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KEY POINTS

e Underlying causes of cardiogenic arterial thromboembolism (CATE) in cats are complex
and not well understood.

e Immunothrombosis involving platelets, inflammation, and neutrophils likely plays a crucial
role in CATE pathogenesis and presents a novel therapeutic target.

e Primary prevention should be optimized using precision medicine or dual-agent therapy to
prevent CATE.

INTRODUCTION

Cardiogenic arterial thromboembolism (CATE) is one of the leading causes of morbidity
and mortality in cats with cardiomyopathies. CATE occurs when a thrombus, origi-
nated from the left atrium (LA) or left atrial appendage (LAA), dislodges and embolizes
to the distal aorta and/or arteries causing tissue ischemia, necrosis, and subsequent
ischemic reperfusion injury.” Hypertrophic cardiomyopathy (HCM) is the main under-
lying cause of CATE with a reported prevalence of 11.3% among cats affected by
HCM.2® Severe inflammation, burn injuries, and smoke inhalation may also result in
transient myocardial thickening and CATE. Because cats with CATE often present
acutely with congestive heart failure (CHF) and extreme pain without any prior clinical
signs, it is a distressing emergency for pet owners with a high rate of euthanasia at the
time of diagnosis.* Owing to a high mortality rate of up to 54.1% and a high recurrence
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rate of up to 49%, long-term thromboprophylaxis is the most important prevention
strategy in cats with HCM and CATE.%*~" However, optimal strategies for preventing
CATE have not been established. The development of novel therapeutics in the treat-
ment of CATE also is a challenge because little is known regarding the underlying path-
ophysiology of this disease. This review aims to summarize our understanding of CATE
pathophysiology, recommendations for thromboprophylaxis, and the knowledge gaps
in the literature and clinical practice.

CURRENT UNDERSTANDING OF CARDIOGENIC ARTERIAL THROMBOEMBOLISM
PATHOPHYSIOLOGY

According to Virchow’s triad, thrombosis occurs in the setting of an overall hyperco-
agulable state, abnormal blood flow, and endothelial injury. Although the pathophys-
iology of CATE in cats is not well understood, alterations of all three components of
Virchow’s triad are considered the main contributing factors (Fig. 1)."

Hypercoagulability

A delicate balance between antithrombotic and prothrombotic properties of the he-
mostatic system must be maintained to prevent life-threatening hemorrhage and
thrombosis. It involves an intricate network of platelets, circulating blood cells, humor-
al proteins, and many feedback mechanisms that regulate the system. HCM has been
shown to disrupt this dynamic balance of hemostasis causing hypercoagulability, clin-
ically manifesting as intracardiac thrombosis and CATE (see Fig. 1).
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Fig. 1. Summary of Virchow’s triad and potential underlying mechanisms in CATE. Blood sta-
sis occurs due to left atrial enlargement and dysfunction resulting in intracardiac thrombosis
and damage of the endocardium. Endothelial injury may initiate coagulation, by upregulat-
ing von Willebrand factor (VWF), tissue factor (TF), or downregulating thrombomodulin
(TM), further exacerbating a hypercoagulable state, by facilitating platelet-neutrophil inter-
actions and immunothrombosis.
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Platelets

Platelets are the primary effectors in coagulation and hemostasis. In response to
vascular injuries, platelets adhere to exposed subendothelial matrixes and, in a multi-
step process, undergo activation and recruitment of nearby platelets. This initial step
is crucial to the formation of the platelet plug and fibrin network.® Findings in several
ex vivo studies in HCM cats indicate that platelet activation and priming have an
important role in the pathogenesis of CATE. A study by Tablin and colleagues showed
that platelets from a colony of Maine Coon cats with occult HCM had increased
platelet-derived microparticles and surface P-selectin expression, a marker for
platelet activation.® In addition, the severity of HCM, characterized by LA enlargement,
left ventricular (LV) wall thickness, and LV end-systolic cavity obliteration, correlated
with the degree of platelet activation. These findings were further confirmed by Helen-
ski and Ross, who demonstrated that some cats with cardiomyopathies display irre-
versible platelet aggregation in response to adenosine diphosphate (ADP), indicating
that their platelets may be hyperresponsive.'® Such a process, known as platelet prim-
ing, can be caused by exposure to molecules that either modulate intracellular inhib-
itory pathways or potentiate activating pathways in platelets. This, in turn, causes
unrestrained and amplified response to physiologic agonists.’"'? Platelet priming
was confirmed by Tan and colleagues, who showed that client-owned cats with occult
HCM had elevated response to thrombin compared with healthy cats without HCM.'?
Another study conducted in a separate colony of Maine Coon/outbred mixed cats
showed that cats homozygous for the mutation in the myosin-binding protein C
(MYBPC3) gene had increased platelet activation in response to ADP compared
with wild-type cats."" Interestingly, none of the cats at the time of study had echocar-
diographic evidence of HCM, which suggests that platelet priming may occur before
the diagnosis of occult HCM."" Collectively, these studies support the notion that
platelet priming causing increased platelet activation plays a role in conjuring an over-
all hypercoagulable state in cats with HCM.

Secondary hemostasis and fibrinolysis
Secondary hemostasis consists of a series of enzymatic reactions that activate
thrombin, a proteolytic enzyme that cleaves fibrinogen to fibrin monomers. Polymer-
ization and stabilization of fibrin give rise to fibrin clot, which is crucial to stabilizing
the platelet plug. Fibrin formation is dampened when thrombin binds to antithrombin
(AT) to inhibit coagulation factors via glycosaminoglycans, heparins, and heparin sul-
fates. Fibrinolysis controls clot remodeling by cleaving fibrin clots allowing blood
flow to be reestablished after thrombus formation. Fibrinolysis is activated by
plasmin, which is, in turn, activated by tissue plasminogen activator (TPA) or
urinary-type plasminogen activator, producing fibrin degradation products (FDPs)
like D-dimer."®

Evidence suggests that overactivation of secondary hemostasis may contribute to
hypercoagulability in HCM cats. Elevated thrombin-AT (TAT) complexes and FDPs,
which are used to measure the activation of secondary hemostasis and fibrinolysis,
have been documented in cats with cardiomyopathies.’*'® Although one study
found increased AT concentrations in cats with cardiomyopathies, another showed
that HCM cats had reduced AT suggesting that AT may be consumed more readily in
a hypercoagulable state.”*"> A study by Stokol and colleagues further confirmed
these findings by demonstrating increased TAT complexes and D-dimer in cats
with cardiomyopathies.’® The clinical use of TAT and D-dimer as biomarkers for
identifying cats at risk of CATE has not been evaluated and requires further
investigation.
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Immunothrombosis

Immunothrombosis describes the complex interactions between innate immunity
and the coagulation system. Under normal conditions, immunothrombosis facilitates
microvascular thrombosis to prevent pathogen dissemination during vascular in-
juries and infection. Dysregulation of immunothrombosis caused by many cardio-
vascular diseases has been linked to systemic hypercoagulability and thrombosis.
Neutrophils, which are the most abundant granulocytes, is a main player of immuno-
thrombosis.'” In addition to degranulation and phagocytosis, neutrophils release
neutrophil extracellular traps (NETs) in response to various stimuli. NETs, which
are composed of cell-free DNA (cfDNA), citrullinated histones (citH), and antimicro-
bial proteins not only contribute to host defense by ensnaring and eliminating path-
ogens but they also possess prothrombotic properties.’® Research in various
species identifies five major pathways in which NETs may contribute to thrombosis
(Fig. 2).77-23
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Fig. 2. Potential pathways of immunothrombosis during CATE and therapeutic targets. (1)
Activated platelets interact with neutrophils via adhesive or soluble interactions forming
neutrophil extracellular traps (NETs). NETs formation may also be initiated in response to
reactive oxygen species (ROS), lipopolysaccharides (LPS), cytokines, and pathogens, (2)
NETs may amplify thrombin and fibrin polymerization by activating Factor Xl via the
negatively charged surfaces of ¢fDNA and by amplifying tissue factor-dependent
thrombin generation, (3) granular proteins, such as neutrophil elastase, found on NETs
may augment thrombin generation by degrading natural anticoagulants like tissue factor
pathway inhibitor (TFPI), (4) extracellular histones on NETs may activate platelets and pro-
mote inflammation, (5) NETs may impair fibrinolysis by inhibiting activity of tissue plas-
minogen activator (TPA). Potential therapeutic targets: (A) Inhibiting adhesive
interactions between platelets and neutrophils using peptides or monoclonal antibodies
to dampen neutrophil activation and NETs formation, (B) pharmacologic inhibition of
NETs formation, (C) dismantling of NET structures by DNase |, (D) scavenging of free his-
tones using peptides like non-anticoagulant heparins to prevent cytotoxicity and platelet
activation.
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Plasma cfDNA, as a marker of NETs, was found to be elevated in cats with HCM and
CATE but did not correlate with LA function or neutrophil count. Further analysis of
cfDNA fragment size discovered that prothrombotic cfDNA fragments around 100 to
500 base pairs were found only in cats with HCM and CATE.?* Using immunofluores-
cence microscopy to characterize and quantify NETs in thrombi within the aortic bifur-
cations and external iliac arteries in cats, NETs were found to be dynamic structural
elements of arterial thrombi with altering distributions in relations to their proximity
to the distal aorta.?® These differences in thrombus composition could be due to
neutrophil entrapment at the site of vascular occlusion or neutrophil activation as
they are exposed to extreme variations in shear stress. The role of pathologic shear
stress and NETs in cats with HCM is unclear.

Extracellular histones can be released extracellularly via NETs formation or necrosis.
Oncereleased, they act as danger-associated molecular patterns by inducing inflamma-
tion and apoptosis. Free histones also have been shown to increase platelet activation
and promote NETs formation in mice and human beings.'®?" Free citH are considered
by some investigators a specific marker of systemic NETs formation. Histone citrullina-
tion is a posttranslational modification process that converts arginine to citrulline resi-
dues, which alters the electrostatic interactions between DNA and histones causing
nucleosome decondensation and cfDNA release.'® High concentrations of citH have
been identified in arterial thrombi retrieved from cats and human stroke patients indica-
tive of active NETs formation during cardiovascular diseases.?*?° Li and colleagues
demonstrated that plasma citH concentration was significantly increased in HCM cats
and approximately 50% of cats with subclinical HCM had increased citH3 concentra-
tions. Interestingly, none of the healthy cats in the control group had any detectable
levels of citH. Plasma citH3 also correlated with predisposing factors for CATE, such
as LA enlargement and LA systolic dysfunction. These findings suggest that citH may
serve as a future therapeutic target or biomarker for HCM cats at risk of CATE.?*

Systemic inflammation is one of the driving forces of global hypercoagulability.
Although systemic inflammation has previously been characterized in some human
patients with HCM, its role in the pathogenesis of feline CATE is not well understood.
Neutrophil-to-lymphocyte ratio (NLR) is a well-established biomarker indicating the
balance between innate and adaptive immunity. In human medicine, elevated NLR
signals systemic inflammation and stress, which can be used as a prognostic marker
in short- and long-term outcomes in patients with ischemic stroke and HCM.27+28 Simi-
larly elevated NLR was observed in cats with severe HCM and was shown to be an
independent predictor of cardiac-related deaths.?®

Blood Stasis

Cats with HCM that develop CATE or CHF have moderate to severe LA enlargement
and LA systolic dysfunction. Decreased LA function results in blood flow stasis, which
is associated with the formation of spontaneous echocardiographic contrast (SEC),
and/or intracardiac thrombus within the LA appendage (see Fig. 1)."*° Schober and
Maerz found that LAA blood flow velocity of less than 0.2 m/s was an independent pre-
dictor for spontaneous echocardiographic contrast (SEC) and may be used to identify
cats at an increased risk of CATE.®® SEC was postulated to be caused by low blood
low, which facilitates the formation of red blood cell fibrinogen aggregates giving rise
to a swirling pattern of blood flow “smoke” on echocardiogram.®’ However, another
study found that human patients with SEC had more activated platelets, leukocytes,
and platelet-leukocyte aggregates within the LA suggesting that platelet leukocytes
may be involved in the formation of intracardiac thrombus and may be at least in
part responsible for the origin of SEC.*?
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Endothelial Injury

Under normal physiologic conditions, endothelium releases molecules such as nitric
oxide (NO), prostaglandin 12, and thrombomodulin to restrict platelet aggregation and
subsequent fibrin deposition. During endothelial injury, these protective mechanisms
are likely compromised and prothrombotic molecules such as von Willebrand factor
(VWF) and tissue factor are upregulated and released.*® vVWF is a large glycoprotein syn-
thesized and released by endothelial cells, platelets, and megakaryocytes. Once
released, it binds to circulating platelets via platelet glycoproteins causing tethering
and rolling of platelets on the endothelium. This initial adhesion to the endothelium is
short-term and is proportional to shear stress.>® Elevated vVWF levels have been docu-
mented in human patients with atrial fibrillation, myocardial infarct, inflammatory
vascular disease, and HCM and have been used as an indicator of disease progres-
sion.®*3% In HCM cats, endocardial damage due to LA enlargement and stretching of
the endocardium may also lead to upregulation of VWF."*” Stokol and colleagues
showed that plasma vVWF concentrations were significantly elevated in cats with acute
CATE indicating the presence of endothelial damage.'® A recent study by Cheng and
colleagues detected upregulation of endocardial VWF in cats with severe HCM and
CATE and found an abundance of vWF within intracardiac thrombi. These findings indi-
cate that vVWF is upregulated in HCM, which may likely contribute to thrombosis in cats.®®

KNOWLEDGE GAP

According to various human and murine studies, activated platelets can be further
categorized into aggregatory and procoagulant platelets. Although aggregatory plate-
lets contribute to the growth of the initial platelet plug, procoagulant platelets provide a
membrane surface for the assembly of coagulation complexes to propagate thrombin
generation and fibrin polymerization. The exact mechanisms underlying the transfor-
mation of platelets to their procoagulant phenotypes are unclear but may be mediated
by the mitochondrial necrosis pathway (Fig. 3). Conventional antiplatelet drugs, which
target the aggregatory functions of platelets, may not prevent procoagulant platelet
formation and their effects on thrombin generation. In humans, procoagulant platelets
are associated with an elevated risk of thrombosis in cardiovascular diseases such as
stroke. A better understanding of how they are formed and their contribution in CATE
pathophysiology may identify novel therapeutic targets (see Fig. 3).%°

Although NETs have been characterized in plasma and thrombi in cats with HCM
and CATE, the underlying mechanisms regulating their formation are unknown.
Because the extreme variations in blood shear stress in cats with HCM and CATE
may play a role in the pathogenesis of thrombosis, studies are being conducted to
investigate the molecular interactions between neutrophils and platelets under hydro-
dynamic shear stress that may be essential for NETs formation.?® Also, revealing the
mechanisms of immunothrombosis in platelet priming also is essential in optimizing
thromboprophylaxis in cats with cardiomyopathies.

RISK ASSESSMENT FOR CATS WITH CARDIOMYOPATHIES AND DIAGNOSIS OF
CARDIOGENIC ARTERIAL THROMBOEMBOLISM

Severalrisk factors are associated with the development and progression of CATE such
as reduced LA fractional shortening and severe LA enlargement on echocardiogram
(Box 1). In addition, cats with preexisting CATE have the highest risk for the recurrence
of CATE.*° Unfortunately, existing methods of identifying risk factors rely solely on
echocardiograms. This is complicated by the fact that many cats at risk do not have
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Fig. 3. Summary of phenotypes and functions of aggregatory and procoagulant platelets.
Activated platelets commit to become procoagulant platelets on strong physiologic agonists
such as thrombin and collagen. Sustained increase in intracellular calcium occurs through a
multistep process which involves calcium influx through plasma membrane, calcium release
from the dense tubular system (DTS), reactive oxygen species, and mitochondria. A cascade
of intracellular events leads to calcium release via mitochondrial permeability transition
pores (mPTP), which causes externalization of the negatively charged phospholipid, phos-
phatidylserine (PS). Exposure of PS provides a membrane surface where coagulation pro-
teins bind to form complexes to amplify thrombin generation. Drugs such as rapamycin
might reduce the formation of procoagulant platelet function by stabilization of mitochon-
drial membrane potential.

Box 1
Summary of risk factors in cats for cardiogenic arterial thromboembolism

Known risk factors for cardiogenic arterial thromboembolism in cats
History and signalment
e Male
e Previous thromboembolic events
e Gallop sounds
Echocardiogram findings:
e LA enlargement
o LA systolic dysfunction such as low LAA flow velocity
e SEC/intracardiac thrombus

Potential risk factors for future research
Biomarkers
e Citrullinated histones
o VWF
o Cell-free DNA fragments (500-1000 base pairs)
e Increased platelet activation/procoagulant platelets
e Platelet-neutrophil aggregates
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auscultatory abnormalities, hence are unlikely to undergo echocardiographic
screening. No biomarkers or validated risk model analyses are available to evaluate
thrombotic risk in HCM cats. Box 1 summarizes known risk factors and potential bio-
markers for identifying cats at risk for CATE.

RECOMMENDATIONS FOR PREVENTING CARDIOGENIC ARTERIAL
THROMBOEMBOLISM

Primary prevention aims to prevent the first incidence of a thromboembolic event,
whereas secondary prevention aims to prevent or limit the recurrence of CATE. Given
the high morbidity and mortality rates of CATE, cats at risk of CATE should be treated
with thromboprophylaxis that is cost-effective, safe, and efficacious.’

Primary Prevention in Cats with Stage B2 Cardiomyopathy

Primary prevention should be implemented in cats diagnosed with stage B2 cardiomy-
opathy with LA enlargement and/or observed LA systolic dysfunction. Fig. 3 outlines
the risk assessments and primary prevention strategies in cats with Stage B2 cardio-
myopathy. The efficacy of antiplatelet drugs for the primary prevention of CATE is lack-
ing. However, a multicenter, randomized, double-blinded clinical trial feline arterial
thromboembolism; clopidogrel vs. aspirin trial (FATCAT) comparing clopidogrel with
aspirin in CATE recurrence in 75 cats that survived a thromboembolic event revealed
that clopidogrel was superior to aspirin in reducing the incidence of CATE recurrence.’
Both drugs modulate platelet activation and platelet aggregation via different mecha-
nisms of action with high interindividual variability (Table 1)." However, on-treatment
recurrence rate remained high at 36% for clopidogrel and 75% for aspirin indicating
that an antiplatelet drug alone does not eliminate the risk of CATE.” For that reason,
aspirin therapy alone does not seem to be an effective thromboprophylaxis. These
findings also support the use of precision medicine to identify genetic polymorphisms
that impact the inhibitory effects of clopidogrel in cats. Precision medicine uses ge-
netic testing to identify mutations that influence the pharmacodynamics of drugs in in-
dividuals and is an emerging field in human cardiovascular medicine. A prospective
observational study in 49 HCM cats found that nonsynonymous single-nucleotide
polymorphism in the P2RY1 gene, which encodes the platelet ADP receptor, P2Y1,
was significantly associated with clopidogrel resistance after 10 to 14 days of clopi-
dogrel therapy. Because a high number of HCM cats was shown to have the
P2RY1:A236 G variant (51% heterozygous, 16.3% homozygous), genetic testing for
this variant is highly recommended, whereas the patient is started on clopidogrel
(Fig. 4).*" A multimodal thromboprophylaxis approach also should be considered in
cats tested positive for this variant. In human studies, dual-agent therapy (DAT) con-
sisting of an antiplatelet drug and a direct oral anticoagulant (DOAC) such as rivarox-
aban is superior to single-agent therapy in preventing and reducing the incidence of
acute thrombosis.*? Although dose escalation of clopidogrel was shown to be benefi-
cial in humans with clopidogrel resistance due to cytochrome P450 2C gene mutations,
Yu and colleagues did not find any significant associations between clopidogrel active
metabolites and platelet inhibition. This finding indicates that dose escalation would
not likely be effective at potentiating the inhibitory effect of clopidogrel in cats with
the P2RY1:A236 G variant.*" If DOAC is not a viable option, unfractionated heparin
(UFH), low-molecular weight heparin (LMWH), or addition of aspirin can be considered.

A dual-agent approach with an antiplatelet drug such as clopidogrel and DOAC
such as rivaroxaban or apixaban should be considered in cats with Stage B2 cardio-
myopathy with atrial fibrillation, SEC, or LA intracardiac thrombi. UFH or LMWH may
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Table 1

Summary of common drugs used for primary and secondary prevention of cardiogenic arterial

thromboembolism in cats

Drug Recommended Dose Mechanism of Action
Antiplatelet
Aspirin 81 mg PO g72 h Irreversible inhibition of platelet

5 mg/kg PO g48 h

cyclooxygenase-1, responsible for
converting arachidonic acid to
thromboxane A, which induces
platelet activation and aggregation

Clopidogrel 18.75mg PO 924 h
Single loading dose:

37.5mg PO q24 h

Metabolized by liver to clopidogrel
active metabolite, which binds
irreversibly to adenosine diphosphate

(ADP) receptor, P2Y,,, preventing ADP
binding to the receptor

Anticoagulant

Unfractionated 250 U/kg SC g6h Binds to antithrombin to potentiate its

heparin activity to inhibit factors lla, IXa, Xa,
Xia, and Xlla
Enoxaparin 75-100 I1U/kg SC g4 to 6h Forms complex with antithrombin and

Dalteparin 0.7-1 mg/kg SC g4 to 6h
Direct oral anticoagulant

2.5mgto5mg PO g24 h
0.2 mg/kg PO

preferentially inhibits factor Xa

Rivaroxaban
Apixaban
Thrombolytics
Tissue plasminogen 1 mg/kg (maximum 6 mg)
activator IV slow bolus over 30 min

OR 1 mg/cat IV bolus then
2.5 mg/cat over 30 min

Binds to and inhibits factor Xa directly

Catalyzes enzymatic conversion of
plasminogen to plasmin which
cleaves fibrin polymers

be used in place of DOAC but a few studies have found that multiple subcutaneous
administrations of up to every 6 hours are required to obtain effective anticoagulant
activity.*® This could greatly compromise owner and patient compliance. To date,
two DOACs (rivaroxaban and apixaban) have been studied in cats and are shown to
be safe, well-tolerated, and effective in inhibiting factor Xa.**%° A retrospective study
describing the use of DAT with clopidogrel and rivaroxaban reported no on-treatment
thrombotic events in cats with cardiomyopathy and SEC or intracardiac thrombi.
Adverse effects were also low at 15% with clinically insignificant bleeding.*® This
finding suggests that DAT may be an effective thromboprophylaxis for primary preven-
tion. Comparative studies of metabolism and excretion of rivaroxaban in dogs,
humans, and rats found that ~66% of the drug was excreted unchanged by the kid-
neys.*’” Therefore, drug clearance may be inversely proportional to the degree of renal
function impairment. In the Rivaroxaban versus Warfarin in Nonvalvular Atrial Fibrilla-
tion (ROCKET AF) trial, which evaluated the efficacy of dose reduction of rivaroxaban
in human patients with atrial fibrillation and moderate renal impairment, major bleeding
events were reported more frequently among patients on rivaroxaban or warfarin.*®
Because apixaban is largely excreted unchanged via the gastrointestinal routes
(59%) in dogs, it is reasonable to consider using apixaban in cats with severe renal dis-
ease.*® Further studies are required to study the effects of DOACs in cats with severe
renal disease. Given the high interindividual variability in response to clopidogrel ther-
apy in cats, genetic testing for the P2RY1:A236 G variant is highly recommended in
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Fig. 4. Recommendations for primary prevention of CATE in cats in Stage B2
cardiomyopathy.

cats at high risk of CATE. If SEC or LA thrombus remains static or worsens after start-
ing DAT, increased dosing frequency or dose escalation of DOACs based on anti-Xa
activity may be warranted (see Fig. 4).

Secondary Prevention in Cats with Stage C Cardiomyopathy

In addition to stabilizing cardiopulmonary status, commencement of thromboprophy-
laxis to prevent further thrombus growth and thrombotic events is of utmost impor-
tance. In patients that tolerate oral medications, clopidogrel should be started (see
Table 1). According to the Consensus on the Rational Use of Antithrombotics in Vet-
erinary Critical Care (CURATIVE) guidelines, a single loading dose of 37.5 mg may
be effective at increasing therapeutic plasma concentrations more quickly.>° The FAT-
CAT study, which compared aspirin to clopidogrel as sole thromboprophylactic treat-
ment in cats after a CATE event, demonstrated that clopidogrel was superior to aspirin
by prolonging the recurrence of arterial thromboembolism (ATE) (median time:
346 days vs 128 days).” Despite the lack of high-quality evidence, DAT with a DOAC
or anticoagulant should be considered as part of their in-hospital thromboprophylaxis
strategy.®° In a retrospective case series by Lo and colleagues describing the use of
DAT with clopidogrel and rivaroxaban in 18 cats following CATE, recurrence rate
was 17% with a median survival time of 502 days.*® This is the longest survival time
and lowest recurrence rate ever reported when compared with the FATCAT study,
which reported a recurrence rate of 36% in the clopidogrel group.” It is important to
note that both studies included cats that survived to hospital discharge while previous
retrospective studies reported cats that were euthanized at presentation or within
48 hours of hospitalization when mortality rate was the highest. Nonetheless, this
further supports the notion that a DAT may be superior to single-agent approach in pre-
venting recurrence of CATE. In an ex vivo study, we demonstrated that 7 days of DAT
treatment with rivaroxaban and clopidogrel resulted in synergistic platelet inhibition in
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healthy cats. Compared with treatment with clopidogrel or rivaroxaban alone, DAT was
more effective at modulating tissue factor-induced thrombin generation and thrombin-
mediated platelet activation.51 The study also found that mono-agent treatment alone
with rivaroxaban resulted in potentiation in platelet aggregation and activation.*®

Cats that are hospitalized for CATE may be in respiratory distress due to concurrent
CHF and, hence, may not tolerate oral medications. In these cats, injectable anticoag-
ulants should be administered. Although UFH is inexpensive and widely available, its
efficacy has not been investigated in cats with CATE. As mentioned earlier, LMWH re-
quires multiple dosing to maintain anti-Xa activity.*> For that reason, LMWH or UFH
may be more suitable for in-hospital treatment before patients can be transitioned
to oral medications. Although the current CURATIVE guidelines recommend individual
dose adjustments based on therapeutic monitoring, no studies to date have shown an
optimal range of anti-Xa activities that would safely deliver thromboprophylaxis in clin-
ical cats.®

Once patients are discharged from hospital, reassessment by echocardiogram and
physical examination for worsening of LA function, SEC, intracardiac thrombus, and
perfusion to previously thrombosed sites are highly recommended to assess efficacy
of thromboprophylaxis. Cats that develop on-treatment return of SEC or intracardiac
thrombus should be monitored for DOAC anti-Xa activity for dose escalation or in-
crease in dosing frequency. Fig. 5 outlines the risk assessments and secondary pre-
vention strategies in cats with Stage C cardiomyopathy.

THROMBOLYTIC THERAPY

The use of streptokinase or TPA to accelerate fibrinolysis in cats with CATE is contro-
versial.* Based on human guidelines, TPA should be administered in cats shortly,
ideally within 6 hours after thromboembolic events. A recent prospective multicenter
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A

Fig. 5. Recommendations for secondary prevention of CATE in cats.
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randomized placebo-controlled trial did not demonstrate any benefit of TPA on short-
term survival and limb perfusion compared with conventional therapy despite enroll-
ment within 6 hours of CATE.®? Although this study did not find gross evidence of
hemorrhage in necropsy of cats treated with TPA, it is, nevertheless, a known and
potentially life-threatening complication of TPA. Clinicians are advised to weigh the
risks and benefits of TPA administration cautiously.

FUTURE THERAPIES

Given the important role of platelets in clot formation, targeting procoagulant platelet
formation while sparing the aggregatory function of platelets may be a more effective
and safe approach in preventing and treating CATE (see Fig. 3). Platelet integrin a/lb33
antagonists such as abciximab and eptifibatide may offer better thromboprophylaxis
than conventional antiplatelet drugs. The efficacy of abciximab has been studied in a
feline arterial injury model, which showed that the combination of abciximab and
aspirin was superior to aspirin in reducing thrombus formation.>® However, its
in vitro inhibitory effect on platelet aggregation could not be determined suggesting
that abciximab may not bind to feline platelet integrins. Eptifibatide was shown to
cause unpredictable circulatory and sudden death in cats; hence, its use is not recom-
mended in clinical patients.>* Larger scale clinical trials are required to assess the ef-
ficacy and safety of «llbB3 antagonists in clinical HCM cats.

Novel therapies directed at disrupting NETs formation, scavenging NETs proteins,
and dismantling NETs structure may have synergistic effects on existing therapies
by modulating thrombin generation, platelet activation, and augmenting clot remodel-
ing (see Fig. 2).

SUMMARY

Platelet-neutrophil interaction and immunothrombosis likely play an important role in
the complex pathophysiology of CATE. Early recognition of risk factors for CATE is the
key to prevent thromboembolic events and to implement effective and safe primary
prevention strategies. To improve patient outcomes, future research should aim to
improve our understanding of the molecular and mechanistic interactions involved
in this disease process. Precision medicine could aid in identifying cats at risk of
CATE and optimizing antithrombotic treatments.

CLINICS CARE POINTS

e Precision medicine using genetic testing for P2RY1:A236 G polymorphism to provide the
optimal thromboprophylaxis in cats at risk of developing CATE

e Dual-agent therapy consisting of clopidogrel and direct oral anticoagulant is recommended
in cats with P2RY1:A236 G mutation or those at high risk of developing CATE and CATE
recurrence.
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