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Aortic thrombosis in a dog with chronic lymphocytic leukemia
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ABSTRACT: The aim of this report was to describe a case of aortic thrombosis (AT) secondary to chronic lymphocytic leukemia (CLL).
Although, different types of neoplasms are described as possible causes of aortic thrombosis, CLL was not yet considered. The dog showed
signs of lameness that worsened with exercise. The diagnosis of AT was made by ultrasound examination. The diagnosis of CLL was made by
necropsy, which showed the presence of small lymphocytes with the appearance of mature lymphocytes in the bone marrow, spleen, liver and
kidneys. The importance of including CLL in the possible causes of AT in dogs, in addition to the suspicion of AT in cases of neuromuscular
disease, was highlighted.
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Trombose aortica em cdo com leucemia linfocitica cronica

RESUMO: O objetivo do presente relato é descrever um caso de trombose aortica (AT) secunddria a leucemia linfocitica crénica (LLC).
Embora diferentes tipos de neoplasmas sejam descritos como possiveis causas de trombose adrtica, a LLC ainda ndo foi considerada. O cdo
mostrou sinais de claudicag¢do que pioravam com o exercicio. O diagndstico de AT foi realizado por exame ultrassonogrdfico. O diagnéstico
de LLC foi feito por necropsia, que mostrou a presenca de pequenos linfocitos com aparéncia de linfocitos maduros na medula éssea, bago,
figado e rins. Destaca-se a importdncia da inclusdo da LLC nas possiveis causas de AT em cdes, além da suspeita de AT em casos de doenca
neuromuscular.

Palavras-chave: caninos, leucemia linfoide, neuromiopatia isquémica, trombo.

Lymphoid leukemia is the most common
type of leukemia seen in dogs, with chronic
lymphocytic leukemia (CLL) being the most
frequently diagnosed and treated diseased in this
species (NORTH & BANKS, 2009). The CLL is a
proliferation of mature-looking small lymphocyte
neoplastic clones that manifests as marked persistent
peripheral ~ lymphocytosis (WORKMAN &
VERNAU, 2003).

Aortic thrombosis (AT) is a primary or
secondary change to systemic diseases (WINTER &
BUDKE, 2017) and causes ischemic neuromyopathy
as a consequence of partial or total obstruction of
blood flow to one or both pelvic limbs due to the
presence of a thrombus (GONCALVES et al., 2008).

The etiologies behind the formation of this thrombus
in dogs are diverse and include neoplasm, protein loss
nephropathy and/or enteropathy, hypothyroidism,
diabetes mellitus, hyper or hypoadrenocorticism,
as well as corticosteroid administration (WINKLE
et al,, 1993; GONCALVES et al.,, 2008; LAKE-
BAKAAR et al., 2012; WINTER e BUBKE, 2017).
However, CLL has not yet been included in the list of
neoplasms that predispose dogs to this condition. In
humans, the risk of venous thrombosis is recognized
in patients with CLL (WHITTLE et al., 2011) due to
both hyperleukocytosis (CUKIERMAN et al., 2002)
and the presence of prothrombotic factors related to
neoplasms (CRESPO-SOLIS, 2012). No reports of
arterial thrombosis were reported in humans or other
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animal species secondary to CLL. Therefore, this
report aimed to describe a case of aortic thrombosis
secondary to chronic lymphocytic leukemia in a dog.

An 8-year-old castrated male Australian
cattle dog was presented for clinical care, with a 45-
day history of anorexia and vomiting. No changes
were observed during the general clinical examination.

During the patient’s follow-up
examination, hematocrit values ranged from normal
to mild regenerative anemia. Mild to moderate
thrombocytopenia was also observed (from 51,000
lymphocytes/uL.  to 153,000  lymphocytes/pL;
reference 200,000-500,000 lymphocytes/uL) (RIZZI
et al., 2010). According to RIZZI et al. (2010), the
leukogram showed lymphocytosis with values ranging
from 4,838 to 9,020 lymphocytes/uL (reference
1,000—4,800 lymphocytes/uL). Serum biochemistry
showed consistently high serum creatinine (from
2.5 to 5.0 mg/dL, normal range: 0.5-1.5 mg/dL) and
urea values (from 82 to 228 mg/dL, normal range:

21-60 mg/dL) (KANEKO et al., 2008). However, the
urinalysis and urinary creatinine protein ratio did not
reveal proteinuria (UPC<0.2). Apart from these tests,
electrolyte dosing (showing values that were in the
reference range) and rapid tests were also undertaken
for Ehrlichia sp., Anaplasma sp., Borrelia burgdorferi
for antibodies, and Dirofilaria immitis for antigens.
All the tests reported negative values.

Two days immediately following the
initial evaluation, lameness was noted in the right
pelvic limb (RPL), mainly post exercise. No ataxia
was evident. There was a reduction in the conscious
proprioception of the left pelvic limb (LPL) and
complete absence in the RPL (Figure 1A). A
decreased in the muscle tone was noted when the
spinal segmental reflexes were tested and patellar
and flexor reflexes in the RPL were absent. The other
limbs revealed no changes. On epaxial palpation, the
patient expressed neither signs of pain nor changes in
the cutaneous trunk reflex. No changes were observed

Figure 1 - Aortic thrombosis in a dog with chronic lymphocytic leukemia. 1A. Proprioceptive deficit of the right pelvic limb. 1B.
Ultrasonic doppler for right femoral artery blood flow verification. 1C. Ultrasonography of the caudal abdominal aorta
(near the trifurcation) and presence of a hyperechogenic mass (), partially obstructing the vessel lumen, characterizing
aortic thrombosis. 1D. Color doppler evaluation of the same site of Figure 1C, demonstrating partial blood flow.
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in the cranial nerve evaluation. No pulsation was
noted on femoral artery palpation on the right side,
and a decreased pulsation was noted on the left side.
On performing an oscillometric Doppler evaluation,
no sound was registered over the right femoral artery,
and a reduction was noted on the left side (Figure 1B).

The alterations reported were classified
as neuromuscular and the main clinical suspicion
was ischemic neuromyopathy due to arterial flow
obstruction to the right pelvic limb. Ultrasound
examination revealed a hyperechogenic mass inside
the caudal abdominal aorta that extended to the
right femoral artery, partially obstructing the vessel
lumen and characterizing aortic thrombosis (Figure
1C). On further evaluation of the same area using
color Doppler, part of the blood flow appeared to be
preserved (Figure 1D).

The diagnosis was AT and the patient
started on intravenous heparin treatment (100 [U/kg,
once every eight hours), as well as oral administration
of acetylsalicylic acid (0.5 mg/kg, once every
12 hours). The patient did not present clinical or
laboratory alterations consistent with any diseases

that predispose to aortic thrombosis. Prothrombin
time (PT: 11 s) and activated tissue thromboplastin
time (aPTT: 20 s) were within normal ranges for the
species (normal range PT 10-15 s and aPTT 10-20
s; LUBAS et al., 2010). In fact, five days after the
commencement of treatment, the patient improved
remarkably in terms of ambulation and neurological
evaluation. However, as the nephropathy worsened,
the owner decided in favor of euthanasia and a
necropsy was performed.

At necropsy, thrombosis and aortic
thromboembolism were evidenced. An irregular
mass, “tan to dark red,” was observed at the point
where the aorta and internal iliac arteries bifurcated,
which was focally adherent to the intimal layer of the
vessel, occluding the lumen (Figure 2A). In the right
internal iliac artery, a similar mass was identified.
Histologically, this second thrombus revealed
recanalization. In the left femoral artery, another firm
mass was noted, fully adherent to the vessel, causing
partial occlusion of the lumen. On the liver, whitish
linear areas were visible on both the capsular and cut
surfaces (Figure 2B). From a histological perspective,

Figure 2 - Aortic thrombosis in a dog with chronic lymphocytic leukemia. 2A. Aortic artery, abdomen. A “tan to dark
red”, irregular mass (thrombus) is observed within the lumen of the aorta and external iliac arteries. 2B.
Liver, metastasis of chronic lymphocytic leukemia. Multiple white linear areas are observed on the capsular
surface. 2C. Liver, metastasis of chronic lymphocytic leukemia. The neoplastic cells are infiltrated around the
centrolobular vein and portal tracts. Additionally, some of these cells are seen within the sinusoids. The cells
are small and resemble mature lymphocytes (inset). Hematoxylin and Eosin (HE), Obj 20x, (inset, 40x). 2D.
Bone marrow, chronic lymphocytic leukemia. A population of monomorphic round neoplastic cells resembling
lymphocytes and similar to the cells observed within the liver infiltrates the bone marrow. Cells are small, with
scarce cytoplasm (inset). HE, Obj 20x, (inset, 40x).
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the whitish areas on the liver appeared to be similar to
the monomorphic infiltrates of the mature neoplastic
lymphocytes encircling the centrilobular portal and
vein triads and sometimes fully occupying the hepatic
sinusoids (Figure 2C). An identical infiltrate was seen in
the kidneys, spleen and multiple bone marrow sections,
and in some regions, they almost completely replaced
the medullary tissue (Figure 2D). Acute tubular necrosis
was also identified. This was probably caused by
leukemia. This is the most common cause of intrinsic
acute kidney injury in lymphoma and leukemia reported
in humans (LUCIANO & BREWSTER, 2014).
Immunohistochemistry was performed in
paraffin-embedded sections of the liver, kidney, and
bone marrow to determine the origin of the neoplastic
lymphocytes. The differentiation between B and T
lymphocytes was done using anti-CD79 (Figure 3A)
and anti-CD3 (Figure 3B) antibodies, respectively.
Deparaffinization and rehydration of tissues were
performed. For antigen retrieval, the slides were
placed in a Tris-EDTA pH 9.0 buffer solution and
heated for 10 minutes. Endogenous peroxidase
blockage was performed with 3% hydrogen peroxide
for 20 minutes. Blocking of nonspecific reactions was
performed with 5% casein for 30 minutes at room
temperature. As the primary antibodies, polyclonal
anti-human CD3 antibodies (produced in rabbit)
and monoclonal anti-human CD79acy antibodies
(produced in mice) were used. Antibodies were diluted
in Tween phosphate-buffered saline (PBST) in the
following ratio: 1:400 for anti-CD3 antibodies and
1:200 for anti-CD79acy antibodies. After dilution, they
were incubated at 37 °C for 1 hour. Secondary antibody

(polymer) was used consecutively, incubated at room
temperature for 30 minutes and labeled by the addition
of 3-3’-diaminobenzidine tetrachloride chromogen
(DAB) for 5 minutes. Counterstaining was performed
with Harris hematoxylin. A normal canine lymph node
was used as a positive control. As a negative control,
a section of tissue analyzed incubated with PBST
alone was used. Immunohistochemical techniques
complemented the diagnosis of chronic lymphocytic
leukemia of B lymphocytes (Figure 3A).

AT is considered an uncommon disease
in dogs (LAKE-BAKAAR et al., 2012; WINTER &
BUDKE, 2017). The clinical evolution of dogs with
AT can be acute or chronic, and lameness, verified
in the present case and sometimes intermittent
(WINKLE et al., 1993; BOSWOOD et al., 2000) is
often the first symptom to emerge. During exercise,
the increased oxygen requirement of muscles in dogs
with this condition cannot be satisfied because the
arterial blood flow to the affected limb is totally or
partially obstructed, which explains the association
of worsening lameness with exercise, as confirmed in
the patient in this study.

Clinical signs that mimic spinal cord
dysfunction, such as monoparesis, paraparesis, or
paraplegia may also be reported in cases of ischemic
neuromyopathy (WINKLEetal.,1993; GONCALVES
et al., 2008). Other neurological alterations such as
proprioceptive deficit in one or both pelvic limbs, as
well as the reduction or absence of spinal segmental
reflexes (BOSWOOD et al., 2000) are findings that
may confuse the diagnosis of AT with lumbar spinal
cord alterations (GONCALVES et al., 2008).

cell negativity). Immunohistochemistry, 10 X.

Figure 3 - Aortic thrombosis in a dog with chronic lymphocytic leukemia. 3A. Neoplastic lymphocyte immunoreactivity to
CD79 (B cell positivity). Immunohistochemistry, 10 X. 3B. The neoplastic cells did not immunoreact with CD3 (T
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Some  pathological changes  must
occur for clot formation within a blood vessel,
such as endothelial injury, blood flow changes or
coagulability variations (WINKLE et al., 1993).
Among neoplasms, carcinomas, adenocarcinomas,
osteosarcoma, hemangiosarcoma, leiomyosarcoma,
and lymphomas have been reported (WINKLE et al.,
1993; BOSWOOD et al., 2000; GONCALVES et al.,
2008; LAKE-BAKAAR et al., 2012; WINTER &
BUDKE, 2017). However, this report is the first one
linking AT to CLL.

The necropsy reports verified the diagnosis
of AT by clinical and ultrasound testing and CLL was
deduced by the distinctive features of the lymphocytes
present in the histological analysis of the bone marrow
which showed 40% mature lymphocytes (LEIFER &
MATUS, 1985; WORKMAN & VERNAU, 2003).
Thus, it is assumed that the cause of AT in the present
case is neoplastic; i.e., due to CLL.

While aortic thrombi in cats are commonly
secondary to  hypertrophic  cardiomyopathy
(ROBINSON & ROBINSON, 2015), in dogs they are
associated with several other underlying conditions
such as neoplasia, chronic administration of
corticosteroids and renal or cardiac disease (LAKE-
BAKAAR et al, 2012; WINTER et al., 2012).
Frequently, the underlying cause of aortic thrombosis
in dogs remains undetermined (WINTER etal., 2012).
Another difference between aortic thrombi of dogs
and cats is that thrombi generally form locally in dogs,
whichis called thrombosis (WINTER etal.,2012). The
dog in this case report did not have any heart lesions
on necropsy and histopathology examination, and no
previous corticosteroid administration was reported
by the owner. Chronic protein-losing nephropathies,
including glomerulonephritis and renal amyloidosis,
are the classical renal causes of thrombosis (RIZZI et
al., 2010; LAKE-BAKAAR et al, 2012). They lead
to antithrombin loss in the urine, which induces a
hypercoagulable state (RIZZI et al., 2010). None of
these renal diseases were seen in this case. Instead, a
lymphoid neoplasia was observed infiltrating the liver
and bone marrow. Based on the clinical history, the
small number of organs affected by the tumor, and
the disseminated distribution of the neoplastic cells
within the bone marrow, a diagnosis of CLL with
hepatic metastasis was established. A differential
to be considered for CLL is small lymphocyte
lymphoma but today it is already recognized that
these two entities are different manifestations of
the same disease and the designation of lymphoma
or leukemia is made according to the tissue with the
highest tumor burden (BOES & DURHAM, 2017).

The CLL 1is conceptualized as a
proliferation of small mature lymphocyte neoplastic
clones and presents as persistent peripheral
lymphocytosis (WORKMAN & VERNAU, 2003). In
the present case, peripheral lymphocytosis was mild,
and the diagnosis of leukemia was post-mortem.

Clinical signs of CLL are variable and
nonspecific (LEIFER & MATUS, 1985) with
generally asymptomatic canine patients (AVERY &
AVERY, 2007) unless they develop changes in other
organs with the progression of the disease. When dogs
showed clinical signs, the most commonly reported
are lethargy, appetite reduction, and progressive
weight loss (WORKMAN & VERNAU, 2003). The
clinical signs presented by the patient may be an
association of CLL as well as the consequences of
neoplastic infiltration in other organs.

The blood tests performed before death did
not show any findings suggestive of myelophthisis,
and there was no clinical suspicion of leukemia
before necropsy was performed. This agrees with
the clinical presentation of CLL, which is generally
less aggressive (VALLI et al., 2015). Some authors
explained the association between cancer and
thrombosis by the release of procoagulant tumor
products in the bloodstream, leading to increased
clotting factor activation and enhanced platelet
activity (KUMAR et al., 2013). Finally, lymphomas
and leukemias seem to be some of the frequent
neoplastic causes of thrombosis in dogs (LAKE-
BAKAAR etal., 2012).

In conclusion, dogs with exercise-
worsening lameness who are suspected of having
neuromuscular disease should be screened for
differential diagnosis of ischemic aortic thrombosis,
even if the signs are asymmetrical. Chronic
lymphocytic leukemia should be included in the
list of neoplasms that may predispose to aortic
thrombosis in dogs.
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