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Liver failure is accompanied by multiple changes in the hemostatic system.! These
changes are mainly caused by a reduced synthesis of coagulation factors and altered
clearance of activated coagulation factors. In addition, hyperfibrinolysis and thrombo-
cytopenia are frequently encountered.! In this article, the authors discuss three
additional pathophysiologic mechanisms that influence the coagulation system in
patients who have liver disease. First, they discuss the influence of infections and
endogenous heparinoids (see the related article elsewhere in this issue). Second,
they discuss renal failure, a condition that is frequently encountered in patients who
have liver cirrhosis. Finally, the dysfunction of the endothelial system is reviewed,

including testing of endothelial function in liver disease.
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INFECTION AND ENDOGENOUS HEPARINOIDS

Bacterial infections are an important and frequently occurring coexisting problem in
cirrhotic patients that is related to the degree of liver dysfunction.? They are reported
in up to 47% of hospitalized cirrhotic patients® and result in increased mortality.*
Bacterial infections have been reported in 35% to 66% of cirrhotic patients with
gastrointestinal bleeding,® and infection is an independent risk factor for early rebleed-
ing within 5 days of admission for variceal bleeding.®” Furthermore, spontaneous
bacterial peritonitis commonly precedes variceal bleeding® and recent evidence
shows that prophylactic antibiotic therapy prevents early rebleeding.®° This evidence
illustrates the pivotal role of bacterial infections in the cause of variceal bleeding in
patients who have liver cirrhosis."

Endotoxemia is frequently found in cirrhotic patients,'? originating from bacteria
translocated from the bowel,"" even in the absence of any signs of sepsis. Goulis
and colleagues' postulated the role of bacterial infections through subsequent
release of endotoxins in the systemic circulation as critical for triggering variceal
bleeding through two distinct pathways. First, endotoxins lead to an increase in portal
pressure by contracting hepatic stellate cells through the induction of endothelin.™
Second, the release of nitric oxide (NO)'5-'7 and prostacyclin'®'® inhibits platelet
aggregation.

Indeed, infection may lead to abnormalities in coagulation through multiple
pathways. Sepsis can cause impairment of platelet aggregation, and production of
cytokines in bacterial infections may lead to activation of clotting factors and fibrino-
lysis.’ Here, the authors focus on the role of endogenous heparinoids. Heparinoids,
both exogenous and endogenous, are cleared by the liver, and elevated levels have
been reported in cirrhotic patients.?° The influence of heparin-like substances is
difficult to monitor in patients who have liver cirrhosis. Thromboelastography (TEG)
is a quick and reliable method to assess clot formation and lysis and allows detection
of heparin-like substances.?! Using TEG, 20 cirrhotic patients were shown to exhibit
worsening TEG parameters the day before rebleeding.?? The same group demon-
strated that bacterial infections significantly impair hemostasis in patients who have
decompensated cirrhosis, also using TEG.?® Montalto and colleagues®* found a signif-
icant heparin activity using heparinase I-modified TEG in 28 of 30 cirrhotic patients,
but none in those not infected, whereas other coagulation parameters were not
altered. In a subsequent study, this heparin activity was found to be associated with
anti-activated factor X concentrations in many patients.?® Furthermore, the presence
of endogenous heparinoids in cirrhotic patients who had acute variceal bleeding was
demonstrated, which could contribute to failure to control acute bleeding and early
rebleeding.?® As a possible source for these endogenous heparinoids, it has been
postulated that endotoxins and inflammation due to infection can release heparinoids
from the endothelium and mast cells in a dose-dependent manner; in addition, endo-
thelial cells are able to produce tissue-plasminogen activator, which induces
fibrinolysis.2*

Heparin and heparan sulfate belong to the family of glycosaminoglycans, which are
heteropolysaccharides, including hyaluronic acid, chondroitin, dermatome sulfate,
and keratan sulfate. Recently, it has been shown that heparinase I-modified TEG
detects the activity of not only heparan sulfate but also dermatan sulfate, which
indicates that both of these glycosaminoglycans could be responsible for the endog-
enous heparinoid effect.?” However, evidence suggests that heparan sulfate, which is
specifically cleaved by heparinase lll-modified TEG, is the most important heparinoid
responsible for the heparin-like effect.?®
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It can be concluded that the role of infection is well established in variceal bleeding
in cirrhotic patients. Consequently, prophylactic antibiotics decrease the rate of
bleeding. Therapeutic implications concerning the endogenous heparinoids in pa-
tients who have liver cirrhosis have not yet been identified.

RENAL FAILURE COAGULOPATHY IN CIRRHOSIS

Renal failure occurs frequently in patients who have liver cirrhosis.?® Patients who
have renal failure are at increased risk for bleeding complications.3® Although the
pathophysiology of this hemostatic dysfunction has not yet been fully elucidated, it
appears to be multifactorial. Platelets play a pivotal role in the hemorrhagic tendencies
in uremic patients.3°

Platelet dysfunction occurs as a result of intrinsic platelet abnormalities and im-
paired platelet-vessel wall interaction.3'32 Abnormalities of platelet alpha-granules
with lower than normal content of ADP and serotonin®334 and defective arachidonic
acid metabolism leading to decreased platelet thromboxane A2 generation have
been reported in uremic patients.®®> Furthermore, functional and biochemical
alterations of the platelet cytoskeleton in uremia were found.®® Uremic platelets
have a defective interaction with vessel subendothelium,3” which may, in part, result
from intrinsic dysfunction of glycoprotein Gpllb-llla, a platelet membrane glycoprotein
that plays a major role in platelet aggregation and adhesion through its interaction with
fibrinogen and von Willebrand factor (vWF).33:38-40 Other causes of platelet dysfunc-
tion and impaired vessel wall interaction in uremia are discussed in more detail
elsewhere in this issue.3041.42

The potential role of uremic toxins and the vessel wall in uremic bleeding has also
been extensively investigated. NO is a potent modulator of vascular tone that inhibits
platelet adhesion to the endothelium'® and platelet aggregation.*® Studies in uremic
patients have shown that platelet NO synthesis is increased and that uremic plasma
stimulates NO production by cultured endothelial cells.** The increase in NO synthesis
has been related to elevated levels of guanidinosuccinic acid, a uremic toxin that
stimulates NO production in this setting.3°

Anemia is common in uremic patients and is an important clinical risk factor for
bleeding complications: the decreased number of red cells may rheologically reduce
physical platelet interactions with the vessel wall and metabolically reduce platelet
function.? Raising the hematocrit to 30% by red blood cell transfusions reduces
the bleeding time in many patients, occasionally to a normal level.*54¢ Elevation of
hematocrit can also be achieved by administrating recombinant human erythropoietin,
which improves primary hemostasis through an increase of red cell mass but also
through enhanced platelet aggregation and increased platelet adhesion to the endo-
thelium, which is independent of the hematocrit rise.*”~50

Hemodialysis also has a favorable impact on bleeding complications in uremic
patients but may only partially correct platelet dysfunction.®'-54 In fact, the hemodial-
ysis process itself may contribute to bleeding through the continuous platelet activa-
tion induced by the interaction between blood and artificial surfaces.®®

Platelet transfusion is not effective in managing bleeding complications because
uremic plasma elicits changes in function of platelets from normal donors.*? Uremic
plasma has been shown to inhibit platelet adhesion to inverted, de-endothelialized
human umbilical cord artery segments, whereas uremic platelets adhere normally in
the presence of normal plasma.>® Therefore, rationale does not exist for platelet trans-
fusion, which is sometimes used in interventions, such as dialysis line placement, to
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eliminate temporarily the bleeding tendency in uremic patients. Instead, current treat-
ment modalities for uremic bleeding include erythropoietin, desmopressin, and estro-
gens, which have reduced bleeding complications.*2%”

Although renal failure has classically been associated with a bleeding tendency,
thrombotic events are also common among patients who have end-stage renal dis-
ease.58 Various prothrombotic factors have been demonstrated in these patients. El-
evated rates of thrombotic complications are thought to emerge as the bleeding
tendency is better controlled.>®

ENDOTHELIAL FUNCTION IN CIRRHOSIS

In recent years, the role of endothelial function in vascular health and disease has been
studied extensively. The endothelium not only serves as a barrier between blood and
the vessel wall but also plays an important role in hemostasis, vessel tone regulation,
vascular homeostasis, and inflammatory processes. In response to various mechan-
ical and chemical stimuli, endothelial cells secrete a wide array of substances that me-
diate these functions.®%-%3 Endothelial dysfunction results in a loss of balance between
prothrombotic and antithrombotic factors, vasoconstrictors and vasodilators,
growth-promoting and growth-inhibiting factors, and proatherogenic and antiathero-
genic factors,®? and is now recognized as an essential part of the pathogenesis of
several conditions, such as coronary artery disease®®° and microvascular complica-
tions in type 2 diabetes.®®

Portal hypertension is primarily caused by increased resistance to portal blood flow,
which, in cirrhosis, is mainly determined by morphologic changes.®” However, sub-
stantial evidence shows that this is aggravated by a dynamic component, in which en-
dothelial dysfunction plays a central role. Endothelial dysfunction causes an
imbalance between the vasodilator and vasoconstrictor forces, affecting the vascular
tone of the circulation on two distinct anatomic levels: the arteries of the intrahepatic
microcirculation and the arteries of the splanchnic circulation.

Sinusoidal endothelial cells (SECs) play a central role in mediating intrahepatic vas-
cular resistance by producing and releasing vasoactive substances.®® A cirrhotic liver
cannot accommodate the increased portal blood flow caused by postprandial hyper-
emia, resulting in an abrupt increase in portal pressure.®® Such repeated increases are
considered to be an important factor in progressive dilatation of varices in cirrhosis.®”
In addition, endothelial dysfunction in the hepatic vascular bed is characterized by
a defective vasodilatory response to acetylcholine and insufficient NO production
by endothelial NO synthase (eNOS).”>"2 Increased thromboxane A production in
SECs has also been shown to contribute to increased intrahepatic resistance in cirrho-
sis.”®74 Thus, SEC dysfunction impairs the endothelium-dependent dilatation of the
intrahepatic liver microcirculation, resulting in increased intrahepatic vascular resis-
tance and portal hypertension.

SEC dysfunction is an early event in the pathogenesis of cirrhosis”® and is consid-
ered the primary event that leads to portal hypertension and the subsequent arterial
splanchnic and systemic vasodilatation.®® In contrast to the hypoactive SECs, an in-
creased production of NO is observed in the arteries of the splanchnic and systemic
circulation in cirrhosis and other conditions that lead to portal hypertension.”® This in-
crease in NO leads to an increased endothelium-dependent dilatation and precedes
the so-called “hyperdynamic circulatory syndrome.””®78 Several complications of
liver cirrhosis, such as variceal bleeding, ascites, hepatorenal syndrome, and hepato-
pulmonary syndrome, are closely related to the presence of these hemodynamic
alterations.””
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Several clinical tests that evaluate endothelial function have been developed, mostly
in relation to cardiovascular diseases.”® Although clinical assessment of endothelial
function tests in liver cirrhosis has received less attention, several promising markers
of endothelial function in cirrhotic patients have been described. NO, its metabolites,
and second messengers (cyclic GMP) are theoretically the clearest and most direct
markers. Although assessment of vascular NO level is indicative of endothelial dys-
function in cirrhosis,®® it is not yet widely used in clinical assessment of endothelial
function. Interpretation of these measurements is often difficult and not always repre-
sentative of endothelial NO production.®° The procoagulant consequences of endo-
thelial activation can be measured as a change in the balance of tissue-type
plasminogen activator and plasminogen-activator inhibitor 1.81 A shift in this balance,
related to the extent of cirrhosis, has been reported.®2:83

Furthermore, VWF is released into the circulation by activated endothelial cells and
is easy to measure. Highly elevated levels of VWF in cirrhosis have been reported,
which were strongly related to the severity of the disease.?*8% Moreover, VWF levels
were significantly correlated with NO production, as evaluated by nitrite and nitrate
levels.®® Endothelial cell activation leads to increased expression of inflammatory cy-
tokines and adhesion molecules. Serum levels of intercellular adhesion molecule-1
are increased in cirrhosis®” and are reported to be of prognostic relevance in pa-
tients who have liver cirrhosis.®® Finally, substantial evidence exists for strongly ele-
vated endothelin-1 levels in cirrhosis,®® which may also be considered as an index
for endothelial function.® To conclude, endothelial dysfunction testing appears
promising for clinical research and should be evaluated in more detail for its clinical
use.

Box 1
Mechanisms of superimposed conditions in liver cirrhosis leading to coagulopathic conditions

Bacterial infections/endotoxins
Hemostatic imbalance
Reduced platelet aggregation
Activation clotting factors
Hyperfibrinolysis
Endogenous heparinoids
Increased portal pressure (endothelin), predisposing to variceal bleeding
Renal failure
Platelet abnormalities
Impaired platelet-vessel wall interactions
Anemia
Abnormal NO production
Others, such as drugs and comorbidity
Endothelial dysfunction
Imbalance vasoconstrictors and vasodilators
Intrahepatic vasoconstriction — increase of portal pressure

Systemic vasodilatation — precedes hyperdynamic circulatory syndrome
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SUMMARY

In this article, the authors discussed three superimposed coagulopathic conditions in
patients who have liver cirrhosis, as summarized in Box 1. The pivotal role of infection
in variceal bleeding is well established, and, among other things, it leads to abnormal-
ities in coagulation. One of the pathways through which this occurs is shown to de-
pend on endogenous heparinoids. Furthermore, renal failure may contribute to
hemostatic imbalance in cirrhotic patients through so-called “uremic bleeding.” Mul-
tifactorial platelet defects play a central role in the cause of uremic bleeding. Current
treatment options include erythropoietin, desmopressin, and estrogens, which have
been shown to reduce bleeding complications in renal failure. Finally, the authors dis-
cussed endothelial dysfunction, which is shown to play an important role in the devel-
opment of portal hypertension in patients who have cirrhosis. Several promising
markers of endothelial function in cirrhotic patients have recently become available
and should be evaluated in more detail for their clinical use.
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