
Received: 30 November 2018 Accepted: 30 November 2018

DOI: 10.1111/vec.12791

S P E C I A L A RT I C L E

Consensus on the Rational Use of Antithrombotics in
Veterinary Critical Care (CURATIVE): Domain 2—Defining
rational therapeutic usage

Robert Goggs BVSc, DACVECC, DECVECC, PhD1 Lenore BacekDVM,MS,

DACVECC2∗ Domenico BiancoDVM, PhD, DACVIM3∗ AmyKoenigshof DVM,

DACVECC4∗ Ronald H. L. Li DVM,MVetMed, PhD, DACVECC5∗

1Department of Clinical Sciences, Cornell

University College of VeterinaryMedicine,

Ithaca, NY

2Department of Clinical Sciences, College of

VeterinaryMedicine, AuburnUniversity,

Auburn, AL

3MetropolitanAnimal SpecialtyHospital, Los

Angeles, CA

4Department of Small Animal Clinical Sciences,

Michigan StateUniversity, East Lansing,MI

5Department of Veterinary Surgical and

Radiological Sciences, School of Veterinary

Medicine, University of CaliforniaDavis, Davis,

CA

Correspondence

Dr.RobertGoggs,AssistantProfessorof

EmergencyandCriticalCare,Cornell

UniversityCollegeofVeterinaryMedicine,

C3-502DCPC,930CampusRoad, Ithaca,

NY14853.

Email: r.goggs@cornell.edu

∗Theseauthors contributedequally to this

manuscript.

Offprints:Will not beavailable fromtheauthors.

Priorpresentation: Thisworkwaspresented in

part at theEuropeanVeterinaryEmergencyand

CriticalCareCongress, June2018,Venice, Italy

andat the InternationalVeterinaryEmergency

andCriticalCareSymposium, September2018,

NewOrleans, LA.

Abstract
Objectives: To systematically review available evidence to determine when small animals at risk

of thrombosis should be treated with antiplatelet agents and anticoagulants, which antiplatelet

and anticoagulant agents aremost effective, and whenmultimodal therapy is indicated.

Design: Standardized, systematic evaluation of the literature, categorization of relevant articles

according to level of evidence (LOE) and quality (Good, Fair, or Poor), and development of con-

sensus on conclusions via a Delphi-style survey for application of the concepts to clinical practice.

Draft recommendationswerepresentedat2 international veterinary conferences andmadeavail-

able for community assessment, review, and comment prior to final revisions and publication.

Settings:Academic and referral veterinarymedical centers.

Results:Databases searched includedMedline via PubMedandCABabstracts. TwelvePopulation

Intervention Comparison Outcome questions were devised and generated corresponding work-

sheets investigating indications for use of antithrombotic drugs in small animals. Seventy-eight

studies were reviewed in detail. Most studies assessed were experimentally controlled labora-

tory studies in companion animals (56 LOE 3) with smaller numbers of LOE 2 (1), LOE 4 (5), LOE

5 (6), and LOE 6 (4) studies assessed. Only 5 randomized controlled clinical trials were identified

(LOE1,Good–Fair). The12worksheets generated21guidelineswith17guideline statements that

were refined during 3 rounds of Delphi surveys. A high degree of consensus was reached across

all guideline recommendations during the Delphi process.

Conclusions: Overall, systematic evidence evaluations generated 2 strong recommendations,

19 weak recommendations (formulated as suggestions), 9 situations where the evidence was

insufficient to make strong recommendations, and 8 situations where no relevant evidence was

retrieved to aid guideline generation. Numerous significant knowledge gaps were highlighted by

the evidence reviews undertaken, indicating the need for substantial additional research in this

field.

K EYWORDS

anticoagulant, antiplatelet, cats, dogs, thromboprophylaxis

Abbreviations: ATE, arterial thromboembolism; IMHA, immune-mediated hemolytic anemia;

LMWH, lowmolecular weight heparin; LOE, level of evidence; PICO, population intervention

comparison outcome; UFH, unfractionated heparin; VTE, venous thromboembolism

1 INTRODUCTION

Although more than 100 years old, the concept of Virchow's

triad (endothelial damage or dysfunction, blood flow abnormalities,

and hypercoagulable syndromes) still provides us with our existing

understanding of the factors that predispose our patients to thrombus

formation. Risk factors for thrombosis can be classified based on this

J Vet Emerg Crit Care. 2019;29:49–59. c©Veterinary Emergency and Critical Care Society 2019 49wileyonlinelibrary.com/journal/vec

https://orcid.org/0000-0001-7446-6987
https://orcid.org/0000-0002-1046-9297
https://orcid.org/0000-0002-3325-2744


50 GOGGS ET AL.

pathophysiology, but it is likely that the presence of more than 1 risk

factor potentiates the formation of thrombosis in vivo. Pharmaceutical

antithrombotic interventions aim to redress the imbalance by reducing

the body's ability to generate thrombi, irrespective of the nature of the

predisposition to clot formation. Evaluations of Population Interven-

tion Comparison Outcome (PICO) question worksheets in Domain 1

established disorders in which there is an association between disease

and thrombosis, and sought to determine towhich patients antithrom-

botic medications should be administered. For those animals in which

antithrombotic medications are deemed necessary and appropriate,

Domain 2 sought to establish what drug or drug combination should

be administered in venous and arterial thromboembolic disease set-

tings, to define rational therapeutic usage. In diseases associated with

venous thromboembolism (VTE) such as protein-losing nephropathy

and immune-mediatedhemolytic anemia (IMHA) in dogs, thrombi form

under low-shear conditions.1 Such thrombi are typically fibrin rich and

their formation is less dependent upon platelet number or function. In

contrast, in diseases associatedwith arterial thrombotic complications

(such as feline cardiomyopathies), thrombi form under high-shear con-

ditions. Arterial thromboemboli (ATE) are typically platelet rich and

hence drugs that limit the ability of platelets to activate, aggregate,

or adhere may be most effective. It is this pathophysiologic rationale

that underpins the conventionof administrationof anticoagulant drugs

in venous thrombosis2 and antiplatelet agents in arterial thrombosis.3

Nevertheless, the cell-based model of hemostasis posits that platelets

are integral to hemostasis in vivo,4,5 and there is thus a rationale for

the use of antiplatelet drugs in venous thrombosis.6–9 Experimental

data support this proposition,10 and antiplatelet drugs reduce the risk

of venous thrombosis in people.11–13 Accumulating data also suggests

that anticoagulants may be valuable adjuncts to antiplatelet agents in

people with acute coronary syndromes.14 Since many hypercoagula-

ble states in small animals can result in venous or arterial thrombo-

sis in an unpredictable fashion, the judicious use of anticoagulants and

antiplatelet drugs concurrently may also have merit. Informed but not

constrained by this background information, we undertook a system-

atic evidence review (Appendix Data S1) to determine in small animals

at risk of thrombosis: (i) when an antiplatelet agent versus an anticoag-

ulant agent should be used; (ii) which antiplatelet agent is most effec-

tive in small animals; (iii) which anticoagulant agent is most effective

in small animals; and (iv) whenmultimodal therapy is indicated.Within

Domain2, outcomesof interestweredefinedas thrombusprogression,

new or repeat thrombosis, development of organ dysfunction, and sur-

vival. For the comparison of novel with established antiplatelet agents,

novel antiplatelet agents included the P2Y12 receptor inhibitors pra-

sugrel, cangrelor, ticagrelor, and the 𝛼IIb𝛽3 integrin inhibitors abcix-

imab, tirofiban, and eptifibatide.

2 PICO QUESTION: Antithrombotic agents

in venous thrombosis

In dogs and cats at risk of venous thrombosis (P), does use of an

antiplatelet agent (I) compared to use of an anticoagulant (C) improve

any outcomes? (O)

2.1 Guidelines

2.1 Antiplatelet agents versus anticoagulants for VTE (dogs)

a. We suggest that anticoagulants may be more effective than

antiplatelet agents for VTE prevention in dogs in general and

in dirofilariasis specifically.

2.2 Antiplatelet agents versus anticoagulants for VTE (cats)

a. No evidence-based recommendations can be made regarding

the use of antiplatelet agents for VTE in cats.

b. Wesuggest that anticoagulants rather than antiplatelet agents

be used for the prevention of VTE in cats.

2.2 Evidence summary

2.2.1 Dogs

There is a paucity of evidence that addresses the above PICO ques-

tion in dogs. There is a single prospective study directly comparing

2 antiplatelet agents (aspirin and prostacyclin) with an anticoagulant

(heparin) in the setting of thrombus formation under venous shear

conditions (level of evidence [LOE] 3, Good).15 The study suggested

that heparin was superior to aspirin for prevention of thrombus for-

mation. The study has direct relevance to dogs undergoing cardiac

procedures because the study design involved implantation of an arte-

rial graft prosthesis under venous shear conditions, but the general-

izability of these data to other prothrombotic conditions is uncertain.

A retrospective study of dogs with IMHA, in which venous thrombo-

sis predominates, suggested dogs that received ultralow-dose aspirin

had a survival benefit comparedwith those dogs that received heparin

(LOE 4, Fair).16 This study is flawed, however, by the lack of control

for illness severity and the likelihood that dogs which received hep-

arin were more severely affected by the disease (eg, lower platelet

counts, higher bilirubin, higher band neutrophils, and prolongations

of coagulation times) and hence the comparison of these groups is

confounded. Two additional studies evaluated thrombus formation in

the low-shear setting of the pulmonary arterial system (both LOE 3,

Good).17,18 Both publications evaluated the performance of aspirin

for the prevention of thrombosis in dogs with experimentally induced

dirofilariasis. The 2 publications produced opposing findings. Convinc-

ingly, Boudreaux et al suggest that neither aspirin or aspirin and dipyri-

damole protect against pulmonary thromboembolism in dirofilariasis

even at high dosages (mean 17mg/kg),18 while Schaub et al report that

aspirin reduces endothelial damage, platelet adhesion, andmyointimal

proliferation in dogswith dirofilariasis. Notably, an earlier paper by the

same authors (LOE 3, Good)19 suggested that aspirin is only effective

when given for 30 days.

2.2.2 Cats

Two publications that addressed the above PICO question were iden-

tified (LOE 3, Good).20,21 Both of these studies described use of

aspirin for the prevention of thrombosis in the low-shear setting of

the pulmonary vasculature secondary to dirofilariasis. Neither arti-

cle provided any comparison with an anticoagulant and both stud-

ies suggested that aspirin has limited if any efficacy for prevention of
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pulmonary thromboembolism due to dirofilariasis. Given the contra-

dictory nature of the data and the lack of comparisons with anticoagu-

lants, bothwere judged to be neutral to the PICOquestion overall. The

additional evidence regarding the efficacy of anticoagulants for pre-

vention of venous thrombosis in cats is presented within Domain 3.

2.3 Knowledge gaps

Although anticoagulants are generally recommended for VTE and

antiplatelet drugs for ATE prophylaxis,22 there is some evidence in

people that crossover efficacy exists.9,23 Direct comparisons of anti-

coagulant and antiplatelet agents for the prevention of venous throm-

bosis in dogs and cats are therefore warranted and will be required to

definitively address this question. Such trials should be appropriately

powered to detect biologically plausible, clinically relevant, patient-

centered outcome benefits.

3 PICO QUESTION: Antithrombotic agents

in arterial thrombosis

In dogs and cats at risk of arterial thrombosis (P), does use of an

antiplatelet agent (I) compared to use of an anticoagulant (C) improve

any outcomes? (O)

3.1 Guidelines

2.3 Antiplatelet agents versus anticoagulants for ATE (dogs)

a. We suggest that antiplatelet agents may be more effective

than anticoagulants for the prevention of ATE in dogs.

b. We suggest that anticoagulants may also be effective for pre-

vention of ATE in dogs.

2.4 Antiplatelet agents versus anticoagulants for ATE (cats)

a. We recommend that antiplatelet agents be used for the pre-

vention of ATE in cats.

b. No evidence-based recommendations can be made regarding

the use of anticoagulants for ATE in cats.

3.2 Evidence summary

3.2.1 Dogs

Very few articles directly addressed the above PICO question and

directly compared antiplatelet agents with anticoagulants in the set-

ting of arterial thrombosis. Three studies (all LOE 3, Good) reported

data that opposed the PICO question, that is, these studies indi-

cated anticoagulants were inferior to antiplatelet agents in the set-

ting of arterial thrombosis.24–26 In the studies by Frederick et al

and Makkar et al, GPIIb/IIIa (𝛼IIb𝛽3) inhibitors were more effective

than unfractionated heparin (UFH) for prevention of provoked arte-

rial thrombosis.24,25 In the study byMakkar et al, aspirin was also inef-

fective for prevention of stent thrombosis, however. In a femoral arte-

rial thrombosis model, Prosdocimi et al demonstrated that UFH was

inferior to aspirin and other platelet aggregation inhibitors, albeit at

a lower UFH dosage than in the other 2 studies.26 Although direct

comparisons suggest superiority of antiplatelet agents for arterial

thrombosis in dogs, multiple studies (19 LOE 3, Good, 1 LOE 3,

Fair) suggest efficacy of anticoagulants including UFH, low molecu-

lar weight heparin (LMWH), and direct inhibitors of Xa and throm-

bin for arterial thrombosis in dogs.27–46 Of these, 1 study suggested

that heparin may protect against renal arterial thrombosis following

renal transplantation in dogs better than aspirin,27 although the clin-

ical applicability of that study is limited.

3.2.2 Cats

Threepublications that addressed the abovePICOquestionwere iden-

tified (LOE 4, Fair–Poor).47–49 All 3 were retrospective studies of pop-

ulations of cats with or at risk of ATE and reported various combina-

tions of drugs, administered at multiple dosages and various dosing

regimens. As such, all were judged to be neutral to the PICO question.

3.3 Knowledge gaps

The pertinent unanswered question in dogs is whether provoked

arterial thrombosis in model systems is comparable to spontaneous

disease-associated aortic thrombus formation. Aortic thrombosis is

the most predominant (albeit uncommon) manifestation of ATE in

dogs, while coronary thrombosis is vanishingly rare in dogs. The shear

stresses in these 2 areas of the vasculature are dissimilar and hence it

is unknown if coronary ATE studies translate to the aorta. Comparison

of the efficacy of antiplatelet agents and anticoagulants in dogs at risk

for aortic thrombosis will be necessary to determine if anticoagulants

andantiplatelet agents areequivalent for preventionofATE indogs.An

ongoing study comparing rivaroxaban to clopidogrel in cats may help

determine if a direct Xa inhibitor can be, or should be, used in place of

clopidogrel for ATE prevention in cats.∗

4 PICO QUESTION: Clopidogrel versus

aspirin in animals at risk of thrombosis

In dogs and cats at risk of thrombosis (P), does use of clopidogrel

(I) compared to aspirin (C) improve any outcomes? (O)

4.1 Guidelines

2.5 Clopidogrel versus aspirin (dogs)

a. There is insufficient evidence to make strong recommenda-

tions regarding clopidogrel versus aspirin in dogs.

b. We suggest that clopidogrel may be more effective than

aspirin in dogs at risk for ATE.

2.6 Clopidogrel versus aspirin (cats)

a. We recommend that clopidogrel be used instead of aspirin in

cats at risk for ATE.
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b. There is no evidence on which to base recommendations

regarding the use of aspirin or clopidogrel in cats at risk for

VTE.

4.2 Evidence summary

4.2.1 Dogs

There is good evidence for efficacy of both aspirin and clopidogrel for

the prevention of arterial thrombosis in dogs (see Domain 3). In dogs,

only 1 study directly comparing aspirin with clopidogrel for throm-

boprophylaxis was identified. In that study (LOE 1, Fair) of dogs with

IMHA, no difference in survival or frequency of thrombotic events was

identified between the 2 treatment groups.50 However, there were

only 8 dogs in each arm of the study, making the study underpowered

to detect clinically relevant differences in efficacy. One experimental

study (LOE 3, Fair) showed that clopidogrel was superior to aspirin in

a model of coronary artery thrombosis,51 but the applicability of this

finding to clinical thrombotic conditions is unknown.

4.2.2 Cats

There is good evidence for the efficacy of clopidogrel as an antiplatelet

agent in cats both in vivo and in vitro, and some evidence for efficacy

of aspirin (see Domain 3). One prospective study in cats (LOE 1, Good)

provides evidence that clopidogrel is superior to aspirin for thrombo-

prophylaxis in cats with previous cardiogenic arterial thromboembolic

events.52 That study demonstrated that relative to aspirin, clopido-

grel significantly prolonged time to a subsequent thrombotic event and

increased themedian survival time.

4.3 Knowledge gaps

There is a need for studies comparing the efficacy of aspirin with clopi-

dogrel in dogs at risk for both ATE and VTE. The difficulty with such

studies is the need for adequate sample size to detect what may be

small differences in efficacy. Investigating a relatively homogenous

population and controlling othermanagement variablesmay be neces-

sary to answer these questions. In cats, where clopidogrel is demon-

strably superior to aspirin for ATE prevention, the question remains

whether dual antiplatelet therapy (standard of care in human acute

coronary syndromes)53,54 provides better protection against ATE than

clopidogrel aloneandwhether such combination therapyunacceptably

increases the risk of hemorrhage.

5 PICO QUESTION: Novel antithrombotic

agents in animals at risk of thrombosis

In dogs and cats at risk of thrombosis (P), does use of a novel

antiplatelet agent (I) compared to aspirin or clopidogrel (C) improve

any outcomes? (O)

5.1 Guidelines

2.7 New antiplatelet agents versus clopidogrel or aspirin (dogs)

a. There is insufficient evidence to make recommendations

regarding theuseof newantiplatelet agents versus clopidogrel

or aspirin in dogs.

b. Wesuggest that both abciximaband ticagrelor appear safe and

may be efficacious antiplatelet agents in dogs.

2.8 New antiplatelet agents versus clopidogrel or aspirin (cats)

a. There is insufficient evidence to make recommendations

regarding theuseof newantiplatelet agents versus clopidogrel

or aspirin in cats.

b. We suggest that abciximab appears safe and may be effica-

cious as an antiplatelet agent in cats.

5.2 Evidence summary

5.2.1 Dogs

No clinical studies that evaluate novel antiplatelet agents in dogs were

identified. Four experimental studies (all LOE 3, Fair) were identi-

fied that suggest efficacy for novel antiplatelet agents in dogs.55–58

Specifically, agents that antagonize platelet receptors for fibrino-

gen (abciximab, lotrafiban), ADP (ticagrelor), collagen-VWF (GPG-

290), and thromboxane (terutroban) have all been demonstrated

to have efficacy against canine platelets. The studies evaluating

GPG-290 and terutroban involved combination therapy only and

hence were considered neutral to the PICO question. Of the 4

agents, only ticagrelor and abciximab are currently commercially

available.

5.2.2 Cats

No clinical studies that evaluate novel antiplatelet agents in cats

were identified. A single experimental study (LOE 3, Fair) evalu-

ating the effects of abciximab on thrombus formation in cats was

identified.59 That study used a feline model of arterial injury and

compared the efficacy of aspirin alone with a combination of aspirin

and abciximab. Cats that received aspirin and abciximab had signifi-

cantly less thrombus formation compared to those receiving aspirin

alone, but at the expense of significantly longer mucosal bleeding

times.

5.3 Knowledge gaps

The demonstrable efficacy of the human P2Y12 antagonist, clopido-

grel, and inverse agonist ticagrelor in dogs suggests that evaluation of

other P2Y12 inhibitors such as prasugrel and cangrelor in dogs may

be of value. In addition, comparisons of the efficacy of prasugrel, tica-

grelor, and clopidogrel in dogs may be warranted. Furthermore, there

may yet be a role for reversible P2Y12 drugs such as ticagrelor and can-

grelor in veterinary medicine.54 The potential limitations of abciximab

in dogs and cats are the intravenous route of administration, cost, and

increased risk in bleeding. This drug may be beneficial in hospitalized

patients at risk for thrombosis and those undergoing interventional

radiology procedureswith a risk of ATE. Further evaluation of this drug

in these patients and comparisonwith other antiplatelet agents is war-

ranted.
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6 PICO QUESTION: Low molecular weight

heparin versus unfractionated heparin in

animals at risk of thrombosis

In dogs and cats at risk of thrombosis (P), does the use of a LMWH (I)

comparedwith the use of UFH (C) improve any outcomes? (O)

6.1 Guidelines

2.9 UFH versus LMWH (dogs)

a. There is insufficient evidence to make strong recommenda-

tions regarding the use of UFH versus LMWH in dogs.

b. We suggest that LMWH may be used in preference to UFH

becauseof thepositive safety profile of LMWHandmore reli-

able bioavailability of the LMWHproducts compared toUFH.

2.10 UFH versus LMWH (cats)

a. Noevidence-based recommendations can bemade regarding

the use of UFH versus LMWH in cats.

b. We suggest that LMWH may be used in preference to UFH

because of the documented efficacy of LMWH and the posi-

tive safety profile of LMWH.

6.2 Evidence summary

6.2.1 Dogs

There is a paucity of information directly comparing LMWH to UFH in

dogs at risk of thrombosis. One prospective study (LOE 1, Good) com-

paredUFH at low and high doseswith dalteparin.60 Neither dalteparin

or low-dose UFH dose produced meaningful anti-Xa activity. None of

the dogs in the study developed thrombosis, but 4 dogs that received

high-dose UFH bled. There is evidence indicating that enoxaparin may

be beneficial in dogs with IMHA (LOE 5, Fair),61 but that study did not

compare LMWHwith UFH. Other studies evaluating the use of UFH in

IMHA offer conflicting results. The survival rate in the study by Breuhl

et al. (LOE 2, Fair)62 was lower than in the study of Panek et al,61

while Helmond et al (LOE 1, Fair)63 suggested that individually dose-

adjusted UFH significantly improved survival compared with constant

UFHdosing. Several studies evaluatedUFHwith LMWH in experimen-

tal models. One study (LOE 3, Good) reported a shorter time to reper-

fusion and a significant reduction in vessel occlusionwith LMWHcom-

pared to UFH.64 Four other studies comparing LMWH with UFH in

experimental thrombosis models (all LOE 3, Good) also demonstrate

that LMWH is comparable or superior to UFH and is associated with

lower bleeding tendency.30,65–67

6.2.2 Cats

No articles directly addressed the above PICO question, and most

studies retrieved focus on the pharmacokinetics and pharmacody-

namics of LMWH in cats. One study (LOE 3, Fair) demonstrated an

antithrombotic effect of enoxaparin in a feline venous stasis model,68

while another study (LOE 5, Good) retrospectively reported safe use

of dalteparin in cats,48 but neither compared LMWH with UFH. Five

studies were reviewed that reported the pharmacokinetics of LMWH

in cats. Of these, 2 studies (LOE 3, Fair) suggested that dalteparin

had reproducible pharmacokinetics in cats69,70 and 1 study (LOE 3,

Fair) suggested that enoxaparin had reproducible pharmacokinetics

in cats.71 Two studies (LOE 3, Fair) suggest that frequent dosing of

LMWHs is required to produce reliable anti-Xa activity in cats.72,73

6.3 Knowledge gaps

Although there is solid evidence fromexperimentsmodels that LMWH

may be more effective than UFH in dogs, there are fewer data on dogs

with spontaneous thrombi. This represents an area for useful study

because of the evidence that UFH may improve survival in dogs with

IMHA. It will be crucial in these studies that appropriate monitoring

of drug activity is performed to enable valid comparisons of efficacy.

In cats, there are no comparisons between UFH and the LMWHs and

hence this is a clear deficit in the literature and an opportunity for

future study. The advent of the direct oral anticoagulants,most notably

the direct Xa inhibitors, may reduce the use of UFH in cats and hence

the need for studies in this specific area. Further controlled evaluation

of the efficacy of the LMWHs in catswith spontaneous venous thrombi

is warranted, however, and such studiesmust incorporate careful ther-

apeutic drugmonitoring (see Domain 4).

7 PICO QUESTION: Direct Xa inhibitor in

animals at risk of thrombosis

In dogs and cats at risk of thrombosis (P), does the use of direct Xa

inhibitors (I) comparedwith the use ofUFH (C) improve any outcomes?

(O)

7.1 Guidelines

2.11 Direct Xa inhibitors versus UFH (dogs)

a. There is insufficient evidence to make strong recommenda-

tions regarding the use of the direct Xa inhibitors versusUFH

in dogs.

b. We suggest the direct Xa inhibitors may be used in prefer-

ence to UFH based on evidence of equivalent efficacy, com-

bined with reliable pharmacokinetics and the ease of oral

dosing.

2.12 Direct Xa inhibitors versus UFH (cats)

a. Noevidence-based recommendations can bemade regarding

the use of the direct Xa inhibitors versus UFH in cats.

b. We suggest that the direct Xa inhibitors can be considered in

cats based on reliable pharmacokinetics and a favorable pre-

liminary safety profile.
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7.2 Evidence summary

7.2.1 Dogs

There is a paucity of information comparing direct Xa inhibitors to

UFH in dogs. Several experimental studies in canine models of ves-

sel occlusion (all LOE 3, Good) demonstrate at least equivalent effi-

cacy for the direct Xa inhibitors compared to UFH.36,74,75 Evidence

from 1 study (LOE 1, Fair) suggests rivaroxaban may be efficacious

in dogs with IMHA,76 but that study did not compare rivaroxaban to

UFH. Rivaroxabanmay also aid in decreasing thrombus size in patients

with venous thrombosis (LOE5, Fair),77 but similarly, that study did not

compare rivaroxaban with UFH. In studies published to date, rivaroxa-

ban appears to be well tolerated in dogs (1 LOE 1, Fair, 3 LOE 3, Good-

Fair, 1 LOE 5, Fair).76–80

7.2.2 Cats

No studies directly addressed the above PICO question. The 2 pub-

lished studies that were reviewed focused on the pharmacokinetics

and pharmacodynamics of direct Xa inhibitors in cats (LOE 3, Good–

Fair).81,82 Both rivaroxaban and apixaban appear to have reliable phar-

macokinetic and pharmacodynamic properties in cats and were well

tolerated.

7.3 Knowledge gaps

Adequately powered, randomized controlled trials comparing the effi-

cacyof directXa inhibitorswith individually dose-adjustedUFH indogs

at risk for spontaneous thrombosis (eg, canine IMHA) are urgently

required. An ongoing study in cats with ATEmay provide some insights

into the efficacy of rivaroxaban in cats with spontaneous disease, but

a head to head comparison of UFH with the direct Xa inhibitors will

be necessary to inform this area. Comparisons of the LMWHswith the

direct Xa inhibitors may be more likely to be performed, however (see

Guideline 2.13 Section 8.1).

8 PICO QUESTION: Direct Xa inhibitors

versus low molecular weight heparin on

outcome

In dogs and cats at risk of thrombosis (P), does the use of direct Xa

inhibitors (I) compared with the use of LMWH (C) improve any out-

comes? (O)

8.1 Guidelines

2.13 Direct Xa inhibitors versus LMWH (dogs)

a. There is insufficient evidence to make strong recommenda-

tions regarding the use of the direct Xa inhibitors versus

LMWH in dogs.

b. We suggest that use of either the direct Xa inhibitors or

LMWH in dogs is reasonable.

2.14 Direct Xa inhibitors versus LMWH (cats)

a. Noevidence-based recommendations can bemade regarding

the use of the direct Xa inhibitors versus LMWH in cats.

b. We suggest that use of either the direct Xa inhibitors or

LMWH in cats is reasonable.

8.2 Evidence summary

8.2.1 Dogs

There is a paucity of data comparing LMWH to direct Xa inhibitors

in dogs. No prospective randomized clinical studies were identified

that compared these 2 drug classes. One experimental study (LOE 3,

Good) of electrolytic arterial and venous injury demonstrated that a

direct Xa inhibitor had equivalent efficacy to enoxaparin for preven-

tion of thrombosis.44 Seven studies (6 LOE 3, Good–Fair; 1 LOE 5, Fair)

were reviewed that described the pharmacokinetics or pharmacody-

namics of direct Xa inhibitors (predominantly rivaroxaban or apixaban)

in dogs.78–80,83–86 These data suggest that the direct Xa inhibitors are

safe, orally active, and have reliable and reproducible pharmacokinet-

ics in dogs. Two studies (1 LOE 1, Fair; 1 LOE 5, Fair) reported the use

of rivaroxaban in dogs with or at risk of thrombosis.76,77 These stud-

ies had no control groups, were confounded by the concurrent use of

other medications, and did not describe the pharmacodynamic effects

seen. In toto, the data reviewed regarding the use of the direct Xa

inhibitors in dogs suggest these drugs are safe and may be effective

antithrombotics in dogs.

8.2.2 Cats

There were no articles that directly addressed the above PICO ques-

tion. The 2 published studies that were reviewed focused on the phar-

macokinetics and pharmacodynamics of direct Xa inhibitors in cats

(LOE3,Good-Fair).81,82 Both rivaroxaban and apixaban appear to have

reliable pharmacokinetic and pharmacodynamic properties in cats and

were well tolerated.

8.3 Knowledge gaps

Randomized controlled trials will be necessary to compare direct

Xa inhibitors with LMWHs in dogs. Trials comparing the direct Xa

inhibitors with LMWHs in cats would also be very valuable, particu-

larly because cost constraints are less problematic in cats than in dogs.

In any and all such trials, it will be necessary to confirm the levels of

anti-Xa activity achieved with both regimens in order to validate the

comparisons of efficacy.

9 PICO QUESTIONS: Unfractionated

heparin versus warfarin on outcome in dogs

In dogs and cats at risk of thrombosis (P), does the use of UFH (I) com-

paredwith the use of warfarin (C) improve any outcomes? (O)

In dogs and cats at risk of thrombosis (P), does the use of LMWHs (I)

comparedwith the use of warfarin (C) improve any outcomes? (O)
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9.1 Guidelines

2.15 UFH versus warfarin and LMWH versus warfarin (dogs and

cats)

a. There is insufficient evidence to make strong recommenda-

tions regarding the efficacy of heparin products versus war-

farin in dogs or cats.

b. We suggest that UFH or LMWH be used in preference to

warfarin (see other recommendations regarding the choice

between UFH and LMWH).

9.2 Evidence summary

Overall, there is insufficient evidence directly comparing UFH or

LMWH with warfarin in dogs or cats at risk of thrombosis, but

there is some evidence suggesting that use of 1 of those drugs over

the other is preferable in certain diseases of dogs or cats. How-

ever, there is no evidence to suggest that UFH or LMWH is supe-

rior to warfarin or vice versa to improve any outcomes in all dogs

and cats with risk of thrombosis. For particular patient populations,

a particular drug at a specific dosage may be a superior choice

because its use is better described in the literature at the time of

writing.

9.3 Knowledge gaps

Although additional studies comparing UFHwith warfarin and LMWH

withwarfarin in dogs and cats at risk for VTEwould be required to help

address thePICOquestion, the advent of thedirect oral anticoagulants

(Xa and IIa inhibitors) makes investigations of warfarin less important.

10 PICO QUESTION: Combination therapy

for venous thrombosis on outcome

In dogs and cats at risk of thrombosis (P), does the use of a direct Xa

inhibitor (I) compared with the use of warfarin (C) improve any out-

comes? (O)

Guidelines

2.16 Direct Xa inhibitors versus warfarin (dogs and cats)

a. No evidence-based recommendation can be made regarding

the efficacy of direct Xa inhibitors versus warfarin in dogs or

cats.

b. We suggest that the direct Xa inhibitors be used in prefer-

ence to warfarin in both dogs and cats.

10.2 Evidence summary

Overall, there is insufficient evidence comparing direct Xa inhibitors

with warfarin in dogs or cats at risk of thrombosis. There is evidence

supporting theuseof thedrug classes individually,which suggests their

use may be preferable in certain diseases of dogs or cats at risk for

thrombosis. The efficacy of the direct Xa inhibitors and warfarin is dis-

cussed elsewhere. Three large-scale studies in people (LOE 6, Good)

suggest that the direct Xa inhibitors are at least as effective aswarfarin

and are associated with better safety profiles, specifically in terms of a

reduction in the risk of life-threatening hemorrhage.87–89

10.3 Knowledge gaps

Additional studies comparing the direct Xa inhibitors with warfarin in

dogs and cats at risk of thrombosis would be required to help address

the PICO question. However, the evidence from human medicine sug-

gests that the direct oral anticoagulants (Xa and IIa inhibitors) are at

least as efficacious and are safer thanwarfarin. Thismakes future com-

parisons involving warfarin in veterinary medicine less important and

unlikely to be conducted. As mentioned above, comparisons of UFH or

LMWHwith thedirectXa inhibitorswill likely beof greater value to the

field.

11 PICO QUESTION: Combination therapy

for venous thrombosis on outcome

In dogs and cats at risk of venous thrombosis (P), does use of a com-

bination of an anticoagulant and an antiplatelet agent (I), compared to

the use of an anticoagulant alone (C) improve any outcomes? (O)

Guidelines

2.17 Combination anticoagulant and antiplatelet therapy for VTE

(dogs)

a. We suggest that administration of aspirin or clopidogrel in

addition to LMWHor individually adjusted UFH therapymay

be considered in dogs at high risk of VTE, where the risk of

clot formation is felt to outweigh the increased risk of bleed-

ing resulting from combination therapy.

2.18 Combination anticoagulant and antiplatelet therapy for VTE

(cats)

a. There is insufficient evidence to make strong recommenda-

tions regarding combination anticoagulant and antiplatelet

agent therapy in cats.

b. We suggest that combination therapy may be considered

where there is a high risk of thrombosis and the risk of clot

formation is felt to outweigh the increased risk of bleeding

resulting from combination therapy.

11.2 Evidence summary

11.2.1 Dogs

There is little evidence from veterinary literature suggesting a bene-

fit for combining anticoagulant and antiplatelet drugs over anticoagu-

lant therapy alone in dogs at risk of venous thrombosis. Evidence from

a single retrospective study of dogs (LOE 4, Fair) suggests combin-

ing UFH with aspirin compared to UFH alone for thromboprophylaxis
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in IMHA may improve outcome.16 However, outcome analysis in that

studywas confounded by inequalities in illness severity between treat-

ment groups. Minor hemorrhagic complications have been reported

with LMWH therapy in dogs,61 although interestingly not in with com-

bination therapy (1 LOE 3, Fair; 3 LOE 5, Fair).16,77,90,91 In people with

acute coronary syndromes, the addition of the direct oral anticoagu-

lants to antiplatelet agents increases the risk of bleeding.14

11.2.2 Cats

There are no studies that directly address the above PICO question

in cats. Guideline recommendations are based on data reviewed in

this and other domains and represent the current practice of the

committee.

11.3 Knowledge gaps

Future studies in this area might evaluate the efficacy of established

single anticoagulant therapies against combinations of the anticoag-

ulant with an antiplatelet agent in patients at high risk for VTE. The

key aspects of such a study design would be optimization of anti-

coagulant dosing, careful monitoring for adverse effects (particularly

bleeding), and an adequate sample size to detect clinically relevant

outcome differences. There may be a limited number of patient pop-

ulations in which such combination therapy might be a rational choice

but dogs with IMHA or protein-losing nephropathy might provide suf-

ficient patients for future studies.

12 PICO QUESTION: Combination therapy

on arterial thrombosis on outcome

In dogs and cats at risk of arterial thrombosis (P), does use of a com-

bination of an anticoagulant and an antiplatelet agent (I), compared to

the use of an anticoagulant alone (C) improve any outcomes? (O)

12.1 Guidelines

2.19 Combination antiplatelet and anticoagulant therapy for ATE

(dogs)

a. There is insufficient evidence to make strong recommenda-

tions for or against the use of combination antiplatelet and

anticoagulant therapy in dogs at risk for ATE.

b. We suggest that administration of clopidogrel or aspirin with

LMWHmay be considered in dogs at risk for ATE.

2.20 Combination antiplatelet and anticoagulant therapy for ATE

(cats)

a. Noevidence-based recommendations can bemade regarding

the addition of anticoagulants to antiplatelet agents for ATE

in cats.

b. Wesuggest that administration of clopidogrel in combination

with LMWHmay be considered in cats at risk for ATE.

12.2 Evidence summary

12.2.1 Dogs

There is little evidence from the veterinary literature evaluating

the combined use of anticoagulant and antiplatelet therapy over

antiplatelet therapy alone in dogs and cats at risk of thrombo-

sis. Evidence from 2 studies in people (LOE 6, Good)14,92 and 3

studies (LOE 5, Fair) in dogs, documented improved outcomes

(recurrence of thrombosis/return of ambulatory function) when the

use of anticoagulant and antiplatelet agents was compared with

the use of an anticoagulant agent alone for managing patients at

risk of recurring arterial thrombosis.77,90,93 In a meta-analysis of

6 trials comprising 29,667 people with acute coronary syndromes,

the use of direct oral anticoagulants in addition to antiplatelet

therapy reduced ischemic events.14 Two studies (LOE 5, Fair)93,94

described the use of antiplatelet therapy, whereas 3 studies

(LOE 5, Fair)77,90,93 documented the use of combination thera-

pies in dogs after their first incident of aortic thrombosis [N.B.

Lake-Bakaar et al93 included dogs that received single agent and dogs

that received combination therapy]. Based on these studies, dogs

treated with antiplatelet therapy alone had a higher recurrence rate

compared to dogs treated with a combination of anticoagulant and

antiplatelet drugs.

12.2.2 Cats

Evidence from 2 studies (LOE 4, Fair) in cats suggests that multimodal

therapy compared to antiplatelet therapy may decrease recurrence of

feline ATE.47,48 In these 2 studies, aspirin was combined with either

UFH47 or dalteparin.48 Compared to cats receiving combination ther-

apy, cats receiving aspirin alone in a separate study (LOE 4, Fair) had a

higher recurrence rate.95 A recent clinical trial reported that clopido-

grel was superior to aspirin for prevention of recurrence and prolon-

gation of survival in cats with a history of cardiogenic ATE.52 As such,

combining clopidogrelwith an anticoagulant such as LMWHor an anti-

Xa inhibitormayyieldbetter outcomes in catswithATE thanpreviously

reported.

12.3 Knowledge gaps

As with Guidelines 2.17 and 2.18 in Section 11.1, future studies in

this area might evaluate the efficacy of established antiplatelet thera-

pies against combinations of antiplatelet agent with an anticoagulant

in patients at high risk for ATE. Again, there may be a limited num-

ber of patient populations in which such combination therapy is likely

to be a viable proposition, but feline ATE is one such area. Once the

results of the rivaroxaban versus clopidogrel study mentioned above

are known, it may be viable to consider comparing the combination of

these 2 agents against either alone.

Footnotes

∗ https://www.morrisanimalfoundation.org/study/investigating-new-anti-

clotting-drug-cats-heart-disease

https://www.morrisanimalfoundation.org/study/investigating-new-anti-clotting-drug-cats-heart-disease
https://www.morrisanimalfoundation.org/study/investigating-new-anti-clotting-drug-cats-heart-disease
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