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ABSTRACT

Background: The thrombotic aortic disease in dogs and cats is characterized by the pathological formation of blood clots
that can rupture and obstruct the blood flow. Abdominal ultrasonography can identify the location and extension of throm-
bus in the main vasculature and using the doppler it is possible to observe the blood flow around the thrombus. Stents are
expandable tube-shaped endoprosthesis characterized as a metal mesh and used to prevent or repair stenoses, allowing
liquid, gas, or solids to flow. This report aims to describe the surgical and medical treatment of aortic thrombotic disease
followed by coronary stents placement in a bitch.

Case: An 8-year-old Shih Tzu bitch, presented for evaluation of a 1-month progressive hind limbs paresis. Nociception was
present in both limbs, but the patient presented discomfort and vocalization when manipulating the pelvic limbs. A complete
blood count demonstrated anemia, mild neutrophilia, and lymphopenia. Serum biochemistry found an increase in ALT, ALP,
blood urea nitrogen, and CK. Abdominal ultrasonography detected mild bulging of the caudal aorta and trifurcation of the
iliac arteries. Increased intraluminal echogenicity and absence of blood flow were also detected using duplex doppler. The
initial medical treatment was ineffective in improving clinical signs, therefore surgical repair was performed. The aorta
was isolated and clamped with Satinsky forceps and incised. The thrombus fragmented during removal. A non-compliant
high-pressure balloon was used to dilated and remove small fragments of blood clots from the right and left external iliac
arteries. Coronary stents of 32 mm length by 2.75 mm diameter were placed to keep both iliac arteries free. Immediately
after the procedure, there was a detectable distal pulse in both hind limbs. Despite intensive medical treatment, the patient
evolved to respiratory distress and died on the sixth day after surgery. At necropsy, there were thrombi in the lumen of the
arteries and several organs in addition to a large hyaline thrombus occluding 80-90% of the aortic lumen and left femoral
artery. In the trifurcation region, clots were present, and stents placed in the iliac arteries were also occluded.
Discussion: The occurrence of aortic and iliac thrombosis is associated with several conditions, including neoplasia,
chronic kidney disease, heart failure, gastric dilatation-volvulus, hypothyroidism, and hyperadrenocorticism (HAC).
In this case, the underlying cause of thromboembolism was supposed to be related to an endocrine condition, since the
patient had clinical signs compatible with HAC; however, the low-dose dexamethasone suppression test was borderline
and further examination could not be afforded. The diagnosis of thrombosis at the iliac trifurcation was obtained through
ultrasonographic examination. Computed tomographic and nuclear resonance imaging could have been applied as well.
The medical management of the thromboembolic disease was based on anticoagulant therapy with both heparin and
clopidogrel in association with surgical thrombectomy and coronary stents placement. Despite the efforts, the patient died
shortly after the surgical procedure, which was expected since high rates of mortality and morbidity is often related to
the thromboembolic ischemia. The necroscopic examination of the animal found thrombi at the stents, cranial aorta, and
microscopically in several tissues. The failure to directly treat the cause of the thrombus, which could not be diagnosed in
time, may negatively interfered in patient survival time. The thrombectomy and coronary stents placement reestablished
the femoral pulse immediately after surgery, which has been reported in other studies. The surgical resolution of aortic
thrombus should be addressed in further studies.
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INTRODUCTION

Thrombotic aortic disease in dogs and cats is
characterized by a pathological blood clot formation
that can rupture and obstruct an arterial blood flow
[26]. The formation of a thrombus begins with the
platelet activation by exposed tissue collagen and by
thrombin action. These two pathways act dynamically
in thrombus development, and factors such as shear,
blood flow, turbulence, and the number of platelets in
circulation can also influence the clot formation [7].

Neurological deficits ranging from pelvic limb
weakness to paraplegia can be observed in patients with
aortic thrombi [8]. Abdominal ultrasound can identify
the location and extension of thrombus in the main
vasculature and using duplex doppler it is possible to
evaluate the blood flow around it [26].

In medicine, surgery is the treatment of choice
for diffuse occlusions involving the aorta and iliac
arteries [19]. Therapies such as balloon dilation and
endovascular stent angioplasty demonstrate great effec-
tiveness, but due to complications such as pulmonary
embolism and vessel occlusion, further studies are
needed to safely apply these techniques in veterinary
medicine [18]. Stents are an expandable endoprosthesis
graft, characterized as a tube-shaped metal mesh used
to prevent or repair stenoses, allowing liquid, gas, or
solids to flow free [20].

This report aims to describe the surgical pro-
cedure, postoperative management, and the use of
coronary stents on the treatment of aortic thrombotic
disease in a Shih Tzu bitch.

CASE

An intact, 8-year-old, Shih Tzu bitch, wei-
ghing 5,5 kg presented at the Veterinary Hospital of
the Federal University of Parand (HV-UFPR), with
polyuria, polydipsia, and a 1-month history of pro-
gressive hind limbs paraparesis. The patient presented
a proprioceptive deficit in both hind limbs. The right
pelvic limb (RPL) had withdrawal reflex and absent
patellar reflex while in the left pelvic limb (LPL) a
decreased withdrawal reflex and normal patellar reflex
were seen. Superficial nociception was present in both
hindlimbs and the patient manifested discomfort and
vocalization on the manipulation of these limbs. The
femoral and metatarsal artery pulse was not audible
on doppler evaluation of the LPL, while in RPL it was

possible to detect a noisy pulse. The other vital physical
parameters were within the normal range.

The complete blood count (CBC) showed
anemia (33% Hematocrit and 10.2 g/dL hemoglo-
bin), mild neutrophilia, and lymphopenia. Those in
biochemical tests Alanine aminotransferase (ALT)
214.90 g/dL, alkaline phosphatase (ALP) 335.80 g/dL,
urea 97.9 mg/dL and creatine kinase (CK) 744.70 g/dL.
Urinalysis showed straw-colored urine, a urinary spe-
cific gravity of 1.014, proteinuria (+1), and blood (+1).
There was no bacterial growth in the urine culture and
antibiogram. A low-dose dexamethasone suppression
test via chemiluminescence method had a basal result
of 1.2 and <1.0 pg / dL after 4 hours.

Electrocardiogram and echocardiography
examination were unremarkable. Abdominal ultraso-
nography was performed, showing the following alte-
rations: liver appearance compatible with reactivity or
systemic inflammatory/infectious process; gallbladder
with moderate cholestasis; and a mild bulging at the
caudal aorta, cranial to the iliac arteries trifurcation.
In this location, there was a slight enhancement of
intraluminal echogenicity and the color duplex Dop-
pler evaluation identified the absence of blood flow.
Collateral vessels were present.

The following drugs were administered: car-
profen (Rimadyl®)' [2.2 mg/kg, BID, SC], methadone
(Mytedom®)? [0.3 mg/kg, TID, IM], dipyrone (Anal-
gex V®)* [25 mg/kg TID, 1V], gabapentin* [10 mg/kg
BID, PO] and heparin (Hemofol®)? [200 TU/kg QID,
IV]. There was no improvement in the initial clinical
condition after four days of hospitalization, and there-
fore a surgical thrombectomy was elected.

Acepromazine (Acepran®)® [0.01 mg/kg IV]
and methadone (Mytedom®)? [0.2 mg/kg IV] were used
as pre-anesthetic medication. For anesthetic induction,
continuous rate infusion of propofol (Propovan®)? at
a dose of 1 mg/kg/min IV until endotracheal intuba-
tion was performed. The patient was maintained with
constant rate infusion of propofol at various rates in as-
sociation with remifentanil (Remifas®)? [10 mcg/kg/h]
and ketamine (Ketamina®)® [0.6 mg/kg/h], diluted in
0.9% isotonic sodium chloride solution (Physiologi-
cal Linhamax®)%. No anesthetic complications were
observed during the procedure.

The patient was positioned in dorsal recum-
bency and a retro-umbilical incision was performed to
the pubis. A Gosset retractor and surgical sponges were
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Figure 1. Surgical thrombectomy. A- Aorta artery clamped with Satinsky forceps. The incision made to remove the thrombus is noted. B- Synthesis of
the aorta with simple isolated standard sutures with 6-0 polypropylene. C- The removed small aortic thrombi fragments.

used to better exposure and isolation of the abdominal
cavity. The final portion of the aorta was isolated and
clamped with Satinsky forceps just below the ovarian
artery and incised with the aid of a scalpel. The throm-
bus could be visualized and removed using anatomical
forceps. When removing, the thrombus fragmented into
several small parts (Figure 1). A non-compliant and
high-pressure balloon (Pantera Leo® 2.25 mm)’ was
introduced caudally into the thrombus and inflated to
dilate and remove small fragments when withdrawn
from the right and left external iliac arteries. Then
a pre-assembled coronary stent (Yukon® Choice 4)®
of 32 mm length by 2.75 mm diameter was inserted
to keep the vessel lumen free. For aortic closure, 6-0
polypropylene® was used in a simple isolated pattern.
When removing the Satinsky forceps no blood leakage
was observed, and blood perfusion was confirmed due
to the presence of a distal pulse. The abdominal wall
was closed routinely.

Postoperatively, the patient was referred to
the ICU. Heparin (Hemofol®)? [200 TU/kg, QID, IV],
clopidogrel (Clopiplax®)'® [3 mg/kg, SID, PO], and
amoxicillin with clavulanate (Clavacilin®)!! [22 mg/kg,
SC] were administered. For analgesia, maropitant
citrate (Cerenia®)! [1 mg/kg BID, TV] associated with
lidocaine hydrochloride'? [0.5 mg/kg/h] and ketamine
(Ketamina®)® [0.6 mg/kg/h] constant rate infusion was
maintained. In the first two days after surgery, it was
possible to measure a strong pulse in both femoral
and metatarsal arteries. A slight amount of peritoneal
effusion and reactivity of the mesentery tissue were
observed in postoperative ultrasonography evaluation.
Abdominal radiography demonstrated an adequate
stent placement in the iliac arteries (Figure 2). On the

third post-operative day, the metatarsal artery pulse was
absent and only the femoral arteries had a detectable
pulse. A peak of hyperthermia (40°C) was observed.
On the fourth day after surgery, leukocytosis was
noted and ceftriaxone (Triaxon®)" [30 mg/kg BID,
IV] was administered. The patient had two episodes
of decreased consciousness associated with cyanosis
and the pulse in the femoral arteries was not detecta-
ble. Blood tests were requested daily to monitor the
patient (Table 1).

Figure 2. Radiographic image showing the position of metallic stents in
iliac arteries.
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Table 1. Blood tests on days one, two, three, four, and five postoperatively.

Parameter Day 1 Day 2 Day 3 Day 4 Day 5
Leukocytes (cells/mm?) 13,500 15,000 15,000 21,900 19,300
Neutrophils (cells/mm?) 12,550 12,750 11,550 17,082 15,826
Band Neutrophils (cells/mm?) 405 405 1,350 2,847 1,158
CK (UI/L) 5,683.60 1,937.10  1,222.80  4,278.50  2,397.50
Lactate (mg/dL) 1.9 0.5 1.1 23 0.9
Prothrombin time (s) 8.2 8.6
Activate Partial thromboplastin time (s) 13.6 17.6

From the 5th postoperative day beyond, the
animal had moments of vocalization, agitation, and
tachypnea, requiring oxygen supplementation and se-
dation with midazolam (Dormium®)? [0.3 mg/kg IV].
The animal died on the 6th day after surgery.

Necropsy found thrombi in the lumen of
several arteries and organs (i.e. lung, kidneys, and
spleen) were ischemic. Also, a large hyaline thrombus
was attached to the endothelium of the left aortic and
femoral artery, occluding 80-90% of its lumen. In the
trifurcation region, clots were present and the stent in
the iliac arteries was occluded (Figure 3). No relevant
alteration was found in the heart at the macroscopic and

microscope examination. The adrenal had moderate,
multifocal nodular hyperplasia.

DISCUSSION

Aortic and iliac thrombosis are associated
with neoplasms, chronic kidney disease, cardiac dys-
function, gastric dilatation-volvulus, hypothyroidism,
and hyperadrenocorticism (HAC) in dogs [13]. In the
present case, it was hypothesized that the underlying
cause of thromboembolism would be HAC since the
patient exhibit clinical signs compatible with the con-
dition, however, the endocrine test result was in the
upper limit. A new exam was requested but could not

Figure 3. A- Aorta. Note the presence of two hyaline thrombi fragments. B- Aorta, showing the right iliac artery stent. C- Stent removed from the iliac
artery obstructed by a large thrombus.
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be afforded. The increased risk of thrombosis in dogs
with HAC occurs due to the hypercoagulation status
in response to long-term hypercortisolemia [23], so
the prognosis of this patient has become reserved in
the absence of treatment and late-stage detection of
the disease.

The patient presented exercise intolerance,
hind limb paresis, absent femoral arterial pulses, and
signs of pain as reported previously [3,8,25]. However,
the chronic form is described as less likely to result
in death or euthanasia [3,14]. In this case, the patient
had a short-term postoperative survival, even facing a
chronic thrombotic disease. On the other hand, cases
of thromboembolic ischemia have high mortality and
morbidity in medicine, with the affected population
demonstrating a high risk of short-term death [12].

The location with the highest incidence of
aortic thrombi is its distal portion and the external iliac
arteries. In a study, 40% of the patients had thrombi
in this segment and 28% in the internal and external
iliac arteries [14]. In this case, necropsy revealed that
the patient had thrombi affecting the distal portion of
the aorta to the femoral arteries.

Schwede et al. [21] conducted a study where
tomography confirmed the previous diagnosis of ul-
trasound. The diagnosis of thrombi can be made by
ultrasonography examination of the abdomen, compu-
ted tomography, and nuclear magnetic resonance [17].
Also, vascular ultrasound combined with abdominal
radiography can be used as a possible replacement
for angiotomography [17]. In this report, the throm-
bus in the iliac trifurcation region was diagnosed by
ultrasound examination. The ultrasound detection can
suggest it was an old thrombus because the appearance
did not agree with the anechogenic aspect, as the blood
itself, reported in recent thrombi [22].

Regarding antithrombotic therapy, a protocol
with the use of non-steroidal anti-inflammatory drugs
was instituted, which besides the analgesic function,
does not inhibit prostacyclin which is a potent inhibitor
of platelet aggregation [11]. Platelet aggregation was
controlled including clopidogrel at the dose of 3 mg/kg
described in felines for platelet inhibition [10] and in me-
dicine for prophylaxis of thromboembolic events [9,15].

As anticoagulant therapy, heparin was reported
to influence the formed thrombi and preventing fur-
ther growth of new thrombi [13]. There is no defined
protocol for heparin dose in dogs, however, a study

suggests the effect of 200 IU/kg in healthy dogs, which
resulted in sustained plasma heparin concentrations for
the treatment or prevention of thrombosis without an
increased bleeding risk [6]. However. the initial dose
of 200 IU/kg did not increase the activated partial
thromboplastin time (APTT) significantly and was
subsequently increased to 400 IU/kg. When using
heparin, daily APTT should be evaluated. However,
in this case, APTT reevaluation was not a daily basis.
Frequent evaluation could have led to adjustments in
heparin dose and inhibition of new thrombus formation.

The use of intravenous heparin bolus
(80 IU/kg) at diagnosis followed by constant rate
infusion (18 IU/kg/h) associated with 0.5 mg/kg ace-
tylsalicylic acid was suggested [18]. Similarly, other
authors used heparin at the beginning of the surgery
[21]. Both authors had successful outcomes, thus
suggesting that this therapeutic approach are viable
options in cases of aortic thrombosis.

Warfarin, a vitamin K antagonist, was cited
to be superior to heparin as an anticoagulant in two
reported cases of aortic thrombus resolution with no
bleeding events or complications [27]. Other proto-
cols to prevent the formation of new thrombi is the
association of heparin and warfarin. An associated
antithrombotic therapy could have brought benefit to
the patient hereby described.

Thrombectomy is a rarely reported procedure
in veterinary medicine. Two cases of thrombectomy
were described but focused on postoperative therapy
and do not describe the surgical technique [27]. One
of them was treated with aspirin and had a 16-month
survival until euthanasia due to the recurrence of the
aortic thrombus. The other dog showed no improve-
ment and was euthanized early after surgery.

A Fogarty catheter was used in a case for
arterial embolectomy through a small arteriotomy
[21]. In this case, the thrombus has not adhered to the
arterial walls, which made it possible to remove using
the catheter balloon and a small incision [21]. In our
case report, it was difficult to remove the thrombi with
a balloon, due to the chronic adhesions and so a large
arteriotomy was performed. The thrombi were removed
in parts, eventually allowing some detached material
to obstruct the artery when the flow was reestablished.

Another case was successfully treated with the
thrombus removed through an arteriotomy [18]. In that
patient, CK was initially slightly increased, doubling
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its value overnight as the disease progressed, which
was indicative of damage or necrosis of myocytes and
hepatocytes. In our case, CK was elevated, decreased
in the immediate postoperative period, and increased
again as new thrombi formed and ischemia progressed,
which was observed later at necropsy.

The surgical and medical complication rate of
open surgery and endovascular repairs are reported to
be similar, however, minimally invasive techniques
had a lower length of hospitalization and intensive care
units stay [1]. To our knowledge, only open surgery
has been reported in veterinary medicine.

In human patients, when there is an aortic
thrombosis cranial to the kidney, distally located
obstruction associated with proximal (towards the
renal arteries) thrombi or calcifications of the aortic
wall, open surgical approach is indicated to ensure
definitive repair [1]. In our patient, the thrombi were
located caudal to the renal arteries, and so there was a
possibility of a minimally invasive therapy, however,
the adherent characteristic of these thrombi precludes
the minimally invasive procedures. Therefore, we used
the balloon to remove the recent thrombi in association
with a clamp for attached thrombi, and a stent to keep
the vessel lumen viable.

In a case report, on the first postoperative day,
the patient had pelvic limb edema and acidosis, indica-
ting a ischemia-reperfusion syndrome [21]. In our case,
the animal did not have clinical signs compatible with
reperfusion syndrome in the immediate postoperative
period. Despite being used for analgesia, lidocaine has
been also indicated to avoid reperfusion syndrome [19].

In medicine, intra-stent stenosis has a prevalen-
ce of 20-30% [24]. The occurrence of stent thrombosis
is often associated with catastrophic consequences,
such as acute vessel occlusion, which can lead to sud-
den death. It is not possible to state whether thrombosis
occurred due to stent occlusion as it also occurred in
other vessels.

Limitations of this case include lack of some
exams, poor consensus on protocols for treat thrombo-
sis, and surgical approaches in dogs. Difficult access to
tests such as thromboelastography (TEG®) negatively
impact decision-making and management of this pa-
tient. TEG is a laboratory method that demonstrates
viscoelastic changes in blood, as well as standard co-
agulation profiles, and has been used as an additional
mean to access coagulation and hypercoagulability
states [14]. In medicine, it has been used to evaluate the
postoperative coagulation status of several patients [2].

Acute aortic thrombosis should be considered
as a differential diagnosis in dogs with paraplegia and
can be easily detected in the absence of a femoral pulse.
In this case, surgical thrombectomy and coronary stent
placement reestablished the arterial blood flow in the
affected region. Although the patient had short-term
complications that lead to early death, the technique has
been described in other studies and future researches
should be conducted to elucidate the actual role of these
procedures in treating dogs with thrombotic conditions.
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