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Abstract: Equine practitioners require a basic knowledge of the coagulation cascade to effectively
diagnose and treat many primary diseases. With this knowledge, practitioners can administer adjunctive medications to horses to promote an anti- or procoagulant state. Among the anticoagulants,
heparin has received the greatest attention in equine medicine. However, other anticoagulants, such
as aspirin and warfarin, have also been used in horses. Alternatively, medications such as tissue
plasminogen activator and urokinase have been administered to foals with thromboembolism. In
addition, medications such as aminocaproic acid and formalin have been administered to horses
to promote hemostasis. While the benefits of many of the medications used for these purposes
in horses remain unsubstantiated, numerous case reports and reviews have recommended these
therapeutic options in horses. Thus, appropriately administered medications that modify the coagulation cascade may be beneficial prophylactic or therapeutic choices in certain instances.

C

oagulopathies are occasionally
encountered secondary to various
disease processes in equine medicine, especially in critically ill equine patients
(BOX 1). At times, coagulopathies can result in
performance-limiting (e.g., laminitis) or lifethreatening (e.g., disseminated intravascular
coagulation [DIC]) conditions. Although no
single medication is likely to eliminate these
complications, various medications are
available to modify the coagulation system
to promote or retard hemostasis in horses.
Many of the medications discussed in this
article have limited experimental evidence
to support positive clinical efficacy and use
in horses. However, these medications have
been used in an attempt to treat various disease processes in multiple anecdotal reports.
This article summarizes the mechanism of
action and potential applications of some of
the more commonly used anti- and procoagulant medications in horses.
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Anticoagulants
Among the anticoagulants, heparin has been
used most widely in equine medicine in an
attempt to prevent or control the progression
of many diseases, such as postceliotomy intestinal adhesion formation, DIC, acute laminitis,
and vessel thrombosis.

Unfractionated Heparin
Unfractionated heparin (UFH) is a heterogenous mixture of glycosaminoglycan chains that
vary in molecular weight from 3000 to 40,000
daltons.1,2 The mechanism of action of heparin includes its ability to bind to antithrombin,
resulting in a conformational change of the
reactive center of antithrombin and acceleration
of the interaction between antithrombin and
activated factor X (Xa) or thrombin by approximately 1000 times.1 Subsequently, inactivation
of factor Xa and thrombin occurs, inactivating
various stages of the coagulation cascade. The
interaction between heparin and antithrombin
is mediated by a pentasaccharide sequence in
the heparin chain.1 To inhibit thrombin, the
heparin chain must be long enough (at least 18
saccharide units) to bind and form a complex
with antithrombin and thrombin (Figure 1).1,2
Heparin also inactivates factors IX, XI, and XII
and stimulates plasminogen activator activity.
After inactivation of factor Xa and thrombin,
Box 1.

Clinical Signs of Coagulopathy
When performing venipuncture or inspecting
indwelling intravenous catheters, clinicians
or technicians should examine the patient for
the following clinical signs of coagulopathy:
Hematoma formation
Prolonged or excessive bleeding at venipuncture site
Thrombophlebitis
Petechial or ecchymotic hemorrhage of
mucous membranes (oral, vulvar)
Epistaxis
Thrombosis of veins or arteries (digital,
brachial, aortoiliac)
Hemarthrosis
Intracavitary bleeding (abdominal or
thoracic cavity)
Soft tissue bruising
Melena

heparin dissociates from the complex and is
again biologically available.2,3
Endogenous heparin is produced by mast
cells in most mammalian tissues, with the
highest concentrations produced in the lungs,
liver, and intestine.2 In addition, heparan sulfate is located on endothelial cell surfaces and
promotes activation of antithrombin.
UFH is highly bound to plasma proteins,
macrophages, and endothelial cells, which act
as storage pools. When these pools become
saturated, free heparin is available in plasma.2,3
Because of these pharmacokinetic variables,
individual and dose-related variations in efficacy may occur with the use of UFH.
Adverse effects of UFH administration in
horses include thrombocytopenia and heparininduced agglutination of erythrocytes.2 Less frequent complications reported in horses include
hemorrhage and pain at injection sites. 2,4
Protamine sulfate is a heparin antagonist and
has been used in people (1 mg of protamine sulfate per 100 to 150 IU of heparin) to ameliorate
untoward effects of heparin therapy.2,5 Protamine
competes with antithrombin for binding to heparin; because protamine has a stronger affinity for
heparin, antithrombin is dissociated from the
heparin–antithrombin complex, which reverses
the anticoagulant function of heparin.5 Protamine
has additional effects, such as inhibition of factor VII activation of the extrinsic pathway, but
its use should be judicious because profound
hypotension, vasodilation, reflex tachycardia,
and idiosyncratic fatal reactions have been
reported in people.2,5,6
Heparin therapy has been used to treat
various disease processes in equine medicine, but its true efficacy in clinical situations
is unknown. Heparin has been administered
intraperitoneally and systemically to prevent
intestinal adhesion formation in horses—a
complication that may increase morbidity and
mortality after abdominal surgery.7 Adhesion
formation results from an imbalance between
fibrin deposition and fibrinolysis.7 The normal response to intraabdominal injury and
inflammation involves the production of serofibrinous exudate by peritoneal mesothelium,
deposition of a fibrin matrix, and release of
tissue factor, thereby activating the extrinsic pathway of coagulation.7–9 Cross-linked
fibrin forms fibrinous adhesions; fibroblasts
and endothelial cells subsequently infiltrate

CriticalPo nt
Heparin therapy has
been used to treat
various disease
processes in equine
medicine, but its
true efficacy in
clinical situations
is unknown.
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FIGURE 1

The pentasaccharide sequences of unfractionated heparin
(upper image) and low-molecular-weight heparin (LMWH;
lower image) bind to antithrombin, resulting in a conformational change in the reactive center of antithrombin. This
conformational change accelerates the interaction of antithrombin with,
and the inactivation of, factor Xa. In contrast, accelerated inactivation of
thrombin by antithrombin requires the formation of a ternary heparin–
antithrombin–thrombin complex, which can be formed only by chains
that have at least 18 saccharide units. This explains the limited inhibitory
activity of LMWH against thrombin compared with that of unfractionated
heparin. (Adapted with permission.1)
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these adhesions, forming granulation tissue in
response to the original mesothelial defect.8
Under normal conditions, fibrin strands and
fibrinous adhesions are lysed via local peritoneal fibrinolytic activity before fibrous maturation occurs.7–9 More specifically, peritoneal
mesothelial cells release tissue plasminogen
activator (TPA), which subsequently activates
plasminogen to plasmin, a natural fibrinolytic.10
Intestinal ischemia, inflammation, distention,
and trauma may suppress normal peritoneal
fibrinolytic activity, thus predisposing a horse
to adhesion formation following intestinal
injury (colic) and abdominal surgery.7
Heparin therapy may facilitate decreased
thrombin formation and the conversion of
fibrin to fibrinogen, thereby decreasing fibrous
adhesion formation. In addition, stimulation of
TPA activity by heparin may enhance fibrinolysis.7 Positive results of heparin therapy have
been experimentally demonstrated in an ischemia–reperfusion model in ponies, but clinical studies have produced mixed results.9,11 In
the experimental ischemic bowel model, three
of four control ponies developed multiple
intestinal adhesions in response to ischemia,
whereas only one of four heparin-treated (40
U/kg IV once at surgery, then 40 U/kg SC q12h
for 48 hr) ponies developed a single adhesion.
The results of this study have been used to
suggest the use of low-dose heparin to prevent intestinal adhesions.9 In another study
involving 33 horses that underwent exploratory celiotomy, no significant differences
were detected between the control group and
heparin-treated (66 U/kg SC q12h for 72 hr)
group regarding complications (fever, ileus,
jugular vein phlebitis, acute laminitis) or survival rates.11 Because of the variety of intestinal
lesions reported, the cases selected may have
had insufficient intestinal injury or peritoneal
inflammation to benefit from heparin therapy.
Therefore, the study was unable to evaluate the
effect of heparin administration on intestinal
adhesion formation. A more recent investigation in foals demonstrated intestinal adhesion
formation in three of four foals treated with
heparin (80 U/kg SC q12h for 72 hr), while
adhesions were not observed in foals treated
with dimethyl sulfoxide or the combination
of flunixin meglumine and antimicrobials.
These results suggest that heparin provides
no benefit in preventing intestinal adhesions
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also contributes to DIC and delayed
fibrinolysis.13 Decreased plasma
Heparin has been administered
antithrombin, a major anticoaguin an attempt to reduce multiple
lant, is observed in people13 and
horses14 during DIC, resulting from
complications in horses, including
impaired synthesis of antithrombin and degradation by elastase
intestinal adhesions, disseminated
released from activated neutrophils.
intravascular coagulation, laminitis,
Simultaneously, spontaneous hemorrhage may occur, resulting from
and thrombophlebitis. The use
the consumption and depletion of
of low-molecular-weight heparin
platelets and coagulation proteins.
DIC has been well documented in
may be associated with fewer
horses; the most common initiators
are acute GI disease, such as stranguadverse affects than the use
lating intestinal obstruction, enteritis,
of unfractionated heparin.
colitis, and bacterial septicemia.14–16
Endotoxemia is a common underlying pathophysiologic trigger of the
in foals.12 Heparin (30,000 to 50,000 U) has inflammatory and coagulation cascade in both
also been added to 10 L of lavage fluid and instances.17,18 Addressing the primary disorder
administered intraabdominally after celiotomy is crucial to treating DIC. Because obstruction
to prevent intestinal adhesion formation, but of the microvasculature by microthrombi may
the true efficacy of heparin in this situation is result in organ (e.g., GI, renal) dysfunction or
failure, the use of heparin has been suggested
unknown.10
Heparin therapy may also be warranted as a preventive therapy to decrease the incifor treating DIC. A brief review of the patho- dence of thrombus formation. Controversial
genesis of DIC follows; more information is in human and veterinary medicine, the ratioavailable elsewhere.13 DIC can be described nale for heparin therapy for DIC is based on
as widespread activation of the coagulation inactivation of thrombin and factors Xa and
system, resulting in a procoagulant state with XIa, which may prevent further conversion
systemic thromboses and secondar y dif- of fibrinogen to fibrin, thus reducing microfuse hemorrhage throughout the body. DIC thrombus formation.19
To date, controlled prospective studies that
is not a primary disease but is secondary to
pathologic conditions such as sepsis, local- demonstrate efficacy of heparin in treating
ized infections, acute gastrointestinal (GI) DIC in horses are lacking. In one study involvdisease (colic), colitis, neoplasia, trauma, ing 23 horses with colic and DIC, a greater
hemolysis, hepatic or renal failure, vasculi- proportion of survivors (seven of eight) were
tis, and endotoxemia in horses.14,15 While DIC administered heparin (40 to 90 U/kg SC q8h)
is not always associated with these disease compared with horses that died (nine of 15),
processes, in certain situations, the primary but this finding was not statistically signifidisease causes inappropriate overactivation cant.14 Heparin therapy used in conjunction
of the coagulation cascade with subsequent with plasma therapy has been suggested if
production of fibrin and, ultimately, throm- antithrombin activity is progressively decreasbotic occlusion of small and midsize vessels.13 ing or is less than 60% of normal values.14,20
Thrombosis causes varying degrees of organ The addition of 400 U of heparin per liter of
dysfunction or failure. Clinical manifestations fresh-frozen plasma may activate antithrombin
of DIC in an individual horse depend, in part, and inhibit coagulation protein activation when
on the nature, intensity, and duration of the administered to horses in a hypercoagulable
initial stimulus and concentration of endog- state.20 However, studies in septic people have
enous anticoagulants.14,15 Concurrent suppres- found that antithrombin therapy improved sursion of anticoagulants such as antithrombin, vival, whereas the combination of antithromprotein C, and tissue factor–pathway inhibitor bin and heparin had no benefit in terms of

CriticalPo nt
Decreased plasma
antithrombin, a
major anticoagulant, is observed in
people and horses
during DIC, resulting
from impaired synthesis of antithrombin and degradation
by elastase released
from activated neutrophils. Addressing
the primary disorder is crucial to
treating DIC.
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CriticalPo nt
The use of lowmolecular-weight
heparin has gained
popularity in human
and veterinary
medicine because
the drug has better
bioavailability, a
longer plasma halflife, a more predictable response, and
decreased adverse
effects compared
with unfractionated
heparin.
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survival.21 Furthermore, heparin may partially
interfere with some of the antiinflammatory
effects of antithrombin.22 Additional studies
in horses and people are needed before the
effects of concomitant administration of heparin and antithrombin are fully understood.
Laminitis is another serious and debilitating
disease with multiple causes and severities.
Although the pathogenesis of equine laminitis
is incompletely understood, coagulopathy and
occlusion of digital vessels by microthrombi
may play a role in the development of some
cases of acute laminitis.17,23 As noted above,
conditions such as enterocolitis, colic, DIC,
and other disorders involving endotoxemia
may increase the incidence of thromboembolism in horses.17 Thus, heparin has been
used in efforts to prevent the development
of thrombus formation and decrease the incidence of laminitis in certain clinical settings.
An early study demonstrated a decreased incidence of lameness and rotation of the third
phalanx in horses with carbohydrate-induced
laminitis that were treated with heparin.24
However, in another retrospective study of
71 horses that required abdominal surgery
for small intestinal disorders, no difference
in the incidence of laminitis was detected
between untreated horses and horses treated
with heparin.25 However, a further retrospective study demonstrated a decreased incidence
of laminitis associated with proximal enteritis
in horses treated with heparin (0% [none of
12] developed laminitis) compared with horses
that were not treated with heparin (29.8% [31
of 104] developed laminitis).26 Differences in
disease processes, heparin dose, and timing of administration; concurrently administered medications; and small sample size may
explain some of the differences noted between
these studies.
Phlebitis or thrombophlebitis can occur secondary to neonatal septicemia or as a sequela
of severe GI, pulmonary, or systemic disease
in horses.27,28 Systemic coagulopathies, injury
to the vessel wall (e.g., an indwelling intravenous catheter, repeated venipuncture), type of
catheter material, type(s) of intravenous medications administered, and blood stasis may
predispose horses to thrombophlebitis. 27,29
Prompt removal of intravenous catheters,
avoidance of venipuncture, hydrotherapy, and
topical antiinflammatory salves (e.g., dimethyl

sulfoxide gel; 1% diclofenac sodium [SURPASS,
IDEXX Laboratories]) frequently halt the progression of thrombophlebitis, particularly
when instituted at the onset of clinical signs
of blood vessel irritation and inflammation
(palpable thickening of the vein, pain, swelling, exudation, increased resistance to catheter flow).29 The clinician can also consider
the use of anticoagulants, such as heparin, in
equine patients in a hypercoagulable state.
Heparin is ineffective at dissolving existing
thrombi but may prevent thrombophlebitis
or further extension of existing thrombi.17,29
Although low-dose heparinized saline (10 U/
mL of saline) is routinely used to flush catheters, clinicians may consider using systemic
doses of heparin (20 to 40 U/kg SC q12h) to
help prevent or treat thrombophlebitis.17
Thrombosis of central and peripheral vessels is a possible complication of sepsis in foals
and severe infectious diseases in adult horses
and warrants a guarded to poor prognosis.27,30
Thrombosis of the bowel wall subsequent to
severe infectious colitis and pulmonary thromboembolism as a sequela of necrotizing pneumonia have also been reported in horses.27,31
Thrombolytic agents have been used in a foal
with vessel thrombosis.32 Aggressive treatment
of the primary disease coupled with prophylactic administration of anticoagulants such
as aspirin or heparin may help prevent vessel thrombosis, but prospective clinical trials
are needed. Heparin therapy has been used
in septic humans and a foal and may decrease
the incidence of thromboembolic disease in
humans.32,33 In addition, adult horses with low
antithrombin activity may be administered
heparin (40 U/kg) preincubated with fresh-frozen plasma to provide anticoagulant proteins,
and this treatment has been suggested to help
prevent GI thrombosis secondary to systemic
coagulopathies.27

Low-Molecular-Weight Heparin
The use of low-molecular-weight heparin
(LMWH) has gained popularity in human and
veterinary medicine because the drug has
better bioavailability, a longer plasma half-life,
a more predictable response, and decreased
adverse effects compared with UFH.4,34 LMWH
has the ability to bind with antithrombin and
inhibit factor Xa, but because of the small
molecular size of the drug, fewer than half
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of LMWHs have molehorses administered hirucules that are of sufficient
din.36 For prophylaxis and
Limited information
treatment of thrombotic
length to bind to both antion the use of
disease in horses, doses
thrombin and thrombin;
of 0.5 and 1 mg/kg SC
therefore, these LMWHs
thrombolytic
q12h, respectively, of hiruhave lower activity against
din were recommended.36
thrombin (Figure 1).1
medications (e.g.,
LMWH has been invesHowever, the use of hirutissue
plasminogen
tigated in horses at a dose
din in clinical cases needs
of 50 U/kg SC q24h and
further investigation.
activator) is available
has demonstrated adequate
in horses. However,
Aspirin
therapeutic/prophylactic
The NSAID aspirin has
plasma concentrations after
thrombosis of major
been used for its antipyretic,
the first administration.4 In
addition, no agglutination
analgesic, antiinflammavessels in foals has
of erythrocytes and no sigtory, and antithrombotic
been
associated
nificant change in packed
properties for many years.
cell volume, hemoglobin
Aspirin inhibits the enzyme
with a poor outcome.
concentration, or platelet
cyclooxygenase, thereby
counts occurred in the
reducing the production of
LMWH group compared
prostaglandins and thromwith the UFH group.4 One study that compared boxanes. Platelets are responsible for primary
the use of UFH versus LMWH in horses with hemostasis by interacting with subendothelial
colic demonstrated a decreased incidence of collagen, releasing various mediators, and formjugular vein changes (partial thrombosis or ing a platelet plug. Thromboxane A2, a significant
thickening of the wall of the jugular vein) in product of platelet activation, stimulates vasohorses administered LMWH (four of 16 [25%]) constriction and aggregation of platelets, concompared with those administered UFH (eight tributing to platelet plug formation. Inhibition of
of 13 [61.5%]) after surgery.34 Another equine platelet-derived thromboxane, therefore, thwarts
study investigated the pharmacokinetic prop- these responses and potentially decreases the
erties of two LMWH preparations (dalteparin propensity for thrombus formation. While most
and enoxaparin) and suggested doses of 50 U/ cells can synthesize cyclooxygenase de novo,
kg SC q24h of dalteparin or 40 U/kg SC q24h platelets cannot, once they are inhibited by aspiof enoxaparin as a prophylactic anticoagulant rin. Therefore, aspirin inhibits platelet aggregatreatment.35 Higher doses (100 U/kg SC q24h of tion for the life of the platelet (3 to 5 days in
dalteparin or 80 U/kg SC q24h of enoxaparin) horses), and establishment of normal platelet
were suggested for treating horses considered function requires production of new platelets.
to be at high risk for developing thrombotic
Aspirin is used infrequently for analgesia
disease.35 Furthermore, a clinical study that in horses because of its relatively short halfused 50 U/kg SC q24h of dalteparin in horses life and lower potency compared with other
being treated medically or surgically for colic NSAIDs, such as flunixin meglumine and
demonstrated fewer adverse effects compared phenylbutazone. However, the antithrombotic
with the use of UFH.34
effects of aspirin are prolonged; thus intermitA recent study has investigated the use of tent administration of low-dose aspirin (5 to 30
another anticoagulant medication, recombinant mg/kg PO q24–48h) may help prevent thromhirudin, in healthy horses.36 In people, hirudin bus formation related to DIC, endotoxemia,
is primarily used to prevent or treat arterial or and thromboembolic diseases such as acute
venous thrombosis. Hirudin directly and irre- laminitis and vascular occlusion.3,18,37 While
versibly inhibits free and fibrin-bound thrombin, human studies have suggested that aspirin
independent of antithrombin activity. No adverse is beneficial for preventing thromboembolicreactions or significant changes were noted in related disorders, there is a lack of evidence
general behavior, bleeding tendency, or hema- demonstrating the efficacy of aspirin as a protologic or biochemical parameters in healthy phylactic medication in equine patients pre-

CriticalPo nt
Thromboxane A2, a
significant product
of platelet activation,
stimulates vasoconstriction and aggregation of platelets,
contributing to platelet plug formation.
Inhibition of plateletderived thromboxane,
therefore, thwarts
these responses and
potentially decreases
the propensity for
thrombus formation.
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disposed to thrombus formation.38 One equine
study suggested that thromboxane A 2 plays a
minor role in aggregation of equine platelets
and that aspirin is not an effective antithrombotic medication in horses compared with
other species.3,27,39 Controlled equine studies
investigating the role of aspirin as an antithrombotic medication in clinical situations
are needed.

CriticalPo nt
Fibrinolytic medications, such as TPA,
urokinase, and
streptokinase, dissolve thrombi by
promoting the conversion of plasminogen to plasmin.

FIGURE 2

Warfarin
Warfarin is a coumarin-derivative anticoagulant that has been used to prevent or treat
laminitis, thrombophlebitis, and navicular syndrome in horses.3,40,41 As with other coumarins,
the anticoagulant effects of warfarin are indirect via interference with the action of vitamin
K1 in the hepatic synthesis of coagulation factors II, VII, IX, and X. Initial study of warfarin therapy in horses with navicular syndrome
proved favorable: 17 of 20 horses became
sound after warfarin therapy.41 A starting dose
of 0.018 mg/kg PO q24h was increased by 20%
until a 2- to 4-second increase in one-stage
prothrombin time was achieved.41 However,

Fibrinolytic Medications
The fibrinolytic system dissolves intravascular clots via the enzyme plasmin, which digests
fibrin and fibrinogen. Plasminogen is the inactive precursor of plasmin, and conversion to the
active form results from the interaction of fibrinbound plasminogen with TPA (Figure 2).
Fibrinolytic medications, such as TPA, urokinase, and streptokinase, dissolve thrombi by
promoting the conversion of plasminogen to
plasmin. Under normal circumstances, circulating TPA has minimal effect on circulating plasminogen because it is either rapidly
cleared from the blood or inhibited by the
circulating inhibitors plasminogen activator
inhibitor-1 and -2. A distinct disadvantage of
thrombolytic medication administration is that

Mechanism of activation and inhibition of plasminogen.

A Normal fibrinolysis occurs by binding of plasminogen
to fibrin and subsequent activation to plasmin via the
interaction with plasminogen activator. Plasmin bound to
fibrin results in degradation of fibrin into fibrin degradation
products.
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with the advent of newer therapies for navicular syndrome, the adverse effects of warfarin
therapy (hemorrhage, hematoma formation,
hemarthrosis), and the need for close monitoring of therapy (one-stage prothrombin time),
warfarin has been relegated to infrequent use
in equine practice.40,41

B Antifibrinolytic medications such as aminocaproic acid
and tranexamic acid bind to the site where plasminogen
binds to fibrin, thereby preventing activation of plasminogen
on the surface of fibrin. Fibrinolysis is therefore blocked.
(Adapted with permission.48)
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natural inhibitors of plasminogen activators Procoagulant Medications
may become overwhelmed, resulting in gen- in Treating Severe Hemorrhage
Severe acute hemorrhage from conditions such
eralized fibrinolysis and hemorrhage.
As noted above, vessel thrombosis can occur as trauma, uterine artery rupture, hemothorax,
during sepsis in neonates as a result of bacteria or hemoperitoneum, and guttural pouch mycoendotoxin altering or activating the coagulation sis occurs occasionally in equine medicine.
cascade. In addition, neonatal foals have a lower Adjunctive medications such as formalin,
protein C concentration and decreased activities aminocaproic acid, tranexamic acid, and conof antithrombin and plasminogen during the jugated estrogens have been used to facilitate
first month of life, which may contribute hemostasis. While these drugs may help proto the increased incidence of
coagulopathies such as vessel
thrombosis in septic foals.15,42,43
Procoagulant medications (e.g., formalin,
Clinical signs of vessel thrombosis
aminocaproic and tranexamic acid,
include lameness, cool extremities and tissue edema distal to
conjugated estrogens) may facilitate
thrombosis, a lack of a palpable
hemostasis in hemorrhaging horses.
arterial pulse, and sloughing or
separation of the skin or hooves.
Thrombolytic agents can be
administered systemically or regionally (catheter mote hemostasis, clinicians should not ignore
directed); the latter results in better clot resolu- obvious and potentially lifesaving therapies,
tion in people with peripheral artery thrombi as such as blood transfusions, fluid therapy
a result of more direct and localized effects.44
with crystalloids and/or colloids, and direct
The published use of thrombolytic medica- mechanical pressure to control hemorrhage.
tions is limited in equine medicine. One report
One proposed mechanism by which formadetailed the use of a constant-rate infusion of lin enhances primary hemostasis is through
urokinase (4000 U/min for 60 minutes) into the enhanced endothelial or platelet activation.48
right hindlimb of a 6-day-old Quarter horse Ten to 150 mL of 10% buffered formalin diluted
filly with thromboembolism of the hindlimbs. in 1 L of isotonic fluid has been suggested to
Angiography did not show reperfusion of the control hemorrhage in horses.48–50 However,
right hindlimb, and the foal was subsequently adverse effects such as muscle tremors, tachyeuthanized.45 In another instance, TPA was cardia, tachypnea, serous ocular and nasal
administered (2 mg IV) in an attempt to dissolve discharge, agitation, and restlessness have
an aortoiliac thrombus in a 5-day-old Quarter been observed with doses greater than 4000
horse filly. The foal was subsequently euthanized mg of formalin (>40 mL of 10% formalin) in
due to deterioration of its condition and the lack experimental studies.50 These signs abated after
of reperfusion of the hindlimbs.43 Streptokinase discontinuation of administration. Although
does not activate equine plasminogen, thus limit- anecdotal reports have suggested positive
ing its use in horses.29
results with the use of formalin, one study
Based on a review of case reports involv- found no difference in coagulation profiles
ing vascular thrombosis, a poor prognosis is between healthy horses administered IV forwarranted once arterial thrombosis occurs, as malin and the control group.49,50 It was sugno resolution of vessel thrombosis has been gested that the vasoconstrictive response to
documented and all horses died or were eutha- hypovolemia along with cytokines and inflamnized.30,32,43,45–47 Poor resolution of thromboembo- matory mediators present in hemorrhaging
lic disease in horses may be due to the delayed horses may enhance the effects of formalin
recognition and treatment of thrombosis, inap- administration. This may explain the lack of
propriate dosing and frequency of thrombolytic response in healthy horses.50
Aminocaproic acid and tranexamic acid
medications, inappropriate delivery methods,
and a lack of adjunctive therapies, such as inter- are synthetic derivatives of lysine that inhibit
ventional (mechanical thrombectomy) and surgi- fibrinolysis primarily by binding and inhibiting plasminogen activation and, to a lesser
cal procedures.

CriticalPo nt
While numerous
medications have
been used as anticoagulants or antifibrinolytics in horses
in various clinical
situations, the efficacy of these efforts
is largely undefined.
Despite this, theoretical benefits of
these medications
may justify their
use until controlled
studies can be
completed.
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table 1

Suggested Medications and Doses for Modifying the Coagulation Cascade in Equine Patients

Medication

Uses/Indications

Suggested Dose

Reference

UFH

Prevention of abdominal adhesions

20–120 U/kg q6–24h systemic or
15,000–50,000 U intraperitoneal

Southwood and Baxter7

40 U/kg IV during surgery, SC immediately after
surgery, then q12h for 48 hr after surgery

Parker et al9

80 U/kg SC q12h for 72 hr (foals)

Sullins et al12

66 U/kg SC q12h for 72 hr

Young et al11

30,000–50,000 U in 10 L lavage fluid,
intraperitoneal

Eggleston and Mueller10

Prevention or treatment of DIC

40–90 U/kg SC q8h

Welch et al14

Prevention or treatment of hypercoagulable
disease or DIC

400 U/L IV of equine plasma

Darien20

Prevention of laminitis associated with
proximal enteritis

40–110 U/kg q8–12h systemic

Cohen et al26

Prevention of thrombophlebitis or further
extension of existing thrombi

20–40 U/kg SC q12h

Morris17

Prevention of organ thrombosis
(secondary to severe infectious colitis)

40 U/kg preincubated with equine plasma, IV

Divers27

Prophylactic anticoagulant therapy

Dalteparin: 50 U/kg SC q24h

Feige et al34

Enoxaparin: 40 U/kg SC q24h

Schwarzwald et al35

Prophylactic therapy in patients at high risk
of thrombotic disease

Dalteparin: 100 U/kg SC q24h
Enoxaparin: 80 U/kg SC q24h

Schwarzwald et al35

Hirudin

Prophylaxis and treatment of thrombotic
disease

0.5–1 mg/kg SC q12h

Feige et al36

Aspirin

Prevention or treatment of DIC

15–100 mg/kg PO q8–12h or
30 mg/kg PO q24–48h

Dallap18

20 mg/kg per rectum

Broome et ala

17 mg/kg PO q24–48h

Morris17

5–10 mg/kg PO q24–48h

Brumbaugh et al3

20 mg/kg PO every 4–5 days

Brumbaugh et al3

Prevention or treatment of laminitis

0.0198 mg/kg PO q24h
Monitor one-step prothrombin time until
prolonged 2–4 sec beyond baseline

Brumbaugh et al3

Prevention or treatment of navicular
syndrome

0.018 mg/kg PO q24h
Increase dose by 20% until 2–4 sec increase in
one-step prothrombin time

Colles41

Urokinase

Thrombolysis

4000 U/min IV for 60 min

Forrest el al45

Tissue plasminogen
activator

Thrombolysis

2 mg IV

Duggan et al43

Formalin

Control of hemorrhage

10–150 mL of 10% buffered formalin diluted in 1
L of isotonic fluids, IV

Jones,49 Taylor et al50

Aminocaproic acid

Control of hemorrhage

100 mg/kg IV

Heidmann et al52

Tranexamic acid

Control of hemorrhage

5 g IV q12h
10 g PO q6h

Dechantb

Conjugated estrogens

Control of hemorrhage

3 mg/kg divided over 5 consecutive days, IV or
0.6 mg/kg IV q24h for 5 days (dose used in
people)

Livio et al56

25–50 mg IV or IM

Dechantb

LMWH

Treatment of acute laminitis
Warfarin

Broome TA, Brown MP, Gronwall RR, et al. Pharmacokinetics and plasma concentrations of acetylsalicylic acid after intravenous, rectal, and intragastric administration to horses.
Can J Vet Res 2003;67:297-302.

a

b

Personal communication, Dr. Julie Dechant, School of Veterinary Medicine, University of California, Davis (September 2006).
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CriticalPo nt
Hemorrhage from
smaller vessels
may be minimized
by the administration of aminocaproic or tranexamic
acid, particularly
when a patient is
in a hypotensive
state and/or direct
mechanical control
of bleeding can be
instituted.

degree, by enhancing α2-antiplasmin activity51,52 (Figure 2). Antifibrinolytic activity is
believed to be limited to clot maintenance
and stabilization, with no major effect on
promoting clot formation through the intrinsic or extrinsic coagulation pathways. In the
human literature, there are mixed reviews on
the efficacy of aminocaproic acid for minimizing bleeding, but beneficial effects have been
demonstrated in controlling intra- or postoperative bleeding and traumatic hyphema.53,54 No
controlled clinical studies have investigated the
efficacy of aminocaproic acid and tranexamic
acid in hemorrhaging horses. It is unlikely that
either medication alone could control blood
loss from large vessels in normotensive horses.
However, hemorrhage from smaller vessels
may be minimized by the administration of
aminocaproic or tranexamic acid, particularly
when a patient is in a hypotensive state and/
or direct mechanical control of bleeding can
be instituted.52 In one study involving healthy
horses, aminocaproic acid was administered
once at 30 or 100 mg/kg IV; the results demonstrated modest but significantly higher
α2-antiplasmin activity and lower fibrinogen
concentrations compared with baseline values
at the 100-mg/kg dose.52 Drug administration
was well tolerated, and the effects lasted up
to 5 hours after administration. These findings
were consistent with the antifibrinolytic effects
of aminocaproic acid, and the authors stated
that clinical use may benefit some horses.52
Tranexamic acid is approximately 10 times
more potent and has a longer half-life than
aminocaproic acid, but it has been used too
infrequently in horses with hemoperitoneum
to confirm its possible advantages.51,55
Bleeding is a common complication in uremic people, but the cause remains unclear.56
Conjugated estrogens have been used perioperatively and in uremic people to shorten
prolonged bleeding times and reduce or stop
bleeding, but the exact mechanism of action
is unknown. Conjugated estrogens may facilitate hemostasis by reducing capillary and
arteriolar permeability through polymerization of mucopolysaccharides in vessel walls
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and/or by possibly decreasing antithrombin
activity.57 Studies have documented shortened
bleeding times in uremic people administered conjugated estrogens, with onset of
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horses with hemoperitoneum, but the efficacy
is unknown.55

Conclusion
Many clinical situations in equine practice
warrant the use of adjunctive medications to
promote or inhibit the coagulation cascade.
While numerous medications have been used
as anticoagulants or antifibrinolytics in horses
in various clinical situations, the efficacy of
these efforts is largely undefined. Despite this,
theoretical benefits of these medications may
justify their use until controlled studies can be
completed. Table 1 provides a summary of the
drugs, dosages, and indications of the medications discussed in this article.
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CREDITS

CE Test 2

1.	The primary mechanism of action of
heparin is
a.	to block interaction of plasminogen
with TPA.
b.	inactivation of thrombin and factor Xa.
c. inactivation of factor VII.
d. suppression of antithrombin.
2.	A common adverse effect of heparin
administration in horses is
a. leukopenia.
b. leukocytosis.
c. hypofibrinogenemia.
d. anemia.
3.	LMWH combines with antithrombin;
together, the complex has the greatest
affinity to bind to
a. factor VIa.
b. thrombin.
c. factor Xa.
d. factor XII.
4.	The anticoagulant activity of hirudin
results from direct inhibition of
a. factor X.
b. plasminogen.
c. antithrombin.
d. thrombin.
5. Aspirin
a.	inhibits cyclooxygenase and
lipoxygenase.
b.	has profound analgesic properties at
low doses.
c. inhibits platelet aggregation.
d. has a long half-life in horses.
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6.	Which coagulation factor is not blocked
by the actions of warfarin?
a. VI
b. VII
c. IX
d. X
7.	Fibrinolytic medications such as urokinase promote clot resolution by facilitating conversion of
a. prothrombin to thrombin.
b. fibrinogen to fibrin.
c. plasminogen to plasmin.
d. antithrombin to thrombin.
8.	Which adverse effect is not associated
with the administration of formalin?
a. tachycardia
b. serous ocular and nasal discharge
c. muscle tremors
d. petechiae
9.	Aminocaproic acid and tranexamic acid
inhibit fibrinolysis by
a. inhibiting plasminogen activation.
b. inhibiting α2-antiplasmin activity.
c. promoting plasminogen activation.
d. promoting thrombin formation.
10. The procoagulant activity of conjugated
estrogens arises from
a. inhibition of TPA activity.
b.	blockage of fibrin from the plasminogen binding site.
c. inhibition of antithrombin activity.
d.	none of the above; the exact mechanism is unknown.
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