Arterial Thromboembolism 
· Localized arterial thrombosis is associated with abnormalities of the vascular endothelium or vascular wall and may stem from high shear flow within narrowed blood vessels

PATHOGENESIS 
· In a healthy state equilibrium between thrombus formation and thrombus dissolution exists
· Pathologic thrombosis can result from any combination of impaired to overwhelmed antithrombotic mechanisms, increased function of prothrombotic mechanisms or impaired fibrinolysis
· Development of pathologic thrombosis linked to Virchow’s triad: endothelial injury, blood stasis, and the presence of hypercoagulable state
· Early pathologic thrombus composition is classified as platelet rich but progressively becomes more fibrin rich as the thrombus continues to grow

CLINICAL SIGNS
· Type and severity of clinical signs related to localization and completeness of arterial obstruction
· Infarction caused by obstruction of the distal aortic bifurcation (saddle thromboembolus) accounts for the majority of ATE cases in dogs and cats 
· Loss of blood flow to the pelvic limbs causing ischemic neuromyopathy
· Infarction of the subclavian artery typically the right subclavian is second most common site for ATE in cats and occasionally seen in dogs
· Clinical signs of ischemic neuromyopathy peracute and can worsen but usually remain stagnant or improve over following several days to 3 weeks

Clinical thrombotic conditions
· Immune mediated hemolytic anemia
· Pulmonary embolism (PE) in 30-80% of dogs with IMHA at necropsy
· Altered hemostatic parameters noted: fibrinogen, D dimers, fibrin degradation products, reduced AT levels. Increase in P-selectin expression suggesting increase in circulating activated platelets
· Hyperadrenocorticism
· PE in 18% of dogs with hyperadrenocorticism 
· Increases in the procoagulant factors II, V, VII, IX, X, XII and fibrinogen noted
· Protein loosing nephropathy
· Thrombotic complications in >20% of dogs with PLN
· Reduced circulating AT levels from loss through damaged glomerular tuft
· Possible correlation between hypoalbuminemia and platelet hypersensitivity
· In humans: loss of AT, increased thrombin activatable fibrinolysis inhibitor and reduced protein C activity
· Neoplasia
· Frequency of ATE in dogs and cats with neoplasia 2.5-30%
· Causes: unknown hypercoagulable state, paraneoplastic thrombocytosis tumor embolization and local tumour extension
· Cerebrovascular accidents
· <2% of all neurologic cases in dogs
· clinical associations include hypothyroidism, diabetes mellitus, hypertension and suspected but unidentified hypercoagulable states
· Cardiogenic embolism
· Most common cause of ATE in vet med
· Cardiac embolism in cats with cardiac disease 6-17%
· Survival rates with initial ATE event 33-39%
· Survival better with single limb infarction than with bilateral (68-93% vs 15-36%)
· Survival negatively impacted by hypothermia, reduced HR, absence of motor function
· MST 51-443 days with recurrence rates of 17-75% over first year (Laste and Haroster 1995, Smith 2003)
· Fat Cat trial Hogan 2013: improvement in survival with clopidigrel


CLINICAL MANAGEMENT

1. Reduce thrombus formation
a. Unfractionated heparin: binds AT and facilitates inhibition of FIIa, Xa, IXa, XIIa
· Objective studies evaluating bleeding risk with UFH therapy in dogs and cats unavailable. Clinically relevant bleeding observed in both species
· Adequate dosing of heparin in dogs variable and dosing may change over time because decrease in AT levels
· Initial cat dose: 250-375 IU/kg followed by 150-250 IU/kg q6-8 SC 
· Initial dog dose: 200-300 IU/kg followed by 200-250 IU/kg q6-8 SC
· CRI with serial measurement of PTT. Target PTT >1.5-2 x baseline value

b. Low molecular weight heparin (LMWH):
· No clear indication of clinical benefit over UFH in the acute management period
· Dalteparin and enoxaparin used 
· Dogs: 100 IU/kg q12h SC 
· Cats: 1-1.5mg/kg q12 SQ

2. Improvement of blood flow
a. Thrombolytic therapy
· Administer within 6 hours (effective therapy documented up to 18 hours after injury)
· Reperfusion injury in cats with CE: 40-70% with survival rages of 0-43%
· Consider thrombolytic therapy only in cases in which loss of arterial flow makes survival unlikely
· Tissue plasminogen activator: binds to plasminogen within thrombi, resulting in fibrin specific conversion of plasminogen to plasmin
· Given as CRI in cats or multiple boluses in dogs
· Success rate in dogs variable
· 6 cats with CE: 50% survival rate, perfusion restored within 36 hours and motor function returned within 48 hours in 100% of surviving cats
· Urokinase: considered relatively fibrin specific
· Cats: 42% survival rate (30% regained pulses, 60% regained motor function, 25% reperfusion injury)
· Dogs: mortality rate of 100% in treated dogs

b. Improvement of collateral blood flow
· [bookmark: _GoBack]Clopidigrel has been shown to reduce serotonin release from activated platelets in cats and improve collateral flow which reduced clinical signs of ischemic neuromyopathy in a cat model of aortic thromboembolism

3. Pain management



PREVENTION
· Primary prevention: preventing first event in animal at risk of ATE.
· Prophylactic antithrombotic therapy considered in cats with risk factors
· Secondary Prevention: preventing recurrent ATE event 
· No scientific bases for conclusions that any atithrombotic agent is effective
· Reported recurrence rate for cats receiving some antithrombotic drug rage from 17-75% with a 1 year recurrence rate of 25-50%


1. Antithrombotic Drugs
a. Antiplatelet agents
· Aspirin irreversibly acetylates platelet cyclooxygenase preventing formation of thromboxane A2, a potent proaggregating and vasoconstrictive molecule. Recurrent rate in aspirin treated cats range from 17-75%regardless of aspirin dose. 
· Clopidogrel: induces specific and irreversible antagonism of adenosine diphosphate P2Y12 receptor along platelet membrane and results in more platelet inhibition than aspirin. Confers a survival benefit over aspirin in cats that had previously survived cardiogenic embolus

b. Anticoagulant agents
· Warfarin – rarely used for prevention of ATE
· LMWH – anti-factor Xa activity does not correlate with thrombus inhibition in cats, so monitoring not indicated. ATE recurrence rate is similar to that in cats given warfarin (~50%) but bleeding rarely experienced.
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