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Abstract : Four dogs were brought to the Veterinary Medicine Teaching Hospital of Seoul National University (VMTH
SNU) with a history of hind limb ataxia, three with pain, one without pain. Three of the four showed weak to absent
femoral pulses and cold extremities. Thromboembolism was identified by ultrasonography in the external and/or internal
iliac arteries. A thrombolytic agent, recombinant tissue plasminogen activator (rt-PA), was administered (0.5-1 mg/kg,
every 60-120 min, 3-5 doses). Two dogs (Cases 2 and 3), which were instantly provided rt-PA treatment, survived
6 and 17 months, respectively, although hematemesis and hematochezia were observed during treatment. In the other
two dogs (Cases 1 and 4), rt-PA was administered 4 and 28 days after the appearance of pelvic limb symptoms, which
may have limited the benefits of the treatment. When rt-PA treatment is instituted instantly and the side effects are
monitored thoroughly during treatment, a good prognosis might be expected in canine aortic thromboembolism. For
this reason, we suggest that rt-PA treatment should be initiated immediately if thromboembolism is identified.
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Introduction

Aortic thromboembolism (ATE) is defined as acute throm-

botic arterial occlusion. In feline patients, this disorder has

been extensively studied and the typical clinical signs and

causes are well described. Most cats have an underlying car-

diac disease, with congestive heart failure reported in 40-

66% of cats (9,10,14). However, in canine patients, the clini-

cal presentation of ATE is less thoroughly documented.

Hyperadrenocorticism, protein-losing glomerulonephropathy,

infective endocarditis, and neoplasia are known to be under-

lying causes of aortic thrombosis in dogs (1,2,16). Hind limb

paresis, absent femoral pulse, cold extremities, and signs of

pain are typical clinical signs of ATE.

Recombinant tissue plasminogen activator (rt-PA) is a sin-

gle-chain polypeptide serine protease produced by recombi-

nant DNA technology, and is synthesized from cDNA

obtained from a human melanoma cell line (17). This agent

forms a complex between rt-PA and fibrin that preferentially

activates thrombus-associated plasminogen, resulting in rapid

fibrinolysis. Thus, it is known that rt-PA more effectively

directed against the specific thrombus (18). For this reason,

rt-PA, a thrombolytic agent, is preferentially used in dogs

with ATE. However, the clinical use of rt-PA in dogs suffer-

ing from ATE has only been reported once in the published

literature (3).

The current report describes the clinical signs and diagno-

sis of ATE in four dogs, as well as their treatment with rt-PA

and the outcomes of the thrombolytic treatment. We also

aimed to describe the use of the thrombolytic drug, t-PA, as a

short-term therapeutic intervention.

Case

Case 1

A castrated 9-year old male Schnauzer was referred to the

Veterinary Medicine Teaching Hospital of Seoul National

University (VMTH SNU) with a history of anorexia, vomit-

ing, and melena.

A physical examination showed mild dehydration. The dog

had a systemic blood pressure of 220 mmHg. A biochemical

profile showed severe azotemia (BUN: 159 mg/dl; creatinine:

4.9 mg/dl), elevated liver enzyme levels (ALT: 481 U/L; AST:

105 U/L; ALP: 4373 U/L; GGT: 43 U/L) and electrolyte

imbalance (Na+: 145 mEq/L; K+: 6.0 mEq/L; Cl−:105 mEq/L).

Hypercoagulability was identified with a shortened pro-

thrombin time (PT: 5.1s) and shortened activated partial

thromboplastin time (APTT: 4.8s). The urine was inade-

quately concentrated (specific gravity: 1.012) and proteinuria

was detected [Urine protein creatinine ratio (UPCR): 5.25].

A radiograph and an ultrasound scan revealed hepatomegaly,

splenomegaly, gallbladder mucocele, and renal cysts and cal-

culi.

Based on these results, chronic kidney disease and protein-

losing nephropathy were diagnosed and the following treat-

ment started: amlodipine 0.1 mg/kg SID, PO; sylimarin 10

mg/kg, BID, PO; UDA 10 mg/kg, BID, PO; lefotil 1 T/day
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BID, PO; omega 3, 2 ml/dose, BID, PO; aluminum hydrox-

ide 30 mg/kg, BID, PO; kremezine 1 pouch/day, BID, PO;

and fluid therapy.

On that day evening, ataxia developed in the hind limbs.

Patellar luxation and hip joint dysplasia were not identified.

After four days, non-specific and non-localizable pain devel-

oped. Using ultrasonography, a thromboembolism was iden-

tified in the left external iliac artery.

We decided to use thrombolytic therapy, namely rt-PA.

Four doses of rt-PA (0.5 mg/kg at intervals of 120 min) were

administered intravenously. Concurrently, hydromorphone (0.1

mg/kg, TID, IV) was injected for pain control. The follow-

ing day, necrosis progression was detected in the left limb.

The dog also developed dyspnea, which was followed by a

cardiopulmonary arrest and resulted in death.

Case 2

A 14-year-old, spayed, female Shih-Tzu visited the emer-

gency unit of VMTH SNU with symptoms of vocalization,

dyspnea, and hind limb ataxia. One year previously, this dog

had been diagnosed with mitral valve and tricuspid regurgita-

tion and hyperadrenocorticism and had been treated with

trilostane 3.5 mg/kg, BID, PO; benazepril 0.25 mg/kg, BID,

PO; furosemide 3 mg/kg, BID, PO; and pimobendan 0.25

mg/kg BID, PO.

A physical examination revealed an absent femoral pulse

in the left hind limb and cold extremities. The dog had a sys-

temic blood pressure of 220 mmHg, although this measure-

ment was not performed on the left hind limb. A biochemical

profile showed elevated liver enzyme levels (ALT: 128 U/L;

AST: 50 U/L; ALP: 4640 U/L; GGT: 85 U/L) and elevated

creatine kinase (CK) levels (1494 U/L). The blood glucose

level in the left hind limb was 64 mg/dl, while the systemic

blood glucose was 140 mg/dl. The D-dimer value was 0.7 µl.

An ultrasound scan revealed thromboembolism in the exter-

nal and internal iliac arteries.

Treatment was started for aortic thromboembolism (ATE).

Three doses of rt-PA (1 mg/kg at intervals of 120 min) were

administered as thrombolytic treatment and hydromorphone

(0.1 mg/kg, TID, IV) was injected for pain control. After the

third administration of rt-PA, the treatment was stopped

because hematochezia developed. The following day, pulses

were restored and cold extremities had recovered in the hind

limbs. Ultrasound scans confirmed the existence of throm-

boembolism lysis in the external and internal iliac arteries.

Dalteparin, an anticoagulant, was prescribed for one month

with a dosage of 150 IU/kg, TID, SC. However, The dog

developed a cardiogenic pulmonary edema due to the pre-

existing mitral valve and tricuspid regurgitation and died six

months after the ATE diagnosis with no recurrence of throm-

boembolism.

Case 3

An 11-year-old, castrated, male Maltese was brought to the

emergency wing of VMTH SNU with symptoms of non-spe-

cific pain, vocalization, dyspnea, and hind limb ataxia.

A physical examination found an absent femoral pulse.

The systemic blood pressure was 130 mmHg. A biochemi-

cal profile showed mild azotemia (BUN: 43.7 mg/dl; creati-

nine: 1.1 mg/dl), elevated liver enzyme levels (ALT: 103 U/

L; AST: 449 U/L; ALP: 281 U/L; GGT: 12 U/L), hypopro-

teinemia (total protein: 5.7 g/dl, albumin: 2.4 g/dl), and ele-

vated CK levels (> 2000 U/L). The D-dimer value was in the

normal range at 0.1 µl. An ultrasound scan showed throm-

boembolism in the bilateral external and internal iliac arteries.

To relieve pain, hydromorphone (0.1 mg/kg, TID, IV) and

fentanyl patch 12 µg/hr were administered. Three doses of

the thrombolytic agent, rt-PA (1 mg/kg at intervals of 120

min), were also administered to treat ATE. rt-PA administra-

tion was stopped after the third dose because hematemesis

developed. The following day, dalteparin 150 IU/kg, TID, SC

and clopidogrel 2 mg/kg, SID, PO, were prescribed for eight

days and then the dog was managed with clopidogrel and/or

aspirin 0.5 mg/kg, BID, PO. 

About 40 days later, there was a recurrence of ATE. Anti-

coagulant therapy was restarted with Dalteparin 150 IU/kg,

TID, SC and continued for 15 months, after which this dog

was euthanized and autopsied with the consent of the owners.

The autopsy showed that this dog had moderate, multifocal,

suppurative endocarditis, pulmonary thrombosis, atheroscle-

rosis, chronic multifocal lymphoplasmacytic interstitial nephri-

tis, as well as renal tubular degeneration.

Case 4

A 13-year-old female shunauzer was brought to the emer-

gency wing of the VMTH SNU with symptoms of non-spe-

cific pain, vocalization, dyspnea and hind limb ataxia. This

dog had been diagnosed one year earlier with hypothyroid-

ism, cholestasis, and cholelithiasis and had been treated with

levothyroxine 0.015 mg/kg, BID, PO; sylimarin 25 mg/kg,

lefotil 1 T/day; UDA 10 mg/kg, BID, PO; and SAMe, SID,

PO.

A physical examination found the right femoral pulse was

weak. The systemic blood pressure was 160 mmHg. The D-

dimer value was in the normal range at 0.1 µl. Although this

was strongly suggestive of thromboembolism, the ultrasound

scan revealed that the cause was in fact, a decreased blood

flow in the right external iliac artery.

For pain control, constant rate infusion of fentanyl 4 µg/kg/

h and fentanyl patch (12.5 µg/h) was administered. Then,

streptokinase 0.5 mg/kg, BID, PO and amoxicilline 22 mg/

kg, BID, PO were prescribed to reduce vasculitis. During the

treatments, the dog showed good vitality and gait with no

complaints of pain or other symptoms.

Four weeks later, this patient visited the emergency unit

again with the same symptoms of non-specific pain, vocal-

ization, and dyspnea. An ultrasound scan revealed throm-

boembolism in the aortic bifurcation region.

We decided to administer five doses of the thrombolytic

agent, Recombinant t-PA (1 mg/kg at intervals of 60 min).

Constant rate infusion of hydromorphone was also given for

pain control. The electrocardiogram was monitored although

any coagulopathic symptoms (e.g., epistaxis, hematemesis,

hematochezia, etc.) could not be examined during treatment.

However, on the following day, the dog developed sudden

dyspnea, followed by a cardiopulmonary arrest and subse-

quently, death.
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Discussion

The age range of the four dogs in the present study was 9

to 14 years. They had concurrent underlying diseases such as

protein-losing nephritis, hyperadrenocorticism, and hypothy-

roidism. An autopsy of Case 3 showed it also had moderate

multifocal suppurative endocarditis. After thromboembolism

was identified (Fig 1), rt-PA was used instantly for recanali-

zation. Blood flow was re-established in Cases 2 and 3 (Fig

2) and the dogs survived 6 and 17 months, respectively. A

summary of the clinical cases is given in Table 1.

ATE is rarer in dogs than in cats. ATE in dogs leads to

weak or absent femoral pulses and neuromuscular dysfunc-

tion (cool extremities, hind limb pain, loss of sensation in the

digits, hyperesthesia, and cyanotic nail beds) being variably

present, while in cats, ATE usually causes acute and dra-

matic clinical signs secondary to tissue ischemia. For diagnos-

tic purposes, thoracic radiography and complete echocardio-

graphic examinations are important to identify whether heart

disease might be present (5,11).Aspartate aminotransferase

(AST) and alanine aminotransferase (ALT), lactate dehydro-

genase, and CK levels might be elevated due to skeletal

muscle ischemia and necrosis in the course of routine labora-

tory testing. The D-dimer test is an important diagnostic tool

Fig 1. Identification of thrombus in four dogs by ultrasonography. The location of the thromboembolus was as follows: (A) case 1:

left external iliac artery; (B) case 2: left external and internal iliac arteries; (C) case 3: bilateral external and internal iliac arteries; (D)

case 4: aortic bifurcation region of the right femoral artery.

Fig 2. Identification of blood flow in two dogs after rt-PA administration. Blood flow was detected two and three days respectively

after rt-PA was administered in Cases 2(A) and 3(B).

Table 1. Summary of clinical cases

Case 1 Case 2 Case 3 Case 4

duration of pelvic limb sign before rt-PA 
administration

4 days Acute onset Acute onset 1 month

Clinical signs Lameness Paresis, paralysis Paresis, paralysis Lameness

Biochemical abnormalities
azotemia liver enzyme 

elevation electrolyte 
imbalance 

liver enzyme elevation 
CK elevation

azotemia liver enzyme 
elevation electrolyte 

imbalance 
hypoproteinemia

NA

D-dimer (µl) NA 0.7 0.1 0.1

rt-PA 
administration

Dose 0.5 mg/kg 1 mg/kg 1 mg/kg 1 mg/kg

intervals 120 min 120 min 120 min 60 min

times 4 3 3 5

side effects after rt-PA administration NE hematochezia hematemesis NE

survival after rt-PA administration < 24 hr 3 months 12 months < 24 hr

diagnosed disease PLN HAC Neoplasia Hypothyroidism

NA: not accessed; NE: not examined; PLN: protein loseing nephropathy; HAC: hyperadrenocorticism
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for pathologic thromboembolism and has a high sensitivity

but a low specificity (11). For this reason, it is important to

interpret D-dimer results in the context of other clinical and

laboratory test findings.

It is known that thrombosis in dogs is frequently a compli-

cation of an underlying disease such as immune-mediated

hemolytic anemia, protein-losing conditions (4,6), hypera-

drenocorticism (13), neoplasias (12), sepsis (8), early dissem-

inated intravascular coagulation (DIC) and congestive heart

failure (15). Spodsberg et al. (15) reported that fibrinolytic

activity in dogs with either a systemic inflammatory condi-

tion or a protein-losing disorder was lower than in healthy

dogs. One of the proposed mechanisms leading to hyperco-

agulability and increased risk of thrombosis in dogs with pro-

tein-losing conditions is enteric and renal loss of anti-

thrombin (AT). Dogs with protein-losing enteritis and pro-

tein-losing nephropathy have decreased AT levels, which leads

to an increased amount of thrombin, resulting in hypercoagu-

lability (4,6). Hyperadrenocorticism has been reported to

have the potential for both hypercoagulable and hypofibrin-

olytic states that can contribute to a prothrombotic state and

thromboembolism (13). In neoplasms, tumor cells increase

coagulation by platelet activation, thromboplastin release,

and production of factor X activator. Tumor cells also reduce

clotting factor clearance and neutralization, decrease fibrinol-

ysis, interfere with the endothelial integrity, and disturb blood

flow (12). Sepsis is associated with reduced activity of

endogenous anticoagulants in dogs, suggesting an imbalance

of hemostasis with increased thrombin-activatable fibrinoly-

sis inhibitor activity in bacterial sepsis (7,8).

The purpose of ATE treatment is to stabilize the patient by

providing supportive treatment and restoring perfusion by

reducing the size of the thromboembolus and preventing

extension of the existing thrombus and additional throm-

boembolus events. The therapeutic goal for ATE is antiplate-

let and anticoagulant therapies to reduce platelet aggregation

and growth of existing thrombi and the management of the

underlying disease.

Rt-PA is a serine protease produced by recombinant deox-

yribonucleic acid technology. Rt-PA and fibrin form a com-

plex that preferentially activates thrombus-associated plas-

minogen, resulting in rapid fibrinolysis. Although fibrin-

olytic therapy to promote clot lysis with rt-PA was found to

be the most potent therapy in this study, its use was limited

due to the lack of clear dosage protocols. Though intensive

care practices such as serum potassium concentration, acid-

base status, and electrocardiographic monitoring are needed

to prevent potentially serious complications, we were unable

to closely monitor these four cases and could only examine

their clinical signs (e.g., epistaxis, hematemesis, hematoche-

zia, etc.). Rt-PA therapy is best instituted within 3 to 4 hours

of vascular occlusion. Rt-PA has a half-life of 2-3 minutes in

dogs and is cleared from their system within 5-10 minutes of

stopping the infusion. Compared to other fibrinolytic agents

such as streptokinase or urokinase, rt-PA exhibits significant

fibrin specificity and affinity by binding to the thrombus and

inducing a conformational change that facilitates the conver-

sion of plasminogen to plasmin and dissolves the clot. For

these reasons, rt-PA was selected as a thrombolytic agent to

treat the dogs.

According to Clare et al. (3), rt-PA treatment for acute dis-

tal aortic thrombosis with bolus injections of 1 mg/kg every

60 minutes for a total of 10 doses was effectively perfused

and a pulse could be palpated in one leg. In this study, three

bolus injections of 1 mg/kg every 120 minutes efficiently

perfused the vascular occlusion in all four cases. Cases 2 and

3, which instantly received rt-PA treatment, survived 6 and

17 months respectively, although they showed hematemesis

and hematochezia during treatment. Cases 1 and 4 only

received rt-PA treatment 4 and 28 days after the appearance

of the pelvic limb symptoms, which may have limited the

benefits of the treatment. Therefore, this study found that rt-

PA therapy is most effective when administered 3 to 4 hours

after ATE diagnosis and that the timing of rt-PA therapy is an

important predictor of a good prognosis. For this reason, we

suggest that rt-PA treatment should be initiated immediately

if ATE is identified.

Conclusion

In two of the four cases discussed in this report, there was

a gradual reduction in clinical signs after rt-PA treatment and

survival of 6 and 17 months respectively. Treatment of rt-PA

is successful in treating dog ATE if instantly administered.

However, a thorough examination is warranted during the

treatment because the development of complications is inev-

itable. When rt-PA treatment is provided instantly and any

side effects monitored thoroughly during treatment, a good

prognosis might be expected in dogs with ATE.
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