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Abstract

In patients with liver disease alterations in the hemostatic system
frequently occur. Although it was generally believed that these
changes result in a bleeding tendency, laboratory models and
clinical  data have shown evidence for a rebalanced hemostasis in
liver disease, as a result of a concomitant decrease in both pro-
and antihemostatic systems. The rebalanced system presumably
has much narrower margins as compared to healthy individuals
and therefore can more easily turn to either a hypo- or hyper -
coagulable state.

Bleeding does occur in patients with liver disease but this is fre-
quently related to non-hematological factors, for example bleeding
from ruptured esophageal varices. Further clinical data support-
ing the concept of rebalanced hemostasis include the lack of major
blood loss in a great proportion of patients during liver transplan-
tation and the fact that patients with liver disease are not fully
protected  from thromboembolic complications including venous
thrombosis and thrombosis of the hepatic vessels.

It is still common practice to prophylactically treat patients with
liver disease prior to invasive procedures to prevent bleeding.
Because of a lack of data supporting the effectiveness of this
 management and the proven side-effects of transfusion of blood
products, we believe transfusion of blood products can and should
be restricted. 

The most important thrombotic problem after liver transplanta-
tion is hepatic artery thrombosis, a potentially devastating compli-
cation. Since the bleeding tendency in patients with liver disease
may not be primarily caused by a deranged hemostatic system, the
restricted use of anticoagulant drugs in the post-transplant setting
should be reconsidered. (Acta gastro enterol. belg., 2009, 72, 433-
440).
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The hemostatic system

The hemostatic system consists of different compo-
nents which work together to prevent blood loss in case
of vessel wall damage. It starts with the exposure of
collagen  and other extracellular matrix proteins, which
leads to the recruitment of circulating platelets to the site
of the vessel wall injury. Subsequently platelets attach
to the vessel wall by binding to collagen-bound von
Willebrand factor (VWF), and the platelets aggregrate to
one another. The platelet-platelet interaction is mediated
by VWF or fibrinogen binding to the aIIb�3 receptor on
two adjacent platelets. This process is called primary
hemostasis and results in the formation of a platelet
plug (1-3).
Concomitantly with primary hemostasis, blood coag-

ulation is initiated by tissue factor. Tissue factor is a
transmembrane protein which is exposed to the blood-
stream after vessel wall damage. The coagulation

 cascade, also referred to as secondary hemostasis, results
in the generation of thrombin (factor IIa), which cleaves
fibrinogen into fibrin. Fibrin forms an insoluble network
which reinforces the platelet plug. The combined action
of primary and secondary hemostasis thus leads to the
formation of a clot composed of platelets in a meshwork
of fibrin fibers running in all directions (1-3).
Under normal conditions the activation of hemostasis

is controlled by anticoagulant factors including tissue
factor pathway inhibitor (TFPI), antithrombin, and the
protein C system. Moreover, the fibrinolytic system
removes the clot once the vessel wall injury is healed.
Fibrinolysis is initiated when vascular endothelium in
the vicinity of the injury releases tissue plasminogen
activator (tPA) which activates the pro-enzyme plas-
minogen to plasmin. Plasmin is a proteolytic enzyme
capable of degrading fibrin into various degradation
products and is in this way responsible for removing the
blood clot. Fibrinolysis is not only regulated by activa-
tors such as tPA but also by different inhibitory proteins.
Plasminogen activator inhibitor type I (PAI-I) is a direct
inhibitor of tPA and plasmin inhibitor (PI) inactivates
plasmin.

The hemostatic system in liver disease

In patients with (severe) liver disease substantial
changes in the hemostatic system are frequently
observed. These alterations concern both the primary and
secondary hemostasis as well as the fibrinolytic system.

Primary hemostasis ; thrombocytopenia, platelet func-
tion, and VWF

Chronic liver disease is often characterized by a mild
to moderate thrombocytopenia, which is related to differ-
ent causes. One of the main causes is portal hypertension
which is accompanied by increased platelet sequestration
in the spleen as a result of congestive spleno -
megaly (4,5). In patients with severe disease up to 90%
of the platelets may be stored in the spleen. In addition,
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thesis of factor VIII is presumably also of relevance (19).
A diminished amount of coagulation factors V, VII, IX,
X, XI and prothrombin is commonly found in patients
with liver disease (20). However, an increased level of
factor VIII is observed and probably this is related to the
elevated level of its carrier protein VWF and to a
decreased expression of the low-density-lipoprotein-
related receptor by the liver. This receptor is involved in
the process of clearing factor VIII from the circulation
(17). Besides this, the hepatic sinusoidal endothelial cells
maintain the capacity to produce factor VIII even when
the liver function is severely deteriorated and in addition
alternative pathways of factor VIII synthesis may be
upregulated in patients with liver disease (21-23). 
The quantitative defects of coagulation factors may be

accompanied by qualitative defects of the vitamin K-
dependent clotting factors VII, IX, X and prothrombin,
as well as the vitamin K-dependent inhibitors protein C
and S. Vitamin K is a cofactor for the gamma-glutamyl
carboxylase, an enzyme produced in the liver, which
is involved in essential post-translational modifications
in the vitamin K-dependent clotting factors. As a result
of vitamin K deficiency or a decreased production of
carboxylase  in patients with liver disease the function of
the clotting factors may be impaired (24). 
The level of fibrinogen in patients with liver disease

depends on the type of the disease. It is in the normal
range in patients with chronic liver disease but fibrinogen
may be decreased in patients with decompensated cirrho-
sis or acute liver failure (25). However, a qualitative
defect in fibrinogen is common in all types of liver
disease  due to an increased content of sialic acid (26).
Hypersialisation of fibrinogen accounts for an impaired
fibrinogen polymerization but does not affect the inter -
action of fibrinogen with platelets (27,28).
The liver is also involved in the production of antico-

agulant proteins such as protein C and S, antithrombin,
heparin cofactor II, and a2-macroglobulin. These
inhibitors are frequently present in reduced levels as a
consequence of the reduced synthetic capacity of the
liver (29). The partial deficiencies in the anticoagulant
systems may (in part) compensate for the defects in pro-
coagulant factors (see section on rebalanced hemostatic
system).

Fibrinolytic system ; profibrinolytics and antifibrinolyt-
ics

All proteins involved in fibrinolysis are synthesized
by the liver, with the exception of tissue plasminogen
activator (tPA) and plasminogen activator inhibitor type I
(PAI-I). As a consequence of liver disease, reduced
amounts of both the profibrinolytic protein plasminogen
and the antifibrinolytic proteins plasmin inhibitor (PI),
factor XIII and thrombin-activatable fibrinolysis
inhibitor (TAFI) are found (30-32). Plasma levels of
tPA are increased as a result of enhanced release from
endothelium and/or reduced clearance by the diseased

patients with liver disease have a reduced thrombopoi-
etin production by the liver (6). Other mechanisms
responsible for thrombocytopenia are a reduced platelet
half-life, which may be related to autoantibodies, and
finally folic acid deficiency and defective platelet
production  as a result of toxic effects of alcohol on
megakaryocytopoiesis in patients with alcohol-induced
liver disease (7,8).
Besides thrombocytopenia, also platelet function

defects are found in patients with liver disease (9).
Platelet aggregation is diminished as a result of different
factors such as impaired signal transduction (10), prote-
olysis of platelet membrane proteins by plasmin (11),
and increased production of the endothelial-derived
platelet inhibitor nitric oxide and prostacyclin (12).
However, the results of different studies are conflicting.
Ordinas et al. (13) reported that platelet function defects
were also present under flow conditions but in different
studies it was shown that the defective adhesion under
flow was only due to thrombocytopenia and a low hema-
tocrit (9,14). It thus may be that the intrinsic platelet
defects observed in static laboratory assays are not rele-
vant under flow conditions.
Substantially elevated levels of VWF are frequently

found in patient with liver disease (15). Besides the
important function in adhesion of platelets to the vessel
wall VWF is also a carrier protein for blood clotting fac-
tor VIII. This interaction is required for normal factor
VIII survival in the circulation. There may be different
mechanisms responsible for the elevated levels of VWF.
VWF is produced by the endothelium and it is suggested
that as a result of endothelial damage, mediated by for
example bacterial infection, VWF release is increas -
ed (15,16). Also, there may be enhancement of VWF
protein expression in the diseased liver (17). The sub-
stantially elevated levels of VWF have been shown to
compensate (in part) for thrombocytopenia and platelet
function defects in laboratory models in which platelet
adhesion and aggregation was studied under flow condi-
tions (16).
Furthermore, VWF reactivity is regulated by a

cleaving  protease referred to as ‘a disintegrin-like and
metalloprotease with thrombospondin type 1 repeats’
(ADAMTS-13), which is mainly synthesized by stellate
cells in the liver (18). The production of ADAMTS-13 is
reduced in patients with liver disease which may lead to
a relative increase in VWF reactivity which may also
compensate for thrombocytopenia and platelet function
defects (16,18). 

Secondary hemostasis ; coagulation factors, fibrinogen
and anticoagulation factors

Hepatocytes are responsible for the synthesis of all
coagulation factors involved in the coagulation cascade,
with the exception of factor VIII. The main site of
 production of factor VIII in the liver is in the hepatic
sinusoidal endothelial cells, although extrahepatic syn-
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liver (33). PAI-I levels are also slightly increased but not
to the same extent as the increase of tPA (34). Only in
acute liver failure PAI-I levels are substantially elevat-
ed (35).
For decades, the net effects of the changes in the fib-

rinolytic system were described as hyperfibrinolysis with
the exception of patients with acute hepatic failure in
which the elevated levels of tPA are balanced by the
antifibrinolytic protein PAI-I (35,36). However, recently
we found that the evidence for the hyperfibrinolytic state
in patients with liver disease was rather weak. Evidence
was mainly based on elevated markers of fibrinolytic
activation, such as D-dimers, but this elevation may
simply  reflect reduced clearance by the liver (1), and by
several types of clot lysis assays which all have specific
disadvantages (37-41). Using a novel, overall clot lysis
assay, we found no evidence for hyperfibrinolysis in
patients with cirrhosis and concluded that it is likely that
the reduction in antifibrinolytic proteins is balanced
by the concomitant reduction in profibrinolytic pro-
teins (31). This is supported by the observation that
patients with liver disease do not show a typical hyper-
fibrinolytic bleeding tendency, i.e. delayed bleeding after
trauma or surgery (42). An exception to this is liver trans-
plantation where t-PA may accumulate in the circulation
during  the anhepatic stage of the procedure, resulting in
hyperfibrinolytic bleeding (43). Bleeding problems in
patients with cirrhosis usually occur immediately (44). 

A rebalanced hemostatic system

As described above, liver disease results in alterations
in both the pro- and antihemostatic pathways. The net
effect of all these changes has long been unclear and it
was generally believed that patients with liver disease
have a bleeding tendency related to an impaired hemo-
stasis. However, laboratory models and clinical data have
showed evidence for a rebalanced hemostasis in liver dis-
ease, i.e. changes in prohemostatic pathways are counter-
acted by changes in antihemostatic pathways (2,45-48).
In this way, a new ‘rebalanced’ hemostatic status occurs,
which is balanced in a similar way as compared to
healthy individuals (Fig. 1). However, this new hemosta-
tic balance presumably has much narrower margins com-
pared to healthy individuals, and can turn more easily to
either hypocoagulation or hypercoagulation (47,49,50). 
The concept of rebalanced hemostasis has been ele-

gantly exemplified by Tripodi et al. (51), who used mod-
ern laboratory techniques to study thrombin generation
in patients with liver disease. In this study, cirrhotic
patients with abnormal standard coagulation tests (see
section on conventional diagnostic tests) were tested for
total thrombin generating capacity. In line with the pro-
longed prothrombin time (PT), thrombin generation was
significantly lower in patients with stable cirrhosis than
in controls. However, when thrombin generation was
measured in the presence of thrombomodulin, an activa-
tor of protein C and thus also taking the reduction of anti-

coagulant factors in patients with liver disease into
account, thrombin generation in patients was comparable
to the thrombin generation in controls. Thus, when the
coagulation system was tested in a physiologically
 relevant manner, no differences between patients and
controls were detected, although the PT was clearly
prolonged . In other words, although the PT suggests a
hypocoagulable state in these patients, modern thrombin
generation assays suggest otherwise. 
Clinical data supporting the concept of rebalanced

hemostasis include a lack of major blood loss in a great
proportion of patients with end stage liver disease under-
going a major invasive procedure, e.g. liver transplanta-
tion (52,53). Although blood loss and transfusion

Fig. 1. — The rebalanced hemostatic system in patients with
liver disease. Hemostatic alterations occur at both sides of the
balance, resulting in a rebalanced system with much narrower
margins which can turn more easily to either a hypo- or a
hypercoagulable state. 
Reprinted with permission from Current Opinion in Organ
Transplantation (47). Copyright 2008, Wolters Kluwer Health.
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in patients with liver disease is bleeding form ruptured
esophageal varices (57). The role of an impaired hemo-
stasis in variceal bleeding is doubtful and probably it has
a mechanical cause, i.e. local vascular abnormalities and
an increased splanchnic blood pressure (57).
Other bleeding complications may be hemostasis-

related, and may be a result of poorly understood
changes in the hemostatic balance resulting in a hypoco-
agulable state. These complications include bruising,
epistaxis, mucosal bleeding (dental/oral), gastro-intestin-
al bleeding, and bleeding associated with invasive proce-
dures. These problems are usually not life-threatening
but there remain patients with severe bleeding in which
no specific cause can be identified (1). The individual
patient with severe hemostasis-related bleeding is usual-
ly not distinct from non-bleeding patients with liver fail-
ure, and the challenge for the future will be to develop
hemostasis tests that predict these incidental severe
bleeding complications in patients with liver failure. The
most challenging invasive procedure for patients with
liver disease is a liver transplantation. In the past this pro-
cedure required extensive blood transfusions but as stat-
ed before transfusion requirements have dropped tremen-
dously (52). However, also during liver transplantation
there remain patients that do require massive transfusion,
which cannot be predicted from standard laboratory
tests.
Factors that may aggravate bleeding in patients with

liver disease are renal failure, which is common in
advancing liver disease, and bacterial infections. Renal
failure usually leads to a bleeding risk due to acquired
platelet dysfunction, abnormal platelet-vessel wall inter-
action, endothelial abnormalities, and anemia (58,59).
Endotoxins from bacteria can inhibit platelet function
and coagulation. On the other hand, bacterial infections
can also stimulate the coagulation process by increased
endothelial activation (60,61).
Management of hemostatic disorders in patients with

liver disease can be divided in prophylactic therapy ver-
sus rescue therapy. Traditional guidelines advise to use
prophylactic strategies and not to perform invasive pro-
cedures when routine hemostatic tests are abnormal (45).
Thus, a prolonged PT should be corrected by infusion of
plasma, and a low platelet count should be corrected by
administration of platelet concentrates. However, this
strategy is doubtful for a number of reasons. As we have
seen, conventional coagulation tests are probably not
reliable in patients with liver disease (45). Besides this,
normalisation of tests is rarely achieved by transfu-
sions (62) and the effectiveness of prophylactic manage-
ment has not been proven in clinical studies (63). In
addition the awareness is rising that there are substantial
side effects associated with plasma or platelet trans -
fusion (64).
Side effects include transfusion reactions, risk of

infection, transfusion-related acute long injury (TRALI)
and even an increased bleeding risk by exacerbation of
portal hypertension and intravascular volume over-

requirements during liver transplantation used to be sub-
stantial, nowadays blood loss during transplantation is
often rather limited and up to 50% of the patients trans-
planted, depending on the center, does not require any
transfusion during the procedure (Fig. 2). The reduced
transfusion requirements are possibly due to increased
surgical experience, improvements in surgical techniques
and improvement of anesthesiological care (52), but an
important factor may also be that nowadays active
attempts are made to perform the procedure under a low
central venous pressure (CVP). A low CVP is accom-
plished by fluid restriction, which includes a very
restricted use of prophylactic transfusion of plasma prod-
ucts, and in some centers even includes preoperative
phlebotomy (53). It must be concluded that liver disease
is not per definition associated with a severe hypocoagu-
lation in this situation. Besides the lack of major blood
loss multiple studies have shown that thromboembolic
complications occur in patient with liver disease (49,54-
56), demonstrating that these patients are not excluded
from thromboembolic complications as was previously
thought.

Bleeding in patients with liver disease and
 during liver transplantation - treatment options

Although the hemostatic balance in patients with liver
disease appears relatively well preserved, bleeding com-
plications do occur. The most relevant bleeding problem

Fig. 2. — Percentage of adult patients who did not require red
blood cell transfusion during a first orthotopic liver transplan-
tation at the University Medical Center Groningen in the peri-
od 1992-2003. As shown, nowadays up to 50% of the patients
transplanted does not require any transfusion.
Reprinted with permission from Digestive Surgery (52).
Copyright 2004, S. Karger AG Basel.
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load (45,47,65). Moreover, transfusion of blood products
may result in an increasing risk of postoperative morbid-
ity and even mortality. For these reasons, we believe that
hemostatic treatment in patients with liver disease should
be aimed at reversal of clinically evident coagulopathy
rather than laboratory evident coagulopathy (1). We
advocate a ‘wait and see’ policy in which transfusions are
mainly (if not exclusively) given on-demand, i.e., when
bleeding occurs. Exceptions include very high-risk pro-
cedures e.g. intracranial pressure monitor placement in
patients with acute liver failure. In this procedure bleed-
ing could be detected too late resulting in irreversible
damage. 
Prohemostatic medications are frequently prophylac-

tically used during liver surgery. They can be divided in
synthetic antifibrinolytic agents (tranexamic acid, �–
aminocaproic acid and aprotinin), desmopressin
(DDAVP) and recombinant factor VIIa (rFVIIa) (66).
Antifibrinolytic agents have proven to be efficacious in
reducing perioperative blood loss in liver transplant
recipients (67,68). However, aprotinin has been taken of
the market in 2008 due to an increased risk of morbidity
and mortality following cardiac surgery (69), although
little evidence for detrimental side effects of aprotinin in
liver transplantation exists (70,71). Desmopressin is an
analogue of the antidiuretic hormone vasopressin and
increases secretion of VWF from endothelial cells. This
results in a correction of the bleeding time (72), and a
clinically relevant improvement of hemostasis in patients
with von Willebrand’s disease or mild hemophilia, but
unfortunately no clinical effect in patients with liver dis-
ease has been proven (73-75). The role of rFVIIa in liver
surgery is still unclear. Two large multicenter trials did
not show a significant reduction of blood loss during
liver transplantation (76,77). 

It should be recalled that the earlier mentioned non-
hematological factors are also of great importance in pre-
venting and treating bleeding problems. Thus measures
to reduce portal hypertension, to treat infection, and to
improve renal function must not be forgotten (45).

Thromboembolic complications in patients with
liver disease and after liver transplantation –
treatment options

Although traditionally patients with liver disease were
considered to be ‘auto-anticoagulated’, it has recently
been recognised that cirrhosis is often associated with
hypercoagulation rather than hypocoagulation (50).
Recent studies have shown that 0.5-1.8% of hospitalized
patients with cirrhosis develop venous thrombosis. This
number might even be an underestimation because in
cirrhotic  patients a venous thrombosis or pulmonary
embolism may be difficult to diagnose (49,53-56). In
addition to systemic venous thrombosis patient with liver
disease may develop thrombosis in the portal and mesen-
teric veins. This is probably due to decreased levels of
naturally occurring anticoagulants, portal hypertension

which results in alterations in blood flow, and the risk
may be enhanced by inherited thrombophilic mutations
such as factor V Leiden (78,79).
After liver transplantation the most important liver-

related thrombosis is hepatic artery thrombosis (HAT). It
occurs in 1.6-8.9 % of the liver transplant recipients and
is a severe complication sometimes requiring retrans-
plantation (80). HAT may occur in the early phase after
transplantation but can occur years after the procedure as
well. Other types of liver-related thrombosis, including
thrombosis of the portal vein or vena cava, are less com-
mon (81). The increased risk of thrombotic complica-
tions is probably due to transplantation-related triggers
that stimulate coagulation or platelet adhesion, surgical
factors, as well as non-surgical factors, including donor
age (82). In addition, systemic thrombotic diseases (such
as myocardial infarctions and stroke) have a higher
prevalence in patients after transplantation, which may
be related to the use of immunosuppressants which
contribute  to hypertension, dyslipedemia, and diabetes
(83-86). 
As a result of the classically described bleeding ten-

dency of patients with liver disease, the use of anticoag-
ulants to prevent thrombosis following a liver transplan-
tation has long been limited. However, not only is there
evidence that hemostasis prior to liver transplantation is
relatively preserved, also evidence for a hypercoagulable
state following liver transplantation exists (87,88) and
therefore the use of anticoagulant drugs should be recon-
sidered. Because platelets play a central role in arterial
thrombosis, antiplatelet therapy, for example using
aspirin, seems an attractive method to prevent HAT and
cardiovascular events (89,90).
Vivarelli et al. (91) investigated in a retrospective

study the effect of long-term aspirin administration on
the incidence of late HAT. They showed that aspirin
reduced the risk of late HAT after liver transplantation
in patients that had other risk factors for the development
of HAT, i.e. donors who died from a cerebrovascular
accident or the use of an arterial iliac conduit. These
result might be of clinical relevance and require further
investigation in prospective studies.

Conventional diagnostic tests and their dis -
advantages

As described, liver disease may result in a rebalanced
hemostasis which can turn more easily to either a hypo-
or hypercoagulable state as compared to healthy individ-
uals. Unfortunately the conventional diagnostic tests of
platelets and coagulation are not capable of predicting
bleeding or thromboembolic complications in patients
with liver disease.
Diagnostic tests of platelets include platelet count,

bleeding time and platelet aggregation tests. The platelet
count in patients with liver disease is usually decreased
but sufficiently high to support normal hemostasis. The
bleeding time is often prolonged but a correlation with
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concept of rebalanced hemostasis in patients with liver
disease. Moreover, additional research should focus on
the relevance of individual hemostatic defects.
In the view that the bleeding tendency in patients with

liver disease is not primarily caused by an impaired
hemostasis, we have to improve our understanding of the
bleeding diathesis in patients with liver disease. The
challenge for the future will be to develop hemostasis
tests that predict the incidental severe bleeding complica-
tions in patients with liver disease, and also tests to iden-
tify patients at risk for thrombosis are urgently required.
Furthermore, randomised clinical studies should evaluate
the safety and efficacy of a restricted transfusion policy
in patients with liver disease undergoing invasive proce-
dures, such as liver transplantation.  Finally, prospective,
multicenter and randomized studies to evaluate safety
and efficacy of different anticoagulant strategies to
prevent  thrombosis in liver transplant patients should be
initiated.
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bleeding symptoms has not been found. The same is true
for platelet aggregation tests which are frequently abnor-
mal, but the clinical significance is unclear. 
The coagulation cascade is tested by the prothrombin

time (PT) and activated partial thromboplastin time
(APTT). These tests measure the generation of thrombin
as a function of procoagulant factors (1,2). In patients
with liver disease the PT and APTT are often prolonged,
which is suggestive of a bleeding tendency. However,
both tests are insensitive to changes in the anticoagulant
system. The interpretation of prolonged screening tests
of coagulation in complex disorders of hemostasis
should be different from the interpretation of prolonged
tests in patient with defects only in the procoagulant
system , such as hemophilia. (92). As mentioned before,
Tripodi et al. modified the PT into a more sophisticated
thrombin generation test, which included anticoagulant
factors by adding thrombomodulin. This test indicated a
normal thrombin generation in patients with liver dis-
ease, which suggests that the prolonged PT in patients
with liver disease may not indicate a bleeding risk (51).
It is common practice to use the international normal-

ized ratio (INR) instead of the PT in patients with liver
disease (93). However, the INR system is developed to
monitor anticoagulant therapy with vitamin K antago-
nists and may not be suitable for patients with liver
disease . The use in patients with liver disease leads to
substantial inter-laboratory variation of the INR due to
differences in laboratory methods, which affects the
MELD score (94-96). The MELD score (Model of End
stage Liver Disease) is used to prioritise the candidates
for a liver transplantation and the INR is an important
determinant of the MELD score. Trotter et al. (94)
showed 26% variability in INR results between three dif-
ferent laboratories, and these results were confirmed in a
recent European multicenter study (96). These variations
in INR profoundly affect the MELD score. The MELD
score in a single patient may differ up to 12 points (mean
of 4.8 points in our study) when the tests are performed
in different laboratories. A patients’ chance on receiving
a donor liver may thus in part also be related to the labo-
ratory in which the INR used to calculate the score was
determined (96). 

Conclusion

There may be no causal relationship between changes
in classical laboratory hemostasis tests in patients with
liver disease and bleeding. Accumulating evidence sug-
gest that the hemostatic system in these patients is rebal-
anced, albeit with narrower margins. Therefore, minor
alterations in this delicate balance may lead to hypo- or
hypercoagulation, which could become clinically evident
as bleeding or thrombosis. This concept of a rebalanced
hemostatic system in patients with liver disease is based
on an expanding amount of laboratory studies and clini-
cal data which are confirmed by multiple centers, but fur-
ther investigation is required to definitively prove the
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