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Patients with liver diseases acquire complex alterations in their hemostatic system that

prolongations in the prothrombin time and activated partial thromboplastin time,
and decreased plasma fibrinogen are common in patients with advanced liver dis-
ease. Historically, liver diseases therefore have been classified as an acquired bleed-
ing disorder. Laboratory and clinical observations have demonstrated that although
routine diagnostic tests of hemostasis suggest a hypocoagulable state, patients with
liver disease also tend to develop thrombotic events. Overall, patients have commen-
surate changes in both pro- and antihemostatic pathways. This new hemostatic bal-
ance, however, appears much more fragile than the hemostatic balance in individuals
with normal liver function, and patients with liver disease can readily experience both
hemostasis-related bleeding and thrombotic events. These insights into the hemo-
static balance in patients with liver disease have led to revised recommendations for

clinical management of hemostasis. In 2020, an SSC working group within the ISTH
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1 | INTRODUCTION

The liver, being the site of synthesis of many hemostatic pro-
teins, plays a central, but often overlooked, role in hemostasis.
Consequently, patients with advanced liver disease develop com-
plex hemostatic alterations including reduced platelet number and
function and decreased plasma levels of proteins of coagulation and
fibrinolysis. Historically, patients with liver disease were thought to
have a hemostasis-related bleeding tendency. Alterations in routine
diagnostic tests of hemostasis, such as reductions in the platelet
count, or elevations of the prothrombin time (PT), and activated par-
tial thromboplastin time (APTT), in combination with bleeding symp-
toms, formed the basis for the classification of liver disease as the
epitome of the acquired bleeding disorders.

Over the past two decades, careful reanalysis of the bleeding
symptoms associated with liver disease in combination with labora-
tory studies of hemostasis have questioned whether liver diseases
truly are associated with an acquired bleeding disorder.r% In con-
trast, large epidemiological studies demonstrated that liver diseases
are a risk factor for development of (venous) thrombosis.* The inci-
dence of venous thrombosis in hospitalized patients with cirrhosis is
at least 1%,> whereas the incidence of portal vein thrombosis is 3%
to 4% within the first year of diagnosis,6 which increases over time to
25% in the sickest patients. These new insights have led to import-
ant modifications of hemostatic management of patients with liver
disease. For example, recent guidance documents from large hepa-
tological societies increasingly question the need for (prophylactic)
prohemostatic management in patients with thrombocytopenia
and/or abnormal coagulation test results, prior to surgery or invasive
procedures.®’ In addition, these guidance documents indicate that
thromboprophylaxis may not be contraindicated in patients with ab-
normal routine diagnostic hemostasis tests.

These new insights and subsequent changes in clinical man-
agement have been actively disseminated in the hepatology

community, but they seem less well absorbed by the thrombosis
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has been founded with the aim to disseminate new concepts on prevention and treat-
ment of bleeding and thrombosis in patients with liver disease. The current document
will outline the hemostatic changes in patients with liver disease, the limitations of

routine diagnostic tests of hemostasis, and the concept of rebalanced hemostasis.

bleeding, cirrhosis, liver diseases, thrombosis

and hemostasis community. A Scientific and Standardization
Committee (SSC) working group was founded in 2020 with the
intention to support a re-evaluation of these changing concepts of
hemostasis in patients with liver disease, and to share the implica-
tions with the thrombosis and hemostasis community. In particu-
lar, it will consider how management strategies to prevent or treat
bleeding and thrombotic complications in liver disease are pro-
foundly altered by our current knowledge of hemostatic changes
in liver disease.

The current document will outline the hemostatic changes in pa-
tients with liver disease, the limitations of routine diagnostic tests of

hemostasis, and the concept of rebalanced hemostasis.

2 | PATHOPHYSIOLOGY OF HEMOSTATIC
DISORDERS IN PATIENTS WITH LIVER
DISEASE

Patients with advanced chronic liver disease acquire alterations
in all phases of hemostasis (summarized in Figure 1). These altera-
tions are part of scoring systems to classify the severity of illness
in patients with chronic liver diseases and are part of the definition
of acute liver failure.® Although hemostatic changes are not iden-
tical between chronic and acute liver disease, and between vari-
ous etiologies of liver disease, they share many common features.
Specifically, alterations in primary hemostasis include thrombo-

cytopenia and alterations in platelet function,”©

elevated plasma
levels of von Willebrand factor (VWF) and decreased levels of A
Disintegrin And Metalloprotease with ThromboSpondin-1 domain
(ADAMTS)-13.1212 Alterations in secondary hemostasis include
concomitantly decreased levels of pro- and anticoagulant proteins,
except for factor VIII, which is increased.’® Finally, decreased
plasma levels of fibrinolytic proteins except for tissue-type plas-
minogen activator (t-PA) and plasminogen activator inhibitor type

1 (PAI-1), which are often increased, are found.' Elevated levels of

FIGURE 1 Hemostatic balance in patients with liver disease. Concomitant changes in both pro- and anti-hemostatic pathways result in a
‘rebalanced’ hemostatic state in patients with liver disease. Panel A shows the hemostatic balance in healthy individuals, panel B shows the
hemostatic balance in patients with liver disease together with the individual changes in the hemostatic system. The new hemostatic balance
in patients with liver disease is much less stable compared to the balance in healthy individuals, as there is much less weight on each end of
the hemostatic scale. Simultaneous changes promoting bleeding and promoting thrombosis occur in primary and secondary hemostasis, and
fibrinolysis. Modified from Curr Opin Organ Transplant 2008; 13: 298-9 with permission from Wolters Kluwer Health. ADAMTS-13,

A Disintegrin And Metalloprotease with ThromboSpondin-1 domain; APTT, activated partial thromboplastin time; FVIII, factor VIII; PT,

prothrombin time; VWF, von Willebrand factor
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VWEF, t-PA, and PAI-1 are likely a consequence of chronic endothe- and alterations in blood flow.'* Plasma levels of VWF are strongly

lial cell activation, which may be driven by multiple mechanisms associated to clinically significant portal hypertension in patients

including endotoxemia and other toxins, chronic inflammation, with compensated cirrhosis, which may indicate that changes in
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blood flow are the most important determinant of VWF plasma
levels in this setting.!®

Thrombocytopenia of liver disease is likely multifactorial, and the
mechanisms involved include decreased platelet production by throm-
bopoietin deficiency and direct megakaryocyte toxicity, decreased
platelet half-life due to splenomegaly and hypersplenism, and possi-
bly autoantibodies.” Although it has long been thought that platelet
function was also impaired, more recent studies have suggested that
platelet function in patients with liver disease is intact or perhaps even
enhanced, recognizing the limitations of assays in earlier studies.*
Specifically, platelet function testing is unreliable in samples with a re-
duced platelet count. Importantly, most platelet function tests capture
only part of all platelet functions, and it is unclear which test best re-
flects the in vivo hemostatic capacity of platelets. In addition, it is likely
that in vivo, the anemia of cirrhosis impairs platelet function given the
role of red blood cells in the process of platelet margination.

Decreased hepatic synthesis is likely and largely responsible for
the decrease in plasma levels of coagulation and fibrinolytic proteins
although consumption of hemostatic proteins by low-grade intrahe-
patic or systemic activation of the hemostatic system may contrib-
ute.” Similarly, consumption of platelets by intrahepatic or systemic
platelet activation may contribute to the thrombocytopenia of liver
disease. Evidence for activation of coagulation in the diseased liver
is mainly derived from animal models in which liver injury leads to
decryption of hepatocyte tissue factor, which drives local coagu-
lation activation.'® While the apparent procoagulant nature of the
(activated) vascular endothelium, combined with elevations of acti-
vation markers of coagulation, may suggest low-grade disseminated
intravascular coagulation, elevation of these markers may also be ex-
plained by reduced clearance of these proteins by the diseased liver.

3 | LIMITATIONS OF ROUTINE
DIAGNOSTIC TESTS OF HEMOSTASIS IN
PATIENTS WITH LIVER DISEASE

The hemostatic changes in patients with liver disease result in altera-
tions in routine diagnostic tests of hemostasis such as the platelet
count, the traditional coagulation tests (PT and APTT), and plasma
fibrinogen levels. The combination of low platelet counts, prolonged
PT and APTT, and low fibrinogen in patients with liver disease have
been and are currently erroneously interpreted as indicative of a
bleeding tendency.

Patients with hematological malignancies and thrombocytopenia
have been extensively investigated, and data suggest that bleeding oc-
curs across a range of platelet counts and continues to happen despite
policies of prophylactic platelet transfusions. Platelet transfusions
have also been shown to be harmful in thrombocytopenic critically
ill neonates and in adults with intracranial hemorrhage.?-?! Although
prolongations of PT and APTT are associated with bleeding tendency
when caused by individual congenital coagulation factor deficiencies,
such as the hemophilias and rare bleeding disorders, the PT and APTT
can also be prolonged as a consequence of systemic diseases that are
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not necessarily associated with bleeding. The levels of procoagulant
factors in liver disease remain higher than those found in severe he-
mophilia, which is associated with major spontaneous bleeding and
defined by factor levels below 1%, with factor levels of approximately
80% of normal in patients with Child A cirrhosis?? and levels of 20% to
30% of normal in the sickest patients with acute-on-chronic or acute
liver failure.?>% In fact, prolongations of PT or APTT frequently do not
have (major) clinical consequences.?’ Finally, isolated quantitative or
qualitative deficiencies of fibrinogen do not necessarily lead to bleed-
ing tendency.26 Notably, a substantial proportion of patients with fi-
brinogen defects suffer from thrombotic disease.

In patients with liver disease, the low platelet count should be
evaluated in the context of the substantially elevated VWF and pro-
foundly decreased ADAMTS-13 levels that are common in these
patients.“‘12 In vitro experiments assessing platelet adhesion and ag-
gregation to thrombogenic surfaces have demonstrated that elevated
VWEF levels (at least partially) compensate for the thrombocytopenia
of liver disease, despite functional defects of VWF.X* Similarly, given
the role of ADAMTS-13 in the regulation of platelet thrombus forma-
tion,?’ it is conceivable that low ADAMTS-13, in part, compensates
for the thrombocytopenia of liver disease. Additionally, in vitro ex-
periments demonstrated that platelet numbers as low as 60 x 10%/L
in platelet-rich plasma from cirrhotic patients is sufficient to yield
thrombin generation equivalent to the lower limit of the normal
range.?® Overall, an isolated low platelet count may have different
consequences in patients with or without liver disease.

The value of the PT and APTT in patients with liver disease is
limited and may also provide misleading information. On one hand,
PT and APTT are sensitive to deficiencies of plasma levels of proco-
agulant factors and they were in fact developed as screening tools
for hemophilia and rare bleeding disorders. They are, however, in-
sensitive to plasma levels of natural anticoagulants. They are in
fact normal (not shortened) in patients with congenital deficiency
of the naturally occurring anticoagulants (protein C, protein S, and
antithrombin deficiency) that are associated with increased levels of
thrombin production. Overall, the PT and APTT are not good indica-
tors of hemostatic status in patients with complex alterations of he-
mostasis, especially in acquired disorders such as liver disease that
are characterized by concomitant deficiencies of both pro- and anti-
coagulant factors. Although thrombin-generation tests are sensitive
for plasma levels of anticoagulant proteins, plasma does not contain
sufficient amounts of thrombomodulin to facilitate full activation of
the protein C pathway. Using a modified thrombin-generation test
that includes the addition of soluble thrombomodulin (or other di-
rect protein C activators) that are responsive to all pro- and anti-
coagulant drivers, it has been demonstrated that the endogenous
coagulation potential observed in patients with liver disease is
preserved indicating that the deficiency of anticoagulant proteins
compensates for the deficiency of procoagulant proteins.29 Even in
those patients with profoundly prolonged PT and APTT, such as pa-
tients with acute-on-chronic or acute liver failure, thrombomodulin-
modified thrombin generation is normal to increased compared to

healthy individuals.?*%°
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Fibrinogen levels are decreased in patients with advanced liver
disease. In addition, fibrin polymerization is delayed due to post-
translational modifications of the fibrinogen molecule (i.e., hyper-
sialylation).3! These post-translational modifications contribute to the
prolongation in the thrombin time®! and may lead to underestimation
of fibrinogen levels by Clauss fibrinogen assays although this has been
poorly studied. However, once the fibrin clot has been formed, it has
prothrombotic properties, notably decreased permeability, that may
compensate for the low fibrinogen plasma levels.%? This compensa-
tory aspect is not detected by routine diagnostic assays.

Whole blood viscoelastic tests such as thromboelastography
(TEG) and rotational thromboelastometry (ROTEM) are increasingly
used to estimate hemostatic capacity of patients with liver diseases.
Interestingly, TEG and ROTEM results are often normal or near-
normal in patients with liver disease despite notable abnormalities
in platelet count, PT, APTT, and/or fibrinogen levels.*3-%> Although
viscoelastic tests may better reflect the global hemostatic capacity
in patients with liver disease compared to traditional hemostatic
laboratory tests, a disadvantage of these tests is that they are not
responsive to VWF and the protein C anticoagulant system and are
therefore still likely to underestimate the hemostatic capacity, as the
compensatory effects of elevated VWF and decreased protein C on
thrombocytopenia and procoagulant deficiencies are not taken into
account.® Furthermore, while there are studies showing the benefit
of viscoelastic tests in making decisions on transfusion requirements
in patients with liver disease undergoing liver transplantation,®” it is
unclear whether viscoelastic tests are predictive of clinical endpoints
(bleeding [either spontaneous or provoked] or thrombosis) in patients
with liver disease and until more evidence is available cannot be used
to guide clinical decision-making outside the transplant setting.

4 | THE CONCEPT OF REBALANCED
HEMOSTASIS

Historically, patients with liver disease were thought to have a
hemostasis-related bleeding tendency as evidenced by abnormali-
ties of routine hemostasis tests and severe bleeding, for example
variceal bleeding or bleeding during liver transplant surgery. These
bleeding manifestations, however, are not necessarily a conse-
quence of hemostatic failure. The most important bleeding compli-
cation in patients with liver disease are portal hypertension-related
bleedings, mainly variceal bleeding that up until recently occurred in
25% to 40% of patients with cirrhosis. Interestingly, the incidence
of portal hypertension-related bleeding has profoundly decreased
over time mainly due to a better management of portal hyperten-
sion with primary and secondary prophylaxis (primarily using non-
selective beta blockers and placement of transjugular intrahepatic
portosystemic shunts in selected patients), and by prophylactic en-
doscopic band ligation. Also, part of the bleeding complications in
patients with liver disease relate to inadvertent laceration of blood
vessels, for example during invasive procedures. Moreover, liver

transplant surgery required massive blood transfusion almost per

definition in the 1980s,%® whereas currently blood product use is
relatively modest in many centers, with a substantial proportion
of patients not requiring any perioperative blood products.39 Also,
spontaneous bleeding in patients with acute liver failure has de-
creased tremendously over time as bleeding was a cause of death in
approximately 40% of patients in the 1980s, whereas any clinically
significant bleeding is rare in contemporary series.®

Thus, patients with liver disease do not necessarily display a
bleeding tendency, and if they bleed, bleeding may be unrelated to
hemostatic abnormalities but mainly due to portal hypertension.
In addition, studies using advanced hemostasis tests have demon-
strated that routine diagnostic test results are unreliable and per-
haps misleading in patients with liver disease. In fact, laboratory
studies have shown that all the defects of pro-hemostatic systems
are (at least in part) compensated for by the simultaneous changes in

antihemostatic systems. Examples of this include:

1. Thrombocytopenia in liver diseases is balanced by increased
VWF and decreased ADAMTS-13 levels 1140

2. Decreased levels of procoagulant proteins are balanced by de-
creased levels of the anticoagulant proteins protein C and an-
tithrombin and by elevated levels of factor VI1.132%4142

3. Decreased fibrinogen levels and delayed fibrin polymerization are
balanced by a prothrombotic structure of the fibrin clot.?

4. In patients with chronic liver disease, decreased plasma levels of
fibrinolytic regulators such as thrombin activatable fibrinolysis
inhibitor and antiplasmin and increased circulating t-PA are bal-

anced by decreased plasminogen levels.*®

The combination of the clinical observations and the insights
stemming from laboratory studies have led to the concept of rebal-
anced hemostasis in liver disease, whereby the net effects of the
complex hemostatic changes observed in patients with both chronic
and acute liver disease are neutral due to a simultaneous decline in
pro- and antihemostatic drivers.>#* Although hemostatic changes
become more pronounced in sicker patients, maintenance of hemo-
static balance appears to remain present from compensated patients
with only minor hemostatic abnormalities to patients with acute-
on-chronic or acute liver failure that have profound changes in their
hemostatic profile.?2?**> However, this new hemostatic balance
in patients with liver disease is more fragile than that observed in
healthy individuals, as there is simply much less weight on each end
of the hemostatic “scale.” The hemostatic balance may therefore eas-
ily flip toward either hyper- or a hypocoagulability depending on the
clinical context, thus explaining why both bleeding and thrombotic

complications may (paradoxically) occur in patients with liver disease.

5 | REFINEMENTS IN THE CONCEPT OF
REBALANCED HEMOSTASIS

Although the hemostatic status of patients with liver disease is remark-
ably competent, even in those patients with severe changes of the levels
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of hemostatic components, there appear to be distinct hypo- and hy-

percoagulable features that may contribute to bleeding or thrombosis.

1. Distinct hypocoagulable features, for example, include the com-
bination of thrombocytopenia and anemia that impair platelet
function,*** low fibrinogen levels in combination with delayed
fibrin polymerization,*® and hyperfibrinolysis in a proportion of
critically ill patients with chronic liver disease.*’

2. Distinct hypercoagulable features include a very unfavorable
VWF/ADAMTS-13 ratio with undetectable ADAMTS-13 in spe-

24,30,50

cific situations, enhanced thrombin-generating capacity

2430 5 thrombotic fibrin structure,®

even in the sickest patients,
and hypofibrinolysis in a proportion of critically ill patients with
chronic liver disease and the vast majority of patients with acute

liver failure.**>°

Whether we can use individual profiles of hypo- or hypercoagula-
ble features to predict the risk of bleeding or thrombosis is yet unclear.

6 | CONCLUSION AND IMPLICATIONS
Patients with chronic and acute liver disease may acquire com-
plex disorders of their hemostatic system. Although alterations
in routine diagnostic tests of hemostasis (thrombocytopenia, hy-
pofibrinogenemia, and PT/APTT prolongation) are suggestive for
a bleeding tendency, patients with liver disease are in hemostatic
balance due to the simultaneous decline of pro- and anticoagulant
drivers. The concept of rebalanced hemostasis in liver diseases
is supported by clinical observations including a lack of predict-
able hemostasis-related bleeding and a, perhaps paradoxically, in-
creased risk for thrombosis.

The concept of rebalanced hemostasis has profound practical im-
plications for patient management that will be detailed in upcoming
contributions from the Working Group on Hemostatic Management
of Patients with Liver Disease. In short, these practical implications

include (but are not restricted to):

1. Prophylactic correction of abnormal laboratory tests of hemo-
stasis with blood products or pharmacological prohemostatic
agents aiming to prevent spontaneous or procedure-related
bleeding is not indicated**>:2;

2. Thromboprophylaxis may be indicated in selected patients admit-
ted to hospital, irrespective of thrombocytopenia and prolonged
PT and APTT.5®
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