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Introduction

Feline aortic thromboembolism (FATE), also known as 'saddle thrombus', is probably the most
common form of thromboembolism. It is initiated by the sudden migration of a left atrial thrombus
into the systemic arteries, FATE is a devastating syndrome, with short-term consequences
characterized by acute pain, paralysis and rhabdomyolysis in the affected limb (Julien Guillemin et al
2024) Cats seem to be more susceptible than animals of other species to development of ATE, probably
because of the higher prevalence of myocardial disease with left atrial enlargement in cats; the

propensity for intracardiac thrombus formation seems to be higher for cats.

[ Embolus ]—> Any foreign body floating in the blood, it can be solid,
liquid or gases carried via blood from its origin to distant

circulating system and becoming lodged in the blood
vessel thereby causing obstruction.

[ Embolism ]-

[ Thrombus } >
vein

N [The process of foreign body moving through the

A blood clot that forms in a blood vessel either artery or ]

Occlusion of blood vessel by an embolus that has
broken away from thrombus

[ Thromboembolism ]—h— [
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Pathophysiology: One or more of three essential conditions must be present for thrombosis to occur:

1) Local vessel or tissue injury

2) Circulatory stasis

3) Altered blood coagulability

Collateral circulation plays a critical role in progression and resolution of clinical
thromboembolic disease, and is modulated by vasoactive substances (e.g., serotonin and others)
released by the clot and other substrates (Philip R. Fox 2003)

Endothelial
Damage

= N Left Atrial Size

= Stretched Atrial
Cardiomyocytes

Virchow's
Triad

Blood Stasis Hypercoagulable

=\ |eft Atrial/Auricular State
Systolic Function = Platelet

= L Left Auricular Hyperaggregation

Appendage Velocities = Genetic Factors

VIRCHOWS TRAID OF THROMBOSIS
Classically, the factors that predispose to excessive thrombus formation are described by Virchow’s

triad: endothelial dysfunction, blood stasis, and a hypercoagulable state. All of these factors can
contribute to ATE (arterial thromboembolism) in cats. Dilation of the left atrium and/or left auricular
appendage can lead to endothelial damage and blood stasis, both of which may be further exacerbated
by left atrial systolic dysfunction.

ATE manifests as sudden occlusive vasculopathy of the systemic arteries. Although the exact
pathophysiology of the syndrome is not completely understood, most cardiologists believe that the
condition arises when thrombi from the left atrium enter the systemic circulation and lodge in distal

locations, with subsequent occlusion of the affected vessels.
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The distal aorta is the most commonly recognized site of arterial occlusion, and occlusion can

be partial or complete. Secondary thrombosis can develop, extending cranially up the aorta to occlude
visceral arteries (intestinal, renal). Occasionally, direct splanchnic infarction can occur. Less
commonly, thromboembolic will occlude forelimb arteries (right more commonly than left), resulting
in unilateral forelimb paresis or paralysis. Cerebrovascular arterial occlusion is thought to occur on
occasion but is difficult to document or substantiate.
Cardiogenic ATE occurs almost exclusively in cats with large left atria. However, atrial enlargement
alone is insufficient for development of ATE; this is apparent in the fact that most cats with HCM
(hypertrophic cardiomyopathy) that develop CHF (congestive heart failure) (and therefore have
markedly enlarged left atria) do not develop ATE and that cats with other cardiac diseases, such as
VSD (ventricular septal defect) and mitral valve disease, can also develop markedly enlarged atria
without increased risk of ATE. Thus ATE requires atrial dysfunction, which produces blood stasis or
decreased blood flow within the left auricle.

Additionally, alterations in either platelet function or coagulation (or both) might play a role in
development of ATE. To date, studies have failed to identify specific risk factors for development of
ATE. However, anecdotally, spontaneous echocardiographic contrast (SEC) within the LA is
considered by most cardiologists to be a risk factor, insofar as this finding suggests intraatrial blood
stasis and aggregation of red blood cells. SEC has been associated with decreased left auricular blood
flow and clinic pathologic evidence of hypercoagulability, further supporting the hypothesis that it is
a risk factor for ATE. However, not all cats with SEC develop ATE, and cats without SEC can also
develop ATE. Presence of an intraatrial thrombus is considered to be a strong risk factor for
cardiogenic ATE (mark rishniw 2012)

CLINICAL SIGNS: Consequences of Arterial Thromboembolism depend ipon:
1) Site of embolization

2) The severity and duration of occlusion

3) Degree of functional collateral circulation

4) Development of serious complications.

The onset of clinical signs as a result of ATE is typically acute or peracute with little to no
warning signs. The condition causes a significant degree of distress not just for the cat but also for the
owners witnessing the event.

Cats with ATE will experience severe pain in the affected limb(s), often vocalizing as a result
and exhibiting clear signs of distress and discomfort. The exact nature of the clinical signs may vary,
depending on the actual location of the thromboembolism within the peripheral circulation, which

depends on both the size of the embolus and the vessel diameter at the various levels of the arterial
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tree. For most affected cats, the affected arteries are appendicular; however, no appendicular arteries
(e.g., mesenteric, renal, and cerebral) may also be embolized.

The most common presentation is that of distal aortic thromboembolism (saddle thrombus) at
the level of the aortic trifurcation, which is characterized by paralysis or paresis of one or both pelvic
limbs. When both hind limbs are affected, one may be more severely affected than the other.
Embolization can also occur within either of the brachial arteries and similarly results in lower motor
neuron signs affecting the ipsilateral forelimb.

Some cats may also exhibit signs of CHF (e.g., dyspnoea, tachypnea, orthopnoea, lung crackles,
and open-mouth breathing). Note that tachypnea and open-mouth breathing may also be manifestations
of the acute pain of ATE. Most affected cats have no known history of heart disease; the sudden signs
of ATE are the first indicators of severe cardiac disease. Clinical signs are attributable to CHF and
specific tissues or organs that are embolized (e.g., azotaemia from renal infarction, bloody diarrhoea

from mesenteric infarction, posterior paresis from saddle embolus).

Typical stance of a cat with saddle
thrombus showing bilateral pelvic limb
paresis

. . Pain
DlagnOSISZ Acute and severe

ATE in cats can typically be diagnosed on
the basis of physical examination alone.
Physical Examination:

e Cardinal signs are associated with Polliothermy Birests o Paraivels

Temperature of affected
limbs lower than Ischemic neuropathy

appendicular ATE (the 5 Ps): pain, nonaffected limbs

paralysis/paresis, pulselessness,
pallor, and poikilothermy (Michael

aherene et al 2020) Pulieiosenast Pallor

=% Pale or cyanotic paw

pads and nail beds in
affected limb(s)

Weak or absent pulses in
affected limb(s)
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Hallmarks of Appendicular Arterial Thromboembolism

e Motor function is usually absent or reduced distal to the stifles, with skin sensation
absent distal to the tarsus. The combination of pelvic limb lower motor neuron signs
with absent femoral pulses and cold extremities is pathognomonic for ATE.

e Lower motor neuron signs may be present in forelimbs with a brachial thrombus,
where pulselessness may be more difficult to recognise. Foot pads are frequently pale
or cyanosed in the affected limb, which is a particularly useful finding in forelimbs.

e In some cats, the ATE is only ‘partial’, with some motor function in the distal limb
persisting or returning rapidly. If the embolised thrombus is small, rapidly lysed or
collateral circulation is quickly re-established, motor function may be present by the
time the cat is presented.

e Rectal temperature is often reduced, and is considered a poor prognostic sign. It is
important to recognise signs of CHF, as this confers a worse prognosis and must be
managed differently.

e Although a rapid respiratory rate is often interpreted as a sign of CHF in cats with
heart disease, many cats with ATE will be tachypnoeic due to pain, whether or not
they have CHF. It can be very difficult to distinguish rapid respiratory rate associated
with pain or stress from tachypnoea due to pulmonary oedema, unless crackles can be

identified on auscultation.

Laboratory Tests:

Common clinical pathology abnormalities include elevated BUN and creatinine at
presentation; elevated serum alanine aminotransferase and aspartate aminotransferase (SGOT)
by about 12 hours and peak by 36 hours post embolization, indicating hepatic and skeletal
muscle inflammation and necrosis; increased lactate dehydrogenase and creatinine
phosphokinase enzymes shortly after embolization indicating widespread cellular injury.

Hyperglycaemia, mature leucocytosis, lymphopenia, and hypercalcemia may be present. Acute
hyperkalaemia can result from reperfusion injury of skeletal muscles downstream from the
embolus. Hypokalaemia is a common consequence of anorexia and diuretic therapy.
Coagulation abnormalities may be detected. Coagulation tests are frequently normal, although

D-dimers may be elevated.

Radiography

In the absence of audible crackles, thoracic radiography may be the most reliable way to

confirm the presence of CHF, but should not be undertaken in cats with severe respiratory distress.
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Thoracic radiographs are also helpful for identifying pulmonary mass lesions in those cats with an

underlying neoplastic cause.

Echocardiography

Echocardiography provides rapid, noninvasive assessment of cardiac structure and function,

detects intracardiac thrombi when present, and assists in formulating appropriate therapy and

prognosis. Multiple imaging planes are required to detect small mural thrombi. Spontaneous echo

contrast (smoke™) may be present in the LA or LV, is associated with blood stasis, and is a

harbinger for increased thromboembolic risk.

Doppler evaluation of the affected limb is a quick and easy method that may help identify
pulses in these circumstances.

A recent study that used infrared thermography in cats with acute bilateral hind limb paralysis
found that a cutoff value of 2.4°C (4.32°F)

Difference in temperature between ipsilateral affected and nonaffected limbs had excellent
specificity (100%) and high sensitivity (80%) for a diagnosis of ATE.

Temperature assessment using this technique requires an infrared camera, availability of which
may be limited, but as these devices become smaller and less expensive, this quick and
noninvasive method of assessment may be useful, particularly in emergency practice settings.
Differential measurements of blood glucose and serum lactate between affected and unaffected
limbs may also provide supportive evidence of ATE. In peripheral venous blood samples from
affected limbs, blood glucose is lower and lactate is higher than that in venous samples from
nonaffected limbs or central veins.

Rarely, imaging of the implicated artery (e.g., ultrasonography of the vasculature, angiography,
magnetic resonance imaging, computed tomography with angiography) may be necessary to
confirm the diagnosis.

Differential Diagnosis

Differential diagnoses for these neurologic signs include peripheral neuropathies (e.g., diabetic

neuropathy), spinal cord disease (fibrocartilaginous embolism, neoplasia, trauma)

Intervertebral disc disease with acute disc herniation

Cranial cruciate rupture or other orthopaedic diseases

Treatment:

Supportive care is indicated for all cases.

Many cats autolyse their thromboembolism within 1 to 14 days.

» Provide pain medications.
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1.
2.
3.

Hydromorphone 0.05 to 0.2 mg/kg SC, IM QID
Butorphanol 0.1 to 0.4 mg/kg SC, 1V, IM QID
Buprenorphine 0.01 mg/kg SC, IV, IM TID

Consider low-dose acepromazine (0.05 to 0.1 mg/kg SC, 1V, IM) as a sedative and vasodilator

Assess bladder size and express distended bladders (rarely necessary).

Turn laterally recumbent cats.

Institute range-of-motion exercises after the initial 24 hours.

Consider IV fluids at low rates (half maintenance) if no CHF is detected.

Anticoagulation is necessary to prevent further thrombus formation.

» Aspirin 6 mg/kg PO every 72 hours has had variable efficacy (Pion, 1988; Smith et al., 2003).

» Aspirin. Aspirin is administered during and after a thromboembolic episode for its theoretical
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effect to limit further events. Aspirin induces a functional defect in platelets by irreversibly
inactivating (through acetylation) cyclo-oxygenase. In the platelet, cyclo-oxygenase converts
arachidonic acid to thromboxane A2 which induces platelet activation (through release of
platelet adenosine diphosphate), and which stimulates vasoconstriction [in the vascular wall
cyclo-oxygenase converts arachidonic acid to prostacycline which inhibits platelet aggregation
and induces vasodilation]. The aspirin-induced acetylation of the cyclo-oxygenase enzyme is
irreversible and persists for the life of the platelet which is 7 to 10 days, as does platelet
aggregation and release response to various agonists. Effectively inhibits platelet function for
3 to 5 days and is relatively safe.

Heparin is given at 50 to 100 units/kg SC QID, with the therapeutic goal of prolonging the
activated partial thromboplastin time (APTT) to 1.5 x baseline.

Heparin. Heparin binds to lysine sites on plasma antithrombin 111, enhancing its ability to
neutralize thrombin and activated factors XII, XI, X, IX; this prevents activation of the
coagulation process. Efficacy has never been established and its use for this indication remains
controversial. Unfractionated heparins have been traditionally used, although low molecular
weight heparins (LMWH) are now available and provide greater potential for efficacy and
safety. LMWH has greater bioavailability and longer plasma half-life than standard
unfractionated heparins, and can be given as a fixed, subcutaneous dose once daily. Currently,
dosage and efficacy of LMWH are under investigation. With unfractionated heparin, reported
dosages vary widely; it may be administered at the time of admission as an initial 1V doses
(100-200 1U/Kkg), then 50-100 1U/kg subcutaneously g6 to 8 hours. The dose is then adjusted

to prolong PT 1.5-2 times pretreatment values. Bleeding is a major complication.
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Low-molecular-weight heparins (enoxaparin or dalteparin) may be substituted at 1 mg/kg SC
BID to TID, but no controlled studies have evaluated their efficacy in cats.

Warfarin may eventually be started at 0.25 mg PO SID.

Use heparin initially and continue it for a 48-hour overlap period.

Dosage adjustments are needed to maintain international normalized ratio or APTT at 1.5 to 2
x baseline.

Clopidogrel is a platelet inhibitor that has been used in cats at 18.75 mg PO SID (Hogan et
al., 2004).

Clopidogrel is an irreversible ADP antagonist that further reduces the risk of vascular events

in human patients when added to aspirin, at the cost of a slightly increased risk of haemorrhage.
ADP is a weak platelet agonist on its own, but is important in potentiating platelet activation
in response to collagen, and thrombin. ADP also amplifies the effect of TXA,. Studies in
normal cats showed that clopidogrel decreased platelet aggregation in response to ADP and
collagen, and decreased platelet serotonin release. Clopidogrel appears to be well tolerated in

cats.

Thrombolytic therapy is rarely performed

>
>
>

Only 40% of cats survived to be discharged from the hospital (Pion, 1988).
The dose of streptokinase is 90,000 units IV over 30 minutes, then 45,000 U/hr for 3 hours.
Streptokinase (90,0001U over 20 minutes followed by 45,000 IU CRI for 2-24h) and
urokinase act by generating the nonspecific proteolytic enzyme plasmin through conversion of
the proenzyme plasminogen. This causes a generalized lytic state with the incipient hazard of
bleeding complications.

Tissue plasminogen activator is given at 0.25 to 1 mg/kg/hr IV, with total dose of 1 to 10 mg/kg
V.

Recombinant tissue-type plasminogen activator (p-ta) has a lower affinity for circulating

plasminogen and does not induce a systemic fibrinolytic state. It binds to fibrin in within the
thrombus and converts the entrapped plasminogen to plasmin. This initiates a local fibrinolysis
with limited systemic proteolysis. Tissue plasminogen has been evaluated in cats with
spontaneous thromboembolism by Pion (0.25 to 1.0 mg/kg/hr 1V [total 1V dose, 1-10 mg/kg);
43% of treated cats survived the therapy and walked within 48h of administration.

Monitoring of Animal

>
>
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Assess the presence and severity of pain, and titrate opioids as needed.
Palpate femoral arterial pulses, and inspect the nail beds and foot pads to assess return of blood

flow.
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» Inspect the skin of the affected limbs for discoloration, lichenification, or other evidence of
impending necrosis.

» Monitor renal function and electrolytes.

» Monitor respiratory rate and effort, and repeat thoracic radiographs in cats treated
with furosemide for CHF.

> Repeat APTT in cats receiving heparin = warfarin to achieve a target of 1.5 x baseline.

» Prognosis is poor in cats that show no return of blood flow within several days.
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