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Summary
Children with liver disease present complex and varied acquired coagulation abnormalities. Liver is the place where clotting factors are 
produced as well as inhibitors of coagulation and fibrinolytic system components. Although 75-85% of patients with liver disease show 
abnormal laboratory values, only 10-15% will have clinical bleeding symptoms, as liver has a large factor reserve capacity. 
This paper will review acute and chronic liver disease and the hemostatic alterations. Treatment of the coagulopaty of liver disease 
is usually replacement of lacking factor and supportive care. Liver transplantation, which is very common recently, and its affects on 
hematological balance will also summarized. (Turk Arch Ped 2013; 48: 94-101)
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Introduction 

The liver is the place where all coagulation factors are 
produced. In 75-85% of the children with liver disease, 
abnormal results are obtained in laboratory tests (1-4). 
In addition, proteins which inhibit coagulation and the 
elements of the fibrinolytic mechanism are also produced 
in the liver. At the same time, the liver is the place where 
coagulation factors which are activated in the circulation 
are reserved and eliminated. Conclusively, 10-15% of the 
patients with liver disease display hemorrhage findings 
clinically (3). The liver has a wide reserve in terms of 
coagulation factors. 

Causes of hemorrhage in liver diseases 

The relation between hemorrhage and liver diseases 
has been known for a long time. In children, hemorrhage 
only arising from liver diseases is very rare clinically, but 
each pediatrician should consider this disease group in a 
patient who presents with hemorrhage in the differential 
diagnosis. 

Although hemorrhage in liver diseases has many 
different causes, the main cause is deficiency of coagulation 
factor (Table 1). The liver is the place where all factors are 

produced. Fibrinogen, prothrombin, prekallicrein, HMWK 
(high molecular weight kininogen) and factor V, VII, VIII, IX, 
X, XI, XII and XIII are produced in the liver. Plasminogen, 
AT3, protein C and S, alpha-2 antiplasmin and alpha-1 
antitrypsin are also produced in the liver. However, 
qualitative and quantitative disorders of platelets may also 
be detected in this group of patients. Another important 
factor is the insufficiency of the pathological liver tissue to 
eliminate activated factor and fibrinolytic factors from the 
circulation (5-7). In addition, disseminated intravascular 
coagulation (DIC) and increased fibrinolysis create 
predisposition to hemorrhage (8). Coagulation tests are 
helpful in showing hepatic reserve and in the diagnosis and 
prognosis of the underlying liver disease. For example, a 
factor V level below 20% indicates end-stage liver disease. 

Presence of esophageal varices in patients with 
liver disease is an important cause of hemorrhage (9). 
Sinusoidal endothelial cells (SEC) are important for 
intrahepatic vascular resistance. Thromboxane A2 which 
is released from these cells leads to portal hypertension 
by causing increased intrahepatic resistance. Hypoactivity 
of these cells increases production of nitric oxide (NO) and 
leads to “hyperdynamic tissue syndrome” by causing to 
splenic and systemic pressure changes and endothelial 
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relaxation. Variceal hemorrhage, hepatorenal syndrome 
and hepatopulmonary syndrome may develop in this 
syndorme (10). New vessels which develop secondary to 
portal hypertension tend to bleed. Again, gastritis which 
occurs commonly in these patients is also a cause of 
hemorrhage. 

Presence of cholestasis accompanying liver disease 
leads to a clinical picture of hemorrhage related with vitamin 
K deficiency by causing to insuffcient absorption of vitamin 
K. In this condition, both PT and aPTT are prolonged. For 
the diffferential diagnosis clinical response to vitamin K is 
evaluated or the level of factor V is determined to eliminate 
liver disease (11). 

Clinically, presence of inhibitor which develops 
following infections which occur commonly in the childhood 
should be considered primarily in deficiency of multiple 
factors. Mixing study with 1/1 normal plasma is applied 
to investigate the presence of inhibitor. If the abnormal 
test does not improve with addition of normal plasma, the 
presence of inhibitor developed against the factors which 
are present in the plasma of the patient is confirmed. If 
the mixing study improves with the added plasma, factor 
deficiency should be considered. In deficiencies of multiple 
factors, liver diseases should absolutely be excluded. 

Laboratory 

In hemorrhage related with liver diseases, various 
laboratory tests may be helpful and the results may be 
variable with a great extent (Table 2). 

In mild liver diseases, no significant finding is observed 
in the laboratory tests; the best example for this is viral and 
toxic hepatitis. 

In patients with liver disease, the bleeding time is 
abnormal in 40% of the patients (12-14). In these patients, 
the bleeding time improves with DDAVP (desmopressin) 

(15). However, decrease in hemorrhage in patients with 
liver disease or in transplant receivers with use of DDAVP 
could not be demostrated in randomly selected studies (14). 
Therefore, it is not useful to improve the bleeding time in 
these patients. In recent years, it was shown that bleeding 
control could be provided more easily with a hematocrite 
(Hct) of >25-30 in studies in which PFA-100 was used. 
Therefore, keeping Hct at 25-30% after excluding the 
possibility of thrombosis by providing sufficient circulation 
may decrease the risk of bleeding. 

In children with liver disease, the most common 
disorder is prolonged PT (12-14). Prothrombin time is a 
more sensitive test compared to ALT and AST in showing 
hepatic functions (the factor which disrupts firstly is factor 
VII, since the half-time is 6 hours). However, there is 
generally no relation with a prolonged PT and bleeding risk. 
In patients with liver disease, bleeding generally occurs in 
presence of a triggering factor including mostly trauma, 
surgical intervention or infection. In a study performed in 
adults, the risk of bleeding was found to be 4% in patients 
with liver disease who had a PT of >15 s in procedures 
including paracenthesis, thoracenthesis, lumbar puncture 
and surgical interventions (16). 

In presence of chronic liver disease, no relation could 
be demostrated between coagulation tests and cholesterol, 
albumin, transaminase levels and clinical status in most 
studies. Although the most common test which is found 
to be abnormal is PT, the level of factor V can be used 
as the best indicator of prognosis. However, this is also 
not specific for the differential diagnosis of the underlying 
primary disease. As stated, all factors are found to be 
decreased in liver diseases, but the level of factor VIII may 
be normal and even high. The reason for this is the fact 
that factor VIII can also be synthesized in the endothelium 
outside the liver. It is known that the ratio of FVIII/ vWF 
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Table 1. Conditions which cause to hemorrhage in liver diseases and compensation of this in the body (3)  

Hemorrhagic diathesis Mechanism which inhibits hemorrhage 

Thrombocytopenia Increased vWF 

Thrombocyte dysfunction Decreased ADAMTS-13

Increased NO and prostacycline production Increased factor VIII level in the blood

Decreased factor II, V,VII, IX, X and XI Decreased Pr C, Pr S, AT, alpha-2 macroglobulin and heparin 
cofactor II

Vitamin K deficiency

Disfibrinogenemia

Increased fibolysis and t-PA Decreased plasminogen level in the blood

Decreased ALFA-2 antiplasmin, factor XIII and TAFI Increased PAI-1

TAFI: trombin activated fibrinolysis inhibitor, NO: nitric oxide, ADAMTS-13: a disintegrin and metalloproteinase with a thrombospondin type 1, von Willebrand 

factor-cleaving protease, t-PA: tissue plasminogen activator, PAI-1: plazminogen activator inhibitor-1
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is increased in patients with cirhhosis (17,18). Especially 
the level of vWF is known to increase 10-fold. Although 
the level factor XIII is found to be within normal limits in 
studies performed, it is evaluated to be relatively deficient, 
since there is a problem in activation (17). While the level 
of FXIII decreases in hepatocellular diseases, it is found 
to be normal in obstructive jaundice. When fibrinolysis is 
disrupted and DIC develops, FXIII also decreases as all 
factors do. Factors are found with a rate of 50-150% in 
the plasma. However, a level of 20-50% for most factors 
can allow sufficient hemostasis. This is an evidence of the 
reserve of these factors. 

Antithrombin-3 is the most important physiological 
inhibitor of coagulation. It inhibits other serine proteases 
(factor VII, IX, X, XI and XII) in addition to thrombin. It is 
synthesized in the liver and has a half-life of 48-58 hours. 
Heparin increases the binding rate and amount of AT3 
to thrombin. In fulminant hepatic failure and chronic liver 
diseases, the AT3 level decreases. This may be related to 
decreased synthesis, increased destruction or both. AT3 
may be found to be high in biliary obstructions, hepatitis 
with chronic cholestasis and vitamin K deficiency. 

Antiplasmin inactivates plasminogen. Its level is 
decreased in severe liver diseases. In addition, it is thought 
that it is released from the lymphocytes in the blood. 

Protein C inhibits factor V and VIII. Protein S is the 
cofactor of protein C. In addition to both these proteins, 
thrombomodulin and t-PA also decrease in liver diseases. 
Thrombin which is involved in coagulation activates protein 
C. Thus, coagulation activates the system which will 
restrain itself while starting and inhibits excessive formation 
of clot. Decrease in protein C and S is not reflected to PT 
or aPTT. Therefore, thrombosis which is the other wing of 
hemostasis is not evaluated, when the risk of bleeding is 
examined in the tests. Generally, portal vein thrombosis 
(PVT) may be observed with a rate of 2-54% and deep vein 
thrombosis may be observed with a rate of 1.2% in patients 

with liver disease. In patients with cirhhosis, PVT may be 
observed with a rate of 3-13,8%. This rate increases to 
35% in patients who have hepatocellular carcinoma or 
who have undergone surgical portosystemic shunt surgery 
(19,20). In patients with cirrhosis, development of ascites 
or bleedings should suggest PVT. It is not always easy 
to make the diagnosis. Therefore, clinical thinking is very 
important for the diagnosis. Portal vein thrombosis:

Slowed flow :	a. Portal vein obstruction
		  b. Malign cell extention
		  c. Develops as a result of systemic 

excessive coagulation (most commonly prothrombin 20120 
mutation). 

Most of the time, microthrombi develop rather than 
macrothrombi and clinical findings may be absent without 
organ failure. However, presence of microthrombus is 
found with a high rate on autopsies. In 3-8% of the patients, 
the portal vein pressure is >35 mmHg. Although there is 
a risk for thrombosis in most patients with liver disease, 
anticoagulant and antiagregant treatment is avoided, since 
use of these types of drugs may increase the present risk 
of bleeding. 

Plasminogen which is involved in the fibrinolytis system 
is present in the tissue as zymogen and is activated as 
a result of interaction with tissue plasminogen activator 
(t-PA) which is also present in the tissue. The liver also 
participates in elimination of t-PA. Plasminogen breaks 
down fibrinogen by adhering to it in the lysine or arginine 
regions. Its level is decreased in liver diseases.

In patients with liver disease, the clinic status is mostly 
silent, since there is a decrease in both the coagulant and 
anticoagulant mechanism. This is caricaturised in figure 1. 
Disruption of this sensitive balance with a triggering factor 
may result in hemorrhage or thrombosis clinically (Figure 2). 

Plateletes and liver diseases 

Platalets are decreased in liver diseases and this 
decrease is by >65% in severe liver diseases (17). Portal 
hypertension and related splenomegaly and reserving of 
the platalets in the spleen is the most important reason for 

Table 2. Tests to be used in evaluation of 
coagulation in patients with liver 
disease 

• PT and aPTT

• Fibrinogen level

• Thrombin-thrombomodulin 

• Fibrinolysis 

• Clot lysis time

• Alpha-2 plasmin inhibitor

• Platalet number and function tests

• PFA (Platelet Function Analyzer)

• Bleeding time 

Figure 1. The state of balances as a result of change 
in blood components in normal individuals (A) 
and in patients with liver disease (B) (2)
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thrombocytopenia (21). In addition, DIC and decreased 
production also contribute to thrombocytopenia. The 
number of megacariocytes in the bone marrow is normal or 
even high (22,23). However, production is also decreased 
in alcoholism, folic acid deficiency and viral hepatitis. 
Although thrombocytopenia is found very frequently 
in patients with liver disease, it is very rarely a cause of 
clinical hemorrhage. The lower limit of platalet number 
which will lead to hemorrhage clinically in patients with liver 
disease is not known. As far as clinical thrombocytopenia 
and leukopenia do not lead to life-threatening outcomes, 

splenectomy is not recommended. Both the number and 
function of platalets are decreased (Table 2) (24). Especially, 
aggregation disorder and prolongation in the bleeding time 
are found frequently. Platalet dysfunctions are generally 
related with the severity of liver disease. When platalet-
poor plasmas of these patients are incubated with normal 
platalets, normal platalet functions can not be observed 
and this is thought to be related with presence of fibrin 
destruction products in the plasma of the patients with liver 
disease (21). 

In addition, large platalets which are active and known 
to be more efficient in hemostasis are found with a low 
number in patients with liver disease (21). The altered 
cholesterol/phospholipid ratio in patients with liver disease 
also disrupts platalet functions by inhibiting sufficient 
“prostoglandin” production in the arachidonic acid (AA) 
pathway (25,26). As a result of insufficient AA production 
in this platalet membrane, secondary activation of platalets 
occurs insufficiently. Insufficient interaction in the platalets 
may lead to insufficient trombomodulin production. 
This means activation disorder in the coagulant and 
anticoagulant systems. 

Platalet number and function disorders in patients with 
liver disease (Table 1) is compensated with the increase 
in the FVIIIa/ vWF ratio. Thus, adhesion and regional 
control in the platalets are provided favourably. The causes 
of increased blood vWF include endothelial activation, 
decreased elimination from the liver and infection. 

In patients with cirrhosis, platalet transfusion is 
performed before interventions including liver biopsy and 

Figure 2. Blood levels of coagulants and anticoagulants 
in differrent diseases a: normal individual,  
b: thrombosis, c: hemophilia, d: liver diseases (3)

a

c

b

d

Procoagulants
Procoagulants

Anticoagulants Anticoagulants

Anticoagulants
Anticoagulants

Procoagulants Procoagulants

Table 3. Causes of platalet number and function disorders 

Insufficient production in the 
bone marrow

• Hepatitis C

• Folic acid deficiency

• Ethanol toxicity

Increased destruction • Presence of autoantibody

• DIC

Dysfunction • Adhesion disorder

• Aggregation disorder

• Acquired storage pool disease 

• Decreased thromboxane A2 synthesis 

• Transmembrane conduction disorder

• Decreased number of GP1b, GP2b3a deficiency (due to active fibrinolysis)

• Increased HDL

• Decreased hct

• Increased endothelium-derived NO and prostocycline (the strongest platalet inhibitors)
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tooth extraction (21). However, volume load, infection and 
transfusion complications may be observed frequently. 
Again, it was shown that requirement for platalet transfusion 
and number of platalets were independent variables for 
one-year survival rates after transplantation (27). In recent 
years, the approaches of performing platalet transfusion 
and bringing the number of platalets to normal have been 
questioned. In these patients, presence of active infection, 
accompanying renal failure or presence of altered lipid 
profile have been found to be more significant compared to 
the number of platalets (1,2,3,4,12,13,14). 

Hyperfibrinolysis and liver disease

In patients with liver disease, hyperfibrinolysis is found 
with a rate of 30-46% (28,29). However, the diagnosis of 
fibrinolysis is difficult because of difficulties of laboratory 
evidence. Fibrinolytic proteins are also synthesized in the 
liver like coagulation factors. The production of plasminogen, 
alpha-2 antiplasmin, histidine-rich glycoprotein and FXIII is 
decreased in liver diseases. Blood t-PA level is increased, 
since elimination in the liver is decreased. The level of 
plasminogen activator inhibitor (PAI) may be increased, 
decreased or normal depending on the underlying 
disease (for example: PAI-1 is increased in chronic liver 
disease and decreased in severe hepatic failure). In acute 
hepatic diseases, the level of PAI-1 in increased as acute 
phase response and leads to hypofibrinolysis. Thrombin 
activatable fibrinolysis inhibitor (TAFI) is decreased in 
patients with cirrhosis, but hyperfibrinolysis is not observed 
clinically in these patients because fibrinolytic factors 
are also decreased (30). Thus, these patients are in a 
very sensitive balance (Figure 1). Therefore, preventive 
approach in these patients is definitely not recommended 
in these patients, if there is no clinical finding, since it will 
disrupt the balance. 

Hyperfibrinolysis occurs in patients with liver disease 
who have ascites (31,32). Systemic fibrinolysis may be 
observed during absorption of ascites. Hyperfibrinolysis 
leads to thrombolysis and inhibits platalet aggregation and 
formation of hemostatic plaque. 

It is found in 30% of the patients with liver disease. 
Endotoxins which enter the systemic circulation increase 
monocyte expression in patients with acute or chronic liver 
diseases or by portosystemic shunt interaction. Increase in 
monocytes leads to tissue factor release from the tissue. 
The tissue factor interacts with FVIII in the circulation, 
activates coagulation and protein factor 1+2 and d-dimer 
are increased. These affect the endothelium and cause 
coagulation to increase further.

In patients with chronic cirrhosis, bleeding from the 
varices occur with a rate of 5-15% yearly. The mortality rate 
related with hemorrhage in the first 6 weeks after the first 

bleeding from esophageal varices is 20% (33). The chance 
of recurrence of hemorrhage in the 1-2 years in these 
patients is 60%. 

In patients with liver disease, the reason for onset 
of hemorrhage is generally not coagulopathy, but the 
severity and persistence of hemorrhage is related with 
coagulopathy. It may sometimes be very difficult especially 
to control variceal bleedings. Fibrinolysis which is added 
to the picture makes it more difficult to control bleeding 
by causing to presence of increased fibrin destruction 
products in the tissue and blood (31,32,33). Presence of 
portal hypertension is one of the factors which complicates 
bleeding control. 

In 50-70% of the patients with acute hepatic failure, 
spontaneous hemorrhage develops. 30% of these cases are 
severe and 27% of these are lost because of hemorrhage 
(34 ). A low FVIII level in acute hepatic failure indicates 
presence of DIC. In acute hepatic failure, administration of 
10 mg/kg vitamin K for 3 days is recommended because 
control of bleeding will be difficult, if vitamin K deficiency is 
added to the picture. 

In children with liver disease, renal problems are also 
found frequently. In these patients, platalet functions 
including especially platalet adhesion function are disrupted 
in presence of uremia (24). The risk of hemorrhage 
increases. In uremic patients, formation of ADP-serotonine 
and AA in the palatalet membrane is also decreased. Thus 
platalet-entothelium interaction is disrupted. Increased 
NO in uremia leads to endothelial damage and platalet 
adhesion and agregation disorder. In addition, anemia 
is also added to the picture in uremic patients by way of 
insufficient synthesis in the bone marrow and increased 
loss. When Hct is <25-30 in these patients, the risk 
increases exponentially. When hematoctrit decreases, 
blood viscosity increases, turbulent flow occurs, adherence 
of platalets with decreased number and function to the 
endothelium becomes more difficult and the possibility of 
haemostasis decreases. Therefore, Hct should be kept at 
a high level in patients with both hepatic and renal function 
with an increased risk of hemorrhage. In patients with 
liver disease in whom renal disease is also present, EPO 
(erythropoietin), DDAVP and estrogen may be tried instead 
of platalet suspension.

 Treatment of hemorrhage in patients with liver disease 
In this group of patients, decision for treatment of 

hemorrhage and being successful may be difficult for the 
physician. Since the cause of hemorrhage is generally 
insufficient synthesis in most patients, fresh frozen plasma 
(FFP) may be used in treatment (35). Fresh frozen plasma 
is sufficient for all factors except for fibrinogen. When 
fibrinogen is needed, cryoprecipitate is more efficient, 
since it contains 200-300 mg fibrinogen in each bag and 
does not lead to volume load. 
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If vitamin K deficiency is considered in the patient, 
administration of vitamin K may be beneficial. Platalet 
suspension is used in platalet number and function 
disorders. 

In more severe liver diseases, the prognosis of the patient 
may be improved with supportive treatment and prevention 
of hemorrhage and complications of hemorrhage. Some 
physicians think that the liver reserve will be kept active 
with rapid and sufficient replacement treatment and thus 
dysfunction will not be reflected in the clinical status. In this 
group of patients, another unclear issue is use of heparin. 
Although some articles stated that DIC could be controlled 
with use of heparin, there are no evidence-based studies 
about the dose, time and benefit/harm of heparin. AT3, 
DDAVP can be used to control bleding. It was shown that 
FV, VIII, XIII levels increased especially with use of DDAVP 
(1,2,3,4,14). 

If the patient has hyperfibrinolysis, EACA (epsilon 
amino caproic acid), tranexamic acid and aprotinine may 
be used in treatment (33,36). Tranexamic acid inhibits 
breakdown of plasminogen by binding to fibrin and is used 
at a dose of 25-40 mg/kg. It should be kept in mind that 
it may lead to thrombosis at high doses. Aprotinine is a 
serine protease inhibitor. It inhibits plasmin and kallicrein. 
It is generally used in patients who have received a 
liver transplant. It was shown to decrease the need for 
blood transfusion by 30% (33). The dose is initiated with 
2x106 and continued with 0.5x106/h. Although no risk for 
thromboembolism has been observed with the use of the 
drug, it may lead to transient renal failure. 

Liver disease-infection-hemorrhage

Infection is found with a rate of 47% in patients with 
cirrhosis and 66% in patients with liver disease who have 
gastrointestinal hemorrhage. In patients who present with 
hemorrhage, the most important risk factor for recurrence 
of hemorrhage in the first five days has been stated to be 
infection (37,38). The pathophysiological causes which 
are thought to lead to hemorrhage in presence of infection 
include: 
•	 Infection => endotoxin => increased tension in the 

portal area => endothelial contraction in the hepatic 
cells => hemorrhage

•	 Infection => NO release => prostacycline release => 
inhibition of platalet aggregation => hemorrhage 

•	 Infection => formation of endogeneous-exogeneous 
heparinoid in the endothelium => should be eliminated 
in the liver => if it is not eliminated, it increases in the 
tissue => hemorrhage

•	 Infection => tissue ischemia => reperfusion => 
macrophage activation => formation of heparinoid => 
hemorrhage

Liver Transplantation 

When irreversible damage occurs in the liver, 
transplantation is a treatment option (39,40,41,42). The 
decision of transplantation should be given by a committee 
and should be tried in patients who have a chance of 
survival for at least three months. 

Generally, PT and aPTT are prolonged and platalets 
are decreased during the time between removal of the 
liver of the patient and transplantation of the new liver and 
the tests persist to be abnormal when perfusion starts on 
reengraftment. Thromboelastography also shows abnormal 
findings and fibrinolytic activity and the effect of heparin 
are reflected in the clinical status. In children, all these 
effects are observed less often compared to adults. After 
transplantation coagulation proteins are synthesized rapidly 
(41). The most common complications include intensive 
hemorrhage during and after operation, infection, rejection 
and the side effects of immunosuprresive drugs used for a 
long-term. The risk of hemorrhage in the operation area in 
the early postoperative period is high and leads to disruption 
of graft. However, the most common causes of mortality in 
patients who have undergone transplantation have been 
reported to be trauma and intracranial hemorrhage. Again, 
the risk of hepatic or portal vein thrombosis is high in the 
early postoperative period. If the patient is an adolescent 
or child, the risk of thrombosis has been reported to be 
higher. The mortality rate increases to 40% in hepatic 
artery thrombosis. The effect of heparin in this issue is 
controversial. 

Coagulation tests have been examined to predict the 
amount of hemorrhage during transplantation. Altough 
hemorrhage with a two-fold intensity compared to the total 
blood volume is observed in 50% of the patients, it has 
been reported that this finding can not be predicted with 
the bleeding tests (3). Blood transfusion is not necessarily 
recommended before transplantation. Transplantation 
has been reported to increase the risk of hemorrhage 
by leading to fullness in the vessels. Prophylactic 
rFVIIa–PCC (prothrombin-complex concentrate) is not 
recommended either (45). However, it is recommended 
to be used, when hemorrhage can not be stopped and 
in presence of fibrinolysis and ascites (46,47,48,49,50). 
Portal hypertension and thrombocytopenias related with 
hypersplenism gradually improve in the first year. 

In Cerrahpaşa Medical Faculty, we always order 
hemogram, peripheral blood smear, bleeding time, PT 
anda PTT and ALT and AST values for diagnostic purpose 
in patients who present with hemorrhage. We watch out 
in terms of underlying liver diseases in multiple factor 
deficiency. We generaly do not administer prophylaxis 
before hemorrhage occurs in our patients with liver 
disease. We are watchful that the platalet number  
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is>50 000/mm3, fibrinogen is>100 mg/d L and INR is <1.2 
before minor surgical procedures and liver biopsy. However, 
we use TDP, PCC, aPCC or rFakVIIa in patients in whom 
this clinical state can not be provided, who have a history 
of hemorrhage and who need interventions for diagnostic 
and therapeutical purposes. In some patients who have 
thrombocytopenia (<20 000/mm3) and who have a history 
of hemorrhage, we administered platalet transfusion rarely 
before biopsy. As an antifibrinolytic agent tranexamic 
acid which is especially inexpensive and efficient is very 
useful in stopping short-term hemorrhages in the form of 
leakage. However, it should be kept in mind that one of the 
side effects of tranexamic acid is hepatic toxicity and long-
term use should be avoided. We have not lost any patient 
with liver disease because of purely hemorrhage. In this 
group of patients, thrombosis creates difficulty in treatment 
rather than hemorrhage. In some patients with thrombosis 
and with a predisposition to thrombophilia in terms of 
etiology, we used heparin, LMWH (low molecular weight 
heparin), vitamin K antagonist and t-PA, when necessary. 
Our clinical experience indicates that especially t-PA is 
useful in the early period of thrombosis and if a response 
is to be obtained, the first two doses are responsed. We 
most frequently prefer LMWH in treatment. Our reasons for 
preferring LMWH are the facts that hemostasis returns in 
12 hours when it is discontinued and very frequent tests are 
not needed for monitoring. Warfarin monitorization is more 
difficult in these patients, since they are used in combination 
with many other drugs. Even if the drug is discontinued, its 
effects last long because the half-life is 5 days. 

Conclusively, we think close hematological monitoring 
and avoiding drugs and blood products constitute the best 
approach, if marked clinical findings are absent in patients 
with liver disease. 

References
1.	 Joist JH, George JN. Hemostatic abnormalities in liver and 

renal disease. In: Colman RW, Hirsh J, Marder VJ, Clowes AE, 
George JN, (eds). Hemostasis and thrombosis. Philadelphia, Pa: 
Lippincott Williams & Wilkins; 2001: 955-973.

2.	 Monroe DM, Hoffman M. The coagulation cascade in cirrhosis. 
Clin Liver Dis 2009; 13(1): 1-9.

3.	 Lisman T, Caldwell SH, Burroughs AK, Northup PG, Senzolo M, 
Stravitz RT, Tripodi A, Trotter JF, Valla DC, Porte RJ; Coagulation 
in Liver Disease Study Group. Hemostasis and thrombosis in 
patients with liver disease: the ups and downs. J Hepatol 2010 ; 
53(2): 362-371. 

4.	 Gugig R, Rosenthal P. Current options for treatment of end-stage 
liver disease in children. Curr Pediatr Rev 2005; 1: 261-1264.

5.	 Leebeek FW, Kluft C, Knot EA, de Maat MP, Wilson JH. A shift in 
balance between profibrinolytic and antifibrinolytic factors causes 
enhanced fibrinolysis in cirrhosis. Gastroenterology 1991; 101: 
1382-1390.

6.	 Ferro D, Quintarelli C, Saliola M, et al. Prevalence of 
hyperfibrinolysis in patients with liver cirrhosis. Fibrinolysis 1993; 
7(1): 59-62.

7.	 Francis RB Jr, Feinstein DI. Clinical significance of accelerated 
fibrinolysis in liver disease. Haemostasis 1984; 14(6): 460-465.

8.	 Ben-Ari Z, Osman E, Hutton RA, Burroughs AK. Disseminated 
intravascular coagulation in liver cirrhosis: fact or fiction? Am J 
Gastroenterol 1999; 94(10): 2977-2982.

9.	 Ryan BM, Stockbrugger RW, Ryan JM. A pathophysiologic, 
gastroenterologic, and radiologic approach to the management of 
gastric varices. Gastroenterology 2004; 126(4): 1175-1189.

10.	 Smalberg JH, Leebeek FW. Superimposed coagulopathic 
conditions in cirrhosis: infection and endogenous heparinoids, 
renal failure, and endothelial dysfunction. Clin Liver Dis 2009; 
13(1): 33-42.

11.	 Lisman T, Porte RJ, Leebeek FW, Caldwell SH. Methodological 
issues with coagulation testing in patients with liver disease. 2006; 
4(9): 2061-2062.

12.	 Mannucci PM. Abnormal hemostasis tests and bleeding in chronic 
liver disease: are they related? No. J Thromb Haemost 2006; 4(4): 
721-723.

13.	 Reverter JC. Abnormal hemostasis tests and bleeding in chronic 
liver disease: are they related? Yes. J Thromb Haemost 2006; 
4(4): 717-720.

14.	 Lisman T, Caldwell SH, Porte RJ, Leebeek FW. Consequences 
of abnormal hemostasis tests for clinical practice. J Thromb 
Haemost 2006 ; 4(9): 2062-2063.

15.	 Cattaneo M, Tenconi PM, Alberca I, Garcia VV, Mannucci PM. 
Subcutaneous desmopressin (DDAVP) shortens the prolonged 
bleeding time in patients with liver cirrhosis. Thromb Haemost 
1990; 64(3) : 358-360.

16.	 Friedman EW, Sussman II. Safety of invasive procedures in 
patients with the coagulopathy of liver disease. Clin Lab Haematol 
1989; 11(3): 199-204.

17.	 Bell BA. Bleeding associated with hepatocelluler disease. Int J 
Ped Hem/Onc 1994; 1: 53-61.

18.	 Ferro D, Quintarelli C, Lattuada A, Leo R, Alessandroni M, 
Mannucci PM, Violi F. High plasma levels of von Willebrand factor 
as a marker of endothelial perturbation in cirrhosis: relationship to 
endotoxemia. Hepatology 1996; 23(6): 1377-1383.

19.	Nonami T, Yokoyama I, Iwatsuki S, Starzl TE. The incidence of 
portal vein thrombosis at liver transplantation. Hepatology 1992; 
16(5): 1195-1198.

20.	 Northup PG. Hypercoagulation in liver disease. Clin Liver Dis 
2009; 13(1): 109-116.

21.	 Hugenholtz GG, Porte RJ, Lisman T. The platelet and platelet 
function testing in liver disease. Clin Liver Dis 2009; 13(1): 11-20.

22.	 Koruk M, Onuk MD, Akçay F, Savas MC. Serum thrombopoietin 
levels in patients with chronic hepatitis and liver cirrhosis, 
and its relationship with circulating thrombocyte counts. 
Hepatogastroenterology 2002; 49(48): 1645-1648.

23.	 Freni MA, Spadaro A, Ajello A, Barbaro E, Scaffidi M, Alessi 
N, Resta ML, Ferraù O. Serum thrombopoietin in chronic liver 
disease: relation to severity of the disease and spleen size. 2002; 
49(47): 1382-1385.

24.	 Escolar G, Cases A, Viñas M, Pino M, Calls J, Cirera I, Ordinas A. 
Evaluation of acquired platelet dysfunctions in uremic and cirrhotic 
patients using the platelet function analyzer (PFA-100): influence 
of hematocrit elevation. Haematologica 1999; 84(7): 614-619.

25.	 Shattil SJ, Anaya-Galindo R, Bennett J, Colman RW, Cooper RA. 
Platelet hypersensitivity induced by cholesterol incorporation. J 
Clin Invest 1975; 55(3): 636-643.

26.	 Watanabe M, Shiraishi K, Itakura M, Matsuzaki S. Relationship 
between platelet membrane lipid compositions and platelet 
aggregability in alcoholic liver disease. Alcohol Clin Exp Res 
1998; 22(Suppl 3): 97-102.



101Turk Arch Ped 2013; 94-101
Tülin Tiraje Celkan

What is happening to thrombosis- hemostasis in patients with liver disease

27.	 de Boer MT, Christensen MC, Asmussen M, van der Hilst CS, 
Hendriks HG, Slooff MJ, Porte RJ. The impact of intraoperative 
transfusion of platelets and red blood cells on survival after liver 
transplantation. Anesth Analg 2008; 106(1): 32-44. 

28.	 Boks AL, Brommer EJ, Schalm SW, Van Vliet HH. Hemostasis and 
fibrinolysis in severe liver failure and their relation to hemorrhage. 
Hepatology 1986; 6(1): 79-86.

29.	Violi F, Ferro D, Basili S, Quintarelli C, Saliola M, Alessandri C, 
Cordova C, Balsano F. Hyperfibrinolysis increases the risk of 
gastrointestinal hemorrhage in patients with advanced cirrhosis. 
Hepatology 1992; 15(4): 672-676.

30.	 Lisman T, Leebeek FW, Mosnier LO, Bouma BN, Meijers JC, 
Janssen HL, Nieuwenhuis HK, De Groot PG. Thrombin-activatable 
fibrinolysis inhibitor deficiency in cirrhosis is not associated with 
increased plasma fibrinolysis. Gastroenterology 2001; 121(1): 131-
139.

31.	 Agarwal S, Joyner KA Jr, Swaim MW. Ascites fluid as a possible 
origin for hyperfibrinolysis in advanced liver disease. Am J 
Gastroenterol 2000; 95(11): 3218-3224.

32.	 Piscaglia F, Donati G, Giannini R, Bolondi L. Liver cirrhosis, 
ascites, and hyperfibrinolysis. Am J Gastroenterol 2001; 96(11): 
3222.

33.	 Ferro D, Celestini A, Violi F. Hyperfibrinolysis in liver disease. Clin 
Liver Dis 2009; 13(1): 21-31.

34.	 Munoz SJ, Stravitz RT, Gabriel DA. Coagulopathy of acute liver 
failure. Clin Liver Dis 2009; 13(1): 95-107.

35.	Youssef WI, Salazar F, Dasarathy S, Beddow T, Mullen KD. Role 
of fresh frozen plasma infusion in correction of coagulopathy of 
chronic liver disease: a dual phase study. Am J Gastroenterol 
2003; 98(6): 1391-1394.

36.	 Porte RJ. Antifibrinolytics in liver transplantation: they are effective, 
but what about the risk-benefit ratio? Liver Transpl 2004; 10(2): 
285-288.

37.	 Montalto P, Vlachogiannakos J, Cox DJ, Pastacaldi S, Patch D, 
Burroughs AK. Bacterial infection in cirrhosis impairs coagulation 
by a heparin effect: a prospective study. J Hepatol 2002; 37(4): 
463-470.

38.	 Papatheodoridis GV, Patch D, Webster GJ, Brooker J, Barnes 
E, Burroughs AK. Infection and hemostasis in decompensated 
cirrhosis: a prospective study using thrombelastography. 
Hepatology 1999; 29(4): 1085-1090.

39.	 SPLIT Research Group. Studies of Pediatric Liver Transplantation 
(SPLIT): year 2000 outcomes. Transplantation 2001; 72(3): 463-
476.

40.	 Najimi M, Sokal E. Update on liver cell transplantation. J Pediatr 
Gastroenterol Nutr 2004; 39(4): 311-319.

41.	 Hendrickson RJ, Karrer FM, Wachs ME, Slater K, Bak TE, Kam 
I. Pediatric liver transplantation. Cur Opinion Pediatr 2004; 16(3): 
309-313.

42.	 Abramson O, Rosenthal P. Current status of pediatric liver 
transplantation. Clin Liver Dis 2000; 4(3): 533-552.

43.	 Pugh RN. Pugh’s grading in the classification of liver 
decompensation. Gut 1992; 33(11): 1583.

44.	 Schepke M, Roth F, Fimmers R, Brensing KA, Sudhop T, 
Schild HH, Sauerbruch T. Comparison of MELD, Child-Pugh, 
and Emory model for the prediction of survival in patients 
undergoing transjugular intrahepatic portosystemic shunting. Am 
J Gastroenterol 2003; 98(5): 1167-1174.

45.	 Argo CK, Balogun RA. Blood products, volume control, and renal 
support in the coagulopathy of liver disease. Clin Liver Dis 2009; 
13(1): 73-85. 

46.	 Porte RJ, Caldwell SH. The role of recombinant factor VIIa in liver 
transplantation. Liver Transpl 2005; 11(8): 872-874.

47.	 Lisman T, Leebeek FW, Meijer K, Van Der Meer J, Nieuwenhuis 
HK, De Groot PG. Recombinant factor VIIa improves clot formation 
but not fibrolytic potential in patients with cirrhosis and during liver 
transplantation. Hepatology 2002; 35(3): 616-621.

48.	 Jeffers L, Chalasani N, Balart L, Pyrsopoulos N, Erhardtsen E. 
Safety and efficacy of recombinant factor VIIa in patients with liver 
disease undergoing laparoscopic liver biopsy. Gastroenterology 
2002; 123(1): 118-126.

49.	 Shami VM, Caldwell SH, Hespenheide EE, Arseneau KO, Bickston 
SJ, Macik BG. Recombinant activated factor VII for coagulopathy 
in fulminant hepatic failure compared with conventional therapy. 
Liver Transpl 2003; 9(2): 138-143.

 50.Bosch J, Thabut D, Bendtsen F, D’Amico G, Albillos A, González 
Abraldes J, Fabricius S, Erhardtsen E, de Franchis R; European 
Study Group on rFVIIa in UGI Haemorrhage. Recombinant factor 
VIIa for upper gastrointestinal bleeding in patients with cirrhosis: 
a randomized, double-blind trial. Gastroenterology 2004; 127(4): 
1123-1130.


