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Abstract

The liver is an essential player in the pathway of
coagulation in both primary and secondary haemostasis.
Only von Willebrand factor is not synthetised by the
liver, thus liver failure is associated with impairment of
coagulation. However, recently it has been shown that
the delicate balance between pro and antithrombotic
factors synthetised by the liver might be reset to a lower
level in patients with chronic liver disease. Therefore,
these patients might not be really anticoagulated in
stable condition and bleeding may be caused only when
additional factors, such as infections, supervene. Portal
hypertension plays an important role in coagulopathy
in liver disease, reducing the number of circulating
platelets, but platelet function and secretion of
thrombopoietin have been also shown to be impaired
in patients with liver disease. Vitamin K deficiency may
coexist, so that abnormal clotting factors are produced
due to lack of gamma carboxylation. Moreover during
liver failure, there is a reduced capacity to clear activated
haemostatic proteins and protein inhibitor complexes
from the circulation. Usually therapy for coagulation
disorders in liver disease is needed only during bleeding
or before invasive procedures. When end stage liver
disease occurs, liver transplantation is the only treatment
available, which can restore normal haemostasis, and
correct genetic clotting defects, such as haemophilia or
factor V Leiden mutation. During liver transplantation
haemorrage may occur due to the pre-existing
hypocoagulable state, the collateral circulation caused
by portal hypertension and increased fibrinolysis which
occurs during this surgery.
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INTRODUCTION

The liver plays several key roles in blood coagulation
being involved in both primary and secondary hemostasis'".
It is the site of synthesis of all coagulation factors and
their inhibitors except for von Willebrand factor (vWi)?,
Liver damage is commonly associated with impairment
of coagulation, when liver reserve is poor. The hemo-
static system is in a delicate balance between prothrom-
botic and antithrombotic processes, aiming to prevent
excessive blood loss from injured vessels and to prevent
spontaneous thrombosis. Liver failure is accompanied by
multiple changes in the hemostatic system, because of
reduced plasma levels of procoagulative and anticoagulative
clotting factors synthesised by hepatocytes and sinusoidal
cells”. Vitamin K deficiency may coexist, so that abnot-
mal clotting factors are produced due to lack of gamma
carboxylation. Moreover during liver failure, there is a
reduced capacity to clear activated hemostatic proteins and
protein inhibitor complexes from the circulation. Thus the
global effect of liver disease with regard to hemostasis is
complex, so that patients with advanced liver disease can
expetience severe bleeding or even thrombotic complica-
tions (Table 1). Finally, when marked portal hyperten-
sion develops with collateral circulation and secondary
splenomegaly, thrombocytopenia develops due to splenic
sequestration. However, thrombocytopenia may also be
due to decreased hepatic thrombopoietin synthesis. There
is also impaired platelet function. These hemostatic abnor-
malities do not always lead to spontancous bleeding, but
the onset of complications of cirrhosis such as variceal
bleeding or infection/sepsis may lead to worsening of
the coagulation status. The presence of a consumptive
coagulopathy other than secondary to sepsis or other pre-
disposing causes is disputed.

Usually therapy for coagulation disorders in liver
disease is needed only during bleeding or before invasive
procedures. When end stage liver disease occurs, liver
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transplantation is the only treatment available, which can
restore normal hemostasis, and correct genetic clotting
defects, such as hemophilia or factor V Leiden mutation.
During liver transplantation hemorrage may occur due
to the pre-existing hypocoagulable state, the collateral
circulation caused by portal hypertension and increased
fibrinolysis which occurs during this surgery.

HEMOSTATIC FACTORS

Procoagulant factors

The liver is the site of synthesis of fibrinogen and fac-
tors II, V, VI, IX, X, XI and XI'. Von Willebrand factor
(vW) is synthetised by the endothelium®. Factor VI is
synthetised mainly by the hepatic, but also non hepatic
sinusoidal endothelial cells®”, thus the plasma concentra-
tion of factor VIl is not decreased with liver disease, and
may be even increased, as many chronic liver diseases
are associated with chronic inflammation'”. Factor VI is
high in fulminant hepatic failure and low in disseminated
intravascular coagulation (DIC)"” but this differential
diagnosis is seldom an issue in clinical practice.

Vitamin K is an essential cofactor for the production
of biologically active forms of the coagulation factors
I, VI, IX and X. When y-carboxylation is impaired due to
deficiency or antagonism of vitamin K, inert precurcors
are synthesised, (known as Proteins Induced by Vitamin K
Absence [PTVKA]) and released into the blood stream!",
The clinical significance of these precursors is not clear.
In the case of prothrombin, a specific and sensitive im-

munoassay for this incomplete PIVKA prothrombin
[12]

detects changes before conventional coagulation tests
In cholestasis, vitamin K absorption from the small intes-
tine is reduced due to decreased bile salt production. It can
be corrected by vitamin K 10 mg daily for 24-48 h, but in
parenchymal liver disease as there is a decreased synthesis
of coagulation factors, there is no improvement with vita-
min K"V, However, 25% of patients with acute liver injury
have a subclinical deficit of vitamin K which improves
with parenteral administration of vit K",

In acute liver failure, plasma concentration of coagula-
tion factors first those with the shortest half life, factor V
and VI (12 h and 4-6 h respectively), and factors I, VI and
X subsequently"”. Factor VI, together with vWf is usually
elevated. The differential effects on clotting factor con-
centrations during acute liver failure occur because high
cytokine concentrations increasing tissue factor (IT) which
activates factors II, V, VI, X, whereas any thrombin gener-
ated is inhibited by antithrombin III, preventing activation
of factors VI, XI and consequently XI, thus preserving their
plasma levels'”.

Prothrombin gene mutation (G20210A) is the most
common thrombophilic cause of portal vein thrombosis
without cirrhosis (22% of cases)'”. In contrast, factor
V Leiden mutation is common thrombophilic disorder
(20%) associated with hepatic vein thrombosis in Western

.17
COUI‘ltﬂCS[ L

vWf

Plasma concentration of vWf is increased in patients with
acute liver failure, due to increased synthesis as an acute
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phase protein in response to tissue injury**" and also
endothelial dysfunction secondary to endotoxemia™. In
chronic liver disease, endothelial shear stress related to
portal hypertension may also contribute to the high plasma
levels of vWf via a nitric oxide stimulus™’. A correlation
between severity of liver disease and vW1 plasma antigen
levels has been documented.

Fibrinogen

Plasma fibrinogen is an acute-phase reactant, and remains
normal or increased in patients with liver disease™. Low
concentrations due to decreased synthesis, yet above 100
mg/dL, are only seen with very severe liver disease™
However the high fibrinogen concentrations found in
patients with chronic hepatitis, cholestatic jaundice and
hepatocellular carcinoma, do not result in increased clot
formation as most is a non-functional fibrinogen present
in 60%-70%: there are abnormal ¢ chains and a higher
sialic acid content™. This is due to an increased activity of
sialil-transferase in immature hepatocytes generated dur-
ing hepatic injury; this results in an abnormal thrombin
time (TT), despite an almost normal PT and PTT, with an
apparent normal or raised concentration of fibrinogen.

Platelets

Abnormalities in both number and function of platelets
are common in liver disease and contribute to the impaired
hemostasis.

About one third of patients with chronic liver disease
develop thrombocytopenia, (70.000-90.000 x 10°/L),
which worsens in parallel with disease progression associ-
ated with increased platelet sequestration due to hyper-
splenism'®?7,

Thrombocytopenia appears not to be associated with
an increased risk of bleeding from esophageal varices or
other sites, although there are only few studies evaluating
this, but it is correlated with blood loss during surgery[zgl.
A higher spleen diameter/platelet count ratio is highly pre-
dictive for the presence of esophageal varices in patients
with liver cirthosis”

Splenic sequestration versus other causes of throm-
bocytopenia in cirrhosis has been recently evaluated by
comparing platelet number in extrahepatic portal hyper-
tension, to that of cirrhosis in patients having a similar
sized spleen. There is less severe thrombocytopenia in the
non-cirrhotic patientm. Synthetic function of the liver is
essential for platelet production 27z thrombopoietin (TPO),
which regulates platelet production in the bone marrow"
Although TPO increases in patients with thrombocytope-
nia due to a homeostatic responsem], this occurs to a lesser
degree with severe or chronic liver disease, than in patients
with a normal liver™. Lower TPO mRNA levels in cir-
thotic liver tissue”? have been shown, confirming impaired
TPO synthesis. In addition, a low platelet production from
the bone marrow in cirrhotic patients has been shown'

Hepatitis C virus (HCWV)P acute viral infection, al-
cohol abuse and folate deficiency can all result in some
myelosuppression”” further lowering platelet counts.
Thrombocytopenia may also be contributed to by immune
mediated mechanisms due to an increase production from
B cells of antibodies binding platelet surface antigen GPI-
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Table 1 Hemostatic abnormalities associated with liver disease

Favoring hemorrage

Favoring thrombosis

Low platelet count

Impaired platelet function and platelet-vessel wall interaction
Enhanced platelet inhibition by nitric oxide (NO) and prostacyclin
II, ae-antiplasmin

Decreased levels coagulation factors (II, V, VI, IX, X, XI)
Quantitative and qualitative abnormalities of fibrinogen

Low level of ae-antiplasmin, TAFI, histidine-rich-glycoprotein
levels of tPA, with small increase of PAI-1 levels

Elevated levels of factors VIl and vW{
Decreased levels of protein C, protein S, antithrormbin

Macroglobulin
Heparin cofactor II elevated

Decreased levels of plasminogen

Ib-Ta and GPIb/1, shown in viral related cirrhosis B and
C"™ primary biliary cirrhosis (PBC) and primary sclerosing
cholangitis (PSC)™.

Platelet aggregation in response to ADP, arachidonic
acid, collagen and thrombin is subnormal, probably due
to a defective signal transduction mechanism""”. Intrinsic
defects including an abnormal arachidonic acid membrane
¥ and abnormal plasma factors'™! have also been
shown to contribute to platelet function abnormalities. In
cholestatic liver diseases there often is a normal or hyper-
coagulable state evaluated by thromboelastographym] and
there can be normal or hyperactive platelet function when
assessed by platelet function assay (PFA-100) closure time
and flow cytometric study of receptors”‘”. When platelet
number is too low, both cytometry and aggregation studies
may be difficult to interpret. Thromboelastography which
is a global test of clot formation and dissolution measures
both platelet function and number by the maximum ampli-
tude (ma) parameterl44j which can be used to assess platelet
function.

Splenectomy is generally contra-indicated in patients
with liver cirrhosis, because of the high mortality rate and
a risk of secondary portal vein thrombosis , which leads
to bleeding from esophageal-gastric varices and motre
difficult surgery during subsequent liver transplant™,
Splenic embolization with 30%-50% reduction in flow can
normalize or significantly improve platelet number in some
cirrhotics* and it is sometimes used before embolisation
of hepatocellular carinoma or interferon therapy for viral
hepatitis. Insertion of transjugular intrahepatic portosys-
temic shunt (TIPS) increases, but it does not to normalize
platelet number!"*",

content

ANTICOAGULANT FACTORS

Antithrombin//

Antithrombin Il (ATII) is a non-vitamin K-dependent
glycoprotein synthesised by the liver and endothelium™,
In liver diseases, concentration falls due to reduced
synthesis and/or increased consumption due to hypetfibri-
nolysis™. Usually the ATTI deficit is mild and thrombotic
complications are very rare”'. ATTI replacement does not
correct hyperfibrinolysis in cirrhotic patients.

Protein C and protein S
Proteins C and S are vitamin K dependent glycoproteins
synthesised mainly by hepatocytesbz]. During acute or

chronic liver disease, their concentrations decrease con-
comitantly with the other coagulation factors, but usually
not below 20% of normal™”. Genetic deficiency of protein
C is rare in the general population and portal vein throm-
bosis™, but is found in 20% patients with Budd-Chiari
syndrome (BCS). In patients with liver disease who also
have genetic deficiency, plasma concentration is often low-
er than 20%. When there is severe liver disease, it can be
difficult to exclude coexistent genetic deficiency as levels
may be very low, due to very depressed synthesis'' . In this
situation a concomitant finding of a normal level of fac-
tor I and protein C/factor VI ratio, can help to confirm a
coexistent genetic deficit™. Genetic deficiency of protein
S is extremely rare, but accounts for 7% of patients with
BCS or portal vein thrombosis (PVT), especially in series
from Asia”™”.

DISORDERS OF THE FIBRINOLYTIC
SYSTEM

All the proteins involved in fibrinolysis, except for tPA and
PAI-1 are synthesized in the liver. Reduced plasma levels
of plasminogenm, o.2-antiplasmin, histidine-rich glyco-
protein (HRG)[SS], factor XM, and thrombin-activable
fibrinolysis inhibitor (TAFI)®” are found in cirrhosis.
Conversely tPA levels are increased in liver disease, due
to decreased clearance, whereas it’s inhibitor PAI-1 is
normal or only slightly increased in plasma. The inhibitor
concentrations are insufficient to counteract the increase in
tPA, accounting for increased ﬁbrinolysislﬁo]. In contrast, in
acute liver failure, there are high levels of the acute phase
reactant PAI-1 leading to a shift towards hypofibrinoly-
sis”l,

Hyperfibrinolysis is correlated with the severity of liver
dysfunction in cirrhosis as assessed by Child-Pugh score',
Ascitic fluid has increased fibrinolytic activity: up to 20
liters are reabsorbed daily, with fibrinolysis being correlated
with endotoxin levels®”. Increased levels of D-dimers,
prothrombin fragments 1+2 (F1+2) fibrin degradation
products and plasmin-a2-antiplasmin complexes are
found'*". Many studies using different methodologies
demonstrate hyperfibrinolysis (thromboelastography'®”,
diluted whole blood clot lysis assay*” and euglobin clot
lysis time'”) . TAFI is decreased by an average of 26% in
cirrhosis and by 50% in acute liver failure®™”. However
there is some controversy as regarding hyperfibrinolytic
activity in cirrhotics as not all studies have confirmed this.
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Interestingly, patients with cholestatic liver diseases,
are characterized by a normal or hypercoagulable state:
higher PAI-1 concentrations are seen compared to other
etiologies, balancing the increased tPA activity. This
results in less hyperfibrinolysis in the reperfusion phase
during liver transplantation, and antifibrinolytic therapy
is not usually administered””. Thus the clinical issue is
whether cirrhotic patients when under “stress” (e.g. during
infection, during surgery or during bleeding) exhibit the
increased fibrinolysis, resulting in an increased bleeding
tendency, which is not manifest in laboratory terms when
patients are stable.

Disseminated DIC and accelerated intravascular
coagulation (AIC)

DIC is characterized by intravascular fibrin deposition due
to activation of the clotting cascade, which overwhelms the
anticoagulation pathway. Secondarily there is consumption
of coagulation factors and platelets, associated with
secondary fibrinolysis, causing an increased bleeding
tendency”".

Low grade DIC and the hemostatic abnormalities
which are present in cirrhotics; they share common
laboratory features, ie a prolonged PT and PTT, low
fibrinogen level, elevated fibrin-degradation product and
D-dimer and thrombocytopeniam'm. Thus differential
diagnosis by laboratory means alone may be confounding;
Early reports linked chronic liver disease to low grade DIC,
ascribing the latter to accelerated fibrinolysis. However, the
presence of DIC in liver cirrhosis is disputedml. Although
DIC-like laboratory abnormalities (so called “pseudo-DIC)
are observed, autopsy studies in cirrhotics have shown
little evidence for fibrin deposition and clinically manifest
DIC is very rarel”.

More highly sensitive tests such as quantification of
proteolytic cleavage products of the coagulation reaction
ie fibrinopeptide A, F1+2, and fibrinolysis reactions
(fibrin D-dimer, high molecular weight fibrin/ fibrinogen
complexes or soluble fibrin), demonstrate an abnormal
profile called accelerated intravascular coagulation and
fibrinolysis phenomenon (AICF)PS]. The studies to date
demonstrate AICK in about 30% of cirrhotics, depending
on the severity of liver disease®.

However, Ben Ari ez a/ analyzed 52 patients with stable
liver disease for F1+2 thrombin-antithrombin Il complex
(TAT) and D-dimer levels which were no different
from controls, yet TEG studies were able to detect
hyperfibrinolysis. AICF may be important in the portal
venous system, as this phenomenon is more pronounced
there than in systemic blood"*. This could be related
to higher levels of endotoxemia in portal blood, which
can trigger release of 116 and TNF-alfa thus activating

intravascular coagulationm

PROGNOSTIC VALUE OF COAGULATION
FACTORS

In cirrhosis, plasma levels coagulation factors are

indicators of hepatic synthesis and thus of liver function.
A prolonged PT, which is not corrected by intravenous
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vitamin K administration 10 mg daily for 2 d, helps
differentiate vitamin K deficiency from parenchymal liver
diseases'”. PT is part of the Child-Pugh score, which
is the most commonly used prognostic score assessing
the severity of liver disease!”. Recently the MELD score
which incorporates INR has been used to allocate priority
for liver transplantation in the USA based on estimated
probability of death within 3 mo'™®.

Determination of individual coagulation factors adds
little prognostic information to measuring PT or INR in
cirrhosis. A multivariate analysis of prognostic factors in
cirrhotic patients showed that the level of factor VI was an
independent predictor factor of survival: factor VI < 34%
was predictive of a mortality in 93%'".

In acute liver failure, the Clichy criteria indicate poor
prognosis and need for liver transplantation, when factor
V is below 20% in patients aged < 30 or below 30%
associated with age = 30™. Factor V has less prognostic
value in acetaminophen-induced fulminant hepatic
failure™,

In the King’s College criteria in acetaminophen-induced
liver failure, PT = 100 s is a prognostic indicator on its
own for liver transplantation independent of the grade of
coma. In patients with non-acetaminophen induced ALFE,
PT = 50 s together with two of the following criteria: age
< 10 > 40 years, drug toxicity, interval between jaundice
and encephalopathy onset > 7 d and serum biliubin > 300
umol/L are indications of poor prognosis and for liver
transplantation®”,

ASSESSMENT OF THE RISK OF
THROMBOSIS AND ANTICOAGULATION

Thrombotic complications can paradoxically occur in
cirrhotic patients even if clinically an increased risk of
haemorrhage is considered. Despite prolonged coagulation
tests, these patients cannot be viewed as being “anti-
coagulated”. Wanless ¢ @/ has put forward portal and
hepatic vein thrombosis as cause of disease progression
in cirrhotic patients. Hepatic and portal vein thrombosis
was found in at least 70% of explanted livers, and 36%
were associated with regions of confluent fibrosis (focal
parenchymal extinction)™, which is a histological correlate
of chronic thrombosis.

Portal vein thrombosis complicates liver cirrhosis
between 0.6% to 15% of cases, leading to worsening of
liver function, development of ascites and occasionally
mesenteric infarction™, In these patients early anticoagula-
tion is indicated and has been shown to recanalise the
splanchnic veins in about 50% of cases and prevent the

extension of the thrombus without causing increased
[85]

haemorragic complications

In BCS, even if a prothrombotic cause is not identified,
anticoagulation should be started immediately after
diagnosis, as many genetic prothrombic defects remain
yet to be identified and acquired disorders, common in
BCS, may be difficult to diagnose, such as polycythaemia
rubra vera or paroxysmal nocturnal hemoglobinuria
(PNH). Early anticoagulation ameliorates prognosis.
Anticoagulation therapy should continue even after liver
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transplantation because of the high rate of recurrence and
thrombotic complications after OLT, and also because
other prothrombotic disorders may exist alongside the
diagnosed protein deficiencies'"*".

The risk of deep vein thrombosis and pulmonary
embolism is not well documented in cirrhotics, yet is
reported””. Patients with cholestatic disease often exhibit
a procoagulant state demonstrated by TEG, may be
prone thrombosis, but this has not been studied*”. No
guidelines are available for the management of thrombotic
complications and neither for prevention of embolic
phenomena for example following atrial fibrillation in
cirrhotic patients.

ASSESSMENT OF THE RISK OF BLEEDING

The role played by coagulation defects in the occurrence
of bleeding in cirrhosis is still unclear. This is particularly
due to the difficulty (and cost) in measuring procoagulant
and anticoagulant activities, and assessing the balance
between the two (Table 1). In addition there ate very few
tests which reflect coagulation 7z vivo. Recently generation
of thrombin has been explored 7z vitro in cirrhotic patients
and found to be normal. In this study, a resetting of
the coagulation and anticoagulation system at a lower
level was postulated, because during liver disease both
procoagulant and anticoagulant pathways are affected in
a parallel manner. However, the in vitro technique has
some drawbacks, the major one being that platelets are
substituted by phospholipids'”.

Minor signs of bleeding tendency are common, such
as gum bleeding and epistaxis, but major bleeding can
be encountered. The role of hemostatic abnormalities
in variceal bleeding is not clear. Hyperfibrinolysis has
been shown to be linked but not necessary causal to
an increased risk of variceal bleeding, in a cohort of
61 cirrhotics. Higher levels of fibrinogen degradation
products were associated with a greater risk of variceal
bleeding compared to patients without (odds ratio = 8),

but Child-Pugh score and endoscopic characteristics of
[88]

varices remain the most important prognostic factors
Recently the role of infection and endogenous heparin-
like substances demonstrated by TEG has been evaluated
in variceal bleeding. Infection may be a trigger factor for
bleeding™ and both infection and heparin-like substances
may be mechanisms responsible for the persistence of
bleeding in some™. TEG, which is a quick and reliable
method to assess clot formation and lysis™, also allows
detection of heparin-like substances. Studies from our
group have shown worsening coagulation during infection
due to low molecular weight heparin-like substances

detected by TEG"".

INVASIVE PROCEDURES

Historically, PT and platelet count have been used to
assess the risk of bleeding prior to invasive procedures.
Cirrhotic patients have increased mortality and morbidity
during surgery””, mainly due to increased bleeding in
60% of cases™". Farly studies linked PT to surgical risk
(PT prolongation > 1.5 and > 2.5 s associated with 47%

and 87% mortality respectively)”, hence platelet count <
50.000/mm’ and PT > 3 s have been considered relative
contraindications to elective surgerym]. In addition, portal
hypertension and collateral veins increase the risk of
bleeding during surgical dissection.

Hyperfﬂ)rinolysisl%J and clotting activation, due
to increase tPA levels have been described in patients
undergoing liver resection””. However, another study
performed in patients undergoing laparoscopic liver
biopsy failed to demonstrate any correlation between the
risk of bleeding evaluated at the hepatic puncture site and
coagulation tests, so that the degree of injury may be the
important factor”™.,

Liver biopsy is widely used diagnostically and to grade
the severity of liver disease or fibrosis. Moreover it is
an essential tool after liver transplantation to diagnose
rejection and other causes of graft dysfunction. Bleeding
complications occur in 0.35%-0.5%, leading to mortality in
0.1%". Despite the evidence that there were no threshold
abnormalities of clotting tests associated with risk of
bleeding during laparoscopic liver biopsy, INR and platelet
count are considered essential to evaluate the bleeding risk
for percutaneous liver biopsy“[m]. An audit from the British
Society of Gastroenterology (BSG) performed in 1991
showed a doubling of bleeding risk in patients with INR =
1.5, but that only 7.1% of the bleeding occurred with INR
greater than 1.5, and 90% occurred with a INR < 1.3,
A cut off for platelet count is difficult to justify from the
literature. Most textbooks in the UK and BSG guidelines,
require platelet count above SO.OOO/mm3l13J whereas a
survey form the Mayo Clinic suggested 50.000/ mm’
as a cut off'"?. Current recommendations state that a
percutaneous liver biopsy can be done safely without
support with platelet counts are above 60.000/mm’""”,
Burroughs ef a/ advocated evaluating the use of bleeding
time to assess the risk of bleeding for percutancous
liver biopsy“mj, but this is not routine in clinical practice.
If clotting parameters are outside stipulated ranges, a
transjugular liver biopsy can be performed more safely,
without plasma or platelet therapylm]. A plugged liver
biopsy is also said to be safer, but it may cause greater risk
of bleeding in hypocoagulable patientsmj.

During minor procedures such as thoracentesis,
paracentesis or lumbar puncture performed in patients
with liver disease, there are no firm guidelines as to
the hemostatic threshold for performing these tests. A
contraindication to the procedure is clinically evident DIC
or ﬁbrinolysis[ms].

COAGULATION DURING INFECTION AND
SEPSIS

The overall cumulative incidence of infection in cirrhotic
patients is estimated to be at least 30%" and is possibly
associated with increased risk of variceal bleedinng9J.
Infection is associated with early rebleeding and increased
mortality“m’mgj. Prophylactic antibiotic therapy has led to
less early rebleeding and better control of bleeding, in a
randomized study“ogj.

Using TEG, 20 cirrhotic patients who experienced early
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A Native
10 mm {
R Angle MA G EPL LY30 A CI LY60
min deg mm d/sc % % mm %
29.6 13.8 55.8 6.3k 0.0 0.0 54.6 0.6
B Heparinase I modified TEG
o 10 mm +
MA G EPL LY30 A CI LY60
mm d/sc % % mm 2.3 %
61.7 8.1k 1.0 1.0 58.3 -3-3 *2.3*
47-58 4.2 k-6.1 k 0-15 0-8

Figure 1 Native-TEG (A) and heparinase 1 -TEG (B) on sample collected at the onset of spontaneous bacterial peritonitis in a patient with liver liver cirrhosis. (A) significant
heparin-like effect found revealed by the slowed rate of coagulation. (B) treatment of the sample with heparinase I increases the rate of coagulation, thus sampling the

presence of heparin-like substances.

rebleeding were found to have worsening TEG parameters
the day before rebleeding””, Moreover patients with
bacterial infection have worse TEG parameters, which are
corrected iz vitro by heparinase I, which cleaves heparin-
like substances"" (Figure 1A and 1B). The presence
of heparin like substances is associated in some with
increased antiXa activity"". Heparin-like substances have
been detected hours after variceal bleeding in cirrhotic
patients[m]. Based on this evidence the hypothesis has
been postulated that endotoxins and inflammation due to
infection can release heparinoids from the endothelium
and mast cells”". Moreover sepsis can cause impairment
of platelet function, decreasing platelet number and
aggregability, due to increase NO production" .,

THERAPY OF HEMOSTATIC
ABNORMALITIES IN LIVER DISEASE

Therapy for hemostatic abnormalities of liver disease is
needed only during variceal bleeding, surgery or before
invasive procedures. Intravenous vitamin K injecton of 10
mg daily for 24-48 h can replace vitamin K deficiency'”.
Fresh frozen plasma (FFP) contains all the clotting
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factors and can correct the laboratory finding of an
elevated PT effectively, but this correction depends on
the volume and the baseline abnormality of PT. Whether
this correction of the PT results in increasing hemostasis
has yet to be proven. In addition, correction is short term
(24-48 h), depending on the half-life of the clotting factors
(especially factor V)™, A common indication for FFP
infusion is the presence of persistent bleeding in patients
with INR = 2 or PT prolongation greater than 4 s
In surgical or invasive procedures 50% of the normal
PT (ie INR of 2) is a target for replacement therapy, and
for neurological procedures such as intracranial pressure
monitoring during liver failure, 80% of normal PT range
(ie an INR of about 1.2—1.3)[”3]. During massive blood
transfusion, to avoid dilutional decrease of clotting factors
for every 2 units of blood, 1 of FFP is typically given“m.
To increase the activity of clotting factor by 1%-2% a dose
of 1 mL FFP/kg of body weight is necessarylllSJ. Because
of the high volume required, adequate replacement is
difficult both in cirrhotic patients (intravascular plasma
volume is already expanded and ascites may be present),
and ALF, (increasing plasma volume can lead to increases
in intracerebral pressure). Moreover, the short half-life
requires infusion every 6-12 h'"’, In patients with INR > 1.5,
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FFP is given (12-15 mL/kg) before liver biopsy, but there
is no evidence base for this. Transjugular biopsy should
be used in patients with coagulopathy not sufficiently
corrected with FFP.

Platelet transfusion, one unit every 10 kg is typically
administered, and platelet count should be checked 1 h
after the infusion!'”. However no correlation between
amelioration of bleeding time, increase in platelet count,
and enhanced hemostasis has been shown!".

Cryoprecipitate contains factors VII, fibrinogen, vWif,
fibronectin and XIII. Because of the small volumes (30-50
mL/U/10 kg) requiredmm, it can be useful in liver cirrhosis
and ALF, but it lacks some coagulation factors and may
worsen the imbalance already present in patients with liver
disease.

Desmopressin (1-deamino-8-D-arginine vasopressin
[DDAVP]), an analogue of the antidiuretic hormone,
increases plasma level of factor VIl and vWI, probably by
increasing the release from endothelial storage sites. Tt
can improve bleeding time, enhancing primary hemostasis
at the dose of 0.3 pug/kg in patients with liver failure!.
However a randomised trial associating terlipressin and
DDAVP in patients with variceal bleeding, demonstrated
no difference in control of bleeding and maybe a
worsening of the terlipressin action in the DDVAP
group!”. In a recent randomized trial, DDVAP failed
to decrease blood loss during hepatic resection, despite
increase of factor VIl and vWf'*). ATII infusion is not
routinely recommended.

Recombinant activated factor VI (tFVIa) was first
developed for the treatment of patients with hemophilia
A and B who developed inhibitors. It may have promising
role in the treatment of coagulation disorders in liver
disease". A single dose of recombinant factor VI
a has been shown to correct prolonged PT in a dose-
dependent manner in non-bleeding cirrhotic patients“zz]
A randomized study using rFVla in 71 patients undergoing
laparoscopic liver biopsy found no differences in liver
bleeding time. Two complications occured in the rFVI
a group (1 DIC and 1 PVT)"™\ In ALF, tFVla may be
useful to normalize PT in the setting of intracranial
pressure monitoring, as only a small volume of infusion
is required. During variceal bleeding in a randomized
trial, a modest reduction of early rebleeding rate was
observed in a subgroup of Child B and C patients after
rFVlla infusion, although, no difference in control of
bleeding or transfusion was shown overall"™. Another
report described initial hemostasis after infusion of rFVI
a in 10 patients with variceal bleeding, but 6 experienced
early rebleeding and all of them died, illustrating the short
interval of action of this drug[lzsl. In a cohort of 8 patients
with acute variceal bleeding uncontrolled with endoscopic
and medical therapy, rFVlla administration achieved
hemostasis in 25% after a single dose!"™.

Safety of rFVla, especially about the possible
prothrombotic effect or triggering of DIC, still has to be
assessed in large studies in patients with liver disease!™™".

LIVER TRANSPLANTATION

Orthotopic liver transplantation (OLT) is the only cure

for end stage liver disease. Improvements in operative
management, surgical techniques and graft preservation
have contributed to a significant reduction in transfusion
requirements during the last decade!™. However, blood
losses are highly variable, and correlate in most studies
with a higher mortality, poor graft function and risk of
infections"”. In current practice a significant proportion
of patients receive no blood during surgery.

Most studies failed to define factors related to bleeding,
including preoperative coagulation tests or markers of
fibrinolysis during liver transplantationmo’l32], with the
exception of the collateral circulation due to portal
hypertension and previous abdominal surgery (3],

Hemostatic abnormalities during liver transplantation
are divided according to the surgical phases which are
traditionally: pre-anhepatic phase, anhepatic phase and
post reperfusion phase and post operative period.

Pre-anhepatic stage

The first operative stage is characterized by extensive
surgical trauma, resulting from dissection of adhesions in
the abdominal cavity and transection of many collateral
vessels. Usually during this phase, mild coagulation
abnormalities occur and the blood losses are mainly
correlated with the surgical technique and the baseline
hypocoagulable state! but etiology of liver disease
can also influence the blood product requirement.
Hypercoagulability has been demonstrated in patients
with hepatocellular carcinoma as well as cholestatic
cirrhosis (PBC, PSC). The PBC and PSC patients have
a hypercoagulable state by TEG" and less fibrinolytic
activity during OLT than other aetiologies”m, suggesting
that in these patients antifibrinolytic drugs should not
be used. Moreover in pediatric liver transplantation for
biliary atresia, plasma studies showed less coagulation
abnormalities during OLT compared to other etiologies' ™.
Enhanced fibrinolytic activity contributes to blood loss in
the pre-anhepatic phase in only 10%-20% of patientsmq.

Anhepatic phase

During this phase no important surgical blood loss is
seen because appropriate vessels are clamped. However,
bleeding can occur due to hemostatic changes in this
phase. Despite impairment of synthetic and clearance
function, early studies failed to show dramatic changes in
PT and PTT""". However, hyperfibrinolysis has been
demonstrated in many studies, due to net increase in tPA
derived from endothelial cells; this tPA is not cleared due
to the absence of the liver at this time™. The presence
of an active fibrinolytic process has been demonstrated by
simultaneous decrease of o2-antiplasmin and plasminogen
activity, and a concomitant increase in fibrin and
fibrinogen degradation productslmj. Use of rFVIa has been
tried in patients with severe coagulopathy (INR 5.7 and
0.9). Moderate bleeding was still reported during surgery,
but 1 patient developed hepatic artery thrombosis after
transplantmo]. Studies which evaluated coagulation factors
during OLT after rFVla infusion showed a sharp increase
of thrombin generation, PT and PTT, but no amelioration
of fibrinolysis" """,
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Reperfusion and post reperfusion phase

Reperfusion of the liver is a crucial point of the operation
and leads to profound coagulation abnormalities. Within
minutes after reperfusion, uncontrollable diffuse bleeding
may occur in some patients'

Trapping of platelets in the graft may play a role in
the bleeding tendency. Experimental studies have shown a
55% gradient in platelet count between arterial and venous
blood flow in the new liver. Moreover, some alteration in
the bleeding time and platelet function and aggregation
have been demonstrated"*. Signs of DIC after graft
reperfusion have been shown by some investigators, mainly
correlated with poor quality of the transplanted organ'"*”,

Increase in fibrinolysis has been implicated as the most
important and significant phenomenon responsible for
bleeding during liver transplantation. It usually subsides
within 60 min after graft reperfusion, but in donor livers
with poor function, a sustained increased fibrinolytic
response can be seen .,

After reperfusion, release of heparin or heparin-like
substances has been shown in 25%-95% of cases!"”.
Protamine sulphate (50 mg) has been used 7z vivo to
antagonize this effect. One study has confirmed the
presence of heparin-like compounds using heparinase
I-modified TEG, which cleaves heparin and heparan
sulphate. Increased blood product requirement was
correlated with the presence of heparin like effects in TEG
traces. However a baseline heparin-like effect has recently
been found before reperfusion in patients undergoing liver
transplantation not receiving heparin'*".,

Antifibrinolytic therapy is used during liver
transplantation to reduce blood loss, time of surgery and
fibrinolytic activity. Aprotinin is a serine protease inhibitor
which antagonizes various proteases'*”. Aprotinin also
has anti-inflammatory and anti-oxidant effects which
might also be of benefit. Widespread use of aprotinin is
not recommended because of the risk of anaphylactic
reactions, renal dysfunction and stroke!™”, which has
been also recently stressed by a multicentre study on 4357
patients undergoing cardiac surgery'”", but this is not been
reported nor studied in liver transplantation.

Epsilon aminocaproic acid (EACA) interferes with
plasminogen binding to fibrin and thus EACA inhibits
the conversion of plasminogen to plasmin™?. Tn the only
prospective randomized trial, it was shown to reverse TEG
fibrinolysis, and reduce blood cell transfusion, without
causing thrombotic complications. However this reduction
was not statistically significant compared to controls'™,
Similar to EACA, tranexamic acid inhibits fibrinolysis,
but it is 6 to 10 times more potent than EACA"". Recent
trials have shown that at a dose of 2 mg/kg per hour,
tranexamic acid reduces fibrinolysis and blood loss.
However different doses have been used in other studies
without clearcut effects>>"™,

The routine use of coagulation monitoring during liver
transplantation is common place. Usually TEG is used, a
point of care rapid method to assess the whole coagulation
process. It provides the basis of a rational approach to
the use of blood component therapy or pharmacologic
intervention, but it does not help in addressing blood
transfusion per se*’. Recently TEG was used to monitor
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postoperative coagulation in patients undergoing hepatic
resection for living related liver transplantation. In these
patients, a hypercoagulable state correlated with the risk of

developing thrombotic complications after surgery'™".

Postoperative period

Thrombocytopenia is common in the early post-operative
period, mainly due to platelet activation and consumption
following graft reperfusion“”]. Thrombocytopenia is
common in the early post-operative period, mainly
due to platelet activation and consumption following
graft reperfusion“sg], and if liver function restores
thrombocytopenia subsides a few day after OLT. Following
normal synthetic function of the liver, thrombopoietin
levels increase significantly on the first day, following
by immature bone marrow megakariocites after 3 d
and new circulating platelets after 5 d Normalization
of platelet count can be seen after 14 d" Peak of
TPO level correlates with the pre-OLT platelet count.
Levels of bilirubin, cold ischemia time or episodes of
rejection do not influence TPO levels"®". Persistence of
thrombocytopenia can be seen in some patients, which can

be ascribed to persistent splenomegaly in some"*,
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