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Abstract
Coagulation alterations in patients with chronic liver disease occur frequently, although they are usually described 
as auto-anticoagulation phenomena. Changes in hemostasis are broad and diffuse. They include changes in 
procoagulant and anticoagulant substances, hemodynamic modifi cations, endothelial dysfunction and platelet 
malfunction which are the causes of different clinical conditions varying from hemorrhaging to thrombosis. Given 
the complexity of theses alterations, laboratory tests do not correlate well with the clinical events.

Treatment for these patients has been controversial. Currently we do not have objective methods for de-
termining the hemostatic balance between bleeding and thrombosis in patients with chronic liver disease. In 
addition to this, the medical literature does not include guidelines for dealing with this special population. Also, 
the risk of thrombosis indicates the need to consider the use of thromboprophylaxis.
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INTRODUCTION

Th e liver plays a very important role in the processes of coa-
gulation, anticoagulation, and fi brinolysis; hence patholo-
gical alterations of this organ have serious implications for 
all of these functions. 

Recognizing alterations in coagulation in patients with 
chronic liver disease is becoming very important because of 
its increasing incidence and prevalence and because it oft en 
produces bleeding and thrombosis. Unfortunately, there 
is litt le correlation between laboratory studies and clinical 
evidence of bleeding. Bleeding occurs frequently, especially 
aft er invasive medical procedures such as liver biopsies are 
done. Th is clinically relevant bleeding is hard to control.

Our intention here is to identify the physiopathological 
mechanisms that are responsible for alterations in the hemos-
tasis of patients with chronic hepatopathy; to recognize its 
clinical implications; and to present recommendations for 
its management which take the evidence into consideration.

EPIDEMIOLOGY

Chronic liver disease is increasingly important. In 2006 it repor-
tedly caused 112,000 hospitalizations and 27,000 deaths in the 
United States, a rate of 9.2 deaths per 100,000 inhabitants (1).

Traditionally, auto anticoagulation (2, 3) has been att ri-
buted to chronic liver disease, but coagulation alterations 
related to this disease seem to be more complex (4-6). 
Recent data shows an incidence of 0.5 to 1.9% of venous 
thromboembolism in patients with this disease.

HEMOSTASIS IN CHRONIC HEPATOPATHY

Any condition that aff ects liver functioning has potential 
repercussions for coagulation. In advanced chronic liver 
disease alterations in hemostasis are even more evident in 
both procoagulant and anticoagulant substances. Changes 
in coagulation, fi brinolysis, and platelet functioning pro-
cesses occur (8, 9).
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Th e main alterations in patients with chronic hepatopathy 
found in laboratories are:
• Prolonged prothrombin time (PT) 88%
• Prolonged partial thromboplastin time (PTT ) 71%
• Th rombocytopenia 37%
• Decreased fi brinogen 15%

Some studies show that patients with variceal bleeding 
develop more signifi cant abnormalities in their hemos-
tatic systems than do patients who do not bleed (11-13). 
Nevertheless, estimated relative risks for digestive bleeding 
are signifi cant when a patient has a low platelet count (10). 
Th is implies that laboratory tests results for these patients 
do not correlate very well with clinical events (14) which 
suggests that there are additional physiopathological 
mechanisms producing complex changes in the coagula-
tion system of patients with chronic liver disease.

Case studies and control studies have tried to determine 
whether or not there is an imbalance in favor of procoagu-
lant substances (15) in the plasma of cirrhotic patients. If so 
this would demonstrate that patients with cirrhosis gene-
rate more thrombin than produced by controls whether 
or not thrombomodulin is present in the control patients. 
Th is would also be evidence of resistance to thrombo-
modulin which is a powerful anticoagulant. Patients with 
chronic hepatopathy also show increased levels of factor 
VIII and reduced levels of natural anticoagulants such as 
protein C and antithrombin III (ATIII). Th ese alterations 
became more evident as the liver disease becomes more 
severe (15).

Hypercoagulability of plasma in cirrhotic patients seems 
to be the result of increased levels of factor III and reduced 
levels of protein C concentrations which are typical featu-
res in cirrhotic patients. Th ese alterations might explain the 
risk of venous thromboembolism in patients with chronic 
hepatopathy (15).

COAGULATION

In general terms, procoagulant factors, with the exceptions 
of factor VIII and von Willebrand factor (vWF), decrease 
in patients with chronic liver diseases. At the same time 
there is a reduction of natural anticoagulants like ATIII and 
protein C (8, 16).

Because of its relatively short life Factor VII decreases 
fi rst. Its values in blood are inversely proportional to the 
degree of cirrhosis. In acute hepatopathy there is also a 
reduction of factors II, V, and X, and in chronic hepatopathy 
there is an additional loss of factors IX and XI. Fibrinogen 
levels are normal in stable liver disease, but they decrease as 
the hepatopathy becomes more severe.

Given these alterations in the hemostasis of patients with 
chronic liver disease, it is not surprising to think that isola-
ted measurement of PT is inappropriate for measuring the 
coagulation condition of these patients. PT only measures 
the time required for thrombin formation which does relate 
to procoagulant factors, but its reagents ignore the role of 
thrombomodulin and the activation of protein C which are 
also altered in these patients. Th e result is that thrombin 
may form even when thrombomodulin is present (8, 16). 
Consequently, the International Normalized Ratio (INR) 
turns out to be inadequate. It is important to underline that 
this test has been validated by measurement of subjects 
who receive substances which are antagonistic to vitamin 
K. PT’s reagents are not designed for patients with chronic 
hepatopathy. However, INR is one of the main scores that 
indicates the severity of the disease (8, 16).
 
PLATELETS 

Under normal conditions platelets have a dual function in 
the coagulation process: participating in primary hemos-
tasis by sticking to the vascular wall when interacting with 
VWF, and generating thrombin (7). Th eir adhesion to the 
vascular wall by interaction with VWF subsequently allows 
platelet aggregation and formation of soft  primary clots. 
Platelets participate in the generation of thrombin by adhe-
sion of activated coagulation factors to their surface.

Patients with chronic liver disease show thrombocytope-
nia, high levels of VWF and reduction of ADAMS 13 (7).

Due to alterations in VWF and ADAMS 13, platelet 
levels as low as 60,000 platelet /mm3 can be functional and 
maintain thrombin generation. Nevertheless, the platelet 
count is directly related to the generation of thrombin (7).

Th rombocytopenia develops because of:
• Splenomegaly
• Bone marrow suppression
• Reduced thrombopoietin
• Platelet destruction by immunological mediation

FIBRINOLYSIS

Fibrinolysis is the process responsible for conversion of 
plasminogen into plasmin. Th rough this process clots 
are destroyed and bleeding occurs. It has been said that 
patients with chronic hepatopathy suff er a hyperfi brinoly-
sis state which has not yet been measured by the balance of 
the whole system but only by measuring individual com-
ponents (7). Clinical studies have yet to clearly show the 
participation of hyperfi brinolysis in bleeding. 

Until this point we have alterations in patients with chro-
nic hepatopathy that favor bleeding and thrombosis (Table 
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1). Th e balance can tilt one way or the other depending on 
the degree of liver insuffi  ciency (2).

Table 1. Factors that alter coagulation in patients with chronic 
hepatopathy.

Favors coagulation Counters coagulation
VWF increase Thrombocytopenia
ADAMS 13 decrease Decrease in coagulation factors, 

with the exception of VIII
Antithrombin III decrease Fibrinogen decrease 
Protein C decrease Increase in the plasminogen 

activators
Factor VIII increase Decrease in plasmin inhibitors
Plasminogen decrease

Th e tendency of patients with liver disease to bleed 
cannot be explained solely by alterations in hemostasis. 
A partially explanation of hemorrhagic events in patients 
with decompensated liver disease is provided by haemo-
dynamic alterations such as portal hypertension, endo-
thelial dysfunction, kidney dysfunction, and production 
of substances similar to heparin released by bacterial 
infections (8, 16-19).

Decreases of factors favoring coagulation in cirrhotic 
patients are off set by reductions of anticoagulant factors. 
Th ese fi ndings help clarify the pathophysiology of hemos-
tasis in cirrhosis and suggest that bleeding is mediated by 
additional factors that conventional lab tests do not com-
pletely refl ect the coagulation condition of these patients. 
In conclusion, although thrombin generation is normal 
in cirrhosis (20), generation of thrombin also depends 
upon platelet function. Severe thrombocytopenia (pla-
telet count lower than 50,000/mm3) can limit thrombin 
generation in patients with cirrhosis (21). Th ese fi ndings 
justify platelet transfusion in cases in which thrombo-
cytopenia becomes severe and patient is at high risk for 
bleeding when patients are going to undergo surgery or 
liver biopsy (3, 21). In these cases use of fresh frozen 
plasma (FFP) is contraindicated because it is not exempt 
from risks of complications (21).

Besides the already known risk of bleeding in patients 
with chronic liver disease, we have very litt le clinical data 
about management of this the condition. Th ere are no 
medical guides for treatment or prevention of bleeding in 
this patient population (2). Th ere are some centers that 
support the strategy of waiting and acting which means 
using only blood components in case of bleeding. Others 
defend prophylactic transfusions, the eff ectiveness of 
which has not yet been demonstrated (22).

Other therapeutic options to be considered for a patient 
with chronic hepatology include recombinant factor VIIa, 

prothrombin concentrate, antifi brinolytic agents, and des-
mopressin (2). Although factor VIIa is very eff ective in 
normalizing in prolonged PT in patients with liver disease 
(23), controlled clinical trials have failed to demonstrate 
the eff ectiveness of this drug in reducing blood loss during 
liver surgery on patients with cirrhosis (24-26) or variceal 
bleeding (27), and some data suggest that this drug could 
have thrombogenic potential (28). Experience using pro-
thrombin concentrate for chronic hepatopathy is limited 
(2). Although antifi brinolytic agents such as tranexamic 
acid have reduced bleeding during liver transplant proce-
dures (29), there are no studies that demonstrate its useful-
ness in preventing spontaneous blood loss or blood loss in 
other types of procedures. Desmopressin has demonstra-
ted eff ectiveness in improving primary hemostasis accor-
ding to laboratory parameters (30), but there is not much 
data regarding its clinical effi  cacy (2).

Consequently, it is clear that using PT and PPT as isola-
ted laboratory tests to evaluate hemostasis in patients with 
chronic hepatopathy is inadequate (3). Currently we do 
not have laboratory tests that can simultaneously evaluate 
the balance between procoagulant and anticoagulant fac-
tors in vivo (20).

Nevertheless, it is possible to calculate the rate of throm-
bin generation when thrombomodulin is present and 
when it is absent. It has a negative correlation with levels 
of protein C, and a positive correlation with levels of factor 
VIII. Its clinical meaning is not clear yet (8). As the rate 
increases, the degree of hemostatic alterations also increase 
favoring a procoagulant state. Its value will increase as the 
severity of hemostasis increases (8).

Th romboelastography is a dynamic test that evaluates 
the process of thrombosis. It has been used as a guide for 
transfusions during transplants, but it is not yet clear if its 
results predict thrombotic or hemorrhagic complications 
in cirrhosis (16).
 
THROMBOSIS IN CHRONIC HEPATOPATHY

Not all haemostatic alterations in patients with hepatopa-
thy favor bleeding. Increased thrombotic risk explains fre-
quent thrombosis in the portal venous system where there 
is higher risk for patients with thrombophilia (8, 31-33). In 
addition, conditions such as fatt y liver disease, non alcoho-
lic steatohepatitis (NASH), and metabolic syndrome result 
in states favorable to coagulation.

As mentioned above, patients with chronic hepatopathy 
have partial resistance to thrombomodulin which is explai-
ned by increased factor VIII levels and decreased liver 
production which reduces levels of protein C and reduces 
purifi cation of VWF, the protein related to the LDL recep-
tor (8).
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Factor VIII is one of the most powerful activators of 
thrombin generation. Reduction in the purifi cation of fac-
tor VIII is mediated by two mechanisms. On one hand high 
levels of VWF cause it to combine with plasma and protect 
it from degradation by proteases. On the other hand, the 
protein related to the LDL receptor, which is in charge of 
its reception for intercellular degradation, is inadequately 
expressed in patients with cirrhosis (8).

Fibrosis in chronic liver disease is a consequence of a 
procoagulable state. It is a process known as parenchymal 
extinction produced by focal ischemia (34), in which pro-
teases participate in coagulation through the activation of 
stellate cells (35-37). Patients in states of hypercoagula-
bility, for instance when Leiden factor V is present, have 
accelerated liver fi brosis. Proposed mechanisms include 
the appearance of microthrombi in liver and portal veins. 
Th ese are cellular eff ects of thrombin mediated by recep-
tors in the stellate cells and by platelet activation (8). Th e 
expression of thrombin receptors in stellate cells increases 
as the liver disease worsens, and it is well known that plate-
let activation favors progression of fi brosis due to a mecha-
nism with immunological mediation which is evident in 
animal models with viral hepatitis (8).

PORTAL VEIN THROMBOSIS
 
Th e prevalence of portal vein thrombosis increases as the 
disease becomes more severe (38). Th is occurs in 1% of 
patients with compensated cirrhosis and in up to 25% of 
candidates for liver transplant. Th e mechanism for throm-
bosis seems to be mainly mediated by the reduction of pro-
tein C, by reduction in the speed of the portal fl ow, and by 
abnormalities in the vascular wall.

As the hepatopathy becomes more severe, natural anticoa-
gulant values decrease. However, when factors of confusion 
are adjusted for, natural anticoagulant values do not seem to 
predict portal vein thrombosis. Th e only predictor is reduc-
tion in the speed of the portal fl ow (39). Development of 
portal vein thrombosis in these patients is independently 
associated with reduction of proteins C and S and an increase 
in D-dimer (40). It is not clear if these changes are risk fac-
tors or a direct consequence of the acute thrombotic event.

Th e use of warfarin as an anticoagulant is not ideal 
because it is antagonistic to vitamin K which could become 
antagonistic to the small amount of protein C available thus 
increasing the risk of thrombosis (8).

ARTERIAL THROMBOSIS

Patients with chronic liver disease could develop athero-
thrombosis. It is not clear if there is an increased risk of 
coronary heart disease or stroke in these cases (8).

Arterial events such as the obstruction of the hepatic 
artery following liver transplantation worsen the progno-
sis. Th ey seem to be related to a hypercoagulable state in 
the postoperative period (41). Controlled clinical studies 
should be performed to assess the need for using antiplate-
let agents as primary prophylaxis.

A higher frequency of arterial thrombotic events has 
been found in patients with NASH (2). Similar fi ndings 
have recently been reported in patients with hepatopathy 
of alcoholic origin (42).

PERIPHERAL VENOUS THROMBOSIS

Patients with advanced liver disease are not anticoagulated 
as was once thought. Th rombotic events may occur even 
when laboratory tests suggest risk of bleeding.

Th e risk of venous thromboembolism (VTE) in patients 
with chronic hepatopathy is diffi  cult to determine by looking 
at laboratory studies retrospectively. Higher incidences of 
thrombosis can be explained by longer lives and changes in 
life style which are marked by physical inactivity (8).

Th ere is a higher incidence of thrombotic events among 
patients with cirrhosis than among patients without cirrho-
sis (43), but its incidence among patients with cirrhosis is 
lower than among patients with kidney failure, heart failure 
and cancer (44).

Th e incidence of thrombotic events among patients with 
cirrhosis is between 0.9% and 1.8% (44). Among hospita-
lized patients the reported fi gures are between 0.5% (45) 
and 6.3% (1). Two thirds of the cases are reported as deep 
vein thrombosis (DVT), 20% as pulmonary embolisms 
(PEs) and 15% as combined forms (45).

Platelet count, the severity of the underlying liver disease, 
and other classical factors for thrombotic risk are not good 
predictors for DVT and PE in this population. Albumin is 
an independent predictor of thrombotic risk in cirrhotic 
patients that probably refl ects reduced protein production, 
which also includes natural anticoagulants (44, 45). Th ere 
are no statistically signifi cant diff erences regarding the pre-
sence of thrombotic events according to INR base values in 
patients with hepatopathy (1).

It is of concern that thromboprophylaxis was not used for 
75% of the patients with chronic liver disease that presen-
ted venous thrombosis (1). Standard thromboprophylaxis 
should be extended to patients with chronic hepatopathy, at 
least for those exposed to situations of high risk for throm-
bosis, such as hospitalization, prolonged immobilization or 
signifi cant surgical procedures (1, 46). Existing guides for 
thromboprophylaxis do not consider chronic liver disease 
as a risk factor for thrombosis (47).

Th e only recommendation for treatment of thrombotic 
events in patients with hepatopathy is to use small doses 
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of oral anticoagulants. Duration of the treatment should be 
guided according to the underlying cause (49). Th ere are no 
diff erences in INR goals for anticoagulation or suggestions 
for the use of another kind of anticoagulant. Th is is because 
of the diffi  culty of monitoring antagonistic elements to 
vitamin K when prolonged PPT values are taken a starting 
point and because of the unpredictable results from using 
heparin given that its action directly involves decreased 
antithrombin III in this population (2). Studies are needed 
about the eff ectiveness and safety of using direct thrombin 
inhibitors and the Xa factor under these circumstances.

Risks and benefi ts of anticoagulant therapy in patients 
with thrombosis and portal hypertension should be asses-
sed considering the possibility of thrombosis and recu-
rrence of variceal bleeding. Data from studies to date are 
contradictory. Esophageal varices should be screened and 
treated according to guidelines for dealing with cirrhosis 
(48). Th ere is limited data about the usefulness of throm-
bophilia screening and about the benefi ts of anticoagula-
tion in patients with well compensated cirrhosis and acute 
or chronic portal venous thrombosis. Each case should be 
treated individually (49, 50).

 
CONCLUSION

Chronic hepatopathy is not only a clinical condition of 
hypocoagulability. Changes in hemostasis include procoa-
gulant and anticoagulant alterations which explain why 
clinically evident bleeding does not only depend upon 
changes in coagulation but also upon hemodynamic modi-
fi cations, endothelial dysfunction, bacterial infection, and 
kidney failure. In addition, there is a risk for thrombosis 
which reveals the need to consider the use of thrombopro-
phylaxis in these patients and to revise the guidelines regar-
ding anticoagulation in this special population.
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