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Abstract : A 15 kg 6-year-old intact male Jindo dog with a history of a respiratory distress, hindlimb paralysis with
necrosed skin of dorsal digit for three weeks was referred to Animal Medical Center, Chonbuk National University.
Heartworm infection was identified by kit examination. In plain thoracic radiographs, dilated pulmonary arteries reverse
D sign and focal interstitial pattern was compatible with heartworm infection and possible pulmonary thromboembolism.
Abdominal radiographs showed poor serosal detail indicating fluid accumulation within peritoneal cavity. No evidence
of musculoskeletal abnormalities was found. Ultrasonography presented focal wedge-shaped hyperechogenecity on the
both poles of left kidney, weak or absent pulse on the distal to the external iliac artery as well as ascites and irregular
liver margin. Multi-organ failure was strongly supposed by blood profile including leukocytosis, anemia, hemoglobinuria
bililubinemia, hypoalbuminemia, imbalance of electrolytes, and increased hepatic and renal function values. Interestingly,
the glucose level is remarkably lower in pelvic limb compared to thoracic limb. Suspected pulmonary thromboembolism,
renal infarction and femoral arterial embolization causing hindlimb paralysis and dermatic necrosis were confirmed
by 3D reconstructed CT imaging. Prior to taking a consideration of euthanasia, interventional radiology was experi-
mentally attempted but failed due to not recovered from general anesthesia. Early and accurate diagnosis of throm-
boembolism is valuable and 3D reconstructed CT images might be very useful to show the correct way to treat

effectively.

Key words : 3D reconstructed CT, thromboembolism, heartworm, dog.

Introduction

Thromboembolic disease seems to be less common in dogs
than it is in cats and humans. A retrospective study of canine
necropsies over a 16-year period revealed that only 36 dogs
out of a total of 8000 dogs could be diagnosed with aortic
thromboembolism (35). Recently, only a case of femoral artery
thrombosis in an immature dog was reported. It has been
known that arterial thrombosis in the dog is related to the primary
conditions such as hyperadrenocorticism, heart disease, protein-
losing nephropathy, and neoplasia (4,5,28). This report includes
femoral and pulmonary artery thrombosis in a dog with heart
disease due to severe burden of heartworm infection.

Case

History and clinical findings

A 15 kg 6-year-old intact male Jindo weighing 18 kg pre-
sented to the Animal Medical Center (AMC), Chonbuk National
University with the chief concern of inability to use its hind
limbs since 3 weeks before. Hind limb paralysis, respiratory
distress and necrosed skin of dorsal digit were observed. The
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dog was initially treated at a local veterinary hospital with
bronchial dilator and prednisolone. And the cause of hind
limb paralysis was comprehended. The dog was quite. Mucous
membranes were pale pinky. Rectal temperature was 38.3°C,
heart rate was 140 beats/minute (bpm), and respiratory rate was
60 breaths/minute. Physical examination revealed the following
abnormalities: weak left and right femoral pulses and cyanotic
nail beds on the hind paws. Deep pain perception was present
in both hind limbs and no voluntary motor function was
noted. A necrosed dorsal skin of both hind paws. The dog’s
problems included posterior paresis, weak femoral pulses
with cyanotic nail beds and nocrosed paw’s skin (Fig 1).

Differential diagnoses for the posterior paresis with lower
motor neuron signs included an ischemic lesion of the spinal
cord and neuropathy. Possible causes of the weak femoral
pulses and cyanotic nail beds included hypovolemic shock
and vascular compromise to the hind limbs.

Radiological and sonographic findings

Thoracic radiographs revealed distinct dilation of main pul-
monary artery, enlarged cranial and caudal pulmonary arteries,
reverse D sign and focal interstitial pattern on the caudal lung
lobes were found and those radiographic findings were compatible
with heartworm infection and possible pulmonary throm-
boembolism (Fig 2).
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Fig 2. Thoracic radiographs revealed distinct dilation of main pulmonary artery (arrow), enlarged cranial and caudal pulmonary arteries
(arrowhead), reverse D sign (small arrow) and focal interstitial pattern on the caudal lung lobes (white arrow).

Fig 1. The necrosed of the dorsal region of distal limbs were
observed.

Abdominal radiographs showed lack of serosal detail rep-
resenting fluid accumulated abdominal cavity. No evidence of
musculoskeletal abnormalities was found. Ultrasonography dis-
played ascites, wedge-shaped hyperechogenecity on the left
kidney (Fig 3) and weak or absent pulse on the femoral
artery distal to the external iliac artery.

Hematological and serological findings

The blood work revealed the following, with standardized
normal ranges for the AMC laboratory in parenthesis: WBC
35.3 x 10°/ul (6.0-17.0 x 10°/ul), packed cell volume 27% (37-54%),
total bililubin 0.9 mg/dl (0.1-0.6 mg/dl), albumin 1.9 g/dl (2.5-
4.4 g/dl), aspartate aminotransferase (AST) 216 U/L (7-84), blood
urea nitrogen (BUN) 78 mg/dl (7-25 mg/dl), creatinine 2.1 mg/dl
(0.4-1.5 mg/dl), phosphorus 8.4 mg/dl (2.7-8.0 mg/dl), CI" 121
mmol/L (87-120 mmol/L), Na* 137 mmol/L (140-165 mmol/L),
and blood glucose 102 mg/dl for a forelimb, 71 mg/dl for a hind
limb. Based upon the findings from diagnostic imaging com-
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Fig 3. Longitudinal left renal sonogram. Note the irregula:
contour along with wedge shaped, hyperechoic appearance
with a broader base at the surface of the left kidney that nar-
rows toward the corticomedullary junction (arrow).

bined with the blood profile, the differentials included renal
ischemic injury, acute renal failure, hepatic failure and
impaired blood circulation into the hind limbs causing poste-
rior paresis and necrosed paw skin.

Conservative treatment

Fluid therapy with normal saline was applied to decrease
the azotemia and correct imbalanced electrolytes. To prevent
the formation of additional thrombi within the vasculature,
the dog received heparin at a dose of 700 IU SQ q 24 hours.
The dog was monitored in the critical care unit overnight.

Further study - CT findings

On the second day of hospitalization, CT scanning was
performed to verify the degree and location of multiple lesions
such as renal infarction, hepatic failure, pulmonary throm-
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boembolism, and femoral arterial embolization.
Axial CT images combined with post processed 3D recon-

Fig 4. Femoral arterial thromboembolism on 3D reconstructed
image of arterial phase CT scanning. No vessel was found dis-
tally from the femoral head level due to complete obstruction of
femoral arteies bilaterally (arrows).

Fig 5. Thoracic CT image. A, Axial enhanced CT image show
dilated pulmonary artery with hypoatteunated embolic material
bilaterally (white arrows). B, Pulmonary arterial virtual endo-
scophic image revealed protruded embolic material within pul-
monary artery (white arrow).

Fig 6. Renal 3D reconstructed CT image. Injured area by renal
infarction was observed at the left kidney (arrows).

structed images revealed clearly the suspected lesions. Complete
obstruction of femoral arteries bilaterally (Fig 4), pulmonary
thromboembolism on the right and left lung lobes (Fig 5),
severe left renal infarction injury (Fig 6), cirrhotic changes of
liver were apparent.

Outcome

The prognosis was considered grave though, interventional
radiology was attempted to decrease or resolve the thrombi
obstructing femoral arteries followed by pulmonary arteries
experimentally under the consensus of patient’s owner. The
dog was dead to cardiac arrest during delivery the thrombi-
resolution agent, Urokinase used widely for human.

Discussion

Thromboembolic disease is not common though, arterial
occlusion has been reported in dogs occurring secondary to
atherosclerosis, nephrotic syndrome, vegetative endocarditis,
neoplastic emboli, dirofilariasis, trauma, and thrombi of left
heart origin. Venous thrombosis frequently causes fewer clinical
abnormalities than arterial thrombosis and consequently is
frequently undetected (6,7,15,19,21,24,31,32). The distal aorta,
iliac, renal, and femoral arteries are common sites of systemic
thromboembolism (TE) (35).

Vascular thrombosis is most readily identified when arteries
are affected, and the clinical consequences are generally
acute and severe (22). Acute, complete arterial occlusion may
cause posterior paresis, extreme hindlimb pain, and general
distress (8,17). In some cases the animal may have an unsteady
gait, lameness, progression to stumbling, weakness, or collapse.
Pulmonary vascular obstruction can also result from thrombus
formation, or embolization of thrombi, parasites, fat, or neoplas-
tic cells.

The patient with serious burden of heartworm showed the
clinical signs such as general distress, dyspnea and posterior
paresis might be related with thromboembolism of pulmonary
arteries and femoral arteries induced by heartworm itself or
heartworm disease related matter.

Heartworm disease is the most common cause of Pulmonary
thromboembolism (PTE) in dogs (16,25). Sudden onset respi-
ratory distress and tachypnea are common historical or physical
examination abnormalities seen in 50% to 96% of dogs and
55% of cats with PTE (21,29). Pulmonary thromboembolism
(PTE) is a life-threatening condition that occurs in more than
600,000 human patients a year. Despite increased awareness and
sophisticated imaging modalities in human medicine, only
30% of fatal PTE is diagnosed antemortem (33). Similarly,
PTE was suspected antemotem in only 38% of dogs and 14%
of cats with postmortem evidence of major PTE (16,25).

Physical examination may reveal cool distal limbs and
swollen muscles. The cold and necrosed distal limbs were
observed in this patient. It can be inferred that the throboembolic
disease lasted for a long time in this case. Considering the
history and clinical signs of the patient, peripheral and pulmonary
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arterial TE are hypothetical diagnosis.

Confirmation of diagnosis may require proof of a vascular
occlusion. This can be accomplished in some cases by physical
examination, whereas in others, arteriography or diagnostic
ultrasound are required (2,10,26).

When peripheral arterial thrombosis is suspected, a survey
radiograph is indicated to evaluate cardiac size and shape and
to assess for pulmonary changes including edema, thrombosis, or
dirofilarasis. Chest and abdominal radiographs should be
evaluated for orthopedic lesions, which could result in posterior
paresis. In addition, radiographs of the pelvic and hindlimb
region may be indicated to check for masses that could exert
pressure on the aorta and for periosteal reactions in the sublum-
bar area. Cardiac enlargement with dilated pulmonary arteries,
focal interstitial pattern were found and those radiographic
findings were compatible with heartworm infection and pos-
sible: PTE. Thoracic radiographic abnormalities are common
but are rarely specific for PTE. In fact, 10% to 30% of dogs
and 14% of cats had normal thoracic radiographs despite
necropsy proven PTE, which indicates that PTE should be a
top differential diagnosis in an animal with marked respiratory
distress and normal thoracic radiographs (16,25). Pulmonary
infiltrates may be interstitial, alveolar, or lobar in dogs and
cats (25).

Abdominal radiographs revealed poor serosal detail indicating
ascites. No evidence of musculoskeletal abnormalities which
are possible causes of posterior paresis was found. Ultrasound
imaging provides a direct, noninvasive technique for assessing
anatomic abnormalities, vascular patency, and function (10,35).
Ultrasonography revealed ascites, irregular liver margin, and
wedge-shaped hyperechogenecity on the bipolar region of the
left kidney and weak or absent pulse on the femoral artery
distal to the external iliac artery. These findings are compatible
with the renal infarction and femoral arterial occlusion
induced by TE.

Spiral CT and magnetic resonance (MR) angiography are
noninvasive imaging modalities that show promise for the future
diagnosis and management of PTE. To verify the occlusion
of arterial vessels without high risk of general anesthesia,
multi-slice CT scanning rather than angiography was performed
in this dog with sedation. Pulmonary angiography is the gold
standard for diagnosis of PTE in humans but is rarely used in
veterinary medicine since general anesthesia is usually required,
and patients with severe PTE and pulmonary hypertension
are high-risk anesthetic candidates (2,30).

In this case, axial CT images combined with post processed
3D reconstructed images by multi slice spiral CT and software
program exposed clearly the suspected lesions such as renal
infarction and femoral and pulmonary arterial TE on radiog-
raphy and ultrsonography. Complete obstruction of femoral
arteries bilaterally, pulmonary thromboembolism on the right
and left lung lobes, global renal infarction injury, and cirrhotic
changes of liver were recognized apparently in this case.
Renal infarcts can be reported either as focal or global on a
basis of CT findings. The focal form of renal infarct is generally

represented by a wedge-shaped area of low attenuation on an
infusion CT scan. This form is most likely due to occlusion
of small branches of the renal arteries. A global infarct is rep-
resented by a uniform area of low attenuation involving
greater than 50 of the kidney and is usually due to occlusion
of a major branch of the renal artery (1,3,11,12,13,14). CT
findings on the renal revealed the degree and type of injury
more in detail compared to sonographic findings.

Frequently, hepatorenal dysfunction also is observed in many
dogs with caval syndrome induced by heartworm infection
like in this case (9). Prognosis generally is poor unless the
cause of the crisis-the right artrial and caval heartworms-is
removed. Even with this treatment, mortality can approximate
40% (9). Although there are reports of successful thrombolytic
therapy in experimental canine PTE in dogs with normal
thrombolytic and anticoagulant systems (27) and in animals
with systemic thrombi, there are no published studies evaluating
thrombolytic therapy in naturally occurring PTE in veterinary
medicine. And there is only one study regarding on the treat-
ment of femoral arterial thrombosis in an immature dog (34).

Euthanasia is inevitable in this dog, however, surgical
removal of heartworm followed by the treatment for femoral
arterial TE, PTE with thrombolytic agents was attempted
experimentally at the risk of cardiac arrest during the planed
procedure. Thrombolytic agents such as streptokinase, uroki-
nase, and tissue plasminogen activator (tPA) are potent acti-
vaors of fibrinolysis. These agents have used with variable
and often limited success in veterinary medicine (5,8,18,28).
Urokinase was determined to use for thrombolytic agent in
this dog. Unfortunately, all the attempts were not made due
to sudden death of the dog during the procedure under inha-
lation anesthesia and consensus of autopsy was not achieved.

Since precise and fast evaluation of thromboembolizm affect-
ing pulmonary vessels and peripheral arteries is somewhat
difficult in conventional modalities such as radiography and
ultrsonography, the advanced methods like CT and MRI are
essential for assessment of patient’s status rapidly. Princi-
pally, multi slice spiral CT can be applied for evaluating vascu-
lature disease quickly. Moreover, post processed 3D image
can be contributed to assess the complicated disease with ease
and precise. Therefore, femoral arterial thromboembolism caus-
ing hind limb paresis and pulmonary arterial thromboembolism
disturbing the respiratory system could be determined easily and
punctually by multi spiral CT scanning combined with 3D
reconstructed images.
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