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Abstract
There is a discrepancy between the information from 
clotting tests which have routinely been used in 
clinical practice and evidence regarding thrombotic 
and bleeding events in patients with liver disease. This 
discrepancy leads us to rely on other variables which 
have been shown to be involved in haemostasis in 
these patients and/or to extrapolate the behaviour of 
these patients to other settings in order to decide the 
best clinical approach. The aims of the present review 

are as follows: (1) to present the information provided 
by clotting tests in cirrhotic patients; (2) to present the 
factors that may influence clotting in these patients; (3) 
to review the clinical evidence; and (4) to put forward 
a clinical approach based on the first 3 points.
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Core tip: The lack of comprehensive tests to assess 
coagulopathy in liver disease ties the management 
of this disease to the clinical evidence. This review 
considers the information provided by clotting tests in 
cirrhotic patients, identifies clinical evidence on which 
to base the management of the disease, and considers 
possible future directions of research.
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INTRODUCTION
Coagulopathy in liver disease has proven to be 
complex as it affects pro- and anticoagulant factors 
as well as pro- and antifibrinolytic components. The 
majority of coagulation tests are aimed at assessing 
the patient’s procoagulant capacity in isolation and 
do not reveal possible compensatory effects within 
the system. Furthermore, patients with liver disease 
are usually excluded from general guidelines on 
clinical decisions regarding transfusion before invasive 
procedures or surgery, in addition to guidelines on 
thrombotic risk and therefore thromboprophylaxis. 
Correct assessment of bleeding and thrombotic risk 
in cirrhotic patients should take into account several 
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aspects, some of them outside the coagulation system 
itself as cirrhotic patients frequently bleed for non-
coagulopathic reasons. From a haemostatic point of 
view, it is difficult to define criteria for managing these 
patients efficiently and safely and most decisions are 
based on clinical rather than scientific evidence. The 
present review aims to describe a comprehensive 
approach to this topic and possible future directions.

TESTS FOR PRIMARY HAEMOSTASIS
Platelet count, bleeding time, platelet function analyser 
(PFA-100), thromboelastography, and platelet function 
assays are not clinically useful for stratifying bleeding 
risk in cirrhotic patients. 

Platelet count
In cirrhotic patients, 76% have a platelet count below 
140 × 109/L[1], 13% have moderate thrombocytopaenia 
(50 × 109/L-75 × 109/L), and 1% have severe 
thrombocytopaenia (< 50 × 109/L)[2]. The platelet count 
detects the risk of bleeding only at extreme levels: 
no more thrombin potential is obtained above 100 × 
109/L platelets and 50 × 109/L-60 × 109/L platelets is 
sufficient to trigger the coagulation system[3]. In liver 
cirrhosis, high plasma levels of the principal adhesive 
protein [von Willebrand factor (vWF)] compensate for 
the reduction in platelet count, but platelet count is not 
useful for measuring these compensatory mechanisms. 
vWF factor Ⅷ complex levels are a marker of endothelial 
dysfunction and are proportional to the severity of liver 
disease, but they are not a specific marker of bleeding 
alone[4,5]. 

Bleeding time
Bleeding time is a global test that evaluates primary 
haemostasis. It is influenced by platelet number 
and function and by factors such as cell volume, 
platelet volume, blood urea concentration, and 
vasoreactivity[4], thus it can give false positives and 
false negatives. In cirrhotic patients, there is a weak 
correlation between bleeding time and platelet count[6], 
and no regular association has been found between 
bleeding time and bleeding risk. The administration 
of desmopressin shortens bleeding time, but does not 
reduce the incidence of variceal rebleeding in cirrhotic 
patients[7] or the transfusion requirements in patients 
undergoing hepatectomy[8]. Interestingly, a recent 
study showed that 1 h after administration of a dose 
of desmopressin, no increase in vWF was observed in 
cirrhosis patients[9]. 

Platelet function analyser 
This test attempts to simulate platelet function under 
flow conditions, measuring closure time of an aperture 
within a membrane coated with collagen/adenosine 
diphosphate or collagen/epinephrine. Its applicability 
in liver disease patients is currently unknown[10]. Only 

2 studies have used PFA-100 in cirrhotic patients and 
found prolonged closure times in comparison with 
healthy controls[11,12].

Thromboelastography 
The Thromboelastography® Platelet Mapping™ (TEG-
PM) assay measures percentage platelet aggregation in 
the presence of adenosine diphosphate or arachidonic 
acid. This assay has been suggested as potentially 
useful for evaluating platelet function in patients with 
cirrhosis taking clopidogrel or aspirin[13], but little 
experience has been obtained as yet.

Platelet function assay
There is no universally accepted platelet function 
assay in cirrhosis. Most tests measuring platelet 
function have the handicap that they are standardized 
for a normal number of platelets, so the presence of 
thrombopenia makes them difficult to interpret. They 
are also expensive and require a specialized laboratory.
Aggregometry measures the in vitro capacity of 
platelets to aggregate in response to a given stimulus 
(collagen, thrombin, or adenosine diphosphate). It 
remains the gold standard method for assessing 
platelet reactivity in both clinical and research settings. 
However, abnormal platelet aggregation studies 
(demonstrating hypofunction or hyperfunction) often 
lack correlation with clinical complications (bleeding or 
thrombosis)[14,15]. This method is useful for detecting 
platelet function defects that are congenital or 
secondary to medication.

Flow cytometric quantification of membrane 
molecule expression measures the degree of platelet 
activation by assessing the presence of stimulation-
dependent antigens (e.g., p-selectin) or platelet-
leukocyte complexes. It assesses the risk of thro
mbosis, but has never been used to assess the risk of 
bleeding[16].

The measurement of soluble activation markers 
assesses the presence of products released by platelets 
(soluble p-selectin, PF-4, beta-TGG, soluble CD40L). It 
is a systematic measurement of the degree of platelet 
activation, but for several reasons it may lead to 
artifacts. It helps to predict the risk of thrombosis, but 
does not predict the risk of bleeding[16]. 

The platelet adhesion test under flow conditions 
simulates the in vivo platelet function using stan
dardized reconstituted blood and measures the 
adhesion of platelets to the subendothelium[17]. A 
reduction in platelet count or defects in platelet function 
are compensated by high plasma levels of vWF.

Identifying the molecular mechanisms of platelet 
function is based on the detection of the concentrations 
of second messengers (calcium, cyclic adenosine 
monophosphate) and the release of platelet granules 
containing proaggregatory molecules (serotonin, 
adenosine triphosphate, PF4, and bTG). The most 
recent studies suggest an increase in platelet activation, 
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as shown in the increase in urinary excretion of 
11-dehydro-thromboxane B2, a stable metabolite of 
thromboxane A2[18]. 

TESTS FOR SECONDARY HAEMOSTASIS 
Prothrombin time and activated partial thromboplastin 
time
Prothrombin time (PT) and activated partial throm
boplastin time (APTT) were never intended to assess 
perioperative bleeding risk. PT and its derived 
measures of prothrombin ratio (PR) and international 
normalized ratio (INR) were developed to monitor oral 
anticoagulant therapy, whereas APTT was developed 
to investigate inheritable single factor deficiencies such 
as haemophilia and to monitor heparin therapy. These 
tests do not reproduce in vivo coagulation as they are 
performed using platelet-poor plasma and thus cannot 
account for thrombin generation that is mediated 
by the presence of platelets[19]. They measure only 
procoagulant factors and are insensitive to plasma 
levels of the anticoagulants and congenital deficiencies 
of antithrombin, protein C, or S present with normal 
PT or APTT. Elevated levels of factor Ⅷ (procoagulant) 
in combination with decreased protein C (anticoagulant) 
have been suggested as a marker of a procoagulant 
imbalance; whether this in vitro hypercoagulability is 
truly representative of what occurs in vivo remains to 
be established.

These tests use as the endpoint the formation of a 
fibrin clot, which occurs after only a small amount of 
the whole thrombin is generated (5%), so the overall 
strength and stability of the clot cannot be estimated. 
The INR was developed to enable comparison of 
PT values in patients receiving oral anticoagulation. 
In the other acquired coagulopathies, including 
liver cirrhosis, PT standardization using the INR is 
inadequate[20] and between-laboratory variability 
of INR may increase instead of decreasing[21]. The 
Quick assay is the methodology most widely used 
to measure the INR, whereas the Owren assay is 
used almost exclusively in northern Europe and in 
Japan. The Quick assay is sensitive for FVII, FX, FV, 
FII, and fibrinogen, whereas the Owren test is only 
sensitive for FVII, FX, and FII because the Owren 
reagent contains fibrinogen and FV; measuring the 
INR using the Owren test for patients not taking 
oral anticoagulants is especially inappropriate[22]. 
Many patients with liver disease have a normal 
APTT, despite mild baseline deficiencies of multiple 
procoagulant factors, possibly because of the 
elevated levels of factor Ⅷ, which shorten APTT and 
compensate for the multiple procoagulant factor 
deficiencies[23]. PT/INR and APTT do not take the 
role of the endothelium in the haemostatic process 
into account. Protein C and antithrombin need to be 
activated to exert their full anticoagulant activity with 
thrombomodulin and with glycosaminoglycans[24,25], 

which are located on the vascular endothelium.

Thrombin generation 
No studies have directly determined whether global 
tests such as thrombin generation and thromboelasto
metry are useful in predicting procedural bleeding risk 
in patients with liver disease. There are 2 approaches 
to the measurement of thrombin formation in vivo at a 
given moment in time. One is to quantify the activation 
peptide released from prothrombin upon activation 
by factor Xa (F1+2 fragment) and the thrombin 
antithrombin complex. The other is to quantify the 
amount of thrombin that can be generated ex vivo 
by the addition of a small amount of trigger (usually 
tissue factor) to a plasma sample: the endogenous 
thrombin potential[26]. The analysis of thrombin 
generation is usually done with platelet-poor plasma, 
although the method can be modified to test platelet-
rich plasma. When the thrombin generation test has 
been modified by the addition of thrombomodulin, 
an endothelial receptor required for activation of the 
endogenous anticoagulant protein C system, patients 
with stable cirrhosis can generate thrombin at a normal 
to increased rate[27]. Similarly, acute liver failure is not 
associated with lower thrombin generation[28-30]. There 
is no correlation between the standard laboratory 
test and thrombin generation: the in vitro addition of 
normal plasma to the plasma of patients with advanced 
cirrhosis showed that, although the PT ratio shortened 
in many patients, there was no change in thrombin 
generation[31]. It is unclear whether the test is useful in 
predicting bleeding or thrombosis in cirrhotic patients. 
Different commercial techniques used on test samples 
have yielded major variations[32,33] and defining the 
test conditions continues to be of utmost importance. 
The assay is not widely available and, at present, too 
complex for use in routine diagnostic laboratories.

Viscoelastic tests
The principle of thromboelastometry-thromboelastography 
is based on viscoelastic changes that occur during 
coagulation of whole blood, giving information on the 
dynamics of clot formation [clotting time (CT), which 
provides information about coagulant and anticoagulant 
activity], clot strength [maximum clot firmness 
(MCF), which provides information about platelets 
and fibrinogen], and clot stability (which provides 
information about fibrinolysis and FXIII). Endothelial 
function is not directly assessed in this assay. There are 
2 commercially available devices: TEG (Haemonetics 
Corporation, Braintree, MA, United States) and ROTEM 
(TEM International GmbH, Munich, Germany)[34,35]. 
Although TEG and ROTEM provide broadly similar 
information, differences in the disposable blood 
sampling cups and in the nature of the activators used 
mean that the results are not comparable[36,37]. Cirrhotic 
patients have a decreased whole blood clot formation 
capacity with an apparently unaltered resistance to 
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drivers): tissue plasminogen activator (tPA), urokinase 
plasminogen activator, FXIIa, plasminogen activator 
inhibitor (PAI), plasmin inhibitor (alpha 2-antiplasmin), 
and thrombin-activatable fibrinolysis inhibitor (TAFI). 
Alternatively, it can be investigated through global 
tests designed to assess the time for clot dissolution: 
thromboelastography[42], diluted whole blood clot lysis 
assays[43], and euglobulin clot lysis time[44]. Caution 
should be taken in comparing results from different 
assays. For example, classical thromboelastography 
is performed using whole non-anticoagulated blood, 
and clot formation is initiated by (non-physiological) 
contact activation; variations on this technique make 
use of tissue factor-induced coagulation of citrated 
whole blood, but these variations have not yet been 
used to determine fibrinolytic potential in patients 
with liver failure. Dilute whole blood clot lysis time 
is determined in the absence of calcium, and a clot 
is formed by addition of thrombin, so this test is 
independent of coagulation and therefore of TAFI. 
Finally, as the euglobulin fraction contains no inhibitors 
of fibrinolysis, enhanced clot lysis times presumably 
only reflect elevated tPA levels[45]. 

These methodological differences explain why 
studies assessing fibrinolysis have led to controversial 
findings[46,47]. Hyperfibrinolysis markers have been found 
in 30% of cirrhotic patients and are proportional to the 
degree of hepatic dysfunction, pointing to activation of 
clotting (mediated by the FVIII/protein C imbalance), 
with secondary hyperfibrinolysis[48-50]. These coagulation 
disturbances resemble disseminated intravascular 
coagulation; a relatively stable platelet count and 
characteristically high FVIII levels distinguish this 
process from disseminated intravascular coagulation. 
The extent of fibrinolysis is likely to be overestimated 
in this population if the definition is based solely on 
indirect markers[49]. When fibrinolysis was explored with 
a plasma global test, the results obtained in cirrhotic 
patients were not different from those obtained in 
healthy controls[51]. An important subject of debate is 
whether hyperfibrinolysis plays a role in precipitating 
bleeding: at present, there is no clear evidence for 
this[52]. Thromboelastometry-thromboelastography, 
using the clot lysis index parameter, is the current gold 
standard for the diagnosis of significant hyperfibrinolysis 
in the clinical setting[53].

COEXISTING FACTORS/CONDITIONS
Anaemia, endotoxaemia, portal hypertension, kidney 
failure and underlying liver disease affect the state 
of haemostasis. An improvement in anaemia to 
at least 30% of haematocrit[54] improves platelet 
adhesion because more red blood cells push platelets 
and leucocytes from the axial centre toward the 
periphery, thereby enhancing cell contact with the 
vessel wall and formation of the primary haemostatic 

clot lysis[38]. A good correlation has been found in 
these patients between platelet count and MCF (r = 
0.691) and a reasonably good correlation between 
Clauss fibrinogen and MCF (r = 0.590)[39]. A small, 
randomized prospective study in liver transplantation 
patients showed a significant reduction in transfusion 
in the TEG monitored group, most notably in the 
use of fresh frozen plasma (FFP)[40]. Use of higher 
thromboelastogram transfusion values is not associated 
with greater blood loss in liver transplant surgery[41]. 
If the platelet contribution is inhibited by cytochalasin 
D or abciximab, the test has a good correlation with 
plasma fibrinogen levels. Although hypercoagulability 
can be detected by viscoelastic tests, there is no 
consensus on which parameters should be used to 
define it. Large-scale prospective outcome studies are 
necessary to evaluate the impact of viscoelastic tests 
in managing thromboprophylaxis. Table 1 outlines the 
available tests.

FIBRINOLYSIS TESTS
Evidence increasingly shows that cirrhotic patients 
are characterized predominantly by clotting activation 
with secondary hyperfibrinolysis; there is no clear 
evidence that hyperfibrinolysis is associated with 
bleeding. Fibrinolysis can be investigated by measuring 
its individual components (pro- and antifibrinolytic 

Table 1  Weaknesses of diagnostic tests of coagulation in liver 
disease

Primary  haemostasis 
   Platelet count Detects risks of bleeding only at 

extreme levels
   Bleeding time Generally, does not predict bleeding 

risk
   Platelet function analyser Thrombopenia makes the 

interpretation difficult
   Thromboelastometry Little experience in cirrhotic patients
   Platelet function assay
      Aggregometry

Thrombopenia makes the 
interpretation difficult

      Membrane molecule expression Specialized laboratory; mostly, in 
research setting      Soluble activation markers

      Platelet adhesion under flow 
      conditions
      Molecular mechanisms
Secondary haemostasis
   PT and APTT Insensitive to plasma levels of the 

anticoagulants
   Thrombin generation Too complex for use in routine 

diagnostic laboratories
   Thromboelastometry No standardization of parameters in 

cirrhotic patients
Low predictive positive value

Fibrinolysis
   Fibrinolysis markers No clear evidence between 

hyperfibrinolysis and  bleeding in 
cirrhotic patients

   Euglobulin clot lysis time Not widely available

PT: Prothrombin time; APTT: Activated partial thromboplastin time.
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plug[55]. The release from red blood cells of adenosine 
diphosphate, a powerful inducer of platelet aggregation, 
and the scavenging effect on nitric oxide exerted 
by haemoglobin contribute to the defective primary 
haemostasis in the anaemic condition.

Endotoxaemia increases the tissue factor expression 
and the synthesis of vWF by endothelial cells[56] and has 
been related to the high ratio of FVIII to anticoagulant 
factors[57], promoting a state of low-grade disseminated 
intravascular coagulation[58,59]. Portal circulation has 
higher endotoxaemia than peripheral circulation. The 
administration of prophylactic antibiotics can reduce 
the incidence of early rebleeding after an episode of 
bleeding[60]. It has been suggested that endotoxaemia 
could be the common mechanism that links activation 
of clotting (portal thrombosis), hyperfibrinolysis, and 
gastrointestinal bleeding[61]. 

Portal hypertension is the main risk factor for 
bleeding[62] in cirrhotic patients. Patients with portal 
hypertension have a pooling of blood on the venous side 
of the circulation and arterial hypotension. Additional 
fluid that is introduced into the circulation is added 
to the venous overload. Low central venous pressure 
has been shown to considerably reduce perioperative 
blood loss during liver resection and liver transplant 
surgery[63-65].

Kidney failure also predicts bleeding risk as uraemia 
impairs platelet function[66]. Biochemical platelet 
alterations result in defects of aggregation and impaired 
platelet adhesion to injured vessel walls[67]. In addition, 
kidney failure is also often accompanied by anaemia. 

The haemostatic balance may vary according to 
the degree and underlying cause of liver disease. 
Patients with cholestatic liver diseases are characterized 
by a normal or hypercoagulable state: higher PAI-1 
concentrations as compared with other aetiologies. 
This state results in less hyperfibrinolysis in the 
reperfusion phase during liver transplantation and 
antifibrinolytic therapy is not usually administered[68]. 
Platelet hyperactivity has also been reported in patients 
with cholestatic liver disease[12,42]. A prothrombotic 
state has been reported in acute liver injury based 
on an imbalance between vWF/ADAMTS13, intact 
thrombin generation, and high levels of PAI‑1[28,69,70]. 
Minimal effects on haemostasis are assessed by 
thromboelastography in these patients[71], despite the 
severe derangement shown by standard coagulation 
tests. Patients transplanted for familial amyloidotic 
polyneuropathy appear to have an increased risk of 
early hepatic artery thrombosis in comparison with 
transplant patients with cirrhosis[72]. Nonalcoholic 
fatty liver diseases have also been associated with 
hypercoagulation and thrombophilia[73]. Splanchnic 
vein thrombosis has been described more frequently in 
patients with autoimmune cirrhosis[74].

CLINICAL EVIDENCE
There is no correlation between coagulation tests and 

the incidence of bleeding complications after invasive 
procedures in patients with chronic liver disease. 
Despite the abnormalities shown in coagulation tests, 
these patients have a low incidence of complications 
during invasive procedures and, even if bleeding occurs, 
it is rarely related to the alteration of coagulation 
tests. The risk of post-procedural bleeding in patients 
evaluated for liver transplantation is related to platelet 
count, not to PT or APTT. There is no scientific evidence 
to indicate that the level of thrombopenia is associated 
with a greater risk of bleeding[49,75]. Moreover, the 
results of trials evaluating haemostatic agents have in 
general been negative or inconclusive[76]. Some of these 
agents are extremely expensive and are not free of side 
effects.

Haemostasis plays a minor role in bleeding from 
oesophageal varices, which accounts for 80% to 
90% of bleeding episodes in cirrhotic patients. It is 
predominantly related to haemodynamic factors, 
local vascular abnormalities, and Child-Pugh score, 
which describes the severity of liver disease[77,78], 
with a minor role for haemostasis[79]. Furthermore, 
spontaneous bleeding is less frequent than would be 
expected from the abnormality shown in laboratory 
tests. The risk of spontaneous intracranial bleeding is 
equal to that of control subjects[80] and is more related 
to the aetiology of the underlying disease (alcohol 
1.8%, hepatitis C virus 0.3%) than to the severity of 
the liver disease. 

Liver transplantation can be performed with very 
low rates of transfusion when a fluid restriction policy 
is applied. However, it should never be performed 
without prophylaxis or transfusion requirements in a 
patient with an established (classical) coagulopathy, 
such as haemophilia. Transfusion requirements 
have dropped in liver transplantation to a median 
of 2-3 units of red blood cells in many centres and 
a substantial number of patients (up to 50%) are 
transplanted without the need for transfusion when 
a fluid restriction policy is applied[81-83]. It could be 
assumed that a restrictive transfusion policy would 
be valid for invasive procedures in this population[84]. 
Surprisingly, one study showed that patients with 
liver disease, who accounted for 7.7% of the patients 
receiving transfusions, utilized 32% of administered 
plasma and 13% of the platelets[85]. 

Patients with liver disease have portal vein throm
bosis, peripheral vein thrombosis, and pulmonary 
embolism as clinical manifestations of thrombotic 
tendency. Northup et al[86] found that about 0.5% 
of cirrhotic patients had a new diagnosis of venous 
thromboembolism (VTE). In 2 retrospective analyses 
the association between cirrhosis and VTE was also 
evident[87,88]. Gulley et al[88] observed a VTE incidence 
of 2.6% in patients with moderate-severe liver failure. 
The largest analysis on this topic demonstrated that, 
compared with the general population, patients with 
cirrhosis have approximately double the risk of VTE and 
a slightly lower risk of pulmonary embolism[89]. These 
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findings suggest that cirrhotic patients are not protected 
against thrombosis and, despite INR elongation, they 
have an increased risk of thrombosis compared with 
age-matched controls. Preliminary reports indicate that 
standard pharmacologic prophylaxis is safe[90], but its 
effectiveness has not been proven and the appropriate 
agents remain to be determined[91]. Severe cirrhosis 
is a major risk factor for portal vein thrombosis[92] and 
the risk is related in part to the severity of the liver 
disease[78]. Portal vein thrombosis has been encountered 
in 8% to 26% of patients who were candidates for liver 
transplantation[93]. A recent prospective randomized 
control study of fixed dose prophylactic low-molecular-
weight heparin vs no therapy administered for 1 year 
in 70 patients with advanced cirrhosis[94] demonstrated 
that no patients in the enoxaparin group developed 
portal vein thrombosis, compared with 17% in the 
control group. In addition, the incidence of documented 
bacterial infections was significantly lower in the 
enoxaparin group (8.8% vs 33.3%). This study raises 
an interesting hypothesis as to whether, by improving 
intestinal microcirculation, anticoagulation reduces the 
frequency of portal thrombosis and the progression of 
cirrhosis. 

CLINICAL APPROACH
Transfusion in an attempt to correct anomalous 
laboratory tests is not justified and is potentially 
harmful. Recent general consensus guidelines on 
plasma transfusion do not recommend FFP for 
prophylactic correction of abnormal PT or INR and 
studies on patients with liver disease do not support 
the use of FFP as a prophylactic measure[95,96]. 
Numerical improvement in PT requires transfusion of 
at least 2 to 6 units of FFP[97,98]. Zimmon et al[99] found 
a linear correlation between portal pressure and blood 
volume in cirrhotic patients: every 100 mL of blood 
volume expansion, in a relatively short period of time, 
predicted a mean increase in portal pressure of 1.03 
mmHg. To reach a target INR value of 1.5 starting 
from INR values of 2 or 4, the expected increase in 
portal pressure ranges from 15.5 to 25.8 mmHg, 
respectively[100]. Indeed, reaching a PT target reported 
as safe may paradoxically trigger bleeding in liver 
disease patients[101].

Moreover, transfusion of FFP may be accompanied 
by side effects such as acute lung injury (patients 
with chronic liver disease have a greater individual 
risk of transfusion-related acute lung injury than other 
populations). Based on the knowledge that platelets 
support thrombin generation[19], platelet transfusion 
should be considered in severely thrombocytopenic 
patients. The American Association for the Study of 
Liver Disease guidelines recommend that platelet 
transfusion before liver biopsy, transcutaneously or 
transvenously, should be considered when platelet 
counts are lower than 50 × 109/L-60 × 109/L (Class 
1, Level C, i.e., without evidence from randomized 

studies)[102]. Also, there is consensus that the 
platelet count should not be allowed to fall below 50 
× 109/L in patients with acute bleeding[16]. Platelet 
transfusions have been associated with acute lung 
injury and decreased survival after orthotopic liver 
transplantation[103]. An informal survey showed the 
high degree of variation in practice in the assessment 
of bleeding risk in patients with liver disease[49]. 
Although the respondents acknowledged the lack of 
sound data, many of their opinions were influenced 
by legal considerations. Only very cautious use of 
prophylactic therapy is warranted in very high-risk 
procedures such as intracranial pressure monitor 
placement in patients with acute liver failure[30,104]. In 
the remaining clinical settings, there is now substantial 
experience supporting a wait-and-see policy and 
rescue therapy when bleeding occurs[105].

Fluid restriction policy, optimization of renal function 
and control of infection can improve haemostatic 
competence. The experience acquired in the field of 
liver transplantation suggests that a fluid restriction 
policy could be applied in invasive procedures. This 
policy should be aimed at reducing hypertension in the 
splanchnic area, thus avoiding unnecessary transfusion 
of haemoderivatives and hypervolemia. Renal status 
should be optimized in order to reduce the risk of 
bleeding. One of the main mechanisms involved is 
uraemia, which impairs platelet function[106]. Dialysis 
was the first step to improve the bleeding tendency 
in uraemia, although it was not entirely satisfactory. 
In addition, kidney failure is often accompanied by 
anaemia. The prophylactic administration of antibiotics 
to patients with cirrhosis is known to reduce mortality 
and improve haemostatic function, but the exact 
mechanism is unknown. As bacterial infection has been 
associated with the risk of bleeding, failure to control 
bleeding and mortality, the treatment of infections 
before invasive procedure is recommended[107,108].

Anticoagulation should not be withheld from 
patients with liver disease. Clinicians should be 
alerted to the possibility of thrombosis occurring in 
these patients[84]. With the current lack of definitive 
treatment data and a significant defined incidence 
of in-hospital VTE, it would seem reasonable to 
offer standard pharmacologic VTE prophylaxis in 
hospitalized cirrhotic patients unless an obvious 
contraindication is present, regardless of standard 
coagulation laboratory values. In other words, this 
population should be considered in the same way as 
any medical inpatients[3]. Treatment for new diagnoses 
of VTE should essentially follow anticoagulation. If 
a delay in treatment is expected because of high-
risk eradication of oesophageal varices, a temporary 
inferior vena cava filter may be considered, although 
its use is controversial in many situations[109]. 

The resolution of thrombus portal circulation is 
becoming a critical issue that needs to be solved[110]. 
The effect of anticoagulants on portal vein thrombosis 
in cirrhosis has already been investigated in some 
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small series[109-112]; the total number of cirrhotic 
patients treated with a therapeutic dose of low-
molecular-weight heparin is 135. Globally, the results 
are positive, with a rate of recanalization of roughly 
30% to 50% after a period of anticoagulation as long 
as approximately 6 mo[113]. The treatment seems to be 
safe, with little incidence of fatal or major bleedings. 
However, although the current tendency is to start 
declotting treatment, there is no consensus regarding 
a de novo portal thrombosis in a cirrhotic patient. 

CONCLUSION
Haemostasis in liver disease is extremely complex and 
the main difficulty facing the physician in a patient 
with liver disease is the lack of a comprehensive 
test for clinical estimation of bleeding or clotting risk 
(Figure 1). From a practical point of view, each patient 
should be assessed individually, taking into account 
the underlying cause of the liver disease, other factors 
influencing haemostatic competence, and the clinical 
context. 

This clinical problem can possibly be improved 
by (1) advancing knowledge of specific coagulation 
pathways, such as those related to platelet function, 
which have been little investigated in cirrhotic patients; 
and (2) developing new tests as close as possible to in 
vivo conditions and confronting them with a thrombotic 
or haemorrhagic hard clinical end point. Additionally, 
given that several variables affect haemostatic 
competence in patients with liver disease, a composite 
parameter including factors that have proven to be 
significant in large study series could be useful for 
assessing the risk of bleeding and thrombosis in this 
population.
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