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SUMMARY 

 
Spirocerca lupi (S. lupi) is a nematode that infects the dog’s oesophagus resulting in an 

inflammatory fibroblastic nodule that progresses to a sarcoma in approximately 25% of 

cases. Inflammation, coagulation and cancer are exquisitely intertwined and 

inflammatory changes are known to lead to coagulation abnormalities. The nature and 

degree of haemostatic alterations in canine spirocercosis are unknown. Evidence of 

inflammation in dogs with clinical spirocercosis is provided by pyrexia, leucocytosis, 

increased serum interleukin 8 and C-reactive protein as well as severe inflammatory 

infiltrates on histopathology of nodules. This study aimed to determine if haemostatic 

abnormalities exist in canine spirocercosis, and hypothesised that the severity of 

abnormalities could be used to differentiate non-neoplastic from neoplastic 

spirocercosis. 

 

Thirty-nine client-owned S. lupi-infected dogs and 15 healthy age- and sex-matched 

control dogs were included in this study.  Blood samples were collected at the time of 

diagnosis. A complete blood count, prothrombin time (PT), activated partial 

thromboplastin time (aPTT), fibrinogen concentration, antithrombin (AT) activity, D-

dimer concentration and  thromboelastography (TEG) analysis were performed. 

Hypercoagulability was based on the maximum amplitude (MA) value derived from 

TEG.  Inflammatory parameters were also determined and included C-reactive protein 

(CRP) and fibrinogen concentrations. The S lupi-infected dogs were divided into a non-

neoplastic group (n=24) and a neoplastic group (n=15). Data were compared using the 

Kruskal-Wallis Test and Dunn’s multiple comparisons applied post-hoc. Correlation 

was determined using Spearman’s correlation.  

 

Hypercoagulabilty was found in the neoplastic and non-neoplastic spirocercosis cases. 

In addition, the neoplastic group was significantly more hypercoagulable than the non-

neoplastic group, and the non-neoplastic group was significantly more hypercoagulable 

than the control group. The median fibrinogen concentration was significantly higher in 

the neoplastic group compared to the non-neoplastic group, but there was no significant 

difference between the non-neoplastic and control group. The median CRP 

concentration was significantly higher in the neoplastic group compared to the non-

neoplastic group, with no significant difference between the non-neoplastic and control 

group. Compared to the control group the median AT activity was significantly 
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decreased in both the non-neoplastic and neoplastic groups. No significant difference 

was found between the infected groups. Across the non-neoplastic and neoplastic 

groups, MA showed positive linear correlation with CRP and fibrinogen.  

 

The study showed that spirocercosis is associated with a hypercoagulable state that 

becomes progressively more severe with neoplastic transformation. Overlap did exist 

between the median MA values of the non-neoplastic and neoplastic groups, but an MA 

of >76 mm provided a specificity of 96% and sensitivity of 73% for the differentiation 

of disease state. Thromboelastography might therefore be used as an adjunctive assay to 

support the suspicion of neoplastic transformation of the oesophageal nodule as well as 

to determine the overall haemostatic status of the patient. The MA correlated positively 

with the indicators of inflammation (CRP & fibrinogen) supporting the hypothesis that 

an inflammatory state induced by the S. lupi nodule is at least partly responsible for the 

hypercoagulability. 

 

The link between inflammation, coagulation and neoplastic transformation in 

spirocercosis warrants further investigation to elucidate the exact factors resulting in the 

hypercoagulable state, whether clinically relevant complications develop and whether or 

not specific therapy should be instituted to prevent thrombotic sequelae.  
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CHAPTER 1 

 

LITERATURE REVIEW 

 

1.1 General Introduction 
Spirocerca lupi (S. lupi) is a nematode that is primarily a parasite of dogs, although 

other animals, particularly carnivores may be affected.1,2 Canine spirocercosis has a 

worldwide distribution, but is most prevalent in warm subtropical climates.1 Infection 

occurs after the ingestion of the intermediate host, coprophagous beetles, or the 

paratenic/transport hosts (lizards, poultry, rodents, hedgehogs, rabbits).3 The larvae 

penetrate the gastric mucosa of the final host, migrate within the walls of  the 

gastroepiploic arteries to the caudal thoracic aorta where they remain for approximately 

three months before finally migrating through the mediastinum to the submucosa or 

muscular layer of the  oesophageal wall. Final maturation occurs within the oesophageal 

wall and a fibrous nodule forms around the worm.4 Mature oesophageal nodules may 

undergo neoplastic transformation, in 14 to 26% of cases, into sarcomas of which 

osteosarcoma is the predominant form.4-6 

 

The most common presenting complaints are weight loss, regurgitation and anorexia, 

although a myriad of initial signs may be seen including pyrexia, hypersalivation, 

sialodenosis, dysphagia, dyspnoea/coughing, anaemia and sudden death (due to aortic or 

other large arterial vessel rupture secondary to aneurysm).6-8 The nodule may also be an 

incidental finding on thoracic radiography or during post mortem. Aberrant migration of 

S. lupi occurs and may be difficult to diagnose as the presenting complaints can be very 

atypical.6  

 

1.2 Diagnosis of spirocercosis in the dog 
Diagnostic modalities are usually complementary in the final diagnosis of typical 

spirocercosis and can be made through one, or a combination of the following 

techniques:  

1. Faecal floatation: The modified sodium nitrate (NaNO3) centrifugal method showed 

that more eggs were detected when compared to the routine method, but the 

sensitivity remained 67%.9  
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2. Radiography: The sensitivity of radiographic diagnosis is up to 86%. Three 

complementary signs for the diagnosis of S. lupi are described:   

a) a typical soft tissue opacity can be seen in the caudal oesophagus on the right 

lateral view and on the dorsoventral view as a single midline soft tissue opacity 

superimposing on the caudal cardiac border and diaphragmatic cupula (not 

pathognomonic);3,6  

b) thoracic vertebral spondylitis of vertebrae in the region of T6 to T123,6 considered 

a pathognomonic sign for this disease;2 

c) on the dorsoventral view, the border of the descending aorta may appear 

undulating due to aneurysm formation.3,6   

3. Endoscopy: Considered the gold standard when oesophageal luminal masses are 

present.2 Mediastinal masses, aberrant migration and early manifestation will, 

however, be missed with this method. 

4. Computed tomography (CT): especially useful for early diagnosis of spondylitis and 

aortic changes, when pleural or mediastinal fluid effaces structures on the 

radiograph, for early diagnosis of small mural or extra-mural oesophageal nodules, 

for surgical planning, and for prognostication based on the infiltrative nature of the 

neoplasia.3,6  

 

1.3 Inflammation, neoplastic transformation and canine spirocercosis 
Spirocerca lupi infection has long been associated with neoplastic transformation, 

which was first documented in 1955.5 The nodule typically transforms into 

osteosarcoma, anaplastic sarcoma or fibrosarcoma.6 Osteosarcoma occurs in 

approximately 60% to 85% of neoplastic transformed cases of spirocercosis.4,10 

Malignant oesophageal neoplasia in areas where S. lupi is not endemic is very rare 

(<0.5% of all neoplasia cases), and does not typically include sarcoma.12 The 

association of S. lupi with certain types of sarcomas, the virtual non-existence of these 

oesophageal neoplasms in non-spirocercosis affected dogs, as well as the relatively high 

prevalence of neoplastic transformation in spirocercosis in conjunction with the ease of 

accessibility of the oesophagus through endoscopy makes S. lupi induced neoplastic 

transformation an excellent model for the study of infection and inflammation induced 

neoplasia.2,3,7,11,12 Neoplasia has been reported to be closely linked with infectious 

agents and inflammation, with an estimated 20% of all cancer deaths in humans 

associated with a known cause of initiating chronic infection or inflammation.13  
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Chronic inflammation favours the initiation and progression of cancer.14 The longer the 

inflammation persists the higher the probability of genomic instability and mutations 

that lead to cancer.14-16 The mechanism by which chronic inflammation induces cancer 

development is hypothesized to be related to the sustained generation of free radicals 

and proteases that causes oxidative damage and nitration of DNA bases, which increases 

the risk for DNA mutations and breaks that may be nonrepairable. Although the exact 

pathogenesis of the neoplastic transformation in S lupi has not been elucidated, an 

intense local inflammatory process in benign and neoplastic spirocercosis has been 

described and is evidenced by local neutrophilic and lymphocytic infiltrate.4,17 The 

presence of systemic inflammation in dogs with S. lupi nodules is alluded to with the 

documentation of pyrexia in 32-51%, leucocytosis with immature neutrophilia in 30-

81%,6,7,11,18 raised serum concentrations of CRP in both neoplastic and non-neoplastic 

forms of spirocercosis as well as elevated IL-8 levels in blood.19,20 Possible hypotheses 

explaining infectious-associated neoplastic transformations include an ineffectual Th1 

response as seen with Helicobacter induced-gastritis;13,21 helminth induced free radical 

and nitrogen species;22 the parasite itself being directly responsible for neoplastic 

transformation;23-25 and increased local and systemic proportions of T-regulatory cells 

(T-regs).26-30 T-regs can inhibit the antitumour immune response and an increase in their 

number may facilitate tumour development.31 

 

1.4 Diagnosis of neoplastic transformation  
Biopsy and histopathology is the gold standard for confirmation of neoplastic 

transformation in canine spirocercosis. Endoscopy-guided biopsy is the most commonly 

used technique but it is insensitive, requires anaesthesia and is associated with false 

negative results when only the necrotic periphery is included in the sample. Gross 

endoscopic appearance is considered sensitive and specific for the diagnosis of 

oesophageal nodules,2,3,7,11,12 but the macroscopic appearance can be misleading and 

visual diagnosis remains subjective. Non-neoplastic S. lupi induced nodules are smooth 

and round and may have a pink nipple-like protuberance through which the female 

worm lays eggs. Neoplastic transformation is suspected if the surface of the nodule 

appears roughened and cauliflower-like with areas of necrosis and ulceration, making 

biopsy easier than smooth nodules.7  

 

Radiographic signs associated with neoplastic transformation include hypertrophic 

osteopathy of the distal limbs (100% specificity, 38.7% sensitivity), an increased height 
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and width compared to benign masses and nodular metastatic lesions in lung 

parenchyma in association with an S. lupi nodule in the oesophagus.7 In spirocercosis, 

metastases have been reported in the lung, liver and other organs but their prevalence 

has not been reported.2,6,7 

 

Laboratory analysis has shown that dogs with neoplastic transformation had a 

significantly lower haematocrit (Ht) (mean ± standard deviation: 0.34 ± 0.08) compared 

to those with non-neoplastic nodules (0.41 ± 0.07), a higher white cell count (31.6 ± 

27.83 x103/µL) compared to dogs with non-neoplastic nodules (17.71 ± 13.18 x103/µL) 

and an increased platelet concentration (493.15 ± 151.6 x103/µL) compared to dogs with 

non-neoplastic nodules (313.27 ± 128.54 x103/µL); however large overlap did exist 

between neoplastic and non-neoplastic cases for all parameters.7  

 

No sensitive or specific biochemical, radiographic or CT indicators have been found to 

confirm a diagnosis of neoplastic transformation of a S. lupi nodule, unless macroscopic 

metastasis is evident on radiographs or CT. Diagnosis of neoplastic transformation as 

early as possible and preferentially by non-invasive means is crucial to facilitate early 

and improved intervention including surgical excision and chemotherapeutics.   

 

1.5 Inflammation and haemostasis  
It is well known that systemic inflammation causes haemostatic derangement and 

interaction between inflammation and coagulation is bidirectional.13,21,22,32 

Hypercoagulability has been reported in a number of inflammatory diseases affecting 

small animals such as parvoviral enteritis, neoplasia, and immune-mediated haemolytic 

anaemia and is also seen in dogs admitted to an intensive care unit and dogs diagnosed 

with disseminated intravascular coagulation as a complication of a primary disease.33-39 

In certain disease states it is believed that this hypercoagulability may lead to thrombus 

formation.40-43 Inflammation activates haemostatic pathways including the tissue factor 

pathway with resulting thrombin production.44 The latter plays a central role in the 

initiation of inflammation-induced coagulation.45 Blocking tissue factor activity 

completely inhibits inflammation induced thrombin generation in animal models of 

experimental endotoxaemia or bacteraemia.46,47 The main mediators of inflammation-

induced activation of coagulation are proinflammatory cytokines and several studies 

have shown the importance of interleukin 6 (IL-6) in the initiation of coagulation 

activation, and the role of tumour necrosis factor-α (TNF-α) and IL-1 in the regulation 
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of physiologic anticoagulation.48-50 Thrombin, factor Xa, and fibrin can directly 

stimulate mononuclear cells and endothelial cells, inducing the synthesis of IL-6 or IL-

8.51 The in vivo expression of tissue factor seems mostly dependent on IL-6.48,52 The 

other main mechanisms of the haemostatic derangement during systemic inflammatory 

activity are believed to be platelet activation and an imbalance or dysfunction of the 

normal physiologic anticoagulants, such as antithrombin and protein C.53,54  

 

Fibrinogen and its active form, fibrin, directly influence the production of 

proinflammatory cytokines and chemokines (including TNF-α, IL-1β, and monocyte 

chemoattractant protein-1) by mononuclear cells and endothelial cells.13,21,22,32 

Fibrinogen is a positive acute phase protein and levels are elevated with tissue 

inflammation or tissue destruction,55-57 allowing fibrinogen to be utilised as an indirect 

measure of the inflammatory process. However fibrinogen levels are reduced during 

active coagulation and fibrinogen is therefore the balance between inflammation and 

coagulation and considered less sensitive and specific compared to inflammatory 

markers such as C-reactive protein (CRP). 

 

CRP is one of the major positive acute phase proteins in the dog and elevated levels are 

found in response to various infectious and inflammatory conditions.58-65 C-reactive 

protein is part of the innate host response and it has been associated with alterations in 

the coagulation cascade including increased activated clotting time and decreased 

antithrombin levels.66 CRP has a shorter half life compared to fibrinogen and therefore 

is a more accurate real-time marker of the state of inflammation.67,68 

 

1.6 Haemostasis and spirocercosis 
The effect of S. lupi on haemostasis and its various parameters has not been described. 

The intense local inflammatory process and subsequent systemic inflammation 

previously described is speculated to result in alterations of haemostasis in neoplastic 

and non-neoplastic forms of spirocercosis.  During the migration of S. lupi through the 

arterial wall to the oesophagus, vascular injury occurs as evidenced by arteritis and 

subsequent aortic aneurysms. Such changes are likely to cause haemostatic 

abnormalities; however the true effect of the initial vascular injury on systemic 

haemostasis is unclear. Three case reports describe aortic thromboembolisms due to 

spirocercosis which are most likely directly related to the migration of S. lupi larvae.69-71 

A study evaluating hypoantithrombinaemia in dogs with various diseases showed that 
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three of the four dogs with spirocercosis (stage not specified) showed 

hypoantithrombinaemia.72 Hypoantithrombinaemia in humans is associated with a 

hypercoagulable state.72,73 These findings support the speculation that haemostasis is 

affected in canine spirocercosis.  

 

Thrombocytopenia is a common finding in human and canine neoplasia and has been 

reported in 10-28% of canine clinical cases.74,75 Thrombocytopenia has not been 

reported as a characteristic in spirocercosis, on the contrary, studies on canine 

spirocercosis reported that thrombocytopenia was a rare finding in affected dogs; in fact 

thrombocytosis was more likely in those cases diagnosed with a neoplastic nodule, the 

chronic ulcerative lesion being the speculative cause.2,7  

 

1.7 Haemostatic changes in neoplasia 
Clinical thrombosis is seen in up to 15% of human cancer patients at some point during 

their clinical course.76 Thrombotic mortality in human cancer patients is second only to 

heart disease as the most common cause of death in human cancer patients.77 Neoplasia 

in dogs has been associated with hypercoagulability,37 increased thrombin-antithrombin 

complexes,78-80 abnormal coagulation assays and thrombocytopenia,42,74 as well as 

pulmonary thromboembolism (PTE) (41% of dogs with neoplasia).40 In a study on PTE 

in dogs, neoplasia was also reported to be among the most common findings.41 Two 

different studies of portal vein thrombosis in 11 and 33 dogs reported neoplasia as the 

underlying condition in 36% and 21% of patients respectively.81,82  

 

A recent study reported haemostatic dysfunction, using thromboelastography, in 57% of 

49 dogs with neoplasia.37 Forty nine percent of cases were dogs with malignant 

neoplasia, of which 50% were hypercoagulable, whereas 17% were hypocoagulable. All 

hypocoagulable dogs had metastatic disease. The proportion of dogs with altered 

haemostasis was significantly different between dogs with malignant and benign 

neoplasia.37  

 

1.8 Laboratory evaluation of haemostasis  

Traditionally, changes in the haemostatic profile of a patient have been monitored by the 

changes affecting primary haemostasis (platelet count and function) and secondary 

haemostasis [prolonged prothrombin time (PT) and activated partial thromboplastin 

time (aPTT)], antithrombin (AT) activity, altered fibrinogen concentration and 
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fibrinolysis (increased fibrinogen degradation products (FDP) and D-dimer 

concentration).83 The above-mentioned assays constitute the traditional coagulation 

parameters and these assays are not only poor at determining hypercoaguability (AT 

being the exception to this statement), but as they are based on plasma samples they also 

overlook the role that cells play in haemostasis. Further shortfalls of the traditional 

coagulation parameters include overlooking such factors as rate of clot formation, 

overall clot strength, and rate and degree of dissolution. These factors represent 

significant interactions essential to the evaluation of the haemostatic system in clinical 

patients. Conventional coagulation assays (PT, aPTT, activated clotting time and D-

dimer) compared with TEG (multiple samples from the same dogs once weekly over 

five consecutive weeks) showed a high degree of variability in the standard coagulation 

assays compared with TEG measurements.84 The advantages of the traditional 

coagulation parameters lie in their supportive role in the diagnosis of bleeding disorders 

such as disseminated intravascular coagulation, haemophilia and rodenticide toxicity.85  

 

The recent description of the cell based, tissue factor dependent model of haemostasis 

has expanded our knowledge of the complex biochemistry involved in secondary 

haemostasis and thus forced a review of the traditional view of the intrinsic and extrinsic 

pathways of coagulation into a more global view.83,86,87 The “cell based” model of 

haemostasis incorporates the essential role of cells in haemostasis in vivo and shows that 

it requires the participation of key tissue factor (TF) bearing cells (stromal fibroblasts, 

monocytes/macrophages and potentially endothelial cells in inflammation and 

neoplasia) and activated platelets. The cell based model, at its most basic level, 

describes haemostasis as a sequence of events occurring in three overlapping phases i.e. 

initiation, amplification and propagation. The initiation of coagulation takes place on 

TF-bearing cells; cells expressing TF are generally localized outside the vasculature, 

which prevents initiation of coagulation under normal conditions. Once an injury occurs 

and the flowing blood is exposed to a TF-bearing cell, FVIIa rapidly binds to the 

exposed TF resulting in an initial small amount thrombin formation. If the procoagulant 

stimulus is sufficiently strong, enough factors Xa, IXa and thrombin are formed to 

activate nearby platelets and successfully initiate amplification. Amplification occurs as 

the activity moves from the TF-bearing cell to the activated platelet surface. The 

procoagulant stimulus is amplified as von Willebrand factor is released and more 

platelets adhere, are activated and accumulate activated cofactors (FV, FVIII and FXI) 

on their surfaces. Finally, in the propagation phase, the active factors combine with their 
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cofactors on the platelet surface – the site best adapted to generate haemostatic amounts 

of thrombin. The activity of the procoagulant complexes produces the burst of thrombin 

generation that results in fibrin polymerization. Assays such as thromboelastography 

(TEG) incorporating both cellular and plasma components are therefore becoming 

increasingly important in determining the overall haemostatic state in both humans and 

animals. 

 

1.8.1 Thromboelastography as a measure of haemostasis  
Thromboelastography was first described in 1948 and has since been widely used in the 

United States and Europe especially in human medicine.88 The use of human 

recombinant tissue factor-activated TEG on canine citrated whole blood has been 

validated for use in dogs.89 The study concluded that the potential ability of TEG to 

differentiate between hyper-, hypo- and normocoagulable states of haemostasis makes 

this assay clinically applicable for the evaluation of haemostatic disorders in dogs. 

 

The TEG apparatus consists of a plastic cup and a pin that is suspended by a torsion 

wire. A sample of blood is placed into the cup, which is maintained at 37°C and the cup 

is raised to the pin. The cup is then oscillated. When fibrin strands form between the pin 

and the cup, the pin begins to move with the cup and the torque generated is transmitted 

up the wire to a mechanical/electrical transducer, which is converted to digital data for 

display of the TEG tracing on a computer terminal. 

 

The thromboelastogram consists of 3 zones (Fig 1). The first zone, which indicates 

precoagulation, (initial linear segment to the formation of the first fibrin strands 

resulting in a divergence of the line into two branches).  The second zone represents 

coagulation and formation of the clot (from the end of precoagulation to a maximal 

separation of the two branches) and the third zone representing fibrinolysis (from the 

end of coagulation until the test is ended, or until the two lines eventually converge into 

a single line that represents clot lysis).34,89  

 

Several values can be derived from the TEG tracing including R, K, angle (α), lysis 30 

(LY30), lysis 60 (LY60), maximal amplitude (MA) and the calculation of the G value. 

Reaction time (R) or pre-coagulation time represents the latency period from the start of 

the assay until a pre-set fibrin formation is reached.36,89 The R evaluates the extrinsic 

pathway (FVII) if TF is used as the activator. Clotting time (K) represents the clot 
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formation time and is a measurement of the rapidity of clot development and is an 

arbitrary point that corresponds to divergence of 20 mm between the 2 lines.89 The K 

value is influenced by factors II (thrombin), VIII, platelet count and or function, 

thrombin formation, fibrin precipitation, fibrinogen concentration, and haematocrit36,90-

92. The combined R and K values reflect coagulation time from the beginning to a 

predetermined clot strength. The α is the angle between the midline and the tangent to 

the curve drawn from the point of 2 mm divergence. The α represents the rapidity of 

fibrin build-up and cross linking (clot formation) and is similar to K and affected by the 

same factors. The MA is the maximum distance in millimetres between the two 

diverging branches. At this point the clot is entirely formed and thus MA represents the 

final clot strength.84 The MA is affected by fibrin and fibrinogen concentration, platelet 

count and function, thrombin concentration, factor XIII and haematocrit. The MA is 

also a measure of clot stiffness and may be used to derive the global clot strength (G) a 

measure of overall coagulant state.84 The G value is a mathematical transformation of 

the MA value and only acts to amplify the difference that may be present in the MA 

value.93 The degree of clot lysis is determined at 30 and 60 minutes after the MA is 

reached and is represented as LY30 and LY60 respectively. 

 

A hypocoagulable state is indicated when the R and K values are increased and the MA 

value is decreased and opposite changes are observed in hypercoagulable states. It has 

been reported that TF activated TEG is able to correctly identify dogs with clinical signs 

of bleeding, with both a higher positive predictive value (89%) and negative predictive 

value (98%) than the conventional coagulation profile.35 The study further showed that 

TEG correlated more objectively to clinical signs in haemostatic dysfunction than 

traditionally used coagulation screens and that TEG allows for easy and quick 

interpretation in patients with hyper-, hypo- or normocoagulable states even for 

inexperienced clinicians (Figure. 2).  

 

In people a hypercoagulable state has been defined as the presence of at least 2 of the 

following: shortened R, increased α, or increased MA.94 Definitions of 

hypercoagulability have not yet been established for animals and various parameters are 

used in different studies to define hypercoagulability, including MA or G alone or in 

combination with shortened R and/or increased α.33,37 
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1.8.2 Limitations of thromboelastography 
Two factors essential for normal clot formation, platelets and haematocrit will influence 

the thromboelastogram in humans if they are below 66×109/L and 15%, 

respectively.95,96 A smaller MA and prolonged K were seen in human patients with 

platelet counts below 66×109/L;96 however, marked thrombocytopenia (<66×109/L) and 

anaemia (Ht<15%) are rarely reported for spirocercosis.7  

 

1.8.3 Detection of haemostatic dysfunction using thromboelastography 
TEG has successfully been used to identify hypercoagulability in dogs with parvoviral 

enteritis, protein losing nephropathy, neoplasia, immune-mediated haemolytic anaemia 

and DIC.33-39 TEG may be considered of value as a bedside method for the assessment 

of overall haemostatic function in dogs with all of the above-mentioned conditions.  

 

1.9 Conclusion 
Spirocercosis is an attractive animal model to determine the influence of inflammation 

on neoplasic transformation and the interrelationship between inflammation, 

coagulation and neoplasia. This study aims to investigate the relationship between the 

inflammatory and haemostatic system in dogs with both neoplastic and non-neoplastic 

S. lupi infection. Alterations in the inflammatory and haemostatic pathways are 

expected to be present in both the non-neoplastic and neoplastic form of spirocercosis. 

The study also aims to evaluate the diagnostic value of TEG and other haemostatic 

parameters in differentiating neoplastic from non-neoplastic S. lupi cases.  
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CHAPTER 2 
OBJECTIVES 

 

1. Characterize any haemostatic alterations present in neoplastic and non-neoplastic 

canine spirocercosis. 

2. Investigate if TEG results allow clinical differentiation between neoplastic and non-

neoplastic spirocercosis.  

3. Determine if metastatic disease in spirocercosis is associated with the presence of 

hypocoagulability.  

4. Investigate if changes in the acute phase parameters, CRP and fibrinogen, correlate 

with haemostatic alterations. 
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CHAPTER 3 

RESEARCH QUESTIONS 

 

1. Are haemostatic alterations, measured by TEG and traditional haemostatic 

parameters (PT, aPTT, fibrinogen, D-dimers and AT) present in canine 

spirocercosis? 

2. Can TEG parameters be used to differentiate neoplastic from non-neoplastic 

spirocercosis? 

3. Does metastatic spirocercosis result in hypocoagulability? 

4. Is the degree of haemostatic alteration correlated with changes in inflammatory 

parameters CRP and fibrinogen? 
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CHAPTER 4 

RESEARCH HYPOTHESIS 

 

1. Hypercoagulability will be caused by or associated with spirocercosis. 

2. Neoplastic, non-metastatic spirocercosis will be associated with greater 

hypercoagulability than non-neoplastic spirocercosis. 

3. Metastatic neoplasia associated with spirocercosis will show hypocoagulability.  

4. Raised acute phase parameters, fibrinogen and CRP will correlate with the degree of 

hypercoagulability.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 



21 
 

CHAPTER 5 

MATERIALS AND METHODS 

5.1 Study design 
A prospective observational study was performed on 41 client owned dogs with 

naturally occurring spirocercosis that presented to the Onderstepoort Veterinary 

Academic Hospital. 
 

Inclusion criteria:  

• Dogs older than 6 months. 

• Dogs weighing more than 6 kg. 

• A positive diagnosis of spirocercosis based on one of the following criteria: 

 A faecal float that is positive for S. lupi ova using the validated modified NaNO3 

centrifugal flotation method.  

 At least two of the following radiological signs consistent with S. lupi infection: 

a caudodorsal mediastinal mass, spondylitis of the caudal thoracic vertebrae or 

undulation of the lateral border of the descending aorta.  

 Visual identification of caudal oesophageal S. lupi nodules by oesophageal 

endoscopy.  

• Informed consent by the owners of all cases. 

 

Exclusion criteria: 

• Dogs treated for S. lupi in the 6 months prior to presentation (including macrocylic 

lactones, or milbemycin for deworming). 

• Dogs with any concurrent systemic disease or inflammatory disease conditions 

(including haemoparasites) which were detected on clinical examination or 

bloodsmear evaluation. 

• Any obvious infections, fractures, contusions or wounds indicative of a recent motor 

vehicle accident or fighting. 

• Any previously diagnosed cardiac, hepatic or renal disease. 

• Any previously diagnosed inherited coagulopathy. 

• Treatment with any medication known to interfere with normal haemostasis or 

antiplatelet medication including prednisolone, non-steroidal anti-inflammatory 

drugs, asprin, clopidogrel or heparin products either during hospitalization or 4 

weeks prior to presentation. 
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The dogs infected with S. lupi were placed into two groups (non-neoplastic and 

neoplastic): 

1. Non-neoplastic: 

 naturally occurring spirocercosis with no evidence of neoplastic changes as 

characterised by the following 2 findings: 

1. the nodules have the typical smooth appearance of benign nodules, 

2. the nodules show regression at follow-up endoscopy 6 weeks after 

diagnosis.  

 if surgically excised, succumbed or euthanased  

o histopathological examination of the entire nodule showing no neoplastic 

transformation 

 

2. Neoplastic: 

 naturally occurring spirocercosis  

 histopathological diagnosis of neoplastic transformation of oesophageal nodules 

with samples obtained through endoscopy guided biopsy, surgical excision or at 

necropsy.  

 

Control Group 

• Fifteen healthy client-owned age- and sex-matched dogs were used as controls.  

 

5.2 Data collection 
Upon admission a full history and clinical examination as well as the following tests 

were performed on every case: peripheral bloodsmear evaluation, urinalysis, faecal 

flotation (using NaNO3), a complete blood count (CBC) and serum biochemistry 

including albumin (Alb) and globulin (Glob). If any abnormalities, including those not 

previously described in spirocercosis, but with the exception of typical inflammatory 

changes of S. lupi were found, further diagnostics were carried out as appropriate for 

each case which may have resulted in exclusion of the patient from the trial.  
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5.2.1 Sampling  
After diagnosis, prior to any treatment, serum, 3.2% sodium citrate and 

ethylenediaminetetraacetic acid (EDTA) samples were collected from the jugular vein 

of each patient with a 21-gauge straight needle by careful venipuncture with minimum 

stasis. In accordance with the specifications and approval of the Faculty Research 

Committee and the Animal use-and-care committee of the University of Pretoria, the 

volume of blood collected always amounted to less than 0.5% of the body weight. 

The blood samples were collected in the order described above to avoid tissue factor, 

released during venipuncture, contaminating the citrate tube. The evacuated sodium 

citrate tubes were filled to capacity to ensure the correct anticoagulant-to-blood ratio 

(1:9).  

Blood was left for 30 minutes at room temperature after collection to decrease the 

variance of the TEG measurements since there is a tendency toward hypercoagulation at 

120 minutes compared with 30 minutes.90,91 A fixed time point (30 minutes) after 

sampling was chosen to avoid the risk of interassay variation.89 The EDTA sample was 

used to perform a CBC. The sodium citrate sample was used to perform the TEG assay 

and then stored for batch testing of the traditional coagulation tests (PT, aPTT, D-dimer 

concentration and AT activity) and fibrinogen. The serum sample was used to perform 

the Alb, Glob & CRP.  

The citrated and serum samples were centrifuged at 2100g for 8 minutes and the 

serum/plasma removed, aliquoted and stored at -80°C (Forma Scientific -86°C freezer). 

All the coagulation assays, as well as the CRP were performed as a batch to limit inter-

assay variability. Both CRP and the coagulation assays have been shown to be stable at  

-70°C and for long periods with the exception of aPTT that may show a slightly 

shortened clotting time compared to fresh samples.97,98   

 

5.2.2 Assay methodologies 

• Complete blood count (CBC) was performed on an Advia 2120 (Siemens, South 

Africa), as well as manual differential leukocyte counts performed by the same 

qualified laboratory technician. 

• Serum albumin and globulin were determined using the Cobas Integra 400 Plus 

(Roche, South Africa).  

• Thromboelastography tracings were performed by the author or a qualified 

laboratory technician using the TEG® 5000 Thrombelastograph® Haemostasis 

System (Haemoscope, Pro-Gen Diagnostics, South Africa) according to the 
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previously described method and using human recombinant tissue factor (Innovin, 

Siemens) as the activator.89 MA was utilised as the indicator of the state of 

coagulability, since the MA recorded by TEG has been reported to be predictive of 

postoperative thrombotic complications in human surgical patients.100 A cut-off 

value based on our laboratory reference range of greater than ..... 

• PT and aPTT assays were performed on the ST art® 4 analyser (Diagnostica Stago, 

South Africa) using the Neoplastine® CI Plus (Diagnostica Stago, South Africa) 

reagent kit for PT, and the C.K. Prest® (Diagnostica Stago, South Africa) reagent kit 

for aPTT, according to the manufacturer’s instructions.  

• D-dimer assays were performed, according to the manufacturer’s instructions, using 

an immunometric flow-through principle (D-dimer single test, Nycocard Reader, 

Ilex, South Africa).  

• Fibrinogen assays were performed on the ST art® 4 analyser (Diagnostica Stago, 

South Africa) using the Sta-Fib 2 (Diagnostica Stago, South Africa) reagent kit 

according to the manufacturer’s instructions.  

• Antithrombin activity in plasma was measured utilizing a thrombin dependent 

chromogenic substrate assay (Roche Antithrombin (A), South Africa) on the Cobas 

Integra 400 plus analyser. 

All coagulation assays were calibrated according to the manufacturers’ 

recommendations for human purposes. Commercially available human control reagents 

for the respective assays were analyzed as internal controls together with pooled plasma 

from ten healthy dogs (not part of the previously described control group).  

• Serum C-reactive protein was determined using an automated human CRP 

immunoturbidometric immunoassay (Randox, South Africa) on the Cobas Integra 

400 plus analyser (Roche, South Africa). The assay was calibrated with 

commercially available purified canine CRP (Life Diagnostics, USA) to ensure 

species-specific measurement of CRP with the heterologous assay. Internal controls 

were routinely run with the batch of samples.  

 

5.2.3 Diagnostics 

• Radiography 

The standard right lateral and ventro-dorsal thoracic radiographs were performed under 

general anaesthesia and manual positive pressure ventilation. Radiographs were obtained 

using a digital system with a Siemens Polymat 50. Radiographs were developed with a 

Fuji Film FCR Capsula XL. Radiographs were evaluated by a qualified radiologist.  
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• Endoscopy 

Oesophageal and gastric endoscopy was performed under general anaesthesia, according 

to the set standard of the department of small animal medicine, by the principle 

investigator or other qualified medicine clinician. The anaesthetic agents included 

valium in combination with morphine or butorphanol as premedication, propofol 

induction and isoflurane inhalant with oxygen as maintenance. The procedure was 

performed using a video endoscopy unit. One endoscopic exam was performed at the 

time of initial diagnosis and a follow-up was performed on all cases not euthanased 

approximately 6 weeks later to determine response to treatment. Non-neoplastic 

spirocercosis was indicated by reduction in the size and number of nodules on follow-up 

endoscopy. If nodules were larger or had become ulcerated and cauliflower-like, 

endoscopic guided biopsies were taken to confirm neoplastic transformation.  

• Post-mortem 

The standard post-mortem examination was performed as well as histopathology 

performed on all oesophageal nodules due to S. lupi, regardless of number of ante-

mortem diagnostics performed.  

 

5.3 Treatment 
Treatment of the animals included in the study for spirocercosis was initiated after all 

sample collections and diagnostics, including thoracic radiography and endoscopy, were 

completed.  Treatment was based on a published treatment protocol of 400 ug/kg 

doramectin (Dectomax, Pfizer, South Africa) given by SQ injection two weeks apart 

for three treatments.99  

 

5.4. Data analysis 
The data was captured using Excel 97-2003® and analysed by the principle investigator. 

Statistical analysis was performed with SPSS Statistics 20.0® software (SPSS Inc., 

United States of America) and Graphpad Instat 3® (San Diego, United States of 

America).  

 

Descriptive statistics included the median and range for the variables including Ht, 

platelets, mean corpuscular volume, Alb, Glob, AT, D-dimer, PT, aPTT, Fibrinogen and 

CRP. The same descriptive statistics were used for the thromboelastograms and the 

following variables were recorded or calculated: R, K, α, MA, G, LY30, LY60. MA was 

used in this study as the primary indicator of a hypercoagulable state. The data was 
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checked for normality using the Kolmogorov-Smirnov test, all parameters were non-

parametric and the Kruskall-Wallis test was used to determine significance across the 

three groups for each parameter. P<0.05 was considered significant, P values are 

reported as <0.05, <0.01 or <0.001 as per the limitations of the software available. If 

significance was present, Dunn’s multiple comparison was used as post-hoc analysis. 

Correlation between inflammatory and coagulation parameters was determined using 

the Spearmann’s rank correlation test. Data is presented as median and range of values. 
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CHAPTER 6 

RESULTS 

Study population 

A total of 41 dogs infected with S. lupi were enrolled in the study, of which two were 

excluded. One case was excluded due to concurrent pyothorax, and the second due to 

severe thrombocytopenia secondary to septic pneumonia. Of the remaining thirty-nine 

dogs in the study, 24 dogs were in the non-neoplastic and 15 in the neoplastic group. 

Seventeen breeds were represented (Table 1) and the median age of the two groups was 

5 years (range: 6 months to 11 years), with no statistical difference between the non-

neoplastic, neoplastic and control groups. Forty six percent of the combined infected 

group were male and 54% females and did not differ significantly from the control 

group. 

 

All the dogs enrolled in this study had at least two thoracic views performed and one or 

more radiographic signs typical of spirocercosis were present in all dogs. Three dogs did 

not have endoscopy performed due to obvious radiographic evidence of pulmonary 

metastasis in conjunction with one or more radiographic signs consistent with 

spirocercosis and euthanasia was requested before endoscopy could be performed. All 

dogs in the neoplastic group had neoplastic transformation of the S. lupi nodule 

confirmed on necropsy and/or histopathology. No dogs developed neoplasia after being 

classified as non-neoplastic. 

 

No non-neoplastic cases were euthanased, but 14/15 neoplastic cases were euthanased. 

The only neoplastic case not euthanased had partial oesophagectomy performed and 

made a full recovery after surgery. The histopathological diagnoses of the dogs in the 

neoplastic group were divided into 14 osteosarcomas and 1 anaplastic sarcoma. Six 

neoplastic cases had metastatic lesions on necropsy and 3/15 of the neoplastic cases had 

hypertrophic osteopathy observed on radiographs or at necropsy. 

 

Haemostatic and inflammatory laboratory parameters 

The majority of the TEG variables indicated hypercoagulability in the spirocercosis 

groups which was more severe in the neoplastic group (Table 2). Significant findings 

included the following: the median K value was significantly shorter in the non-

neoplastic (1.55 min, 1.1-3.7) and neoplastic (1.3 min, 0.8-2.7; P<0.001) groups 
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compared with the control group (2.5 mm, 1.4-5.4; P<0.05), but no significance was 

found between the infected groups. The α angle was significantly higher in neoplastic 

group (72.4°, 57.1-78.3) compared to the non-neoplastic (68.9°, 36.1-75.2; P<0.05) and 

the control group (58°, 26.3-70.20) was significantly lower than the neoplastic and non-

neoplastic groups (P<0.001, P<0.05 respectfully). The median MA for the neoplastic 

group (78.9 mm, 61.5-89.9) was significantly increased compared to the non-neoplastic 

group (66.3 mm, 49.7-79.7; P<0.01), and the median MA for the non-neoplastic group 

was significantly increased compared to the control group (58.6 mm, 41.9-66.2; P<0.01) 

(Figure 3). As G is a mathematical derivative involving MA exclusively, the G values 

and their intergroup significance levels mirrored the MA values. R, LY30 and LY60 

showed no significant variation between groups. Based on receiver operator curve 

(ROC) analysis, when a cut-off value of >76 mm was used for the MA value as a test of 

differentiation of neoplastic versus non-neoplastic, a sensitivity of 73% and specificity 

of 96% was found for neoplastic transformation with an area under the curve of 0.853 

(Figure 4).  

 

The median CRP concentration was significantly higher in the neoplastic group (85.7 

mg/L, 6.05-152.0) compared to the non-neoplastic group (17.5 mg/L, 5.0-249.9; 

P<0.01), with no significant difference between the non-neoplastic and control groups 

(15 mg/L, 0-30) (Table 2 & Figure 5). The median fibrinogen concentration was 

significantly higher in the neoplastic group (5.1 g/L, 2.9-14.8) compared to the non-

neoplastic group (3.3 g/L, 1.3-8.7; P<0.01), but no significant difference between the 

non-neoplastic and control groups (2.6 g/L, 1.7-4.4) was seen (Table 2 & Figure 6).  

 

Across the infected groups, MA showed a strong linear correlation with CRP (r = 0.73, 

P<0.0001) and a very strong linear correlation with fibrinogen (0.85, P<0.0001) (Figure 

7 & 8). The inflammatory parameter fibrinogen showed a strong linear correlation to the 

other measured inflammatory parameter CRP (r = 0.77, P<0.001). A weak negative 

linear correlation (-0.34, P=0.03) across all infected groups between CRP and AT was 

also found (Figure 9).  

 

Of the traditional coagulation parameters only PT and AT activity showed significant 

changes. Compared to the control group (117.1%, 107.1-143.9) the median AT activity 

was significantly decreased in both the non-neoplastic (90.3%, 58-124.1; P<0.0001) and 

neoplastic (84.3%, 58.5-111.6; P<0.0001) groups. No significant difference was found 
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between the infected groups.  For PT, significant variation was only found between the 

neoplastic group (7.1 sec, 6.1-7.8) and the control group (6.7 sec, 5.0-10.7; P<0.05).  

 

Other parameters 

The median Ht (Table 2) of the neoplastic group (35%, 23-55) was significantly lower 

than the Ht of the non-neoplastic group (46.5%, 36-61; P<0.05), while there was no 

statistical difference in the Ht between the non-neoplastic and control group (51%, 38-

58). The median platelet concentration for the neoplastic group (415×109/L, 227-862) 

was significantly higher compared to the non-neoplastic group (298×109/L, 174-494; 

P<0.01), but no significance existed between the control group (318×109/L, 212-457) 

and the neoplastic and non-neoplastic groups.  

 

The median serum albumin concentration differed significantly between the non-

neoplastic (34.8 g/L, 25.2-45.5) and the neoplastic (22.2 g/L, 12.1-35.9; P<0.001) 

groups. There was no significant difference for the median serum globulin concentration 

between the different groups (Table 2).    

 
When the metastatic cases were compared to the non-metastatic neoplastic cases, the 

metastatic cases appeared to have an increased degree of hypercoaguability as 

evidenced by increased MA and increased α, and indications of increased inflammatory 

changes as evidence by elevated CRP and fibrinogen, but none of the mentioned 

differences between the two subgroups were statistically significant (data not shown). 

No dogs in the infected groups were hypocoagulable, based on the MA value. 
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CHAPTER 7 

DISCUSSION 
 

A hypercoagulable state as measured by TEG was documented in this prospective study 

of canine spirocercosis and the degree of hypercoagulability was significantly increased 

once the oesophageal nodule had undergone neoplastic transformation. The 

inflammatory state is most likely closely associated with the hypercoagulability and to 

the best of the authors’ knowledge, this is the first study to describe hypercoagulability 

and its relationship with inflammation in spirocercosis.    

 

For this study, the MA was utilised as the indicator of the state of coagulability, since 

the MA recorded by TEG has been reported to be predictive of postoperative thrombotic 

complications in human surgical patients.100 Based on established laboratory reference 

ranges for MA, 97% (38/39) of the infected dogs in this study were hypercoagulable and 

none were hypocoagulable. The single dog not hypercoagulable had non-neoplastic 

oesophageal nodules and no obvious reason to be different form the rest of the study 

group. The degree of hypercoagulability between all groups was significant with the 

median MA increasing as spirocercosis progressed from inflammatory to neoplastic. 

The increase in hypercoagulability is in agreement with previous studies in which 

hypercoagulability (based on the presence of thromboemboli or TEG findings) was 

present in inflammatory and neoplastic conditions.37,42,74,78-81,101 Factors such as 

circulating TF (either soluble or cell-borne), cancer procoagulant factor and platelet 

hyperactivity are believed to be the cause of the hypercoagulable state in humans with 

cancer.43,102  

 

Thromboelastography may be utilised for the differentiation of neoplastic from non-

neoplastic spirocercosis. Although overlap of MA did exist between the non-neoplastic 

and neoplastic groups, an MA value of >76 mm achieved a specificity of 96% for 

neoplastic transformation in this population, resulting in a very low false positive rate 

for neoplastic transformation at the cut-off value of 76 mm. This may be useful, but one 

must be aware of the limitations when employing such a method for differentiation of 

disease state. Spirocercosis should be diagnosed prior to running the TEG, as many 

other diseases also result in hypercoagulability. If spirocercosis is present, the presence 

of other inflammatory conditions must be excluded to interpret the MA value with 

confidence. The MA should never be viewed in isolation, but rather used as an 
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adjunctive in these cases where ambiguity exists. The sensitivity of the test is poor 

(73%) and may result in many false negative results for neoplastic transformation. An 

MA greater than 76 mm will therefore help support the suspicion of neoplastic 

transformation, but will not exclude neoplastic transformation if the value is below 76 

mm. Different methodologies or population groups are likely to affect these cut-off 

values and institution specific cut-offs are advised. TEG was not useful in determining 

metastatic disease as no cases were hypocoagulable and no significant variation was 

found between the metastatic and non-metastatic neoplastic cases.  

 

The medians of the acute phase reactants, CRP and fibrinogen, showed significant 

increases in the neoplastic group compared to the non-neoplastic group and controls.  In 

contrast to a previous study, there was no difference between the CRP of the non-

neoplastic group and controls in this study.19 This is surprising considering the 

inflammation that has been reported to be present in non-neoplastic nodules.4,17 The two 

highest CRP values in the present study were seen in the non-neoplastic group. One of 

these cases was also diagnosed with granulomatous oesophagitis as well as suspected 

mediastinitis (based on CT). The second case with unexpectedly high CRP underwent a 

full medical work-up (biochemistry panel, abdominal ultrasound and thoracic CT) 

without an obvious explanation except for the possibility of severe inflammation within 

the nodule as described in previous reports.4,17 Interestingly the MAs for both of these 

patients were not the highest in the benign group and this is most likely due to the 

numerous other factors that contribute to the final determination of MA, moreover, 

considering that α and MA were significantly different between all groups, it is likely 

that the parameters of TEG, although closely associated with inflammation are also 

influenced by additional factors and cells. 

 

A significant correlation between MA and fibrinogen concentration and platelet 

concentration has been reported in both normal and hypercoagulable people and 

dogs.38,103,104 In this study, the only TEG variables to indicate significant 

hypercoagulability across all groups were α and MA, but no significant correlation was 

found between the inflammatory indicators and α.  In contrast MA showed a strong 

positive linear correlation with both inflammatory parameters. The correlation 

coefficient (r) for fibrinogen was 0.85, but a slightly weaker r for CRP (0.73). 

Correlation between the inflammatory parameters was strong; indicating either 

fibrinogen or CRP could be used in spirocercosis as an indication of the inflammatory 

 
 
 



32 
 

state. The closer correlation of fibrinogen and MA suggest that fibrinogen played an 

important role in the elevation of MA in these cases. Fibrinogen may be considered one 

of the “driving forces” behind inflammation as it directly influences the production of 

proinflammatory cytokines and chemokines by mononuclear cells and endothelial 

cells.13,21,22,32 The close correlation of both acute phase reactants supports the 

interrelationship between inflammation and coagulation and although a consistent trend 

was found, the individual variation from the trend line was large (Fig. 7 & 8), making 

prediction of exact values difficult.  

 

With the exception of AT, the traditional parameters of coagulation have been 

shown to be poor indicators of hypercoagulability,37,39 and also proved to be poor 

indicators of hypercoagulability in this study. The current study showed significantly 

decreased AT activity in the spirocercosis groups compared to the controls. 

Antithrombin is considered a negative acute phase protein and an important measure 

in the assessment of hypercoagulability in human and animal studies, and a 

decreased AT activity in humans is associated with a hypercoagulable state 

predisposing patients to thrombotic events.72,73,105 The decreased AT activity seen in 

these cases is most likely a reflection of consumption due to the hypercoagulability 

in conjunction with mild blood loss in neoplastic cases (as evidenced by mild 

anaemia and endoscopic examination).  The negative linear correlation found 

between AT and inflammation (CRP) in this study is in agreement with previous 

reports investigating the effects of sepsis on AT and AT activity in dogs admitted to 

a critical care unit although the correlation was weaker in the current study.66,106  

 

The neoplastic group showed significantly prolonged PT compared to the control 

group. This finding may be interpreted as a contradiction of the hypercoagulable 

state believed to be present in spirocercosis, but when one considers that PT does not 

take into account the cells present in the TEG sample as well as the large biological 

variation in PT in healthy dogs, this finding becomes less significant. The difference 

in PT was also so small between the two groups that it would be clinically 

impractical for differentiation of disease state. 

 

The significantly lower Ht of the neoplastic group compared to the non-neoplastic group 

is consistent with previous findings in spirocercosis.2,7 Based on human studies, even 

the lowest Ht in this study (found in the neoplastic group), was unlikely to have affected 
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the TEG or other coagulation parameters.95 The significant thrombocytosis of the 

neoplastic group compared to the non-neoplastic group has also previously been 

reported in spirocercosis and chronic blood loss from the ulcerated mass may explain 

the thrombocytosis and anaemia in the neoplastic group. Other recognised causes of 

thrombocytosis applicable to this study population include neoplasia and systemic 

inflammatory disease.85   

 

The hypoalbuminaemia of the neoplastic group relative to the non-neoplastic group 

supports the findings of previous studies, although one study did not find significance 

between groups and the other did not differentiate neoplastic from non-neoplastic.2,7 The 

hypoalbuminaemia in the current study was most likely related to its role as a negative 

acute phase protein and secondary to blood loss in the neoplastic group.  

 

The clinical significance of the hypercoagulable state in spirocercosis is evidenced 

by three case reports describing aorto-iliac thromboembolism, believed to be the 

consequence of migrating S. lupi larvae.69-71 Reported clinical thrombosis associated 

with spirocercosis appears to be an unexpectedly rare clinical complication 

considering the presence of hypercoagulability in 97% of cases in this study. It is 

possible many cases are undiagnosed and are subclinically thrombotic. The 

prevalence of pre-clinical thrombi and the effects of anti-coagulant therapeutic 

intervention in spirocercosis are unknown and may be an area of future 

investigation. The existence of inflammatory and haemostatic changes in the 

presence of mature nodules is demonstrated in this study, but the degree to which 

larval migration and initial vascular injury contribute to the haemostatic 

derangement remains unclear. The larval migration, although unlikely to be an 

active site of inflammation once mature esophageal nodules are present,  may be the 

initiator of hypercoaguability, but does not appear to be the only factor resulting in 

continued hypercoagulability and subsequent thromboemboli.  Aortic intimal 

damage caused by the larvae, turbulent blood flow in aortic aneurysms and local and 

systemic inflammation associated with the nodules are all likely to contribute to 

hypercoagulability and the development of thrombosis in spirocercosis.  

 

In summary, this study identified hypercoagulability in canine spirocercosis in both the 

non-neoplastic and neoplastic form of the disease with increasing degree of 

hypercoaguability with neoplastic transformation. Overlap did exist between the median 

 
 
 



34 
 

MA values of the non-neoplastic and neoplastic groups, but an MA of >76 mm provided 

a specificity of 96% and sensitivity 73% for the differentiation of disease state. 

Thromboelastography might therefore be used as an adjunctive test to support the 

suspicion of neoplastic transformation of the esophageal nodule as well as to determine 

the overall haemostatic status of the patient. The clinical significance and therapeutic 

role of anti-coagulants in spirocercosis remains a field open for future investigation. The 

indicators of inflammation were strongly positively correlated to the MA values 

supporting the interrelationship between inflammation and coagulation in spirocercosis.  
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CHAPTER 8 

CONCLUSIONS 
 

• Based on thromboelastography, a hypercoagulable state exists in canine 

spirocercosis. 

 

• The hypercoagulability found in canine spirocercosis is more severe once neoplastic 

transformation of the oesophageal nodule has occurred. 

 

• The severity of hypercoagulability, based on the TEG variable MA, might be used to 

assist in the determination of the presence of neoplastic transformation.  

 
• Hypocoagulability does not appear to be a feature of canine spirocercosis at the time 

of diagnosis. 

 
• Antithrombin was significantly reduced and is supportive of the hypercoagulable 

state present in spirocercosis. Other traditional parameters of coagulation showed no 

significant changes in activity or quantity in infected dogs. 
 

• The acute phase inflammatory parameters, CRP and fibrinogen, are strongly 

correlated to hypercoaguability in spirocercosis, supporting the interrelationship 

between inflammation and coagulability.  

 

• Based on this study, once spirocercosis has been diagnosed, TEG might be used as 

an adjunctive test to support the suspicion of neoplastic transformation of the 

oesophageal nodule as well as to determine the overall haemostatic status of the 

patient, especially if surgery is considered.  

 

• Further studies are required to determine if the hypercoagulable state of 

spirocercosis results in clinically relevant sequelae (i.e. thrombosis) and whether or 

not specific therapy should be instituted to prevent complications associated with 

hypercoagulability.   
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TABLES 
 
Table 1: Signalment of study population 
 
 Whole 

population 

Non-neoplastic 

group 

Neoplastic 

group 

Control 

Age (month): median 

(range) 

60 (6-133) 57 (6-133) 72 (48-132) 49 (6-96) 

Gender:     

Male 24 13 5 6 

Female 30 11 10 9 

Breed     

Jack Russel or Fox 

Terrier 

8 3 2 3 

Boxer 7 2 2 3 

Boerboel 6 2 2 2 

Crossbreed 6 3 1 2 

Bullterrier 4 2 1 1 

Labrador retriever 4 1 2 1 

Great Dane 4 2 1 1 

GSD 3 1 1 1 

Rhodesian Ridgeback 3 1 1 1 

Rottweiler 2 2   

Yorkshire terrier 1 1   

Chow-Chow 1 1   

Border Collie 1  1  

Daschund 1  1  

Schnauzer 1 1   

Golden Retriever 1 1   

Maltese 1 1   
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Table 2: Haematology, protein and haemostatic results of study population 

* Krusskal-Wallis showed overall significance between the 3 study groups 
a Significance between control and non-neoplastic groups 
b Significance between control and neoplastic groups 
c Significance between non-neoplastic and neoplastic groups 
d Laboratory established normal values 

 
 
 
 
 
 
 
 
 
 
 

 

Median (range) Control Non-neoplastic 

group 

Neoplastic 

Haematocrit (L/L)* 0.51 (0.38-0.58) 0.46 (0.36-0.47)c 0.35 (0.23-0.55) 

MCV (Fl) 60-77d 68.4 (39.7-75.2) 67.1 (49.3-74.4) 

Platelet(×109/L)* 318 (212-457) 298 (174-494)c 415 (227-862) 

Albumin (g/L)* 27-35d 34.75 (25.2-45.5)c 22.2 (12.1-35.9) 

Globulin (g/L) 20-37d 33.9 (23.2-74.3) 36.0 (25.7-52.8) 

 PT (seconds)* 6.7 (5-10.7) b 7.05 (4.7-8.1) 7.1(6.1-7.8) 

aPTT (seconds) 11.3 (10.3-12.5) 11.5 (10.3-12.7) 12.2 (10.5-14.9) 

AT (%)* 117.1(107.1-143.9)a,b 90.3 (58-124.1) 84.3 (58.5-111.6) 

D-Dimers (mg/L) 0.2 (0.1-0.4) 0.1 (0-1.5) 0.1 (0.1-2.0) 

Fibrinogen (g/L)* 2.6 (1.7-4.4) b 3.27 (1.3-8.9) c 5.07 (2.9-14.8) 

CRP (mg/L)* 15.0 (0-30.0) b 42.95 (11.4-249.9)c 85.72 (6.05-51.59) 

R (minutes) 5.8 (3-13.8) 4.85 (3.8-10.2) 5.2 (3-7.7) 

K (minutes)* 2.5 (1.4-5.4) a, b 1.55 (1.1-3.7) 1.3 (0.8-2.7) 

Α (degrees)* 58 (41.95-66.2) a, b 68.9 (36.1-75.2) c 72.4 (57.1-78.3) 

MA (mm)* 58.6 (41.95-66.2) a, b 66.25 (49.7-79.7) c 78.9 (61.5-89.9) 

G* 7.1 (3.7-10.0) a, b 9.85 (4.9-19.7) 18.7 (8-44.3) 

Lys30 (minutes) 0 (0-6.1) 0 (0-16.1) 0.1 (0-3) 

Lys60 (minutes) 2.4 (0-13.1) 1.15 (0-20.6) 1.8 (0-7) 
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FIGURES: 
 

 

 
 
Figure 1: Components of the thromboelastograph. r: reaction time. k: clotting time. MA: 
maximal amplitude. (Modified from SV Mallett and DJA Cox. Thromboelastography. 
Br J Anaesth, 1992; 69(3):307–313, Figure 2. Reproduced by permission of Oxford 
University Press/British Journal of Anaesthesia). 
 
 

 
 
Figure 2: Pattern recognition chart of TEG tracings, compiled from human research 
(from Haemoscope Corporation). R, reaction time, K, clotting time; MA, maximal 
amplitude; t-PA, tissue plasminogen activator; DIC, disseminated intravascular 
coagulation.  
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Figure 3: Box plot of MA for the three different groups. The plot clearly depicts the 
increasing MA trend between control, non-neoplastic and neoplastic cases. For each 
plot, the box represents the interquartile range (IQR), the horizontal line in the middle of 
the box represents the median, and the whiskers denote the range extending to 1.5 times 
the IQR from the upper and lower quartiles. Outlier values between 1.5 and 3 times the 
IQR are denoted as open circles. Reference interval (-----) 
 

 
Figure 4: Receiver-operator curve (ROC) for differentiation of neoplastic transformation 
with a MA value of >76 mm. A sensitivity of 73% and specificity of 96% is obtained. 
Area under the curve is 0.853.   

 

P<0.01 

P<0.01 

 

P<0.01 

------------------------------------------------------------------------- 

------------------------------------------------------------------------- 
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Figure 5: Box plot of CRP for the two infected groups. For each plot, the box represents 
the interquartile range (IQR), the horizontal line in the middle of the box represents the 
median, and the whiskers denote the range extending to 1.5 times the IQR from the 
upper and lower quartiles. Outlier values greater than 3 times the IQR are denoted as an 
asterix. Reference interval (-----) 
 

 
Figure 6: Box plot of fibrinogen for the three different groups groups. For each plot, the 
box represents the interquartile range (IQR), the horizontal line in the middle of the box 
represents the median, and the whiskers denote the range extending to 1.5 times the IQR 
from the upper and lower quartiles. Outlier values between 1.5 and 3 times the IQR are 
denoted as open circles and outlier values greater than 3 times the IQR are denoted as an 
asterix. Reference interval (-----) 

------------------------------------------------------------------------- 

------------------------------------------------------------------------- 

------------------------------------------------------------------------- 

------------------------------------------------------------------------- 

 

P<0.01 

 

P>0.05  

P<0.01 

P<0.01 
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Figure 7: Scatter plot and positive linear correlation between MA and CRP for all 
infected animals. The solid line depicts the linear correlation while the open circles 
represent each case. The effect of outliers on the Spearman’s correlation coefficient are 
less than would be seen if the data was parametric. 

 
 
Figure 8: Scatter plot and positive linear correlation between MA and fibrinogen for all 
infected animals. The solid line depicts the linear correlation while the open circles 
represent each case. Fewer outliers are present in this scatter plot, and the correlation 
coefficient is stronger than with CRP, partly due to the inherent increase in MA 
fibrinogen causes. 
 
 

r = 0.73 
P < 0.01 

r = 0.85 
P<0.01 
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Figure 9: Scatter pot and negative linear correlation between CRP and AT activity for 
all infected animals. The solid line depicts the linear correlation while the open circles 
represent each case. 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  

r = -0.34 
P = 0.03 
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