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Review article

Coagulation disorders in liver diseases
Aspasia Soultati, Spyros P. Dourakis

2m Department of Medicine, Medical School, Athens University, Hippokration General Hospital, Athens

Abstract. The liver plays a predominant role in the regulation of haemostasis. Mechanisms involved in
the abnormal haemostasis of acute liver failure include thrombocytopenia and defective platelet function,
diminished hepatic synthesis and clearance of coagulation factors, enhanced fibrinolysis and
dysfibrinogenaemia, endothelial cell activation and finally disseminated intravascular coagulation. Both
cellular and plasmatic coagulation are defective in advanced cirrhosis, representing a hallmark of advanced
liver disease which synergetically contributes to the high fatality rates of patients with progressive liver
disease. Impaired formation of hepatic coagulation factors, fibrinolytic proteins and their inhibitors,
defective hepatic clearance of activated fibrinolytic factors such as tissue plasminogen activator, vitamin K
deficiency and accelerated intravascular coagulation contribute in the documented dysfunction of plasmatic
coagulation in cirrhosis. Impaired platelet aggregation, reduced adhesiveness and impaired procoagulative
properties of platelets have also been described in cirrhotic patients. Significant differentiations have
been demonstrated among the underlying causes of the bleeding profile of patients with cholestatic and
non-cholestatic liver disease. Immune thrombocytopenic purpura has been described to develop on the
ground of a pre-existing autoimmune liver pathology indicating a common immunological pathway both
complicating the platelets and also the hepatocytes. Sometimes balance between the reduced levels of
clotting activators and inhibitors evokes the development of a hypercoagulable state clinically manifesting
with thrombotic incidents in patients with autoimmune hepatic syndromes such as primary biliary cirrhosis
and primary sclerosing cholangitis. Association between viral hepatic infections and immune
thrombocytopenia has been sufficiently demonstrated. Viral hepatic syndromes have been correlated
with cryoglobulinaemia and vascular coagulation disorders. A haemostatic screening profile consisting of
a platelet count, activated partial thromboplastin time (APTT), and prothrombin time (PT) is commonly
used to assess the bleeding diathesis in patients with a liver syndrome, with regard to the nature and
extend of the haemostatic impairment. Therapeutic measures aiming at the restoration of the coagulation
defects in both acute liver failure and chronic liver disease accordingly include supplementation of fresh
frozen plasma, vitamin K, coagulation inhibitors, antithrombin III, DDAVP, prothrombin-complex
concentrates, inhibitors of fibrinolysis and recently recombinant activated factor VII.
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INTRODUCTION

There are two dominant aspects which conclude
the coagulation cascade: the importance of the tissue
factor pathway in initiating clotting and the interac-
tion between pathways. Two main pathways are rec-
ognized the extrinsic and the intrinsic'.

At the side of vascular injury endothelial cells are
converted in a pro-thrombotic state or become de-
tached to exposed circulating blood to thrombogenic
constituents of the sub-endothelial matrix. Activation
of platelets and formation of fibrin occur essentially
simultaneously and interdependently to effect haemo-
stasis. The activated platelets express the receptor
GPIb-IX-V complex that further strengthens the ad-
hesion by linking to von Willebrand factor expressed
on the sub-endothelial matrix. A platelet monolayer
which covers the injured area recruits and aggregates
activated platelets to form a platelet plug by linking to
fibrinogen molecules via another receptor, GPIIb/IIIa.
A sequential activation of a series of inactive precur-
sors leads ultimately to the formation of thrombin that
cleaves fibrinogen to fibrin. The sequence of reactions
interacting between factor X and fibrin has been clas-
sically referred to as the common pathway of coagula-
tion. Factor X can be activated in turn by either the
tissue factor pathway or the contact activation path-

ABBREVIATIONS

aPTT: Activated partial thromboplastin time
DDAVP: Desmopressine

DIC: Disseminated intravascular coagulation
EACA: Epsilon aminocaproic acid

ELT: Mitochondrial electron transport chain
FDPs: Fibrin degradation products

FFP: Fresh frozen plasma

FHF: Fulminant hepatic failure

FVIII: Factor VIII

GP IIB/IIIa: Platelet membrane glycoprotein complex IIB/
la

GPIb-IX-V: Platelet membrane glycoprotein complex IX-V
HMWK: High molecular weight kininogen
HUS: Hemolytic uremic syndrome

MoAbs: Monoclonal antibodies

MPV: Mean platelet volume

PAIgG: Platelet associated IgG

PBC: Primary biliary cirrhosis

PCC: Prothrombin complex concentrates
PEG-IC: Precipitate immune complexes
P-III-P: Propeptide of type III procollagen
PK: Prekallikrein

PMP: Platelet microparticles

PSC: Primary sclerosing cholangitis

PSIgG: Platelet surface IgG

PT: Prothrombin time

rFVIIa: Recombinant factor VIla

TF: Tissue factor

Th: Thrombin

VWEF: Von Willebrand factor
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way of coagulation. The former is initiated by the com-
plex of tissue factor and factor VIIa. The latter involves
a series of zymogen protease reactions that are initi-
ated by contact activation of factor XII to XIla. As the
haemostatic process starts, a series of inhibitory mecha-
nisms is activated to localize and limit clotting forma-
tion to the damaged area: antithrombin III, protein C,
protein S synthesized from the liver, the tissue factor
pathway inhibitors 1 and 2 and platelet inhibitors (pros-
taglandin 12, nitric oxide). Fibrinolytic mechanisms
assure the clot’s remodelling and elimination in the
prospect of restoring the vessels patency. During the
fibrinolytic process plasmin cleaves polymerized fi-
brin to fibrin degradation products (Table 1).

The liver plays a predominant role in the regula-
tion of haemostasis. By producing most clotting fac-
tors (except tissue factor TF) and inhibitors (antithrom-
bin III, protein C, protein S, C1 inhibitor), as well as a
number of the proteins involved in fibrinolysis (plas-
minogen, a2-antiplasmin), and by clearing from the
bloodstream activated enzymes involved in clotting or
fibrinolysis, the liver protects against both bleeding
and undue activation of coagulation. There is a com-
mon bleeding profile emerging in the overwhelming
majority of liver diseases. The severity of documented
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Table 1. The coagulation cascade’.
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coagulation disorders varies analogically to the de-
gree of the hepatocellular injury.

Diagnosis of an underlying bleeding or sometimes
thrombotic diathesis remains challenging in the he-
patic patient due to the diagnostic overlap between
various clinical syndromes including DIC, heparin or
warfarin supplementation and vitamin K deficiency
which may synergistically contribute in the patients
pathological coagulation profile. There are several
therapeutic options proposed by the recent literature
yet submitted in inadequate clinical validation. In
most of the cases the confrontation of the hepatic di-
sease results in the restore of the coagulation profile
although this may not be the case when acute liver
failure is regarded.

The purpose of the current study is to review the
coagulation profile in three different liver syndromes:
acute liver failure, liver cirrhosis and autoimmune
cholestatic hepatic diseases and to present coagula-
tion disorders documented in metabolic hepatic syn-
dromes and hepatic malignancies. In addition an at-
tempt is made to conclude diagnostic and therapeutic
aspects of coagulation defects documented in acute
and chronic liver diseases.

ACUTE LIVER FAILURE (Table 2)

The term “fulminant hepatic failure” (FHF) or
acute liver failure encompasses a pattern of clinical
symptoms and pathophysiological responses associat-
ed with rapid arrest of normal hepatic function. The
syndrome is defined by the presence of hepatic en-
cephalopathy in association with coagulopathy and

Table 2. Coagulation abnormalities in acute liver failure?.

jaundice®. Mechanisms involved in the abnormal hae-
mostasis of acute liver failure include: 1) thrombocy-
topenia and defective platelet function, 2) diminished
hepatic synthesis and clearance of coagulation factors,
3) enhanced fibrinolysis and dysfibrinogenaemia, 4)
endothelial cell activation and finally 5) disseminat-
ed intravascular coagulation®.

Thrombocytopenia may develop rapidly on the
course of acute liver failure. Gimson et al demonstrat-
ed that in 76 patients with acute liver failure the plate-
let count fell by more that 50% over 5 days to a mean
level of 80x10%1* whilst in another study according to
the same authors platelet counts of less than 100x10°/1
were reported in two thirds of 67 patients at some time
during their illness been lower in those who hadn’t
survived (mean 57x10%1 versus 98c10°1)°. Further de-
creased platelet’s production attributed to decreased
thrombopoietin levels and qualitative abnormalities®
are also documented in acute liver failure. Both im-
paired platelet aggregation and increased platelet
adhesion are described in acute liver disease and mul-
tifactor reason is implied including: 1) increased von
Willebrand factor plasma levels, 2) alterations in the
concentration and composition of phospholipids with-
in the platelet membrane and 3) increased activation
of platelets®.

Regarding plasmatic coagulation, factors II, V, VII,
IX and X are reduced in acute liver failure’. On that
ground prothrombin time is used as a prognostic indi-
cator of the outcome and the need for liver transplan-
tation in patients with acute liver failure®. Activated
partial thromboplastin time is also abnormal indicat-
ing the impaired synthesis of all the coagulation fac-

PLATELET ABNORMALITIES Platelet count

Platelet aggregation

Platelet adhesion

COAGULATION FACTORS

Fibrinogen (I)

Fibrin polymerization

Antithrombin III,

COAGULATION INHIBITORS
Protein C and
Protein S

Factors II, VI, VII, IX, X
Factors VIII and vWF

D D>

Abnormal

FIBRINOLYTIC SYSTEM

Tissue plasminogen activator and
Plasmonigen activator inhibitor I
Plasminogen and a2-antiplasmin

>
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tors with an exception of factors VII and XIII°. Re-
garding factor VIII the same observations made for
chronic hepatic diseases are also demonstrated in
acute liver failure. Factor levels are increased several
fold during active disease and restore during sponta-
neous recovery'’. Finally von Willebrand factor levels
are also increased!!. Further decreased hepatic syn-
thesis, increased consumption by thrombin with the
formation of thrombin-antithrombin III complex and
degradation by leukocyte elastase result in the in-
creased levels of antithrombin ITT'%. Plasma concen-
trations of coagulation inhibitors C, S and heparin co-
factor II are severely decreased in 26%, 24% and 12%
respectively”. Enhanced fibrinolysis and dysfibrino-
genaemia follow the same pathological profile with
chronic liver syndromes.

Regarding DIC what remains a clinical challenge
is the inability to attribute laboratory abnormalities to
DIC (raised INR, APTT, elevated FDPs, low fibrino-
gen levels and thrombocytopenia) or the pre-existing
acute liver failure syndrome alone. Evidence that ex-
cessive thrombin activity occur (plasma concentrations
of thrombin-antithrombin III complex and prothrom-
bin fragment F1+2, which is released during the pro-
duction of thrombin, are increased)" in acute liver fail-
ure accompanied by increased fibrinogen turnover and
fibrinolysis (revealed by increased levels of fibrino-
gen metabolic products including fibrinopeptide A and
fibrinogen fragment By)" has been demonstrated yet
emerging for further investigation and etiological ver-
ification’.

CHRONIC LIVER DISEASE (Table 3)
Compensated and Decompensated Liver Cirrhosis
Both cellular and plasmatic coagulation are de-

fective in advanced cirrhosis, representing a hallmark
of advanced liver disease which synergetically con-

tributes to the high fatality rates of patients with pro-
gressive liver failure. Moreover the resulting bleed-
ing tendency accounts for increased risk of morbidity
and mortality in patients with liver disease undergo-
ing diagnostic or therapeutic invasive procedures.
Impaired formation of hepatic coagulation factors, fi-
brinolytic proteins and their inhibitors, defective he-
patic clearance of activated fibrinolytic factors such
as tissue plasminogen activator by the reticuloendothe-
lial system, vitamin K deficiency and accelerated in-
travascular coagulation contribute in the documented
dysfunction of plasmatic coagulation. Cellular coagu-
lation deficiency is attributed to either quantitative or
qualitative platelet defects.

Regarding platelet defects, a mild thrombocytope-
nia is documented in 16-52% of cases of acute hepati-
tis'® and in 30-64% of cirrhotic patients!”!® but the plate-
let count is rarely below 30000 to 40000 and spontane-
ous bleeding or severe thrombocytopenia due to aplas-
tic anaemia are randomly reported in those patients.
Decreased platelet’s production, increased destruc-
tion, impaired platelet’s distribution and function are
the predominate factors resulting in the pathological
coagulation profile. Impaired platelet’s distribution is
predominately attributed to splenomegaly (up to 90%
of platelets are pooled in the spleen). Impaired plate-
let production results from the reduction in serum lev-
els of thrombopoietin, a cytokine produced by the liv-
er responsible for the maturation of megakaryocytes
and the formation of platelets. Also increased destruc-
tion of platelets from immune mechanisms has been
implied as high levels of immunoglobulin G (IgG),
IgM, C3-C4 and platelet-associated immune complex-
es have been detected in chronic liver disease. Fur-
ther thrombocytopenia can be attributed to the coexi-
stence of disseminated intravascular coagulation dur-
ing sepsis. Ethanol, folate deficiency, large quantities
of blood transfusions and drugs may contribute to the
observed thrombocytopenia by direct suppression of

Table 3. Haemostatic abnormalities in chronic liver disease™.

Condition Platelets APTT PT  Factor V  Factor VII TT  Fibrinogen FDP DDimer
Cirrhosis Nord TorN ) dorN { TorN dorN TorN
Compensated

Cirrhosis \2 TorN ™ W TorN dorN TorN
Decompensated

Vitamin K deficiency N torN 1 N W N N N
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bone marrow thrombopoiesis.

Defective interaction between platelets, endothe-
lial surface, and coagulation factors, demonstrated by
impaired aggregation to adenosine diphosphate, epi-
nephrine, collagen, thrombin and ristosetin are the
main aspects of platelets impaired function'. Impaired
platelet aggregation, reduced adhesiveness and im-
paired procoagulative properties of platelets have
been described in cirrhotic patients. These alterations
have been attributed to abnormal circulating plasma
factors, reduced production of thromboxane A2 and
impaired release of free arachidonic acid from mem-
brane phospholipids, causing defective signal trans-
duction. Qualitative platelet abnormalities are corre-
lated with liver diseases associated with high or low
levels of lipid and with medications given for a variety
of hepatocellular diseases. Thrombasthenias predom-
inately emerge on the ground of metabolic changes
and/or therapeutic interventions in liver disease®. Re-
garding platelet qualitative disorders in a published
case of acquired Bernard Soulier syndrome a correla-
tion is suggested with liver cirrhosis®.

Immune thrombocytopenia can emerge secondari-
ly, on the ground of chronic liver disease inducing the
circulation of immune complexes such as lupus anti-
coagulant, anticardiolipin antibodies and antiphospho-
lipid antibodies. The presence of lupus anticoagulant
and anticardiolipin antibodies in liver cirrhosis has
been more than randomly demonstrated in the past,

HMWK

aPTT

FXIN
| Fibrinogen |——————f Cross-linked
Fibrin

Table 4. Evaluation of a patient with a bleeding disorder'.

yet the prevalence and clinical value of antiphospho-
lipid antibodies in cirrhotic patients has not sufficient-
ly been investigated. In a relevant study the preva-
lence of lupus anticoagulant in 63 cirrhotic patients is
evaluated and an association with beta-2 glycoprotein
I serum, levels is attempted. Beta-2 glycoprotein I
mediate the interaction between cardiolipin and anti-
cardiolipin antibodies and have been suggested to af-
fect lupus anticoagulant detectability. According to the
author’s, 18% of the cirrhotic patients were lupus anti-
coagulant positive and 22% presented high values of
anticardiolipin antibodies. An association between
beta-2 glycoprotein I levels and lupus anticoagulant
detectability could not be established®.

Patients with chronic liver disease can exhibit coa-
gulation disorders, with paradoxical thrombotic mani-
festations. Antiphospholipid antibodies are strongly
implicated in the development of thrombosis, particu-
larly in patients with alcoholic liver disease, regenera-
tive nodular hyperplasia and cirrhosis, independently
of the presence of an associated hepatocellular carci-
noma. Spontaneous thrombosis is predominately af-
fecting portal and mesenteric veins in cirrhotic pa-
tients. Portal hypertension, congenital disorders of clot-
ting factors, antiphospholipid antibodies, and other
acquired disorders favouring this thrombophilic pro-
file have been reviewed in the literature®.

The overwhelming majority of coagulation factors
with an exception of vVWF are synthesized by the liver.
The degree of impairment of procoagulants as an ex-
pression of the decreased liver ability for synthesis is
analogically correlated to the severity of liver injury,
bleeding tendency and prognosis. Laboratory evalua-
tion of coagulation status detects any reduction of pro-
coagulants below 30-40%. In compensated liver cir-
rhosis, PT is usually in the normal range or moderate-
ly prolonged, synthesis of extrinsic pathway factors
particularly factor VII is impaired* whereas levels of
fibrinogen and factor V are normal. As the hepatic
functional ability deteriorates high molecular weight
kininogens, factors XII and XI, prekallikrein and acti-
vated partial thromboplastin time are involved in the
deficit of protein synthesis®. Liver disease has been
correlated with markedly elevated plasma factor VIII
(FVIII) levels, whereas the synthesis of many other
coagulation factors and proteins is reduced. In a study
assessing the mechanism of FVIII increase, the ex-
pression levels of FVIII, both at mRNA and protein
level, the expression of von Willebrand factor (VWF)
and low density lipoprotein receptor-related protein,
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proteins known for their ability to modulate FVIII plas-
ma levels, were evaluated in patients with liver di-
sease who underwent partial liver resection. Accord-
ing to the authors elevated plasma FVIII levels in liv-
er cirrhosis are evidentially associated with increased
hepatic biosynthesis of vWF and decreased expres-
sion of low density lipoprotein receptor-related pro-
tein, rather than increased FVIII synthesis®. The ex-
pression of FVII by in situ hybridization in liver biop-
sies from 50 patients in comparison with the procoagu-
lant activity of FVII, and with the plasma levels as
activated FVII (FVIIa) and FVII antigen were inves-
tigated. The level of FVIIa and the percentage of hepa-
tocytes expressing FVII were significantly lower in
stage 4 liver fibrosis. The relevant percentages corre-
lated inversely in a statistically significant way with
the histological activity index and the liver function
tests. FVIIa plasma levels in patients with chronic li-
ver disease other than cirrhosis may be below the nor-
mal range even in the absence of detectible blood co-
agulation impairment. Finally the percentage of hepa-
tocytes expressing FVII decreases as the severity of
liver damage increases”. Fibrinogen remains pre-
served while hepatic function worsens whereas coagu-
lation inhibitor levels including antithrombin III, pro-
tein C and protein S are reduced®.

Impaired synthesis of coagulation inhibitors and
factors II, VII, IX, X is furtherly attributed to a con-
comitant vitamin K deficiency. Vitamin K deficiency
emerges in cirrhotic patients on the ground of a mal-
nutritional state®.

The commonest reversible qualitative abnormali-
ty of clotting factors demonstrated in 60-70% of the
cases of chronic liver disease is dysfibrinogenaemia™®.
Abnormal polymerization of fibrin monomers result-
ing in a disproportionately prolonged thrombin time
despite mild prolonged PT, partial thromboplastin time
and normal fibrinogen is the underlying pathology®'.

Elevated levels of plasma D dimmer, fibrin and
fibrinogen degradation products, increased tissue plas-
minogen activators levels due to impaired hepatic
clearance and shortened whole blood euglobin clot
lysis time reflect the increased fibrinolytic activity in
cirrhotic liver®. Hyperfibrinolysis is randomly docu-
mented in acute liver failure and rather represent a
delayed mechanism of the end stage liver disease. It is
estimated that accelerated fibrinolysis enhance bleed-
ing from mucous membranes thus increasing the inci-
dence of fatal bleeding®. The incidence of and clini-
cal parameters related to hyperfibrinolytic activity,
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and predicting factors to epsilon-aminocaproic acid
(EACA) treatment in cirrhotic patients with hyperfi-
brinolysis were assessed in 86 consecutive patients
admitted to a referral liver unit for various liver di-
seases. Hyperfibrinolytic activity as reflected by shor-
tened utilizing euglobulin lysis time was present in
31.3% of the individuals, and a significant correlation
was demonstrated with higher Child-Pugh (C-P) class,
abnormal levels of PT, PTT, fibrinogen, platelet count,
and total bilirubin. In 18.5% of the cases EACA treat-
ment was administrated for progressive mucocutane-
ous bleeding and/or haematoma. EACA treatment was
significantly associated with higher C-P scores; great-
ly shortened ELT (< or = 50% of normal value); and
abnormal levels of fibrinogen, total bilirubin, and PT,
indicating that these factors may serve as predictors
for EACA treatment™®.

Disseminated intravascular coagulation is a syn-
drome characterized by widespread intravascular fi-
brin deposition due to massive activation of the clot-
ting cascade. Intravascular fibrin deposition is the re-
sult of uncontrolled thrombin generation overwhelm-
ing natural anticoagulant pathways. Thrombin activa-
tion is exclusively mediated by high levels of tissue
factor with consequent activation of the extrinsic path-
way**. Deposition of fibrin lesions results in multi-organ
dysfunction whilst the consumption of clotting factors,
platelets and secondary fibrinolysis activation are re-
sponsible for the pathological bleeding profile.

It has been suggested that hepatic coagulopathy
mimics a DIC-like pattern®. In about 30% of patients
with advanced liver disease accelerated intravascular
coagulation and fibrinolysis (a state which actually
represents a low-grade disseminated intravascular
coagulation DIC) were demonstrated®. Coagulation
disorders in patients with non-cirrhotic portal fibrosis
and extra-hepatic portal venous obstruction were in-
vestigated by Bajaj et al, and a significantly prolonged
international normalized ratio and a decrease in fi-
brinogen and platelet aggregation were demonstrat-
ed in both groups. Patients presenting portal fibrosis
had a significant prolongation in partial thromboplas-
tin time (67% patients). Increased levels of fibrino-
gen degradation product levels were demonstrated in
all patients. According to the authors the diagnosis of
a mild disseminated intravascular coagulation syn-
drome was established. Chronic sub-clinical endotox-
aemia and cytokine activation after the initial portal
thromboembolic event were identified as the underly-
ing causes®. Patients in that stage of cirrhotic disease
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are prone to develop overt DIC on the ground of sep-
sis, surgery, shock or ascites recirculation (Table 3).

AUTOIMMUNE HEPATIC SYNDROMES

Autoimmune Hepatitis - Primary Biliary
Cirrhosis - Primary Sclerosis Cholangitis

According to a recently published series, signifi-
cant differentiations were suggested among the un-
derlying causes of the bleeding profile of patients with
autoimmune cholestatic (including primary biliary cir-
rhosis (PBC) and primary sclerosing cholangitis (PSC))
and non-cholestatic liver disease. In particular cellu-
lar coagulation was reported to remain preserved in
patients with advanced cholestatic liver disease in con-
trast to those with advanced viral or alcoholic liver
disease. Thirty-seven patients with chronic cholesta-
tic liver disease (PBC/PSC), 53 patients with chronic
hepatitis C (HCV) or alcoholic cirrhosis (C2), and 62
healthy controls were reviewed and plasmatic coagu-
lation and platelet function were assessed. Throm-
belastography revealed a hypercoagulable state in
non-cirrhotic patients with PBC/PSC, but not in those
with HCV (ma-value: 6.54 [6.25-6.92, 95% CI] vs. 5.39
[5.11-5.58], P <0.05) possibly due to higher fibrino-
gen levels in PBC/PSC patients (369 [329-418] mg/dl
vs. 263 [250-275] mg/dl, P <0.05). PFA-100 closure
time was prolonged in HCV/C2 patients with advanced
cirrhosis, but not in cirrhotic patients with PBC/PSC
(Child B; epinephrine stimulation: 192 [161-229]s vs.
132 [105-158]s, P <0.05). Flow cytometric studies of
platelet receptors and granules revealed a higher sur-
face expression of CD42b (112 [105-119] % vs. 100
[95-104]%, P <0.05) and LIBS-1 (261 [184-348] % vs.
121 [92-145] %, P <0.05) in patients with PBC/PSC
than in those with HCV/C2%".

Immune thrombocytopenic purpura has also been
described to develop on the ground of an autoimmune
liver pathology indicating a common immunological
pathway both complicating the platelets and also the
hepatocytes. Differentiation of classic autoimmune
thrombocytopenia from thrombocytopenias associat-
ed with immune complex hepatic disease and cirrho-
sis predominately relies, according to a recently pub-
lished series, to platelet immunological profile and
serum PEG-IC level measurements®.

According to the research from the published data
idiopathic thrombocytopenic purpura emerging on the

ground of a chronic autoimmune hepatic syndrome
such as primary sclerosing cholangitis and primary
biliary cirrhosis has been reviewed in several case re-
ports*. In a study where an association of immune
mediated thrombocytopenia with primary biliary cir-
rhosis in a female liver transplant receiver was estab-
lished, the persistence after transplantation of the un-
derlying immune dysregulation resulting in platelet
destruction is demonstrated. A decrease in the dosage
of immunosuppressive medication to maintenance le-
vels after transplantation is proposed in order to ac-
complish deterioration in such defects in immunotole-
rance®. According to another published series throm-
bocytopenia associated with primary biliary cirrhosis
is attributed to specific antibodies against platelet gly-
coproteins*. A patient previously diagnosed with idio-
pathic thrombocytopenic purpura that ten years after
this episode exhibited a gradual increase of serum bi-
liary enzyme levels and his immunological profile in-
cluded increased IgM and positive anti-mitochondri-
al antibody is presented. Histological findings of liver
needle biopsy showed chronic non-suppurative destruc-
tive cholangitis, evidentially establishing the diagno-
sis of primary biliary cirrhosis. Primary biliary cirrho-
sis and idiopathic thrombocytopenic purpura seemed
to develop simultaneously, but the effect of steroid ther-
apy on the two conditions was different implying a pos-
sible differentiation in the autoimmune process*. In
another similar case splenectomy was performed in
the patient that led to marked and rapid deterioration
of the previously indolent cholestatic syndrome. The
time-relationship indicated that the removal of the
spleen may be considerable cause of the disease’s pro-
gression®. A rare case of PBC-autoimmune hepatitis
overlap syndrome with concurrent idiopathic thromb-
ocytopenic purpura and Hashimoto’s disease with posi-
tivity for anticentromere antibody is also document-
ed*. In another published case a 56-year-old patient
with Evans syndrome (autoimmune hepatitis type II,
autoimmune thrombocytopenia and haemolytic anae-
mia) is documented whose death was caused by a fatal
association of a failing coagulation system due to liver
dysfunction and severe autoimmune thrombocytope-
nia. In that patient the aggressive course of thromb-
ocytopenia even after splenectomy demonstrated that
spleen enlargement due to portal hypertension was
only a minor factor in the destruction of the thromb-
ocytes®. Finally a rare co-existence of primary scle-
rosing cholangitis with idiopathic thrombocytopenic
purpura is presented*.
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Concerning disorders in platelet function, a case
report of an acquired —pseudo Bernard Soulier syn-
drome emerging as an unusual manifestation of au-
toimmune chronic active hepatitis is presented in the
literature. The patient exhibited marked thrombocy-
topenia with platelet aggregation dysfunction and
morphological changes suggesting an acquired Ber-
nard Soulier syndrome. The patient additionally dem-
onstrated significant titles of anti-cardiolipin antibod-
ies?.

Bernard Soulier syndrome is an autosomal reces-
sive disorder caused by the deficiency of a platelet
membrane glycoprotein complex GPIb-IX, causing the
circulation of giant platelets and a mild decrease in
the platelet count.

Vitamin K deficiency can emerge on the ground of
intra- or extra-hepatic cholestasis (affecting biliary salt
metabolic pathway)® on the ground of PBC or PSC,
resulting in the decreased levels of vitamin K-depen-
dent coagulation factors.

Sometimes balance between the reduced levels of
clotting activators and inhibitors provokes the deve-
lopment of a hypercoagulable state clinically mani-
festing with thrombotic incidents like those demon-
strated in cases of primary biliary cirrhosis and prima-
ry sclerosing cholangitis®.

Regarding vascular coagulation syndromes com-
plicating the course of an autoimmune liver disease,
only a handful of cases are presented in which heredi-
tary hemorrhagic teleangiectasia or cryoglobuli-
naemia developed on the ground of such a liver di-
sease. On that basis a female patient is presented with
chronic active lupoid hepatitis, cyanosis, clubbing and
hypertrophic osteoarthropathy who developed clini-
cal manifestations of hereditary hemorrhagic telan-
giectasia including pulmonary arteriovenous fistulae,
syncopal attacks with generalized convulsive seizures
and gastrointestinal haemorrhages™. Also in a woman
who presented with telangiectasias of the lips and fin-
gertips the diagnosis of primary biliary cirrhosis was
established after extensive laboratory evaluation®.

VIRAL HEPATIC SYNDROMES

Evidential association between viral hepatic infec-
tions and immune thrombocytopenia has been suffi-
ciently demonstrated in the past. Increased platelet
sequestration driven from an antibody immune re-
sponse has been recognized as the pathological mech-
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anism responsible for the haematological syndrome.
Accordingly a number of case observations led to the
assumption that autoimmune thrombocytopenia is a
common feature in HCV individuals while it is rare in
non-immune chronic liver disease®. Immunologicaly
mediated destruction of platelets by platelet associat-
ed IgG (PAIgG) and platelet surface IgG (PSIgG)
has been proposed as a causative factor for thrombo-
cytopenia in chronic viral liver disease, although the
implication of PAIgG may be debatable since recent
investigation disclosed the fact that PAIgG predomi-
nately relates to the intra-platelet IgG in alpha-gran-
ules and not to PSIgG. Further characterization of
chronic liver disease’s elevated PSIgG regarding whe-
ther it mainly represents anti-platelet glycoprotein
(GP) antibodies or is contained in immune complex
has not been elucidated. In a recent study reviewing
31 hepatitis C and 6 hepatitis B patients, the changes
in levels of PAIgG, alpha-granule IgG, PSIgG and
mean platelet volume (MPV) during the course of
partial splenic arterial embolization were assessed.
PAIgG decreased after splenic embolization, paral-
leling alpha-granule IgG levels, while PSIgG showed
no significant change. MPV decreased reciprocally,
with the increase of platelet count results indicating
that the increment of PAIgG in chronic liver diseases
can be attributed to accelerated destruction of plate-
lets. Antiplatelets GP antibodies were evaluated and
positivity was estimated to approximately 5.4% where-
as circulating immune complex levels were also ele-
vated correlating with the levels of PSIgG. It is sug-
gested that immune complexes bound to the platelets
surface in positions other than GP could induce ph-
agocytic mechanisms resulting in platelets destruc-
tion®. From another published series presenting seven
patients with chronic HCV infection who developed
thrombocytopenia, it was calculated that number of
HCV positive thrombocytopenic patients in a population
of 3440 patients outranged expectations (p <0,00001).
According to the authors, detection of antiplatelet an-
tibodies, using an antigen-specific assay, was conside-
red useful in supporting the diagnosis in each case™.
There is also a case report of autoimmune thrombocy-
topenia and erythroid hypoplasia complicating the
course of hepatitis A with a fatal outcome in a female
patient®™. From a series elucidating the mechanisms
of thrombocytopenia in chronic hepatitis C, platelet
activation was evaluated with flow cytometry in 25
patients with chronic viral hepatitis and 11 patients
with liver cirrhosis of viral aetiology. A significant
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decrease of platelet’s count was demonstrated in pa-
tients with chronic hepatitis C and in patients with liv-
er cirrhosis compared to controls, but this was not the
case in patients with chronic hepatitis B. Patients with
chronic hepatitis C had a significantly higher percent-
age of platelets positive for activation-dependent mon-
oclonal antibodies (MoAbs), and also had a higher
percentage of platelet microparticles (PMP), a mark-
er of platelet activation, than patients with chronic
hepatitis B. There was a significant correlation be-
tween the percentage of PMP and the levels of liver
fibrosis markers, such as serum hyaluronate and N-
terminal propeptide of type III procollagen (P-I1II-P),
in chronic hepatitis C, justifying a relationship between
platelet activation and liver fibrosis. Platelet activa-
tion was markedly enhanced in chronic hepatitis C
patients with high histological scores of liver fibrosis™®.
In a series investigating thrombotic factors in patients
with hepatitis C and the correlation of such lesions
with the development of parenchyma remodelling,
hepatic fibrosis and cirrhosis, protein C deficiency and
elevated factor VIII level were demonstrated®’.

Also visceral involvement correlating with chronic
viral hepatitis has been documented. A female paedi-
atric patient with hereditary hemorrhagic telangiecta-
sia associated with chronic active hepatitis with posi-
tive HBAg that evolved to hepatic cirrhosis is de-
scribed®™. Regarding the development of Henoch
Schonlein purpura on the ground of a pre-existing liv-
er pathology there are cases documented involving
viral hepatitis* and related liver cirrhosis. Cryoglobu-
linaemia involves cases of purpura attributed to the
deposition of immunoglobulins. In type I bleeding may
be due to the obstruction of blood flow in the micro-
circulation at cold temperatures by cryoprecipitates,
with subsequent increased vascular fragility whereas
in types II and III bleeding may be due to leukocyto-
castic vasculitis associated with the immune complex-
es. In the overwhelming majority of patients, hepatitis
C virus infection represents the triggering factor of
the disease. In a study evaluating the demographic,
clinical, serological features and survival in a large
series of patients, in 92% of cases the presence of HCV
infection was demonstrated whereas hepatitis B virus
was identified as a causative agent in only 1,8% of
patients. In a limited percentage of individuals hepa-
tocellular carcinoma complicated the course of the
disease and liver involvement was demonstrated as
the cause of death in 13% of the patients®.

OTHER HEPATIC DISORDERS

Hepatic Tumours, Metabolic Diseases

Idiopathic thrombocytopenic purpura complicat-
ing liver transplantation has been assessed by an ade-
quate number of published series. Three such paedi-
atric patients are presented from a total of 266 trans-
plant receivers in whom severe thrombocytopenia de-
veloped. The original disease was biliary atresia in all
cases and post-transplantation tacrolimus and low dose
steroids were administrated. An elevation in platelet
associated IgG levels was detected in all cases and a
preceding viral infection was suspected in two of the
three cases®’. Finally in another case report an asso-
ciation of immune thrombocytopenic purpura with lym-
phocytic lymphoma in the liver is implied® and there
is also one published case of DiGeorge syndrome in-
volving haemolytic anaemia, thrombocytopenia and
liver disease®. Finally literature’s research reveals
only one case report of Wilson’s disease provoking an
olfactory paranoid syndrome and idiopathic thromb-
ocytopenia. The authors outline that olfactory para-
noia and idiopathic thrombocytopenia are rare mani-
festations of Wilson’s disease®.

Cases of a liver syndrome manifesting with throm-
botic thrombocytopenic purpura are only randomly
documented in the literature. Yet several hepatic dis-
eases including haemochromatosis, Wilson’s disease,
and liver abscesses™ have been correlated with throm-
botic thrombocytopenic purpura. In such a case report
a patient is presented with thrombotic thrombocy-
topenic purpura and genetic haemochromatosis. Liver
biopsy specimens exhibited micronodular cirrhosis and
pre-neoplastic lesions®. Another patient suffering from
thrombotic thrombocytopenic purpura-haemolytic
uraemic syndrome that was diagnosed with cryptoge-
nic liver disease several years before the establish-
ment of the diagnosis of Wilson’s disease is present-
ed”. Finally there is a published case assessing an as-
sociation of Laennec’s cirrhosis with acute thrombo-
cytopenic purpura®,

Only a handful of cases are presented in the litera-
ture regarding haemolytic uraemic syndrome (HUS)
emerging as a manifestation of a liver pathology. A
rare case of adult-onset HUS that was associated with
emphysematous cholecystitis and a liver abscess is pre-
sented and an infection with verotoxin-producing E.
coli 0157 is suggested by the authors®. In patients
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with a hepatic malignancy HUS can develop either
clinically unrelated to chemotherapy™ or it can result
from the supplementation of widely used therapeutic
agents such as gemcitabine. A patient is presented with
irresectable adenocarcinoma of the liver, treated with
S-fluorouracil and with second line therapy with gem-
citabine, who developed anaemia, thrombocytopenia,
elevated plasma D-dimer levels, lactate dehydroge-
nase, creatinine and urea levels, pronounced pro-
teinuria and finally renal haematuria. On that labora-
tory evaluation HUS syndrome was verified”. Accord-
ingly there is a case of HUS syndrome developing in a
liver transplant recipient in whom tacrolimus was
administrated for purposes of immunosuppression.

Kasabach Merritt syndrome is a rare coagulation
disorder presenting with consumption coagulopathy
caused by vascular malformations. Congenital subcu-
taneous and visceral haemangiomas have been evi-
dentially associated with symptomatic thrombocytope-
nia in infants and children on that basis. Platelets are
activated within the haemangioma and subsequently
removed from the circulation. Additionally mild dis-
seminated intravascular coagulation may occur sec-
ondarily to fibrinogen consumption. Spontaneous re-
gression of the haemangiomas is not unusual. Thera-
peutic measures according to the size and number of
hepatic tumours include surgical exclusion, radiation,
intentional thrombosis with the use of inhibitors of fi-
brinolysis with or without cryoprecipitate and finally
the use of interferon a.

Regarding hepatic malignancies complicated by
coagulation disorders on that ground, there are two
case reports one of giant haemangioma of the liver”
and the other of epitheloid haemangioendothelioma
of the liver’ both sharing the same haematological
profile. The patients were both aggravated by bleed-
ing complications and the therapeutic measures in-
cluded radical resection and surgical excretion. In
another published case a female patient with giant
haemangioma with alterations in the clotting system
indicating a consumption coagulopathy is presented.
The use of celiac arteriography for diagnostic purpos-
es is debated and the need for previous exclusion of
any other diagnostic procedures such as ultrasound,
computed tomography and magnetic resonance im-
aging is underlined”. Finally eight infants with hae-
mangiomas associated with severe consumption co-
agulation are reviewed’.
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DIAGNOSIS

In acute liver failure laboratory evaluation of the
haemostatic profile can be required in order to evalu-
ate the degree of hepatocellular failure, the severity
of coagulation disorders manifesting as bleeding di-
athesis, or the bleeding risk before manifesting with
invasive procedure. Evaluation of the bleeding risk
prior to an invasive procedure requires a study of plate-
let function and measurement of circulating fibrinolyt-
ic activity, which is particularly likely to be abnormal
in patients with severe hepatocellular failure and/or
alcohol abuse. Prothrombin time determination suffi-
ciently demonstrates the severity of liver dysfunction,
although in some cases assays of fibrinogen and fac-
tors II, VII, X, V should also be evaluated”.

In chronic liver disease a haemostatic screening
profile consisting of a platelet count, activated partial
thromboplastin time (APTT), and prothrombin time
(PT) is commonly used to assess the bleeding diathe-
sis with regard to the nature and extend of the haemo-
static impairment. Concerning bleeding time it is esti-
mated that this parameter rather reflects interaction
between several factors involved in primary haemo-
stasis (platelet count, platelet function, subendothe-
lial vessel wall connective tissue function, vVWF level).
In advanced cirrhosis both APTT and PT are pro-
longed with PT prolongation exceeding that of APTT.
In moderate to severe cirrhosis APTT may be pre-
served presumably because the APTT is unaffected
by factor VII deficiency whereas it is insensitive to
mild reductions of factor V or vitamin K-dependent
coagulation factors X and II. That is actually a haemo-
static profile demonstrated also in warfarin supple-
mentation, DIC and acquired vitamin K deficiency.
Fibrinogen may be decreased in severe cirrhosis and
thrombin time may be prolonged in patients with hy-
pofibrinogenaemia, dysfibrinogenaemia or high levels
of fibrinogen/fibrin degradation products’™.

A less common reason for investigating haemosta-
sis is a search for the exact cause of a thrombotic con-
dition, such as portal vein thrombosis or Budd-Chiari
syndrome” (Table 4).

THERAPY

Therapeutic measures aiming at the restoration of
the coagulation defects of acute liver failure accord-
ingly include supplementation of fresh frozen plasma,
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vitamin K, coagulation inhibitors, inhibitors of fibrin-
olysis and recombinant activated factor VII.

Prophylactic fresh frozen plasma supplementation
is recommended for those patients who undergo high
risk procedures (liver biopsy) or during plasma ex-
change to correct a severe coagulopathy before liver
transplantation™®. In the absence of bleeding no sig-
nificant therapeutic value of fresh frozen plasma ad-
ministration was demonstrated®’. On the contrary it is
estimated that FFP by partially restoring both INR
and factor V levels, eventually decreases the prognos-
tic value of those dynamic markers of hepatic function
and additionally increases the risk for DIC or cere-
bral oedema although such a correlation has not suffi-
ciently been established”.

A controlled study was performed investigating the
effect of antithrombin III supplementation in fulmi-
nant hepatic failure. Twenty-five patients in grade III
or IV coma who presented evidence of sepsis, intra-
vascular coagulation and a high risk of developing
multi-organ failure were assessed. Antithrombin III
activity increased without an apparent increase in the
frequency of bleeding. A significant change in the sur-
vival rates couldn’t be established and markers of in-
travascular coagulation were preserved. According to
the authors supplementation with antithrombin III
concentrate hasn’t contributed in the prevention of in-
travascular coagulation. The need for further clinical
investigation is underlined®.

Inhibitors of fibrinolysis including tranexamic acid
and epsilon aminocaproic acid or plasmin inhibitor
aprotinin and means such as heparin, plasma ex-
change, desmopressin and prothrombin complex con-
centrate administration present moderate efficacy,
excessive complexity or thrombotic complications.
Thus their therapeutic value is yet a matter of debate
requesting further investigation.

Prolongation of PT because of decreased synthesis
of vitamin K-dependent coagulation factors (II, VII,
IX, X) is the dominant coagulation abnormality docu-
mented in patients with liver disease. Administration
of Recombinant factor VII initiates a site-specific burst
of coagulation activity restoring that pathological path-
way whereas high rFVIIa levels can initiate thrombin
generation despite low systemic concentrations in
acute liver failure. In a relevant series reviewing the
experience with rFVIla in treating coagulopathy of
liver failure, 8 consecutive patients were administered
fresh frozen plasma (FFP) alone, whereas 7 consecu-
tive patients were administered FFP and rFVIla (40

ug/kg intravenous bolus). All patients administered
rFVIIa (after a single dose) versus none administered
FFP alone demonstrated temporary (2- to 6-hour) cor-
rection of coagulopathy (P<0.0002). All patients ad-
ministered rFVIla versus 38% administered FFP alone
were able to be committed in an invasive procedure
(ICP transducer) (P=0.03). The rFVIIa group had less
anasarca (P =0.04). An equal number of patients un-
derwent transplantation from each group, but overall
survival was slightly better in the rFVIIa group
(P=0.04). According to the authors rFVIla is effective
in transiently correcting laboratory parameters of co-
agulopathy in patients with FHF. It facilitates the per-
formance of invasive procedures and is associated with
less frequent anasarca compared with conventional
therapy. Yet it has been suggested that any interven-
tion to correct the coagulopathy in patients with liver
failure carries the risk of thrombosis or disseminated
intravascular coagulopathy. Such a risk with the use of
rFVIIa hasn’t been established in haemophiliacs®.
Optimal dosing, safety, and efficacy of rFVIIa in pa-
tients with FHF should be further investigated®.

In decompansated liver cirrhosis therapeutic mea-
sures should be accordingly tailored to the nature, site
and extent of bleeding manifestations. On that ground
platelet transfusions are recommended in patients with
marked thrombocytopenia. The platelet increment
after transfusion ranges between 8000 and 10000/ul
per random donor unit or 40000 to 50000/ul per pher-
esis unit infused because of sequestration of transfused
platelets in the spleen. Regarding splenectomy or par-
tial splenic embolization severe contra-indications are
demonstrated emerging a request for scepticism. He-
parin, antithrombin III, DDAVP, prothrombin-com-
plex concentrates (PCC) and fibrinolytic inhibitors (e-
aminocaproic acid) supplementation should be further
clinically evaluated in the aspect of deteriorating the
existing severe defects (viral transmission, thrombot-
ic manifestations of DDAVP, PCC and e-aminocapro-
ic acid, bleeding diathesis in heparin). Fresh frozen
plasma may represent a promising therapeutic inter-
vention yet effective replacement of the coagulation
factor deficiencies in cirrhotic patients is difficult be-
cause the large amounts of FFP required to correct a
prolonged PT (6 to 8 units, 1200 to 1600 ml, in an
average-size adult patient) are not tolerated by such
patients with an already increased plasma volume.
Additionally the relatively short biologic half-life of
factors VII and V results in a constant demand for fur-
ther infusions. Finally the therapeutic value of recom-
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binant factor VII has already been documented in
acute liver failure and its efficacy in cirrhotic patients
needs further validation yet representing a new prom-
ising therapeutic option™. On that ground Bernstein et
al, has demonstrated that recombinant activated fac-
tor VII (rFVIIa) is effective in transiently reversing
the coagulopathy profile of liver cirrhosis at all three
doses (5.20 and 80 pg/kg) by increasing the number of
FVIIa -TF complexes that form at the side of injury,
thus enhancing the ability to generate factor Xa and
compensating for the depressed levels of other factors
that influence PT (factor X, factor V, prothrombin)®.

CONCLUSION

A pathological bleeding profile in a patient with
severe liver dysfunction is not only a justified fear
shared among physicians but a rather sinister sign ag-
gravating prognostic values. What should be cleared
out is the fact that different coagulation disorders ac-
company chronic liver syndromes and acute liver fail-
ure and the same laboratory values demonstrated in
each case gain different prognostic utility. According-
ly prolonged PT is considered a sensitive dynamic
marker of the hepatic functional ability and the need
for liver transplantation in patients with acute liver
failure. Safety and efficacy of suggested therapeutic
means need further clinical evaluation and verifica-
tion. Recombinant activated factor VII (rFVIIa) is ef-
fective in transiently reversing the coagulopathy pro-
file in liver cirrhosis and its therapeutic utility in acute
liver failure is promising.
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