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Abstract

In most patients with acute or chronic liver failure, extensive
changes in all pathways contributing to hemostasis are
- found. These hemostatic alterations concern both pro- and
antihemostatic pathways, and therefore the net result of the
hemostatic dysbalance is unclear. Although it is generally
believed that patients with liver disease have a hemostasis-
related bleeding tendency, this concept is challenged in re-
cent literature. Although the bleeding problems in patients
with liver disease are obvious, the clinically most relevant
bleeding episodes, i.e., bleeding from ruptured varices or ul-
cers, are due to vascular abnormalities and portal hyperten-
sion, and not to an abnormal hemostatic system. Moreover,
patients with liver disease sometimes experience thrombo-
sis of the portal vein or hepatic artery, which is in part attrib-
uted to hypercoagulation. In addition, a substantial part of
the patients with liver disease undergoing liver transplanta-
tion can nowadays undergo this major surgical procedure,
which involves significant hemostatic challenges, without
transfusion of blood products. Therefore, the recent debate

on the presence of a major hemostatic defect in patients
with liver disease seems justified. This paper will review the
hemostatic changes that occur in acute and chronic liver fail-
ure, and will review hemostasis testing and reversal of co-
agulopathy in these patients.  copyright 2007 5. Karger AG, Basel

Alterations in Primary Hemostasis

Multiple alterations in platelet number and function
can be found in patients with liver disease. A schematic
representation of the formation of a platelet plug in re-
sponse to vessel wall damage and concomitant collagen
exposure is shown in figure 1.

A mild to moderately reduced platelet count is fre-
quently present in patients with acute or chronic liver
failure. An important cause for thrombocytopenia in
chronicliver disease is an increased platelet sequestration
in the spleen as a result of congestive splenomegaly, which
is related to portal hypertension [1]. In patients with ad-
vanced cirrhosis, up to 90% of the platelets can be stored
in the spleen. However, even in these patients the periph-
eral platelet count usually remains only moderately de-
creased. Alternative mechanisms that explain the re-
duced platelet count include a reduced production of
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Fig. 1. Schematic representation of platelet adhesion and aggrega-
tion under physiological flow conditions. a After vessel wall in-
jury, exposure of collagen and other extracellular matrix proteins
initiates recruitment of platelets. The first event leading to platelet
deposition is binding of the plasma protein von Willebrand factor
(VWE) to the subendothelial collagen. Subsequently, platelets are
slowed down at the site of injury by a transient interaction of plate-
let glycoprotein Ib with collagen-bound VWF. b After the plate-
lets have slowed down by the glycoprotein Ib-VWF interaction,
platelets firmly attach to the subendothelial matrix by binding of

thrombopoietin by the diseased liver [2], a reduced plate-
let half-life possibly related to autoantibodies [3], and, in
patients with alcohol-induced cirrhosis, defective platelet
production as a consequence of folic acid deficiency or
toxic effects of ethanol on megakaryocytopoiesis [4].
Platelet consumption resulting from low-grade dissemi-
nated intravascular coagulation (DIC) may theoretically
contribute to the thrombocytopenic state in these pa-
tients, but the presence of DIC in patients with liver dis-
ease is controversial [5].

Besides a reduction in circulating platelet numbers,
functional platelet defects have also been found. Platelet
aggregation in suspension in response to various agonists
isimpaired in acute and chronic liver failure [6]. Defective
platelet function may be a result from an acquired storage
pool defect [7], defective transmembrane signal transduc-
tion (8], decreased levels of arachidonic acid required for
thromboxane A, production in the membrane [9], and de-
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platelet integrin aIIbB3 to collagen-bound vWF or fibronectin,
and platelet receptors a2f1 and glycoprotein VI to collagen.
¢ Platelets are activated by thrombin formed in the coagulation
cascade, and by substances released or synthesized by the platelet,
such as ADP or thromboxane A;. Activation of the platelet results
in activation of the aggregation receptor aIIbB3. d Finally, plate-
let-platelet interaction, mediated by VWF or fibrinogen binding
to alIbP3 on two adjacent platelets, results in the formation of a
platelet aggregate.

creased levels of functional platelet receptors as a conse-
quence of proteolysis by plasmin [10]. Furthermore, the
presence of abnormal high-density lipoprotein [11], and a
reduced hematocrit [12] may impair platelet function in
vivo. Finally, increased production of two important en-
dothelial-derived platelet inhibitors, nitric oxide and
prostacyclin, may contribute to defective platelet activa-
tion in vivo [13]. However, in a recent study we showed
that although in vitro platelet adhesion to subendothelial
structures under conditions of flow is substantially re-
duced, this was fully attributable to the reduced platelet
countand reduced hematocritin these patients [14]. When
platelet count and hematocrit were adjusted to normal lev-
els, platelet deposition was not different from controls,
and therefore we concluded that the intrinsic platelet de-
fects that have been described in patients with cirrhosis
are not relevant under conditions of flow. In line with this,
Tripodi et al. [15] demonstrated that the capacity of plate-
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Fig. 2. Processes resulting in the generation and subsequent
reakdown of a fibrin clot. In this scheme, activatory processes
are indicated by the uninterrupted lines, whereas regulatory or
inhibitory steps are indicated by interrupted lines. After vessel
damage, the transmembrane protein tissue factor (TF) is ex-
sed to the bloodstream and binding of coagulation factor VII
tiates a series of enzymatic reactions in which proenzymes are
tivated into active forms. This process results in the generation
of thrombin (factor Ila), which cleaves fibrinogen into fibrin.
‘Thrombin generation is regulated by tissue factor pathway in-
hibitor (TFPI) and antithrombin (AT), which inactivate factor
VIla and Xa, and thrombin, respectively. Furthermore, activated
protein C, activated by a complex between thrombin and the en-
dothelial cell receptor thrombomodulin (TM), inactivates cofac-
tors Va and VIIIa. The fibrin clot can be broken down by the fi-
brinolytic system, a process initiated by release of plasminogen

lets from patients with cirrhosis to support thrombin gen-
eration is indistinguishable from controls provided the
- platelet count is adjusted to normal levels.

An important compensatory mechanism for the de-
fects in platelet number and function is the substantially
elevated level of von Willebrand factor (VWE), a crucial
protein involved in the initial attachment of platelets to a
site of injury. The mechanisms for the elevated VWF lev-
els include endothelial damage, possibly related to bacte-
rial infection, and enhancement of VWF protein expres-
sion in the diseased liver [16, 17]. We recently demon-
strated that VWF plasma levels can be elevated more than
10-fold in severe cirrhosis. Moreover, despite subtle func-
tional defects, these extremely high plasma levels of VWF
are able to support platelet adhesion under flow condi-
tions substantially better than plasma from healthy vol-
unteers, and therefore to compensate, at least in part, for
reduced platelet numbers with a possibly reduced func-
tion [18].
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activators tPA or uPA from endothelial cells, macrophages, or re-
nal epithelial cells. The plasminogen activators activate plasmin-
ogen to form plasmin, an enzyme capable of degrading fibrin into
soluble fibrin degradation products. Plasmin generation is regu-
lated by plasminogen activator inhibitor type 1 (PAI-1), which is
a direct inhibitor of tPA and uPA, and by plasmin inhibitor (PI),
which inactivates plasmin. Furthermore, the fibrin clot is ren-
dered more resistant to plasmin by activated FXIII and by acti-
vated thrombin activatable fibrinolysis inhibitor (TAFI), both of
which are activated by thrombin generation in the coagulation
cascade. Activated factor XIII cross-links fibrin fibers to enhance
the stability of the fibrin clot. Activated TAFI cleaves C-terminal
lysine and arginine residues from partially degraded fibrin, and
as these residues are binding sites for tPA and plasminogen re-
quired for fibrin-mediated plasminogen activation, fibrinolysis is
slowed down as a result of removal of these amino acids.

Alterations in Secondary Hemostasis

A schematic representation of the reactions leading to
the formation of a fibrin clot is depicted in figure 2.

The liver is the site of synthesis of all plasma proteins
(with the exception of factor VIII) involved in the gen-
eration of fibrin. Consequently, reduced levels of coagu-
lation factors V, VII, IX, X, XI, and prothrombin are com-
monly observed in both acute and chronic liver failure. A
proportion of the vitamin K-dependent clotting factors
VIL IX, X, and prothrombin may be defective in function
as a result of decreased <y-carboxylation, resulting from
vitamin K deficiency or decreased synthesis of the vita-
min K-dependent carboxylase [19].

Fibrinogen levels are found within the normal range
in patients with stable cirrhosis, but decreased levels are
found in patients with more advanced cirrhosis and in
patients with acute liver failure. Furthermore, the circu-
lating fibrinogen in patients with liver disease is func-
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tionally aberrant due to excessive sialic acid content,
which leads to impaired fibrin polymerization [20].

Factor VIII levels are frequently found to be elevated
in patients with liver failure. Although the liver is pre-
sumably the primary site of synthesis of factor VIII, as
hemophilia A can be resolved by liver transplantation
[21], extrahepatic sites of FVIII synthesis, such as the
lung, spleen, and kidney have been described and these
alternative pathways may be upregulated in patients with
liver disease [22, 23]. Furthermore, the elevated levels of
factor VIII may be related to the elevated levels of its car-
rier protein VWF, or to the decreased expression of the
low-density lipoprotein-related receptor, which is in-
volved in factor VIII clearance [17].

The defects in production of procoagulant proteins is,
atleast in part, compensated for by decreased production
of natural anticoagulant proteins protein C, protein S,
protein Z, protein Z-dependent protease inhibitor, anti-
thrombin, heparin cofactor II, and a,-macroglobulin, all
of which are synthesized by the liver [24]. Levels of tissue
factor pathway inhibitor, which is synthesized by endo-
thelial cells, are normal in patients with liver failure, al-
though one study found decreased levels [25, 26].

Alterations in the Fibrinolytic System

Figure 2 shows the events involved in the breakdown
of a fibrin clot. All proteins involved in fibrinolysis, ex-
cept for tissue-type plasminogen activator (tPA) and plas-
minogen activator inhibitor 1 (PAI-1), are synthesized by
the liver, and indeed reduced levels of plasminogen, plas-
min inhibitor, thrombin activatable fibrinolysis inhibitor
(TAFI), and factor XIII are found in both acute and
chronic liver failure [27-29]. Plasma levels of tPA are el-
evated due to enhanced release by the activated endothe-
lium and/or by reduced clearance by the diseased liver
[30]. PAI-1 levels are also increased, but not to the same
extent as tPA levels [31], except in acute liver failure, in
which PAI-1 levels are substantially increased [32].

The net effect of the alterations in the fibrinolytic sys-
tem has been classically described as hyperfibrinolysis
[33], except in patients with acute hepatic failure, in which
the elevated PAI-1 levels shift the balance to hypofibri-
nolysis [32].

Reviewing the available literature on fibrinolysis in
cirrhosis, we found that the evidence for the well-accept-
ed hyperfibrinolytic state of these patients was in fact
rather weak [24, 28]. The evidence for a hyperfibrinolyt-
ic state in cirrhosis is either derived from in vitro clot ly-
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sis assays which all suffer from methodological draw-
backs, or from elevated plasma levels of indicators of fi-
brinolysis. However, it is important to realize that
indicators of fibrinolysis (or coagulation) such as D-di-
mers or plasmin-antiplasmin complexes (but also pro-
thrombin fragment F1+2, fibrinopeptide A, or thrombin-
antithrombin complexes) are breakdown products, acti-
vation peptides, or protease-inhibitor complexes with a
relatively short half-life. It is likely that the clearance of
these molecules is delayed in patients with liver disease,
resulting in false-positive elevated levels. Along the same
lines, it has been suggested that hyperfibrinolysis in cir-
rhosis is secondary to DIC (again diagnosed by measure-
ments of these plasma markers) [34]. However, the ab-
sence of fibrin deposition in organs of patients with liver
disease, as determined in post-mortem studies, argues
strongly against the presence of DIC in these patients
(35].

When we assayed overall plasma fibrinolytic potential
in a well-defined group of patients with cirrhosis, we
found no evidence of hyperfibrinolysis, and therefore
postulated that the reduction in antifibrinolytic proteins
is balanced by the concomitant reduction in profibrino-
lytic proteins [28]. Although our assay did not include
platelets, which contribute to fibrinolysis by platelet-de-
rived PAI-1, we feel that our hypothesis is supported by
the clinical bleeding symptoms of patients with stable liv-
er disease. A typical hyperfibrinolytic bleeding pattern,
observed in patients with PAI-1 or antiplasmin deficiency
who show delayed bleeding after trauma or surgery, is not
present in patients with liver disease. On the other hand,
patients with cirrhosis often experience mucosa-associ-
ated bleeding, which can also be seen in hyperfibrino-
lytic states. A recent study challenged our findings [36],

and more studies using fibrinolysis assays using whole .

blood are currently being carried out to resolve this ques-
tion. In addition, the relationship between fibrinolysis
abnormalities and bleeding pattern should be studied
more extensively.

Factors Aggravating or Relieving the Hemostatic
Dysbalance in Patients with Liver Disease

It has to be noted that the hemostatic profiles found in
patients with liver disease vary with the etiology of the
disease. For example, patients with cholestatic disease ap-
pear to have a milder hemostatic defect as compared to
non-cholestatic liver disease [37]. Furthermore, the he-
mostatic dysbalance in every type of liver disease can be
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at least theoretically) ameliorated by the presence of pro-
hrombotic risk factors such as the factor V Leiden muta-
ion, the prothrombin G20210A mutation, or the methy-
enetetrahydrofolate reductase C677T mutation. In ac-
sordance with this theory, patients with these mutations
jave an increased risk for development of portal, hepatic
or mesenteric vein thrombosis [38].

. The development of renal failure could potentially ag-
gravate the hemostatic dysbalance of a patient with liver
ilure. Renal failure itself leads to a bleeding tendency,
which is ascribed to a combination of abnormalities in
platelet function, abnormal platelet-vessel wall interac-
tion, anemia, and endothelial abnormalities [39].

~ Another potentially important modulator of hemosta-
8is in patients with liver disease is the presence of bacte-
infections. Endotoxemia inhibits platelet function by
ancement of nitric oxide and prostacyclin produc-
n, and inhibits coagulation by generation of endoge-
nous heparin-like substances [40]. Furthermore, bacte-
rial infection worsens the hemodynamic state of the pa-
tients, which contributes to development of variceal
bleeding. However, bacterial infections can also stimu-
late the coagulation cascade [41].

Do Patients with Liver Disease Have a Bleeding
Tendency?

It is evident that patients with liver disease may have
extensive alterations in their hemostatic system. Howev-
er, it is important to realize that besides defects in prohe-
- mostatic systems, defects in anticoagulant systems occur
simultaneously. Table I summarizes the hemostatic
changes either impairing or promoting hemostasis. Re-
 cent publications have challenged the well-accepted dog-
ma that liver disease is accompanied by a bleeding ten-
dency [42-45]. One of the reasons why older literature
- consistently found a decreased coagulation potential and
- an increased fibrinolytic potential in these patients can
be in part explained by the methodology used, in which
the anticoagulant and profibrinolytic systems were fre-
' quently insufficiently incorporated in the laboratory test.
We now believe that the defects in platelet number and
function may be balanced by substantially elevated VWF
levels (as mentioned above), and the decreased levels of
coagulation factors and inhibitors of fibrinolysis, may be
balanced by decreased levels of inhibitors of coagulation
and profibrinolytic factors. Solid proof of a truly rebal-
anced hemostasis system in these patients is however still
lacking.

254 Dig Surg 2007;24:250-258

Table 1. Hemostatic changes in patients with liver disease that
either contribute (A) or counteract (B) bleeding

A Changes that impair hemostasis
Thrombocytopenia
Reduced hematocrit
Platelet function defects (?)
Enhanced production of nitric oxide and prostacyclin
Low levels of coagulation factors II, V, VII, IX, X, and XI
Vitamin K deficiency
Dysfibrinogenemia
Low levels of plasmin inhibitor, factor XIII, and TAFI
Elevated levels of tPA

B Changes that promote hemostasis
Elevated levels of VWF
Elevated levels of factor VIII
Decreased levels of protein C, protein S, and antithrombin
Low levels of plasminogen

The bleeding problems that occur frequently in pa-
tients with liver disease are mostly not life-threatening,
but are still of concern (e.g., bruising, petechiae, purpura,
nose bleeds, and bleeding after dental extractions). How-
ever, the clinically most relevant bleeding problems in
these patients, bleeding from ruptured esophageal vari-
ces, is a consequence of local vascular abnormalities as
well as increased splanchnic blood pressure, and the role
of deranged hemostasis in variceal bleeding is question-
able [46].

One of the most evident hemostatic challenges for a
patient with chronic liver failure is liver transplantation.
In the past, liver transplantation required extensive blood
product transfusion, which was ascribed to pre- and peri-
operative hemostatic dysfunction. However, nowadays
blood loss during transplantation is often rather limited
for a procedure with such surgical invasiveness. Transfu-
sion requirements have dropped to a median of 2-3 units
of red blood cells in many centers, and a substantial num-
ber of patients (up to 50%, depending on the center) are
transplanted without the need of any transfusion [47].
Since increasing surgical experience, improvements in
surgical techniques, and improvement of anesthesiologi-
cal care have led to this marked reduction of blood loss
during liver transplantation, it has to be concluded that
liver disease is not essentially associated with a severe co-
agulopathic state in this situation. A procedure with these
surgical characteristics could never be performed with-
out prophylaxis or transfusion requirements in a patient
with an established (classical) coagulopathy, e.g., a pa-
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tient with hemophilia. Nonetheless, there still remain
with acute or chronic compensated liver failure patient
with severe and refractory bleeding, but it is unclear
whether currently used hemostasis testing is capable of
identifying these patients.

Hemostasis Testing in Patients with Liver Disease

The clinical consequences of the mild to moderate re-
duction in platelet number and function in liver disease
are unclear. Although the bleeding time, a diagnostic
screening tool of platelet function, is frequently pro-
longed, a correlation with bleeding symptoms is not nec-
essarily present. The same is true for the classic platelet
aggregation assays, which are frequently disturbed in
these patients.

Coagulation tests such as the prothrombin time (PT)
and activated partial thromboplastin time (APTT) are
frequently used in patients with liver failure to assess the
severity of the disease. In fact, the PT and PT-INR (the
international normalized ratio, a variant of the PT devel-
oped to standardize PT values for reagent and equipment
for patients on long-term anticoagulant therapy with vi-
tamin K antagonists) are part of the Child-Pugh and
MELD (Model of End stage Liver Disease) scores, respec-
tively.

Two major problems with the use of these tests are not
frequently mentioned in the literature. First, although
the PT is prolonged in many patients with liver disease,
this does not necessarily mean they have a bleeding ten-
dency. This results from the fact that the PT only mea-
sures procoagulant factors, and does not take the reduc-
tion of anticoagulant factors in these patients into ac-
count. In fact, Tripodi et al. [43] showed that when the
PT is modified to include anticoagulant factors, throm-
bin generation in liver disease patients is not different
from controls. Secondly, although the INR is an impor-
tant determinant of the MELD score, the intra-labora-
tory variability of this assay is substantial in these pa-
tients [48, 49]. In fact, use of the INR instead of the PT
increases intra-laboratory variability of the assay, which
is not surprising since the INR is only developed and
validated for patients on anticoagulation therapy with
vitamin K antagonists. Differences in laboratory meth-
ods can give rise to substantial differences in the INR of
a given patient and thus can substantially affect a liver
transplant candidate’s MELD score. Using a reagent
which gives rise to a higher INR thus may actually in-
crease the chance of a patient receiving a donor liver.

Hemostatic Alterations in Liver Disease

Thus, the poor performance of this widely used test has
major consequences for clinical practice, which is in our
opinion insufficiently recognized.

Treatment of Hemostatic Abnormalities in Patients
with Liver Disease

In view of the questionable nature of the severity of the
bleeding tendency in patients with liver disease, treat-
ment of coagulopathy should be aimed at reversal of clin-
ically relevant problems instead of reversal of abnormal
laboratory values. This strategy is presumably useful, as
in patients undergoing liver transplantation, preopera-
tive transfusion to increase platelet count or improve the
PT or the bleeding time is no longer clinical practice, and
still a substantial amount of patients do not display a se-
vere bleeding tendency during the procedure and can be
transplanted without or with minimal transfusion of
blood products.

In patients with liver disease undergoing other proce-
dures, a policy to improve platelet count and coagulation
parameters prior to the procedure is, however, still com-
mon practice. Fresh-frozen plasma (FFP) is frequently
administered to patients with a prolonged PT despite a
recent transfusion guideline that specifically states: ‘avail-
able evidence suggests that patients with liver disease and
a PT more than 4 s longer than control are unlikely to
benefit from FFP (grade C recommendation, level IV ev-
idence)’ [50]. Also it has to be noted that FFP often has an
unpredictable response in patients with liver disease, and
does often not lead to a complete normalization of the PT
or INR [51]. Moreover, transfusion of FFP may be accom-
panied by side effects such as volume overload and exac-
erbation of portal hypertension, risk of infection, and risk
of transfusion-related acute lung injury. Since the costs of
FFP transfusion are high, the possible side effects and the
unknown efficacy, we advise against routine prophylactic
transfusion of FFP in patients with liver disease and a
prolonged PT or INR. Instead one should pursue on de-
mand or rescue therapy when bleeding does occur.

A prolonged bleeding time may be reversed by trans-
fusion of platelet concentrates. However, the clinical rel-
evance of a prolonged bleeding time in these patients is
highly questionable. Nonetheless, a prolonged bleeding
time was mentioned as an absolute contraindication for
liver biopsy in a recent review [52]. We feel, however, that
at present no evidence exists for the use of a bleeding time
measurement in patients with liver disease prior to a pro-
cedure. Should one still choose to perform a bleeding
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ild argue strongly against prophylactic plate-
on to correct a prolonged bleeding time with
imilar to those stated above for FEP transfu-
olonged PT/INR.
view of the lack of data supporting prophy-
nent with FFP or platelet concentrates, we
thhold transfusion of these products until
evant bleeding occurs, although this strat-
validation in clinical studies. These studies
by the success of the wait-and-see policy
er transplantation. Exceptions include very
k procedures in which bleeding is unlikely to be
in time to intervene before irreversible damage
 (e.g., intracranial pressure monitor placement in
with acute liver failure). In these circumstances,
ns reasonable to correct prolonged coagulation
1 spite of limited clinical data to support the

monly used pharmaceuticals to treat coagulation
nalities in patients with liver disease include 1-de-
-8-D-arginine vasopressin (DDAVP), antifibrino-

recombinant factor VIIa (rFVIIa). Although DDAVP is
widely used, and has been shown to correct bleeding time
[53], the hemostatic effects in patients with liver disease
are questionable. Several studies showed no effect of
DDVAP on variceal bleeding or on blood loss in patients
undergoing hepatectomy or liver transplantation, indi-
cating that correction of the bleeding time may not nec-
essarily result in improvement of hemostasis [54-56].
The use of antifibrinolytic agents in these patients seems
justified in view of the substantial reduction in blood loss
in patients undergoing liver transplantation receiving ei-
ther aprotinin or e-aminocaproic acid [57, 58]. However,
the risk/benefit ratio of aprotinin for other indications
has recently been questioned [59]. Finally, rFVIIa was
shown to reduce blood loss during liver transplantation
[60], but these results were not confirmed in larger ran-
domized studies [61, 62]. Furthermore, rFVIIa did not
reduce blood loss during liver resection, and was it only
effective in treatment of variceal bleeding in a subset of
patients. The role of rEVIIa for treatment of patients with
liver disease therefore remains unclear.
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