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Abstract

Objective – To present interventional therapeutic options for patients with thrombosis.

Etiology – Thrombosis in small animals results from an unbalance in the normal hemostatic mechanisms
leading to vessel occlusion. In veterinary medicine, thrombosis is recognized as a common complication of
many acquired diseases, including cardiac, endocrine, immunological, inflammatory, and neoplastic
disorders.

Diagnosis – Clinical signs are variable depending on the location of the thrombus and various laboratory and
imaging modalities can aid in its identification and localization.

Therapy – Once identified, a decision must be made to whether or not intervene and which method is most
appropriate. A number of minimally invasive approaches for dealing with thrombosis are available and offer
veterinarians a choice of therapeutic options when dealing with a thrombotic patient. In the presence of
thrombosis, a combined approach of vessel balloon dilatation, catheter-directed thrombolysis and stenting
may be most appropriate. Percutaneous mechanical thrombectomy, if available, may also be appropriate.
Embolic trapping devices can be used with vena cava thrombosis to help prevent pulmonary embolism.
Anticoagulant therapy may be indicated in the postoperative period to prevent further thrombus formation
while the patient’s fibrinolytic system breaks the clot down.

Prognosis – Outcome is variable depending on the site of the thrombus formation. Arterial thrombosis can be
life-threatening while venous thrombosis tends to be less life-threatening but may lead to pulmonary
embolism.

(J Vet Emerg Crit Care 2011; 21(2): 144–150) doi: 10.1111/j.1476-4431.2011.00627.x
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Introduction

Thrombosis is a major cause of mortality in people with

heart disease, cancer, and stroke, and these are the 3

most common causes of death in developed countries.1

In veterinary medicine, thrombosis is recognized as a

common complication of many acquired diseases, in-

cluding cardiac, endocrine, immunological, inflamma-

tory, and neoplastic disorders.2 Because of the difficulty

in confirming the diagnosis of thrombosis in veterinary
medicine, it is highly probably that many patients with

thrombosis may go undiagnosed making its true prev-

alence difficult to estimate. Even when the presence of a

thrombus is confirmed, there are numerous limitations

related to drug safety and efficacy of treatments that

have prompted the development of new therapies,

many centering on minimally invasive approaches to

thrombosis. A multimodal approach involving a com-

bination of interventional radiology, antithrombotics,
anticoagulant therapy, and thrombolytics may hold

the most promise for thrombosis management in small

animal patients.

Despite numerous reports of thrombosis in small an-

imals, few clinical studies have reported its successful

treatment. A few veterinary studies have focused on

the use of systemically administered thrombolytics.

Thrombolytic drugs target the clot directly by acceler-
ating fibrinolysis. Side effects reported with these

agents are bleeding tendencies, pulmonary embolism

(when treating venous thromboembolism) and reper-

fusion injury.3,4 Tissue plasminogen activator, strep-

tokinase, and urokinase have been used in cats with

aortic thromboembolism with generally poor outcomes

with survival rates ranging from 35% to 42%.3–6,a There
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are some sporadic reports in dogs involving the use of

tissue plasminogen activator, streptokinase, and uroki-

nase with variable results.3,4,7–9,a Unfortunately, with the

exception of a single recent prospective study of tissue

plasminogen activator in cats, prospective controlled

clinical studies evaluating thrombolytics and patient

outcome are lacking.10 As an alternative to medical ther-
apy, percutaneous mechanical thrombectomy (PMT) was

described and evaluated in a prospective study of 6 cats

with distal aortic thromboembolism.11 The survival rate

was 50%, which was similar to conventional medical

therapy.11

Etiology

Normally, hemostasis is maintained through an intri-

cate balance between endogenous anticoagulants and

procoagulants. The net effect is preservation of blood

flow in the systemic vasculature with localized coagu-

lation at sites of vessel injury. Changes in this balance

can tip the scales to either excessive bleeding or wide-

spread thrombus formation as is the case of true hyper-

coagulability.2,12 The primary underlying disorder can
influence the site of thrombus formation (eg, arterial or

venous vasculature), the composition of the occluding

thrombus and the viable therapeutic approaches to

thrombus formation. The relative proportions of platelets

and fibrin in the clot depend on the shear forces within

the injured vessel. Arterial thrombi form under high

shear forces and therefore tend to contain a large number

of platelets held together by fibrin strands. Venous
thrombi form under low shear forces and consist pri-

marily of fibrin and red blood cells. Mixed thrombi are an

intermediate form and occur predominantly in the pul-

monary vasculature.2,12,13 Strategies to inhibit arterial

thrombogenesis typically include the use of antithrombo-

tics or antiplatelet drugs, whereas anticoagulants are the

mainstay of venous thromboprophylaxis.2,13

Clinical signs, resulting from compromised blood
flow to an organ, can be variable and depend on the

affected organ.13,14 Actual confirmation of the presence

of thromboemboli, especially microthrombi, can be

clinically challenging to establish. A combination of

Doppler ultrasonagraphy, angiography, venography,

ventilation perfusion scans, and contrast enhanced CT

and MRI imaging can aid in their identification, how-

ever, in many cases, microthrombi likely go undiag-
nosed in small animals.13

Treatment

Traditionally, treatment of thrombosis has focused on

reducing thrombogenesis or dissolving existing clots

through the use of thrombolytics. Reducing thrombo-

genesis can be achieved with either antithrombotic

drugs or anticoagulants. Surgical thrombectomy has

only been sporadically reported in the veterinary liter-

ature.15,16 A study of dogs with adrenal tumors and

tumor-induced thrombi in the vena cava reported that

adrenalectomy and thrombectomy resulted in acceptable

outcomes.15 Another case report documented that a cat
with primary hyperaldosteronism and caval thrombus

was successfully manage by surgical thrombectomy.16 To

the author’s knowledge, surgical arterial thrombectomy

has not been reported in the veterinary literature. Pa-

tients presenting with arterial thrombosis are often crit-

ically ill. The vast majority of cats presenting with an

aortic thrombus (the main veterinary example of arterial

thrombosis) have significant heart disease and over 50%
will present in congestive heart failure thus making them

poor surgical candidates.17

Minimally Invasive Approaches

By using the technique of catheter-directed thromboly-

sis, thrombolytic drugs are used to target the clot di-

rectly and act by accelerating fibrinolysis. Side effects

reported with these agents include bleeding tendencies,
pulmonary embolism (when treating venous thrombo-

embolism), and reperfusion injury. These agents can be

infused systemically or locally (ie, the agent is delivered

through a catheter directly into the affected vessel).3,4 In

people, catheter-directed thrombolytic therapy appears

to be associated with better outcomes and fewer bleed-

ing complications for both arterial and venous throm-

bosis when compared with systemic thrombolytic
therapy. Improved outcome associated with this inter-

vention may be due to the fact that the systemic dose is

administered at the site of the clot.14 This technique

could prove useful in small animals and is relatively

easy to perform in patients with vena caval thrombosis

as the thrombolytic agent could be administered

through a central line or through a catheter inserted

through a central line. A comprehensive review of
the systemic use of thrombolytics is beyond the

scope of this review and has been extensively reviewed

elsewhere.3–11

Another important element to consider in the deci-

sion making process in a thrombotic patient is the site

of the clot. Arterial thrombosis is generally considered

an emergency and the time to intervention is critical.

Such is the case with aortic thrombosis in cats. Venous
thrombosis tends to present less acutely and the deci-

sion to intervene may not be as straightforward to

make.18 For instance, if a patient presents with a par-

tially obstructive thrombosis of the vena cava, and

the underlying hypercoagulability can be managed, the

patient’s fibrinolytic system may slowly eliminate the
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clot without further intervention. Pulmonary embolism

may occur as the clot breaks up.

Balloon Dilatation or Angioplasty

Balloon dilatation or angioplasty of atherosclerotic

lesions have been performed for a number of years in

human medicine (Figure 1). Angioplasty has been used

to plasty clots up against vessel walls thus quickly

restoring patency. This technique has mostly been

applied to smaller caliber vessels over short segments.

Examples of vessels where this technique may be
applied include deep vein thrombosis of the femoral or

popliteal veins. Some concerns regarding the use of

this procedure include reocclusion of the vessel, espe-

cially if the patient remains hypercoagulable, and

pulmonary embolism during the angioplasty or peri-

operatively.14,19,20 In patients at high risk of pulmonary

emboli, a caval filter can be placed.

Because of recurrent stenosis following balloon an-
gioplasty other techniques have been investigated to

help reduce the occurrence of restenosis. The placement

of an endovascular stent in people increases long-term

patency rates.21,22 Another novel approach is the use of

drug eluting balloons. Recently, the antiproliferative

agent paclitaxel has been used to coat angioplasty bal-

loons to reduce restenosis following balloon dilatation

of peripheral artery disease secondary to atherosclero-
sis.22 Anticoagulant eluting balloons may prove to be

useful in the management of thrombosis in certain vet-

erinary patients.

In order to perform balloon angioplasty in veterinary

patients, the vessel must be easily accessible and of

sufficient diameter so it does not become completely

occluded by the presence of the catheter. Based on the

effectiveness of this technique in people, angioplasty

may prove to be of benefit in small animal patients with

aortic thrombosis as seen in patients with protein losing

nephropathy or enteropathy or in cats with cardiac

disease and distal aortic thromboembolism. This ap-

proach could also be used in patients with cranial vena

cava thrombosis secondary to complications following
the placement of central venous catheters. To date, a

case report describes 2 dogs that presented with pace-

maker-induced thrombosis of the cranial vena cava

that were successfully treated with catheter-directed

thrombolysis and balloon dilatation.22

Vascular Stenting

Various nitinol-based vascular stents have been devel-
oped to treat both arterial and venous peripheral vas-

cular disease including thrombosis in people (Figure 2).

Stents are nonthrombogenic and do not appear to be

associated with an increased risk of thrombosis at

the implantation site; however, as they are often used

in hypercoagulable patients, anticoagulants possibly in

combination with thrombolytics are most often

used.19,20,23 These stents are routinely used to treat ves-
sel occlusion secondary to atherosclerotic plaques and

also used in the treatment of aortic dissection. In peo-

ple, these stents are placed in the carotid arteries, iliac

arteries, renal artery, the celiac, and mesenteric arter-

ies.24 They have also been used to treat aortic dissection

and aneurysms.23,24 Covered stents or stent grafts

consist of a metal exoskeleton covered with a

polytetrafluroethylene material, which is impermeable
to blood.23 Stents can be mounted on a balloon or be

self-expanding. Some complications reported in people

following the use of stents include stent fractures in

mobile sites such as upper extremity deep vein throm-

bosis and femoral and popliteal stenting.19,23,24 Once in

place, vascular stents cannot be removed. Vascular

stenting is applicable to veterinary patients and in the

future may improve outcome in certain thrombotic
conditions as has been demonstrated in people.21

Despite the success obtained in people following

vascular stenting, up to one-third of patients still un-

dergo stent restenosis. This has led to the development

of drug-eluting stents in the hopes of reducing the high

rate of restenosis in some patients. Drug eluting stents

containing paclitaxel, everolimus and sirolimus have

been used successfully in patients with peripheral vas-
cular disease. These agents possess antiproliferative

properties that can aid in decreasing vessel fibrosis and

therefore may be effective in treating thrombosis and

reocclusion.25

In small animal patients, there are no published re-

ports of the use of stents specifically to treat thrombotic
Figure 1: Balloon dilation catheters. Courtesy of Infiniti Medical

LLC (Malibu, CA).
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disease. The author, along with colleagues, has placed

stents in the external iliac arteries extending up

and into the distal aorta in a dog that presented
with distal aortic thrombosis extending into both

external and internal iliac arteries. The procedure

was successful and was used in combination with

catheter-directed thrombolysis (Figures 3 and 4).

The dog recovered full use of the hind legs (except

for a gastrocnemius contracture on the left hind limb)

and was lost to follow-up 20 months following the

procedure. Vascular stents have been placed in
the caudal vena of dogs to assist in coil embolization

of intrahepatic portosystemic shunts and in the hepatic

veins and caudal vena cava in 3 dogs with Budd-

Chiari.26,27 These have been well tolerated and not

associated with any adverse effects. A case report

of a cat with vena caval obstruction that underwent

balloon dilatation and stent placement has also been

published.28

Embolic Trapping Devices

Various devices ranging from baskets to ‘spider-like’

endovascular implants have been developed in people

to trap emboli and prevent them from reaching the

lungs. This is particularly important with caval im-
plants in the presence of deep vein thrombosis. Once

trapped, emboli can undergo fibrinolysis.29,30 The most

commonly used embolic trapping devices are vena cava

filters, which are placed in 3–11% of people with deep

vein thrombosis.30 The use of these filters is indicated

when anticoagulant therapy cannot be initiated, must

Figure 2: Vascular stent. Courtesy of Infiniti Medical LLC.

Figure 3: Distal aortogram in a dog with a distal aortic throm-

bus. Arrows point to filling defects at the aortic trifurcation.

Figure 4: Two caval stents were placed in the external iliac

arteries and extending into the distal aorta.
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be stopped or is insufficient in protecting patients from

pulmonary embolism.29,30 Filters are most commonly

inserted fluoroscopically into the caudal vena cava just

under the lowest renal vein in order to trap emboli

emanating from the femoral or popliteal veins; how-

ever, they may also be placed in the cranial vena cava.

Filters can be placed either through the jugular vein or
through the femoral vein depending on the desired site

of deployment and the size of the patient. Filters must

be placed down stream from the clot.29–33 These devices

can be permanent or retrieved once the thrombotic

disease is under control. Filters can be made of nitinol

or stainless steel and are biocompatible and non-

thrombogenic. Some complications reported with these

filters include migration and tearing or the perforation
of the cava. To the author’s knowledge, these devices

have yet to be used in clinical veterinary patients. Po-

tential applications in veterinary medicine would be the

trapping of emboli from caval clots secondary to adre-

nal tumors or protein losing nephropathies.

PMT

PMT can be divided into wall contact devices and non-
wall contact devices. A nonwall contact device, the

Angiojet system,b has undergone evaluation in a small

number of cats.11 The Angiojet system emits high ve-

locity saline jets that are directed backwards from the

tip of the device to outflow channels creating a local-

ized low-pressure zone (Venturi-Bernoulli effect). These

flow jets generate a vacuum force that draws the

thrombus back into the catheter. The jets break the
thrombus into small fragments that are propelled into

the lumen of the catheter and aspirated. Aspiration of

these fragments is meant to remove the thrombotic de-

bris without their embolization.11,20,32 The device must

be inserted into the affected vessel and advanced until

it reaches the clot and therefore may be size restrictive

in some patients. The smallest catheter available for the

Angiojet is 4-Fr. Although this system has been used
successfully in cats with distal aortic thromboem-

bolism, reperfusion injury was reported following

thrombectomy.11 In human medicine, instead of using

saline flush, there are recommendations to use tissue

plasminogen activator in the flush to improve

thrombolysis at the clot and distal to it.20,32 This com-

bined approach may improve outcome.

Concurrent Anticoagulant/Antiplatelet Therapy

Following thrombosis intervention, the question of

medical anticoagulation becomes important. If the un-

derlying disease that predisposed to hypercoagulability

and thrombus formation is not addressed, the patient

may thrombose other sites or present recurrence at the

same site. In people, many factors are taken into ac-

count such as underlying disease, site of the clot and

site of the implant, if present, when determining an

adequate anticoagulant protocol.33

Another consideration is what to do with patients

already receiving anticoagulant therapy that must un-

dergo intervention for thrombosis. As bleeding from
catheter sites peri- and postoperatively is a concern, it is

generally recommended to discontinue anticoagulant

and antiplatelet therapy before the procedure. The

length of time required for discontinuation of therapy is

variable and dependent on the half-life of the agent

being used. Based on the short half-life of unfraction-

ated heparin, it can be stopped 2–5 hours before a

procedure. Given the longer half-life of low-molecular-
weight heparin, these should be stopped 8 hours before

a procedure.34,35 Aspirin causes irreversible platelet in-

activation by irreversibly binding cyclooxygenase. De-

spite its antiplatelet properties, clinical bleeding with

aspirin therapy appears to be uncommon.33 Clopid-

ogrel is a potent antiplatelet medication and complica-

tions in people undergoing interventional procedures

have been reported. It may therefore be prudent to
discontinue clopidogel 7 days before a procedure.36

Despite these recommendations, in an emergency

situation (eg, arterial thromboembolism) an interven-

tion can be performed despite the use of anticoagulant

therapy. The clinician must be prepared for bleeding

complications and if needed, be able to reverse the

effects of heparin with either protamine or by tranfu-

sion of activated clotting factors in the case of low-
molecular-weight heparins.12

There is very little information in the veterinary liter-

ature on whether to continue anticoagulant and/or

antiplatelet medication postoperatively. According to

human recommendations, the presence of a vascular

stent does not augment thrombogenesis. Anticoagulant/

antiplatelet medication should be continued as long as

the underlying disease that led to thrombosis is present.33

In veterinary medicine, decisions on long-term anti-

coagulant and antiplatelet therapy are often chosen in

regard to ease of administration and cost.

Multimodality Approach

A multimodality approach using systemic anticoagu-

lant therapy, catheter-directed thrombolysis, and endo-

vascular stents may be the most appropriate approach
in clinical veterinary patients. A multimodality ap-

proach allows direct intervention to rapidly remove the

clot or open the vessel lumen while lysing distal clots

and preventing further clot formation. This combined

approach may result in improved morbidity and mor-

tality. Given the variable presentation and wide range
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of underlying disease processes in small animal pa-

tients, an individual patient approach will most likely

yield the best results.

Prognosis

Prognosis in patients with thrombosis varies depending

on the site of the thrombosis, arterial versus venous, the
underlying condition which led to hypercoagulability

and the clinician’s ability to address this underlying

condition. Venous thrombosis are generally less life-

threatening than aortic thrombosis. Early identification

and rapid treatment of thrombotic disease in small

animal patients, may improve the prognosis.

Conclusions

Thrombosis in small animals is the result of an unbal-

ance in the clotting mechanism leading to vessel occlu-

sion. Clinical signs are variable depending on the

location of the thrombus and various laboratory and

imaging modalities can aid in its identification and lo-

calization. Once identified, a decision must be made

whether or not to intervene and establishing which
method is most appropriate to treat the thrombosis. A

rapid combined approach of vessel balloon dilatation,

stenting, and catheter-directed thrombolysis may be

most appropriate for arterial thrombosis. PMT, if avail-

able, may also be appropriate. Acute venous thrombo-

sis patients may benefit from balloon dilatation,

stenting or catheter-directed thrombolysis. More

chronic cases may benefit from embolic trapping de-
vices helping to prevent pulmonary embolism. Antico-

agulant therapy prevents further thrombus formation

while the patient’s fibrinolytic system breaks it down.

Given the current paucity of clinical data in this im-

portant area, further studies are warranted to deter-

mine viable and effective techniques in small animals.
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