Pulmonary thromboembolism - Management
R. Goggs

Therapy for patients with PTE aims to: reduce the clot burden; improve pulmonary function and hemodynamics; identify and manage the underlying disorder and provide thromboprophylaxis. Not all PTE patients are the same however and while some warrant aggressive interventions such as thrombolysis, in others these therapies do not have a favorable risk:benefit profile and a more conservative approach is appropriate. The optimal strategy for management of PTE in small animals is not known because of the scarcity of specific information in the veterinary literature. Tailored supportive treatment for PTE patients is easy to recommend and should be universal. When PTE is definitively diagnosed or the index of suspicion is sufficiently high then antithrombotic therapy is also warranted. Where PTE is definitely diagnosed and the patient is hemodynamically compromised thrombolysis should be considered. Successful treatment for acute PTE is typically followed by chronic antithrombotic therapy and should be accompanied by management of any underlying predisposing disorder.

Supportive therapy
For some patients, PTE is rapidly fatal irrespective of therapy. Normal dogs thrombi lyse rapidly though, so supportive therapy buys time for fibrinolysis to occur.1 Unfortunately, there is very little clinical data on how to manage the hemodynamic compromise associated with PTE, but a thorough understanding of the pathophysiology of RV dysfunction in PTE can aid treatment decision-making in these patients. Death in PTE is typically due to hemodynamic collapse rather than hypoxemia or hypercapnia. As discussed above, PTE causes RV pressure overload and dilation with impairment of left ventricular filling, systemic hypotension and reduced perfusion of the RV myocardium. This downward spiral can result in PTE patients decompensating rapidly - once a tipping-point is reached, ongoing deterioration occurs unless we intervene.

Typically, our first-line approach to hypotension or shock in the critically ill is fluid administration. The obstructive and cardiogenic shock that results from PTE is not likely to be volume responsive however and fluid administration in this setting may be harmful. A small increase in CVP may improve RV filling and augment CO, but RV and hence RA pressures are likely to be elevated in PTE. Further increases in CVP will over-distend the RV, compress the LV during diastole and hence reduce LV stroke volume and hence CO. The evidence regarding fluid administration in PTE is very limited, but suggests that people with acute PTE and severe RV dilation derive little benefit from volume loading and some may actually improve following diuresis. This suggests that routine fluid administration in these patients should be avoided. If history, physical examination and additional diagnostic evaluation suggest the presence of both hypovolemia and PTE then judicious administration of small fluid boluses (5-7mL/kg) to effect may be appropriate; however this situation is uncommon. Echocardiography to determine RV filling may help guide fluid administration.2

Hypotension in PTE compromises perfusion of organs like the brain and kidneys. Arguably more importantly however, systemic hypotension in the setting of PTE causes hypoperfusion of the RV myocardium. This occurs because RV coronary perfusion pressure depends upon the gradient between aortic diastolic pressure and RV pressure. When RV pressure is high and LV pressure is low there will be compromise of the RV coronary perfusion. Hypotension in the PTE patient should be identified early and addressed proactively with vasopressors. In this setting, the vasopressor of choice is norepinephrine.3 Norepinephrine causes some venoconstriction thereby increasing preload and increases afterload and thereby acts to increase mean arterial pressure. Epinephrine is an acceptable alternative because it has stronger inotropic activity and causes pulmonary vasodilation due to beta-2 agonist activity.4 However epinephrine will cause non-hypoxemic increases in blood lactate that may compromise the use of this biomarker for perfusion assessment. Most PTE patients will not have a central venous catheter at the time of their initial resuscitation and a well-placed, well-secured peripheral IV line is adequate for initial vasopressor administration.

In PTE, much of the increase in PVR is secondary to pulmonary vasoconstriction resulting from the action of vasoactive mediators (thromboxane and serotonin) rather than mechanical obstruction.5 This represents a potential therapeutic target to reduce PVR and improve hemodynamics. In people, inhaled nitric oxide (NO) is becoming the drug of choice for reducing PVR in patients with PTE.6 Its use clinically in small animals has not yet been described. Inhaled NO causes pulmonary vasodilation and also improves oxygenation due to facilitation of ventilation-perfusion matching. The effects of inhaled NO are local; the drug is short acting and doesn’t cause systemic vasodilation. The major drawback of NO is the cost, which may be $110-150 per hour. Currently this modality is not available in veterinary medicine, but may be in the future. A potential alternative is epoprostenol (prostacyclin) that can be delivered intravenously or by inhalation. Epoprostenol costs $8-10 per hour and may be a safer drug than NO, but the efficacy of epoprostenol is uncertain. Epoprostenol may reduce vascular leakage in canine models of lung microembolization.7 In pulmonary hypertension induced by hypoxic pulmonary vasoconstriction both inhaled prostacyclin and inhaled NO reduced RV afterload. This decreased RV oxygen demand, with only minor changes in CO, suggesting improved efficiency of RV contraction. Overall, prostacyclin was less effective than NO but the authors concluded that both drugs may prove helpful in the treatment of acute pulmonary hypertension.8,9 In an experimental model of canine PTE, inhaled NO elicited modest pulmonary vasodilation and improved gas exchange, while inhaled prostacyclin did not exert a significant vasodilatory effect on pulmonary vessels or improve pulmonary gas exchange.10 Theophylline may be beneficial as a bronchodilator and as pulmonary vasodilator. Theophylline may also improve diaphragmatic contractility and reduce respiratory muscle fatigue. In dogs, sildenafil has beneficial effects in pulmonary hypertension,11 and in canine PTE models it reduces MPAP through selective pulmonary arterial vasodilation.12 In people sildenafil has beneficial effects in both acute PTE and in the treatment of chronic PTE induced pulmonary hypertension.2,13 Although sildenafil has not been reported in small animal PTE to date, it should be considered if pulmonary hypertension is documented echocardiographically. Potential side effects include vomiting and systemic hypotension, and co-administration with heparin may increase the risk of hemorrhage.

All dyspneic patients should receive oxygen therapy. Oxygen therapy has two benefits in these patients – it improves oxygenation in patients with V/Q mismatch and it is a pulmonary vasodilator through combating hypoxic pulmonary vasoconstriction. Theoretically, oxygen therapy may therefore reduce PVR. If the patient’s hypoxemia is severe and responds poorly to oxygen therapy then intubation and positive pressure ventilation may be necessary, but the decision to intubate a patient with PTE should not be taken lightly. Most, if not all induction medications cause vasodilation, thereby increasing the risk of hypotension and as a result reduced RV perfusion. Thus, if intubation and PPV is considered then induction should be performed using cardiovascular sparing drugs such as ketamine, ketamine-propofol, etomidate or fentanyl-midazolam.

Mechanical ventilation has complicated but mostly deleterious effects on PVR. If PPV is instituted then efforts must be made to minimize its detrimental impact on PVR. As a result of the collapsible nature of the pulmonary capillaries and the distensible nature of the extra-alveolar vessels, the PVR is naturally lowest just above the functional residual capacity. This argues for low tidal volume strategies in PTE patients. This can be very challenging to achieve however, because of the conflicting demands of hypoxemia and hypercapnia versus the desire to minimize TV and PEEP to avoid further compromising RV function. If intubation and ventilation is being considered for a patient with PTE then thrombolysis is also likely to be necessary and appropriate.

Thrombolysis
Therapeutic thrombolysis is the administration of supraphysiologic doses of plasminogen activators systemically or directly at the thrombus site to accelerate plasmin generation and induce thrombus dissolution. Thrombolysis in PTE aims to reverse right heart failure, improve systemic and pulmonary hemodynamics, limit neurohumoral activation and reduce recurrence.14 Thrombolytic drugs have distinct pharmacokinetics, thrombolytic activities, and fibrin specificities.15 The t-PA products are fibrin specific, activating fibrin-bound plasminogen more rapidly and more effectively than plasminogen in circulation. At pharmacologic concentrations however a systemic lytic state can still occur and all t-PA products are associated with a risk of hemorrhage in humans.16 Alteplase has the shortest half-life of the available recombinant thrombolytics.17 Veterinary experience with thrombolytics is limited and is predominantly in the field of feline aortic thromboembolism (ATE).18,19 Alteplase has been successfully used in one dog with ATE,20 and experimentally induced canine PTE has been treated with t-PA therapy.21,22

Risk stratification of people with pulmonary embolism underpins successful treatment and is based on clinical assessment, oxygenation status, anatomic clot size, cardiac function and biomarkers. People with PTE can be classified as massive, high-risk submassive, low-risk submassive and non-massive (stable segmental). Massive PTE indicates hemodynamic instability has developed secondary to the embolism and is defined as systemic arterial hypotension associated with PTE. High-risk submassive patients have pulmonary embolism with evidence of significant cardiopulmonary dysfunction, but not hypotension. This category can be hard to define but includes patients with RV dilatation or hypokinesis; septal shift into the left ventricle; evidence of poor perfusion including tachycardia, syncope, hyperlactatemia or oliguria; evidence of cardiac damage or dilation such as increased troponin or BNP concentrations. Low-risk submassive patients have limited evidence of RV dysfunction and are not hypotensive, while non-massive PTE patients have no evidence of cardiovascular compromise.

These categories of patients should be managed differently, although there is limited consensus on the best strategy for patients with intermediate severity. In some human centers, the formation of multidisciplinary teams of clinicians has improved decision-making and care delivery for these patients.23 These teams typically include pulmonary critical care physicians, interventional radiologists, cardiologists and cardiovascular surgeons. The diversity of potential therapeutic options for humans with PTE is bewildering, although some of these therapies are currently outside of the realm of possibility in veterinary medicine. 

There is reasonable consensus on how to manage patients in the groups at the extremes of the spectrum. Anticoagulant therapy alone, typically unfractionated heparin (UFH) or low-molecular weight heparin (LMWH) is recommended for low-risk submassive patients or those with non-massive PTE. Patients with massive PTE are best treated with thrombolytics followed by anticoagulation.24 The route and dose of thrombolytic delivery may be based on bleeding risk. In patients with a history of hemorrhagic stroke, head injury, or recent surgery where the risk of thrombolysis induced bleeding is high, catheter-directed thrombolysis might be safer than systemic thrombolysis. Massive PTE patients with a low risk of bleeding should receive systemic thrombolysis since this can be administered rapidly and has a high risk:benefit ratio in this population. Once PTE is definitively identified and hemodynamic compromise exists, they must be evaluated for contraindications to thrombolysis. This is often done using a checklist in people. Absolute contraindications include the presence of CNS neoplasia, recent (within 3 weeks) cerebrovascular accident, traumatic brain injury, spinal surgery, internal bleeding, coagulopathy or severe thrombocytopenia. There are a number of relative contraindications in people such as age >75y or dementia but the applicability of these to veterinary patients is questionable. If no contraindications exist and the patient warrants intervention then thrombolysis should proceed without delay.

The principle area of debate in the literature is in regards to optimal management of patients with sub-massive PE. Several recent studies have assessed the potential benefit of tPA administration to patients with sub-massive PE. There is equipoise regarding the optimal drug and dosing strategy for these PTE however despite several large human interventional trials in this area.25-27

[bookmark: _GoBack]Since the lungs receive 100% of the CO, any tPA administered intravenously passes through the pulmonary vasculature. On this basis, the pulmonary vasculature may be more sensitive to thrombolysis. Sharifi and colleagues therefore hypothesized that a lower dosage of tPA might be useable for PE. The resulting MOPETT study compared 50mg of alteplase to placebo for treatment of sub-massive PTE; both groups received enoxaparin or UFH.25 Patients receiving 50mg alteplase had a reduced length of hospital stay and a significantly greater decrease in pulmonary artery pressure compared to placebo at 28 months. No mortality benefit was noted, but the alteplase was safe, with no increase in major bleeding or stroke noted. 

The TOPCOAT trial aimed to determine if in patients with submassive PE, tenecteplase in addition to enoxaparin improved a composite measure of patient outcomes compared to enoxaparin alone. Patients treated with tenecteplase had a significant reduction in a composite adverse outcome measure and an improvement in self-assessed overall health score. Although the trial was positive, it was stopped early and was therefore underpowered to identify a mortality benefit and the composite outcome measure prevented identification of the source of the benefit. Overall this study suggested that tPA is safe but of limited efficacy.

A subsequent trial, the PLEITHO study examined thrombolysis in patients with intermediate-risk PTE. The study aimed to determine the efficacy and safety of tenecteplase in addition to standard anticoagulation therapy in intermediate-risk submassive normotensive patients. There was a significant reduction in the risk of death or hemodynamic decompensation, at the expense of a significantly increased risk of intracranial and other major bleeding. The low mortality in the control group has led to suggestion that the benefits may not outweigh the risks in patients with sub-massive PE. 

These three trials suggest that in sub-massive PTE, thrombolysis may improve patient centered outcomes. The most appropriate drug and dosing regimen remains unclear. The PLEITHO trial suggests that full-dose tenecteplase was associated with some clinical benefits but at the cost of an increased risk of hemorrhagic complications. In contrast, low-dose alteplase appears to be safe and may have sufficient efficacy to merit its use. A recent meta-analysis which included ~1800 patients from 8 trials suggested thrombolysis was associated with lower mortality but with more major bleeding events.28 One potential strategy is to administer half the full dose of alteplase over 60 minutes followed by a planned re-assessment at the 1-hour mark. If the patient appears to be more hemodynamically stable then they may not require the full dose. If there appears to be limited response, then administration of the second half dose over the next 60 minutes is warranted. This planned re-assessment approach may ultimately reduce the dose administered on average, which may reduce bleeding complications, the risk of which are likely dose-related.

In veterinary medicine, no consensus on their administration exists and clinicians must determine the potential benefits and risks of administration for individual patients.29 Recent advances in small animal interventional radiology may provide novel methods or routes for thrombolysis in future.30 For patients with absolute contraindications to thrombolysis various interventional options are available including rheolytic thrombectomy with hydrodynamic catheter devices, suction thrombectomy with aspiration catheters and rotational thrombectomy. For patients with a high-risk of bleeding but in whom thrombolysis can still be undertaken, catheter-directed thrombolysis is a preferred option. Catheter-directed thrombolysis is reportedly successful in stabilizing hemodynamics, resolving hypoxia and enabling hospital discharge in 87% patients. Major complications occurred in at ~2% patients. The beneficial hemodynamic effects of low-dose catheter directed thrombolysis are comparable to standard dose systemic thrombolysis. However in order to be effective, the local thrombolysis catheter must be placed within or beside the thrombus, since placement immediately proximal to the thrombus is likely to be no more effective than systemic thrombolysis.31 The new data regarding thrombolysis in sub-massive PTE in people is highly relevant to PTE in veterinary patients, since this and the non-massive groups are likely to form the majority of patients we manage. The data from people argues that thrombolytic therapy be administered to small animals with confirmed hemodynamically unstable acute PTE, and where continuous hemodynamic monitoring is available.32 In appropriate cases, fibrin specific drugs with short half-lives like alteplase are preferred.29 The human data also argues that in small animals with sub-massive PTE where evidence of RV dysfunction is present that low dose alteplase might be worthwhile at the cost of an increase risk of bleeding. Patients with a high-risk of bleeding are probably best managed with heparin therapy alone.

If a patient with suspected or known PTE should suffer cardiopulmonary arrest (CPA) then be aggressive with cardiopulmonary resuscitation (CPR) and consider administration of thrombolytic agents during the CPR efforts. Patients with PTE arrest and die due to hemodynamic failure that is largely due to the size, extent and location of the thrombus. In people up to 35% of PTE patients receiving CPR survive to discharge.33 In people the typical CPR dose of alteplase is 50mg (0.6mg/kg).

Antithrombotic strategies
In PTE anticoagulants and antiplatelet agents are administered to minimize thrombus propagation which can be stimulated by embolization,34 and to reduce risk of recurrence. However, the optimal antithrombotic strategy for small animals is not known. Some suggest that PTE should be managed with anticoagulant drugs and that antiplatelet agents are not appropriate.35 Viewing arterial and venous thrombosis as separate pathophysiological entities is likely an oversimplification however,36,37 and there is evidence of overlapping efficacy of antiplatelet and anticoagulant agents in the treatment of both venous and arterial thromboembolic conditions.38 Platelets are integral to the cell-based model of hemostasis,39 and thrombocytosis is associated with an increased risk of PTE in people.40 In venous thrombosis tissue-factor mediated thrombin generation likely precedes platelet activation, but both arms of the hemostatic system are activated,41 which correlates with the architectural and pathophysiological features shared by both venous and arterial thrombi.38,42

Anticoagulants remain the mainstay of antithrombotic therapy for people with PTE. Humans with massive PTE are treated with UFH before, during and after thrombolysis. In people with sub-massive PTE, initial parenteral anticoagulation is initiated with low-molecular weight heparin (LMWH) or fondaparinux except where renal insufficiency or obesity necessitate use of UFH.32 Oral anticoagulation is instituted for PTE patients for at least 3 months to prevent recurrence of symptomatic PTE, although this may be extended in certain cases. Initially most people are simultaneously treated with warfarin and parenteral anticoagulants until their internationalized ratio (INR) is >2.0 and the parenteral drugs are then withdrawn. Maintenance warfarin therapy is then targeted to an INR of 2.5. Alternatively the heparin can be followed by administration of one of the new oral anticoagulants such as rivaroxaban.

To date there are no clinical trials of anticoagulants in PTE in small animals on which to base recommendations. Most veterinary experience exists with the use of UFH, although LMWH is also commonly used. An evidence-based review suggested UFH be used for in-hospital management of PTE, with enoxaparin or dalteparin considered as alternatives.29 There is little consensus on dosage, frequency of administration or monitoring strategy however. Long-term anticoagulation in veterinary medicine is uncommon. There is some experience with oral warfarin therapy in dogs, but the narrow therapeutic index mandates close monitoring of these patients.43 Rivaroxaban or the parenteral LMWHs offer a potentially safer alternative. These drugs are often empirically dosed since there is no evidence that targeting any specific laboratory measure of heparinization offers protection from thrombosis.35

Anticoagulants
Unfractionated heparin, a heterogenous mixture of polysaccharides, complexes with and amplifies the inhibitory activity of AT against FIIa (thrombin) and FXa,44 although factors IXa, XIa, XIIa and XIII are also inhibited. Thrombin inactivation prevents fibrin formation and reduces thrombin-induced platelet activation.45 Variation in the size distribution of heparin molecules in UFH and unpredictable bioavailability in critical illness causes variation in heparin dose-responses necessitating therapeutic monitoring,46 since severe bleeding complications can result from exceeding the therapeutic range. Therapeutic monitoring can be performed using the ACT, aPTT,47-49 thrombin generation,50 viscoelastic testing,51 or anti-FXa levels.52 This need for therapeutic monitoring reduces the cost benefit of UFH, but individually adjusted dosing may offer benefits over fixed dosing.53

LMWHs derive from depolymerization of UFH and were developed to provide more consistent PK-PD than UFH. The reduced size of the LMWH polysaccharides limits their ability to simultaneously bind AT and thrombin. Thus LMWHs are principally anti-FXa agents,54 and are probably best monitored with anti-Xa assays,55 although TF-activated TEG can also be used.56 LMWHs are less protein-bound than UFH, have more predictable PK profiles and better bioavailability after SC injection.57 The PK profiles of distinct LMWHs preparations are not interchangeable however.54 LMWH PKs have been evaluated in normal healthy dogs and therapeutic anti-Xa levels extrapolated from people are achievable.58,59 LMWH PKs in cats are less predictable however with frequent administration of high dosages necessary to achieve target anti-FXa activities.55 A recent study evaluated the ex vivo antithrombotic effect of enoxaparin in a venous stasis model in cats, comparing it to anti-Xa activity.60 The study found that at peak (but not at trough) plasma levels, enoxaparin significantly reduced thrombus formation, but in this model there was little correlation between antithrombotic effect and anti-Xa activity. Clearly, well-designed clinical studies evaluating LMWH in naturally occurring PTE in dogs or cats are urgently needed.

Fondaparinux is a synthetic, AT-dependent selective FXa-inhibitor with no anti-FIIa activity.44 In people with acute PTE, fondaparinux administration reduces PTE recurrence rate compared with UFH without increases in major bleeding,61 and is at least as effective as enoxaparin in this setting.62 In dogs to date, fondaparinux has only been studied in experimental settings.63 In cats, a recent dose-finding study found that SC administration of 0.06-0.20mg/kg every 12 hours was sufficient to achieve peak plasma anti-Xa activity deemed therapeutic in humans.64

Warfarin is an oral anticoagulant that inhibits vitamin K epoxide reductase, interrupting the recycling of vitamin K epoxide to hydroquinone and depleting the supply of carboxylated clotting factors II, VII, IX and X.65 Warfarin is the mainstay for oral anticoagulation in people but maintaining adequate anticoagulation without hemorrhagic complications is challenging. The drug has a narrow therapeutic index, variable patient dose-response and numerous interactions with other drugs necessitating close therapeutic monitoring.65 The INR (Patient PT/Mean Normal PT)ISI is used to adjust for variation in thromboplastin activities for warfarin monitoring. The effects of warfarin on the INR in dogs have been studied,66 and warfarin has been successfully used for canine heart valve replacement patients,67 and dogs with aortic thrombosis.43 Warfarin therapy adjusted to achieve a PT prolongation of 1.25 to 1.5 times baseline may be considered for PTE.29 Warfarin also inhibits the vitamin K dependent anticoagulant proteins C and S, which can cause paradoxical thrombosis because protein C has a shorter half-life than the procoagulant factors. To address this UFH or LMWH should be administered concurrently with warfarin for the first 5-7 days.65

The difficulties associated with the clinical use of vitamin K antagonists, generated a need for effective, safe novel oral anticoagulants. A number of clinical trials of these agents have been undertaken in human PTE. Overall, the results suggest these novel oral anticoagulants have non-inferior efficacy and may be safer that the standard heparin/VKA regimen.68 Currently rivaroxaban, dabigatran and apixaban are approved for treatment of human PTE. Clinical experience with these agents is accumulating in human medicine and practical recommendations for their use have recently been published.69

Rivaroxaban is an oral, small molecule, direct FXa inhibitor that can inhibit both free and prothrombinase-complex associated FXa.65 This drug can be monitored using the PT or aPTT. The FDA recently approved rivaroxaban for PTE, following demonstration of equivalent efficacy to standard therapy with enoxaparin and warfarin.70 The pharmacokinetics of rivaroxaban have been studied in dogs,71 and it is reported to be an effective anticoagulant,72 although its use in the clinic is yet to be studied.

The oral prodrug dabigatran etexilate is a potent, reversible direct thrombin inhibitor. This class of drugs does not require AT as a cofactor for their anti-IIa activity and are also able to inhibit thrombin bound to formed clot. Dabigatran can be monitored with the PT, aPTT or the preferred ecarin clotting time (ECT) in canine plasma.73 Dabigatran is FDA approved for thromboembolism in AF and in other countries for VTE and has a similar efficacy and safety profile to warfarin for the treatment of acute symptomatic VTE.74 No studies have examined the effects of dabigatran in small animals however.

Antiplatelet agents
Antiplatelet agents are widely used in thromboprophylaxis for both arterial and venous thrombi, likely because of their low cost, ease of administration and minimal monitoring requirements. In small animals antiplatelet agents are principally used for long-term oral maintenance therapy or as thromboprophylaxis for at-risk patients. Oral antiplatelet agents available for small animals include aspirin,75 ticlopidine,76 and clopidogrel,77 although concerns over myelotoxicity associated with ticlopidine have led to it being largely superseded by clopidogrel. There is limited evidence of efficacy for either aspirin or clopidogrel in PTE in veterinary medicine however, which precludes formulation of evidenced-based recommendations.

The cyclooxygenase inhibitor aspirin irreversibly inhibits platelet thromboxane A2 (TXA2) synthesis, inhibiting platelet function.75 Aspirin is the primary antithrombotic therapy for people with atherosclerotic disease,78 but the populations of small animals who would most benefit from aspirin therapy are unknown. Aspirin has been recommended for dogs with protein-losing nephropathy, nephrotic syndrome and IMHA,29 although the use of aspirin in IMHA is contentious. Administration of aspirin for IMHA is largely based on a retrospective study that suggested a survival benefit associated with low-dose aspirin administration,79 findings which were not confirmed by another similar study.80 To date, no studies have been performed in veterinary medicine evaluating the efficacy of aspirin against objective measures of thrombosis or comparing the efficacy of aspirin against other antithrombotic therapies, although one such study is reportedly underway.35 Aspirin likely does inhibit platelet function in dogs, but its effects appear limited and inconsistent. The dose required to cause in vitro or ex vivo inhibition of canine platelet function varies with the assay used,81-86 but is in the range of 0.5-20mg/kg. This wide range may be related to heritable variability in canine thromboxane responsiveness.87 A recent study suggested that 1mg/kg/d aspirin consistently inhibited platelet function in only a third of dogs.88

The thienopyridines ticlopidine and clopidogrel are both prodrugs that rely on active metabolites for their in vivo efficacy.89 The active metabolite of clopidogrel causes cumulative inhibition of platelet function following repeated daily administration. In humans, clopidogrel may be more effective than aspirin, while combining both agents may produce beneficial additive effects.78 The clinical activity and pharmacodynamics of clopidogrel have been evaluated in cats and significant antiplatelet effects are achievable.90 In dogs, clopidogrel may provide more consistent antiplatelet effects than aspirin.77 A multicenter double-blinded prospective study comparing aspirin with clopidogrel in cats with ATE was recently completed. The study enrolled 72 cats and demonstrated that relative to aspirin, clopidogrel significantly increased the time to ATE recurrence and significantly prolonged median survival time for cats with a history of thrombosis. It is unclear if this benefit would directly translate to PTE, but it does suggest that clopidogrel is a superior thromboprophylactic agent in cats. Interestingly, the combination of aspirin and clopidogrel is standard of care for humans with acute coronary syndromes.32 Since these two drugs have distinct but synergistic inhibitory effects on platelet function, the combined use of both drugs in veterinary patients may also prove to be of value in certain circumstances.75

The parenteral GPIIb/IIIa inhibitors abciximab, eptifibatide and tirofiban, which antagonize the platelet fibrinogen/VWF receptor, have been used in canine experimental model settings of myocardial infarction and coronary stent thrombosis.91,92 Abciximab also inhibits canine platelets in vitro as assessed by the PFA-100 system.93 Of these agents only abciximab has been used safely in cats.94 Eptifibatide causes fatal cardiotoxicity in cats and should be avoided.95 All three drugs effectively inhibit canine platelet aggregation, but none have been used in veterinary medicine. Barriers to their clinical use include cost, risk of hemorrhage and the need for administration by continuous infusion.

SUMMARY and Personal experience
Despite recent advances in human and veterinary medicine, PTE remains a challenging diagnosis to confirm. A thorough, logical diagnostic approach should incorporate assessment of clinical probability, identification of risk factors and disease biomarkers and appropriate application of diagnostic imaging, principally echocardiography and multislice CTPA. Many of these diagnostic steps remain to be prospectively investigated in veterinary medicine however. Since PTE carries a poor prognosis and is potentially fatal, the importance of early detection cannot be overstated. Once we can more consistently confirm the diagnosis of PTE in small animals, therapeutic clinical trials of thrombolytics, anticoagulants and antiplatelet agents will be essential in order to improve our treatment of this condition. Until such time, therapy for PTE should consist of close monitoring, good supportive therapy and judicious, individualized use of thrombolytics, anticoagulants, and antiplatelet agents.

Thoracic radiographs are still an important part of the investigation of many possible PTE patients, although thoracic CT and ROI bolus-tracking CTPA studies are now commonly used as the initial imaging modality, particularly where the index of suspicion is higher. Risk-stratification is still largely based on clinician gestalt, but augmented by thorough coagulation testing including viscoelastic testing and measurement of fibrinogen, antithrombin and D-dimer. The largest change in the author’s practice over the last few years has been the significant increase in the use of bedside echocardiography and lung ultrasound, which is now used on almost every patient considered to be at-risk for PTE. This enables early identification of candidates for CTPA, helps assess hemodynamic compromise and risk and hence guides the aggressiveness of therapy. 

Patients with definitively diagnosed massive PTE are heparinized and undergo low dose systemic thrombolysis, although these cases are rare. The majority of our patients with PTE are in the sub-massive group. These patients receive heparin (UFH or LMWH dependent on patient size and our ability to obtain blood samples for aPTT or aXa monitoring). Few of these patients are currently thrombolysed, although based on the recent human literature this is likely to become more frequent. Low-dose alteplase is the most commonly used regimen. Currently we rarely perform catheter-directed performed because of the technical challenges and costs associated with infusion catheter placement and maintenance. Growing popularity and experience with interventional radiology in veterinary medicine is also likely to increase the availability and comfort level with these procedures however. Low-risk submassive and non-massive PTE patients in our hospital are typically treated with a heparin in hospital and then managed with an oral antiplatelet agent after discharge. We have limited experience with rivaroxaban to date, but this is also likely to become a useful addition to our management strategy for these patients. The intensity and duration of outpatient thromboprophylaxis is based on the perceived risk from the patient’s underlying disease. This is largely based on limited observational data however, since evidence-based recommendations from prospective interventional trials do not currently exist. Efforts spearheaded by ACVECC to develop guidelines for veterinary antithrombotic usage are underway and eagerly anticipated.


REFERENCES
[bookmark: _ENREF_1]1.  Moser KM, Guisan M, Bartimmo EE, et al. In-vivo and post-mortem dissolution rates of pulmonary emboli and venous thrombi in dog. Circulation 1973;48:170-178.
[bookmark: _ENREF_2]2.  Carlbom DJ, Davidson BL. Pulmonary embolism in the critically ill. Chest 2007;132:313-324.
[bookmark: _ENREF_3]3.  Ventetuolo CE, Klinger JR. Management of acute right ventricular failure in the intensive care unit. Ann Am Thorac Soc 2014;11:811-822.
[bookmark: _ENREF_4]4.  Boulain T, Lanotte R, Legras A, et al. Efficacy of epinephrine therapy in shock complicating pulmonary embolism. Chest 1993;104:300-302.
[bookmark: _ENREF_5]5.  Smulders YM. Pathophysiology and treatment of haemodynamic instability in acute pulmonary embolism: the pivotal role of pulmonary vasoconstriction. Cardiovasc Res 2000;48:23-33.
[bookmark: _ENREF_6]6.  Griffiths MJD, Evans TW. Drug therapy - Inhaled nitric oxide therapy in adults. N Engl J Med 2005;353:2683-2695.
[bookmark: _ENREF_7]7.  Hirose T, Aoki E, Ishibashi M, et al. The effect of prostacyclin on increased hydraulic conductivity of pulmonary exchange vessels following microembolization in dogs. Microvasc Res 1983;26:193-204.
[bookmark: _ENREF_8]8.  Welte M, Zwissler B, Habazettl H, et al. PGI2 aerosol versus nitric oxide for selective pulmonary vasodilation in hypoxic pulmonary vasoconstriction. Eur Surg Res 1993;25:329-340.
[bookmark: _ENREF_9]9.  Zwissler B, Welte M, Messmer K. Effects of inhaled prostacyclin as compared with inhaled nitric oxide on right ventricular performance in hypoxic pulmonary vasoconstriction. J Cardiothorac Vasc Anesth 1995;9:283-289.
[bookmark: _ENREF_10]10.  Zwissler B, Welte M, Habler O, et al. Effects of inhaled prostacyclin as compared with inhaled nitric oxide in a canine model of pulmonary microembolism and oleic acid edema. J Cardiothorac Vasc Anesth 1995;9:634-640.
[bookmark: _ENREF_11]11.  Brown AJ, Davison E, Sleeper MM. Clinical efficacy of sildenafil in treatment of pulmonary arterial hypertension in dogs. J Vet Intern Med 2010;24:850-854.
[bookmark: _ENREF_12]12.  Dias-Junior CA, Vieira TF, Moreno H, et al. Sildenafil selectively inhibits acute pulmonary embolism-induced pulmonary hypertension. Pulm Pharmacol Ther 2005;18:181-186.
[bookmark: _ENREF_13]13.  Bresser P, Pepke-Zaba J, Jais X, et al. Medical therapies for chronic thromboembolic pulmonary hypertension: an evolving treatment paradigm. Proc Am Thor Soc 2006;3:594-600.
[bookmark: _ENREF_14]14.  Tapson VF. Thrombolytic Therapy for Acute Pulmonary Embolism. Semin Thromb Hemost 2013.
[bookmark: _ENREF_15]15.  Whelan MF, O'Toole TE. The use of thrombolytic agents. Compend Contin Educ Vet 2007;29:476-482.
[bookmark: _ENREF_16]16.  Tapson VF. Thrombolytic therapy in acute pulmonary embolism. Curr Opin Cardiol 2012;27:585-591.
[bookmark: _ENREF_17]17.  Patel SC, Mody A. Cerebral hemorrhagic complications of thrombolytic therapy. Prog Cardiovasc Dis 1999;42:217-233.
[bookmark: _ENREF_18]18.  Pion PD. Feline aortic thromboemboli and the potential utility of thrombolytic therapy with tissue plasminogen-activator. Vet Clin North Am Small Anim Pract 1988;18:79-86.
[bookmark: _ENREF_19]19.  Moore KE, Morris N, Dhupa N, et al. Retrospective study of streptokinase administration in 46 cats with arterial thromboembolism. J Vet Emerg Crit Care 2000;10:245-257.
[bookmark: _ENREF_20]20.  Clare AC, Kraje BJ. Use of recombinant tissue-plasminogen activator for aortic thrombolysis in a hypoproteinemic dog. J Am Vet Med Assoc 1998;212:539-+.
[bookmark: _ENREF_21]21.  Tagami H, Utoh J, Sun LB, et al. Effects of recombinant tissue-type plasminogen activator on life-threatening acute pulmonary thromboembolism in a canine model: a comparative study of e6010 and alteplase. Ann Thorac Cardiovasc Surg 2000;6:299-303.
[bookmark: _ENREF_22]22.  Wang Y, Wang C, Yang Y, et al. Effect of Recombinant Single-Chain Urokinase-Type Plasminogen Activator on Experimental Pulmonary Embolism. Clin Appl Thromb Hemost 2010;16:537-542.
[bookmark: _ENREF_23]23.  Reza N, Dudzinski DM. Pulmonary embolism response teams. Curr Treat Options Cardiovasc Med 2015;17:387.
[bookmark: _ENREF_24]24.  Esponda O, Tafur A. Management of pulmonary embolism: state of the art treatment and emerging research. Curr Treat Options Cardiovasc Med 2013;15:137-152.
[bookmark: _ENREF_25]25.  Sharifi M, Bay C, Skrocki L, et al. Moderate Pulmonary Embolism Treated With Thrombolysis (from the "MOPETT" Trial). Am J Cardiol 2013;111:273-277.
[bookmark: _ENREF_26]26.  Kline JA, Nordenholz KE, Courtney DM, et al. Treatment of submassive pulmonary embolism with tenecteplase or placebo: cardiopulmonary outcomes at 3 months: multicenter double-blind, placebo-controlled randomized trial. J Thromb Haemost 2014;12:459-468.
[bookmark: _ENREF_27]27.  Meyer G, Vicaut E, Danays T, et al. Fibrinolysis for Patients with Intermediate-Risk Pulmonary Embolism. N Engl J Med 2014;370:1402-1411.
[bookmark: _ENREF_28]28.  Chatterjee S, Chakraborty A, Weinberg I, et al. Thrombolysis for pulmonary embolism and risk of all-cause mortality, major bleeding, and intracranial hemorrhage: a meta-analysis. JAMA 2014;311:2414-2421.
[bookmark: _ENREF_29]29.  Lunsford KV, Mackin AJ. Thromboembolic therapies in dogs and cats: An evidence-based approach. Vet Clin North Am Small Anim Pract 2007;37:579-+.
[bookmark: _ENREF_30]30.  Dunn ME. Thrombectomy and thrombolysis: the interventional radiology approach. J Vet Emerg Crit Care 2011;21:144-150.
[bookmark: _ENREF_31]31.  Schmitz-Rode T, Kilbinger M, Gunther RW. Simulated flow pattern in massive pulmonary embolism: significance for selective intrapulmonary thrombolysis. Cardiovasc Intervent Radiol 1998;21:199-204.
[bookmark: _ENREF_32]32.  Guyatt GH, Akl EA, Crowther M, et al. Executive summary: Antithrombotic therapy and prevention of thrombosis, 9th ed: American College of Chest Physicians evidence-based clinical practice guidelines. Chest 2012;141:7S-47S.
[bookmark: _ENREF_33]33.  Kasper W, Konstantinides S, Geibel A, et al. Management strategies and determinants of outcome in acute major pulmonary embolism: Results of a multicenter registry. J Am Coll Cardiol 1997;30:1165-1171.
[bookmark: _ENREF_34]34.  Morris TA, Marsh JJ, Chiles PG, et al. Embolization itself stimulates thrombus propagation in pulmonary embolism. Am J Physiol Heart Circ Physiol 2004;287:H818-H822.
[bookmark: _ENREF_35]35.  Smith SA. Antithrombotic therapy. Top Companion Anim Med 2012;27:88-94.
[bookmark: _ENREF_36]36.  Sobieszczyk P, Fishbein MC, Goldhaber SZ. Acute pulmonary embolism: don't ignore the platelet. Circulation 2002;106:1748-1749.
[bookmark: _ENREF_37]37.  Lowe GD. Arterial disease and venous thrombosis: are they related, and if so, what should we do about it? J Thromb Haemost 2006;4:1882-1885.
[bookmark: _ENREF_38]38.  Watson HG, Chee YL. Aspirin and other antiplatelet drugs in the prevention of venous thromboembolism. Blood Rev 2008;22:107-116.
[bookmark: _ENREF_39]39.  Smith SA. The cell-based model of coagulation. J Vet Emerg Crit Care 2009;19:3-10.
[bookmark: _ENREF_40]40.  Ho KM, Chavan S. Prevalence of thrombocytosis in critically ill patients and its association with symptomatic acute pulmonary embolism. A multicentre registry study. Thromb Haemost 2013;109:272-279.
[bookmark: _ENREF_41]41.  Lopez JA, Kearon C, Lee AY. Deep venous thrombosis. Hematology Am Soc Hematol Educ Program 2004:439-456.
[bookmark: _ENREF_42]42.  Cooley BC, Herrera AJ. Cross-modulatory effects of clopidogrel and heparin on platelet and fibrin incorporation in thrombosis. Blood Coagul Fibrinolysis 2013.
[bookmark: _ENREF_43]43.  Winter RL, Sedacca CD, Adams A, et al. Aortic thrombosis in dogs: presentation, therapy, and outcome in 26 cases. J Vet Cardiol 2012;14:333-342.
[bookmark: _ENREF_44]44.  Garcia DA, Baglin TP, Weitz JI, et al. Parenteral anticoagulants: Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: American College of Chest Physicians Evidence-Based Clinical Practice Guidelines. Chest 2012;141:e24S-43S.
[bookmark: _ENREF_45]45.  Beguin S, Lindhout T, Hemker HC. The mode of action of heparin in plasma. Thromb Haemost 1988;60:457-462.
[bookmark: _ENREF_46]46.  Mischke RH, Schuttert C, Grebe SI. Anticoagulant effects of repeated subcutaneous injections of high doses of unfractionated heparin in healthy dogs. Am J Vet Res 2001;62:1887-1891.
[bookmark: _ENREF_47]47.  Mischke R, Jacobs C. The monitoring of heparin administration by screening tests in experimental dogs. Res Vet Sci 2001;70:101-108.
[bookmark: _ENREF_48]48.  Mischke R. Heparin in vitro sensitivity of the activated partial thromboplastin time in canine plasma depends on reagent. J Vet Diagn Invest 2003;15:588-591.
[bookmark: _ENREF_49]49.  Diquelou A, Barbaste C, Gabaig AM, et al. Pharmacokinetics and pharmacodynamics of a therapeutic dose of unfractionated heparin (200 U/kg) administered subcutaneously or intravenously to healthy dogs. Vet Clin Pathol 2005;34:237-242.
[bookmark: _ENREF_50]50.  Allegret V, Dunn M, Bedard C. Monitoring unfractionated heparin therapy in dogs by measuring thrombin generation. Vet Clin Pathol 2011;40:24-31.
[bookmark: _ENREF_51]51.  Babski DM, Brainard BM, Ralph AG, et al. Sonoclot(R) evaluation of single- and multiple-dose subcutaneous unfractionated heparin therapy in healthy adult dogs. J Vet Intern Med 2012;26:631-638.
[bookmark: _ENREF_52]52.  Brooks MB. Evaluation of a chromogenic assay to measure the factor Xa inhibitory activity of unfractionated heparin in canine plasma. Vet Clin Pathol 2004;33:208-214.
[bookmark: _ENREF_53]53.  Helmond SE, Polzin DJ, Armstrong PJ, et al. Treatment of Immune-Mediated Hemolytic Anemia with Individually Adjusted Heparin Dosing in Dogs. J Vet Intern Med 2010;24:597-605.
[bookmark: _ENREF_54]54.  Bick RL, Frenkel EP, Walenga J, et al. Unfractionated heparin, low molecular weight heparins, and pentasaccharide: basic mechanism of actions, pharmacology, and clinical use. Hematol Oncol Clin North Am 2005;19:1-51, v.
[bookmark: _ENREF_55]55.  Alwood AJ, Downend AB, Brooks MB, et al. Anticoagulant effects of low-molecular-weight heparins in healthy cats. J Vet Intern Med 2007;21:378-387.
[bookmark: _ENREF_56]56.  Jessen LR, Wiinberg B, Jensen AL, et al. In vitro heparinization of canine whole blood with low molecular weight heparin (dalteparin) significantly and dose-dependently prolongs heparinase-modified tissue factor-activated thromboelastography parameters and prothrombinase-induced clotting time. Vet Clin Pathol 2008;37:363-372.
[bookmark: _ENREF_57]57.  Grebe S, Jacobs C, Kietzmann M, et al. Pharmacokinetics of the low molecular weight heparin Fragmin (R) D in dogs. Berl Munch Tierarztl Wochenschr 2000;113:103-107.
[bookmark: _ENREF_58]58.  Mischke R, Grebe S, Jacobs C, et al. Amidolytic heparin activity and values for several hemostatic variables after repeated subcutaneous administration of high doses of a low molecular weight heparin in healthy dogs. Am J Vet Res 2001;62:595-598.
[bookmark: _ENREF_59]59.  Lunsford KV, Mackin AJ, Langston VC, et al. Pharmacokinetics of subcutaneous low molecular weight heparin (enoxaparin) in dogs. J Am Anim Hosp Assoc 2009;45:261-267.
[bookmark: _ENREF_60]60.  Van De Wiele CM, Hogan DF, Green HW, 3rd, et al. Antithrombotic effect of enoxaparin in clinically healthy cats: a venous stasis model. J Vet Intern Med 2010;24:185-191.
[bookmark: _ENREF_61]61.  Buller HR, Davidson BL, Decousus H, et al. Subcutaneous fondaparinux versus intravenous unfractionated heparin in the initial treatment of pulmonary embolism. N Engl J Med 2003;349:1695-1702.
[bookmark: _ENREF_62]62.  Buller HR, Davidson BL, Decousus H, et al. Fondaparinux or enoxaparin for the initial treatment of symptomatic deep venous thrombosis: a randomized trial. Ann Intern Med 2004;140:867-873.
[bookmark: _ENREF_63]63.  Pislaru SV, Pislaru C, Zhu X, et al. Comparison of a synthetic antithrombin III-binding pentasaccharide and standard heparin as an adjunct to coronary thrombolysis. Thromb Haemost 1998;79:1130-1135.
[bookmark: _ENREF_64]64.  Fiakpui NN, Hogan DF, Whittem T, et al. Dose determination of fondaparinux in healthy cats. Am J Vet Res 2012;73:556-561.
[bookmark: _ENREF_65]65.  Ageno W, Gallus AS, Wittkowsky A, et al. Oral anticoagulant therapy: Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: American College of Chest Physicians Evidence-Based Clinical Practice Guidelines. Chest 2012;141:e44S-88S.
[bookmark: _ENREF_66]66.  Monnet E, Morgan MR. Effect of three loading doses of warfarin on the international normalized ratio for dogs. Am J Vet Res 2000;61:48-50.
[bookmark: _ENREF_67]67.  Arai S, Griffiths LG, Mama K, et al. Bioprosthesis valve replacement in dogs with congenital tricuspid valve dysplasia: technique and outcome. J Vet Cardiol 2011;13:91-99.
[bookmark: _ENREF_68]68.  van der Hulle T, Kooiman J, Den Exter PL, et al. Effectiveness and safety of novel oral anticoagulants as compared with vitamin K antagonists in the treatment of acute symptomatic venous thromboembolism: a systematic review and meta- analysis. J Thromb Haemost 2014;12:320-328.
[bookmark: _ENREF_69]69.  Heidbuchel H, Verhamme P, Alings M, et al. EHRA Practical Guide on the use of new oral anticoagulants in patients with non-valvular atrial fibrillation: executive summary. Eur Heart J 2013;34:2094-2106.
[bookmark: _ENREF_70]70.  Buller HR, Prins MH, Lensin AW, et al. Oral rivaroxaban for the treatment of symptomatic pulmonary embolism. N Engl J Med 2012;366:1287-1297.
[bookmark: _ENREF_71]71.  Weinz C, Buetehorn U, Daehler HP, et al. Pharmacokinetics of BAY 59-7939--an oral, direct Factor Xa inhibitor--in rats and dogs. Xenobiotica 2005;35:891-910.
[bookmark: _ENREF_72]72.  . In.
[bookmark: _ENREF_73]73.  Wienen W, Stassen JM, Priepke H, et al. In-vitro profile and ex-vivo anticoagulant activity of the direct thrombin inhibitor dabigatran and its orally active prodrug, dabigatran etexilate. Thromb Haemost 2007;98:155-162.
[bookmark: _ENREF_74]74.  Schulman S, Kearon C, Kakkar AK, et al. Dabigatran versus warfarin in the treatment of acute venous thromboembolism. N Engl J Med 2009;361:2342-2352.
[bookmark: _ENREF_75]75.  Wiinberg B, Jessen LR, Tarnow I, et al. Diagnosis and treatment of platelet hyperactivity in relation to thrombosis in dogs and cats. J Vet Emerg Crit Care 2012;22:42-58.
[bookmark: _ENREF_76]76.  Hogan DF, Andrews DA, Talbott KK, et al. Evaluation of antiplatelet effects of ticlopidine in cats. Am J Vet Res 2004;65:327-332.
[bookmark: _ENREF_77]77.  Brainard BM, Kleine SA, Papich MG, et al. Pharmacodynamic and pharmacokinetic evaluation of clopidogrel and the carboxylic acid metabolite SR 26334 in healthy dogs. Am J Vet Res 2010;71:822-830.
[bookmark: _ENREF_78]78.  Eikelboom JW, Hirsh J, Spencer FA, et al. Antiplatelet drugs: Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: American College of Chest Physicians Evidence-Based Clinical Practice Guidelines. Chest 2012;141:e89S-119S.
[bookmark: _ENREF_79]79.  Weinkle TK, Center SA, Randolph JF, et al. Evaluation of prognostic factors, survival rates, and treatment protocols for immune-mediated hemolytic anemia in dogs: 151 cases (1993-2002). J Am Vet Med Assoc 2005;226:1869-1880.
[bookmark: _ENREF_80]80.  Orcutt ES, Polzin DJ, Armstrong PJ, et al. Comparison of individually monitored unfractionated heparin versus low-dose aspirin on survival of dogs with immune mediated hemolytic anemia. J Vet Intern Med 2009;23:693.
[bookmark: _ENREF_81]81.  Grauer GF, Rose BJ, Toolan L, et al. Effects of low-dose aspirin and specific thromboxane synthetase inhibition on whole blood platelet aggregation and adenosine triphosphate secretion in healthy dogs. Am J Vet Res 1992;53:1631-1635.
[bookmark: _ENREF_82]82.  Brainard BM, Meredith CP, Callan MB, et al. Changes in platelet function, hemostasis, and prostaglandin expression after treatment with nonsteroidal anti-inflammatory drugs with various cyclooxygenase selectivities in dogs. Am J Vet Res 2007;68:251-257.
[bookmark: _ENREF_83]83.  Nielsen LA, Zois NE, Pedersen HD, et al. Platelet function in dogs: breed differences and effect of acetylsalicylic acid administration. Vet Clin Pathol 2007;36:267-273.
[bookmark: _ENREF_84]84.  Blois SL, Allen DG, Wood RD, et al. Effects of aspirin, carprofen, deracoxib, and meloxicam on platelet function and systemic prostaglandin concentrations in healthy dogs. Am J Vet Res 2010;71:349-358.
[bookmark: _ENREF_85]85.  Sharpe KS, Center SA, Randolph JF, et al. Influence of treatment with ultralow-dose aspirin on platelet aggregation as measured by whole blood impedance aggregometry and platelet P-selectin expression in clinically normal dogs. Am J Vet Res 2010;71:1294-1304.
[bookmark: _ENREF_86]86.  Hoh CM, Smith SA, McMichael MA, et al. Evaluation of effects of low-dose aspirin administration on urinary thromboxane metabolites in healthy dogs. Am J Vet Res 2011;72:1038-1045.
[bookmark: _ENREF_87]87.  Johnson GJ, Leis LA, King RA. Thromboxane responsiveness of dog platelets is inherited as an autosomal recessive trait. Thromb Haemost 1991;65:578-580.
[bookmark: _ENREF_88]88.  Dudley A, Thomason J, Fritz S, et al. Cyclooxygenase expression and platelet function in healthy dogs receiving low-dose aspirin. J Vet Intern Med 2013;27:141-149.
[bookmark: _ENREF_89]89.  Born G, Patrono C. Antiplatelet drugs. Br J Pharmacol 2006;147:S241-S251.
[bookmark: _ENREF_90]90.  Hogan DF, Andrews DA, Green HW, et al. Antiplatelet effects and pharmacodynamics of clopidogrel in cats. J Am Vet Med Assoc 2004;225:1406-1411.
[bookmark: _ENREF_91]91.  Makkar RR, Litvack F, Eigler NL, et al. Effects of GP IIb/IIIa receptor monoclonal antibody (7E3), heparin, and aspirin in an ex vivo canine arteriovenous shunt model of stent thrombosis. Circulation 1997;95:1015-1021.
[bookmark: _ENREF_92]92.  Rukshin V, Shah PK, Cercek B, et al. Comparative antithrombotic effects of magnesium sulfate and the platelet glycoprotein IIb/IIIa inhibitors tirofiban and eptifibatide in a canine model of stent thrombosis. Circulation 2002;105:1970-1975.
[bookmark: _ENREF_93]93.  Brainard BM, Abed JM, Koenig A. The effects of cytochalasin D and abciximab on hemostasis in canine whole blood assessed by thromboelastography and the PFA-100(R) platelet function analyzer system. J Vet Diagn Invest 2011;23:698-703.
[bookmark: _ENREF_94]94.  Bright JM, Dowers K, Powers BE. Effects of the glycoprotein IIb/IIIa antagonist abciximab on thrombus formation and platelet function in cats with arterial injury. Vet Ther 2003;4:35-46.
[bookmark: _ENREF_95]95.  Bright JM, Dowers K, Hellyer P. In vitro anti-aggregatory effects of the GP IIb/IIIa antagonist eptifibatide on feline platelets. J Vet Intern Med 2002;16:v.

