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Abstract Introduction

Patients with chronic or acute liver failure frequently show profound

abnormalities in their hemostatic system. Whereas routine laboratory
tests of hemostasis suggest these hemostatic alterations result in a
bleeding diathesis, accumulating evidence from both clinical and labora-
tory studies suggest that the situation is more complex. The average
patient with liver failure may be in hemostatic balance despite pro-
longed routine coagulation tests, since both pro- and antihemostatic fac-
tors are affected, the latter of which are not well reflected in routine
coagulation testing. However, this balance may easily tip towards a
hypo- or hypercoagulable situation. Indeed, patients with liver disease
may encounter both hemostasis-related bleeding episodes as well as
thrombotic events. During the 3rd International Symposium on Coagu-
lopathy and Liver disease, held in Groningen, The Netherlands (18–19
September 2009), a multidisciplinary panel of experts critically reviewed
the current data concerning pathophysiology and clinical consequences
of hemostatic disorders in patients with liver disease. Highlights of this
symposium are summarized in this review.
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In patients with liver disease, substantial changes in the hemo-
static system are frequently found [1]. These changes include
thrombocytopenia and platelet function defects, decreased circu-
lating levels of coagulation factors and inhibitors, and decreased
levels of proteins involved in fibrinolysis. Consequently, routine
diagnostic tests of hemostasis, such as the platelet count, the pro-
thrombin time (PT), and the activated partial thromboplastin
time (APTT) are frequently abnormal. In patients with isolated
hemostatic defects, such abnormalities in these laboratory tests
often indicate a true bleeding tendency. However, interpretation
of these tests is much less straightforward in the patient with a
complex hemostatic disorder as can be found in patients with
liver disease. In recent years, traditional concepts on the clinical
consequences of the hemostatic disorder in patients with liver
disease have dramatically changed. In particular, it is now estab-
lished that patients with liver disease and abnormal routine coag-
ulation tests do not necessarily have an increased bleeding
tendency [2,3], and that even thrombotic complications may
occur in these patients [4]. During the 3rd International Sympo-
sium on Coagulopathy and Liver disease, held in Groningen, The
Netherlands (18–19 September 2009), a multidisciplinary panel
of experts critically reviewed the current data concerning patho-
physiology and clinical consequences of hemostatic disorders in
patients with liver disease. Highlights of this symposium will
be summarized in this review.
Hemostatic abnormalities in liver disease: the concept of
rebalanced hemostasis

Chronic liver disease – rebalanced hemostasis?

Thrombocytopenia, platelet function defects, and decreased lev-
els of pro- and anticoagulant proteins are frequently observed
in patients with cirrhosis [5]. Although routine hemostatic tests
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such as the platelet count and the PT/APTT may indicate a bleed-
ing tendency, clinical and laboratory evidence indicate that the
hemostatic system is in a ‘rebalanced’ status, since changes in
prohemostatic pathways are accompanied by changes in antihe-
mostatic pathways [3,5,6] (summarized in Table 1).

For example, the defects in platelet number and function are,
at least in part, compensated for by highly elevated levels of the
platelet adhesive protein von Willebrand factor (VWF), and by
decreased levels of the von Willebrand factor cleaving protease
ADAMTS13 [7,8]. The result is enhanced platelet adherence evi-
dent in in vitro testing. Endothelial changes, which have been
very little explored, may also be important. For example, a
decreased thromboprotective glycocalyx on endothelial cells,
which is affected in many disease states including inflammatory
states and atherosclerosis [9] could promote platelet adhesion
and aggregation. Indeed, increased plasma levels of glycosamino-
glycans are present in patients with liver disease, which could be
a reflection of endothelial glycocalyx breakdown [10].

Furthermore, decreased levels of procoagulant proteins are
accompanied by decreased levels of natural anticoagulant pro-
teins [11,12]. In addition, routine laboratory tests such as the
PT and APTT are insensitive for plasma levels of anticoagulant
proteins whereas more sophisticated laboratory tests have indi-
cated an intact thrombin generating capacity in patients with cir-
rhosis [11]. In particular, patients with liver disease are resistant
to the action of thrombomodulin, the physiological activator of
the anticoagulant protein C [12,13]. Finally, reduced levels of
inhibitors of fibrinolysis are, at least in part, balanced by reduced
levels of profibrinolytic factors, in particular plasminogen [14].
The net effect of all hemostatic changes thus is often a rebal-
anced, yet functional system. However, the balance is far more
precarious and potentially unstable compared to the hemostatic
balance in healthy individuals, which explains the potential
occurrence of both bleeding and thrombotic complications in
patients with cirrhosis (Fig. 1).

The special case of non-alcoholic fatty liver disease

Non-alcoholic fatty liver disease (NAFLD) represents the hepatic
manifestation of the metabolic syndrome. As such, afflicted
patients suffer an increased burden of both thrombotic vascular
disease and progressive liver disease [15]. Patients with NAFLD
may initially present with hemostatic alterations linked to gen-
Table 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, a2-macroglobulin, and heparin
cofactor II

Vitamin K deficiency
Dysfibrinogenemia Low levels of plasminogen
Low levels of a2-antiplasmin,
factor XIII, and TAFI
Elevated t-PA levels

Source: Modified from the European Association for the Study of the Liver from
Lisman et al. [1] with permission.
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eral metabolic imbalance including high levels of plasminogen
activator inhibitor-1 (PAI-1; now considered a component of
the metabolic syndrome), increased levels of VWF, factor VII, sol-
uble tissue factor and fibrinogen, as well as platelet hyperaggre-
gability and endothelial dysfunction [16–20]. Thus NAFLD is
clearly associated with a prothrombotic state, which is reflected
in a substantially increased incidence of thrombotic events in
patients with NAFLD (see below). It remains to be established
whether progression to cirrhosis is associated with concomitant
changes in the hemostatic status but it is likely that patients with
advanced cirrhosis as a result of NAFLD or non-alcoholic steato-
hepatitis (NASH) have a (rebalanced) hemostatic status compara-
ble to the cirrhosis patient with a viral or alcoholic etiology.

Acute liver failure

The coagulopathy of patients with acute liver failure is relatively
less studied but changes are similar to those observed in cirrhosis
with a number of notable exceptions [21]. For example, thrombo-
cytopenia is less common in patients with acute liver failure. On
the other hand, the reduction in circulating pro- and anticoagu-
lant proteins is more severe as compared with patients with cir-
rhosis [22], and fibrinolysis is shifted toward a hypofibrinolytic
state as a result of substantially increased plasma levels of PAI-
1 [23]. Although laboratory values of coagulation are without
exception abnormal in the patient with acute liver failure (ele-
vated international normalized ratio (INR) is one of the diagnostic
criteria), the concept of rebalanced hemostasis seems to apply to
these patients as well since in general there is no predictable and
consistent bleeding risk (see below).

Bleeding complications in patients with liver disease

Bleeding is common in liver disease (Table 2). However, recent
research casts doubt on its relation to conventional coagulation
indices and our ability to measure the risk. [3,24–29].

Chronic liver disease

The most frequent bleeding complication in patients with cirrho-
sis, variceal bleeding, is at least in part, unrelated to hemostasis
and depends more on local vascular abnormalities and portal
hypertension leading to increased vascular pressure [46]. On
the other hand, some studies have shown that patients with
bleeding varices have more pronounced abnormalities in the
hemostatic system than patients that do not bleed [47–49]. The
existence of the platelet plug or ‘nipple’ sign as a marker of var-
iceal bleeding site also suggests some limited role of hemostasis.
However, intravascular volume and portal hypertension is usu-
ally the dominant factor in the pathogenesis of variceal bleeding
[50]. This has led to the general recommendation for a very con-
servative volume resuscitation in this setting [30,51–53].

The important relationship between maintenance of low
volume and hemostasis in cirrhosis is exemplified by the obser-
vation that, with careful volume control, a substantial proportion
of patients with endstage liver disease can undergo a liver trans-
plantation without the requirement for any blood transfusion
[27–29]. The routine use of prophylactic transfusion of blood
products in cirrhotic patients undergoing an invasive procedure
is thus questionable, especially in view of the substantial side
effects that are accompanied by blood product transfusion,
including fluid overload and exacerbation of portal hypertension,
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Normal situation – hemostatic balance Thrombophilia – hypercoagulability

Procoagulants Anticoagulants

Procoagulants

Anticoagulants

Hemophilia - hypocoagulability

Procoagulants
Anticoagulants

Liver disease – hemostatic rebalance

Procoagulants Anticoagulants

Fig. 1. In healthy individuals, hemostasis is a well balanced system of pro- and anticoagulant factors. In thrombophilic situations, e.g., in carriers of factor V Leiden, the
hemostatic balance is shifted towards a hypercoagulable status, whereas in hemophilia and allied disorders, the hemostatic balance is shifted towards a bleeding tendency.
In patients with liver disease, in whom both pro- and anticoagulant proteins are present in reduced levels, a rebalanced hemostatic state is present. However, the balance is
much more precarious as compared to the balance in healthy individuals, and may easily shift to either hypo- or hypercoagulability.
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risk of infection, and risk of transfusion-related acute lung injury
[54–57]. Indeed, this has shifted clinical emphasis away from
prophylaxis and towards rescue therapy in many interventional
settings [58].

Acute liver failure

The bleeding risk in patients with acute liver failure (ALF) was
traditionally estimated to be higher than that of cirrhosis, which
may be related to the increased severity of hemostatic altera-
tions. However, there has been an unexplained decline in severe
bleeding reported in patients with ALF over the past 40 years.
Bleeding was a cause of death in about one third of patients with
ALF in the 1970’s whereas currently bleeding is an uncommon
cause of death in these patients [21]. Furthermore, spontaneous
and clinically significant bleeding is rare in current experience.
Routine prophylactic correction of coagulation is currently
364 Journal of Hepatology 201
discouraged in ALF [45] because of the uncertain benefit and
the potential harm of volume expansion with plasma which
may worsen intracranial hypertension [59] or products such as
recombinant factor VIIa (rFVIIa) which carry thrombotic risks.
The risk of potentially fatal intracranial bleeding with placement
of an ICP monitor, varies with the depth of the monitor device,
but ranges from 3% to 10%, as shown by prospectively collected
data from the Acute Liver Failure Study Group from the United
States [60]. In this setting, ALF guidelines recommend cautious
use of prophylactic rFVIIa although this is by expert opinion
rather than evidence based.

The role of bacterial infection: antibiotic prophylaxis to prevent
bleeding?

In liver disease, minor disturbances may tip the balance in
these patients to either bleeding or thrombosis. One of the
0 vol. 53 j 362–371



Table 2. Potential bleeding problem/sites in liver disease.

Condition Comment Intervention and caveats

Variceal bleeding More pressure driven but platelet plug sign suggests possible role of
hemostatic system in re-bleeding risk

Primarily endoscopic or antiportal hypertension medication. Role
of procoagulants not established. Avoid marked volume
expansion [30]

Variceal Prophylactic
Band Ligation (EVL)

Poor relationship of post-EVL bleeding and expanded indices of
coagulation
[31]

No specific intervention. Increased risk in Child-Pugh C suggests therapy
aimed at portal hypertension

Portal hypertensive
gastropathy

Primarily mechanical as suggested by response to TIPS or beta-
blockade [32]

Portal decompression either mechanical or pharmacological

Gastric vascular
ectasia

Microvascular disorder. Relationship to hemostatic defects is not well-
explored [33]

Sometimes refractory. No definitive therapy but often treated
with endoscopic cauterization

Vascular access sites Common issue for a variety of interventions. Specific INR cutoffs
should probably be abandoned due to limitations of the test

Limit volume expansion. Optimize platelets

Cardiac
Catheterization

Higher incidence of pseudoaneurysms and higher transfusion needs
[34]

Optimal preventive strategies remain to be defined. The increased
risk of pseudoaneurysms suggests primary vascular problem

Paracentesis Extensive data exists to support the absence of predictable bleeding
based on common indices of coagulation [35]

No prophylactic measures in average risk patients

Thoracentesis Often necessary for hepatic hydrothorax. Very little published data but
a few series suggest relative safety

Chest wall collaterals pose a hazard. Limit volume expansion to avoid
engorgement. Optimize platelets

Percutaneous Liver
Biopsy

Major bleeding is not well-predicted by conventional coagulation
indices. Hyperfibrinolysis can result in delayed massive bleeding [36]

Definitive cutoffs not established but optimization of platelets is
recommended

Transvenous Liver
Biopsy

Often utilized with higher perceived risk, with ascites or when
pressure measures are needed

Transcapsular bleeding risk present with about the same frequency as
percutaneous biopsy but in a higher risk population

Generalized Mucosal
Bleeding

Generalized bleeding from mucosal surfaces especially gums or
gastrointestinal tract

May indicate the presence of fibrinolytic disorder [37]

Colonoscopic
Polypectomy

Colonoscopic screening is common pre-transplant Larger, potentially vascular polyps probably pose an increased hazard.
Prophylactic versus rescue strategies not well studiedIncidence of polyps may be increased but risk of bleeding with

resection is uncertain [38]
ERCP and SO
Sphincterotomy

Choledocholithiasis increased in cirrhosis. Risk of significant bleeding
with conventional sphincterotomy is about 15%

Bleeding in this setting may be more related to portal hypertension
warranting emphasis on preventive strategies to address this aspect [39]

Contusions,
Cutaneous
Hematomas

While sometimes dismissed as ‘cosmetic’, these can lead to
compartment syndromes and represent significant blood loss

The development of severe hematomas suggests the presence of a net
bleeding diathesis and warrants careful investigation

ERCP and SO Tooth
extractions

Frequently performed with delayed bleeding in a significant
proportion of patients

High fibrinolytic activity in oral cavity suggests a role for antifibrinolytics
in this setting: topical versus systemic [40]

Post-operative
wound bleeding

Major surgery (such as orthopedic) may be associated with intractable
wound bleeding

Mechanisms remain uncertain but endothelial dysfunction and
fibrinolytic mechanisms seem likely

Tracheostomy In decompensated cirrhosis, tracheostomy may be necessary. Bleeding
risk does not appear to be prohibitive

Blood product use is predicted by pre-op conventional indices but it is
unclear if correction is beneficial [41]

Extracorporeal
Perfusion Circuits

Patients are increasingly exposed to dialysis circuits and artificial liver
support devices. Prophylaxis for circuit thrombosis may be
complicated by bleeding [42]

Management is complex but includes citration and
re-calcification of the blood passing through the circuits [43]

Intracranial bleeding,
Subdural hematoma

May present as encephalopathy. Suspicion should increase with recent
trauma (even minor), focal deficit or failure to improve with
conventional therapy of PSE

Risk in cirrhosis is controversial but appears to be increased in both
ethanol-related and other forms of cirrhosis [44]

ICP Monitor in ALF Risk of bleeding varies significantly with device (epidural, subdural
parenchymal) but accuracy similarly varies [21]

Because of the severity of outcome with bleeding, prophylactic rFVIIa is
often recommended [45]

ERCP, endoscopic retrograde cholangiopancreatography, SO, sphincter of Oddi, ICP, intracranial pressure.
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superimposed conditions is bacterial infection which is
common in these patients [61], associated with increased
mortality and with gastrointestinal bleeding [62,63]. Up to
two-thirds of patients with gastrointestinal bleeding have a
bacterial infection. Moreover, thromboelastographic studies
have shown a hypocoagulable state in cirrhotic patients with
an active infection, and this has been associated with an
increased bleeding risk [64]. Increased circulating heparin-like
molecules are in part responsible for this hypocoagulable state
[65,66]. Prophylactic administration of antibiotics has been
shown to reduce both mortality and bleeding risk. Whether
this results primarily from improved hemodynamics or
improved hemostasis or both is uncertain, and is an important
area to distinguish the pathoetiological factors of investigation
[67–69].
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Thrombosis in chronic liver disease

Venous and arterial thrombosis

For decades, the paradigm has prevailed that patients with cir-
rhosis are ‘autoanticoagulated’ (as evidenced by a prolonged PT
and APTT) and thus protected from thrombotic episodes such as
deep venous thrombosis and pulmonary embolism. However,
recent studies have indicated that venous thrombosis does
occur in patients with cirrhosis, even in those patients that
receive thromboprophylactic measures including pharmacologi-
cal thromboprophylaxis [70–73]. A population-based study in
Denmark reported that liver disease is even associated with
an increased risk of venous thrombosis compared to individuals
without liver disease [71]. Similarly, cirrhotic patients are not
0 vol. 53 j 362–371 365
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‘auto-protected’ from pulmonary embolism during liver trans-
plantation even when conventional coagulation tests are mark-
edly prolonged [74].

On the other hand, the incidence of arterial thrombosis,
including coronary artery disease and ischemic stroke, was tradi-
tionally thought to be lower in cirrhosis compared to the general
population [75–77]. However, population based studies that
adjust for age and alcohol consumption (which is generally
thought to be moderately protective against coronary artery dis-
ease) have questioned this traditional concept [78,79]. A well
established exception is NASH-related cirrhosis where the inci-
dence of arterial thrombosis is increased (see below). A similar
finding in patients with alcoholic liver disease was also recently
reported [80].

Portal vein thrombosis

Patients with cirrhosis frequently develop portal vein thrombosis
(PVT) during the course of their disease (reviewed in [81]).
Approximately 15% of patients will have an overt PVT at the time
of liver transplantation, and the incidence of occult PVT is even
higher [82,83]. Patients with PVT and cirrhosis have a more
severe clinical course than those without. PVT is associated with
(and might cause) aggravated portal hypertensive bleeding, asci-
tes, encephalopathy, hyperdynamic circulation, and may lead to
intestinal ischemia [84–86]. Risk factors for PVT include the pro-
thrombin 20210A mutation and decreased portal flow [83,86].
PVT may recur following liver transplantation and, depending
on the location of the thrombus, PVT may adversely affect sur-
vival after transplantation [82,87]. These problems have led to
reports of more aggressive management of these patients (see
below).

Hepatic artery thrombosis (HAT) after liver transplantation

Thrombosis of the hepatic artery may occur both early and late
after liver transplantation. Early HAT frequently occurs when
routine laboratory values have not completely normalized and
thus paradoxically indicate a hypocoagulable state. Although
mechanical factors are often involved, increasing evidence indi-
cates that postoperative hypercoagulability is a contributing fac-
tor as well [88]. Indeed, more sophisticated tests such as
calibrated automated thrombinography indicate a hypercoagula-
ble state, which may be linked to the risk of HAT [13]. Interest-
ingly, preoperative PVT was recently identified as a strong
predictor of a postoperative HAT, which may indicate that a gen-
eral (relative) hypercoagulable state may be involved in the path-
ogenesis of HAT (Northup et al., unpublished data).

Thrombosis as a contributor of progression of fibrosis

Both in animal models and in human explants, microthrombi in
the liver vasculature can be observed in fibrotic areas [89,90].
These observations have led to the hypothesis that coagulation
activation within the liver vasculature occurs in response to the
fibrotic process and contribute to progression of fibrosis by
inducing local ischemia (a process known as ‘parenchymal
extinction’) [89]. In addition, activation of stellate cells by coagu-
lation proteases such as thrombin and factor Xa may play a role
[91–93]. Indeed, both epidemiological and experimental data
have shown that carriage of factor V Leiden leads to an acceler-
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ated progression of fibrosis [94,95]. Conversely, treatment with
anticoagulant drugs attenuates progression of fibrosis in animal
models [94,96]. The effect of warfarin anticoagulation on fibrosis
progression in patients with post-transplant hepatitis C is cur-
rently being examined in an ongoing clinical study in the United
Kingdom (ClinicalTrials.gov identifier: NCT00180674).

Thrombotic complications in patients with NAFLD

Patients with NAFLD are not only at severely increased risk for
death from liver-related causes, as compared to a healthy popu-
lation, but also show an increased prevalence of cardiovascular
disease which constitutes the leading cause of death in this group
[15]. This is clearly related due to overlapping risk factors such as
dyslipidemia, diabetes, hypertension, and the metabolic syn-
drome. Obesity, a major risk factor for NAFLD, is associated with
impaired fibrinolysis, resistance to antiplatelet agents, and plate-
let hyperreactivity [16,17,97]. Moreover, steatosis has been asso-
ciated with enhanced PAI-1 and factor VII activity [17]. In
addition, altered clot kinetics have recently been described in
non-cirrhotic patients with NAFLD and the presence of throm-
botic risks has been correlated with the degree of fibrosis in
patients with NASH [98,99]. In the setting of these converging
risks, we can foresee increasing numbers of patients with both
liver disease and cardiovascular diseases. Management of related
issues such as the response to antiplatelet agents in these
patients will confront clinicians with new challenges.
Management of bleeding and bleeding risk

Despite a substantial increase in data on the pathological changes
in coagulation in patients with liver disease, little clinical data is
available to guide management of bleeding. Management of
bleeding complications or prophylactic administration of blood
products or prohemostatic drugs varies widely between different
centers and no general guidelines for patients with liver disease
are available.

An area in which data have become available is the prophylac-
tic management of patients during liver transplantation. It has
been clearly demonstrated that a restrictive transfusion policy
during liver transplantation is feasible, and results in a substan-
tial proportion of patients that are transplanted without any
requirement for blood products [29,100]. Based on these data,
and on the increasing awareness of the detrimental side effects
of blood transfusion, a revision of the prophylactic transfusion
strategy during other procedures seems justified. In some centers
a wait-and-see (rescue) policy is used in which blood products
are only administered when active bleeding occurs in contrast
to a prophylactic transfusion strategy. This approach is supported
by the uncertainty surrounding laboratory targets of prophylactic
therapy. While there is recent data to indicate sufficient thrombin
production with platelet levels exceeding 50,000 per microliter
[101], much less is substantiated for use of fresh frozen plasma.
Arguments in favor of the wait-and-see transfusion policy
include the notion that the efficacy of prophylactic infusions
has not been demonstrated [33]. In fact, complete normalization
of laboratory parameters in cirrhotic patients is rarely achieved
by administration of platelet concentrates or fresh frozen plasma
[102]. Furthermore, these products may have detrimental side
effects including exacerbation of portal hypertension (which
0 vol. 53 j 362–371



Table 3. The advantages and disadvantages of various strategies available to prevent or treat bleeding in patients with liver disease.

Product Pro Con

Red cell
concentrate

Life saving in case of severe anemia, improvement of platelet function Transfusion-related side effects, adversely affects outcome of liver
transplantation

Plasma Repletes both pro- and anticoagulants Transfusion-related side effects, fluid overload, exacerbation of portal
hypertension. Very commonly under-dosed

Platelet
concentrate

Improves primary hemostasis. Recent data showed adequate thrombin
production with levels exceeding 50,000 per microliter

Transfusion-related side effects, adversely affects outcome of liver
transplantation

Recombinant
factor VIla

Small volume product, encouraging data from uncontrolled studies and case
reports

Cost, no proven effect in randomized trials in patients with liver
disease, theoretical risk of thrombosis

DDAVP Laboratory improvement of primary hemostasis, relative lack of side effects,
easy administration

Efficacy in patients with liver disease is not proven

Factor
concentrates

Small volume product Only repletes part of the coagulation factors (some products only
replete procoagulants), no data from controlled studies yet, theoretical
risk of thrombosis

Thrombopoeitin
receptor agonists

Effectively increases endogenous platelet count, no transfusion-related side
effects

No data from controlled studies on efficacy, theoretical risk of
thrombosis

Antibiotics Reduces variceal bleeding, and improves coagulation status in patients with
active infection, improvement of systemic hemodynamics

Bacterial resistance or overgrowth

DDAVP, 1-desamino-8-D-arginine vasopressin.
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may promote bleeding), transfusion-related acute lung injury
(TRALI), as well as several other transfusion reactions [54–57].

Potentially more attractive prohemostatic strategies in
patients with cirrhosis are recombinant factor VIIa, prothrombin
complex concentrates, antifibrinolytic agents, and desmopressin.
Although recombinant factor VIIa is very effective in normalizing
a prolonged PT in patients with liver disease [103], randomized
controlled trials have failed to show efficacy of this drug in reduc-
ing blood loss during liver surgery in patients with cirrhosis
[104–106] or in variceal bleeding [107]. Some data even indicate
that the product may be thrombogenic [108]. Desmopressin has
been shown to improve laboratory parameters of primary hemos-
tasis (including the ex-vivo bleeding time) [109,110], but there is
very little evidence for clinical efficacy in patients with liver dis-
ease [111–113]. In one study, the addition of desmopressin did
not improve and probably worsened the efficacy of terlipressin
in controlling acute variceal bleeding in cirrhotic patients [111].
Antifibrinolytic agents such as aprotinin and tranexamic acid
have been shown to reduce blood loss during liver transplanta-
tion [114,115]. No placebo-controlled studies have yet investi-
gated the efficacy of antifibrinolytic drugs in other procedures
or during spontaneous bleeding episodes. Experience with pro-
thrombin complex concentrates in patients with liver disease is
also very limited. A major advantage of these products as com-
pared to plasma is the small volume in which the concentrates
are administered, thus avoiding the fluid overload and increase
in portal hypertension that may be associated with plasma infu-
sion. However, prothrombin complex concentrates have been
associated with an increased risk for thrombotic events [116],
which should be monitored carefully in future clinical studies.

A novel strategy to improve platelet function in patients with
hepatitis C is the administration of a thrombopoietin analog
(Eltrombopag) which has been shown to substantially increase
the platelet count in these patients [117]. However, since
Eltrombopag resulted in hypercorrection of the platelet count
in some patients, a theoretical risk of thrombosis occurs, espe-
cially in light of the highly elevated VWF levels in these patients
[7]. A randomized controlled trial of Eltrombopag in patients with
liver disease and thrombocytopenia undergoing invasive proce-
dures has recently been suspended (ClinicalTrials.gov identifier:
NCT00678587). The advantages and disadvantages of the various
Journal of Hepatology 201
therapeutic strategies to treat bleeding in patients with liver dis-
ease are summarized in Table 3. Clinical studies examining safety
and efficacy of the various products for the different bleeding
complications need to be initiated.
Management of thrombosis

Venous thrombosis

Since venous thrombotic events are more prevalent than previ-
ously assumed, it appears justified to consider thromboprophylac-
tic strategies in these patients especially when hospitalized,
immobilized patients or undergoing major surgical procedures
[118]. However, little data is available to guide therapy in this
group and a cautious approach is warranted. In the past, pharmaco-
logical thromboprophylaxis was often withheld in these patients
based on the assumed bleeding risk. Indeed, patients with an
increased bleeding risk due to bacterial infection or renal failure
may not be suitable candidates for pharmacological therapy, but
may benefit from mechanical thromboprophylaxis with stockings
or pneumatic compression. However, clinical data supporting this,
is as yet lacking.

Treatment of venous thrombosis in patients with cirrhosis,
using routine anticoagulation with (low molecular weight) heparin
and vitamin K antagonists, has been described, but an unaccept-
ably high level of bleeding complications (83%) has been reported
in one study [73]. A disadvantage of the use of heparin in patients
with cirrhosis is the unpredictable efficacy, since heparin requires
antithrombin to exert its anticoagulant effect, and antithrombin
levels are frequently decreased in these patients. Also, the admin-
istration of vitamin K antagonists is difficult, since the INR of the PT
is frequently prolonged in patients with cirrhosis, and it is thus
unclear which target INR is safe. Furthermore, INR determinations
in patients with liver disease suffer from unacceptably high inter-
laboratory variation [119,120]. The new direct factor Xa and
thrombin inhibitors have theoretical advantages over heparin
and vitamin K antagonists, but for these agents suitable antidotes
are still lacking. Moreover, several of these new agents are metab-
olized by the liver, which may also complicate the application in
patients with cirrhosis. There is clearly a need for clinical studies
0 vol. 53 j 362–371 367



Key Points

� Routine diagnostic tests such as the prothrombin time
(PT) and the platelet count do not adequately reflect
the hemostatic status in patients with liver disease.

� Due to concomitant changes in both pro- and anti-hemo-
static pathways, the average patient with liver disease is
in hemostatic balance. This balance, however, is presum-
ably less stable than in healthy individuals.

� Bleeding episodes frequently occur in patients with liver
disease and may be related to dysregulated hemostasis,
but these bleeding episodes cannot be predicted by rou-
tine diagnostic tests such as the PT.

� Although the prophylactic correction of abnormal hemos-
tasis test results by blood product transfusion prior to
invasive procedures to prevent bleeding is a commonly
performed clinical practice, there is no scientific evidence
for this, and this policy requires reconsideration.

� Strategies to treat bleeding complications in patients
with liver disease require exploration in clinical studies.

� Thrombotic episodes can occur in patients with liver dis-
ease, despite profoundly abnormal routine hemostatic
parameters (e.g., prolonged PT and/or thrombocytopenia).

� Optimal strategies for prevention and treatment of
thrombosis in patients with liver disease should be
explored in clinical studies.
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on optimal thromboprophylactic strategies in patients with liver
disease.

Portal vein thrombosis

Data on treatment of PVT in patients with cirrhosis is scarce [81].
In one study, treatment with low molecular weight heparin fol-
lowed by vitamin K antagonists with a target INR of 2–3 in
patients listed for liver transplantation with a mean INR of 1.5
resulted in recanalization in 8 of 19 patients, whereas none of
the 10 patients that did not receive anticoagulation showed
thrombus resolution [82]. Based on the limited data available
the recent American Association for the Study of Liver Disease
(AASLD) guidelines stated that no recommendations for or
against the use of anticoagulation in cirrhotic patients with PVT
can be made at present. Future controlled clinical studies should
investigate the safety and efficacy of anticoagulation in patients
with PVT listed for transplantation with the aim of achieving
recanalization or prevention of thrombus extension. Further-
more, patients with Child A cirrhosis, PVT, and established
thrombophilia (e.g. carriers of the prothrombin 20210A muta-
tion) have been suggested to benefit from anticoagulation, but
again verification in clinical trials is required [121].

Hepatic artery thrombosis following liver transplantation

Early detection or prevention of HAT after liver transplantation is
of utmost importance as the prognosis of patients with HAT is
poor [122,123]. Because the activation of hemostasis may be
involved [88,124], thromboprophylactic strategies may be of ben-
efit although no randomized studies have been performed. How-
ever, one study retrospectively analyzed the effect of aspirin in
patients with local risk factors for late hepatic artery thrombosis
(due to vascular reconstructions). Patients who received aspirin
had a substantially decreased risk of late hepatic artery thrombo-
sis (3.6% vs. 0.6%, which is a relative risk reduction of 82%), sug-
gesting that (excessive) platelet activation may be involved in the
pathogenesis of this complication [125]. Although the use of
more potent thromboprophylaxis is attractive to lower the risk
of HAT, caution is warranted due to the precarious post-trans-
plant hemostatic balance. However, in certain high-risk patients
including complex vascular reconstructions and pediatric trans-
plant recipients, the benefits may outweigh the risk. [126]. Effi-
cacy and safety studies are needed.

Non-alcoholic fatty liver disease

The patient with NAFLD or NASH and thrombosis poses a partic-
ular clinical challenge. As the number of patients with NAFLD is
expected to increase in the coming years, studies on how to deal
with primary and secondary prevention of vascular disease in
patients with NAFLD and NASH are urgently required. A particular
challenge is the patient with NASH-cirrhosis and coronary disease
who undergoes vascular stenting. Optimization of anticoagulant
therapy to balance the risk will likely require sophisticated labo-
ratory tests of thrombosis and platelet function but further study
is needed to formulate specific recommendations. Potential prob-
lems with anticoagulation of the NAFLD/NASH patient include the
effects of impaired liver function on agents metabolized in the
liver and possibly the negative effects on renal function of aspirin
and related drugs especially if portal hypertension is present. A
potential beneficial side effect of anticoagulation is attenuation
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of the progression of fibrosis by blunting parenchymal extinction
and coagulation-mediated stellate cell activation [127].
Conclusions

Increasing clinical and laboratory data provide evidence for the
concept of rebalanced hemostasis in patients with liver disease.
The ‘average’ patient with liver disease has a relatively balanced,
effective hemostatic system, preventing both thrombosis and
bleeding. Conventional coagulation tests fail to capture this pro-
cess. Consequently, routine efforts at correction of abnormal
hemostatic parameters prior to invasive procedures are without
a scientific basis and in fact may pose unwarranted risk with little
or no benefit. Increasing experience with a restrictive transfusion
policy in liver transplant surgery suggests that an on-demand
transfusion strategy is safe and substantially reduces blood prod-
uct use. This strategy not only reduces costs, but may also reduce
transfusion-related complications. Although the ‘average’ patient
is in a hemostatic balance, a proportion of patients will be off-bal-
ance and be at increased risk for either bleeding or thrombosis.
Currently available laboratory tests cannot discriminate between
these groups. Studies assessing the predictive value for bleeding
or thrombosis using novel, more sophisticated laboratory tests
will be required. Clearly, the optimal strategy for treatment and
prevention of bleeding and thrombosis in the patient with liver
disease is an area in need of extensive study to further question
and change an old dogma which is without an evidence base.
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