogenic blood products have been 
shown to increase morbidity and mortality. Primary hae-
mostasis, coagulation and fibrinolysis are altered by liver 
disease. This, combined with intraoperative disturbances 
of coagulation, increases the risk of bleeding. Mean-
while, the rebalancing of coagulation homeostasis can 
put patients at risk of hypercoagulability and thrombosis. 
The application of the principles of patient blood man-
agement to transplantation can reduce the risk of trans-
fusion. This includes: preoperative recognition and treat-
ment of anaemia, reduction of perioperative blood loss 
and the use of restrictive haemoglobin based transfusion 
triggers. The use of point of care coagulation monitoring 
using whole blood viscoelastic testing provides a picture 
of the complete coagulation process by which to guide 
and direct coagulation management. Pharmacological 
methods to reduce blood loss include the use of anti-fi-
brinolytic drugs to reduce fibrinolysis, and rarely, the use 
of recombinant factor Ⅶa. Factor concentrates are in-
creasingly used; fibrinogen concentrates to improve clot 
strength and stability, and prothrombin complex con-

centrates to improve thrombin generation. Non-pharma-
cological methods to reduce blood loss include surgical 
utilisation of the piggyback technique and maintenance 
of a low central venous pressure. The use of intraop-
erative cell salvage and normovolaemic haemodilution 
reduces allogenic blood transfusion. Further research 
into methods of decreasing blood loss and alternatives 
to blood transfusion remains necessary to continue to 
improve outcomes after transplantation. 
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Core tip: Liver transplantation was historically associ-
ated with major blood loss. Over the years, improve-
ments in both surgical and anaesthetic management 
have made transfusion free transplantation an increas-
ingly attainable reality. Research into the complex na-
ture of the coagulopathy of liver disease, has led to the 
concept that the haemostatic profile is “re-balanced” 
in these patients, and that stable patients do not have 
an inherent bleeding diathesis, but rather a reduced re-
serve, and can be readily tipped towards a bleeding or 
thrombotic tendency. This review article discusses the 
various approaches that can be taken to adopt the prin-
ciples of patient blood management in these patients. 
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INTRODUCTION
There is wide variation between individual centres’ ap-
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proach to the management of  coagulation and blood 
transfusion for orthotopic liver transplantation (OLT). 
Transfusion free transplantation is a goal that is difficult 
to achieve, yet has been shown to be increasingly attain-
able over recent years. Some studies have reported rates 
as high as 79.6% of  transplants being undertaken without 
transfusion[1]. However, these results have been difficult 
to replicate in other centres. Surgical technique and trans-
fusion triggers vary between institutions, as do methods 
of  monitoring coagulation during transplantation. 

It is well known that coagulopathy and catastrophic 
bleeding can accompany OLT. Strategies to manage the 
coagulopathy and bleeding have been designed to reduce 
the necessity to transfuse blood during these operations[2]. 
These include pharmacological and non-pharmacological 
methods, as well as coagulation monitoring and treatment 
protocols. 

Avoidance of  blood transfusion has survival benefits 
for patients, but also cost implications for the healthcare 
system, as well as preserving this limited and precious 
resource only for when it is truly necessary. Patient blood 
management (PBM) is defined as the timely application 
of  evidence-based medical and surgical concepts de-
signed to maintain haemoglobin (Hb) concentrations, op-
timise haemostasis and minimise blood loss in an effort 
to improve patient outcome[3]. The World Health Organi-
sation has adopted this paradigm to improve transfusion 
safety[4]. 

The first pillar of  PBM is the recognition and treat-
ment of  anaemia, with the optimisation of  red cell mass. 
Anaemia is common in chronic liver disease. It is mul-
tifactorial in its aetiology, including: folate deficiency, 
hypersplenism, haemodilution, haemolysis, bone marrow 
suppression due to viruses or ethanol, renal insufficiency 
and variceal bleeding[5]. 

The second pillar of  PBM is to minimise blood loss 
and bleeding. This article shall discuss the identification 
of  those most at risk of  bleeding and the various strate-
gies that can be employed to minimise that risk including 
anaesthetic blood conserving strategies, the use of  phar-
macological agents, autologous blood options and surgi-
cal technique. 

The third pillar involves the harnessing and optimisa-
tion of  tolerance of  anaemia. This includes the use of  
restrictive transfusion strategies, which have been shown 
to have no detrimental impact upon outcome in critically 
ill patients. A threshold Hb concentration for transfusion 
of  70 g/L has been advocated from several trials and 
between 80-90 g/L for those at a higher risk of  adverse 
effects of  anaemia[6,7]. Optimisation of  cardiac output, 
ventilation and oxygenation can help to improve the tol-
erance of  lower concentrations of  Hb. 

CONSEQUENCES OF TRANSFUSION
The use of  blood products during OLT increases mor-
bidity and mortality[1]. Multiple studies have shown the 
intraoperative transfusion of  red blood cells (RBCs) to be 
a major predictor of  post-operative mortality[1,8,9]. Mas-

sive transfusion (greater than six units of  RBCs) during 
surgery has been shown to reduce survival rates amongst 
patients - at six months 63.8% vs 83.3% and at five years 
34.5% vs 49.2%[2]. However, transfusion requirements 
have also been considered a surrogate for sicker, higher 
risk patients, and more complex surgery, potentially con-
founding its role in outcome[10].

The generic risks of  blood transfusion remain high. 
These include: transfusion related immunomodulation 
(TRIM) due to accumulation of  non-specific soluble im-
mune mediators in stored blood; transfusion associated 
circulatory overload causing acute left ventricular or con-
gestive cardiac failure; transfusion associated acute lung 
injury (TRALI); haemolytic transfusion reactions (both 
immediate and delayed), acute non-haemolytic transfu-
sion reactions (febrile, allergic or both in nature), trans-
fusion associated dyspnoea, post transfusion purpura, 
transfusion-associated graft versus host disease and trans-
fusion transmitted infection (bacterial, viral and prion) 
(Table 1).

The exact mechanism linking transfusion and poor 
outcomes after OLT is unknown. TRIM has been linked 
to reduced rejection rates in renal transplantation, but is 
implicated in increased cancer recurrence and bacterial 
infection. After OLT, increased rates of  infection and 
hepatic artery thrombosis have been associated with RBC 
transfusions[11]. The risk of  infection increases in a dose 
dependent manner by 7% per unit of  RBCs transfused[12]. 
Residual amounts of  donor leucocytes in the transfused 
blood, human leucocyte antigen peptides, bioactive lipids 
and preservation related changes to RBCs are implicated 
in poor outcome[13]. Universal leukoreduction of  blood 
has helped to reduce this risk. 

Higher intraoperative RBC transfusion requirements 
are associated with higher re-intervention rates, despite 
being matched for preoperative Child-Pugh classifica-
tion and clotting profile. In general increased transfusion 
requirements for bleeding lead to higher proportions of  
patients requiring re-exploration for bleeding and evacu-
ation of  haematoma, with increased rates of  anastomotic 
leakage. Thereafter patients who undergo re-intervention 
have three times higher mortality than those who do not 
have re-interventions[14]. Length of  stay has been widely 
demonstrated to increase with RBC transfusion[12].

All blood products [RBCs, fresh frozen plasma (FFP) 
and platelets] have been shown to be negatively associat-
ed with graft survival at 1 and 5 years by univariate analy-
sis[15]. FFP and platelets are associated with higher levels 
of  TRALI compared with RBCs post OLT. However, the 
rates of  TRALI are much lower in post OLT patients[12].

COAGULOPATHY 
Bleeding during OLT is multifactorial, due both to surgi-
cal trauma and to haemostatic defects. The coagulopathy 
of  chronic liver disease is present pre-operatively and 
further disturbance of  coagulation can occur intraopera-
tively, resulting in bleeding complications, but also throm-
botic events. 
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In chronic liver disease, all procoagulant factors are 
decreased, except factor Ⅷ and Von Willebrand factor 
(vWF), which increase. Levels of  the endogenous an-
ticoagulant factors, antithrombin and protein C fall, as 
well as nitric oxide and prostacyclin increasing. Levels 
of  tissue plasminogen activator (t-PA) and plasminogen 
activator inhibitor (PAI-1) re-equilibrate[16]. This rebalanc-
ing of  procoagulant and anticoagulant factors require 
coagulation tests that demonstrate the net result of  these 
changes to give a true picture of  the coagulation system 
in liver disease. Prothrombin time (PT) tests do not utilise 
thrombomodulin, a transmembrane protein on vascular 
endothelial cells that down regulates thrombin genera-
tion. This is the main physiological activator of  protein C. 
By failing to measure the anticoagulant factors’ effect on 
thrombin generation, and just the effect of  procoagulant 
factors, this balance of  coagulation is inaccurately mea-
sured by PT, thereby misrepresenting the risk of  haemor-
rhage[17].

Platelet function is also affected by liver disease and 
thrombocytopaenia is common. It is multifactorial in ae-
tiology, including hypersplenism secondary to portal hy-
pertension, decreased thrombopoietin synthesis, immune 
complex associated platelet clearance and reticuloendo-
thelial destruction[18]. 

The increased level of  vWF in liver disease promotes 
platelet aggregation to the endothelium. ADAMTS-13 
(vWF cleaving protease), which limits vWF function, is 
reduced in liver disease; thus up regulating vWF activity, 
increasing platelet activity. This has been demonstrated 
to preserve thrombin generation in platelet counts as low 
as 60 × 109/L, equivalent to the lower limit of  normal in 
healthy subjects[17].

Platelet function was traditionally assessed by bleeding 
time (BT). There is a poor association between platelet 
count and BT however, and a prolonged BT can be seen 
in patients with platelet counts > 100 × 109/L and vice 

versa[19]. Since platelet activation is not diminished but 
may actually be increased in some patients with cirrhosis, 
it is possible that BT prolongation in these patients is 
also a result of  the changes in vasoreactivity and /or arte-
rial dysfunction, which are well documented in cirrhosis. 
Platelet function tests such as the platelet function analy-
ser (PFA-100) or multiplate may give a more objective 
measure, but data in this group of  patients is lacking.

During the dissection phase of  the transplant, exces-
sive bleeding is substantially related to the degree of  dif-
ficulty experienced during the surgical dissection, and the 
presence of  portal hypertension, with large dilated col-
lateral vessels. Surgical bleeding results from this coagu-
lopathy, increased portal hypertension and oesophageal-
gastric venous distension caused by compression and 
vascular clamping[16]. 

During the anhepatic phase there is reduced coagula-
tion factor synthesis and clearance. Enhanced fibrinolytic 
activity occurs due mainly to lack of  tPA clearance whilst 
levels of  PAI-1 remain relatively unchanged, increasing 
the likelihood of  fibrinolysis developing. 

 During reperfusion, profound coagulation abnor-
malities are common, due to the ‘‘heparin like effect’’ 
(HLE)[20], platelet entrapment in the sinusoids of  the do-
nor liver, a global reduction of  all coagulation factors, de-
creased PAI-1 and antifibrinolytic factors, with simultane-
ous generation of  tPA. Fibrinolysis is normally carefully 
balanced by pro- and anti-fibrinolytic factors, of  which 
levels are also disturbed by liver disease. Fibrinolysis is 
rarely seen in acute liver failure (ALF) due to high levels 
of  PAI-1. Post reperfusion, some patients have acceler-
ated release of  t-PA from the graft endothelium, causing 
hyperfibrinolysis[21]. Usually hyperfibrinolysis resolves 
within an hour post reperfusion, but if  the graft is mar-
ginal or functions poorly it may persist. The use of  anti-
fibrinolytic drugs can improve this state. Post operatively, 
thrombocytopaenia, due to consumption of  platelets in 
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  General risks
     Transfusion related 
     immunomodulation 

Accumulation of immune mediators in stored blood

     Transfusion associated 
     circulatory overload 

Acute left ventricular failure or congestive cardiac failure

     Transfusion related acute lung 
     injury 

Capillary leak and neutrophil extravasation and activation caused by:
  Immune mediated: Donor antibodies react with recipient white blood cells, forming leukoagglutinate that become   
  trapped in the lung
  Non-immune mediated: Endothelium suffers initial insult (e.g., sepsis, surgery or trauma), attracting neutrophils 
  that are activated by biologically active compounds in stored blood

     Haemolytic transfusion reactions Immediate: Donor  membrane antigens react with antibodies against these present in recipient plasma
Delayed: Alloimmunised recipient with specific antibodies respond to re-exposure to antigen positive red blood cells

     Acute non haemolytic 
     transfusion reactions

Febrile: Donor leucocyte antigens react with recipient white cell antibodies
Allergic: Soluble donor antigens react in an already sensitised recipient

     Post-transfusion purpura Previous sensitisation produces antibodies which attach donor platelet antigens and additionally destroy their own 
platelets

     Transfusion associated graft vs 
     host disease 

Donor lymphocytes proliferate within immunocompromised recipient, attacking host cells as ‘‘foreign’’

     Infection Bacterial 1:2000-1:500000
Viral: hepatitis B 1:450000; hepatitis C 1:32000000; HIV 1:5000000; human T-cell leukaemia virus 1:12500000

Table 1  Risks of transfusion

HIV: Human immunodeficiency virus; RBC: Red blood cells.
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that the mean transfusion requirement in that population 
was only 0.5 (± 1.3 units RBC), and therefore may not 
be relevant to other transplant centres that have a higher 
mean blood loss[31]. Nonetheless, a MELD score of  25 or 
above indicates severe disease, and clinicians should be 
alert to the increased risk of  transfusion in these patients. 
As a component of  the MELD score it is unsurprising 
that bilirubin has been identified in one study as a direct 
predictor of  transfusion[8].

In many studies, Hb concentration has been shown 
to predict transfusion requirements[16,27-29,31,32]. Anaemic 
patients remain at the greatest risk of  blood transfu-
sion. Thrombocytopaenia can also increase the risk of  
transfusion[33]. In one study, platelet count was removed 
from a predictive model on multivariate regression, but 
PT was included as a predictive variable[28]. A low base-
line fibrinogen concentration can contribute to bleeding 
risk[16,30]. The quantity of  fibrin degradation products has 
also been ascribed to an increased risk of  transfusion[27]. 

Given that the maximum amplitude (MA)/maximum clot 
firmness (MCF) on viscoelastic tests is reflective of  the 
clot strength resulting from the interaction of  platelets 
and fibrinogen, those patients with a low MA (< 40 mm) 
on baseline are a high risk for bleeding[34]. A low MA and 
low baseline fibrinogen concentration increases the risk 
of  fibrinolysis[35]. 

Recipient age is implicated in predicting transfu-
sion[28-30]. Those recipients over 50 form the highest risk 
group. Donor age has also been implicated as a predictive 
risk for massive transfusion[2]. 

Intraoperative risk factors for transfusion
Factors that increase the technical difficulty of  the op-
eration include previous abdominal surgery, which has 
been identified an independent risk factor of  blood 
transfusion[27], as well as increasing the duration of  sur-
gery, which in itself  can be a predictor of  transfusion[30]. 
Inflammatory adhesions can develop following previous 
surgery, increasing the bleeding risk. Another variable 
influencing the duration of  surgery is the experience of  
the transplantation team, which has a direct effect upon 
blood loss during surgery, particularly during the dissec-
tion phase. Factors that increase the technical difficulty 
of  the operation, such as portal vein thrombosis, increase 
the risk of  bleeding[36]. 

A hyperdynamic circulation and portal hypertension 

the new liver, is counteracted by their activation, risking 
hypercoagulability[22].

Thus, primary haemostasis, coagulation and fibrino-
lysis are altered by liver disease. Previously it was thought 
that the balance lay towards a bleeding tendency as evi-
denced by abnormal conventional tests of  anticoagula-
tion. However, the low levels of  pro-coagulant factors 
are to some extent “re-balanced” by the reduced levels 
of  anticoagulant factors, so that thrombin generation 
remains normal or even enhanced, which can lead to 
a prothrombotic state in some patients[23]. In addition, 
thrombocytopenia is partially compensated for by the 
high levels of  vWF with reduced ADAMTS-13. It has 
been demonstrated that over 15% of  OLT recipients 
are hypercoagulable on baseline viscoelastic testing in 
theatre[24]. This effect is significantly increased in patients 
with cholestatic disease such as primary biliary cirrhosis 
and primary sclerosing cholangitis (Table 2). 

Given the reductions of  elements on both sides, there 
is a lower haemostatic reserve, leading the balance to be 
easily tipped towards bleeding or thrombosis (Table 3). 

RISK FACTORS FOR TRANSFUSION
Pre-operative risk factors for transfusion
Several variables have been identified as predictors of  
transfusion during OLT. These include recipient factors, 
donor organ and surgical variables. Some authors have 
debated the predictive ability of  preoperative variables 
to correctly predict transfusion[25], even in homogenous 
populations, recommending that individual centres 
evaluate centre-specific risk factors for transfusion[26,27]. 

However, truly predictive models of  blood transfusion 
requirements are difficult to create[28]. One such model is 
the McKlusky risk index for massive transfusion consist-
ing of  seven variables: age > 40 years, Hb concentration 
< 100 g/L, INR > 2.0, platelet count < 70 × 109, cre-
atinine (> 100 µmol/L for females, > 120 µmol/L for 
males) and albumin < 24 g/L; as well as repeat transplan-
tation[29].

The severity of  the patient’s liver disease has fre-
quently been associated with increased risk of  blood 
transfusion[8,16,30]. However, one series, with a mean 
model of  end-stage liver disease (MELD) score of  22 (± 
10) showed no significant difference in transfusion rates 
between patients with high scores. It should be noted 

  Haemostasis Anti-haemostatic Pro-haemostatic

  Primary haemostasis
  (platelet-vessel wall interaction)

Thrombocytopaenia Elevated levels of Von Willebrand factor
Platelet function defects Decreased levels of ADAMTS-13
Increased nitric oxide and prostacyclin Platelet hyper reactivity

  Secondary haemostasis
  (thrombin generation and inhibition)

Low levels of factors II, V, VII, IX, X, XI Increased factor VIII
Vitamin K deficiency Decreased protein C, S, AT-III,  alpha 2 macroglobulin, heparin co-factor II

  Fibrinolysis Low levels of alpha 2 anti-plasmin, factor XIII, 
thrombin activatable fibrinolysis inhibitor

Low levels of plasminogen

Elevated tissue plasminogen activator High levels of plasminogen activator inhibitor
Dysfibrinogenaemia

Table 2  Alterations in both anti- and pro- haemostatic dynamics in liver disease

Clevenger B et al . Transfusion management in liver transplantation
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are significant contributors to the bleeding risk. Collateral 
vessels that develop secondary to portal hypertension, 
including from the surface of  the liver, can be injured, 
increasing bleeding. Patients with cirrhosis and portal 
hypertension have an altered response to volume load-
ing. Blood pools in the splanchnic circulation, respond-
ing to volume loading by a greater magnitude than in the 
central and arterial circulation. The resultant increase in 
portal venous pressure from volume loading can lead to 
increased bleeding. Cardiac output is less responsive to 
volume loading than in healthy individuals[1,37].

Haemodilution during the operation secondary to 
fluid replacement with crystalloid and colloid solutions, 
and the preservation solution from the donor liver, fur-
ther reduce the plasma concentration of  clotting factors. 
As the coagulation factors are already at reduced levels, a 
dilutional coagulopathy can develop much more rapidly 
than in the healthy individual. Cautious fluid replacement 
is essential to both minimise haemodilution of  coagula-
tion factors and to reduce portal venous pressure in-
creases. Strategies to reduce portal pressure have included 
the use of  phlebotomy to reduce central venous pressure 
and portal pressure, using vasopressors to maintain mean 
arterial blood pressure[1,10].

Surgical bleeding can be brisk secondary to vascular 
injury, or diffuse, continuous microvascular bleeding. 
Damaged endothelial cells release t-PA, increasing fibri-
nolysis[1,8,9,16]. Portal vein hypoplasia and decreased donor 
liver size, making the surgery more technically challenging 
have been associated with transfusion requirements. Raw 
edges of  partial liver grafts are left exposed, therefore at 
risk of  postoperative bleeding. 

Acidosis, hypothermia, hypocalcaemia, and citrate 
toxicity can all contribute to the coagulopathy intraopera-
tively. The length of  cold ischaemic time can affect short-
term graft dysfunction. Inadequate graft-recipient body 

weight ratio and poor graft preservation increase bleeding 
tendency. Poor quality grafts proportionally increase the 
risk of  primary non-function according to the degree of  
steatosis. Dysfunctional grafts lead to a delayed produc-
tion and restoration of  clotting factors, prolonging mas-
sive bleeding. Marginal grafts, such as those donated after 
cardiac death (DCD) increase the risk of  fibrinolysis post 
reperfusion[1,38,39].

Renal failure
Acute renal failure (ARF) is common in patients with cir-
rhosis, and occurs in over half  of  patients with ALF[40]. 
This can be part of  multi-organ failure in the critically ill, 
the hepatorenal syndrome or secondary to complications 
of  cirrhosis such as bacterial peritonitis, sepsis, hypovo-
laemia secondary to diuretics or gastrointestinal bleeding, 
and nephrotoxic drugs[41]. In patients referred for OLT, 
10%-25% have acute kidney injury (AKI), and 12%-70% 
develop AKI in the post operative period[42]. 

Uraemia is associated with bleeding, particularly due 
to platelet dysfunction due to decreased platelet aggrega-
tion and adhesion. This can be related to intrinsic defects 
within the platelet, including glycoprotein Ⅱb/Ⅲa dys-
function, or due to extrinsic factors. Extrinsic factors in-
clude uraemic toxins and increased nitric oxide synthesis. 
Renal replacement therapy (RRT) can improve platelet 
function by removing uraemic toxins. 

It has been shown that a considerable proportion 
of  patients with both acute and chronic liver failure are 
hypercoagulable despite deranged laboratory clotting 
times and thrombocytopaenia. Passage of  blood through 
continuous RRT (CRRT) circuits leads to thrombin 
formation and platelet activation, predominantly due 
to leucocyte and platelet activation. A combination of  
increased tissue factor and microparticle release, endo-
thelial activation and a reduction in natural anticoagulants 

  Stage Coagulation abnormalities increasing bleeding Other risk factors for bleeding TEG

  Dissection Thrombocytopaenia
Platelet function defects
Increased nitric oxide and prostacyclin
Low levels of factors II, V, VII, IX, X, XI

Vitamin K deficiency
Low levels of alpha 2 anti-plasmin, factor XIII, 
thrombin activatable fibrinolysis inhibitor
Elevated t-PA
Dysfibrinogenaemia

Surgical technical difficulty
Portal hypertension
Oesophago-gastric venous 
distension secondary to 
compression and vascular 
clamping

Prolonged R time
Decreased alpha-angle
Reduced MA

  Anhepatic Reduced coagulation factor synthesis
Reduced clearance of t-PA

Duration greater than 45 min Increased lysis

  Reperfusion ‘‘Heparin like effect’’
Platelet entrapment in sinusoids of donor liver
Reduction of all coagulation factors
Decreased PAI-1
Decreased antifibrinolytic factors
Hyper-fibrinolysis

Acidosis
Hypothermia

Virtually ‘‘flat’’ native trace 
with prolonged R time and 
significantly reduced MA
Heparinase trace required
Lysis

  Post reperfusion Accelerated t-PA release
Thrombocytopaenia (balanced by increased 
activation)

Delayed graft function MA reduced

Table 3  Coagulopathy during transplantation 

TEG: Thromboelastography; MA: Maximum amplitude; t-PA: Tissue plasminogen activator; PAI-1: Plasminogen activator inhibitor.
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leads to clotting of  CRRT circuits in ALF. The duration 
of  CRRT circuit life is unrelated to worsening laboratory 
clotting parameters or thrombocytopaenia in liver failure, 
and anticoagulation of  these circuits should be imple-
mented to improve their lifespan[43]. Anticoagulation can 
be implemented with prostacyclin, heparin, or citrate. 

Heparinisation of  patients receiving CRRT, particu-
larly in OLT has been associated with increased bleeding. 
Prostacyclin is an alternative, however it can cause vaso-
dilatation and hypotension. Regional anticoagulation with 
citrated circuits has been shown to be feasible and safe 
in patients undergoing OLT, despite the risk of  failure to 
metabolise citrate by the liver[44]. 

MEASURES TO REDUCE BLEEDING AND 
TRANSFUSION
Preoperative optimisation of red cell mass
Experience from liver transplantation in Jehovah’s Wit-
ness patients who refuse to receive blood products due to 
religious beliefs has provided evidence of  the benefit of  
pre-operative management to reduce blood transfusion. 
Strategies have included the use of  recombinant human 
erythropoietin (rEPO), iron and folic acid to increase the 
red cell mass. 

The use of  iron has been found beneficial in patients 
with iron deficiency microcytic anaemia, and those with 
functional iron deficiency, who in spite of  total body iron 
stores being normal, have a reduction of  iron available 
for metabolic processes[16,45].

Erythropoietin is produced in the kidney, stimulating 
erythrogenesis. Erythropoiesis is seen within 3 d, and the 
equivalent of  1 unit of  blood produced in 7 d, and five 
units within 28 d. This can be associated with functional 
iron deficiency and iron supplementation is recom-
mended for patients undergoing rEPO therapy[17,45]. One 
centre used rEPO 20000 U subcutaneously twice a week 
or 40000 U once a week preoperatively until the haema-
tocrit reached 45% in Jehovah’s Witness patients awaiting 
OLT[46]. However, this treatment is accompanied by a 
significant risk of  thrombotic events and must be under-
taken with great caution. 

Anaemia itself  can increase the risk of  bleeding. 
Anaemia can worsen the hyper dynamic circulation, as 
found in portal hypertension, thus increasing the bleed-
ing risk. It has been shown that RBCs have an active role 
in thrombin generation. RBCs release adenosine diphos-
phate, which promotes platelet aggregation and stimu-
lates platelet synthesis of  thromboxane-A2, a platelet 
activator, thus reducing platelet activation in anaemia[5,17].

Management of coagulopathy
The management of  bleeding and coagulopathy varies 
greatly between different centres. This is partially due to 
patient population and surgical technique and experience. 
However, the methods used to monitor coagulopathy, or 
the failure to do so, the thresholds for transfusion, partic-
ularly FFP and the use of  cell salvage and anti-fibrinolytic 

therapy account for much of  the variation[47,48]. Given the 
coagulopathy expected during OLT, and the detrimental 
outcomes of  transfusion, the management of  this coagu-
lopathy to limit blood loss is central. 

Conventional coagulation tests (CCTs) such as acti-
vated partial thromboplastin time (APTT), prothrombin 
time/international normalised ratio (PT/INR) poorly 
reflect the whole coagulation system of  the blood, unable 
to assess the procoagulant-anticoagulant balance. The 
platelet count is quantitative, unable to detect platelet 
function, or dysfunction. CCTs are unable to detect fibri-
nolysis or give an indication of  clot stability, nor can they 
generally detect hypercoagulability[16,49]. 

PT/INR and APTT are sensitive to deficiencies of  
pro-coagulant factors, but not the concomitant reduc-
tion of  anti-coagulant factors found in liver disease. In 
addition, these tests are based upon plasma alone; so do 
not reflect the complete interaction between platelets, 
vascular endothelium, and fibrinolytic factors produc-
ing haemostasis. CCTs are also limited by the length of  
time from sampling to providing a result to the clinician. 
Bedside point-of-care testing (POCT) PT/INR measure-
ments can be made using devices such as the Haemo-
chron® (ITC, Edison, United States). 

The alterations of  haemostasis require global as-
sessments of  coagulation, such as thrombin generation 
assays, and also whole blood testing, such as thrombo-
elastography (TEG) and rotational thromboelastometry 
(ROTEM). These POCT devices offer a rapid diagnostic 
bedside test to aid the clinician in directing therapeutic 
interventions. It has been shown that POCT based coag-
ulation management can reduce perioperative blood loss 
and blood product transfusion rates[22]. The use of  peri-
operative coagulation monitoring using TEG/ROTEM 
for targeted management of  coagulopathy in OLT now 
forms part of  the European Society of  Anaesthesia (ESA) 
guidelines for the management of  massive bleeding[36,38].

TEG and ROTEM assess the viscoelastic properties 
of  whole blood, giving a global assessment of  haemo-
static function from clot formation through to clot re-
traction and fibrinolysis. Different reagents and activators 
are available, for TEG and ROTEM including kaolin, 
the standard activator for TEG assays. Other reagents 
include platelet-mapping assays, and platelet inhibitors 
that allow the fibrinogen component of  clot strength to 
be measured individually. Heparinase containing cups 
reverse heparin and heparinoids, allowing detection of  
the HLE and the action of  administered heparin, includ-
ing low molecular weight heparin. Aprotinin and calcium 
containing cuvettes allow the repaid detection of  fibrino-
lysis to guide antifibrinolytic agent usage[19,50] (Figure 1, 
Table 4). 

As yet, the need for clear consensus guidelines to 
guide transfusion practice, coagulation monitoring and 
optimal transfusion triggers for OLT has not been met[51]. 
TEG based transfusion algorithms have been reported 
since Kang et al[52] in 1985[26]. Since then, TEG/ROTEM 
based algorithms guiding blood product transfusions 
have evolved[35]. TEG/ROTEM based transfusion and 
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coagulation management algorithms reduce transfusion 
requirements and costs by optimising the management of  
bleeding, differentiating between micro-vascular and sur-
gical bleeding, enabling haemostatic therapy to be finely 
targeted. The TEG/ROTEM can also be used to moni-
tor for fibrinolysis and to guide anti-fibrinolytic therapy. 
A small, randomised prospective study in OLT patients 
showed a significant reduction in transfusion in the TEG 
monitored group, most notably in the use of  FFP. The 
trigger threshold for FFP was reached much more fre-
quently using conventional INR values compared to R 
values on TEG[32]. 

It should be noted however, that transfusion trigger 
thresholds described for viscoelastic tests have not been 
validated and large controlled clinical trials comparing 
strategies of  coagulation management and cut off  values 
for transfusion of  blood product components are still 
needed. 

Pharmacological methods
A systematic review of  33 trials investigated: pharmaco-
logical interventions, blood substitutes, TEG and cardio-
vascular interventions[53]. Only aprotinin, recombinant 
factor Ⅶa and TEG potentially reduced blood loss and 
transfusion requirements. However, all trials showed a 

high risk of  bias and risk of  random errors and the au-
thors concluded that further trials were necessary to po-
tentially lower blood loss and transfusion requirements. 

Antifibrinolytics
Antifibrinolytic therapy reduces blood loss and transfu-
sion[54]. Antifibrinolytic drugs are recommended for the 
treatment of  fibrinolysis evidenced by microvascular 
oozing or TEG/ROTEM clot lysis measurement, (CLI 
< 15). The timing and degree of  fibrinolysis is relevant 
since lesser degrees of  fibrinolysis post reperfusion may 
resolve spontaneously. In one retrospective review of  
over 600 transplants, 60% developed hyperfibrinolysis, 
yet only 40% required antifibrinolytic therapy[35]. In that 
series, prophylactic antifibrinolytic therapy was only ad-
ministered to patients with a significantly reduced MCF 
(< 30 m) at baseline. In the early years of  OLT, routine 
use of  prophylactic antifibrinolytic agents was common, 
since the mortality associated with massive blood loss 
was high, and the risk associated with antifibrinolytic 
drugs was small in comparison. Now that massive haem-
orrhage is less frequent, antifibrinolytics are no longer 
recommended for routine prophylaxis[38]. 

Prediction of  hyperfibrinolysis is difficult since it may 
only occur in the post reperfusion stage, being dependent 
to a great extent on the quality of  the donor liver, and 
not predictable from the preoperative condition of  the 
recipient. 

Aprotinin has been shown to potentially reduce blood 
loss and transfusion requirements[53]. However, it is no 
longer available having been withdrawn from the mar-
ket due to safety concerns. Lysine analogues, such as 
tranexamic acid have been shown to have a lower risk of  
death when compared to aprotinin[38]. 

Tranexamic acid competitively inhibits the activation 
of  plasminogen to plasmin, preventing plasmin from 
degrading fibrin. E-aminocaproic acid (EACA) is also 
used widely. Meta analyses have shown both tranexamic 
acid and aprotinin to reduce RBC transfusion during 
OLT[55]. Various dosing regimens have been used, and it 
is unknown what the lowest effective dose is. Currently 
tranexamic acid is usually given in 1-2 g increments. The 
response to antifibrinolytic agents should be monitored 
using TEG/ROTEM to guide further doses. 

  Parameter TEG® ROTEM® Description

  Clotting time R CT Relates to concentration of soluble clotting factors in the plasma, the period of initial fibrin formation (time 
to reach 2 mm amplitude on the tracing)

  Clot kinetics K (K value) (min) CFT Measure the kinetics of clot formation
Measures the speed to reach a specific level of clot strength (period for amplitude to increase from 2 to 20 mm)

Alpha angle (angle 
in degrees) (°)

Alpha Measures the rate of clot formation, reflects rate of fibrin build up and cross-linking (angle between a tangent 
to the tracing at 2 mm amplitude and the horizontal midline)

  Clot strength MA (mm) MCF Represents the ultimate strength of the clot (platelets and fibrin), maximum dynamic properties of fibrin and 
platelet bonding via GPⅡb/Ⅲa receptors (greatest vertical width of tracing)

  Clot stability LY30 CLI Relates to clot stability and lysis, measures the rate of amplitude reduction from MA at 30 min (in per cent)

Table 4  Parameters of viscoelastic tests - thromboelastography/rotational thromboelastometry 

TEG: Thromboelastography; ROTEM: Rotational thromboelastometry; R: Reaction time; CT: Clotting time; CFT: Clot formation time; MCF: Maximum clot 
firmness; CLI: Clot lysis index; MA: Maximum amplitude; MCF: Maximum clot firmness; LY30: Lysis at 30 min as a ratio of MA.

Clotting

Time Kinetics Strength Lysis

TEG

ROTEM

MA
MCF

Ly
CL

R
CT

K

CFT

α

α

Figure 1  Standard tracing of viscoelastic tests - thromboelastography/
rotational thromboelastometry. TEG: Thromboelastography; ROTEM: Ro-
tational thromboelastometry; MA: Maximum amplitude; MCF: Maximum clot 
firmness; R: Reaction time; CT: Clotting time; CFT: Clot formation time.
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Fibrinogen concentrates
Hypofibrinogenaemia has been shown to influence blood 
product requirements. A baseline MA of  < 35 mm at the 
beginning of  transplant and measured fibrin degradation 
products > 48 mg/L has been demonstrated to lead to 
hyper-fibrinolysis in 100% of  patients[56]. When haemodi-
lution and massive bleeding occur, fibrinogen is the first 
factor to reach critical levels[57]. 

The use of  fibrinogen concentrate for significant bleed-
ing if  accompanied by (at least suspected) low fibrinogen 
concentrations or function is advocated. Fibrinogen con-
centrates have been shown to optimise coagulation, reduce 
perioperative bleeding and significantly reduce transfusion. 
A fibrinogen concentration above 2 g/L has been shown 
to be the minimum concentration at which clot formation 
normalises[58]. A concentration of  < 1.5-2 g/L increases 
haemorrhagic tendency, so this, or signs of  functional fi-
brinogen deficit on TEG or ROTEM should be triggers 
for use[38]. Fibrinogen supplementation may also compen-
sate for defects in fibrin cross polymerisation and also for 
low platelet counts, helping to reduce bleeding. Noval-
Padillo et al[34] conducted an observational study compar-
ing fibrinogen concentrate administration to maintain 
an acceptable MCF with a historical cohort from the 
previous year at that centre. In the study group, 45% of  
patients received fibrinogen. Transfusion of  RBCs, FFP 
and platelets was reduced by over 50% and OLT without 
transfusion rose from 3.5% to 20%.

Fibrinogen concentrates rather than cryoprecipitate 
provide standardised fibrinogen doses, which can be 
quickly reconstituted. The risk of  pathogen transmission 
and immune mediated complications are reduced, and 
cryoprecipitate is now only indicated when there is a lack 
of  available fibrinogen concentrate for the treatment of  
bleeding and hypofibrinogenaemia[16,38].

Recombinant factor Ⅶa
Recombinant factor Ⅶa (rFⅦa) improves haemostasis by 
directly activating factor X, precipitating the conversion 
of  prothrombin to thrombin to form a haemostatic clot. 
rFⅦa binds to the surface of  activated platelets at sites 
of  vascular injury, increasing localised thrombin genera-
tion. Meta-analysis and systematic reviews of  the use of  
rFⅦa in hepatic surgery (including transplantation) failed 
to show a benefit in the number of  blood transfusions 
yet showed a significant increase in the incidence of  arte-
rial thrombotic events[59-61]. The ESA guidelines for mas-
sive bleeding in visceral and transplant surgery echo this 
with recommendation against the prophylactic use of  rF
Ⅶa, reserving its use only as rescue therapy for uncon-
trolled bleeding[38]. 

Prothrombin complex concentrate
Prothrombin Complex Concentrates (PCC) are purified 
coagulation concentrates from pooled plasma, after re-
moval of  antithrombin and factor XI, with approximately 
twenty-five times higher concentrations of  clotting fac-
tors. They allow the correction of  coagulation using small 
volumes. PCCs undergo viral reduction or elimination. 

Most contain the vitamin K dependent clotting factors 
Ⅱ, Ⅶ, Ⅸ and Ⅹ, and the coagulation inhibitors protein 
C and S. Reported risks include thromboembolic events 
such as venous thromboembolism, acute myocardial in-
farction and disseminated intravascular coagulation. How-
ever, the formulation of  currently available PCCs differ 
from those previously available, which did not routinely 
contain anticoagulants, as well as routinely being used in 
haemophilia patients. Current evidence suggests that even 
in high-risk patients, PCCs are safe and that thromboem-
bolic events are rare[62]. A randomised controlled trial (the 
PROTON trial) studying PCCs effect on RBC transfusion 
requirements in OLT is currently in progress[63].

FFP is often transfused in order to correct a deranged 
INR. The exponential relationship of  coagulation factors 
on PT/INR is not always appreciated. It has been shown 
that FFP is unable to contribute sufficient coagulation 
factors to correct PT/INR by 50% in most cases, even 
for mildly prolonged PT/INRs[64]. The INR varies be-
tween laboratories in patients with liver disease, making 
a defined cut-off  of  risk difficult. The R/CT on TEG/
ROTEM may therefore be a better reflection of  true 
bleeding potential than INR. Prolongation of  the R/CT 
in the absence of  excess anticoagulants is only usually 
seen once the procoagulant levels are less than the hae-
mostatic level of  30%[65].

There is no evidence for administering prophylactic 
FFP based upon INR[19]. Mild to moderate INR eleva-
tion should not be corrected with FFP and in ALF INR 
should not be corrected before invasive procedures ex-
cept for intracranial pressure monitor insertion[38].

Protamine and the heparin like effect
The appearance of  a heparin effect on TEG at reperfu-
sion was first described by Kang et al[52]. A marked HLE 
on the TEG at the time of  reperfusion is common and 
is due to both exogenous heparins administered to the 
donor, and the release of  endogenous heparinoids from 
the vascular endothelium and activated macrophages due 
to ischaemia/reperfusion injury. It does not appear to 
contribute significantly to bleeding risk and is usually a 
temporary phenomenon unless graft function is poor[66]. 
Reversal with protamine is rarely indicated. Native TEG is 
extremely sensitive to heparin and endogenous heparin can 
be detected in some patients even prior to reperfusion[67]. 
It is recommended to run a heparinase modified TEG in 
parallel with the native TEG during OLT. With the more 
activated Kaolin TEG and INTEM (intrinsic ROTEM), 
it is unusual to identify a significant heparin effect, ex-
cept at reperfusion and an additional heparinase TEG or 
HEPTEM (heparinase modified thromboelastometry) 
test is helpful to distinguish between a coagulation factor 
deficiency and a heparin produced prolongation of  the R 
or CT. An empirical dose of  50 mg of  protamine is often 
administered if  the decision to treat this is made. 

Platelets
Intraoperative platelet transfusions have been identi-
fied as a strong independent risk factor for survival after 
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OLT, with a greater hazard ratio than RBCs transfused, 
particularly for TRALI[15]. Platelets contain many cyto-
kines and vasoactive and inflammatory mediators, which 
are released upon activation after reperfusion. Animal 
models have demonstrated platelets to be involved in the 
pathogenesis of  reperfusion injury of  the liver graft by 
inducing endothelial cell apoptosis[36]. It has been shown 
that thrombin generation is maintained in liver disease 
despite quantitative thrombocytopaenia. Thus, care must 
be exercised when transfusing platelets to avoid hyperco-
agulability and thrombosis. 

Clot strength (MA/MCF) is a composite reflection 
of  platelet-fibrinogen interaction. Rather than combining 
the total effect of  changes in all coagulation parameters, 
CCTs provide single values in isolation, not always pre-
dictive of  a bleeding tendency. Viscoelastic tests demon-
strate that even in the presence of  a low platelet count, 
adequate clot strength is still achieved if  fibrinogen levels 
are at the upper end of  normal, or raised. A low platelet 
count combined with a low fibrinogen always leads to a 
reduced MA/MCF and is strongly associated with an in-
creased bleeding tendency[68]. 

Non-pharmacological measures
Strategies including acute normovolaemic haemodilution 
and the use of  autologous cell salvage alongside appro-
priate surgical and anaesthetic management have been 
employed to reduce allogenic blood transfusion require-
ments for OLT. Restrictive fluid replacement during the 
dissection phase, maintaining decreased venous pressure 
in the surgical field lowers intravascular volume in the 
portal collaterals. This is contrary to the historical prac-
tice of  fluid loading to maintain arterial blood pressure 
and renal perfusion. 

Surgical technique
The piggyback technique is recognised to reduce blood 
transfusion requirements[37]. The piggyback technique 
permits a hypovolaemic state to be better tolerated. This 
involves anastomosing the donor retro hepatic vena 
cava directly to the recipient inferior vena cava instead 
of  two end-to-end anastomoses in the classic technique. 
Reduced dissection of  the peri-caval anatomy can also 
reduce bleeding from portal collaterals in those with 
portal hypertension. This is said to improve physiological 
variables of  temperature, cardiac output, tissue perfusion, 
gas exchange, acid-base statues and fluid-electrolyte bal-
ance[16].

Low central venous pressure
In hepatic resection surgery a low central venous pres-
sure (CVP) and restrictive fluid administration are shown 
to decrease bleeding. A CVP of  less than 5 cm H2O is ad-
vocated to reduce blood loss from hepatic veins. However, 
the risks of  a low CVP include cardiovascular instability and 
air embolism[69]. For OLT, a low CVP is thought to reduce 
bleeding and transfusion by a similar mechanism, reducing 
portal venous bleeding[53]. Indeed Massicotte et al[1] state that 

their low transfusion rates and post-operative Hb concen-
trations are made possible by keeping the CVP low. 

However, caval clamping coupled with hypovolaemia 
can precipitate severe haemodynamic instability. Hypo-
volaemia presents other risks to the patient associated 
with adverse outcomes including ARF, air embolism and 
systemic tissue hypoperfusion. Thus maintenance of  
low venous pressures must be balanced against adequate 
perfusion of  the organs. The use of  terlipressin has 
been investigated, demonstrating reduce portal venous 
pressure whilst maintaining renal perfusion[70]. However, 
further studies are required to evaluate its safety in terms 
of  splanchnic perfusion and post transplantation portal 
venous blood flow. Other methods to minimise pre-load 
and potentially reduce the portal pressure include using 
lower tidal volumes (6-8 mL/kg) and avoiding positive 
end-expiratory pressure[71]. 

Intraoperative cell salvage
The use of  autologous cell salvaged blood can reduce the 
need for allogenic blood transfusion. A prospective sur-
vey involving 150 consecutive OLT’s demonstrated that 
cell salvage saved 21 g/L of  Hb, or two units of  RBCs[72]. 

RBCs are salvaged from the operative field using a 
double lumen suction device, adding anticoagulants to the 
aspirated blood. Citrate anticoagulation is used to avoid 
heparin accumulation. This blood is stored in a reservoir, 
before being centrifuged to separate out the components. 
The RBCs are washed and filtered, removing biochemi-
cal debris including free Hb, platelets, white blood cells, 
plasma and heparin. RBCs can haemolyse during suction-
ing into the cell saver, haemolysing due to shear stress. 
The salvaged RBCs are suspended in normal saline, with 
a haematocrit of  50%-70% for re-transfusion, and 200 
mL of  cell-salvaged RBCs equate to 1 unit of  blood. 
Since the re-transfused washed RBCs from cell salvage 
provide no plasma, clotting factors or platelets, this must 
be factored in when assessing the need for replacement 
haemostatic therapy. 

Transfusion of  potentially harmful fat-micro em-
boli, free Hb, denatured proteins and platelet-leukocyte 
microaggreagates have been postulated as causes of  dis-
seminated intravascular coagulopathy (DIC), acute respi-
ratory distress syndrome and ARF in some case reports. 
However, other studies have failed to show a significant 
increase in these complications[45]. 

Cell salvage has been controversial in OLT due to 
conflicting results of  some historical studies. Many of  
these results are from older trials and are disputed in 
the current literature[72]. Higher rates of  blood loss and 
increased cost have been reported[10]. Cell salvage can 
be set up in a ‘‘stand-by’’ manner to reduce costs; using 
only a double lumen suction catheter, with anticoagulant 
solution and a sterile reservoir, with centrifugation only 
if  sufficient blood is collected. Increased blood loss been 
ascribed to the release of  fibrinolytic compounds from 
RBCs in the collected blood or from the transplanted 
liver that are not washed out by the cell saver[36].
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Re-transfused blood can be potentially harmful due 
to the presence of  other substances aspirated from the 
surgical field including bacteria and malignant cells. Bac-
terial contamination can arise from blood borne bacteria, 
from the skin upon aspiration, or from blood from the 
bile duct. Aspirated blood should not be returned to the 
patient once the bile duct anastomosis is underway in-
traoperatively. However, studies have shown that despite 
aspiration of  microbiologically contaminated blood, there 
is no increase in positive blood cultures or postopera-
tive infection, despite the washing phase being unable to 
eliminate all bacteria[45].

Malignant cells are not washed from cell-salvaged 
blood and cell salvage has been contraindicated in the 
presence of  malignant disease due to the theoretical risk 
of  metastasis. However, studies of  patients with malig-
nant disease who received autologous transfusions did 
not increase recurrence rates whilst reducing allogenic 
blood requirements. Given the risk of  allogenic blood 
transfusion worsening outcome after cancer surgery, in-
cluding immunomodulation, cell salvage is used in some 
cancer surgeries, including OLT for hepatocellular car-
cinoma. This risk is greatly reduced by suctioning blood 
from non-ruptured tumours during the operation. Leu-
kocyte depletion filters are used to reduce the number of  
malignant cells in the recovered blood[73]. ESA guidelines 
suggest that the decision to use salvaged blood potentially 
contaminated with bacteria or malignant cells should be 
on a case by case basis[38]. 

Intraoperative normovolaemic haemodilution
Intraoperative normovolaemic haemodilution involves 
venesection of  the patient, and volume replaced with 
other fluids. The venesected blood is then re-transfused 
intra and post operatively as required, usually post re-
perfusion. This preserves the integrity of  the venesected 
RBCs and clotting factors, and provides a reserve of  
whole blood to be transfused as required. Contraindica-
tions include coronary heart disease, significant anaemia 
and severe pulmonary hypertension[36]. In practice, most 
patients are too anaemic to make venesection a viable op-
tion.

CONCLUSION
The transfusion practices of  liver transplantation have 
been transformed since the early experiences of  this 
operation[74]. Transplantation without transfusion has be-
come an increasingly attainable goal. Our knowledge of  
the coagulopathy of  liver disease has been redrawn over 
recent years. Liver transplantation presents a significant 
risk of  coagulopathy and bleeding. This is multifactorial 
in nature, with recipient and donor factors, surgical and 
anaesthetic techniques playing a role. The benefits of  ef-
fectively monitoring and treating coagulopathy and using 
techniques to reduce bleeding have been demonstrated to 
reduce transfusion requirements and improve outcomes 
after OLT. This has been aided by the wider availability 

of  POCT to monitor and correct severe coagulopathy 
with factor concentrates instead of  blood products. 

Transfusion and coagulation management in liver 
transplantation needs to adopt the three pillars of  patient 
blood management to improve upon its achievements 
thus far. Preoperative optimisation of  red cell mass can 
reduce transfusion. Peri-operative coagulation manage-
ment using restrictive transfusion strategies and clotting 
factor algorithms based upon TEG have been shown to 
be beneficial. The ESA guidelines on the management of  
severe bleeding advocate fluid restriction, phlebotomy, 
vasopressors and transfusion protocols to achieve this[38]. 

It should not be forgotten that blood transfusion can 
be lifesaving and preparations made to give blood and 
blood products when required during all transplantations. 
The known and unknown risks of  transfusion are ex-
tensive and varied. If  practice can be improved to avoid 
unnecessary transfusions, outcomes from liver transplan-
tation will continue to improve. 
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