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         Introduction 

 Historically, bleeding was one of the major 
 challenges during liver transplantation. The  fi rst 
patient receiving a liver transplant in 1963 exsan-
guinated during the procedure  [  1  ] , and massive 
perioperative blood loss remained a major clinical 
challenge until the 1980s. Most, if not all, liver 
transplant procedures required transfusion of 
blood products in those days, and transfusion 
requirements could exceed 100 units of red blood 
cell concentrates (RBCs), whereas mean transfu-
sion requirements were around 20–40 units of 
blood products (RBC, fresh frozen plasma, plate-
let concentrates, cryoprecipitate)  [  2,   3  ] . Blood 
products were, and still are, costly and accounted 
for a signi fi cant part of the total costs of liver 
transplantation  [  4  ] . In the last 15–20 years, mas-
sive blood loss during liver transplantation has 
become rare, and a signi fi cant proportion of 
patients can nowadays be transplanted without 
any requirement for blood transfusion  [  5  ] . 
Improvements in surgical technique and anesthe-
siological management have contributed to this 
major reduction in blood loss, but in addition a 
better understanding of the nature of the abnor-
malities in the hemostatic  system has led to a 

more rational approach to the prevention of bleed-
ing. Nevertheless, severe and uncontrollable 
bleeding still occurs occasionally and has to be 
treated appropriately. 

 This chapter will discuss causes of bleeding 
during liver transplantation, strategies to prevent 
blood loss, and treatment possibilities in case 
major bleeding does occur.  

   Hemostatic Alterations in Liver 
Disease and During Liver 
Transplantation 

 The liver is the site of synthesis of most proteins 
involved in initiation, propagation, and regulation 
of both coagulation and  fi brinolysis. Consequently, 
major alterations in the levels of hemostatic pro-
teins occur in patients with liver disease (Table  14.1 ) 
 [  6,   7  ] . In addition, a substantially decreased plate-
let count is present in a large proportion of patients, 
which may be accompanied by platelet function 
defects  [  8,   9  ] . Routine diagnostic tests of hemosta-
sis such as platelet count, prothrombin time (PT), 
and activated partial thromboplastin time (APTT) 
are consequently frequently abnormal in a patient 
with liver disease. Abnormal test results have long 
been interpreted as suggestive of a bleeding ten-
dency  [  10  ] . Recent advances in the understanding 
of both clinical and laboratory aspects of hemosta-
sis in liver disease have led to an alternate view of 
the status of the hemostatic system in these patients 
 [  11  ] . We have coined this alternate view the 
“ concept of rebalanced hemostasis” in patients 
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with liver disease. The rebalanced hemostasis 
 theory states that with liver disease, the hemostatic 
system is in a rebalanced status due to concomitant 
alterations in both pro- and anticoagulant path-
ways (Fig.  14.1 ). This balance is present in patients 
who may have severe abnormalities in routine 
hemostasis tests such as the PT (either expressed 
as seconds or as international normalized ration 
[INR]), APTT, and platelet count indicating that 
these tests do not re fl ect the true hemostatic status 
of patients with complex alterations of hemostasis, 
for example, seen with liver disease  [  10  ] . Patients 
with liver disease thus do not necessarily have a 
hemostasis-related bleeding tendency to a degree 
that is suggested by the low platelet count and/or 
prolonged PT. Many bleeding complications that 
occur are unrelated to deranged hemostasis, but 
rather related to complications of portal hyperten-
sion, such as esophageal varices  [  12,   13  ] . However, 
in patients with liver disease, the hemostatic bal-
ance is more easily disturbed as compared to 
healthy individuals, which may lead to bleeding 
but also to thrombotic complications (summarized 
in Table  14.1 )  [  11,   14,   15  ] . Importantly, current 
laboratory tests, including many newly developed 

point-of-care tests, fail to predict which patients 
are at risk for either bleeding or thrombosis.   

 A thorough review of the pathophysiology of 
coagulation in liver disease and during liver 
transplantation is found elsewhere (Chapter   13    ) 
in this book. 

 During liver transplantation additional changes 
in the hemostatic system occur. During the anhe-
patic phase there is a lack of synthesis of hemo-
static proteins, but more importantly, these 
proteins (activated hemostatic proteins and pro-
tein-inhibitor complexes) accumulate in the circu-
lation due to a lack of clearance by the liver. As a 
result, disseminated intravascular coagulation can 
develop, resulting in consumption of platelets and 
coagulation factors and accompanied by second-
ary hyper fi brinolysis. During reperfusion, 
hyper fi brinolysis may further develop as a conse-
quence of release of tissue-type plasminogen acti-
vator (tPA) from the graft  [  16–  18  ] . The degree of 
hyper fi brinolysis is related to the severity of isch-
emia/reperfusion injury of the hepatic endothe-
lium, the source of tPA upon graft reperfusion 
 [  16,   19  ] . Moreover, the liver graft may release 
heparin-like substances which can inhibit coagu-
lation  [  20  ] . In addition, hypothermia, metabolic 
acidosis, and hemodilution may adversely affect 
the hemostatic status during liver transplantation 
 [  5  ] . Although the additional changes in the hemo-
static system during liver transplantation have 
long been held directly responsible for the bleed-
ing seen in these patients, accumulating evidence 
suggests that many liver transplant recipients may 
remain in hemostatic balance throughout the pro-
cedure  [  10,   21,   22  ] . The hemostatic balance is 
clinically evident by an increasing proportion of 
patients that can be transplanted without any 
blood transfusion  [  5,   23–  26  ] . Moreover, recent 
laboratory data indicate rebalanced platelet-medi-
ated hemostasis as a result of a hyperreactive von 
Willebrand factor system, which is responsible 
for attachment of platelets to damaged vascula-
ture  [  27,   28  ] . Despite profoundly prolonged rou-
tine laboratory tests of coagulation (PT, APTT), 
the coagulation potential appears preserved or 
even hyperreactive throughout the transplant pro-
cedure when tested with modern thrombin gener-
ation tests  [  21  ] . Finally, with improvements in 

   Table 14.1    Alterations in the hemostatic system in 
patients with liver disease that contribute to bleeding 
(left) or counteract bleeding (right)   

 Changes that impair 
hemostasis 

 Changes that promote 
hemostasis 

 Thrombocytopenia  Elevated levels of von 
Willebrand factor 
(VWF) 

 Platelet function defects  Decreased levels of 
ADAMTS-13 

 Enhanced production of nitric 
oxide and prostacyclin 

 Elevated levels of 
factor VIII 

 Low levels of factors II, V, 
VII, IX, X, and XI 

 Decreased levels of 
protein C, protein S, 
antithrombin, 
  a   

2
 -macroglobulin, and 

heparin cofactor II 
 Vitamin K de fi ciency  Low levels of 

plasminogen 
 Dys fi brinogenemia 
 Low levels of   a   

2
 -antiplasmin, 

factor XIII, and TAFI 
 Elevated tPA levels 

   Source : Reproduced from  J Hepatol . 2010;53(2):
362–371, with permission  
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graft preservation and the avoidance of prolonged 
cold ischemia times, hyper fi brinolysis is nowa-
days less frequently encountered. 

 Despite the observation that the hemostatic bal-
ance is frequently relatively well preserved during 
liver transplantation, there are individual patients 
with severe and uncontrollable bleeding that require 
substantial amounts of blood products. Causes of 
these bleeding complications and treatment possi-
bilities will be discussed in this chapter. In addition, 
there is increasing recognition of the potential for 
perioperative thrombotic complications. A discus-
sion on diagnosis and treatment of thromboembolic 
complications during and after liver transplantation 
is discussed elsewhere (Chapter   13    ) in this book.  

   Causes of Bleeding During Liver 
Transplantation 

 Liver transplantation is a lengthy procedure with 
extensive surgical wound surfaces including 
transsection of collateral veins. Bleeding 

 complications that may occur during the proce-
dure are often due to surgical causes, and meticu-
lous surgical hemostasis is important to limit 
blood loss. In addition, the presence of portal 
hypertension may contribute to bleeding and as 
will be discussed below. Avoidance of aggrava-
tion of portal hypertension by  fl uid restriction 
and maintenance of a low central venous pressure 
(CVP) may be required to reduce pressure-asso-
ciated bleeding complications  [  23  ] . There is evi-
dence that a liberal  fl uid management (including 
the liberal use of blood products such as fresh 
frozen plasma) may aggravate the bleeding ten-
dency of patients during liver surgery by increas-
ing CVP and splanchnic venous pressure  [  5,   23, 
  29–  32  ] . Strategies to avoid this will be discussed 
below. Dysfunctional hemostasis may contribute 
to bleeding in some patients, and multiple poten-
tial causes may be present. Firstly, hypothermia, 
metabolic acidosis, and low ionized calcium lev-
els directly affect the hemostatic system, and pre-
vention and treatment of these complications is 
important to prevent bleeding  [  5  ] . Secondly, 

  Fig. 14.1    The concept of rebalanced hemostasis in 
patients with liver disease. In healthy individuals (left), 
hemostasis is in a solid balance. In patients with liver dis-
ease (right), concomitant changes in pro- and antihemo-

static pathways result in a “rebalance” in the hemostatic 
system. This new balance, however, presumably is less 
stable than the balance in healthy volunteers and may thus 
more easily tip towards either bleeding or thrombosis       
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although the role of thrombocytopenia and 
coagulation factor defects in bleeding during 
liver transplantation has never been convinc-
ingly shown, it has been established that 
hyper fi brinolysis is associated with an increased 
bleeding risk  [  16,   33,   34  ] . 

 Earlier studies have suggested that patients 
with a more severe disease are at an increased 
bleeding risk; however, more recent studies have 
failed to provide proof for a correlation between 
disease severity and blood loss  [  35  ] . Even more, 
it has been demonstrated that over time a pro-
gressive decrease in transfusion requirements is 
observed despite a progressive increase in MELD 
score of the recipients  [  26  ] . The most important 
predictor of blood product use may be the center, 
or the surgical or anesthesiology team, which 
may indicate that surgical and anesthesiological 
factors rather than a defective hemostatic system 
are the primary cause for perioperative bleeding 
 [  36,   37  ] .  

   Prophylactic Strategies to Prevent 
Blood Loss 

 Multiple reasons to support an active attitude 
towards prevention of bleeding during liver trans-
plantation exist. Firstly, a dry surgical  fi eld is 
bene fi cial for the surgeon, and lack of bleeding 
complications will shorten the procedure. Second, 
excessive blood loss is associated with a worse 
outcome for multiple reasons, one being the 
direct detrimental effects of blood product trans-
fusion  [  38–  41  ] . Finally, reduction of transfusion 
requirements as well as reduction of the duration 
of surgery will save costs. Multiple prophylactic 
strategies to reduce or avoid bleeding exist, and 
the pros and cons of these strategies will be dis-
cussed in the following paragraphs. 

   Blood Products 

 In the early days of liver transplantation, prophy-
lactic administration of blood products prior to 
the procedure was the standard of care. It was 
believed that (partial) correction of abnormal 

hemostasis tests prior to surgery would improve 
the overall hemostatic status of the patients, 
resulting in a reduced bleeding risk. Consequently, 
liver transplant procedures routinely started with 
administration of fresh frozen plasma (FFP) to 
correct the prolonged PT/APTT, platelet concen-
trates to reverse thrombocytopenia, and cryopre-
cipitate to increase the circulating level of 
 fi brinogen  [  5  ] . Also, administration of RBCs to 
reverse anemia is believed to improve hemostasis 
by virtue of the pivotal role of red blood cells in 
platelet attachment to the damaged vasculature in 
 fl owing blood  [  42  ] . During the procedure, fre-
quent monitoring of the hemostatic status by PT, 
APTT, platelet count, and  fi brinogen measure-
ments is performed to guide additional adminis-
tration of blood products. Alternatively, 
thromboelastography may be used to guide trans-
fusion  [  43–  45  ] . 

 Although prophylactic administration of 
blood products prior to and during liver trans-
plantation is still common practice in many cen-
ters, little evidence for the ef fi cacy of such a 
strategy exists, and there may be valid arguments 
against prophylactic administration of blood 
products  [  5,   12,   32,   46  ] . Administration of blood 
products is associated with the potential for vol-
ume overload and inevitably results in elevation 
of CVP and splanchnic venous pressure. This is 
particularly true in critically ill transplant recipi-
ents with a hyperdynamic circulation with 
increased cardiac output and active shunts 
between the systemic and portal venous circula-
tion. In a patient with portal hypertension, eleva-
tion of CVP by administration of blood products 
may thus paradoxically induce bleeding by pres-
sure effects rather than decreasing bleeding risk 
by improving the hemostatic status  [  30,   31  ] . 
Furthermore, administration of blood products is 
associated with adverse effects and affects 
morbidity and mortality  [  23,   24,   47–  50  ] , and 
normalization of routine laboratory tests is 
hardly ever achieved  [  51  ] . 

 Rather than prophylactic administration of 
blood products in a patient that is not (yet) bleed-
ing, a wait-and-see policy is increasingly used. In 
this scenario, the anesthesiologist and surgeon 
accept (profoundly) abnormal PT, APTT,  platelet, 
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and  fi brinogen levels, as they do not accurately 
re fl ect the hemostatic status and commence with 
the procedure only to initiate blood product trans-
fusion in case of active bleeding complications 
 [  5,   32,   52  ] . Since abnormal preoperative hemo-
stasis tests do not appear to predict perioperative 
bleeding risk and many centers can nowadays 
transplant a large number of patients without any 
blood transfusions, this wait-and-see policy 
appears justi fi ed  [  5,   23–  26  ] . When active bleed-
ing does occur, administration of blood products 
may be guided by laboratory tests or throm-
boelastography  [  43,   44  ] . Speci fi cally, a profound 
thrombocytopenia in a bleeding patient may be 
reason for platelet transfusion, whereas a pro-
longed PT or INR may be reason to transfuse 
FFP. Furthermore, hypo fi brinogenemia may 
prompt transfusion of  fi brinogen concentrate or 
cryoprecipitate, whereas evidence of 
hyper fi brinolysis on the thromboelastograph may 
be a reason to start anti fi brinolytic therapy. There 
is no clear evidence that laboratory-test-based 
transfusion is optimal in the context of liver trans-
plantation. And, for example, whole blood trans-
fusion is by some as an alternative. No consensus 
on on-demand transfusion strategies exists, and 
variability between centers is high  [  36,   40  ] . The 
ratio of blood products administered in bleeding 
patients is likely important, and some authors 
have even suggested that whole blood transfusion 
may be more appropriate than transfusion of indi-
vidual blood components  [  53  ] .  

   Pharmacological Agents 

 A major advance in management of bleeding com-
plications in liver transplantation has been the use 
of anti fi brinolytic agents. The serine protease 
inhibitor aprotinin has been shown to reduce trans-
fusion requirements during liver transplantation 
by around 30–50 %  [  33,   34,   54  ] , and these  fi ndings 
also indicate that the hyper fi brinolytic status that 
can accompany liver transplantation is clinically 
relevant. Aprotinin not only inhibits the  fi brinolytic 
protease plasmin but also has anti-in fl ammatory 
properties by virtue of inhibition of kallikrein and 
the protease-activated receptor type 1  [  55  ] . 

Administration of aprotinin in liver transplant 
patients does not appear to be associated with side 
effects such as thrombosis or renal failure  [  56–  58  ] , 
which have been reported to occur in cardiac sur-
gery. Despite the apparent excellent risk/bene fi t 
pro fi le of aprotinin in liver transplantation, safety 
concerns in cardiac surgery have led to the with-
drawal of aprotinin from the market both in the 
USA and Europe. The lysine analogues tranexamic 
acid and  e -aminocaproic acid are potentially suit-
able alternatives for aprotinin  [  5  ] . Although both 
drugs are widely used, only tranexamic acid has 
been shown to reduce transfusion requirements in 
randomized studies  [  59–  61  ] . It has to be noted that 
both tranexamic acid and  e -aminocaproic acid are 
potent anti fi brinolytic agents but lack the anti-
in fl ammatory properties of aprotinin. 

 Other procoagulant drugs may also be 
bene fi cial in reducing bleeding. An initial non-
controlled trial suggested recombinant factor 
VIIa (rFVIIa) to reduce transfusion requirements 
during liver transplantation  [  62,   63  ] . However, 
two subsequent randomized controlled trials did 
not show any bene fi t from rFVIIa administration, 
despite a profound correction of the PT  [  64,   65  ] . 
These  fi ndings illustrate that normalization of the 
PT does not translate in a reduction of bleeding 
risk, which is in line with the  fi ndings that the PT 
does not predict bleeding risk, and with the labo-
ratory  fi nding that the PT does not accurately 
re fl ect the hemostatic status in a patient with liver 
disease. Although prophylactic administration of 
rFVIIa does not reduce perioperative blood loss, 
rFVIIa may be an option as “rescue agent” in 
patients with intractable bleeding. 

 Improvement of platelet function parameters, 
in particular shortening of the bleeding time by 
administration of 1-deamino-8- d -arginine vaso-
pressin (DDAVP), has not been shown to trans-
late into clinical improvement of hemostasis. 
Several studies showed no effect of DDAVP on 
variceal bleeding or on blood loss in patients 
undergoing partial hepatectomy or liver trans-
plantation  [  66  ] , indicating that correction of the 
bleeding time may not necessarily result in 
improvement of hemostasis. 

 A pharmacological prohemostatic strategy 
that may have potential but have not yet been 
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tested in adequately powered clinical studies is 
the use of prothrombin complex concentrates 
(PCCs) to improve the coagulation status. The 
theoretical advantage of PCCs over FFP is the 
low volume of PCCs, which prevents the inevi-
table rise in CVP and splanchnic venous pressure 
that is accompanied by FFP infusion. On the 
other hand, PCCs only contain a selection of 
coagulation factors and its use may be associated 
with a thrombotic risk. Future randomized clini-
cal trials (RCTs) will have to demonstrate safety 
and ef fi cacy of PCCs in reducing bleeding during 
liver transplantation.  

   Fluid Restriction 

 Emerging evidence indicates that the hemostatic 
balance during liver transplantation is relatively 
well maintained  [  10  ]  and that portal hypertension, 
 fl uid overload, and hyperdynamic circulation are 
more important determinants of perioperative 
bleeding than possible coagulation defects  [  23, 
  67,   68  ] . Liver disease and portal hypertension are 
associated with increased plasma volume and dis-
turbed cardiac function, and the administration of 
 fl uids results in a further increase in portal and 
CVP, promoting rather than preventing bleeding 
tendencies when surgical damage is in fl icted  [  12, 
  29–  32,   46,   67  ] . Avoidance of  fl uid overload by a 
very conservative transfusion policy and by 
restriction of infusion of colloids and/or saline 
thus likely reduces bleeding risk. A recent RCT 
compared a policy of restrictive transfusions and 
low CVP with a liberal transfusion policy and 
found that the former policy leads to a signi fi cant 
reduction in intraoperative blood loss and transfu-
sion requirement, especially during the preanhe-
patic phase  [  69  ] . Liberal use of blood products, 
including preoperative correction of abnormal 
laboratory test values may thus even be counter-
productive, as these blood products increase 
venous pressure and thereby “fuel the  fi re.” Some 
groups have taken more drastic steps to maintain 
a low perioperative CVP by combining  fl uid 
restriction protocols with preoperative phlebot-
omy  [  23,   68,   70  ] . One center has reported that 
~80 % of patients could be transplanted without 

the requirement for any transfusion when using 
 fl uid restriction in combination with preoperative 
phlebotomy  [  68  ] . It is important to realize that 
acceptance of a low hematocrit (20–25 %) is 
essential in such a strategy. A major concern 
regarding the use of  fl uid restriction protocols is 
the risk of complications such as air embolism, 
systemic tissue hypoperfusion, and renal failure 
 [  24,   68,   71,   72  ] . Although one non-controlled 
study showed an increase in renal failure using a 
low CVP strategy  [  72  ] , a number of other studies, 
including one RCT, have concluded that  fl uid 
restriction during liver transplantation is safe and 
does not lead to an increased incidence of postop-
erative renal failure  [  23,   68,   69  ] .  

   Surgical and Anesthesiological 
Techniques 

 In general, the experience of the surgical team is 
an important determinant of perioperative bleed-
ing, but speci fi c improvements in surgical tech-
nique have also been instrumental in reducing 
blood loss  [  5,   32  ] . The introduction of the use of 
venovenous bypass in the 1980s has presumably 
contributed to a reduction of blood loss, as this 
technique results in avoidance of major hemody-
namic changes during the anhepatic phase  [  73  ] . 
Subsequent introduction of the piggyback tech-
nique has led to a signi fi cant further decline in 
transfusion requirements  [  74,   75  ] . A major 
advantage of the piggyback technique with 
respect to blood loss is the avoidance of dissec-
tion of the retroperitoneum, which avoids dissec-
tion of multiple collateral veins in this area. More 
importantly, the piggyback technique has enabled 
reduction of intraoperative  fl uid load  [  74,   75  ] . 

 Anesthesiological interventions to prevent 
excessive bleeding are maintenance of body tem-
perature, pH, and ionized calcium level. For 
example, avoidance of hypothermia is accom-
plished by heating blankets and administration of 
 fl uids at 30° C  [  5,   72  ] . Frequent determination of 
serum-ionized calcium levels and aggressive 
replacement is key especially when large amount 
of RBCs are transfused. Citrate that acts as an 
anticoagulant in RBC by chelating calcium is 
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metabolized by the liver. With liver disease and 
especially during the anhepatic phase, plasma cit-
rate levels may be high. Frequent calcium replace-
ment is often required to maintain adequate 
ionized calcium levels.   

   Laboratory Monitoring of Bleeding 
and Transfusion 

 Traditionally, laboratory tests such as the PT, 
APTT, platelet count,  fi brinogen level, and hema-
tocrit were used to guide transfusion. Cutoffs for 
transfusion differ substantially from center to 
center, and it is becoming evident that there is 
little evidence to support blood product transfu-
sion at certain laboratory thresholds (e.g., a plate-
let count below 50 × 10 9 /L or a PT > 1.5–2 times 
the upper limit of normal) in the absence of active 
bleeding  [  32,   33,   40,   46  ] . Even in the presence of 
active bleeding, target laboratory values to be 
achieved have never been thoroughly established. 
However, aiming for a hemostatic pro fi le of plate-
let count >50 × 10 9 /L, PT < 1.5–2 times the upper 
limit of normal, and a  fi brinogen level of 1–2 g/L 
appears reasonable. Instead of using these classic 
laboratory values, the use of thromboelastogra-
phy has been suggested to result in a more ratio-
nal use of blood product transfusion although 
de fi nitive data are lacking. The thromboelastog-
raphy tracing can distinguish between a speci fi c 
platelet or coagulation defect and is the only 
available rapid test that can indicate 
hyper fi brinolysis. Thromboelastography tracing 
can thus guide platelet, FFP,  fi brinogen transfu-
sion, and possibly anti fi brinolytic therapy  [  43, 
  45  ] . Some centers use thromboelastography for 
prophylactic transfusion of blood products, 
whereas other centers only transfuse blood prod-
ucts in case of active bleeding. There are an 
increasing number of variations of the throm-
boelastograph on the market which differ in 
coagulation trigger (none, tissue factor, kaolin) or 
in additive that speci fi cally neutralize speci fi c 
components of coagulation (heparins, platelets, 
 fi brinolysis). The true value of native or variant 
thromboelastography in guiding transfusion or 
predicting bleeding remains to be established.  

   Adverse Events of Blood Products 

 A large intracenter variability in blood product 
use during liver transplantation exists  [  36  ] . Part 
of this variability may be explained by differ-
ences in the surgical experience of the teams, but 
an important contributor to this variability is the 
lack of uniformity of transfusion protocols. An 
important difference between centers is the choice 
between prophylactic administration of blood 
products based on pre- and perioperative labora-
tory parameters and an on-demand approach in 
which blood products are only transfused when 
active bleeding occurs. When deciding to trans-
fuse blood products, one has to weigh the possi-
ble (and in liver transplantation often uncertain) 
bene fi ts against potential adverse events. 

 A number of adverse effects associated with 
blood product use are well recognized  [  48,   76  ] . 
Although the risk of viral transmission has not 
yet been fully eliminated, the chance of contract-
ing a virus through blood product transfusion is 
extremely low, at least in the western world  [  39, 
  77  ] . Transmission of bacteria can still occur, in 
particular with transfusion of platelet concen-
trates which are stored at room temperature, 
which increases the risk of bacterial growth  [  49, 
  78,   79  ] . Hemolytic and allergic transfusion reac-
tions have been well described but are fortunately 
relatively rare  [  76  ] . A recently recognized risk of 
blood product transfusion is transfusion-related 
acute lung injury (TRALI), an antibody-mediated 
transfusion reaction that is rare, but may be fatal 
 [  80  ] . The risk of TRALI appears highest with the 
use of FFP, in particular FFP from female donors 
 [  81–  83  ] . Blood product administration results in 
depression of the immune response, which in 
theory may be bene fi cial with liver transplanta-
tion as it may contribute to prevention of rejec-
tion. However, transfusion-related immune 
modulation also increases the incidence of post-
operative infections. Finally,  fl uid overload is an 
important potential complication of transfusion 
of blood products  [  50  ] . 

 The introduction of transfusion-free liver 
transplantation has allowed us the assessment of 
the effects of blood product transfusion. Several 



176 F. Arshad et al.

studies have demonstrated that blood product 
transfusion is associated with increased morbid-
ity and mortality even after thorough adjustment 
for potential confounders  [  38,   84,   85  ] . Adverse 
events of transfusion are still observed at low 
doses of blood products. Furthermore, a dose 
effect has been demonstrated, indicating that in 
patients who received some blood products dur-
ing the transplantation, further minimization of 
transfusion may be of the utmost importance  [  5  ] .  

   Conclusion: A Rational Approach to 
Prevention or Treatment of Bleeding 

 Increasing laboratory evidence suggests that the 
hemostatic system in a patient with liver disease 
is in a rebalanced situation and consequently 
much more competent than suggested by routine 
laboratory tests such as the PT and platelet count. 
During liver transplantation, the hemostatic sta-
tus appears to remain in balance, when tested by 
more sophisticated laboratory tests. These 
 fi ndings, combined with the clinical observations 
that an increasing number of centers report that a 
substantial number of patients can undergo a liver 
transplantation without any blood transfusion, 
suggest that dysfunctional hemostasis is not nec-
essarily the prime cause for perioperative bleed-
ing. Nevertheless, occasionally patients with 
dysfunctional hemostasis as the primary cause 
for excessive blood loss are encountered, and 
hyper fi brinolysis is often observed in these 
patients. 

 Clinical experience suggests that portal hyper-
tension,  fl uid overload, and the hyperdynamic 
circulation are much more important determi-
nants of bleeding than a dysfunctional hemostatic 
system. Volume contraction therefore may be 
vital in avoiding bleeding during transplantation. 
Volume contraction is achieved by restrictive use 
of  fl uids and blood products, avoidance of  fl uid 
overload, and a very restrictive use of blood prod-
ucts. Preoperatively, correction of a prolonged 
PT or decreased platelet count is not required and 
may even be counterproductive as transfusion of 
these products can result in elevation of the CVP 
and splanchnic venous pressure. Perioperatively, 

transfusion of blood products should be restricted 
to situations in which active bleeding not of sur-
gical origin occurs. Transfusion may be guided 
by laboratory values or thromboelastography, 
although little evidence for the ef fi cacy of this 
strategy exists. The restrictive use of blood prod-
ucts may also be of bene fi t for long-term out-
come, since multiple studies suggest that 
transfusion in liver transplant recipients is associ-
ated with increased morbidity and mortality. 
Anti fi brinolytics may be used to reduce 
 fi brinolytic bleeding, either prophylactically or 
on-demand, except in patients with a high throm-
botic risk, such as patients with cholestatic dis-
ease who demonstrate hypercoagulability on the 
thromboelastograph. Finally, the acceptance of 
low hematocrit values (20–25 %) as part of a 
restrictive transfusion policy appears to be safe. 

 Although transfusion thresholds and protocols 
have not been established, it appears reasonable 
that, in case of larger transfusion requirements, 
RBC, FFP, and platelets should be concomitantly 
administered in physiological ratios. On-demand 
use of anti fi brinolytics may be considered, espe-
cially with evidence of hyper fi brinolysis on 
thromboelastography. Also, the use of rFVIIa 
may be considered, but little data on ef fi cacy and 
safety are available. This drug is also extraordi-
narily expensive. Additional studies on the opti-
mal management of intractable bleeding during 
liver transplantation are required; however, it will 
be dif fi cult to achieve adequate power for these 
studies.      
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