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Abstract
In liver disease one of the liver’s functions related to blood coagulation, hemostasis, is disturbed. This mani-
fests as hypercoagulability in some patients and as excessive bleeding in others. Objective: The objective of 
this study was to review current evidence about blood coagulation disorders in cirrhotic patients. Methods: 
We conducted a search using the following “MESH” terms: blood coagulation disorders, cirrhosis, hemostasis, 
hypercoagulability, bleeding and blood coagulation tests. From the results articles whose titles and abstracts 
best fit with the aim of this review were chosen. Results: From 146 articles obtained, 76 were selected and 
used to construct this article. Conclusion: Despite the diverse blood coagulation disorders present in cirrhotic 
patients, the hemostatic system accomplishes a new balance that currently used blood coagulation tests fail to 
show. This is the why these cannot be considered useful tools for predicting the risk of bleeding or thrombotic 
complications.
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INTRODUCTION

The liver performs several roles in both primary and secon-
dary hemostasis (1). It is the place where fibrinogen and 
coagulation factors II, V, VII, IX, X, XI, XII and XIII (2) are 
synthesized. Factor VIII is synthesized primarily by sinus-
oidal endothelial cells and to a lesser extent by endothelial 
cells of the lung, the kidney, the spleen and the brain (3).

The coagulation system consists of a complex balance bet-
ween procoagulant components, anticoagulant components 
and the fibrinolytic system. This system functions during 
the hemostatic process and offers a very quick response to 
endothelial injuries with fibrin deposits, platelet aggregation 
and clot formation. In a healthy individual, the events of coa-
gulation are counteracted by anticoagulant activity which 
prevents the inappropriate extension of the clot, minimizes 
local ischemia and promotes lysis once hemostasis has been 

reached. In the context of liver disease this balance is altered 
resulting in the dominance of one of the two components. 
This can manifest as hypercoagulation in some patients and 
as excessive bleeding in others (4).

MATERIALS AND METHODS

Pubmed and Scielo databases were searched for review and 
original articles on cirrhosis and clotting disorders. Search 
terms were “MESH”: Blood coagulation disorders; cirrhosis; 
hemostasis; hypercoagulability; bleeding; blood coagulation 
tests. From the results found only the articles whose titles and 
abstracts best suited the purpose of this review were chosen. 
Of the 146 abstracts read, 72 were chosen to be read comple-
tely. The information gathered from these articles was com-
plemented with articles referenced by articles on our primary 
list. This paper was constructed from all of these sources.



Rev Col Gastroenterol / 27 (2) 2012102 Review articles

RESULTS

A new model of coagulation

The traditional coagulation model is an enzyme cascade 
consisting of series of sequential steps in which the acti-
vation of a coagulation factor activates the next factor. The 
ultimate purpose is production of fibrin the structural com-
ponent in coagulation (5). This is the well known model 
of the intrinsic and extrinsic pathways of coagulation. 
Despite its long acceptance, recent studies describing the 
fundamental role of the cellular component have made it 
well understood that hemostasis is not possible without 
platelets. In addition, it has been proven that different types 
of cells express procoagulant proteins, anticoagulants and 
receivers for multiple components of hemostasis. This has 
meant a new paradigm to explain the reactions that take 
place during the hemostatic process (6).

According to the current vision, coagulation is produced 
in three interrelated stages (Figure 1).

Phase 1. Initiation: The tissue factor (TF), an integral 
component of the cellular membrane, is the primary star-
ter for in vivo coagulation. It expresses numerous cellular 
types including circulating monocytes, neutrophils, fibro-
blasts and endothelial cells (7). When a vascular injury 
occurs and blood makes contact with the subendothelium, 
and an interaction between cellular TF and circulating fac-
tor VII is activated. The TF-VIIa complexes then activate 
IX and X factors. Factor Xa combines with factor Va on the 
cellular surface resulting in the production of small quanti-
ties of thrombin. The thrombin will then participate in the 
activation of platelets and VIII factor in the next phase (8).

Phase 2. Amplification: The liver injury allows platelets 
and plasma components to come into contact with extra-
vascular tissues. Once this has happened, the platelets 
adhere to the subendothelial matrix and activate those sites 
where the TF is exposed. The thrombin generated in phase 
1 amplifies the procoagulant signal by activating factors V, 
VIII and XI which are located on the platelet surface. They 
serve as mediators in the reactions that take place during 
the next phase (9, 10).

Phase 3. Spread: This phase is characterized by two prin-
cipal phenomena. In the first, the tenase complex (VIIIa 
factor, IXa factor, calcium (Ca++) and, phospholipids) 
serves as a catalyst promoting the conversion of Xa factor. 
In the second, the prothrombinase complex, (Xa factor, Va 
factor, Ca++, and phospholipids) promotes the generation 
of large amounts of thrombin which are necessary for the 
formation of a clot resistant to fibrinolysis. This is what 
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Figure 1. Cellular Model of Coagulation: (a) Initiation, (b) 
Amplification, (c) Propagation. (Modified on the basis of chart taken 
from Hoffman M. A cell-based model of coagulation and the role of 
factor VIIa. Blood Rev. 2003; 17 Suppl 1: S1 – 5).

has been called thrombin explosion. The prothrombinase 
complex is fundamental for the final stage of this phase 
because it is 300,000 times more active than the Xa factor 
as a catalyst for prothrombin. The thrombin generated here 
activates the XIII factor and thrombin activatable fibrino-
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lysis inhibitor (TAFI) substances which help achieve and 
maintain the stability of the clot (11-13).

We can say that this model contemplates only one pathway 
and that it is focused on the cellular surfaces (14, 15).

Anticoagulant systems: In order to avoid excessive quan-
tities of thrombin which are unnecessary and potentially 
detrimental, the hemostatic system is strictly controlled 
by natural anticoagulants. These compounds are located in 
the vascular endothelium. The most important of them are 
tissue factor pathway inhibitors (TFPI), antithrombin and 
protein C (6).

TFPI exerts its effects by binding to the TF-FVIII com-
plex to prevent activation of IX and X factors. Antithrombin 
acts directly on thrombin but also acts on IXa and Xa fac-
tors. Protein C is found in two forms: endothelial protein 
C which needs thrombomodulin so it can act as a receptor 
at the moment of activation by thrombin, and circulating 
protein C which joins with an endothelial receptor.

Both of these compounds allow the transformation of 
protein C into activated protein C, which in presence of 
cofactor protein S, inhibits V and VIII factors (16, 17).

PRIMARy HEMOSTASIS

Approximately one third of all patients with chronic liver 
disease develop thrombocytopenia which worsens as the 
disease progresses (18). Among patients with advanced 
cirrhosis almost 90% of the platelets can be stored in the 
spleen. These patients usually have a moderately low count 
of peripheral platelets (19). Other mechanisms implied in 
this phenomenon are the decrease of thrombopoietin pro-
duction by the liver (20) and reduced platelet life spans. 
This is related to the presence of antibodies against glyco-
protein (GP) IIb-IIIa and GP Ib/I produced by the B lym-
phocytes. This is especially common in cirrhosis caused by 
the Hepatitis B virus (21), Hepatitis C virus (22), primary 
biliary cirrhosis and primary sclerosing cholangitis (23).

Among patients who have cirrhosis due to alcohol con-
sumption the production of platelets is altered by folic acid 
deficiency and the toxic effects of ethanol on the megakar-
yopoiesis (24). HCV has also been associated with a mye-
losuppressive effect that might add to the injuries men-
tioned above (22). Platelet abnormalities are not limited 
exclusively to their decreased numbers, but can also involve 
changes in functioning such as reduced production of thro-
boxane A2, defects in glycoprotein Ib (25), and impaired 
aggregation in response to adenosine diphosphate (ADP), 
arachidonic acid, collagen, and thrombin. This probably 
reflects altered mechanisms of signal transduction and 
decreasing numbers of functional platelet receptors resul-
ting from proteolysis by plasmin (26, 27). In addition, 

excessive production of some platelet aggregation inhibi-
tors such as nitric oxide and prostacyclins in the endothe-
lium combined with proteolysis by plasmin platelets con-
tributes to alterations in the activation of these cells (28).

In primary hemostasis cirrhotic patients have levels of von 
Willebrand factor which sometimes reach 10 times normal 
levels. This acts as a compensating factor for the number and 
functional abnormalities of the platelets (19, 20).

SECONDARy HEMOSTASIS

As mentioned, the liver is the organ where the majority of 
coagulation factors are synthesized. Consequently, changes 
in the numbers or functions of these factors can be found in 
chronic liver diseases (30).

Coagulation factors that depend on vitamin K, 
prothrombin and factors VII, IX and X may be altered 
both quantitatively and qualitatively as a result of decreases 
γ-carboxylation. This affects conversion of glutamic acid 
residues into γ-carboxyglutamic acid in protein precursors 
(31). Reduction of these enzyme activities is due to vita-
min K deficiency or to alterations in the synthesis of car-
boxylase which depends on the vitamin K of the liver (32). 
When the process of y-carboxylation fails, inert proteins 
are synthesized. These proteins, which cannot be linked by 
calcium bridges, are known as proteins induced by vitamin 
K deficiency (PIVKA) (18, 31).

Fibrinogen is an acute phase reactant which remains at 
normal, or even higher than normal, levels in patients with 
mild to moderate liver disease. Reduced levels due to lower 
synthesis are only seen in patients with severe chronic 
disease or with acute liver failure (19). Despite concen-
trations of this compound between 60% and 70%, it is not 
functional due to high levels of sialic acid and abnormal α 
chains. Because these factors alter polymerization, increa-
sed quantities of fibrinogen do not result in the formation 
of fibrin (33).

ALTERATIONS IN THE fIbRINOLyTIC SySTEM

The fibrinolytic system, which degrades fibrin, activates 
when there fibrin deposits anywhere in the vascular sys-
tem: it exercises strict control over the coagulation system. 
Activators such as the tissue plasminogen activator (tPA) 
and the urokinase-type plasminogen activator (uPA) inter-
vene in the process of converting plasminogen into plasmin 
but are offset by activation inhibitors such as the plasmi-
nogen activation inhibitor (PAI-1), α1 inhibitor of plasmin 
and the more recently described thrombin-activated fibri-
nolysis inhibitor (TAFI). TAFI works by removing lysine 
residues from fibrin which prevents binding and activation 
of the plasminogen on its surface (34).
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With exceptions of tPA and PAI-1All, all the proteins 
implicated in this process are synthesized in the liver (18). 
Like other chronic liver diseases, cirrhosis is associated 
with low levels of plasminogen, α2 antiplasmin, plasmin 
inhibitor, XIII factor and thrombin activatable fibrinolysis 
factor (TAFI) but with increased concentrations of PAI-1 
(5) and tPA. Increased tPA is due to decreased elimination 
and increased release by the activated endothelium (35).

The balance of the fibrinolytic system has great impor-
tance for avoidance of unwanted plasmin generation. 
Disturbance of this balance can result in hyperfibrinoly-
sis, which is associated with bleeding, or hypofibrinoly-
sis which is associated with thrombosis (5). Classically, 
hyperfibrinolysis has been described in cirrhotic patients; 
however this has not been completely validated since it is 
based on measurements of individual components rather 
than on global tests. These measurements provide neither 
a complete picture of the complex fibrinolytic balance nor 
information about the activators and anti-activators which 
closely regulate that system (25). Lately, a great deal of 
attention has been paid to the role played by TAFI. It has 
been postulated that low levels of this inhibitor may explain 
hyperfibrinolysis in cirrhotic patients. Lisman evaluated 
this hypothesis by measuring both individual and global 
tests which estimated the total fibrinolytic capacity. He 
concluded that TAFI deficiency in cirrhotic patients is not 
associated with hyperfibrinolysis. Instead he suggested 
that, similar to coagulation, a new balance is achieved bet-
ween pro and anti fibrinolytic factors in this system (36). 
Nevertheless, this dispute is not yet resolved because other 
authors have reported opposite findings regarding the rela-
tionship between TAFI and hyperfibrinolysis (37).

HyPERCOAgULATION IN LIvER DISEASE

Although procoagulant factor deficiency in chronic liver 
disease may be responsible for the tendency of cirrhosis 
patients to bleed, decreased production of endogenous 
anticoagulants such as protein C, protein S, thrombomodu-
lin and tPA has been also demonstrated (38, 39). Cirrhosis 
also reduces protein production resulting in decreased 
reserve factors on both sides of the system. This decreases 
the ability to compensate for even small variations in blood 
hemostasis which might favor hypercoagulability in some 
circumstances. An example of this could be reduction of 
protein C reserves since small deficiencies of this substance 
alter the hemostatic balance and promote thrombosis (4).

Cirrhosis presents a constant state of systemic vasodilation 
which especially affects the splanchnic bed which contribu-
tes to development of vascular stasis. This is accompanied by 
high concentrations of procoagulant factors which contri-
bute to the high prevalence of portal vein thrombosis (40).

A clinical manifestation of the predominance of hyper-
coagulability is macrovascular thrombosis which may pre-
sent as pulmonary thromboembolism, as deep vein throm-
bosis or as portal vein thrombosis. Since clinical practice 
gives greater importance to coagulation abnormalities that 
promote bleeding, this phenomenon is rarely diagnosed 
before these outcomes develop (4).

Another manifestation is microvascular thrombosis 
which manifests itself primarily as portal and portal-pul-
monary hypertension (41). Its pathophysiology might 
be explained by the loss of the endothelial barrier which 
triggers a coagulation cascade and exposes the smooth 
muscle to vasoconstriction, proliferation and thrombosis 
signals with subsequent development of arteriopathy (42). 
The presence of microthrombi in the hepatic microvas-
culature is associated with parenchymal extinction which 
consists of hepatic inflammation, fibrosis and the rapid 
establishment of cirrhosis (43).

HEMOSTATIC “REbALANCE” IN CIRRHOSIS

Patients with chronic liver disease present abnormalities 
along both procoagulant and anticoagulant pathways (4). 
Although routine hemostatic tests such as platelet counts, 
prothrombin time (TP), activated partial thromboplastin 
time (TTPa) and international normalized ratio (INR) can 
indicate tendencies to bleed, various studies have demons-
trated that their values are not related and do not predict 
the risk of thrombosis or bleeding. Their efficiency and 
clinical correlation are poor, especially when the fact that 
current laboratory tests do not provide a comprehensive 
look at the coagulation system is taken into account (44).

The hemostasis system of cirrhosis patients is “rebalan-
ced” since changes along one pathway generate compensa-
tory changes in the other pathway (See Table 1) (19, 34, 
45). It is common to find thrombocytopenia and defects in 
platelet functions (19), which have been compensated for 
by high levels of von Willebrand factor (29) and decreased 
levels of protease (which degrades this factor) (46). The 
result of this is an improvement in platelet adhesion as evi-
denced in in-vitro testing (44).

It has been proven that patients with cirrhosis have intact 
their capacities for thrombin production (47). In addition, 
an intrinsic resistance to the action of thrombomodulin, the 
physiologic activator of protein C, exists in patients with 
chronic liver disease (48). Finally, reduced levels of fibrinoly-
sis inhibitors are at least partially balanced by reduced levels 
of profibrinolytic factors, especially plasminogen (36).

The effect of these changes is a hemostatic system with a 
new balance that is still functional. However, this balance 
is poorer and less unstable than that of a healthy individual 
and small changes in any of its components can alter it. 
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This could explain the presentation of complications such 
as thrombosis and bleeding (44).

Table 1. Alterations in the hemostatic systems of patients with liver disease.

Changes that alter 
hemostasis

Changes that promote 
hemostasis

Thrombocytopenia High concentration of FVW
High production of ON and 
prostacyclins

High levels of VIII factor

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

Reduction of protein C, 
Protein S, antithrombin and α2 
macroglobulin

Disfribrinogenemia Low levels of plasminogen
Deficiency of vitamin K
Low levels of α2 antiplasmin, XIII 
and TAFI factors
High levels of tPA.

Alterations in the hemostatic system in patients with liver disease (taken 
and modified from : Lisman T, Caldwell SH, Burroughs AK, Northup PG, 
Senzolo M, Stravitz RT, et al. Hemostasis and thrombosis in patients with 
liver disease: the ups and downs. J Hepatol. 2010 Aug; 53(2):362-71).

LAbORATORy TESTS

Despite being commonly used, laboratory tests to evaluate 
primary and secondary hemostasis have been proven to 
have less use for predicting bleeding in patients with cirrho-
sis (48, 49, 50, 51). This is particularly true when procoagu-
lant levels are between 30-40% of their normal values (52).

Bleeding time was long considered to be the appropriate 
test for evaluating primary hemostasis, and it was perfor-
med on up to 40% of patients with cirrhosis. Nevertheless, 
the clinical relevance of its findings has not been establis-
hed. Studies which evaluate the role of desmopressin in the 
standard treatment of patients with cirrhosis have found 
that, despite the fact that it reduces bleeding times, it does 
not reduce bleeding in patients who undergo high risk pro-
cedures such as hepatectomy nor does it reduce the rate of 
variceal bleeding (53, 54). This indicates that correction 
of bleeding time does not always result in improvement of 
primary hemostasis.

TP evaluates the intrinsic pathway of coagulation by 
detecting deficiencies in coagulation factors II, V, VII, 
X and fibrinogen while the TTPa evaluates the intrinsic 
pathway by identifying deficiencies of all coagulation fac-
tors except for factors VII and XIII. These tests primarily 
study the thrombin generated by procoagulant factors, and 
to a lesser extent the inhibition exerted by natural anticoa-
gulants. These tests only measure the procoagulant phase, 
but in chronic liver diseases there is also a reduction of 
natural anticoagulants (47). Protein C must be activated 

by thrombin to exercise all its anticoagulant functions, and 
this process is enhanced by thrombomodulin glycoprotein 
that is found in endothelial cells. In turn, thrombomodulin 
needs to be activated by endothelial glycosaminoglycans 
(47). Consequently, TP and the TTPa do not adequately 
measure the new coagulation balance that develops in 
patients with liver disease.

Although tests like PT and aPTT show altered balances 
between pro-and anticoagulant factors in patients with cirr-
hosis, when this balance is measured by other methods that 
evaluate it the functioning of the coagulation system more 
fully, the balance turns out to be normal. Tripodi and his 
collaborators demonstrated that the formation of thrombin 
in patients with cirrhosis is normal, and it does no differ 
significantly from people without liver disorders, when the 
platelet count is between 50,000 and 60,000 platelets per 
milliliter even though optimal production is 100,000 pla-
telets or more per milliliter (56). We can infer that patients 
with cirrhosis will have normal coagulation balances when 
their platelet levels are high enough to sustain normal gene-
ration of thrombin. Consequently, it is recommended that 
the minimum platelet count for performing a procedure 
with a moderate risk of bleeding on a patient with cirrho-
sis should be 50,000/mL while for high risk procedures it 
should be almost 100,000/mL (57).

It has also been demonstrated that, as long as the platelet 
and hematocrit counts are at normal levels, under physiolo-
gical fluid conditions platelets in patients with cirrhosis are 
capable of normal interaction with collagen and fibrinogen 
(58). The result is that in vivo the number and function of 
the platelets are not as relevant as had been considered in 
the past (36, 56).

Initially the INR was validated for standardization of TP 
only for patients receiving treatment with vitamin K anta-
gonists such as warfarin (59). However, it is also used for 
evaluating patients with liver disease and is even used for 
Model for End-Stage Liver Disease (MELD) scores for sur-
vival prediction in patients with terminal liver disease (60, 
61). The problem here is that the use of the international 
sensitivity index (ISI) to calculate INR (62, 63) generates 
variations in the mean INR of patients with liver disease 
among laboratories of 25% to 78% (64-66). In addition, 
the ISI has not been validated for cirrhotic patients who 
have coagulopathies which are more complex than those of 
other people. In addition to coagulation factor deficiencies, 
which patients with poor coagulation also have, patients 
with cirrhosis also have factor V and fibrinogen synthesis 
deficiencies (67).

Having said all this, it is more appropriate to think about 
a patient’s previous history of bleeding, the presence and 
size of esophageal varices, the level of portal hypertension 
and comorbidities such as renal leakage or anemia, since 
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these are better predictors of bleeding than are alterations 
in routine coagulation examinations (31).

NEw TESTS

The function platelet analyzer (FPA) is a quick in vitro test 
that allows quantitative measurement of primary hemos-
tasis. In this device, blood flows constantly into a vacuum 
system through a capillary and a microscopic opening 
coated with collagen and agonists. The time it takes for the 
opening to close is an indicator of platelet adhesion and 
aggregation (68, 69).

Tripodi and colleagues created the thrombin genera-
tion test to study generation of thrombin in the presence 
of coagulation inhibitors (47). In this test coagulation is 
activated with small amounts of tissular factor as a trigger 
and with phospholipids as platelet substitutes (70, 71). 
This test produces a thrombin generation curve, a graph of 
time against thrombin concentrations, which determines 
the endogenous potential of the thrombin. This potential, 
which is the quantity of thrombin that can be generated 
by a plasma sample under test conditions, represents the 
balance between procoagulant and anticoagulant factors. 
Although this test comes the closest to in vivo conditions, 
it still requires more research and validation (72).

DISCUSSION

Contrary to the paradigm in which cirrhosis is conside-
red to be disease in which patients tend primarily towards 
bleeding, it has now been proven that a state of hypercoa-
gulability can coexist with cirrhosis. This state manifests 
in microvascular and macrovascular thrombosis which is 
rarely attributed to this condition. Parallel to these findings 
it has been postulated that the coagulation system in cirrho-
tic patients is in a state of “rebalance.” This is poorer balance 
than that found in healthy people, but it is capable of ade-
quate functioning even in situations of significant stress for 
as long as normal platelet hematocrit counts remain normal 
for the patient’s condition. Since the tests that are normally 
used to evaluate coagulation balances are centered on the 
procoagulant abnormalities, they do not show this “reba-
lance” and should be not considered useful tools for the 
prediction of bleeding or other thrombotic complications. 
For this reason they are not appropriate decision making 
tools for cirrhosis patients.
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