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Abstract :A 12-year-old, intact female Jindo was referred to our clinic due to the enlargement of all lymph nodes,
as well as severe dyspnea. All palpatible lymph nodes were highly swelling and enlargement. The dog was diagnosed
as end stage of multicentric lymphoma with multi-organ metastasis. In addition, the dog was diagnosed as having
a pulmonary thromboembolism via computed tomography (CT) and D-dimer concentrations and prothrombin time (PT)
results. This case report describes that lymphoma can be associated with pulmonary thromboembolism which is life
threatening complication in dogs. The present case was managed successfully with chemotherapy and antithrombotic
treatment. 
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Introduction

Pulmonary thromboembolism (PTE) is caused by throm-

botic material that disseminates from a primary thrombus

within the heart or vascular system (5,6,10,11,15,17,20,22,

23,24). Disease states that fulll Virchow’s triad (a hypercoag-

ulable state, endothelial damage, and blood stasis) lead to

thrombus formation within the blood vessels (5,6,10,11,15,

17,20,22,23,24). Embolization of these thrombi can result in

vascular occlusion within the pulmonary vasculature (5,6,10,

11,15,17,20,22,23,24). Clinical signs of PTE typically include

respiratory distress and tachypnea. PTE formation in dogs

has been associated with immune-mediated hemolytic ane-

mia, neoplasia, cardiac diseases, protein-losing enteropathies

and nephropathies, hyperadrenocorticism (HAC), sepsis, dis-

seminated intravascular coagulation (DIC), trauma, vasculi-

tis, and surgery (5,6,10,11,15,17,20,22,23,24).

Lymphoma is one of the most common cancers in dogs,

comprising 7% to 24% of all canine neoplasia (13). Boxers,

Scottish Terriers, Airedale Terriers, Basset Hounds, German

Shepherds, Bulldogs, and Bernese Mountain dogs are most

commonly affected. The dog described in this report was

administered chemotherapies to treat multi-centric nodal lym-

phoma with PTE.

Case

A 12-year-old, intact female Jindo was referred for en-

largement of systemic lymph nodes. On physical examina-

tion, the peripheral lymph nodes showed swelling and enlarge-

ment, without any pain in that region. History taking revealed

that the enlargement of the lymph nodes started 2 months

ago, and that the dog demonstrated exercise intolerance. The

clinical signs were anorexia, weakness, and coughs. In addi-

tion, mucous membrane pallor was noted. Abdominal palpa-

tion revealed organomegaly. The dog demonstrated dyspnea,

a life-threatening emergency. Air movement was audible in

all lung fields during auscultation.

Cytological examination of the mandibular and inguinal

lymph nodes revealed that there were more than 50% blastic

cells, which are characterized by predominance of large lym-

phoblasts and a mitotic activity ranging from low to high in

the collected aspirate (Fig 1). Numerous lymphoblasts with

anisocytosis and prominent nucleoli in the cells were noted.

The complete blood count revealed mild regenerative ane-

mia and mild thrombocytopenia, with no autoagglutination

noted on the glass slide agglutination test. Serum biochemi-

cal analysis revealed hypoproteinemia and mildly elevated lev-

els of alkaline phosphatase and creatine kinase. Radiographic

examination revealed main pulmonary artery dilatation, paren-

chymal pulmonary artery enlargement, and a peripheral mul-

tifocal alveolar pulmonary pattern. Enzyme-linked immuno-

sorbent assay (ELISA) tests performed with a commercial

heartworm antigen kit yielded negative results. The elevated

D-dimer concentration (1900 ng/mL; reference interval, 0-

300 ng/mL) and delayed prothrombin time (PT) results (19 s;

reference interval, 11-17 s) indicated the possibility of signif-

icant blood clot (thrombus) formation and breakdown in the

body, which in turn may cause DIC. The dog demonstrated

exercise intolerance, rapid fatigue with exercise, and cough-

ing. Chest and abdominal radiographs showed abnormally

enlarged lymph nodes that affected the liver and spleen, in

addition to other abnormal radiographic findings including

alveolar or interstitial pulmonary infiltrates and thoracic lym-

phadenomegaly.
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On computed tomographic (CT) examination, most of the

lymph nodes including the bilateral submandibular, parotid,

retropharyngeal, prescapular, axillary, sternal, cranial medias-

tinal, and tracheobronchial lymph nodes were markedly

enlarged. PTE was diagnosed via CT, which facilitated direct

visualization of intraluminal clots: partial and complete fill-

ing defects in the central pulmonary arteries. Therefore, the

dog was definitively diagnosed as having a multicentric lym-

phoma with metastasis (TNM stage IV) and PTE secondary

to the lymphoma.

After establishing the diagnosis of PTE, dalteparin sodium

(Fragmin®; 150 IU/kg, SC, bid; Pfizer, New York, U.S.A.)

with aspirin (Rhonal®; 1 mg/kg, PO, bid; Alvogen Korea,

Seoul, South Korea) and clopidogrel bisulfate (Plavix®; 2 mg/

kg, SC, sid; Ilyangbio, Jecheon, South Korea) were adminis-

tered for anticoagulant and antiplatelet therapy. Additionally,

aminophylline (Aminophylline®; 10 mg/kg, IV, tid; Dae-

wonpham, Incheon, South Korea) was administered to make

breathing easier and keep air passages. The PTE-related symp-

toms, i.e., coughing, dyspnea, and exercise intolerance were

gradually improved. The D-dimer concentration, PT, and PTT

tests yielded the following results: 100 ng/mL, 12 s, and 72 s,

which were all in normal range, and were indicative of low

risk following application of bronchodilator, anticoagulant,

and antiplatelet agents. The UW-19 protocol involves admin-

istration of vincristine, cyclophosphamide, doxorubicin, and

prednisolone for a 19-week period. Tramadol and a fentanyl

patch were used to reduce pain and discomfort. The dog with

stage IV lymphoma and PTE was successfully treated with

the UW-19 protocol, and was responsive to anticoagulant

therapy. These treatments was successfully performed becom-

ing the size of lymph nodes without any respiratory compli-

cation.

Discussion

At initial presentation, the dog demonstrated life-threaten-

ing emergency because of dyspnea and abdominal respira-

tion. Immediately, oxygen therapy was administered to relieve

the aforementioned symptoms. The elevated D-dimer and

delayed PT results indicate that there may be significant

blood clot (thrombus) formation. History taking revealed that

the dog demonstrated reluctance to exercise, rapid fatigue

with exercise, and coughing recently.

The D-dimer concentration was elevated at 1900 ng/mL,

and the PT was 19 s. The sensitivity and specificity of D-

dimer for TE diagnosis have been demonstrated in a previ-

ous report, which have shown that evaluating D-dimer con-

centration > 300 ng/mL for TE was 100%, and the specificity

of D-dimer for TE at that concentration was 70% (8). An ele-

vated D-dimer concentration indicates the presence of a clot.

A pulmonary embolism is associated with the possibility of

occurrence of those conditions. In the present case, PTE was

diagnosed via CT, which facilitated the direct visualization of

intraluminal clots: partial and complete filling defects in the

central pulmonary arteries. CT revealed that the PTE caused

partial obstruction of the PA and its branches by thrombi (Fig 2).

The relation between cancer and thrombosis is well recog-

nized (13,14,21) and the occurrence of thrombotic complica-

tions in patients with cancer has important implications,

including need for chronic anticoagulation with the associ-

ated risk for bleeding, possible delays in delivering chemo-

therapy, a high risk for recurrence of thrombosis, and a

decreased quality of life. Approximately 10-15% of patients

with cancer demonstrate clinical features indicative of throm-

boembolism, with greater numbers of patients with certain

tumor types identified at the time of autopsy (7). The risk for

thrombus formation in individuals with neoplasia increases

4-fold compared with the general population and is even

higher for those receiving chemotherapy (16). As the second

leading cause of death in those with malignant conditions,

hypercoagulability and thrombosis associated with neoplasia

are extensively studied and anticoagulation protocols have

been established for this patient population (12).

Fig 1. Cytology of the mandibular lymph node. Typical lym-

phoma cells are characterized by large nucleoli and scanty baso-

philic cytoplasm (Differential staining, × 1,000).

Fig 2. Chest spiral computed tomographic scan with a radio

contrast agent showing the filling defect in the pulmonary arter-

ies relating with pulmonary thromboembolism. 
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In a previous study, Kristensen et al. found hemostatic dys-

function in 57% of dogs with neoplasia (20). Hemostatic dys-

function and hypercoagulability in patients with cancer are

complex conditions with a multifactorial etiology that includes

expression of procoagulant molecules such as tissue factor on

the surface of malignant cells, release of fibrinolytic pep-

tides, inhibition of endogenous anticoagulation, release of

cytokines by cancer cells, and interaction with host cells

including endothelial cells and blood leukocytes (9,25). In-

creased number of activated platelets and release of platelet

micro vesicles have also been related to hypercoagulability in

cancer (1,18,19). All these mechanisms additionally support

cancer cell growth and metastasis (1,18,19). Therefore, anti-

coagulant therapy in combination with chemotherapy should

be administered to relieve the pulmonary thromboembolism.

Mechanisms by which hypercoagulability develops in

response to neoplasia are multifactorial, which affect all 3

aspects of Virchow's triad, and are still not completely under-

stood (4). Tumor cells themselves may be prothrombotic,

inducing thrombin generation through tissue factor expres-

sion or fibrinogen production, or by downregulation of the

endogenous anticoagulant proteins antithrombin (AT), pro-

tein C, and protein S (4).

Downregulation of fibrinolysis through altered tissue plas-

minogen activator expression will also promote a procoagu-

lant state (4). Platelet hyper-reactivity in cancer has been also

documented in multiple tumor types, and it has been sug-

gested that inappropriate platelet activity may promote

metastasis (4). Increased platelet micro-particles, which pro-

vide additional phospholipid surfaces for tissue factor expres-

sion, have been documented in several forms of cancer and

may be linked to the risk for thrombosis and development of

metastasis (3). Cytokine-induced endothelial injury, as evi-

denced by changes in von Willebrand factor antigen levels,

further contributes to thrombotic tendency and may increase

platelet adhesion (11).

Changes in thrombomodulin expression on the endothelial

surface, typically anticoagulant by virtue of protein C bind-

ing, is another finding indicative of a hypercoagulable state

in patients with cancer.

Conclusions

In conclusion, the present case indicated the association

between lymphoma and hypercoagulability in dogs. In the

present case, a canine multicentric lymphoma accompanied

by PTE was successfully managed over the course of 270

days.
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