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KEY POINTS

e The coagulation cascade encompasses a series of cell membrane-associated reactions
that culminate in the production of thrombin, which in turn transforms soluble plasma
fibrinogen into an insoluble fibrin clot.

e Screening tests are broadly categorized as tests of primary hemostasis (platelet plug for-
mation) or secondary hemostasis (fibrin clot formation).

e This article provides an overview of preliminary screening and definitive tests to assess
equine platelet and coagulation pathways.

e Thisarticle reviews the hemostatic disorders most frequently encountered in clinical practice.

Although coagulopathies are relatively uncommon in equine patients, horses with clin-
ical signs of hemorrhage and no apparent cause of vascular injury should be evaluated
for underlying hemostatic defects. Systematically approaching such cases with the
diagnostic algorithms provided in this article will enable clinicians to identify hemostat-
ic defects in their patients early in the diagnostic workup.

HEMOSTASIS IN THE HORSE

The original cascade model of coagulation involves 2 distinct series of activation
reactions (the intrinsic and extrinsic pathways) that converge to produce thrombin,
which in turn transforms soluble plasma fibrinogen into an insoluble fibrin clot.
Although this model is still useful for understanding in vitro coagulation, the refined
cell-based model better reflects the in vivo formation of a hemostatic plug.” In this
model, the availability and activation status of a variety of cell types regulate the
localized formation of a platelet and fibrin plug. The cell-based model consists of
3 overlapping phases: initiation, amplification, and propagation (Fig. 1). The
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Fig. 1. Cell-based model of coagulation. Three phases of coagulation occur on different cell
surfaces: (1) initiation on TF-bearing cells (eg, fibroblasts), (2) amplification on the platelet
as it undergoes activation, and (3) propagation on the surface of activated platelets. In the
initiation phase, the TF/factor VII complex (TF/coagulation factor VII) transforms factors IX
and X to their active forms (FIXa and FXa, respectively), which generate trace amounts of
thrombin (Flla). In the amplification phase, thrombin mediates the activation of platelets
and the coagulation cofactors (factors VIII and V). In the propagation phase, coagulation
complexes (FIXa/FVllla and FXa/FVa) bind to activated platelet membranes and generate a
large burst of thrombin that produces polymerized fibrin from fibrinogen.

Amplification

initiation phase occurs on cells expressing tissue factor (TF), a membrane antigen
constitutively expressed by most extravascular cells and inducibly expressed on
some intravascular cells, particularly monocytes. TF exposed at sites of vascular
injury participates in the formation of an active enzyme complex with coagulation
factor VIl to transform small amounts of the zymogen factors IX and X to their active
forms: FIXa and FXa. If the procoagulant stimulus is sufficiently strong, the ampli-
fication phase follows initiation with reactions occurring primarily on the surface of
platelets. Upon stimulation, platelets release procoagulant factors (eg, fibrinogen,
factor V, and von Willebrand factor [vVWF]) and provide a phospholipid surface for
assembly of active coagulation complexes. In the propagation phase, the active
coagulation factors combine with their cofactors to form the tenase (FIXa/FVllla)
and prothrombinase (FXa/FVa) complexes, which interact to form FXa and thrombin
(Flla), respectively. This final phase results in a large-scale burst of thrombin suffi-
cient to form an insoluble, cross-linked fibrin clot. Potent anticoagulant proteins,
including TF pathway inhibitor, antithrombin (AT), and proteins C and S circulate
in plasma and modulate each phase of hemostasis by neutralizing free active
factors.?

As vascular defects heal, fibrinolytic pathways involving the plasma protease,
plasmin, degrade cross-linked fibrin to reestablish blood flow. Plasmin is transformed
from an inactive precursor, plasminogen, by tissue plasminogen activator and uroki-
nase. This activation occurs most efficiently on the surface of mature fibrin. Free
plasmin within the vascular space is neutralized by its inhibitor, antiplasmin, similar
to the neutralization of free thrombin by AT. Plasmin degrades fibrin (or fibrinogen)
to produce a series of progressive cleavage products. These fragments are referred
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to as fibrinogen/fibrin split products, or fibrinogen/fibrin degradation products (FDP).
The terminal degradation fragments of fibrin are referred to as D-dimers.®

LABORATORY ASSESSMENT OF HEMOSTASIS

Coagulation screening tests are broadly categorized as tests of primary hemostasis
(platelet plug formation) or secondary hemostasis (fibrin clot formation) (Fig. 2).
Platelet plug formation involves a series of platelet activation steps (adhesion, aggre-
gation, secretion) and requires VWF, an adhesive protein found in plasma, platelets,
and the subendothelial matrix. Cross-linked fibrin is generated through the assembly
of coagulation factor complexes that transform prothrombin to its active form,
thrombin, which then acts on soluble fibrinogen to produce insoluble fibrin.

Sample Collection for Coagulation Assays

Appropriate sample collection and processing is critical for ensuring that assay results
accurately reflect in vivo hemostatic conditions.* The key steps for sampling include
atraumatic venipuncture and withdrawal of an exact volume of blood directly into
tubes containing sodium citrate (3.2% or 3.8%) anticoagulant. Obtaining a complete
draw directly into a blue top vacuum tube will provide the appropriate ratio of 1 part
citrate to 9 parts blood. Blood may also be drawn directly from an indwelling intrave-
nous catheter after withdrawal of a purge sample to remove any intraluminal heparin
flush.® Blood drawn with no anticoagulant, into heparin (green top) or EDTA (purple
top) anticoagulants, or into clot activator tubes, are not appropriate for coagulation
screening assays. Plasma should be separated from cells, placed in a plastic or sili-
conized glass tube, and shipped chilled with an ice pack in an insulated container.
Although statistically significant differences in clotting times have been reported for
equine plasma stored frozen at —20°C versus fresh samples,® the noted changes
were unlikely to be clinically relevant. A second study demonstrated stability of individ-
ual coagulation factor activities in equine plasma stored at —20°C for 90 days.”
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Fig. 2. Schematic of Primary (1°) and secondary (2°) hemostasis. Primary hemostasis tests
evaluate the components required for platelet plug formation (ie, functional platelets,
VWEF). Secondary hemostasis tests evaluate the interactions among coagulation factors
that result in the generation of a cross-linked fibrin clot.
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Coagulation kinetics vary among species, and coagulation laboratories should provide
equine-specific reference ranges and controls whenever possible. If known laboratory
values are not available, providing a normal control sample is recommended to aid in
the interpretation of individual results.

Primary Hemostasis Tests

Several point-of-care (POC) tests and laboratory assays are available for assessing
platelet quantity and function in horses (Table 1). Successful primary hemostasis

Table 1
Summary of hemostasis tests

Tests

Parameters Evaluated

Primary hemostasis (platelet and vWF)

Platelet count and estimate from
blood smear

Platelet number

TBT

Platelet adhesion, aggregation and vVWF
function

PFA 100 closure time?

Platelet adhesion, aggregation and vWF
function

Platelet aggregometry?

Platelet aggregation in response to agonists (ie,
ADP, collagen, PAF)
Platelet dense granule secretion (ATP release)

Flow cytometry

Platelet membrane glycoproteins (ie, fibrinogen
receptor complex) and activation markers (ie,
bound fibrinogen, P-selectin, PS exposure,
microparticle release)

VWEF assays: VWF:Ag, VWF:CBA,
VWF:RCo

VWF:Ag: Quantitative measure of VWF
concentration

VWF:CBA: vVWF functional activity based on
collagen binding

VWF:Rco: VWF functional activity based on
platelet agglutination

Secondary hemostasis (coagulation)

ACT?

Coagulation factor activity (intrinsic and
common pathway and fibrinogen)

Coagulation screening tests: APTT, PT,
TCT, Fibrinogen

APTT: Activity of intrinsic and common pathway
factors and fibrinogen

PT: Activity of extrinsic and common pathway
factors and fibrinogen

TCT: Fibrinogen function

Fibrinogen: Quantitative (and functional)
fibrinogen

Coagulation factor assays

Specific activity of coagulation factors (factors II,
V, VII, VIII, 1X, X, XI, XII)

AT AT inhibitory activity (inhibition of factor lla or
Xa)
D-dimer D-dimer concentration

TEG/thromboelastometry?

Whole blood clot formation and fibrinolysis

Abbreviations: ADP, adenosine diphosphate; ATP, adenosine triphosphate; PAF, platelet activating
factor; PFA, platelet function analyzer; PS, phosphatidylserine; PT, prothrombin time; TCT,
thrombin clotting time; vVWF:Ag, VWF antigen; vWF:CBA, VWF collagen binding activity; vWF:RCo,
VWE ristocetin cofactor activity.

2@ Tests that must be performed at POC or within 1 hour of sample collection.
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requires adequate platelet numbers as well as engagement of distinct cell surface re-
ceptors and a myriad of activation responses leading to platelet-surface attachment
and formation of the platelet plug. Although quantitative deficiencies can be quickly
ruled out with a simple platelet count, qualitative defects in platelet function or vWF
should be suspected in horses with adequate platelet counts but clinical evidence
of abnormal primary hemostasis, for example, mucosal hemorrhage, petechiae,
ecchymoses.

Platelet count

Thrombocytopenia can occur as a primary or secondary condition in horses, and
determination of platelet count should be performed as the initial screening test in
horses with a suspected bleeding diathesis. Examination of a stained blood film is a
rapid screen to assess platelet number (Fig. 3). Although the finding of at least 10
platelets per oil immersion field quickly rules out thrombocytopenia, a semiquantita-
tive estimate of platelet count can be obtained by multiplying the average number
of platelets per 10 oil immersion field x 15,000.

Note that spurious thrombocytopenia owing to platelet activation is very common in
horses and examination of the feathered edge (and the body) of a smear (to detect
platelet clumping) should be performed if instrument or manual counts indicate throm-
bocytopenia. Platelet activation can be minimized by careful venipuncture using an
18-gauge or larger needle and drawing blood slowly into a syringe preloaded with cit-
rate anticoagulant (goal of approximately 9:1 blood-citrate ratio) and preparation of
the smear as soon as possible after collection.

Template bleeding time

The template bleeding time (TBT) is an in vivo assay of platelet adhesion and aggre-
gation, performed by making a superficial but defined length and depth wound,
often in the forelimb, using a spring-loaded device.® Reported TBT for healthy
horses ranges from 2 to 6 minutes and may be prolonged with both quantitative
(thrombocytopenia) and qualitative (von Willebrand disease, Glanzmann thrombas-
thenia) disorders. Although simple to perform, the TBT is invasive with generally
poor reproducibility and subject to interoperator variability and nonspecific
prolongation.®

b"a ‘0° e

Fig. 3. Blood smear from a healthy horse demonstrates normal platelet numbers and
morphologic features (stain: Wright's stain; original magnification x400). (Courtesy of
Dr. T. Stokol, Cornell University, Ithaca, NY.)
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Platelet function analyzer

The platelet function analyzer (PFA-100 system, Siemens, Munich, Germany) is a
table-top, POC instrument designed to measure in vitro platelet plug formation in
human blood samples under conditions of high shear flow. The test end point
(closure time) reflects the time for occlusion of a collagen/ADP-coated or
collagen/epinephrine-coated aperture and the assay is used as a screening test
for platelet adhesion and aggregation defects, including von Willebrand disease.
It may also be useful for monitoring response to aspirin or clopidogrel therapy.
Although this assay avoids some of the variability and patient discomfort of the
TBT, it is influenced by some of the same nonspecific conditions, including low he-
matocrits and variations in blood viscosity. The PFA-100 has been evaluated in
horses, with a reference range for the collagen/ADP closure time of 60 to 116 mi-
nutes.'® The collagen/epinephrine assay, however, did not yield clinically useful re-
sults because closure times for some healthy horses using these cartridges
exceeded the analyzer’s cut-off value of 300 seconds.

Platelet aggregometry and flow cytometry

Platelet aggregation and secretion studies provide detailed and specific measures of
platelet function. They require special instrumentation (aggregometers) and are per-
formed by stimulating freshly isolated platelet-rich plasma samples with a panel of
different agonist compounds. Flow cytometry also requires dedicated instrumentation
and, for most studies, on-site blood collection for isolation of viable platelets. Cyto-
metric assays evaluate platelet function via detection of membrane glycoproteins
(including adhesion and aggregation receptors) and expression of specific activation
markers, such as P-selectin, phosphatidylserine, and membrane-bound fibrinogen.
The techniques are useful for characterizing hereditary platelet function defects
(thrombopathias) and to study drug effects or disease pathogenesis."'~"”

von Willebrand Factor

VWF is required for normal platelet adhesion and quantitative measurement is indi-
cated in patients with prolonged TBT and/or PFA-100 closure times. In addition to
quantitative measurement of vWF concentration (referred to as vWF antigen), vVWF
function can be evaluated based on a VWF-dependent platelet agglutination response
(referred to as VWF ristocetin cofactor activity) or vVWF’s ability to bind immobilized
collagen (VWF collagen-binding activity).'®

Secondary Hemostasis Tests

Coagulation screening tests use specific reagents to sequentially activate distinct se-
ries of coagulation factors, or pathways, within the coagulation cascade (Fig. 4). Typi-
cally, the activated partial thromboplastin time (APTT), prothrombin time (PT), and
fibrinogen are used together as screening tests to identify abnormalities in the intrinsic,
extrinsic, and/or common coagulation pathways, and pattern of results from these
tests can be helpful for identifying the specific defect in patients with abnormal hemo-
stasis (Fig. 5).

Prothrombin time

This screening test evaluates the extrinsic and common pathways and their
ability to convert fibrinogen to fibrin (see Fig. 4). This assay is traditionally per-
formed in reference laboratories or with semiautomated benchtop coagulometric
analyzers; however, portable stall-side PT assays have been recently evaluated
and found to have good agreement and precision when compared with
laboratory-based methods.'® Different PT reagents and methods vary in their
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Fig. 4. Coagulation pathways and screening tests. Coagulation screening tests use specific
reaction conditions to activate the intrinsic or extrinsic pathway. The activated partial
thromboplastin time (APTT) and ACT initiate the intrinsic pathway through activation of
the contact group factors (prekallikrein, high-molecular-weight kininogen, and factor XII).
The prothrombin time (PT) test is configured with a TF reagent that initiates the extrinsic
pathway through activation of factor VII. Thrombin generation results through activation
of the common pathway factors (factors V, X, and Il) to culminate in formation of a fibrin
clot. The thrombin clotting time (TCT) and fibrinogen assays are measures of the final trans-
formation of soluble fibrinogen to form the cross-linked fibrin clot. ® Comparative Coagu-
lation Laboratory, current 2019 values.

sensitivity to detect mild factor deficiencies; however, factor activities of less than
30% of normal should result in prolonged clotting times regardless of methodology.
Prolonged PT indicate deficiencies of one or more of the following: factors V, VII, X,
prothrombin (factor Il), or fibrinogen.

Activated partial thromboplastin time
This screening test evaluates factors in the intrinsic and common pathways and
their ability to convert fibrinogen to fibrin. The activated clotting time (ACT) is a
simple POC test of this pathway, with expected ACT for horses of approximately
2 to 3 minutes. Unlike APTT, the ACT is more susceptible to nonspecific factors
such as platelet count, platelet dysfunction, hematocrit, and plasma protease ac-
tivity.2° Prolonged APTT and/or ACT clotting times indicate deficiencies of one or
more of the following: factors V, VI, IX, X, XI, Xll, prothrombin (factor lIl), or
fibrinogen.

Note that severe hypofibrinogenemia (ie, <100 mg/dL) owing to hepatic synthetic
failure or consumptive coagulopathies such as disseminated intravascular coagula-
tion (DIC) may affect fibrin clot end point formation and result in prolongation of
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Diagnostic Algorithm for Coagulation Factor Deficiencies

COAGULATION SCREENING TESTS: APTT. PT, TCT

High molecular weight
kininogen

Fig. 5. Coagulation screening test algorithm for coagulation factor deficiencies. The pattern of abnormalities of the coagulation screening tests varies

Vitamin K-dependent factors:
Factor II, VIL, IX, X

APTT: LONG PT: LONG TCT: LONG APTT, PT: LONG ALL THREE
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INTRINSIC FACTOR EXTRINSIC FACTOR FIBRINOGEN COMMON PATHWAY FIBRINOGEN AND
DEFECTS DEFECTS DEFECTS OR COMBINED COMBINED DEFECTS
DEFECTS
Factor VIII (Hemophilia A) Factor VII deficiency Mild to moderate fibrinogen Fibrinogen
Factor IX (Hemophilia B) deficiency or dysfunction Common Pathway Severe deficiency
Factor XI Factor II (Thrombin) High concentration inhibitors
Low concentration fibrinogen Factor V

Contact Deficiencies inhibitors Factor X Combined Deficiency
Factor XII (Hageman trait) Deficiency of fibrinogen and
Prekallikrein Combined Deficiency intrinsic, extrinsic, and

common pathway factors

Disseminated Intravascular
Coagulation (DIC)

for different factor deficiencies. Long: prolongation of the patient’s clotting time beyond 1.5 to 2.0 times the assay mean.
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both the APTT and PT. Anticoagulant rodenticides that interfere with vitamin K recy-
cling, for example, warfarin, brodifacoum, inhibit vitamin K-dependent factors (factors
II, VII, IX, X) and result in prolongation of both the PT and APTT, but do not influence
fibrinogen.

Thrombin clotting time

This qualitative fibrinogen test is performed by adding an excess of thrombin to the
test plasma and measures the conversion of fibrinogen to fibrin. It is sensitive only
to the deficiency, dysfunction, or inhibition of fibrinogen.

Coagulation factors

The specific procoagulant activity of individual coagulation factors and cofactors can
be measured in modified APTT and PT screening tests configured with a series of sin-
gle factor deficient plasmas.?"?? Factor activities of the test samples are reported as a
percentage or units per milliliter, compared with a standard plasma. In general, factor
activities of greater than 50% are considered sufficient for normal hemostasis. The
clinical relevance of factor activities of less than this value depends on the severity
of the factor deficiency and whether only a single factor or multiple factors are
involved.?®

Coagulation inhibitors

AT and protein C are critical plasma inhibitors of coagulation. AT is a plasma serine
protease inhibitor produced by the liver that inactivates factors lla (thrombin) and
Xa, thereby preventing active coagulation complex assembly and subsequent conver-
sion of fibrinogen to fibrin. AT serves as the primary physiologic anticoagulant in cir-
culation and deficiencies are associated with systemic hypercoagulability and
thrombophilia.?® Unfractionated and low-molecular-weight heparins act by markedly
potentiating AT inhibitory activity. Protein C is a vitamin K-dependent protease that
acts primarily at endothelial cell surfaces and with a cofactor, protein S, to degrade
active factors VIl and V.2 A lack of these physiologic inhibitors causes a relative hy-
percoagulable, prothrombotic state. Commercial chromogenic substrate assays can
be adapted to measure equine AT and protein C activity and should include the use
of same species standards and controls.?®

Fibrinolysis Tests

Fibrin/Fibrinogen degradation products and D-dimer

Fibrin/Fibrinogen degradation products (FDP) are the end products of fibrinoge-
nolysis or soluble fibrinolysis (cleavage of fibrinogen or non-cross-linked fibrin)
or secondary lysis of cross-linked fibrin clots. D-dimer represent the terminal
degradation product of fibrinolysis and consist of 2 cross-linked D domains of
fibrin. Its presence is a specific indicator of plasmin’s action on fibrin, rather
than fibrinogen. In most assay systems, the plasma concentration of equine
D-dimer is higher than human beings (and companion animals) with typical values
for healthy horses ranging from 250 up to 1000 ng/mL.%® Plasma concentrations
of FDP and D-dimer are increased in response to any process that activates the
coagulation cascade and results in clot formation and subsequent fibrinolysis. A
nonspecific increase in FDPs may also be observed in response to increased
fibrinogen levels. In horses, FDP and D-dimer have been found to be increased
after colic surgery and in horses suffering from inflammatory gastrointestinal dis-
ease, and are one of the hallmarks of DIC.?”~2° High plasma D-dimer concentra-
tions at admission were associated with nonsurvival in horses presented for colic
and were found in horses with equine herpes virus-1 viremia,*®*! a condition in
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which microvascular thrombi form in several vascular beds, including the lungs,
placenta, and spinal cord.

Viscoelastic methods: Thromboelastography and thromboelastometry

These POC assays record changes in the viscoelastic properties of whole blood from
initiation of clot formation through fibrinolysis (Fig. 6).°2~** Viscoelastic assays were
developed as global tests of hemostasis and are able to characterize both hypocoagu-
lable and hypercoagulable states. This method contrasts with traditional coagulation
assays designed to evaluate isolated components of the coagulation cascade without
the contribution of cellular elements. Specific activators such as TF or kaolin may be
added to standardize reaction conditions and enhance the rate of coagulation. A
modified hemoscopic thrombelastography (TEG) assay (PlateletMapping, Haemo-
scope) designed specifically to monitor response to antiplatelet drugs, performed
poorly in an equine pharmacodynamic study of clopidogrel.'* Erythrocytosis has
been shown to induce hypocoagulabilty on TEG without concurrent changes in other
coagulation parameters and is hypothesized to be a result of dilution of plasma coag-
ulation factors by increased red blood cell mass.>® Substantial variation has been
documented in TEG reference intervals between differing laboratories, sample
handling techniques, and between personnel within the same laboratory®®-3%; thus,
this assay may be better suited for monitoring hemostatic trends over time in individual
patients rather than making comparisons across individuals and institutions.

CLINICAL APPROACH TO HEMOSTATIC DEFECTS IN HORSES

The initial assessment of patients with signs of hemorrhage should aim to differentiate
blood loss caused by vessel injury or vascular disease from a systemic failure of
normal hemostasis. Large vessel (arterial/venous) defects typically present as acute
blood loss from localized sites of vessel injury, whereas small vessel disorders or vas-
culopathies are more often associated with signs of bruising, edema, and systemic
iliness. Clinical signs suggestive of primary hemostatic defects (platelet and vVWF dis-
orders) include petechiae, ecchymoses, and mucosal hemorrhage (epistaxis, melena).
Secondary hemostatic defects typically cause hematoma formation, hemarthrosis,
and intracavitary bleeds. Severe bleeding diatheses often cause spontaneous hemor-
rhage, whereas mild to moderate forms may become apparent only after surgery or
trauma. In the absence of a definitive diagnosis after simple POC screening tests,
such as the platelet count and ACT, follow-up with submission of samples for coagu-
lation profile and factor assays may be indicated (Fig. 7).

MA

Time
(min)

Fig. 6. Typical thromboelastogram with measured parameters: R = time to the initiation of
clot formation, K = time for the tracing to achieve a set clot strength, Ang = Angle, the rate
of clot formation, MA = maximum amplitude, the greatest clot strength, y = clot strength
at 60 minutes after MA, CL60 = 100 x (x/MA). (From Epstein, KL et al. Thromboelastography
in 26 healthy horses with and without activation by recombinant human tissue factor. J Vet
Emerg Crit Care 2009:19(1): 96-101, 2009; with permission.)
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’ SIGNS OF HEMORRHAGE ‘

l l

’ HEMOSTATIC DEFECTS ’ VASCULAR DEFECTS ‘

Platelet count !
Template bleeding time (TBT) :
Activated clotting time (ACT) |

Large Vessel Defects
e Surgery, trauma, infiltration, erosion

Vasculopathies
e Inflammatory, toxic, degenerative

| | Platelet Dysfunction

e Acquired: Drugs,
metabolic Disease

e Hereditary:

Production Defects Thrombasthenia,

(. e Infection

e Neoplasia

e Drugs ﬂ von Willebrand disease ‘

THROMBOCYTOPENIA ‘ ’ COAGULOPATHIES

Acquired Factor Deficiency
— e Liver disease

e Vitamin K deficiency
e Drugs

e Hemorrhagic DIC

Sequestration/Consumption
— e Splenomegaly

e Vasculitis

e Systemic thrombosis

Hereditary Factor Deficiency
(. e Hemophilia
e Autosomal deficiencies

Immune Destruction

L e Primary immune: autoimmune,
alloimmune (post transfusion,
neonatal hemolysis)

e Secondary immune: infection,
drug

Fig. 7. Diagnostic algorithm for clinical signs of hemorrhage using POC tests. The findings of
an abnormal platelet count, TBT, and activated coagulation time are indicators of hemostat-
ic defects. DIC, disseminated intravascular coagulation.

Hereditary Hemostatic Disorders

Hereditary hemostatic defects are much less common than acquired disorders; how-
ever, hereditary platelet function defects, von Willebrand disease, and coagulation
factor deficiencies have been identified in horses (Table 2). Hereditary defects are
caused by mutations within genes coding for specific hemostatic proteins, resulting
in impaired protein synthesis or production of dysfunctional proteins.

Platelet dysfunction

Hereditary platelet function defects, or thrombopathias, are broadly classified as ab-
normalities of platelet membrane receptors, signal transduction pathways, granule
secretion, or membrane phospholipid flipping.®® Glanzmann thrombasthenia refers
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Table 2

Hereditary hemostatic defects

Classification

Characteristic Laboratory Findings

Breeds

Platelet function defects

Membrane glycoprotein
defect (Glanzmann'’s
thrombasthenia)

Long TBT, abnormal platelet
adhesion and clot retraction;
absent or diminished
aggregation to all agonists,
absent or reduced membrane
fibrinogen receptor (allbp3)
complex

Thoroughbred, Quarter
horse, Oldenburg

Undefined (reduced Long TBT, reduced platelet Thoroughbred
fibrinogen binding) prothrombinase activity,
diminished fibrinogen binding
in response to thrombin
Von Willebrand disease
Type 1 VWD Long TBT, slight reduction FVIII:C, Arabian

low VWF:Ag and proportionate
reduction in VWF:RCo

Type 2 VWD

Long TBT; slight reduction FVIII:C,
low VWF:Ag with more
pronounced reduction in
VWF:Rco, decreased high MW
VWF multimers

Thoroughbred, Quarter
horse

Coagulation factor

deficiencies
Hemophilia A (factor VIII Long APTT, normal PT and Thoroughbred,
deficiency) fibrinogen, low FVIII:C Standardbred,
Quarter horse
Combined intrinsic factor ~ Long APTT, normal PT and Arabian

deficiency (factors VIII,
I1X, XI)

fibrinogen, low FVIII:C, FIX:C,
FXI:C

Prekallikrein deficiency

Long APTT, normal PT and
fibrinogen, low prekallikrein

Belgian, Miniature
horse

activity, variable (or no)
bleeding tendency

to quantitative and/or functional defects of the platelet membrane integrin, «llbB3. This
complex (also termed glycoprotein lIbllla) acts as a fibrinogen receptor and plays a
critical role in the formation of platelet aggregates in response to all agonists. Glanz-
mann thrombasthenia has been diagnosed in several breeds of horses, with 2 different
mutations identified in the allb gene in Thoroughbreds and Quarter horses (see
Table 2).'749-%2 A platelet function defect, distinct from thrombasthenia, has also
been reported in Thoroughbreds.'® Affected horses demonstrated prolonged in vivo
bleeding times, abnormal aggregation response to certain agonists, and impaired
fibrinogen binding in a flow cytometric assay. The physiologic and molecular basis
of this defect has yet to be discovered.

Von Willebrand disease

von Willebrand disease includes quantitative and functional defects of vVWF. Three
subtype classifications defined for human vWD are applicable to animals.*® Type 1
vWD is a quantitative protein deficiency; patients have low VWF antigen with an equiv-
alent reduction in vVWF function (measured via agglutination or collagen binding). Type
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2 vWD encompasses qualitative vVWF defects; patients have moderate to severe vVWF
antigen deficiency with a disproportionate functional defect. Type 3 vWD is defined as
the complete absence of VWF protein. Types 1 and 2 vWD have been identified in
horses, with clinical signs of mucosal hemorrhage and prolonged postoperative hem-
orrhage (see Table 2).44:4°

Coagulation factor deficiencies: Hemophilia

Hemophilias A and B are X-linked recessive traits caused by deficiency of coagulation
factors VIIl and IX, respectively. Both forms of hemophilia have been identified in
horses and many other species; in all species hemophilia A is the more common
form.*6-4° Typical of X-linked recessive traits, males that inherit a mutant factor VIII
or IX gene express a bleeding tendency, whereas female carriers of a single mutant
gene are clinically normal. Hemophilia is typically propagated by asymptomatic carrier
females; on average, one-half the sons of a carrier are affected with hemophilia and
one-half the daughters are carriers. ldiopathic, presumed autoimmune, acquired he-
mophilia A has also been described in a Thoroughbred mare treated successfully
with immunosuppressants.®® The clinical severity of hemophilia generally correlates
with residual factor activity. Patients affected with severe hemophilia have residual
factor activities of 1% or lower and experience frequent, spontaneous bleeds. Foals
affected with severe hemophilia are often euthanized or die within a few days of birth
owing to uncontrolled umbilical hemorrhage, hemarthrosis, blood loss anemia, or
other manifestations of a bleeding diathesis. Even mild to moderate hemophilia carries
a poor prognosis in horses compared with other species, owing to recurrent
hemarthroses.

Coagulation factor deficiencies: Autosomal factor deficiencies

Deficiencies of the autosomal coagulation factors (fibrinogen and factors Il, V, VI, X,
Xl, and XIl) are less common than hemophilia and have not been well-characterized
in horses. In human beings and dogs, most of these defects are recessive traits,
with the severity of clinical signs generally related to residual factor activity. Factor
Xl deficiency, however, typically manifests as a bleeding tendency only after surgery
or trauma and deficiency of contact factors (factor Xll, prekallikrein) do not result in
bleeding diathesis.®""°? Coagulation factor deficiencies are detected by prolongation
of coagulation screening tests, with definitive diagnosis based on results of specific
factor activity assays (see Table 2).

Acquired Hemostatic Defects

In contrast with hereditary defects that typically affect only a single protein or pathway,
acquired hemostatic defects are often complex, resulting from combined quantitative
and functional defects of platelets and coagulation factors. Nevertheless, the diag-
nostic workup generally begins with standard basic POC tests (platelet count, ACT),
the results of which are used to guide the selection of appropriate ancillary tests
(see Fig. 6).

Thrombocytopenia

Normal equine platelet count ranges from approximately 100,000/uL to 250,000/pL.
Spurious low platelet counts are common artifacts; therefore, the finding of throm-
bocytopenia should be confirmed by scanning a blood smear to detect any platelet
clumping. Mild to moderate thrombocytopenia accompanies many disease pro-
cesses and is a consistent finding in horses with Anaplasma phagocytophilum
infection, piroplasmosis, and rattlesnake envenomation.®*-*” Abnormal bleeding
attributable to thrombocytopenia rarely occurs at platelet counts of greater
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than 50,000/pL, with spontaneous hemorrhage most likely at platelet counts or less
than 20,000/uL. Four general mechanisms cause thrombocytopenia: impaired
platelet production, increased peripheral consumption, sequestration, and
immune-mediated destruction. The diagnostic workup for thrombocytopenia aims
to identify an underlying disease triggering one or more of these processes
(Table 3). Production failure should be high on the differential diagnostic list for pa-
tients with thrombocytopenia combined with nonregenerative anemia and/or neu-
tropenia (pancytopenia). Vasculitis and DIC shorten platelet lifespan and may
result in clinically significant thrombocytopenia. Marked thrombocytopenia, with
platelet counts of less than 20,000/uL, often develops in patients with immune-
mediated platelet destruction. Primary immune-mediated thrombocytopenia im-
plies an autoimmune disorder with production of antibodies directed against
normal platelet antigens.®® Secondary immune-mediated thrombocytopenia may
develop in patients with infections, neoplastic disease, polyimmune syndromes,
or after drug therapy.®®%° Alloimmune thrombocytopenia is the clinical conse-
quence of antiplatelet antibodies that develop after transfusion or during preg-
nancy.®'%2 In these cases, the transfusion recipient or pregnant mare recognizes
platelet antigens unique to the donor blood product (or sire) and develops anti-
bodies to the foreign immunogen. Neonatal thrombocytopenia develops after trans-
fer of the alloantibodies to a nursing foal whose platelets express the antigen
foreign to the mare.

Platelet dysfunction

Many common drugs and disease syndromes affect platelet function, including, but
not limited to, liver failure, uremia, paraproteinemia, and DIC.53-%° Drugs inhibit platelet
activation and aggregation by a variety of different mechanisms. Aspirin and other
nonsteroidal anti-inflammatory drugs act via inhibition of intraplatelet cyclo-
oxygenase, resulting in impaired production of thromboxane and diminished platelet
response to other agonists. Targeted antiplatelet agents’ effects on equine platelet
activation response have been described, including the fibrinogen receptor complex
and ADP receptor blockade, and altered cyclic adenosine monophosphate
metabolism.12-14.66

Table 3

Acquired hemostatic defects

Classification Pathogenesis

Thrombocytopenia Decreased production (bone marrow disease: Infectious, neoplastic,
aplastic)

Increased utilization (vasculopathies, DIC, systemic thrombosis

Sequestration (splenomegaly, acute endotoxemia)

Increased destruction (primary or secondary immune-mediated,
alloimmune)

Platelet dysfunction Metabolic disease (uremia, hepatic failure, paraneoplastic
hyperglobulinemia)
Drugs (nonsteroidal anti-inflammatory agents, plasma expanders,
sulfa drugs)

Coagulation factor Hepatic synthetic failure (acute hepatitis, necrosis, chronic cirrhosis)
deficiencies Vitamin K deficiency (cholestatic disease, vitamin K antagonist
toxicities)

DIC: Factor activation/secondary depletion (systemic inflammatory
syndromes, gastrointestinal inflammation or strangulation,
neoplasia, severe tissue injury)
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Coagulopathies

Acquired coagulation factor deficiencies generally result from decreased factor syn-
thesis, release of inactive factors, inhibition of factor activity, or excessive consump-
tion and depletion of factors. Underlying disease conditions most often associated
with coagulopathy include liver disease, vitamin K deficiency, drug or toxin exposure,
and DIC (see Table 3).

The liver is the primary site of synthesis and clearance of most coagulation factors
and their inhibitors. Liver failure (eg, secondary to hepatic necrosis, cirrhosis, acute
hepatitis) sufficient to decrease hepatic synthetic capacity may result in coagulopathy
owing to fibrinogen and factor deficiencies. Overt hemorrhage is an indicator of severe
liver failure and a poor prognostic sign. In addition to synthetic failure, liver disease
may impair hemostasis via vitamin K deficiency, dysfibrinogenemia, platelet dysfunc-
tion, and abnormal clearance of fibrinolytic activators, FDPs, and D-dimer.®”

Vitamin K deficiencies result from inadequate intestinal absorption or impaired intra-
hepatic recycling. A constant source of vitamin K4 is required for post-translational
carboxylation of the vitamin K-dependent serine protease coagulation factors (factors
II, VII, IX, and X). Warfarin (Coumadin), second-generation anticoagulant rodenticides
(eg, Brodifacoum), and sweet clover contaminated with mold-producing dicoumarol
all act to irreversibly block the activity of vitamin K epoxide reductase, a critical vitamin
K processing enzyme. Anticoagulant rodenticide toxicity has been reported in horses,
ponies, and miniature donkeys.?®° The combined deficiencies of factors II, VII, IX,
and X causes prolongation of both the APTT and PT screening tests, however plasma
fibrinogen concentrations are not affected.

Disseminated intravascular coagulation

DIC is an acquired hypercoagulable syndrome whose defining feature is the deposition
of fibrin throughout the microvasculature.”® The syndrome of DIC always develops sec-
ondary to an underlying disease and had been documented in horses with severe sys-
temic inflammatory conditions and gastrointestinal disorders (Fig. 8).”""2 The
pathogenesis of DIC is complex; however, the DIC trigger secondary to inflammatory
disease is believed to be the induced expression of TF in the vascular space. TF expres-
sion is upregulated on circulating monocytes and endothelial cells under the influence of
inflammatory cytokines, thereby promoting activation of the coagulation cascade and
the generation of thrombin. Regardless of inciting disease, the DIC process results in
systemic, small vessel thrombosis. In a subset of patients, platelet and coagulation fac-
tor depletion ensue and culminate in a bleeding diathesis with overt hemorrhage.

A HEMOSTATIC

BALANCE

I::>\

OVERT DIC
THROMBOSIS
""""""""" > PLATELET &
FACTOR
DEPLETION
HEMORRHAGE

ORGAN DYSFUNCTION
DEATH
Fig. 8. Overview of DIC. A primary disease process perturbs regulation of hemostasis, result-
ing in systemic thrombin generation and formation of fibrin thrombi throughout the micro-
vasculature. Thrombosis impairs organ function and may cause or contribute to mortality. In
a subset of patients, hemorrhage develops secondary to depletion of platelets and coagu-
lation factors.
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The diagnosis of DIC is based on the presence of an initiating disease and a com-
bination of clinical and laboratory abnormalities.?®’° Hemorrhage is often subclinical,
or absent in equine DIC, whereas hypercoagulability is common.”" The classic labo-
ratory features of DIC include low platelet count, prolonged APTT or PT, low fibrinogen
concentration, low AT activity, and high FDP or D-dimer concentrations; however, a
study of horses at necropsy revealed poor agreement between antemortem clotting
profiles and histologic evidence of tissue fibrin deposition and DIC. These findings
indicate that clinicians cannot rely solely on laboratory assays for the diagnosis of
DIC.” Correction of the underlying disease process and targeted therapies based
on clinical signs is the basis for successful management of DIC in horses. Anticoagu-
lant therapy has not proven efficacious in human trials, but may be helpful for horses in
the prothrombotic phases of DIC.”® Blood and/or plasma transfusion is indicated for
patients with severe thrombocytopenia or severe factor deficiencies and subsequent
bleeding diathesis.
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