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Abstract
Balanced haemostasis is dependent on the complex interaction of procoagulant and anticoagulant factors, fibrinolytic proteins, platelets
and vascular endothelial component. The liver plays a key role in coagulation and as such chronic liver disease can have a profound impact
on the interplay of these components. The net result is a fragile rebalancing in the haemostatic profile of liver disease patients as a result of
decreased synthesis of both pro and anticoagulant factors. However, due to the reduced haemostatic reserve, this balance can be easily tipped
into a thrombotic or bleeding state. Conventional coagulation tests such as PT/INR reflect only the decreased synthesis of pro-coagulant factors
and do not adequately reflect the bleeding or thrombotic risk in these patients. As a consequence, an intrinsic hypercoagulable state is often
underestimated in patients with liver disease. Point of care tests, specifically viscoelastic tests, can illustrate the haemostatic changes that are
seen in liver disease and guide clinical management supporting the use, or indeed avoidance, of blood products.
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Introduction
The cell-based model of coagulation depicts the complex
interactions of pro and anticoagulant factors, fibrinolytic proteins,
platelets and vascular endothelial components that are required
for balanced haemostasis to take place. The liver plays a key role in
haemostasis as hepatic parenchymal cells synthesise the majority
of coagulation factors, anticoagulant proteins and constituents
of the fibrinolytic system. Liver disease can consequently have a
profound impact on the interplay of these components and impair
haemostatic competence [1].

Discussion

Haemostasis in Chronic Liver Disease
The liver produces the vitamin K dependent factors II, VII,
IX, X, protein C, protein S and protein Z, in addition to factor V,
XIII, fibrinogen, antithrombin, α2-PI (plasminogen inhibitor)
and plasminogen. The hepatic reticuloendothelial system aids
regulation of coagulation by the clearance of activated clotting and
fibrinolytic products, most notably tissue plasminogen activator
(tPA) which is often elevated in liver disease [2]. Other coagulation
factors produced outside the liver include von Willebrand factor
(vWF), tPA, thrombomodulin, tissue factor pathway inhibitor
(TFPI) and urokinase. Chronic liver disease (CLD) leads to various
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changes to the coagulation system. Impaired protein synthesis
associated with liver disease results in reduced levels of the
majority of hepatic coagulation factors, [3] the severity of which
is coupled to disease progression. The exception is factor VIII and
fibrinogen. Hepatic injury stimulates the production of factor VIII
by sinusoidal endothelial cells and, in combination with reduced
clearance of the circulating factor VIII/vWF-complex, results
in normal or elevated vWF and factor VIII levels. Endogenous
anticoagulant factors, protein C, protein S and antithrombin, are
reduced in cirrhosis to a similar extent as is seen with inherited
deficiencies [1]. Fibrinogen promotes formation of stable clots
and, as an acute phase reactant, fibrinogen levels may be preserved
in CLD [4]. Moreover, evidence suggests that defective circulating
fibrinogen does not necessarily translate into a bleeding risk [5].
In cirrhosis, changes in the makeup of fibrinogen lead to impaired
fibrin polymerisation, resulting in structural changes to the fibrin
clot. Although slower clot kinetics are observed in some patients
with CLD, these clots have reduced permeability and consequently
impaired lysis, suggesting that this procoagulant clot structure
may predispose patients to a thrombotic state [5].
Impaired production and altered clearance of other factors
within the fibrinolytic system also occur in CLD; most notably
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there is an imbalance between tPA and its principal inhibitor,
plasminogen activator inhibitor (PAI-1), in addition to reduced
levels of thrombin activatable fibrinolysis inhibitor (TAFI) which
downregulates thrombin formation by inhibiting the complex
of tissue factor (TF) and VIIa [1]. In clinical practice, fibrinolytic
activity demonstrates significant variability between patients
[6]. Platelets play a key role in the initiation of the coagulation
cascade and in overall clot strength. Quantitative and qualitative
reductions in platelet function are frequently seen in CLD [7].
The mechanisms responsible for this are numerous but include
decreased thrombopoietin, splenic sequestration, immune-related
platelet destruction and abnormalities in platelet aggregation
[1]. Circulating endotoxin, commonly found in CLD, can impair
platelet function and in addition, the endothelial release of natural
anticoagulants (endogenous heparins), resulting from infection
or physiological stress, can compound the ensuing coagulopathy
[8]. In contrast, increased levels of vWF and its reduced cleavage
by ADAMTS13 [4] results in platelet hyper responsiveness,
evidenced by elevated markers of platelet activation. This may
counterbalance other defective areas in the coagulation cascade.
Platelet count is a rudimental assessment of the contribution of
platelets to primary haemostasis and, although the contribution
of platelet count to bleeding risk is stronger than that of the
international normalised ratio (INR), a definitive cut-off point
has yet to be conclusively defined. A platelet count < 60 x109/L
is commonly quoted as an indicator of increased risk of periprocedural bleeding [6]. A recent study of 318 patients with endstage liver failure undergoing teeth extractions, however, found
platelet counts > 40 x109/L with an INR < 2.5 to be associated with
a low risk of bleeding episodes [9]. It is increasingly appreciated
that in the presence of normal/high fibrinogen levels clot strength
is preserved despite relatively low platelet counts [10].
The overall result of the changes that occur within the
haemostatic system in advanced liver disease are described as “rebalanced” albeit with a markedly reduced functional reserve that
is easily swayed to a state of thrombosis or excessive bleeding [4].
It is increasingly recognised that in CLD there is an underestimated
intrinsic hypercoagulable state that is not elucidated by
conventional coagulation tests (CCTs). Thrombotic events, for
instance portal vein thrombosis, are common and although a
prothrombotic state is not the only causative factor, it certainly
contributes [3]. The overall thromboembolic rate reported in
a recent UK audit was 3% [4] and patients with CLD are at a
higher risk of thrombosis than those without liver disease. This
is supported by clinical observations that despite universal CCT
abnormalities suggesting hypocoagulability, CLD patients tolerate
invasive procedures without significant blood loss or need for
transfusion [4]. Transfusion-free liver transplantation is achievable
with at least 30% reported as not requiring intraoperative
blood products [11] and clear pro-thrombotic post-operative
tendencies have been demonstrated in patients undergoing major
hepatic resections [12]. Furthermore, microvascular thrombi are
associated with the progression of liver fibrosis in CLD [3]. A study
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investigating low-molecular-weight heparin on the formation of
portal vein thrombosis in CLD showed a reduction in disease
decompensation and mortality [5]. Different aetiologies of CLD
have notable differences in their haemostatic profile which is
not delineated by CCTs [4]. Cholestastic disorders are associated
with hypercoagulability with a less pronounced effect on the
anticoagulant pathways [14] and this, in conjunction with platelet
hyperactivity, [15] can predispose to thrombosis. Non-alcoholic
steatohepatitis patients have, amongst other changes, high PAI1 which can result in a systemic thrombotic predisposition [16].
Nonetheless, misconceptions about an ‘auto-anticoagulated
state’, based on abnormalities in CCTs, persist among the medical
profession. The resulting suboptimal thromboembolic prevention
in patients with cirrhosis continues to place them at risk of fatal
and non-fatal venous thromboembolic (VTE) events and must be
addressed [13].

Haemostasis in Acute Liver Disease

Dysregulation of the anticoagulant and procoagulant pathways
produces the complex coagulopathy seen in acute liver failure
(ALF) [1]. The failing liver is unable to synthesise all coagulation
factors but the acute phase reactants, factor VIII and vWF, are
significantly increased by the inflammatory process. The principle
coagulation activator, tissue factor, is increased promoting
thrombin formation [4]. Studies examining viscoelastic tests in
ALF have shown preserved or increased coagulation capability
rising in parallel to disease severity [3]. In ALF, there is a state
of functional hypofibrinogenemia with demonstrable reduction in
the contribution to clot strength by fibrinogen on TEG functional
assays as compared to normal. The fibrinolytic pathways are
also altered with elevated expression of plasminogen activator
inhibitor predisposing to thrombosis [4]. These findings are
supported clinically where spontaneous or procedural bleeding is
infrequent, regardless of a high INR, and microvascular thrombi
occur. Endogenous heparin production is common in ALF due to
endothelial injury. In such cases, the underlying global coagulation
status can be analysed using heparinase-modified viscoelastic
assays but CCTs are unable to describe this. INR does continue to
have a role in disease prognostication in ALF [3].

Conventional Coagulation Tests (CCTs)

Traditional coagulation tests such as prothrombin time (PT)
and INR measure the activity of procoagulant plasma proteins,
characterising the initiation phase of coagulation [17], but do
not reflect the reduction in the anticoagulant factors seen in liver
disease. Additionally, CCTs are terminated at the start of fibrin
polymerisation which occurs when less than 5% of thrombin has
been generated [6]. Despite the use of phospholipid as a platelet
membrane substitute, performing these tests on platelet poor
plasma fails to capture the synergistic interaction of the entire
coagulation cascade [4]. Furthermore; CCTs do not assess the
activity of fibrinolytic pathways. Consequently, CCTs are unable
to accurately describe the true in-vivo coagulation status of
patients with liver disease and it is increasingly recognised that
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they are poor indicators of bleeding risk in this group of patients
[4,6]. This is clinically reflected in studies demonstrating that
preoperative INR is not a predictor for intra-operative transfusion
in liver transplantation [18]. In addition, the turn-around time for
CCTs which may be in excess of 60 minutes, limits their clinical
usefulness in situations where surgery or bleeding leads to rapidly
evolving haemostatic changes [4].

Point-of-care testing and Viscoelastic testing

Point of care tests (POCT) can facilitate real-time bedside
measurement of haemoglobin concentration, platelet count,
basic coagulation assessment (INR, PT, activated clotting time
(ACT)) alongside blood gas analysis [4]. By providing rapidly
measurable validated results, POCT have been particularly useful
in anaesthesia and intensive care in assessing components of
haemostasis and providing a perioperative guide for goal-directed
clinical management. Assessment of global coagulation dynamics
using viscoelastic tests (VETs) such as thromboelastography
(TEG) and rotational thromboelastometry (ROTEM) uses whole
blood to provide information on real-time clot dynamics from
initial clot formation to final clot strength and dissolution [3].
VETs have been vital to our understanding of the complex
interplay of haemostatic factors in liver disease and correlate
well with bleeding risk. In both chronic and acute liver
disease, VETs often display normal parameters supporting the
haemostatic “rebalancing” that occurs and can reveal evidence of
hypercoagulability [17]. Several studies suggest that the maximum
amplitude (MA) of a TEG trace has a positive predictive value in
liver transplantation for post-operative thromboembolic events
[17]. Specific fibrinogen VET assays are available, which correlate
well to the gold-standard Clauss fibrinogen in most circumstances
[4] although caution should be exercised at low fibrinogen levels
[17]. Clot strength is an amalgamation of fibrinogen and platelet
activity and the contribution of each of these components can be
assessed using VET parameters, permitting targeted therapeutic
intervention. Platelet function VET assays are also available to
evaluate the effect of antiplatelet agents [4]. Additionally, VETs
can identify the presence of endogenous heparin-like substances
released with endothelial damage with acute inflammation [3].
Recent work has outlined the potential role of assessing thrombin
generation using velocity curves derived from TEG traces. Given
the scarcity of thrombin generation assays in clinical practice,
this shows promise but requires further prospective evaluation
[19]. The utilisation of VET guided algorithms has reduced blood
transfusion in multiple studies. A review of 17 studies with
1400 mostly surgical cardiac patients showed a reduction in
transfusion and overall blood loss in massive haemorrhage. VET
guided transfusion has been shown to result in a higher number
of quality-of-life years gained in liver transplantation compared
to standard practice and have been shown to be cost-effective [4].
The use of VET guided management of bleeding patients in liver
transplantation is recommended in best practice guidelines [20]
and there is increasing interest in utilising these tests to avoid
unnecessary precautionary transfusions [21].
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Conclusion
Liver disease is associated with complex alterations in clotting
factors, resulting in a ‘re-balanced’ haemostatic system. While
overall functional coagulation capacity is preserved in stable liver
disease, the balance is easily tipped during periods of physiological
stress, resulting in an increased risk of both haemorrhagic and
thrombotic complications. Assessment of coagulation status
using conventional laboratory coagulation tests does not reflect
the haemostatic alterations or bleeding risk. Viscoelastic tests of
coagulation evaluate global haemostasis more accurately in this
patient group.
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