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Abstract

Objective – To review the pathogenesis and clinical consequences of coagulation abnormalities accompanying
hepatobiliary disorders and to highlight the need for further studies to characterize these derangements and
their treatment options in small animal patients.
Data Sources – Veterinary and human medical literature: original research articles, scientific reviews, consensus
statements, and recent texts.
Summary – The liver plays an important role in the production and clearance of many components of coagulation. A wide range of hemostatic derangements can occur in patients with hepatobiliary disease including
alterations in platelet number and function, coagulation factor levels, anticoagulants, vascular endothelial function, and fibrinolysis. As these hemostatic alterations include both pro- and anticoagulation pathways, the net
result is often a rebalanced hemostatic system that can be easily disrupted by concurrent conditions resulting in either clinical bleeding or thrombosis. Conventional coagulation tests are inadequate at identifying the
spectrum of coagulation alterations occurring in patients with hepatobiliary disease, but their evaluation is
necessary to assess bleeding risk and provide prognostic information. A paucity of information exists regarding
the treatment of the coagulation derangements in small animals with hepatobiliary disease. Extrapolation from
human studies provides some information about potential treatment options, but further studies are warranted
in this area to elucidate the best management for coagulation abnormalities in dogs and cats with hepatobiliary
disease.
Conclusion – Hepatobiliary disease can have profound effects on coagulation function leading to hypercoagulable or hypocoagulable states. Overall coagulation status with hepatobiliary disease depends on both the type
and severity of disease and the presence of associated complications.
(J Vet Emerg Crit Care 2011; 21(6): 589–604) doi: 10.1111/j.1476-4431.2011.00691.x
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Introduction
A complex balance between the pro- and anticoagulation
systems exists in hepatobiliary disease.1–9 Classically,
patients with liver disease were thought to be hypocoagulable, but recent evidence suggests hypercoaguable
states may be present. Significant complications, such
as thrombosis and bleeding during provocative procedures, can arise from the coagulation alterations that accompany liver disease. In human patients, therapy is
directed at these coagulation derangements in attempts
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to prevent these complications and improve clinical outcome. Less is known in veterinary medicine about the
use and impact of therapeutic manipulation of coagulation in the context of liver disease. The purpose of this
review is to summarize currently available information
in the veterinary literature regarding coagulation and
hepatobiliary disease with the hopes of elucidating important trends, identifying where additional studies are
needed, and highlighting potential therapies to decrease
the incidence of coagulation-related complication.

Overview of Normal Hemostasis
Primary hemostasis, secondary hemostasis, and fibrinolysis can be altered in patients with hepatobiliary
disease. Primary hemostasis, the initial interaction between platelets and the endothelial surface to form the
platelet plug, is activated by vascular injury.10 Secondary
hemostasis is the series of events through which coagulation factors become activated, leading to the generation of thrombin.11 Thrombin in turn catalyzes the
589
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formation of a cross-linked fibrin network that stabilizes
the initial platelet plug.11 The components of primary
and secondary hemostasis can be illustrated by the cellbased model of coagulation. This model takes into account not only pro- and anticoagulant factors, but also
incorporates the role of the vascular endothelium and
platelets. This model describes coagulation in 3 components: initiation, amplification, and propagation. As a
full overview of cell-based model of coagulation is beyond the scope of this review, the reader should refer to
several recent publications for an in-depth discussion of
normal hemostasis.10–15
Several regulatory mechanisms exist to control normal hemostasis. First, since platelets cannot adhere to
normal vascular endothelium, maintenance of vascular
integrity itself prevents inappropriate activation of primary hemostasis.14 In addition, endothelial cells produce
nitric oxide (NO) and prostacyclin, which inhibit primary hemostasis by decreasing platelet aggregation and
causing vasodilatation.14 Endothelial cells also produce
von Willebrand factor (vWF), which is initially secreted
as biologically active large multimers and cleaved into
smaller multimers.16 Lastly, several pathways limit coagulation by regulating thrombin. Antithrombin (AT) limits thrombin formation by inactivating any FXa that dissociates from the vessel surface.17 Thrombin generation
is also controlled by the binding to thrombomodulin,
a plasma membrane protein on endothelial cells. This
binding activates protein C, an anticoagulant protein also
present on the plasma membrane of endothelial cells.
Activated protein C combines with protein S to form a
complex that can cleave and inactivate FVa and FVIIIa,
effectively stopping the generation of thrombin.11, 14 Tissue factor pathway inhibitor also plays an important role
in control of coagulation by inhibition of FX activation.14
Fibrinolysis, the degradation of fibrin, is mediated
by multiple factors. Plasminogen is normally incorporated into the clot. Thrombin generated during hemostasis stimulates endothelial cells to produce tissue plasminogen activator (tPA). When tPA comes into contact
with the clot, it catalyzes the conversion of plasminogen
to plasmin. Plasmin is responsible for the breakdown
of fibrin into fibrin degradation products (FDPs).14 Excess fibrinolysis is prevented by alpha-2-antiplasmin and
tissue plasminogen activator inhibitor (PAI-1). Alpha-2antiplasmin inactivates free plasmin and to a lesser extent fibrin bound plasmin while PAI-1 inactivates tPA.14
Conversely, activated protein C can promote fibrinolysis
by inactivating PAI-1.18
The liver plays a crucial role in all aspects of these
coagulation pathways. The majority of factors that regulate procoagulation, anticoagulation, and fibrinolysis are
produced or activated in the liver (Table 1). Fibrinogen,
which is cleaved to fibrin, is produced primarily in the
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Table 1: Coagulation factors with hepatic production or activation

Procoagulants
Fibrin
Prothrombin
Factor V
Factor VII
Factor VIII
(liver vascular
endothelium)
Factor IX
Factor X
Factor XI
Factor XII
Factor XIII
Prekallikrein
HMWK

Inhibitors of
coagulation/
anticoagulants
Protein C
Protein S
TFPI
Antithrombin

Promote
fibrinolysis

Inhibit
fibrinolysis

Factor XIIa
Kallikrein

PAI-1
Alpha-2antiplasmin
TAFI

vWF, von Willebrand factor; HMWK, high molecular weight kininogen; TFPI, tissue factor pathway inhibitor; PAI-1, plasminogen activator
inhibitor-1; TAFI, thrombin activatable fibrinolysis inhibitor.

liver. Prothrombin, FV, FVII, FIX, FX, FXI, FXII, FXIII,
prekallikrein, and high molecular weight kininogen are
all synthesized at least to some extent in the liver.19
Hepatocytes are also important in vitamin K dependent
carboxylation of prothrombin, FVII, FIX, FX, protein C,
and protein S.14, 19 Vitamin K (VK) deficiency results in
dysfunction of these factors as they possess glutamic
acid residues that need to be converted by a vitamin K
dependent carboxylase in the liver. Failure of carboxylation results in proteins that cannot be bound by calcium bridges and are not functional for coagulation.20, 21
Many anticoagulant proteins, including AT, protein C,
and protein S, are synthesized in the liver. In addition
to the liver’s role in the production of pro- and anticoagulant factors, it also synthesizes factors that control
fibrinolysis, including plasminogen, PAI-1, and alpha2-antiplasmin.14 Lastly, the liver is responsible for the
clearance of many activated pro- and anticoagulant factors and their byproducts (eg, FDPs and D-dimers).22
With the liver playing such a critical role in both the
formation and clearance of both procoagulants and anticoagulants as well as many components of fibrinolysis, it
is not surprising that a wide range of coagulation disturbances can accompany abnormal hepatobiliary function.

Coagulation Abnormalities in Hepatobiliary
Disease
Primary hemostasis and the liver: thrombocytopenia
and thrombocytopathia
Changes in platelet number and function occur
in hepatopathies. Several retrospective studies of
chronic hepatitis (CH) and congenital portosystemic


C Veterinary Emergency and Critical Care Society 2011, doi: 10.1111/j.1476-4431.2011.00691.x

Coagulation in hepatobiliary disease

shunts (CPSS) in dogs have documented mild-tomoderate thrombocytopenia occurring in 14–28% of
dogs, although others have noted normal hematological parameters in these patients.23–31 Thrombocytopenia in dogs with CH is most frequent with advanced
disease (eg, cirrhosis).23, 27 Moreover, decreased platelet
counts in dogs have been associated with decreased
survival.27, 31 The cause for decreased platelet counts
in dogs with CH and CPSS has not been investigated. Potential causes of thrombocytopenia include gastrointestinal hemorrhage or occult thrombosis, autoimmune destruction of platelets, and increased consumption from low-grade disseminated intravascular coagulation (DIC).17, 18, 32–38 As it occurs most often with
advanced disease, hepatic synthetic failure leading to
decreased hepatic production of thrombopoeitin may
play a role as it does in people.32–34 In people with
chronic liver disease (CLD), another major mechanism
for thrombocytopenia is hypersplenism.32–34, 39 Hypersplenism occurs secondary to portal hypertension and
the development of congestive splenomegaly, leading
to sequestration and destruction of platelets in the
spleen.32–34, 40, 41 Splenomegaly and thus hypersplenism
has not been reported in veterinary patients with portal
hypertension.42, 43
Dogs with acute liver disease (ALD) due to leptospirosis or toxicosis with cycad seed, xylitol or aflatoxin,
often have mild-to-moderate thrombocytopenia.a,30, 44–48
Possible mechanisms for decreased platelet numbers in
ALD include consumption secondary to hemorrhage or
thrombosis, as a direct result of the causative agent (eg,
leptospirosis, neoplasia, or toxins), or from immunemediated destruction.49–51 In many cases, the decreased
platelet counts have been associated with nonsurvival
and may reflect the presence of DIC based on additional
coagulation testing documenting prolonged bleeding
times, inhibitor consumption, or increased fibrinolytic
activity.30, 44, 50, 51
In contrast to the finding with necroinflammatory and
vascular disorders, thrombocytosis (>500,000/L) has
been reported in about half of the dogs with massive hepatocellular carcinoma.52 The reason for increased platelet
count is unknown, but a paraneoplastic thrombocytosis occurs in human patients with large hepatocellular
carcinomas and is associated with overproduction of
thrombopoietin.53
Thrombocytopenia occurs less frequently in cats with
hepatobiliary disease. Adequate platelet counts are typically seen in cats with the most common hepatopathies,
hepatic lipidosis and cholangitis, unless complications
like DIC are present.54–58 As with acute liver failure (ALF)
in the dog, thrombocytopenia has been a more consistent
finding in cats with fatal fulminant liver failure and this
may reflect the development of DIC.59

The contribution of thrombocytopathia to coagulation
disorders in veterinary patients with hepatobiliary disease remains poorly characterized due, in part, to the
inherent difficulties in detecting functional platelet abnormalities. Decreased platelet aggregation in response
to arachidonic acid and collagen has been documented in
dogs with CPSS, inflammatory liver disease, hepatocellular degeneration, and hepatic neoplasia.60 Three dogs
in this study with abnormal platelet function also had
concurrent bleeding tendencies despite normal platelet
counts, suggesting that alterations in function may carry
clinical importance.60 Recently, platelet function was assessed in dogs with CPSS and while no abnormalities
were detected in bleeding time and platelet response to
ADP, platelet aggregation in response to collagen and
arachidonic acid was moderately impaired.61 Proposed
mechanisms for platelet hypoaggregability in hepatobiliary disease include changes in platelet plasma membrane lipid composition that impair transmembrane signaling or decrease thromboxane synthesis, storage pool
defects of ATP and serotonin, and the presence of circulating inhibitors, such as bile acid and FDPs.6, 38, 62 Additional studies are necessary to evaluate the presence and
significance of platelet function defects in veterinary patients with hepatobiliary disease.

Primary hemostasis and the liver: effects on the vascular endothelium
Emerging evidence suggests that vascular endothelial
cell dysfunction plays a pivotal role in the pathophysiology of coagulation disorders.62–66 The vascular endothelial cells serve as a barrier between platelets and the
underlying interstitium that contains prothrombogenic
matrix proteins.64, 65 In the liver, the hepatic sinusoids,
are lined with unique endothelial cells that contain large
fenestrae and lack a basement membrane.66 This architecture promotes free exchange of substances between
the portal blood and the hepatocytes and maintains low
pressure within the sinusoids.66 During hepatic injury,
extracellular matrix is deposited along hepatic sinusoids,
resulting in loss of fenestrae and the development of a
basement membrane in a process known as capillarization of the sinusoids.67 This change results in increased
resistance to portal blood flow and results in portal hypertension. Portal hypertension disrupts normal vascular flow within the splanchnic circulation leading to
the generation of shear stress. Increased shear stress in
turn promotes endothelial cell dysfunction and the production of potent vasoactive substances, such as NO
and prostacyclin, leading to decreased platelet aggregation and less local vasoconstriction. These changes contribute to an overall state of hypocoagulation.62, 64–66, 68
Endotoxin concentrations that are frequently increased
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in hepatobiliary disease secondary to increased intestinal permeability and disturbed biliary excretion, further
damage endothelial cells and lead to the generation of
endogenous heparin-like substances that work to perpetuate the hypocoagulable state.66, 69, 70
To the authors’ knowledge, evaluations of the effects
of hepatobiliary disease on the vascular endothelium in
veterinary patients have not been published. Even in human medicine, the study of endothelial cell dysfunction
in hepatobiliary disease is in its infancy with most of the
work being done in experimental models. Studies are
currently hampered by lack of clinically applicable tests
to measure endothelial dysfunction.

Secondary hemostasis and the liver
Defects in secondary hemostasis during hepatobiliary
disease include coagulation factor deficiency from synthetic failure, failure of vitamin K mediated carboxylation of coagulation factors, and alterations in the hepatic
production of anticoagulants.
Multiple veterinary studies have documented changes
in coagulation factor activities in dogs with various
forms of hepatobilary disease.27, 70, 71 Some trends based
on the category of disease are evident. In CH about
1/3 of dogs have prolongations in prothrombin time
(PT) or activated partial thromboplastin time (aPPT) at
presentation.23–25, 27, 31, 71–75 Consistent with these findings, dogs with CH have decreased concentrations of
several coagulation factors, including FV, FVII, FIX, FX,
and FXI27, 72 Decreased fibrinogen is a also a common feature of CH, particularly in breed-related hepatopathies
in Labrador retrievers and Doberman pinschers (44–
100% of dogs).23, 25, 31, 73, 75 Although these decreases in
coagulation factors and prolongations of clotting times
should make dogs with CH hypocoagulable, spontaneous bleeding in these dogs is rare. This may reflect the
fact that concurrent deficiencies in anticoagulants exist
in these dogs. Studies do show, however, that nonsurvivors and dogs with more advanced disease have more
severe coagulation factor deficiencies or longer prolongation of clotting time,27, 31, 71, 76, 77 and that these dogs are
more likely to develop clinical bleeding (eg, melena and
hematochezia).76 Collectively, the available information
on coagulation abnormalities in dogs with CH or cirrhosis suggests that the coagulation factor abnormalities and
prolonged clotting times are most likely related to hepatic synthetic failure, but further studies to rule out a role
for vitamin K deficiency or consumptive coagulopathies
are necessary.
Many dogs with ALD have prolonged clotting
times.30, 44, 71, 72,a In case series involving hepatotoxininduced acute liver failure prolongations in PT and aPTT
and hypofibrinogenemia are common and more frequent
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in nonsurvivors.a,30, 44, 50, 51 In one of few studies evaluating coagulation factor activity in dogs with ALD decreases in FVII, FVIII, FX and increases in vWF were
reported.72 Unlike the case in canine CH, these changes
were more often associated with evidence of spontaneous bleeding, including gastrointestinal hemorrhage,
epistaxis, and petechiation.a,30, 44 In some cases, the coagulation factor decreases and prolonged clotting times
in ALD are likely due to hepatic synthetic failure while
in others concurrent thrombocytopenia or increases in
FDPs and D-dimers suggest that DIC may be a common
complication.30
In dogs with CPSS, mild prolongation of aPTT has
been reported in some studies.28, 29, 75 Decreased thrombin, FV, FVII, and FX have also been documented.27, 29
In these dogs, coagulation parameters tend to normalize after successful ligation of the shunting vessel.29 It is
currently unknown if the decrease in factor levels and
prolongation in clotting times reflect hepatic synthetic
failure or are a response to the liver to decreased portal perfusion. Regardless of their cause, perioperative
bleeding tendencies in dogs undergoing surgery for attenuation of CPSS are rare. In reports of almost 1,000
portosystemic shunt ligations in the literature, postoperative bleeding complications occurred in only 16 dogs
(about 1.6% of dogs).27, 29, 78–99
Vitamin K deficiency occurs as a result of hepatobiliary disease through multiple mechanisms. Decreased
bile flow compromises absorption of the fat soluble vitamin K that requires the presence of bile salts in the intestine for assimilation, anorexia secondary to liver disease
decreases vitamin K intake, and antimicrobial use alters
the bacterial flora to decrease bacterial production of vitamin K in the gut lumen.
Since biliary disease interferes with deposition of bile
acids in the intestine, it is more likely to result in vitamin K deficiency than parenchymal liver disease. In
several studies of canine biliary disease, from 8% to
47% of dogs have prolongations of PT or aPTT. Most
studies, however, did not delineate whether coagulation
testing was done prior to vitamin K administration, or
mention if coagulation values improved with vitamin K
therapy.100–106 Perioperative bleeding tendencies, however, were not commonly reported in dogs undergoing
biliary surgery in these studies.101–106 The finding that
prolongations in PT or aPTT carry prognostic significance suggests the coagulation changes may represent
hepatic synthetic failure or the presence of DIC rather
than vitamin K deficiency.100, 105, 107
Studies evaluating coagulation testing and bleeding
tendencies in cats with hepatobiliary disease, the majority of which have cholestatic disorders (eg, cholangitis,
hepatic lipidosis), have shown that alterations in coagulation profile are common (45–73% of cases).55–58, 107–110
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Most of these studies have concluded on the basis of
the presence of PIVKA (protein invoked by vitamin K
absence), FVII analysis, or by response to therapy that
the majority of these cats had a vitamin K dependent coagulopathy rather than hepatic synthetic failure.55, 57, 107
It is important to note that 22% of the cats in one of
these studies with abnormal coagulation tests did have
increased bleeding tendencies, all of which were associated with provocative procedures, such as venipuncture or intravenous catheter placement.55 Further studies are necessary to ascertain if and why cats with
biliary disease appear to be more susceptible to vitamin K deficiency and bleeding tendencies than other
species.
Approximately 50% of cats with extrahepatic biliary duct obstruction (EHBDO) due to either inflammatory disease or neoplasia (pancreatic or bile duct carcinoma predominately) have prolongations of PT or aPTT.
Despite treatment with vitamin K about 50% of cats
with EHBDO that undergo surgical intervention experience perioperative bleeding requiring red blood cell
transfusion.108, 110 The basis for this bleeding has not been
determined. In one study, approximately 25% of cats had
increased FDPs; as the report did not document concurrent thrombocytopenia, a consumptive coagulopathy is
unlikely.108 However, thrombocytopenia can be an invariant finding in feline DIC and no studies have evaluated AT or D-dimer concentrations in cats with EHBDO
so the possibility of DIC in these cats exists.111, 112 Occult
gastrointestinal bleeding may account for some blood
loss as cats with hepatic disease are known to be predisposed to gastric ulceration. In addition, in experimental
EHBDO, cats develop melena and hematochezia in association with progressive decreases in PCV.109 Other
possible explanations for the increased need for transfusions in these patients, include inadequate correction
of coagulopathy, the high vascularity of the feline hepatobiliary system, the high incidence of intraoperative
hypotension, and the development of dilutional coagulopathy that may occur after administration of high
volumes of fluids required to maintain blood pressure in
these patients. Additional studies that characterize the
global hemostatic status of these cats and address the
role of occult gastrointestinal bleeding or ulceration in
cats with EHBDO are warranted. Determination of the
etiology of bleeding tendencies in these cats could have
a positive impact on the high perioperative morbidity
and mortality reported.108, 110

Fibrinolysis and DIC
Differentiation of the coagulation abnormalities that accompany hepatic synthetic failure from those associated
with DIC can be extremely challenging.112–115 The pa-

rameters used for the diagnosis of DIC in veterinary patients are similar to those applied by the International
Society on Thrombosis and Haemostasis (ISTH) in people. These parameters include prolongations in aPTT and
PT, decreases in platelet counts, serum fibrinogen concentration and AT activity, and increases in D-dimers and
FDP concentrations.112, 116, 117 Hepatic disease can cause
all of these changes as well. Decreased hepatic synthetic
capacity can lead to factor deficiencies (and thus prolongation of PT and PTT), hypofibrinogenemia, and low
AT activity while decreased hepatic clearance can lead
to increases in FDP and D-dimer concentrations. The
best discriminatory tests for DIC in people with hepatobiliary disease are platelet count and FVIII activity, as
thrombocytopenia and low FVIII activity are hallmarks
of DIC.8, 114 In addition, the presence of the end-organ
damage that frequently accompanies intravascular coagulation can be used as an indication of DIC.8 The presence of DIC in dogs and cats with liver disease appears
to be more common with ALD, and is typified by decreases in FVIII activity and thrombocytopenia in the
limited studies available.30, 44, 55, 56, 59, 72, 104, 105
Hyperfibrinolysis occurs in the absence of DIC in people with liver disease. The diagnosis of a primary hyperfibrinolytic state, however, can be challenging as available assays, such as determination of D-dimers, FDPs,
and the euglobin lysis time lack specificity.114 Thromboelastography (TEG), however, can document accelerated
clot lysis. In a preliminary study looking at dogs with
liver disease, TEG tracings support the presence of a hyperfibrinolytic state in dogs with ALD.b The cause of hyperfibrinolysis in these patients has not been elucidated.
In some cases, hyperfibrinolysis may be associated with
DIC, while in others it may represent a primary hyperfibrinolytic state. There is some evidence to support the
presence of a hyperfibrinolytic state in dogs and cats
with CLD as well, including the finding of increased
D-dimers and increased serum FDPs in the absence of
biochemical or clinical evidence of DIC.27, 55, 58, 113, 118, 119
In people, primary hyperfibrinolysis occurs predominately with late stage cirrhosis. The mechanisms are
not fully understood, but decreases in tissue activator factor inhibitor (TAFI) and plasminogen activator
inhibitor (PAI-1) may result from synthetic failure, increased release of tPA from decreased hepatic clearance
and increases in response to infection/inflammation,
and absorption of fibrinolytic factors in ascitic fluid into
the systemic circulation have been implicated.114, 120, 121
Further studies evaluating the fibrinolytic system are
necessary in dogs and cats with hepatobiliary disease.
This is important as bleeding complications, particularly delayed bleeding from puncture sites and oozing from mucosal surfaces can develop secondary to
hyperfibrinolysis.114
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Hypercoagulability
Patients with hepatobiliary disease can be
hypercoagulable.c,22, 122–126 As mentioned above,
some veterinary patients with hepatobiliary disease die
from hemorrhagic diathesis from overt DIC.30, 44 DIC is
a dynamic clinical syndrome that starts with a nonovert
form as a hypercoagulable state with the generation of
thrombi in the microcirculation of many organs. Subsequently, DIC can evolve into a hypocoagulable state due
to consumption of coagulation factors and increased
fibrinolysis. Although dogs frequently die during in
this overt decompensated phase with obvious bleeding
tendencies, DIC is often complicated by multiorgan
failure due to the presence of microthrombi.112, 116, 117
Mounting evidence suggests that microvascular
thrombosis confined to the liver and not part of a
systemic syndrome as in DIC may contribute to the
pathologic progression of hepatic disease. These microthrombi, which can be demonstrated histopathologically in people and animal models of liver disease, contribute to ongoing pathology in a phenomenon termed
“parenchymal extinction.”22, 67 Parenchymal extinction
is initiated when localized platelet activation and aggregation in the liver results in the formation of microthrombi in the intrahepatic vasculature. Subsequent
activation of the coagulation cascade leads to localized
tissue injury and the production of thrombin, both of
which lead to activation of hepatic stellate cells. Once activated hepatic stellate cells, which normally are quiescent fat-storing cells, transform into myofibroblasts that
secrete extracellular matrix.67 Studies in murine models
of cholestasis that demonstrate attenuation of hepatic fibrosis by inhibition of thrombin, platelet inhibition with
clopidogrel, or administration of low molecular weight
heparin provide evidence that activation of the coagulation cascade is profibrinogenic.127–129 Case reports in
people also suggest that patients with chronic viral hepatitis that have concurrent prothrombotic risk factors
have accelerated rate of hepatic fibrosis and when they
are treated with anticoagulants there is reduced deposition of collagen in hepatic biopsies.120, 130 Collectively,
these findings suggest that therapeutic modulation of
procoagulant factors may be beneficial in slowing the
progression of hepatic fibrosis.131
Cats and dogs with hepatobiliary disease are predisposed to the development of macrovascular thrombosis particularly in the portal vessels. In cats, portal
vein thrombosis (PVT) has been associated with inflammatory liver disease, vascular anomalies, and hepatic
neoplasia, and in dogs PVT and splenic vein thrombosis are reported with inflammatory and vascular liver
disease.c,122–126, 132, 133 People with cirrhosis are predisposed to the development of PVT and to portopulmonary hypertension, a syndrome associated with intra594

Table 2: Summary of coagulation abnormalities associated with
acute (A) and chronic (C) liver disease in human patients and
experimental models

Impair
hemostasis

Promote
Promote
hypercoagulability fibrinolysis

Thrombocytopenia (A,C) Increased vWF (A,C)
Thrombocytopathia (C) Increased FVIII (A)

Increased tPA (A,C)
Decreased
␣2-antiplasmin (C)
Enhanced production of Portal hypertension (C) Decreased TAFI (C)
prostacyclin and NO
(C)
Decreased coagulation Decreased protein C,
factor synthesis (A,C)
protein S, AT (A,C)
Decreased coagulation Abnormal endothelial
factor activation (A,C)
function (A,C)
Altered vitamin K status
(A,C)
Dysfibrogenemia (A,C)
Hypofibrinogenemia (A,C)
NO, nitrous oxide; vWF, von Willebrand factor; AT, antithrombin; tPA, tissue
plasminogen activator; TAFI, thrombin-activatable fibrinolysis inhibitor.

pulmonary microthrombi.3, 22 These complications develop when patients are exposed to another risk factor associated with hypercoagulation (eg, surgery, drug
therapy, or infection).134 The risk factors associated with
thrombotic complications in veterinary patients with
hepatobiliary disease have not been defined, but some
evidence exists to suggest that concurrent corticosteroid
use promotes thrombi formation in dogs with liver
disease.c,133
Hypercoagulability can be associated with alterations
in either primary or secondary hemostasis and can arise
from increased procoagulant activity, decreased anticoagulant factor activity, altered vascular flow, or disordered fibrinolysis (Table 2). In 3 small studies, dogs
with CH or CPSS were demonstrated to have increased
FVIII or vWF activity, both of which might promote
hypercoagulability.27, 29, 72 Increases in the activities of
these procoagulant molecules may occur secondary to
unchecked thrombin generation and the presence of endothelial cell dysfunction.22 Alterations in blood flow accompanying portal hypertension generates shear stress
within the sinusoids that activates endothelial cells enhancing their expression of these factors (ie, FVIII and
vWF).49, 135–137 Increases in vWF activity perpetuate the
increased activity of FVIII, as vWF protects FVIII from
premature clearance.114, 138 In people, it is believed that
the increased activity of vWF serves to offset the quantitative and qualitative defects in primary and secondary
hemostasis such that there is no net change in global
coagulability.114, 138 The same could be true in dogs with
CH and CPSS.
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Decreased synthesis of the antithrombotic molecules,
AT and protein C occur in veterinary patients with
hepatobiliary disease. Decreased AT activity has been
observed in dogs with cirrhosis, ALD and CPSS and
in a small number of cats with hepatic lipidosis and
cholangitis.27, 30, 50, 75, 119, 139 Decreased protein C activity
also occurs in dogs with ALD and CPSS.75 In dogs with
aflatoxicosis, the decrease in AT and protein C activity is
correlated with poor survival and likely reflects the occurrence of a consumptive coagulopathy.30 In dogs with
CH and CPSS, these changes may be balanced with deficiencies in procoagulant molecules such that there is no
net change in coagulation.75 In dogs with CH or cirrhosis,
decreased protein C activity is most likely due to hepatic
synthetic failure while in cats with chronic cholangitis
the reason for decreased activity is unknown but has
been characterized as vitamin K responsive.58, 75, 139 The
coagulation alterations in dogs with CPSS may also be
due to decreased production secondary to hepatic atrophy from deprivation of the liver from important hepatotrophic factors in portal blood or alternatively, the lack
of portal perfusion itself may lead to changes in the hepatocyte production of coagulation factors.75 This latter
hypothesis is supported by the observation that successful restoration of normal portal flow post shunt ligation
normalizes coagulation parameters in these dogs.29, 75
Further studies that examine the relationship between
AT and protein C activity with the development of
thrombosis in veterinary patients with liver disease are
warranted.
Altered vascular flow in patients with liver disease
also leads to a hypercoagulable state. Portal hypertension causes endothelial shear stress in the splanchnic
portal vasculature leading to increased generation of
splanchnic NO. Increases in NO results in vasodilation
and hypotension, and slowing of blood flow creating an
environment for clot formation.22 In people, decreased
portal vascular flow is the most significant risk factor
associated with PVT in liver disease.134

Diagnostic evaluation of the patient with liver disease
Establishing the coagulation status of a patient with
hepatobiliary disease can be quite challenging due to
the wide range of coagulation alterations that can occur. Careful evaluation including complete history and
physical examination may help elucidate whether the
patient is in a hypocoagulable or hypercoagulable state,
but it is important to remember that with conditions
such as DIC, this may be more of a continuum than a
clear-cut diagnosis. Bleeding tendencies are the hallmark
of hypocoagulable states. Petechiation or ecchymosis in
the mucous membranes or skin, hematuria, or melena
can occur particularly with platelet disorders or in hy-

perfibrinolytic states. Clinical signs of a hypercoagulable
state would depend on the occurrence of a thrombotic
episode, and may manifest as cyanosis or dyspnea with
a pulmonary thromboembolism, or the acute onset of abdominal pain or ascites associated with a PVT. Embolism
may also occur as an occult event or may be discovered
incidentally through diagnostic imaging. One must remember that an aftermath of a thrombosis state (especially DIC) can be the development of a hypocoagulable
state. Clinically, despite all the abnormalities in coagulation testing, spontaneous bleeding or thrombosis is rare
with hepatobiliary disease and occurs most frequently
when an additional event shifts the balance of coagulation in these patients.140 Thus, bleeding is seen during or
after provocative procedures or upon the development
of infectious complications and thrombosis is most common when a concurrent factor, such as surgery, infection,
endotoxemia, or administration of corticosteroids complicate the clinical situation.
Standard diagnostic tests provide clues to the patient’s
coagulation status. Anemia and hypoproteinemia may
be associated with hemorrhage and increased blood urea
nitrogen concentration with gastrointestinal bleeding.
Radiographs may document the presence of abdominal
fluid or pulmonary infiltrates associated with hemorrhage. Ultrasonography of the abdomen may identify
thrombosis within the portal system, evidence of diminished portal blood flow, or signs of portal hypertension
(eg, decreased portal blood flow velocity, hepatofugal
flow, enlarged portal vein, development of multiple acquired portosystemic shunts).141, 142 As thrombosis of the
portal vasculature can be challenging to image with ultrasonography, the clinician must maintain a high level
of suspicion for thrombosis in patients with hepatobiliary disease. It may be necessary to pursue additional
advanced imaging (eg, computerized tomography or
magnetic resonance angiography) in patients with hepatobiliary disease that have unexplained ascites and abdominal pain, but no evidence of thrombosis on initial
ultrasonographic evaluation.141, 143–152
All patients presenting for liver disease should have
baseline coagulation testing, including platelet count, PT,
and aPTT as these tests can help guide diagnostic and
treatment decisions, and perhaps even more importantly
carry prognostic significance. The clinical relevance of
prolonged PT and aPTT in human patients with liver disease has been extensively evaluated.153 Prolongations in
clotting time appear to carry prognostic value, but have
proven to be of limited value in predicting bleeding tendencies unless the values are markedly abnormal (international normalized ratio [INR] > 1.5).154, 155 The biggest
limitation of PT and aPTT is their poor correlation with
actual clinical bleeding, which is likely due to the failure
of these tests to measure abnormalities in the vascular
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endothelium, the fibrinolytic system, or to detect alterations in anticoagulant status. PT and aPTT are more
suitable for evaluation of congenital factor deficiencies of
procoagulants than the acquired deficiencies of both proand anticoagulants that occur with liver disease.156, 157
Nonetheless, evaluation of platelet count, PT and aPTT
is of value as severe abnormalities do represent increased
risk for postprocedure bleeding.155, 158 Since bleeding is
a serious complication of invasive procedures, such as
surgery or biopsy in liver disease patients, the identification of patients with high risk becomes important even
if the test is somewhat imprecise.
In addition to PT and aPTT, patients with liver disease
may be evaluated with PIVKA tests, which are similar
to PT but rely on a specific thromboplastin with altered
specificity.159 This test has been used to differentiate hepatic synthetic failure from alterations in vitamin K status
in cats with liver disease, but has also been shown to
be prolonged in other nonvitamin K dependent coagulation disturbances that disrupt the extrinsic coagulation
cascade, limiting its diagnostic utility.57, 159
Protein C and AT activities, which can be decreased
in hepatic disease, may be selectively evaluated in patients with hepatobiliary disease perceived to be at an increased risk for thrombosis. At-risk patients may include
cirrhotics, those requiring therapy with drugs that predispose to hypercoagulability, such as corticosteroids, or
those with concurrent diseases predisposing to hypercoagulability, including immune-mediated hemolytic anemia, concurrent neoplasia, or protein losing nephropathy
or enteropathy.160, 161 In addition, decreases in protein C
activity may help to differentiate dogs with hepatic perfusion abnormalities due to CPSS from those with microvascular dysplasia.75
The buccal mucosal bleeding time (BMBT) is used to
assess primary hemostasis. Prolongation of the BMBT
indicates qualitative or quantitative platelet defects or
defective vasoconstriction at the site of vascular injury.
In people with hepatic disease prolongation in BMBT
have been associated with a 5-fold increased risk of a
drop in hemoglobin after biopsy. However, correction
of this deficit with platelet transfusion in people is not
always associated with a decreased risk of bleeding.162 A
case series evaluating 2 dogs (one with cirrhosis and one
with CH) that had prolonged BMBT documented that
coagulation times improved but did not normalize when
these dogs were treated with desmopressin.163 Neither
of the dogs in this study developed complications after
liver biopsy.163
Additional coagulation testing such as determination
of FDPs and D-dimers has not proved useful in classifying coagulation status in people with liver disease. In
patients with decreased liver function, increased concentrations of these analytes most often represent decreased
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hepatic clearance and are not necessarily indicative of
increased production from fibrin breakdown.20, 113
The application of more global coagulation tests, such
as TEG, may ultimately provide a better understanding
of the state of coagulation in veterinary patients with
liver disease. For many years, TEG has proven useful to
help predict coagulation status and plan for intervention
in liver transplant.164 Although very few studies using
TEG to evaluate the coagulation status of people with
liver disease exist, isolated case series have shown utility in directing coagulation therapies during transplant.
TEG has also been used to document hypercoagulability
in patients with biliary disease, PVT, and hypocoagulability in patients with infection and early rebleeding from
esophageal varices.69, 121, 165 Although TEG may provide
valuable information about coagulation status, it is important to realize that this test is still in the early stages of
evaluation even in patients with liver disease. The other
limitations of TEG include availability of the test, time
constraints (ie, test must be run shortly after blood is
obtained), the inability to measure endothelial cell dysfunction, and potential artifact associated with anemia.d

Prognostic implications of coagulation testing
Because the production of coagulation factors is partially
a reflection of liver synthetic function, coagulation derangements have prognostic significance in both human
and veterinary patients.31, 77, 115 PT, as reflected in the calculation of INR, is a component of the human liver disease scoring systems (eg, Child-Pugh Score and Model
for End-Stage Liver Disease scores).115 In dogs with ALD
or CH prolongations in PT or aPTT predict shorter survival times,30, 31, 77, 166 and when used in a clinical scoring system for CH in Labradors, predict survival.31 In
people with ALD, prolongations in PT and aPTT are
used to determine the presence of acute liver failure and
thus the need to be placed on a liver transplantation
list.167 Prolongation of PT (eg, INR >6.5 or PT >100 s)
is included in the King’s College Criteria, a series of
parameters used to predict prognosis in patients with
acute liver failure.166 In dogs prolongations in PT and
aPTT (as well as low protein C and AT activity) predict
nonsurvival in dogs with hepatoxocity from aflatoxin
or Cycad seed ingestion.30, 75, 119,a Additional studies that
examine a large number of dogs with ALD and CLD
are warranted to determine whether increases in PT and
aPTT are independently associated with poor outcome
or whether the magnitude of prolongation is more important.
Although studies in cats have not documented an
association between prolongation of PT or aPTT and
survival,55, 58 studies have demonstrated an association
between abnormal coagulation tests and the degree of
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increase of serum liver enzymes (eg, aspartate aminotransferase and alkaline phosphatase) and bilirubin in
cats. This suggests that these coagulation abnormalities
may be markers of more severe disease. Further studies are needed evaluating the prognostic significance of
coagulation abnormalities in feline patients with liver
disease.

Potential treatment options for coagulopathies associated with hepatobiliary disease
Once a coagulation status is established for a patient
with hepatobiliary disease, treatment may be considered
to help prevent the complications associated with alterations in hemostasis. As there is a paucity of evidencebased veterinary information available regarding the
treatment of such coagulation derangements, the majority of the current recommendations (Table 3) have
been extrapolated from human recommendations. Ideally, treatment should be aimed at reversal of clinically
relevant problems (eg, bleeding, thrombosis) and not at
reversing abnormal laboratory parameters that may or
may not provide an accurate assessment of bleeding or
thrombotic risk.
Bleeding risk assessment is an important part of clinical evaluation of patients with hepatic disease. The decision as to whether it is safe to perform invasive procedures (eg, fine needle aspirate, biopsy, surgery) in a
patient with liver disease can be complicated. Although
there is no clear consensus in human studies as to what
coagulation parameters represent a risk too severe to
perform liver biopsy, or warrant the prophylactic use of
blood products, some guidelines exist.168 The number of
platelets required for near normal thrombin generation
in human cirrhotics is around 56.0 ×109 /L, and hepatic
biopsy is discouraged below this platelet count or if the
INR exceeds >1.5.168 A single study in the veterinary literature suggests that platelet counts < 86.0 × 109 /L in
the dog and cat, any prolongation of PT in the dog and
aPTT prolongation > 1.4 in cats may be risk factors for
bleeding from percutaneous US-guided biopsy procedure, but risks associated with surgery or other invasive
procedures have not been assessed.169
In the human literature, multiple studies have demonstrated that attempted correction of prolonged PT and
aPTT with fresh frozen plasma (FFP) administration
does not always have an effect on the incidence of postprocedural bleeding in patients with liver disease.170
Likewise platelet transfusions, which correct platelet
deficits or disorders, do not always correct bleeding
tendencies.39, 171 These observations suggest that the reason for the underlying bleeding tendency in patients
with hepatobiliary disorder may not be entirely due to
defects in coagulation factors or platelet function, but

Table 3: Potential therapeutic manipulation of coagulation in
hepatobiliary disease

Intervention
Procoagulants
Whole blood
transfusion171, 174, 182
FFP
transfusion173, 175–177

Cryoprecipitate
transfusion39, 167

Anticoagulants
NSAIDs

Coumadin
Unfractionated
heparin, low
molecular weight
heparins189–191

Indication

Adverse effects/
limitations

-Severe anemia
-Anemia and overt
bleeding
-Overt bleeding
- Prophylactically if
marked
prolongations in
PT, and
undergoing
provocative
procedures
-Hypofibrinogenemia
-In place of FFP in
factor deficient or
volume
overloaded
patient

-Transfusion reaction
-Volume overload

-Platelet
hyperfunction
-Arterial thrombosis

-Second hit for
gastric ulceration
(generally not
recommended
with liver disease)
-Risk of hemorrhage

-Venous
thromboembolism
-Venous
thromboembolism
-DIC?
-Antifibrotic?

-Transfusion reaction
-Volume overload
-Infectious disease

-Transfusion
reaction?
(none reported)

-Risk of hemorrhage
-More studies needed
for antifibrotic
effects

NSAIDs, nonsteroidal antiinflammatory drugs; FFP, fresh frozen plasma;
DIC, disseminated intravascular coagulation.

may instead be secondary to some component of the coagulation cascade that is not impacted by replenishment
of soluble factors or platelets, such as vascular endothelial dysfunction.
Despite the limitations in current coagulation testing
and often inadequate response to procoagulant therapy,
due to ethical and legal considerations, the practice of
prophylactic therapy remains common among human
hepatologists.172 Other factors that figure into the decision to give prophylactic blood product therapy include
a history of bleeding disorder in the patient, the perceived bleeding risk associated with the procedure (aspirate vs. biopsy vs. surgery), the likelihood of postprocedure rescue therapy being successful, the cost of the
intervention, and the ease of managing potential complications of prophylactic treatment. Potential side effects of blood product support include transmission of
infectious agents, immune-related transfusion reactions,
and volume overload.172–177 Volume overload may be
particularly deleterious in patients with liver disease as
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there is literature to support the observation that volume
overload potentiates portal hypertension and promotes
greater bleeding.178, 179
While administration of blood products has not decreased transfusion requirements in human cirrhotics
undergoing hepatic resection (usually for hepatocellular carcinoma or transplantation), the maintenance of
low normal central venous pressure by fluid restriction,
forced diuresis, venous dilatation, or even phlebotomy is
associated with a reduction in blood loss.178 Presumably
the benefit results from a reduction in portal hypertension and this finding supports the emerging theory that
bleeding tendencies in human cirrhotics are explained by
the presence of altered endothelial cell function. Whether
the same relationship is true in veterinary patients is
unknown. Clearly, this treatment strategy would be associated with other risks of hypotension, such as renal
failure.
Despite the inherent limitations of bleeding risk assessment and the evidence for lack of efficacy in interventional management, there are some guidelines that
can be applied to the management of coagulation status in patients with hepatobiliary disease (Figure 1).
All patients with prolonged coagulation times should
be treated with subcutaneous vitamin K1 based on the
demonstration that clotting times improve with vitamin
K supplementation in many animals. Considering the
poor sensitivity of the PT and aPTT in detecting bleeding abnormalities, it may be prudent to prophylactically
treat all cholestatic (ie, hyperbilirubinemic) patients with
vitamin K1. This may be particularly true in cats. Since
there is a high likelihood that these patients may need
provocative procedures during their hospitalization (eg,
liver biopsy), prompt initiation of vitamin K1 therapy is
warranted. Parenteral administration of a 0.5–1 mg/kg
dose of vitamin K1 subcutaneously should elicit a positive response within 24–36 hours of administration.
Excess vitamin K1 administration should be avoided
as this has been demonstrated to have prooxidant
effects.180 Typically, therapy is continued for 3–5 days
and then weekly if the primary cholestatic disorder is not
corrected.
The consensus in human medicine is that patients with
prolonged clotting times, but with no evidence of spontaneous bleeding in which no provocative procedures are
planned, should not receive blood products solely for the
sake of improving bleeding times.181 Even if provocative
procedures are necessary, there is a growing consensus
in human hepatology that in the face of mild alteration
in clotting times, these patients should not receive prophylactic therapy. Instead, they should be provided with
rescue therapy, if necessary.175, 181 Prior to performing invasive procedures in these patients, the clinician should
be prepared to address any postprocedure hemorrhage
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by ensuring that the patient is blood typed and that blood
products are available.
FFP is the first-line treatment modality for spontaneous hemorrhage or iatrogenic bleeding as it supplies
the widest range of coagulation factors and is readily
available. Complications associated with FFP therapy in
veterinary patients are poorly documented, but include
volume overload (with exacerbation of portal hypertension), disease transmission, transfusion reactions, and
acute lung injury.172–177 The reported incidence of transfusion reactions from FFP administration to a heterogeneous population of dogs is low (1–3%); however, these
reports were retrospective studies not designed to monitor for all potential adverse reactions.176, 177, 182
The recommended dose range for FFP is 5–15 mL/kg,
using resolution of bleeding or correction of coagulation
times as potential endpoints.170, 172, 175–177 These doses
were shown to be effective in improving PT and aPTT in
veterinary patients with coagulation disorder due to various causes.176 However, given the previously discussed
poor correlation of clotting times to bleeding tendency,
the authors recommend using resolution of bleeding as
an endpoint for FFP transfusions and not correction of PT
and aPTT. Cryoprecipitate may be used for the treatment
of hypofibrinogenemia (usually instituted at fibrinogen
< [2.9 mol/L] [100 mg/dL] in people), and can also be
used to supply FVIII, vWF, and FXIII.167 Advantages of
cryoprecipitate include a decreased volume of administration, and the provision of targeted correction. Platelet
transfusions in thrombocytopenic patients are not typically used due to the expense and very short duration
of effect, but may be considered in life-threatening situations with platelet counts < 10.0 × 109 /L.39 If a thrombocytopathia is suspected, the use of desmopressin may
be beneficial.163
A newer treatment option (although considered offlabel use) for coagulopathic human patients with hepatobiliary disease is administration of recombinant factor
VIIa (rFVIIa). Human studies have shown rFVIIa can
improve PT,183–185 but due to the extremely high cost of
this therapy, it is unlikely to become a viable option for
veterinary patients.
Other studies in people suggest that antifibrinolytic
therapy may prove beneficial if hyperfibrinolysis is documented with TEG or suspected based on delayed bleeding from mucosal surfaces after invasive procedures. The
most frequently used therapies include aminocaproic
acid and tranexamic acid, which inhibit plasmin.167 Veterinary studies evaluating these antifibrinolytic agents
and their possible use in bleeding patients with liver
disease are needed before the use can be recommended.
At this time, treatment for hypercoagulability in liver
disease is poorly defined. Veterinary patients with PVT
have been managed with dalteparin or unfractionated
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Figure 1: Guidelines for the management of patient with hepatobiliary disease and coagulation disturbances.
PT, prothrombin time; aPTT, activated partial thromboplastin time; VK1, vitamin K1; FFP, fresh frozen plasma; PCV, packed cell volume;
PLN, protein losing nephropathy; PLN, protein losing enteropathy; IMHA, immune-mediated hemolytic anemia; DIC, disseminated
intravascular coagulation; Tx, treatment.

heparin and in some reports these treatments have led
to resolution of the PVT.122 Even in people, treatment
recommendations for PVT are controversial.127 A recent
consensus statement from the American Association for
the Study of Liver Diseases recommended that patients
with acute PVT (ie, PVT diagnosed in the setting of abdominal pain) receive treatment with anticoagulants (eg,
warfarin or heparin) for at least 6 months.127 These recommendations are based on the observation that 50%
of patients will recanalize the portal vein if anticoagulant therapy is initiated promptly, while untreated patients rarely spontaneously recanalize.186 The indication
for treatment of chronic PVT with anticoagulants is less
clear, as studies show little benefit in thrombus resolution with treatment.186, 187 In addition, many human
patients with hepatic disease that develop PVT are cirrhotic with preexisting portal hypertension, and the use
of anticoagulants may increase the risk for hemorrhage
from gastroesophageal varices.22, 188 However, a recent
retrospective evaluation of patients with chronic PVT
showed improved survival with the use of warfarin,
with no increase in clinically significant gastrointestinal hemorrhage.188 Platelet inhibitors have not yet been

evaluated in veterinary patients with liver disease and
studies are needed in this area. Further studies are also
needed to determine with veterinary patients with hepatobiliary disease are at the highest risk for thrombosis
and which prophylactic interventions are appropriate.
As a clearer understanding of the role of parenchymal extinction in hepatic disease emerges in the coming
years, therapy aimed at hypercoagulability may become
a target for slowing the progression of liver disease.

Conclusion
Understanding and evaluating the coagulation status of
patients with hepatobiliary disease is a challenge due to
the liver’s dual role in the synthesis and removal of proand anticoagulant factors. With hepatobiliary disease
antagonistic alterations may occur in platelet number
and function, coagulation factors, fibrinolysis, and vascular endothelial function. Currently available coagulation tests have limitations in assessing coagulation since
they fail to account for all the abnormalities occurring in
vivo. New diagnostic modalities, such as TEG, may help
to better elucidate the true risks of bleeding with invasive
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procedures and help tailor treatment regimens. There is
a need for studies evaluating the treatment options for
both hypocoagulable and hypercoagulable patients with
liver disease. As we increase our understanding about
global coagulation status in our veterinary patients with
hepatobiliary disease, targeted therapies to correct these
coagulation abnormalities should have a positive impact
on our ability to diagnose, treat, and predict the outcome
in these patients.
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