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ABSTRACT          

 

ASSESSMENT OF HYPERCOAGULABILITY IN CANINE 

PITUITARY-DEPENDENT HYPERADRENOCORTICISM 

 

  

Fiona Park       Advisor: 

University of Guelph, 2012     Dr. Shauna Blois 

 

 Dogs with pituitary-dependent hyperadrenocorticism (PDH) are at increased risk of 

thromboembolic disease (TED); however the pathogenesis of thrombosis in these patients is 

poorly characterized. Thromboelastography (TEG®) is a whole blood hemostatic test that 

has recently been shown to be capable of detecting hypercoagulability in veterinary patients. 

A modification of TEG, PlateletMappingTM (TEG-PM) measures platelet response to the 

agonists arachidonic acid (MAAA) and adenosine diphosphate (MAADP), and compares this to 

fibrin clot strength in the absence of platelet activation (MAfibrin).  

 This prospective study evaluated dogs with PDH for hypercoagulability using TEG-

PM as well as conventional plasma-based coagulation tests (prothrombin time [PT], activated 

partial thromboplastin time [aPTT], fibrinogen concentration). Hemostatic testing was 

performed in 40 healthy dogs, 19 dogs with untreated PDH, 16 of the dogs with PDH after 

3 months’ treatment and 15 dogs after 6 months’ treatment. Systolic blood pressure (SBP) 

was also measured in all the dogs with PDH before and during treatment. In addition, urine 

protein to creatinine ratio (UPCR) and antithrombin activity [AT] were measured in some 

dogs with PDH.  
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 PT was significantly decreased in the dogs with PDH compared to controls, however 

all of the dogs with PDH had results within the reference interval. Dogs with PDH were 

hyperfibrinogenemic compared to healthy dogs; fibrinogen concentrations reduced with 

treatment of PDH but remained significantly elevated. AT activity in the PDH dogs was not 

significantly decreased despite the majority of dogs tested having significant proteinuria. 

Approximately half of the dogs with untreated PDH were hypertensive, and blood pressure 

did not change significantly following resolution of hypercortisolemia. Serum cholesterol was 

increased in dogs with untreated PDH but normalized following control of PDH. 

 TEG-PM revealed decreased κ, increased α-angle and increased MAthrombin in dogs 

with PDH in comparison to healthy dogs. Platelet response to AA was significantly 

increased in dogs with untreated PDH. Following treatment of PDH, the majority of TEG-

PM parameters (with the exception of MAthrombin) did not change significantly. In conclusion, 

dogs with PDH had evidence of hypercoagulability and hypertension, which persisted 

despite medical treatment of PDH. These factors may explain the association between 

hyperadrenocorticism and TED.  
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CHAPTER ONE: LITERATURE REVIEW 

1.0 INTRODUCTION 

 Pituitary-dependent hyperadrenocorticism (PDH) is a relatively common canine 

endocrinopathy caused by an ACTH-secreting pituitary tumor and characterized by chronic 

hypercortisolemia.1 Some dogs with PDH develop thromboembolic disease (TED), however 

the pathogenesis of thrombosis in these patients is poorly understood.2-5 Early detection of 

dogs predisposed to thrombosis is not usually possible using conventional coagulation tests, 

which are insensitive for detecting hypercoagulability. However, thromboelastography 

(TEG) is a whole blood assay that has recently been validated for use in dogs and is able to 

identify hypercoagulability.6-16 A modification of TEG (PlateletMapping™, TEG-PM) has 

also been developed, which can be used to evaluate platelet function.17, 18  

 The first part of this literature review serves as a summary of normal hemostasis, 

including the contribution of the endogenous anticoagulant and fibrinolytic systems, as well 

as common methods for evaluating hemostasis. The development of thromboembolic 

disease (TED) is also discussed. The literature review continues with an overview of 

pathophysiology, diagnosis and treatment of pituitary-dependent hyperadrenocorticism 

(PDH), and the association between PDH and TED. 

 

1.1 HEMOSTASIS 

Platelet adhesion, activation and aggregation 

  Platelets are small anucleate cells produced by megakaryocytes in the bone marrow. 

Stimulators of thrombopoiesis include thrombopoietin, interleukins (IL)-3, IL-6, IL-11, IL-

12, granulocyte-monocyte colony stimulating factor and erythropoietin.19, 20 When vessel 

injury and endothelial damage occurs, circulating platelets come into contact with 
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subendothelial collagen and adhere to endothelium. Platelet activation may occur following 

adhesion, or exposure to platelet agonists, which bind to specific receptors on the platelet 

surface. During activation, platelet membrane glycoprotein (GP) αIIbβ3 (IIb/IIIa) receptors 

undergo a conformational change allowing binding of fibrinogen. Platelet aggregation is 

facilitated primarily by the binding of fibrinogen to glycoprotein αIIbβ3 on adjacent 

platelets.20, 21 Activated platelets release alpha and dense granule contents, which cause 

activation and recruitment of additional platelets. Furthermore, negatively charged 

phosphatidylserine (PS) is relocated to the external surface of activated platelets, allowing 

activation of coagulation factors to occur on the platelet surface.22 

  Thrombin is the primary, most potent platelet agonist.23 Thrombin acts via the GP 

Ib-IX-V complex and protease-activated receptors (PARs) to cause activation of αIIbβ3 

receptors on the platelet surface. Adenosine-5’-diphosphate (ADP) and thromboxane A2 

(TXA2) are released by activated platelets and also mediate activation of αIIbβ3 receptors, 

however, they are less potent platelet agonists than thrombin. ADP binds to platelet P2Y12 

and P2Y1 receptors and via G-protein coupling causes partial activation of αIIbβ3 

receptors. TXA2 is generated from arachidonic acid (AA) liberated from the phospholipid 

membrane of activated platelets. AA is converted into prostaglandin intermediates via cyclo-

oxygenase (COX) enzymes and into TXA2 by thromboxane synthase.24, 25 

 

The cell-based model of coagulation 

  The traditional cascade model of hemostasis was a plasma-based, Y-shaped model 

representing progressive activation of plasma coagulation factors in contact-activated and 

tissue-factor activated pathways (formerly called intrinsic and extrinsic pathways, 

respectively). These pathways then converged into a common pathway in which fibrin was 
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formed.26, 27 However, it is now recognized that there are numerous interactions between 

plasma coagulation factors and cells such as platelets, tissue-factor bearing cells and 

endothelial cells during in vivo clot formation. Thus, a new model of coagulation has been 

developed, called the cell-based model of hemostasis. The previous cascade model is still 

useful in the interpretation of plasma-based coagulation tests, which are reviewed later.28, 29  

 The cell-based model of hemostasis is divided into overlapping initiation, 

amplification and propagation phases.28 Initiation occurs when a blood vessel is disrupted, 

causing exposure of tissue factor. Circulating activated factor VII binds to this tissue factor 

causing additional activation of factor VII and activation of small amounts of factor IX and 

factor X. Activated factor X subsequently combines with activated factor V and activates 

thrombin (factor II). These reactions occur on the surfaces of tissue factor-bearing cells, 

primarily endothelial cells.28, 30 Following initiation, small amounts of thrombin generated on 

tissue factor-bearing cells amplify the procoagulant response by enhancing platelet 

adhesion,31 fully activating platelets and activating factors V, VIII and XI.32 During the 

propagation phase, platelets activated during the amplification phase release agonists from 

their granule contents, recruiting more platelets to the site of vascular injury. Activated 

factors VIII and IX generated during the initiation and amplification phases assemble on the 

surface of the activated platelets, forming the tenase complex and activating factors X and 

thrombin. This burst of thrombin generation leads to cleavage of fibrinogen to form fibrin. 

When a critical mass of fibrin is formed the soluble fibrin molecules polymerize into strands, 

resulting in an insoluble fibrin matrix (clot).28 However, approximately 95 % of thrombin 

generation occurs following this initial fibrin gel formation.33 Thrombin generated during 

this phase is important in ensuring normal clot strength and elasticity, by several mechanisms 
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including activation of factor XIII to cause cross-linking of fibrin strands and cleaving of 

fibrinopeptide B.29 

 

The fibrinolytic and endogenous anticoagulant systems 

 The purpose of the fibrinolytic system is to remove formed thrombi from the 

vascular system. The principle fibrinolytic enzyme is plasmin, which is produced by the liver 

as the inactive form plasminogen. The products of fibrinolysis include fibrinogen split 

products and D-dimers. The endothelium also participates in fibrinolysis by secreting tissue 

plasminogen activator.28 

  Antithrombin (AT) is an anticoagulant protein produced primarily in the liver, but 

also in part by endothelial cells. The main function of AT is to inhibit thrombin, but it also 

inhibits activated factors IX, X, XI, VII and tissue factor. Other circulating endogenous 

anticoagulants include proteins C and S.28 Although it may promote coagulation when 

activated, the vascular endothelium acts in an anticoagulant capacity under resting 

conditions, having few receptors that can initiate hemostasis. Endothelial cells secrete 

prostacyclin and nitric oxide (NO), which cause vasodilation and inhibit platelet  

activation.34-36 The endothelium also produces thrombomodulin, which binds to thrombin 

and enhances the activity of antithrombin, and tissue factor pathway inhibitor (TFPI), which 

inhibits activated factor X and thrombin. Furthermore, thrombomodulin acts in conjunction 

with thrombin to activate protein C on the endothelial surface.28 

 

Thromboembolic disease  

  Thromboembolism is defined as the obstruction of a blood vessel by a blood clot 

(thrombus), which may have formed locally or have translocated from a distant site in the 
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body. The consequences and clinical signs of TED depend on the location and severity of 

thrombosis, but it may be fatal, particularly in the case of pulmonary thromboembolism 

(PTE).37 The three major factors promoting development of thromboembolism are 

hypercoagulability, vascular stasis and endothelial injury. These factors are collectively 

known as Virchow’s triad, and disturbances to one or multiple factors may be involved when 

TED develops.38  

  Hypercoagulability refers to intrinsic alterations in the blood itself causing an 

increased tendency for coagulation to occur; this may be caused by anticoagulant deficiency, 

platelet hyper-reactivity, excessive activation of coagulation and/or decreased fibrinolysis.39 

Anticoagulant deficiency may occur due to loss (e.g. loss of AT in protein-losing 

nephropathy and protein-losing enteropathy),6, 7, 40 increased consumption (e.g. disseminated 

intravascular coagulation)41 and decreased production (e.g. hepatic disease).42 Increased 

platelet reactivity has been reported in dogs with malignant neoplasia, immune-mediated 

hemolytic anemia, nephrotic syndrome and heartworm disease, and may play a role in the 

development of TED in these diseases.43-46 Hypofibrinolysis may contribute to inappropriate 

thrombus formation and development of TED, however, there are few well-characterized 

disorders of fibrinolysis in dogs.37 Increased thrombin-activatable fibrinolysis inhibitor 

(TAFI) activity has been documented in septic dogs, but whether increased TAFI is 

associated with a higher risk of thromboembolism is not known.47   

  Blood flow stasis may be due to increased blood viscosity, caused by polycythemia or 

hyperfibrinogenemia.37 The significance of hyperfibrinogenemia is well documented in 

human medicine, with elevated fibrinogen being a risk factor for stroke and myocardial 

infarction, among other arterial thrombotic disorders.48 Furthermore, hyperfibrinogenemia 

has other effects on hemostasis including enhanced platelet reactivity,49 increased platelet 
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aggregation velocity49 and decreased fibrinolysis.50 However, it has not been established 

whether hyperfibrinogenemia significantly increases risk of thrombosis in dogs.6, 8, 11  

  As previously mentioned, under resting conditions, the endothelium is an important 

part of the endogenous anticoagulant system. Systemic hypertension can lead to endothelial 

dysfunction via increased shear stress of the small arteries and arterioles, and exposure of 

subendothelial collagen.51 Endothelial dysfunction results in endothelial cells becoming 

inappropriately activated, producing tissue factor, vWF, P-selectin, plasminogen-activator 

inhibitor-1 and platelet activating factor (PAF). Expression of these factors promotes 

thrombin formation and fibrin deposition.28, 52 Endothelial dysfunction has also been 

documented to occur in humans with hyperlipidemia, metabolic syndrome and diabetes 

mellitus53-56 and is known to be associated with risk of TED in human patients.57 Endothelial 

dysfunction has rarely been investigated in dogs. It has been shown to occur in dogs with 

experimentally induced heart failure, although its association with the development of TED 

remains unknown.58  

     

1.2 ASSESSMENT OF HEMOSTASIS  

Platelet Count and Morphology 

 Platelet counts are most commonly performed using an automated hematology 

analyzer and verified by blood smear examination.59 Normal canine platelet counts range 

from 117 - 418 x 109/L.a Measurement of platelet count is most helpful in evaluation of 

bleeding disorders and thrombocytopenia is likely to be the cause of spontaneous 

hemorrhage when the platelet count is less than 20 – 30 x 109/L.60 Thrombocytosis is most 

commonly caused by secondary (reactive) thrombocytosis, or rarely by myeloproliferative 
                                            
a Animal Health Laboratory (AHL), University of Guelph, Guelph, Ontario. 
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disease, which is typically associated with platelet counts >900 x 109/L. Reactive 

thrombocytosis occurs due to inflammation, infection, neoplasia or trauma and is caused by 

cytokine-mediated enhanced megakaryopoiesis. Reactive thrombocytosis is not believed to 

result in TED in the absence of other risk factors;59 thus mild to moderate thrombocytosis is 

usually not a clinically relevant finding. 

 

Platelet aggregometry 

 Platelet aggregometry is the traditional “gold standard” technique for evaluation of 

primary hemostasis. Light transmission aggregometry is performed on platelet-rich plasma 

with the addition of various agonists, including ADP, AA, collagen, epinephrine or PAF.61-67 

As platelets aggregate in response to an agonist, the sample becomes clearer and an increase 

in light transmission is recorded.65 Both platelet hyperfunction and hypofunction in response 

to each agonist can be detected by light transmission aggregometry,18, 68-70 however, it is 

laborious and time-consuming to perform, limiting its use in clinical situations. Platelet 

aggregometry may also be carried out using electrical impedance methods on whole blood 

samples, which may be more representative of in vivo coagulation than plasma-based light 

transmission aggregometry methods.71 Aggregometry studies have shown that dogs of 

different breeds have varying platelet responses to AA.65, 72, 73 ADP does not consistently 

induce aggregation responses in dogs67, 74 and significant breed and inter-individual 

differences also exist in response to this agonist.67 

 

Activated Partial Thromboplastin and Prothrombin Times 

 The prothrombin time (PT) is performed by adding tissue factor and calcium to 

citrated plasma and measuring the time for clot formation in seconds.75 The PT assesses the 
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function of the tissue factor-activated and common coagulation pathways and thus is 

affected by the activities of factors V, VII, X, thrombin and fibrinogen.71 Lipemic and icteric 

samples can result in artifactually shortened canine PT results.76 The activated partial 

thromboplastin time (aPTT) is performed by adding a factor XII activator (such as kaolin, 

ellagic acid or celite), phospholipids and calcium to a citrated plasma sample. Phospholipids 

are used to provide a surface for coagulation reactions to occur upon, since platelets and 

other cells are not present in plasma. The aPTT assesses the contact-activated and common 

pathways and is affected by the activities of factors V, VIII, IX, X, XI, XII, thrombin, 

prekallikrein and high molecular weight kininogen.71   

 A PT or aPTT result >20 - 25% above the reference interval is considered 

abnormally prolonged and may be seen with significant deficiency (70 % or more) of one or 

more coagulation factors or circulating inhibitors.77 PT and aPTT are considered insensitive 

for diagnosis of hypercoagulability as they are typically not shortened in studies of dogs with 

TED.2, 11, 78, 79 PT and aPTT are performed on plasma, which lacks the cellular components 

that normally interact with soluble factors in clot formation and thus they may be less 

representative of physiologic hemostasis than whole blood assays.71 Furthermore, the end 

point of these assays is the formation of fibrin gel, thus they only evaluate the formation of a 

small proportion of the total thrombin generated during coagulation.33  

 

Fibrinogen 

 Fibrinogen measurement is frequently performed in combination with PT and aPTT 

as part of hemostatic testing profiles. The recommended method for evaluating fibrinogen 

concentration is the thrombin-initiated clotting time, modified by Clauss.80 In canine 

hemostatic testing, measurement of fibrinogen is usually performed to detect 



!

 9 

hypofibrinogenemia and increased hemorrhagic risk. As previously discussed, 

hyperfibrinogenemia can be a useful finding in humans, as it is associated with an increased 

risk of thromboembolic events,48 but this has not been investigated in dogs. 

Hyperfibrinogenemia may be seen in association with inflammation and infection, since 

fibrinogen is an acute phase reactant.80 Hyperfibrinogenemia has also been seen in 

association with canine hyperadrenocorticism, malignant neoplasia, protein-losing 

nephropathy, immune-mediated hemolytic anemia, parvoviral enteritis and congestive heart 

failure.6, 8, 11, 13, 81, 82  

 

Antithrombin activity and thrombin-antithrombin complex 

 In veterinary species, chromogenic assays are primarily used to measure AT. An 

excess of heparin is added to a citrated plasma sample to saturate AT. Activated factor X is 

then added; a proportion of it complexes with AT, however, some remains in the activated 

form when AT in the sample is saturated. The residual activated factor X reacts with the 

chromogenic substrate and spectrophotometry is used to determine the residual activated 

factor X concentration, which the AT concentration is derived from. AT results are reported 

as a percentage of activity compared to a plasma pool with 100 % activity.71 Measuring AT 

can be useful in evaluating for hypercoagulability in disorders such as protein-losing 

nephropathy, where AT deficiency plays a major role in pathogenesis of hypercoagulability.40 

A threshold AT activity level below which significantly increased risk of thrombosis occurs 

has not been established in dogs, although a recent canine study confirmed increased risk of 

mortality with AT activity less than 60 %.83 In addition to antithrombin activity, plasma 

concentrations of thrombin-antithrombin (TAT) complexes can also be measured, with 

elevated TAT providing indirect evidence of increased thrombin generation.84 
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Thromboelastography  

 TEG is a viscoelastic testing method that is available as a point-of-care test 

(Haemonetics Corporation, Braintree, MA, USA) and has been validated for use in dogs, cats 

and horses.85-87 TEG provides an assessment of both the cellular and soluble components of 

hemostasis, evaluating coagulation from the beginning of clot formation, through clot 

development, retraction and fibrinolysis. The TEG instrument consists of a plastic cup and a 

pin suspended by a torsion wire. A blood sample (0.34 mL) is placed into the cup and the 

pin is lowered into the sample. The cup is oscillated through an angle of 4°45” for a 10 

second cycle while the sample temperature is maintained at 37.0 °C. As fibrin strands form, 

the pin begins to move with the cup. The tension generated by this movement is transmitted 

to a transducer and converted into a tracing. The tracing begins as a straight flat line, which 

separates into two divergent lines as clot formation starts. The amplitude of the wire 

oscillation in mm is displayed on the y-axis and the time in seconds is displayed on the x-

axis.88 

 TEG was originally performed on plain (non-anticoagulated) blood samples within 4 

minutes of collection. However, the technique was later validated using whole blood mixed 

with citrate anticoagulant, allowing testing to be performed at a laboratory following 

recalcification of the sample. Furthermore, higher inter-individual variation in plain canine 

blood samples means that use of citrate anticoagulant is preferred in dogs.89 A minimum 30 

minute sample resting period has been recommended following venipuncture to minimize 

variance of TEG parameters in citrated samples.90 However, TEG results become more 

hypercoagulable with longer storage times,86 thus the time between venipuncture and starting 

the assay should be kept consistent between samples.91 

 Following recalcification of the sample, TEG may be run with or without the addition 
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of an activator (native).92 The advantage of native TEG assays is that there is no interference 

from any additives that may affect coagulation. Disadvantages include a longer lag time until 

commencement of coagulation and possibly increased analytical variation,71 although this has 

not been proven in dogs.86, 93 Activators used in veterinary patients include human 

recombinant tissue factor14, 86, 94 and kaolin (hydrated aluminum silicate).8   

 In the tissue factor-activated TEG assay, human recombinant tissue factor combined 

with phospholipids is used to initiate coagulation. As tissue factor is the main initiator of 

coagulation in vivo, its use may be more reflective of physiologic coagulation. However, a 

commercial tissue factor product designed for use with TEG is not currently available and 

the optimum tissue factor concentration for is under debate.7 Tissue factor concentrations 

used in veterinary TEG studies range from 1:3600 to 1:50,000.12, 14, 86, 94-96 

 Kaolin initiates coagulation via activation of factor XII (contact-activated pathway) 

and is available in commercial ready-to-use vials, making the use of this activator convenient 

and consistent.89, 92 TEG results differ significantly depending on the presence of and type of 

activator and results are not interchangeable with different techniques.85, 97 It has been 

recommended that each laboratory establishes their own reference intervals.71, 93  

 The most commonly reported TEG variables include reaction time (R), coagulation 

time (kappa, κ), alpha (α) angle, and maximum amplitude (MA). R represents the 

precoagulation zone, and is defined as the time (in minutes) from the start of the assay to the 

point where the lines have diverged by 2 mm. R is affected by activity of factors VIII, IX, XI 

and XII. κ is the time in minutes between the end of R and the point where the distance 

between the 2 diverging branches of the tracing is 20 mm. κ is a measurement of the rapidity 

of clot development and the speed of fibrin cross-linking; it is influenced by concentration 

of fibrinogen, activity of thrombin and factor VII, platelet count and function, and 
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hematocrit. The α-angle is the angle in degrees tangent to the curve as κ is reached. It is also 

an indication of the rate of clot formation and is affected by the same variables as κ. The 

MA is the maximal distance in millimeters between the 2 diverging branches and represents 

maximum clot strength. MA is influenced by platelet function and number, fibrinogen 

concentration, thrombin, fibrin, factor XIII activity, and hematocrit.98-100 Another measure of 

clot strength (G) is calculated using the formula G = (5000 x MA/[100 – MA]).92 Like MA, it 

is a measure of clot firmness and is expressed in dyne per cm2. As G increases exponentially 

with MA, it may be a more sensitive indicator of changes in clot rigidity.101  

 The clot lysis (CL) parameters CL30 and CL60 are the percentages of MA that remain 30 

and 60 minutes respectively, after MA is reached, respectivily and are measures of 

fibrinolysis. The lysis (LY) parameters LY30 and LY60 are the percentages of clot lysis 

detected at 30 and 60 minutes after MA is reached, respectively, and also reflect fibrinolysis. 

The coagulation index (CI) is an overall measure of coagulation status and is calculated by 

the formula CI = –6.6516(R) - 0.3772(κ) + 0.1224(MA) + 0.0759(α-angle) – 7.7922 for 

kaolin samples.92, 99   

 In addition, several other TEG parameters have recently been described. Thrombus 

generation (TG) represents the dynamics of clot formation, as well as strength and 

fibrinolysis, in a single parameter. TG has been shown to correlate with TAT complex 

concentration in humans, which suggests that it is a valid way of assessing thrombin 

generation.102 Two previous veterinary studies have reported use of this parameter,9, 13 but 

the only study that concurrently measured TAT found poor correlation with TG.13 However 

TAT was only assessed in 8/17 dogs in the study so type II statistical error was a possible 

explanation.13 The parameter delta (∆) represents the time interval of greatest clot growth 

secondary to peak thrombin generation and is calculated from the difference between R time 
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and the time of initial split point (SP, mins) of the TEG tracing (R – SP). A study in humans 

suggests that ∆ may be useful to differentiate increased platelet reactivity from coagulation 

enzyme hypercoagulability.103 However this was a small pilot study and the findings need to 

be confirmed in a larger population of patients. Canine TEG studies utilizing ∆ have not 

been reported, so it is uncertain if ∆ could also be used to further characterize dogs with 

hypercoagulable TEG tracings. 

 TEG is useful in evaluating dogs with suspected hemorrhagic diasthesis and results 

correlate with clinical signs of bleeding.94 TEG is also capable of demonstrating 

hypercoagulability in canine patients with underlying diseases such as protein-losing 

nephropathy (PLN),6 protein-losing enteropathy,7 immune-mediated hemolytic anemia 

(IMHA),8-10 parvoviral enteritis,11 neoplasia,12, 13 critical illness14 and iatrogenic 

hyperadrenocorticism.15, 16 Varying definitions of thromboelastographic hypercoagulability 

exist in the veterinary literature, including G > 7.2 dyne/cm2,12, 94, 95 MA >70 mm,11 CI > 4,10 

elevated TG13 or at least one TEG parameter outside of the reference interval (decreased R 

or κ, or increased α, MA or G).7, 14 This lack of a standardized definition of a 

hypercoagulable TEG tracing makes it difficult to compare findings of different studies.  

 Another major limitation of the current veterinary literature is that there is no 

evidence of hypercoagulability detected by TEG conferring increased risk of canine TED, 

either because of low incidence of confirmed thromboembolic events in the study 

population,6-10, 12-16 or frequent incidence of TED but a small study population.11 However, 

hypercoagulable TEG tracings are predictive of thrombotic risk in certain groups of human 

patients.70, 104, 105 An elevated MA value was associated with increased incidence of TED in a 

prospective study of 240 patients undergoing a variety of surgical procedures.104 Another 

study of surgical patients found similar results using the G parameter; for every 1 dyne/cm2 
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increase in G, the risk of TED increased by 25 %. However, one limitation was that the 

number of thromboembolic events was likely underestimated due to the retrospective study 

design.18 TEG has also been used to evaluate humans with cardiac disease; those with an 

elevated MA were more likely to develop TED following percutaneous coronary 

interventions.70 

 

Thromboelastography with PlateletMapping™ 

 Severe platelet dysfunction may cause abnormalities that are detectable with standard 

TEG; however, results may be normal in the presence of milder platelet function defects. 

Thrombin is a potent platelet agonist and is able to activate a major platelet receptor, 

glycoprotein αIIbβ3.  During standard TEG, thrombin generation overrides the effects of 

minor alterations in platelet function.17, 18, 106 

 To perform TEG-PM, whole blood is anticoagulated with heparin in order to inhibit 

thrombin activity. Four assays are performed; firstly a kaolin-activated standard TEG assay 

on citrated whole blood, which allows measurement of the MA due to thrombin activity 

(MAthrombin). This indicates the maximal platelet function possible, including the contribution 

of fibrin to MA. For the second assay, a sample of heparinized whole blood is combined 

with an activator containing reptilase and purified factor XIIIa. Reptilase generates fibrin 

through a thrombin-like activity in the absence of platelet activation. Purified factor XIIIa is 

added to cross-link fibrin and cause sufficient rigidity of the clot. This assay measures MA 

due to the contribution of fibrin alone, in the absence of platelet activation (MAfibrin). For the 

third assay, ADP and the reptilase/factor XIIIa-containing activator are combined with 

heparinized whole blood; this assesses the contribution of the P2Y receptor to platelet 

activation (MAADP). For the fourth assay, AA and the reptilase/factor XIIIa-containing 
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activator are combined with heparinized whole blood; this assesses the contribution of the 

cyclo-oxygenase pathway in platelet activation (MAAA).17  Platelet aggregation data can be 

calculated using the following formula: % aggregation = [(MAADP or AA – MAfibrin) / (MAthrombin 

– MAfibrin)] x 100. Platelet inhibition can also be calculated using the following formula: % 

inhibition = 100 – [(MAADP or AA – MAfibrin) / (MAthrombin – MAfibrin)] x 100.17   

 

Table 1.1: Platelet agonists used in TEG-PM and aggregometry 

Agonist Concentration used in 
TEG-PM 

Concentrations commonly 
used in platelet 
aggregometry 

Adenosine diphosphate 2 µM17, 18 10 – 100 µM61-63, 67 
Arachidonic acid 1 mM17 0.01 - 0.5 mM65, 66 
Collagen N/A 1 – 20 µg/mL62-64 
Thrombin N/A 1 U/mL62 
Platelet activating factor N/A 0.5 – 1.0 µM61 
  

 In humans, TEG-PM results correlate with optical aggregometry and platelet 

function analysis.17, 107, 108 TEG-PM has been used to analyze platelet function in human 

patients receiving platelet-inhibiting medications,107, 109, 110 as well as evaluate for high platelet 

reactivity.110 Wide inter-individual variation in MAADP has been observed in healthy and 

diseased human subjects,111, 112 with up to 60 % of healthy people appearing to have some 

degree of inhibition in response to ADP.111 Reasons that have been proposed for this 

variability include genetic platelet receptor polymorphisms, presence of P2Y-receptor 

antagonists or low specificity of the TEG-PM assay.111, 112 In humans, increased MAADP is 

associated with an increased risk of thrombotic events following percutaneous coronary 

interventions.113, 114  

 There are few published reports on the use of TEG-PM in dogs and its ability to 

detect platelet hyperfunction or predict risk of canine TED has not been evaluated. 
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However, TEG-PM has been used to evaluate the effect of clopidogrel in healthy dogs. A 

decreased MAADP was identified in dogs treated with clopidogrel and these findings 

correlated with the results of platelet aggregometry.18 Inter-individual variation in MAADP in 

canine platelet mapping assays could occur as in humans, particularly as platelet 

aggregometry responses to ADP have been shown vary among different dog breeds.67 

However, this has not yet been investigated in any published studies. 
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Table 1.2: Other tests of hemostasis 

Name of test Principle  Clinical 
application(s) in 
dogs 

Able to detect 
hypercoagulability? 

Ref 

Platelet function 
analyzer (PFA-
100®) 

Whole blood test of 
platelet adhesion and 
aggregation in a 
simulated high-shear 
environment; result 
reported as closure time 

Prolonged closure 
time indicates platelet 
function defect such 
as thrombocytopenia, 
thrombopathia or von 
Willebrand disease 

No 115-117 

Activated clotting 
time (ACT) 

Whole blood is placed 
in a tube containing a 
contact activator (e.g. 
diatomaceous earth); 
time until clot formation  

Point-of-care 
screening test for 
coagulopathy; 
prolongation indicates 
hypofunction of 
contact-activated or 
common pathway, 
inflammation or 
thrombocytopenia 
 

No 118-120  

D-dimers Monoclonal antibody-
based assay for fibrin 
degradation products 
that result only from the 
degradation of cross-
linked fibrin, thus 
specific for active 
coagulation/fibrinolysis 

Screening test for 
disseminated 
intravascular 
coagulation; high 
negative predictive 
value for normal result 

No 121, 122 

Flow cytometry Measures the 
characteristics of cells as 
they pass through a flow 
chamber/laser; can 
detect expression of 
specific cell surface 
markers and response to 
agonists 

Detects surface 
characteristics of 
platelets and 
demonstrates platelet 
activation state  

Yes 71, 123 

Endogenous 
thrombin potential 
(ETP) 

Thrombin generation 
measured by comparing 
the fluorescence 
generated in the test 
plasma after activation 
of clotting with tissue 
factor to the 
fluorescence of a 
calibrated thrombin 
solution 

Further studies 
required to determine 
clinical utility; but 
increased thrombin 
generation detected in 
one study of canine 
iatrogenic 
hyperadrenocorticism, 
correlating with TEG 
results indicating 
hypercoagulability 
 

Yes 15, 124, 125 

Rotational 
thrombelastometry 
(ROTEM®) 

Viscoelastic coagulation 
test that uses whole 
blood placed in 
stationary cup, mobile 
pin and optical detector 

Further studies 
required to determine 
clinical utility; but has 
been validated in 
normal dogs 

Yes 101, 126, 127 
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1.3  PITUITARY-DEPENDENT HYPERADRENOCORTICISM (PDH) 

Etiology and pathogenesis  

 Corticotropin-releasing hormone (CRH) is a polypeptide hormone which is released 

from the hypothalamus and stimulates pituitary secretion of adrenocorticotropic hormone 

(ACTH).128 ACTH stimulates secretion of cortisol and other glucocorticoids by the adrenal 

cortex. Cortisol is produced in the adrenal cortex (zona fasciculata and zona reticularis) from 

the precursor molecule cholesterol via a series of enzymatic reactions, mostly catalyzed by 

cytochrome P450 oxygenases. Other steroid hormones (aldosterone, androgens and 

estrogens) are also produced from cholesterol via different pathways.1 Steroid hormones 

diffuse across cell membranes and enter cell nuclei, where they bind to cytoplasmic protein 

receptors; subsequently they enter cell nuclei, bind to DNA and modify protein synthesis.129  

 Approximately 80 - 85% of cases of naturally occurring canine hyperadrenocorticism 

are caused by excessive secretion of ACTH from a pituitary adenoma (pituitary-dependent 

hyperadrenocorticism, PDH), which results in excessive adrenal cortisol secretion. Most of 

the remaining cases of naturally occurring hyperadrenocorticism are caused by a functional 

adrenal tumor. Hyperadrenocorticism may also be caused by administration of exogenous 

glucocorticoids (iatrogenic hyperadrenocorticism).1 The most common clinical signs of 

hyperadrenocorticism include polydipsia, polyuria, polyphagia, lethargy, weight gain, muscle 

weakness, alopecia and excessive panting. Other consequences that can also develop include 

thromboembolism, hypertension, proteinuria and urinary tract infection.2-5, 78, 130-136  

 

Diagnosis  

 The urinary cortisol-to-creatinine ratio (UCCR) is a screening test that reflects the 

total cortisol release over the period since the last micturition. An elevated UCCR has a high 
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sensitivity for diagnosis of hyperadrenocorticism (close to 100 %), however, the specificity is 

low, necessitating performing another screening test when a positive result is found.137-139 

The low dose dexamethasone suppression test (LDDST) measures plasma cortisol 4 and 8 

hours following dexamethasone administration (0.01 mg/kg IV) and a plasma cortisol >40 

nmol/L at 4 and/or 8 hours is consistent with hyperadrenocorticism. This test has excellent 

sensitivity (90 - 95 %) and a specificity of approximately 70 %.140 The ACTH stimulation test 

assesses adrenal function by measuring plasma cortisol before and 1 or 2 hours after 

maximal ACTH stimulation. In dogs with hyperadrenocorticism, an exaggerated response is 

expected (post-ACTH cortisol >600 nmol/L), however, the ACTH is a less sensitive test 

than the LDDST.141 There are several test protocols for the ACTH stimulation test, which 

have been described elsewhere.142, 143  

 Once a diagnosis of hyperadrenocorticism is made, differentiating tests are required 

to distinguish between PDH and a functional adrenal tumor. In approximately 60 % of cases 

of PDH,144 administration of dexamethasone will cause suppression of plasma cortisol due 

to negative feedback; this will not occur in adrenal tumors because ACTH secretion is 

chronically suppressed. The LDDST can be used to diagnose PDH if suppression of plasma 

cortisol to <50 % of the basal value or <40 nmol/L occurs at 4 hours, but cortisol 

concentrations are >40 nmol/L at 8 hours.144 The high dose dexamethasone suppression test 

(HDDST) is similar to the LDDST but uses 0.1 mg/kg dexamethasone. Twelve percent of 

dogs with PDH who do not exhibit suppression on the LDDST will do so on the 

HDDST.144 Abdominal ultrasound can also be performed as a differentiating test, as it is 

useful for identifying adrenal tumors. Dogs with PDH usually have normal-sized or 

bilaterally enlarged adrenal glands.145, 146 However, in some dogs PDH may cause 

asymmetrical adrenal enlargement, which is difficult to distinguish from an adrenal tumor. In 
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these cases an adrenal tumor is unlikely if the smaller adrenal gland is >5 mm in width.147 

The sensitivity and specificity of abdominal ultrasound for detecting a functional adrenal 

tumor have been reported as 100% and 95%, respectively.145 Endogenous ACTH levels can 

be measured as a differentiating test; low endogenous ACTH is suggestive of an adrenal 

tumor.145, 148 

 

Treatment 

 Trilostane (4,5-epoxy-17-hydroxy-3-oxoandrostan-2-carbonitrileis) is an orally 

administered competitive inhibitor of 3-hydroxysteroid dehydrogenase, the enzyme system 

that converts pregnenolone to progesterone in the adrenal glands. By inhibiting this enzyme 

system, trilostane reduces production of progesterone and therefore cortisol.149-151 Since 17-

OH-progesterone concentrations do not change, yet cortisol concentration decreases, it has 

been proposed that trilostane also affects additional enzymes of the hormone cascade, like 

11-hydroxylase and possibly 11-hydroxysteroid dehydrogenase,151 although this has not been 

proven.  In Canada, trilostane is commercially available as 10 mg, 30 mg and 60 mg capsules 

(Vetoryl, Vétoquinol, Lavaltrie, QC). It has been reported that peak drug concentrations 

occur within 1.5 hours of trilostane adminstration and decrease to baseline in approximately 

18 hours.152 Despite this, trilostane administered once daily is effective in resolving clinical 

signs in the majority of cases of canine PDH.153, 154 Dogs that have persistent clinical signs 

following once daily treatment may improve if treated twice daily.155 The optimum test for 

monitoring the efficacy of trilostane is not known;152 most reports have utilized the ACTH 

stimulation test, although there is significant variation in timing of the test following 

administration and target post-ACTH cortisol levels between studies.153, 154, 156-159 Reported 

doses of trilostane required to achieve control of PDH vary considerably, from a mean of 
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2.8 mg/kg once daily reported by Galac and colleagues,159 to a median of 16 mg/kg once 

daily in the study by Braddock and colleagues.154 This may be due to variation between 

studies in whether trilostane was given with food,153, 154, 156-159 as it has been shown that 

administering trilostane with food increases absorption.160 Current recommendations are to 

start trilostane at a dose of 2 - 5 mg/kg/day orally with food, with an ACTH stimulation test 

after 2 weeks, 1 month and 3 months of treatment, and thereafter every 3 months. The 

ACTH stimulation test should be started 2 - 4 hours after trilostane is administered. The 

target post ACTH stimulation cortisol is between 40 and 200 nmol/L, assuming the dog is 

free of clinical signs of hyper- or hypoadrenocorticism.152 Adrenal necrosis resulting in 

hypoadrenocorticism has been reported occasionally in dogs treated with trilostane161, 162 and 

is thought to occur due to hypersecretion of ACTH following exposure to trilostane, as 

declining cortisol concentrations reduce negative feedback on the pituitary gland.163  

 Mitotane (o,p-DDD) is an adrenolytic medical treatment which is effective in over 

80 % of cases of PDH. However, mitotane has several side effects, including 

hypoadrenocorticism, drug intolerance, and a high frequency of relapses during treatment.164 

Ketoconazole inhibits synthesis of steroid hormones by inhibiting cytochrome P-450–

dependent enzymes in the adrenal cortex and thus reduces cortisol production.165 There is 

limited information on use of ketoconazole for treatment of canine PDH in the veterinary 

literature, however, a recent report suggested that it was effective and resulted in few side 

effects.166 Transsphenoidal hypophysectomy surgery is also an effective treatment for PDH, 

but is technically demanding and associated with the development of secondary 

hypoadrenocorticism and hypothyroidism postoperatively.167 There are few studies in the 

veterinary literature comparing different treatments for canine PDH. A study performed by 

Barker and colleagues found no significant difference in the survival time of dogs with PDH 
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treated with mitotane versus trilostane; a limitation was that due to the retrospective design 

of the study, control of clinical signs and quality of life was not able to be assessed.168  

 

1.4 THROMBOEMBOLIC DISEASE AND HYPERADRENOCORTICISM 

Incidence 

 The association between canine hyperadrenocorticism and thrombosis is based on 

several retrospective reports of small numbers of dogs with confirmed TED. In some cases 

hyperadrenocorticism was noted to be an underlying condition.2-5 However, in two of these 

studies, multiple underlying disease processes were present.4, 5 Thrombi have been reported 

in pulmonary veins, splenic veins, aorta and iliac arteries. The exact incidence and risk of 

TED in canine hyperadrenocorticism has not been defined; however, TED does not appear 

to occur commonly. The risk of TED is better defined in humans with 

hyperadrenocorticism, who have a 4-fold increased risk of thrombosis compared to the 

general population.169 The pathogenesis of thromboembolic disease in canine 

hyperadrenocorticism is incompletely understood, and it has not been determined whether 

blood flow stasis, hypercoagulability, endothelial dysfunction, or a combination of factors 

are responsible.  

 

Hypercoagulability and PDH 

 Klose and colleagues (2011) performed native TEG on 9 dogs with newly diagnosed 

hyperadrenocorticism, 19 dogs undergoing medical treatment for hyperadrenocorticism, and 

18 dogs with non-adrenal illness.170 Dogs with PDH and adrenal tumors were included, 

although iatrogenic hyperadrenocorticism was excluded. There were no differences in TEG 

results (parameters R, α, κ, MA), platelet count, PT, aPTT or fibrinogen concentration 
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between groups, although platelet function testing was not performed. The findings 

suggested that the dogs with hyperadrenocorticism did not have significantly different 

hemostatic function compared to dogs with other systemic diseases and normal adrenal 

function. However, many of the dogs studied (in all groups) were hypercoagulable compared 

to the institution reference interval. It is possible that comparison to a control population of 

healthy dogs would have resulted in the conclusion that the dogs with hyperadrenocorticism 

were actually hypercoagulable.170 Significant changes in hemostatic function were not 

documented following treatment of hyperadrenocorticism. However, it was not reported 

whether the dogs included in the treated hyperadrenocorticism group were well controlled, 

i.e. had resolution of their hypercortisolemia. There were also a limited number of dogs in 

the newly diagnosed hyperadrenocorticism group, which could have resulted in type II 

statistical error and failure to detect significant differences.170  

 A recent research abstract reported that 10 dogs with untreated 

hyperadrenocorticism were hypercoagulable compared to controls (based on a higher TEG 

G value) and also all had hyperfibrinogenemia. The authors stated that their preliminary 

results suggested that the hypercoagulability did not resolve with control of the 

hypercortisolism, but the method of treatment was not mentioned in the abstract. TEG 

platelet mapping was not performed in this study; however, platelet function analysis using 

the PFA-100 revealed that unexpectedly, 85 % of dogs with hyperadrenocorticism had 

significantly prolonged closure times, suggestive of decreased platelet function.171  

 Two studies have found that induction of iatrogenic hyperadrenocorticism in dogs 

results in thromboelastographic evidence of hypercoagulability.15, 16 Rose and colleagues 

(2011) found decreased κ, increased α and increased MA following treatment with 

prednisone at both 1 mg/kg/day and 4 mg/kg/day orally. This study also utilized 
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endogenous thrombin potential, which showed an increase in thrombin generation following 

the lower dose of prednisone only. Limitations of this study included a small sample size and 

lack of a control group.15 Another group of investigators found increased MA and increased 

CL60 in healthy dogs administered prednisone at 2 mg/kg/day, suggesting hypercoagulability 

due to increased clot strength and decreased fibrinolysis. κ and α were not significantly 

different between treated dogs and controls. A strength of this study was that a control 

group was utilized to ensure that the abnormalities were not due to repeated sampling or 

day-to-day variation.16 

 Other investigators have measured plasma coagulation factor activities to look for 

evidence of increased pro-coagulant activity in dogs with hyperadrenocorticism. In one 

study, plasma activities of factors V, VII, IX, X, XII as well as fibrinogen concentrations 

were significantly increased in 56 dogs with naturally occurring hyperadrenocorticism. Factor 

VIII, XI, plasminogen and von Willebrand factor were not significantly different from 

controls. In addition, AT activity was significantly lower in dogs with hyperadrenocorticism, 

consistent with decreased anticoagulant activity.81 Significantly increased TAT concentrations 

in the dogs with hyperadrenocorticism were reported, which provide evidence of increased 

thrombin generation and further support the presence of hypercoagulability.81 In another 

report, factors V, X and fibrinogen were also increased, but factor IX levels were not 

significantly different to controls; this could have been due to a smaller study population of 

12 dogs.172 In contrast to the findings of the previous study, AT activity was significantly 

increased in association with hyperadrenocorticism, which was not supportive of 

hypercoagulability.172 Neither of these studies addressed whether the hemostatic 

abnormalities resolved following resolution of hypercortisolemia, and both used a 



!

 25 

heterogenous population of dogs with hyperadrenocorticism including those with PDH or 

adrenal tumors.81, 172  

 Similar changes in coagulation factor activities also occur in human 

hyperadrenocorticism and elevated activities of factors VIII, IX and TAT have been 

documented.173, 174 However, unlike dogs, elevated vWF activity has also been reported in 

association with hypercortisolism.173, 174 Activities of factors VIII, IX and vWF also tend to 

normalize after successful treatment of human hyperadrenocorticism. The effect of 

hypercortisolism on fibrinolysis remains uncertain, as stimulators of fibrinolysis are 

decreased, but inhibitors are also increased.173-175 The mechanism(s) by which glucocorticoids 

influence hemostasis in humans remain undetermined; however, glucocorticoid-receptor 

mediated up-regulation of gene transcription is thought to be involved.176  

 

Proteinuria and antithrombin loss 

 Proteinuria is commonly detected in dogs with PDH and a prevalence of 46 - 71% 

has been reported.130-133, 177 The proteinuria is typically mild, with a mean urine protein 

creatinine ratio (UPCR) of 0.93 - 1.47130, 132 (reference range < 0.5).178 Urinary loss of AT is a 

possible mechanism by which the decreased plasma AT activity documented by Jacoby and 

colleagues (2001)81 may have developed, however urine protein content was not measured 

concurrently with AT activity to examine this possibility. Glomerular abnormalities have 

been documented in dogs with hyperadrenocorticism, including glomerulosclerosis, 

membranous glomerulonephritis, hypercellular glomerular tufts, adhesion of glomerular tufts 

to Bowman’s capsule and thickening of Bowman’s capsule.132, 179   

 Systemic hypertension may also lead to increased intraglomerular pressure and 

proteinuria. However, evidence from the veterinary literature is contradictory regarding this; 
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a significant positive correlation was found between blood pressure and magnitude of 

proteinuria in hyperadrenocorticism in one study,132 but this was not confirmed by another 

group of investigators.177 The occurrence of systemic hypertension in association with PDH 

will be discussed later in this section. 

 Ortega and colleagues (1996) found a significant decrease in urinary protein loss in 

dogs after successful treatment of PDH with mitotane,132 whereas Hurley and colleagues 

(1998) study found no significant change following treatment.130 However, all of the mildly 

proteinuric dogs in Hurley’s study experienced resolution of their proteinuria.130 It is possible 

that the more severely proteinuric dogs had irreversible renal pathology.  

  

Endothelial dysfunction and hypertension 

 Hypertension is a common complication of canine PDH, with a reported prevalence 

of 20 – 81%.131, 132, 134, 135 In dogs with PDH, systemic hypertension could potentially lead to 

endothelial dysfunction, activation of the coagulation cascade and thrombus formation. 

However, studies that have investigated hemostatic parameters in dogs with 

hyperadrenocorticism have not concurrently evaluated blood pressure so the effect of 

hypertension on hemostasis in these patients is currently not known.1, 81, 170  

 The reason(s) why many dogs with hyperadrenocorticism develop hypertension are 

not well understood. Two studies have found that plasma aldosterone concentrations are 

lower in dogs with PDH than healthy dogs, suggesting that hypertension in dogs with PDH 

occurs independently of aldosterone.134, 180 However, another study reported conflicting 

findings in that plasma aldosterone concentrations in dogs with PDH were significantly 

higher than in healthy dogs.150 In an experimental model, dogs with experimental 

hypercortisolism were shown to have increased likelihood of developing hypertension 
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following exposure to norepinephrine.181 However, the dogs studied were younger than 

those who typically develop PDH and may have differing vascular reactivity.181 Hypertension 

is also a common complication of human hyperadrenocorticism182-184 and there is a growing 

amount of evidence supporting impaired activity of the vasodilatory system, especially the 

nitric oxide (NO) system.185, 186  

  Ortega and colleagues (1996) found that 40 % of dogs remained hypertensive 

following successful treatment with mitotane and resolution of their hypercortisolemia.132 In 

the study of Goy-Thollot and colleagues (2002), the proportion of dogs remaining 

hypertensive following mitotane treatment was not reported, but systolic arterial blood 

pressure was not significantly different between dogs with untreated and well-controlled 

hyperadrenocorticism.134 As previously discussed, these studies included both dogs with 

PDH and adrenal tumors; dogs with adrenal tumors are more likely to have severe 

hypertension than dogs with PDH131 and therefore the response to treatment may differ.  

 Atherosclerosis is a cause of endothelial dysfunction that has been reported in 

association with other canine endocrine diseases including diabetes mellitus and 

hypothyroidism.187 In hypothyroidism, atherosclerosis occurs in association with TED.188 

However, canine hyperadrenocorticism is not associated with an increased incidence of 

atherosclerosis,187 so atherosclerosis is unlikely to contribute to the development of TED in 

dogs with PDH. 

 

1.5  SUMMARY 

 Dogs with PDH are at risk of thromboembolic disease and the underlying 

mechanisms are not well elucidated. In addition, the effect of medical treatment of PDH on 

hemostatic status is not well documented in the veterinary literature. There are a limited 
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number of hemostatic tests that are useful for detecting hypercoagulability and evaluating 

dogs suspected to be at risk of thrombosis. However, in recent canine studies TEG has been 

shown to be capable of identifying hypercoagulability6-16 and also has the potential to 

evaluate platelet function with its platelet mapping modification, TEG-PM.17, 18 Although it 

has yet to be determined whether thromboelastographic evidence of hypercoagulability 

confers an increased risk of TED in dogs, there is emerging evidence from human TEG 

studies that hypercoagulability is clinically significant and is related to increased risk of 

thrombosis.70, 104, 105, 114  

 The objectives of this study were to assess hemostasis in dogs with PDH using 

TEG-PM as well as conventional hematologic tests (PT, aPTT and fibrinogen), and look for 

evidence of hypercoagulability. The dogs were assessed at the time of diagnosis of PDH, as 

well as after 3 and 6 months’ treatment with trilostane. Results from the dogs with PDH 

were compared to a control population of healthy dogs. In addition, urine protein loss, 

plasma antithrombin activity and blood pressure were measured in the dogs with PDH 

before and during treatment to estimate urinary antithrombin loss and look for indirect 

evidence of endothelial dysfunction. The hypotheses of this study were that 

hypercoagulability in dogs with PDH would be detected using TEG-PM, but not 

conventional hemostatic tests, and that treatment with trilostane would reduce the 

hypercoagulability initially observed in these patients. It was also hypothesized that the dogs 

with PDH would have significant urine protein loss, decreased AT activity and hypertension, 

and that treatment with trilostane would resolve these abnormalities. 
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CHAPTER TWO: RESEARCH PROJECT 
 

2.0 INTRODUCTION 

 Pituitary-dependent hyperadrenocorticism (PDH) is a relatively common canine 

endocrinopathy characterized by chronic hypercortisolemia secondary to an ACTH-secreting 

pituitary tumor. PDH leads to a constellation of clinical manifestations including polyuria, 

polydipsia, polyphagia, alopecia, proteinuria and hypertension.1 Additionally, 

hyperadrenocorticism has been associated with thromboembolic disease (TED) in several 

retrospective studies and case reports.2-7 It has been hypothesized that TED may occur in 

dogs with hyperadrenocorticism due to an underlying hypercoagulable state.8 However, 

hypercoagulability is difficult to identify using conventional hemostatic tests, which are 

better suited to detect hypocoagulability. Also, it is not known whether treatment of PDH 

and normalization of cortisol levels result in resolution of any pro-thrombotic tendencies. 

 Thrombelastography (TEG®) is a point-of-care test that has recently been validated 

in dogs9 and allows detection of patients who are hypercoagulable,10-18 including dogs with 

iatrogenic hyperadrenocorticism.19, 20 In addition, a modification of TEG 

(PlateletMapping™, TEG-PM) allows evaluation of platelet function,21 and has been 

previously used to investigate the effects of clopidogrel on canine platelet function.22 In 

some human studies, thromboelastographic evidence of hypercoagulability and increased 

platelet reactivity detected by platelet mapping have been linked with increased risk of 

TED.23-27  

 The objective of the current study was to assess dogs with untreated PDH for 

evidence of hypercoagulability by performing TEG with PlateletMapping (TEG-PM), as well 

as conventional hemostatic tests including complete blood count, prothrombin time (PT), 
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activated partial thromboplastin time (aPTT) and fibrinogen concentration. The results were 

compared to those of a group of healthy dogs. The hemostatic testing was repeated during 

treatment of PDH with trilostane, to examine the effect of normalization of cortisol 

concentrations on the dogs’ coagulation status. In addition, urine protein concentration, 

plasma antithrombin (AT) activity and systolic arterial blood pressure were evaluated in the 

dogs with PDH to examine the possibility of a relationship between urinary antithrombin 

loss and/or hypertension with coagulation status. Although there are several effective 

treatments for canine PDH available, trilostane was chosen for this study due to its 

widespread use among veterinary practitioners and the fact that it is currently the only 

licensed medication for PDH in Canada.  

 

The null hypotheses for this study were that: 

1. Dogs with PDH would not have significantly different PT, aPTT and fibrinogen 

concentrations to healthy dogs, either at the time of diagnosis or after 3 and 6 

months’ treatment of PDH. 

2. Dogs with PDH would not have significantly different results of TEG 

PlateletMapping compared to healthy dogs, either at the time of diagnosis or after 3 

and 6 months’ treatment of PDH. 

3. Dogs with PDH would not have significant urinary protein loss, abnormal plasma 

AT activity levels or abnormal systolic blood pressure at the time of diagnosis, and 

these parameters would not significantly change following 3 and 6 months’ treatment 

of PDH. 
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2.1 MATERIALS AND METHODS 

Healthy dogs 

 Forty healthy dogs, between the ages of 1 and 11 years, owned by staff and students 

at the Ontario Veterinary College were recruited. The dogs were deemed healthy on the basis 

of physical examination, complete blood count,a serum biochemistry profile,b and urinalysisc 

performed at the reference laboratory at the University of Guelph.d The dogs had not 

received any medications, excluding heartworm and flea prophylaxis, in the 6 weeks 

preceding the study. This study was performed in accordance with the standards of the 

Canadian Council on Animal Care and the Ontario Animals for Research Act, and was 

approved by the University of Guelph Animal Care Committee.  

 

Blood collection 

 Blood was sampled from the jugular vein via atraumatic venipuncture using a 20-

gauge needle and 12 mL syringe. Immediately following venipuncture, the needle was 

removed from the syringe and blood was transferred into two 1.8 mL sodium citratee and 

one 4 mL heparinf blood collection tubes. The cap was removed from the blood collection 

tubes prior to blood transfer to eliminate the vacuum. The tubes were gently inverted 5 

times to mix the blood with the anticoagulant. TEG-PM was performed using one of two 

computerized thromboelastography analyzers.g Data was recorded from each channel on the 

thromboelastography analyzers and transferred electronically to a computer. Samples were 

allowed to equilibrate at room temperature for 30 minutes9 for the first two assays for each 

dog (citrated kaolin TEG and MAfibrin assay). For the citrated kaolin TEG assay, 1.0 mL of 

citrated whole blood was added to a kaolin-coated vial;h the vial was gently inverted 4 times. 

Then 340 µL of this sample was added to a TEG cup containing 20 µL of 0.2 M calcium 
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chloride,i pre-warmed to 37oC. The citrated kaolin assay was run until the parameters R, κ, 

α-angle, MAthrombin, G, CI, TG, LY30 and CL30 were obtained. For the PlateletMapping 

MAfibrin assay, the Activator F reagent,j a proprietary mixture of factor XIII and reptilase, was 

reconstituted according to the manufacturer’s instructions. Immediately following 

reconstitution, 10 µL of Activator F reagentd was added to a pre-warmed TEG cup, 

followed by 340 µL of heparinized blood. The sample was aspirated back into the pipette tip 

3 times to mix the contents, and then replaced in the cup to start the assay.  

 The final 2 TEG-PM assays for each dog (MAADP and MAAA) were started after the 

completion of the citrated kaolin assay and the MAfibrin assay, thus were performed at 

approximately 90 minutes post venipuncture. This protocol was necessary as at the 

beginning of the study, only one thromboelastograph analyzer, capable of running up to 2 

assays simultaneously, was available. The ADPk and AA reagentsl were reconstituted 

immediately prior to performing the MAADP and MAAA assays, according to the 

manufacturer’s directions. To perform the MAADP assay, 10 µL of the Activator F reagentd 

was added to a pre-warmed TEG cup, followed by 10 µL of the ADP reagent, then 340 µL 

of heparinized blood. The sample was mixed as previously described. The final 

concentration of ADP was 2 µM. To measure MAAA, 10 µL of the Activator F reagent was 

added to a pre-warmed TEG cup, followed by 10 µL of the AA reagent, then 340 µL of 

heparinized blood. The final concentration of AA was 1 mM. The sample was mixed as 

previously described. For each assay the data was translated into a thrombelastogram via 

software.m Platelet aggregation data was calculated using the formula: % aggregation = 

[(MAADP or AA – MAfibrin) / (MAthrombin - MAfibrin)] x 100. Values greater than 100 % were 

designated to be 100 % and negative values were designated to be zero. 
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PDH dogs - diagnosis 

 Nineteen client-owned dogs with naturally occurring PDH were recruited between 

December 2009 and April 2011. All dogs were exhibiting at least 2 clinical signs compatible 

with hyperadrenocorticism including polyuria, polydipsia, bilaterally symmetrical alopecia, 

polyphagia, excess panting and a pot-bellied appearance. All dogs had a physical 

examination, complete blood count, biochemistry profile, urinalysis and bacterial urine 

culture performed prior to being enrolled in the study. Dogs were excluded from the study if 

chronic kidney disease, diabetes mellitus, malignant neoplasia, hepatic insufficiency or 

congestive heart failure were detected at the initial evaluation. Dogs were also excluded from 

the study if they had received previous medical treatment for PDH. Additional exclusion 

criteria included administration of any non-steroidal anti-inflammatory agents or 

anticoagulant medications in the previous 6 weeks.  

 Diagnosis of hyperadrenocorticism was made on the basis of clinical signs 

compatible with hyperadrenocorticism, plus an ACTH stimulation test and/or low dose 

dexamethasone suppression test confirming hypercortisolism. This testing was either 

performed at the reference laboratory at the University of Guelph or at another commercial 

laboratory if the referring veterinarian had submitted the samples. ACTH stimulation testing 

was performed with ACTH geln (2.2 IU/kg intramuscular [IM]) with blood samples for 

serum cortisol concentrationo taken immediately before and 2 hours after injection or 

cosyntropinp (5 µg/kg or 250 µg/dog intravenous [IV]) with blood samples taken 

immediately before and 1 hour after injection.28-30 A post-ACTH cortisol > 600 nmol/L was 

considered consistent with hyperadrenocorticism.1 Low dose dexamethasone suppression 

testing was performed by administering 0.01 mg/kg dexamethasone IV and obtaining blood 

samples for serum cortisol concentration at 0 hours (pre-dexamethasone) as well as 4 hours 
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and 8 hours post-dexamethasone. If serum cortisol was ≥ 38 nmol/L at 8 hours following 

dexamethasone administration, the result was considered consistent with 

hyperadrenocorticism. Additionally, if serum cortisol at 4 hours was < 38 nmol/L or less 

than 50 % of the basal value, this was considered consistent with PDH.1, 31 

 In addition, all dogs with hyperadrenocorticism had sonographic examination of 

their adrenal glands performed by a board-certified radiologist to rule out an adrenal tumor, 

prior to inclusion in the study. PDH was considered to be the cause of the 

hyperadrenocorticism if the adrenal glands were normal in size or bilaterally symmetrically 

enlarged (> 7.4 mm dorsoventral thickness).32, 33 If asymmetric adrenomegaly was present, 

PDH was diagnosed if the dorsoventral thickness of the smaller (contralateral) adrenal gland 

was > 5 mm.34 If adrenal sonography was equivocal, then high-dose dexamethasone 

suppression testing and/or endogenous ACTH measurement were performed. 

  

Initial evaluation of PDH dogs 

 Prior to starting treatment for hyperadrenocorticism, a venous blood sample was 

taken from the jugular vein by careful venipuncture using a 20 gauge needle and a 12 mL 

syringe. Blood was placed into 3 sodium citrate tubes (1.8 mL each) a heparin blood 

collection tube (4 mL) and one ethylenediaminetetraacetic acid (EDTA) blood collection 

tubeq (2 mL) immediately after collection. The tubes were gently inverted 5 times to mix the 

blood with the anticoagulant. TEG-PM was performed in accordance with the method 

described for the healthy dogs using the heparinized tube and one of the citrated tubes. The 

samples for the citrated kaolin TEG and MAfibrin assays were allowed to equilibrate at room 

temperature for 30 minutes, and the samples for the PlateletMapping MAADP and MAAA 

assays were run after approximately 90 minutes storage at room temperature.  
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Routine hematology and coagulation testing 

 The EDTA blood tube and one of the citrated plasma tubes were submitted to the 

reference laboratoryf for a complete blood count, PT, aPTT and fibrinogen concentration.r 

 

Antithrombin activity 

 Immediately following venipuncture, one sodium citrate tube was immediately 

centrifuged and the plasma was harvested and frozen at -80 °C. Samples were stored for a 

maximum of 6 months prior to batched shipping for AT testing.35 Samples were shipped on 

dry ice. AT activity testing was performed using an automated chromogenic assay, utilizing 

bovine factor Xa and the chromogenic substrate S-2765.s 

 

Blood pressure 

 A Doppler ultrasonic flow detectort with an inflatable cuff was used. The cuff width 

chosen for each dog was that closest to 40 % of the circumference of the antebrachium at 

the site of measurement.36 The cuff was wrapped around the middle part of the 

antebrachium and a Doppler probe coated with ultrasonic transmission gel was positioned 

over the palmar area to detect blood flow. The cuff was then inflated and deflated to obtain 

a systolic blood pressure (SBP) reading via an aneroid pressure gauge. During blood pressure 

measurement, the antebrachium was maintained at the level of the heart. A series of 3 

readings was obtained for each dog and the final SBP value was calculated as the mean of 3 

readings. Hypertension was defined as a mean SBP ≥ 160 mm Hg.37 The same cuff size and 

limb was used for each dog for blood pressure measurements at subsequent rechecks. 
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Urine protein to creatinine ratio 

 Voided urine samples were collected and submitted to the reference laboratory for 

urinalysis and urine protein to creatinine ratio (UPCR).o UPCR results were excluded for 

dogs whose urinalysis results revealed hematuria (> 5 red blood cells per high power field 

[hpf]), pyuria (> 5 white blood cells/hpf) or bacteriuria.  

 

Follow up evaluations of PDH dogs 

 Following sample collection as outlined above, dogs were treated with trilostaneu at a 

starting dose of 2 – 5 mg/kg orally, once daily. The dogs’ owners were instructed to give the 

medication with food each morning and to notify the hospital if any adverse effects were 

noted including vomiting, diarrhea, lethargy and/or inappetance. Two weeks after starting 

trilostane, a recheck physical examination, biochemical profile (including electrolytes) and 

ACTH stimulation test were performed. The ACTH stimulation test was started between 3 – 

4 hours after trilostane administration. If the post-ACTH stimulation cortisol was < 40 

nmol/L, if there was minimal response to stimulation, or if clinical signs of 

hypoadrenocorticism were present the dose of trilostane was decreased by 25 – 50 % (to the 

nearest capsule size). Otherwise the same dose of trilostane was maintained until the next 

recheck. The dose of trilostane was not increased at this recheck even if clinical signs of 

hyperadrenocorticism were present and the post-ACTH cortisol was >150 nmol/L. 

 One month after starting trilostane, a recheck physical examination, biochemical 

profile and ACTH stimulation test were performed on each study dog in accordance with 

the protocol outlined above. The trilostane dose was decreased if necessary in accordance 

with the protocol at the 2 week recheck. In addition, if the post-ACTH stimulation cortisol 

was > 150 nmol/L and clinical signs of hyperadrenocorticism were still present, the dose of 
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trilostane was increased by 25 – 50 % (to the nearest capsule size). However, if the post-

ACTH stimulation cortisol was between 150 - 200 nmol/L and clinical signs of 

hyperadrenocorticism were well controlled, then the same dose of trilostane was maintained 

until the next recheck. 

 Three months and 6 months after starting trilostane, a recheck physical examination, 

biochemical profile and ACTH stimulation test were performed on each study dog in 

accordance with the protocol outlined above. The dose of trilostane was adjusted (if 

necessary) according to the same protocol outlined for the 1 month recheck. Prior to ACTH 

injection, a blood sample was obtained via jugular venipuncture for TEG-PM; these 

procedures were performed in accordance with the method described previously. AT 

activity, PT, aPTT, fibrinogen, UPCR and SBP were also measured at the 3 and 6 month 

rechecks, as outlined above.  

 In addition to these scheduled rechecks, dogs were re-evaluated at any time during 

the 6 month study period if adverse effects were noted by their owners. At these re-

evaluations, physical examination and ACTH stimulation testing were performed; other 

diagnostic testing was performed at the discretion of the attending clinician. Dogs were 

excluded from the study if permanent hypoadrenocorticism, diabetes mellitus, chronic 

kidney disease, hepatic failure or congestive heart failure developed during the study period, 

but their data prior to study exclusion was still included in statistical analysis. 

 

Statistical analysis 

 A general linear mixed model including time and group as fixed effects and dog as a 

random effect was used to determine if the parameters of interest changed over time or 

between groups. Repeated measures made over time on the same animal were accounted for 
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by fitting different auto correlation structures. Post-hoc tests were Tukey or Dunnetts 

adjusted. To test for normality, a Shapiro-Wilk test and examination of the residuals were 

performed. Significance was set at P < 0.05. Correlations were calculated using Spearman’s 

correlation coefficient. Data for all time points were included. All statistical analysis was 

performed using statistical software.v 

 

2.2  RESULTS 

Characteristics of healthy dogs 

 The mean age of the 40 healthy dogs was 4.6 years (SD 2.4 years, range 1 - 11 years). 

The mean body weight was 24.6 kg (standard deviation [SD] 12.3kg). There were 21 spayed 

females, 18 neutered males, and 1 intact male. Breeds that were represented more than once 

included mixed breed (14), golden retriever (3), beagle (3), Shiloh shepherd (2), Boston 

terrier (2) and Labrador retriever (2). Breeds that were represented by 1 dog included Border 

Collie, Bernese Mountain dog, Brazilian mastiff, Dachshund, Maltese, Shetland sheepdog, 

standard poodle, Kerry Blue terrier, Vizsla and Springer spaniel. 

 

Characteristics of PDH dogs 

 At the time of study entry, the mean age of the 19 dogs with PDH was 10.4 years 

(SD 2.3 years, range 5 – 11 years). The age of dogs in the PDH group at T0 was significantly 

higher than the age of the healthy dogs (P < 0.0001). The mean body weight of the dogs 

with PDH at T0 was 19.8 kg (SD 13.7 kg); this was not significantly different to the control 

group. There were 10 castrated males and 9 spayed females. Breeds that were represented 

more than once included mixed breed (7), Shih Tzu (2) and miniature Schnauzer (2). Breeds 

that were represented by 1 dog included Cocker spaniel, Border terrier, Doberman, 
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American Eskimo, Springer spaniel, Dachshund, Boston terrier and Pomeranian. Clinical 

signs of hyperadrenocorticism reported by the dogs’ owners included polyuria/polydipsia in 

19/19 dogs, polyphagia in 7/19 dogs, excessive panting in 5/19 dogs, a pot-bellied 

appearance in 9/19 dogs, alopecia in 7/19 dogs and lethargy in 6/19 dogs. At T0, 3 dogs 

were being administered levothyroxine for previously diagnosed hypothyroidism and 3 dogs 

were being administered antihistamine medication for previously diagnosed atopy (2 dogs 

were taking hydroxazine and one was taking diphenhydramine). In addition, two dogs were 

being administered antimicrobials for recently diagnosed urinary tract infections (one dog, 

amoxicillin and one dog, amoxicillin with clavulanic acid).  

 Hyperadrenocorticism was diagnosed by ACTH stimulation testing in 5/19 dogs and 

by low dose dexamethasone suppression testing (LDDST) in 16/19 dogs. Two dogs had 

both ACTH stimulation test and LDDST results that were consistent with 

hyperadrenocorticism. Additionally, 7/19 dogs had LDDST results consistent with PDH. All 

dogs with PDH had sonographic evaluation of their adrenal glands performed prior to 

inclusion in the study; 10 dogs had sonographically normal adrenal glands, 5 dogs had 

bilaterally symmetrical adrenal enlargement and 2 dogs had asymmetrical adrenal 

enlargement with the smaller gland diameter > 5 mm.33 In 1 dog, sonography revealed that 

the left adrenal gland was mildly enlarged and had several areas of mineralization. A mass-

like lesion was noted on the cranial pole of the right adrenal gland (1.6 cm diameter) 

containing a large area of mineralization with a small caudal pole. This dog did not exhibit a 

significant decrease in cortisol concentration on either low-dose or high-dose 

dexamethasone suppression testing. The endogenous ACTH concentration was 2.5 pmol/L 

(RI: 6.7 – 25.0). Adrenal sonography was repeated at T6 and both adrenal glands had a 
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similar appearance to the examination at T0; neither gland had enlarged significantly in size. 

This dog’s data was included in the statistical analysis.  

 

ACTH stimulation testing and trilostane dosing 

 The starting dose (mean ± SD) of trilostane for the PDH dogs was 2.9 ± 1.1 

mg/kg/day. At T3, the mean ± SD trilostane dose was 3.0 ± 1.2 mg/kg/day. At T3, all 

owners of PDH dogs reported that the clinical signs of hyperadrenocorticism had resolved 

and 13/16 dogs had ACTH stimulation test results within the target range. Two dogs had 

post ACTH cortisol > 200 nmol/L, and the dose of trilostane was increased. In addition, 1 

dog required a dosage decrease at 3 months, due to subnormal ACTH stimulation test 

results. At T6, the mean ± SD trilostane dose was 3.3 ± 1.4 mg/kg/day and 11/15 dogs had 

ACTH stimulation test results within the target range; 1 dog required a dosage increase and 3 

dogs required a dosage decrease.  

 One dog developed clinical signs of hypoadrenocorticism along with subnormal 

ACTH stimulation test results, hyponatremia and hyperkalemia, after 2 weeks’ treatment. 

Trilostane was discontinued and the dog was started on fludrocortisone and physiologic 

doses of prednisone. Clinical signs of hyperadrenocorticism did not return during the 

following 6 months. A second dog with PDH developed concurrent diabetes mellitus after 

approximately 2 weeks of trilostane administration, despite the absence of hyperglycemia or 

glucosuria at T0. A third dog with PDH was prescribed meloxicam for treatment of 

osteoarthritis, approximately 1 month after study inclusion. The data from these dogs at T0 

was included in statistical analysis. In addition, one dog was lost to follow-up between T3 

and T6 as the owner withdrew from the study, so only data from T0 and T3 was available 

for analysis. 
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Activated partial thromboplastin time, prothrombin time, fibrinogen 

 The dogs with PDH did not have significantly different aPTT results to the healthy 

dogs at any time point (RI: 9.8 – 19.6 s; controls: mean 15.4, SD 6.4 s; PDH T0: mean 17.5, 

SD 7.6s; PDH T3: mean 19.6, SD 8.6 s, PDH T6: mean 21.3, SD 11.1 s, Figure 2.1).  

 

Figure 2.1: aPTT (mean ± SD) in healthy dogs and dogs with PDH at T0, T3 and T6. The dashed lines 

represent the lower and upper limit of the institutional canine reference interval for aPTT. 

 The PT was significantly shorter in the dogs with PDH compared to the healthy 

group at all time points (Figure 2.2); however, no results were outside the reference interval 

(T0: mean 6.6, SD 0.4 s, n = 19; T3: mean 6.8, SD 0.6 s, n = 15; T6: mean 6.8, SD 0.6 s, n = 

15; reference interval [RI]: 5.5 – 9.8 s, Appendix 2a). The mean PT of the healthy dogs was 

7.6 s, and SD was 0.7 s.  
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Figure 2.2: PT (mean ± SD) in healthy dogs and dogs with PDH at T0, T3 and T6. The bars marked with * 

are significantly different to the healthy group (P = 0.0001). The dashed lines represent the lower and upper 

limit of the institutional canine reference interval for PT.  

 At T0, 13/18 dogs with PDH had hyperfibrinogenemia (mean 4.0, SD 1.3; RI 0.8 – 

3.0 g/L, Appendix 2a). At T3, fibrinogen concentrations were elevated in 10/16 dogs (mean 

3.2, SD 0.7 g/L); at T6, fibrinogen concentrations were elevated in 7/15 dogs (mean 3.1, SD 

0.8 g/L, Appendix 2a). No dog with PDH had documented hypofibrinogenemia at any time 

point. At all time points, the dogs with PDH had significantly higher fibrinogen 

concentrations than the healthy dogs (controls: mean 2.0, SD 0.6 g/L, Figure 2.3). 

Fibrinogen concentrations significantly decreased between T0 and T3, and T0 and T6 in the 

dogs with PDH, but did not change significantly between T3 and T6 (Figure 2.3). 
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Figure 2.3: Plasma fibrinogen concentration in healthy dogs and dogs with PDH at T0, T3 and T6. Bars 

marked with symbols are significantly different to the healthy group (*: P < 0.001) or to dogs with PDH at T0 

(α: P = 0.02, η: P = 0.04). The dashed lines represent the lower and upper limit of the institutional canine 

reference interval for fibrinogen. 

 

Complete blood count  

 Hematocrit was not significantly different between the healthy dogs and the PDH 

dogs at any time point. Thrombocytosis was present in 10/18 PDH dogs at T0 (mean 428, 

SD 125, RI 117 – 418 x 109/L, Appendix 2a), 10/16 dogs at T3 (mean 413, SD 157 x 109/L, 

Appendix 3a) and 6/15 dogs at T6 (mean 440, SD 170 x 109/L, Appendix 4a). The dogs 

with PDH had significantly higher platelet counts at all time points compared to the control 

group (controls: mean 255, SD 84 x 109/L, Figure 2.4). There was no significant change in 

platelet count over time in the dogs with PDH. 
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Figure 2.4: Platelet count in healthy dogs and dogs with PDH at T0, T3 and T6. The bars marked with 

symbols are significantly different to the healthy group (*: P < 0.0001; γ: P = 0.0002). The dashed lines 

represent the lower and upper limit of the institutional canine reference interval for platelet count. 

 

TEG with PlateletMapping (TEG-PM) 

 There was no significant difference in R between the healthy group and the dogs 

with PDH at any time point; there was also no significant change in R over time in the PDH 

dogs (controls: mean 3.2, SD 0.2 min; PDH T0: mean 3.5, SD 1.6 min; PDH T3: mean 3.1, 

SD 0.6 min; PDH T6: mean 3.2, SD 0.8 min, RI: 2 – 6 min, Figure 2.5). At T0, 1/19 dogs 

with PDH had a prolonged R (8.2 min), and one dog had a shortened R (1.2 min, Appendix 

2b). None of the dogs with PDH had abnormal R results at T3 or T6 (n = 16 and n = 15, 

respectively, Appendices 3b & 4b). R was not correlated with PT. 
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Figure 2.5: R time (mean ± SD) in healthy dogs and dogs with PDH at T0, T3 and T6. The dashed lines 

represent the lower and upper limit of the institutional canine reference interval for R. 

 At T0, 4/19 dogs with untreated PDH had a shortened κ (mean 1.4, SD 0.4, RI 1 – 3 

min, Appendix 2b). At T3, 2/16 dogs had a shortened κ (mean 1.3, SD 0.3 min, Appendix 

3b); at T6, 1/15 dogs had a shortened κ (mean 1.4, SD 0.8 min, Appendix 4b). In addition, 1 

dog with PDH had a prolonged κ at T6 (4.2 min). At all time points, κ was significantly 

shorter in the PDH dogs than the healthy group (mean 2.0, SD 0.6 min, Figure 2.6). 

However, κ did not change significantly in the dogs with PDH over time.  
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Figure 2.6: Kappa (κ) (mean ± SD) in healthy dogs and dogs with PDH at T0, T3 and T6. The bars marked 

with symbols are significantly different to the control group (*: P = 0.002; γ: P = 0.0005; #: P = 0.0002). The 

dashed lines represent the lower and upper limit of the institutional canine reference interval for κ .  

 At T0, 6/19 dogs with PDH had an elevated α-angle (mean 70.5, SD 5.9, RI 48 – 75 

º). At T3, 3/16 dogs had an elevated α-angle (mean 71.7, SD 3.7 º) and at T6, 2/15 dogs had 

an elevated α-angle (mean 71.1, SD 6.9 º). The α-angle of the dogs with PDH prior to 

treatment was significantly higher than the healthy dogs (mean 64.5, SD 7.1 º) at all time 

points (Figure 2.7).  
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Figure 2.7: α-angle (mean ± SD) in healthy dogs and dogs with PDH at T0, T3 and T6. The bars marked with 

symbols are significantly different to the healthy group (*: P = 0.002; γ: P = 0.0005; #: P = 0.0002). The dashed 

lines represent the lower and upper limit of the institutional canine reference interval for α-angle. 

 At T0, 13/16 dogs with PDH had elevated MAthrombin (mean 65.7, SD 7.0, RI 46 – 64 

mm, Appendix 2b). At T3, 5/16 dogs had elevated MAthrombin (mean 60.8, SD 6.4 mm, 

Appendix 3b) and at T6, 6/15 dogs had elevated MAthrombin (mean 61.6, SD 6.5 mm, 

Appendix 4b). At T3 and T6, MAthrombin was significantly lower than at T0, however it was 

still significantly higher than the healthy group (mean 54.9, SD 5.7 mm, Figure 2.8). There 

was no significant difference in MAthrombin between T3 and T6. A moderate positive 

correlation was identified between fibrinogen concentration and MAthrombin (rs = 0.59, P < 

0.0001). MAthrombin was not significantly correlated with platelet count or hematocrit in either 

the healthy dogs or the dogs with PDH.  
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Figure 2.8: MAthrombin (mean ± SD) in healthy dogs and dogs with PDH at T0, T3 and T6. Bars marked are 

significantly different to the healthy group (*: P < 0.001; γ: P = 0.005; #: P = 0.003) or to dogs PDH at T0 (η: 

P = 0.02, α: P = 0.04). The dashed lines represent the lower and upper limit of the institutional canine 

reference interval for MAthrombin. 

 At T0, 11/19 dogs with PDH had elevated TG (mean 783.6, SD 107.6, RI 584 – 796 

mm/min), one dog also had decreased TG (510mm/min, Appendix 2b). At T3, 4/16 dogs 

with PDH had elevated TG (mean 737.2, SD 77.9 mm/min, Appendix 3b); at T6, 5/15 dogs 

had elevated TG (mean 748.1, SD 77.1 mm/min, Appendix 4b). At all time points, the dogs 

with PDH had significantly higher TG than the healthy group (mean 672.2, SD 70.2 

mm/min, Figure 2.9). TG did not significantly change over time in the dogs with PDH. 
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 CL30 values were not significantly different between healthy dogs or PDH dogs at 

any time point and did not change significantly over time in the dogs with PDH (RI: 92 – 

100%; controls: mean 97.6, SD 2.9 %; PDH T0: mean 99.1, SD 2.0 %; PDH T3: mean 97.0, 

SD 4.1 %; PDH T6: mean 96.4, SD 4.8 %, Figure 2.10).  

 

Figure 2.10: CL30 (mean ± SD) in healthy dogs and dogs with PDH at T0, T3 and T6. The dashed lines 

represent the lower and upper limits of the canine reference interval. 

Figure 2.9: TG (mm/min) (mean ± SD) in healthy dogs, dogs with PDH at T0, T3 and T6. The bars marked with 

symbols are significantly different to the healthy group (*: P = 0.0002; γ: P = 0.04; #: P = 0.03). The dashed lines 

represent the lower and upper limits of the canine reference interval. 
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MAfibrin was significantly higher in dogs with PDH at all time points than healthy dogs 

(controls: mean 14.1, SD 19.7 mm, T0: mean 46.2, SD 28.9 mm, T3: mean 57.5, SD 19.6 

mm, T6: mean 41.1, SD 24.1 mm, Figure 2.11). There was a weak correlation between 

MAfibrin and fibrinogen (rs = 0.38, P = 0.007) in the dogs with PDH. 

 

Figure 2.11: MAfibrin (mean ± SD) in healthy dogs, dogs with PDH at T0 (PDH d0), T3 (PDH 3mo) and T6 

(PDH 6mo). The bars marked with symbols are significantly different to the control group (*: P < 0.0001; #: P 

= 0.001). 

 MAADP was not significantly different between the dogs with PDH at T0 and healthy 

dogs (controls: mean 39.5, SD 20.4 mm, T0: mean 49.0, SD 24.7 mm). However, MAADP was 

significantly higher in dogs at T3 (mean 57.5, SD 17.7 mm) than controls (Figure 2.12). At 

T6, MAADP was not significantly different to healthy dogs (controls: mean 52.9, SD 22.9 

mm). MAADP did not change significantly over time in the dogs with PDH. 
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Figure 2.12: MAADP (mean ± SD) in healthy dogs, dogs with PDH at T0 (PDH d0), T3 (PDH 3mo) and T6 

(PDH 6mo). The bar marked with * represents the PDH treatment group with MAADP significantly higher than 

the control group (P = 0.03). 

 In dogs with PDH at T0, MAAA was significantly higher than healthy dogs (PDH T0: 

mean 60.2, SD 14.3 mm, healthy: mean 49.4, SD 14.2 mm, Figure 2.13). MAAA was not 

significantly different between the healthy dogs and the dogs with PDH at T3 (mean 58.1, 

SD 10.8 mm) or T6 (mean 55.5, SD 13.6 mm). MAAA did not change significantly over time 

in the dogs with PDH. 

 

Figure 2.13: MAAA (mean ± SD) in healthy dogs and dogs with PDH at T0, T3 and T6. The bar marked with * 

represents the group of untreated PDH dogs with MAAA significantly higher than the healthy group (P = 0.02). 
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Urine protein:creatinine ratio (UPCR) 

 Eleven dogs with PDH had a UPCR performed at T0; 9/11 had proteinuria (UPCR 

≥ 0.5, Appendix 2c). Urine samples from 6 dogs were excluded from analysis at T0 due to 

urinary tract infection. The UPCR was significantly higher in dogs with untreated PDH than 

dogs with treated PDH (T0: mean 1.9, SD 2.1, T3: mean 1.5, SD 2.0, T6: mean 0.8, SD 1.2, 

Figure 2.14). Seven proteinuric dogs had a UPCR repeated at T3 and/or T6, and 4 of these 

dogs had resolution of proteinuria (UPCR < 0.5, Figure 2.15, Appendices 3c & 4c).  

 

Figure 2.14: Box and whisker plot (box = median, upper and lower ranges, whiskers = 25th and 75th 

percentiles) of UPCR in dogs with PDH at T0 (n = 12), at T3 (n = 9) and T6 (n = 12). The dashed line 

represents the upper limit of the normal range for canine UPCR (0.5). The bars marked with symbols are 

significantly different to T0 (*: P < 0.015; #: P = 0.031).  
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Figure 2.15: Graph of UPCR for the dogs with PDH that were proteinuric prior to treatment (n = 10) and had 

a UPCR rechecked at T3 or T6 (n = 7). The dashed line represents the upper limit of the normal range for 

canine UPCR (0.5). 

 

Antithrombin (AT) activity 

 Plasma AT activity was measured in 8/19 dogs at T0, in 8/16 dogs at T3 and in 5/15 

dogs at T6. Plasma AT activity was within the reference interval for all dogs tested at all time 

points, with the exception of one dog, which had a mildly elevated AT activity (114 %, RI 75 

– 112 %, Appendices 2c, 3c & 4c). There was no significant change in AT activity over time 

in the dogs with PDH (Figure 2.16). A negative correlation was identified between UPCR 

and AT activity. 



!

 69 

 

Figure 2.16: Graph of AT activity in dogs with PDH at T0 (n = 7), at T3 (n = 8) and T6 (n = 5). The dashed 

lines represent the upper and lower limits of the reference interval for canine AT activity.  

 

Systolic blood pressure 

 At T0, 10/19 dogs with PDH were hypertensive (mean 160.7, SD 24.0, RI < 160 

mm/Hg, Appendix 2c). Eight of the hypertensive dogs had their blood pressure rechecked 

at T3 and/or T6. Three of these dogs were normotensive at both the 3 and 6 month 

rechecks. The remaining 5 dogs were hypertensive at the 3 and/or 6 month rechecks 

(Appendices 3c & 4c). Systolic blood pressure was not significantly different between T0, T3 

and T6 (Figure 2.16).  A significant correlation between blood pressure and UPCR was not 

identified. 
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Figure 2.17: Systolic blood pressure (mean ± SD) in dogs with PDH at T0, T3 and T6. The dashed line shows 

the upper limit of normal systolic blood pressure (160 mm Hg)., 

 

Serum cholesterol 

 At T0, 4/16 dogs with PDH were hypercholesterolemic (mean 10.2, SD 4.7, RI 3.6 – 

10.2 mmol/L, Appendix 2c); none tested were hypercholesterolemic at T3 or T6 

(Appendices 3c & 4c). In dogs with PDH at T0, serum cholesterol was significantly higher 

than control dogs (healthy dogs: mean 6.5, SD 1.3 mmol/L, Figure 2.17). Serum cholesterol 

concentrations in dogs with PDH at T3 and T6 were significantly lower than at T0 and were 

not significantly different to healthy dogs (T3: mean 6.0, SD 1.4 mmol/L, n = 8, T6: mean 

6.3, SD 1.4 mmol/L, n = 9). 
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Figure 2.18: Serum cholesterol (mean ± SD) in healthy dogs (n = 40), dogs with PDH at T0 (n = 16), T3 (n = 

8) and T6 (n = 9). Bars marked with symbols are significantly different to the healthy group (*: P = 0.008) or to 

dogs with PDH at T0 (η = 0.003, α = 0.008). The dashed lines represent the lower and upper limit of the 

institutional canine reference interval for serum cholesterol. 

 

2.4  DISCUSSION  

 The purpose of this investigation was to evaluate dogs with naturally occurring PDH 

for evidence of hypercoagulability. Hyperadrenocorticism is known to be a risk factor for 

thromboembolic disease in dogs,2-4, 6, 38-41 however the pathogenesis of thrombosis in these 

dogs remains ill-defined. However, in several of these studies the most common form of 

hyperadrenocorticism was iatrogenic,38-41 and it is possible that the pathogenesis of 

thrombosis differs in these patients. This may be due to contribution of the underlying 

disease for which corticosteroids were administered to thrombotic risk. Humans with 

naturally occurring PDH are also predisposed to thrombosis secondary to a hypercoagulable 

state, with resolution of some hemostatic abnormalities following successful treatment.42 

Although the mechanism(s) of hypercoagulability in affected humans are not fully elucidated, 
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elevated levels of factor VIII, factor IX, fibrinogen and vWF have been documented, and 

there is evidence that fibrinolysis may be impaired.43-46 Traditionally, predisposition to 

thrombosis has been difficult to detect in patients due to the limitations of commonly 

available coagulation tests, which are better suited to detect hypocoagulability.47 However, in 

recent years novel assays such as TEG have been refined and validated for use in veterinary 

patients and have the ability to detect hypercoagulability.48 The present study identified 

several parameters suggestive of hypercoagulability in dogs with PDH. These abnormalities 

suggest that hypercoagulability may contribute to the pathogenesis of thromboembolic 

disease in these patients. 

 In the present study, PT was significantly shorter in dogs with PDH compared to 

healthy dogs at all time points. However, this finding is not considered to be clinically 

relevant, as all PT results were still within the canine reference range. Subnormal PT results 

are not commonly found in dogs with TED,2, 5, 15, 49 or dogs with thromboelastographic 

evidence of hypercoagulability.11, 16, 50 

 Thrombocytosis was common in this population of dogs with PDH. The mechanism 

by which glucocorticoids cause thrombocytosis is not well elucidated. However, it has been 

shown that glucocorticoids have a permissive effect on erythropoiesis,51 so they may exert a 

similar effect on thrombopoiesis. A definitive link between thrombocytosis and increased 

risk of thrombosis has not been made in dogs. A recent study identified an incidence of 

TED of 7.9 % in a group of dogs with thrombocytosis (platelet count > 600 x 109/L).52 

However, most of the dogs had one or more underlying systemic diseases, most commonly 

neoplasia, endocrine disorders (including hyperadrenocorticism) and inflammatory diseases. 

Since these diseases may be associated with TED anyway, it is not certain whether 

thrombocytosis or the underlying disease itself lead to these thrombotic events. The 
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incidence of TED in association with thrombocytosis is similar in humans and is reported to 

be 4 – 6%.53, 54 To the author’s knowledge, the effect of thrombocytosis on TEG-PM results 

has not been evaluated in veterinary or human patients. 

 Consistent with previous studies,8, 55 hyperfibrinogenemia was frequently found in 

these dogs with PDH. Hyperfibrinogenemia may be caused by increased hepatic fibrinogen 

synthesis in association with hypercortisolemia.56 Fibrinogen concentrations were also 

correlated with MAthrombin, in agreement with several other studies involving dogs with 

IMHA, critically illness and hemorrhagic disorders.13, 18, 57 In the present study, MAfibrin was 

correlated with fibrinogen, which to the author’s knowledge has not been reported 

previously in dogs. Hyperfibrinogenemia is considered a risk factor for thromboembolic 

disease in human patients;58 it may contribute to thrombotic risk by increasing blood 

viscosity, enhancing platelet reactivity,59 increasing platelet aggregation velocity59 and 

decreasing fibrinolysis.60  However, a relationship between hyperfibrinogenemia and risk of 

thrombosis has not been established in dogs.10, 12, 15 

 Dogs with untreated PDH had thrombelastographic evidence of hypercoagulability, 

characterized by decreased κ, increased α-angle and increased MAthrombin compared to the 

healthy dogs. These findings are consistent with studies of canine iatrogenic 

hyperadrenocorticism in which decreased κ, increased α-angle and increased MAthrombin
19 or 

increased MAthrombin alone20 were found. The latter study also found increased CL60 in dogs 

that were administered prednisone, suggestive of decreased fibrinolysis.20 In the present 

study, CL60 was not examined. Further investigations on the incidence of delayed fibrinolysis 

in dogs with PDH are warranted. 

 A recent study found that dogs with untreated, naturally-occurring 

hyperadrenocorticism did not have significantly different TEG parameters compared to dogs 
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with non-adrenal illness. The dogs with non-adrenal illness were suspected of having either 

hypoadrenocorticism or hyperadrenocorticism, but had normal ACTH stimulation test 

results. 61 Many dogs in Klose and colleagues’ control population were hypercoagulable 

compared to their institutional reference interval.61 Had the dogs with naturally-occurring 

hyperadrenocorticism in Klose and colleagues’ study been compared to the normal reference 

interval, the conclusion may have been that these dogs were actually hypercoagulable. The 

methodology also differed from the present study in that TEG-PM was not performed, and 

an activator was not used,61 whereas the kaolin-activated method was used in the present 

study. 

 Treatment of PDH in the present study with trilostane did not result in resolution of 

hypercoagulability, as evidenced by persistently abnormal TEG parameters at T3 and T6 

(decreased κ, increased α-angle, increased MAthrombin and increased TG). The mean trilostane 

dose (2.9 – 3.3 mg/kg/day) was similar to that reported by other authors.62-65 Most dogs had 

well-controlled PDH at T3 and T6, with only 2 dogs being inadequately controlled at T3 and 

1 dog being inadequately controlled at T6. In support of these findings, another group of 

investigators found that TEG parameters (R, α-angle, κ, MA) in dogs with medically treated 

hyperadrenocorticism were not significantly different to dogs with untreated 

hyperadrenocorticism. These dogs were treated with either mitotane or trilostane.61 The 

mean duration of action of trilostane following oral administration is 18 hours,66, 67 meaning 

that most dogs with PDH treated once daily have some degree of hypercortisolemia for part 

of each day, even if clinical signs appear well controlled. All the dogs with PDH in this study 

were treated once daily with trilostane and sample collection for hemostatic testing was 

performed close to peak drug activity (3 - 4 hours following trilostane administration). 

However, it is possible that the presence of hypercortisolemia for several hours each day 
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may be sufficient to ensure ongoing hypercoagulability despite adequate control of clinical 

signs of PDH. Future investigations could compare resolution of hypercoagulability in dogs 

treated once versus twice daily with trilostane, or with medications with a more prolonged 

effect, such as mitotane. Another possible explanation for the persistence of 

hypercoagulability after resolution of clinical signs is that administration of trilostane itself 

might cause hypercoagulability, which might mask resolution of hypercoagulability 

associated with control of PDH. To rule this out, hemostatic testing would need to be 

performed on healthy dogs administered trilostane over a similar time period. Resolution of 

hypercoagulability does not occur consistently in human patients either. In a recent human 

study, short term (up to 77 days) medical control of hypercortisolemia did not result in 

resolution of hemostatic abnormalities.46 In another study, resolution of some, but not all 

hemostatic abnormalities occurred after 12 months after human patients had undergone 

hypophysectomy.42 

 In the present study, TG was also significantly higher in the dogs with PDH 

compared to healthy dogs. In humans, TG is used as a proxy for thrombin generation,68 

however it has not yet been validated for this purpose in dogs. Further investigation of 

thrombin generation in dogs with PDH could be characterized using calibrated automated 

thrombography (CAT). 

 The TEG-PM results in the present study showed significantly increased platelet 

reactivity in response to AA (increased MAAA) in dogs with PDH prior to treatment. This 

may indicate that increased platelet responsiveness to AA contributes to hypercoagulability 

in dogs with PDH. Although the mean MAAA values at T3 and T6 were higher than the 

control dogs, this change was not significant; therefore, increased platelet response to AA 

may resolve upon treatment of PDH. Although MAADP was significantly higher in dogs with 
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PDH that had been treated for 3 months than healthy dogs, the MAADP of untreated PDH 

dogs and dogs treated for 6 months was not significantly different to healthy dogs. Overall, 

there was a general trend for higher MAADP values in dogs with PDH at all time points 

compared to healthy dogs.  However, there was a large degree of variability among these 

results, which may have masked significant changes at T0 and T6. To investigate these 

findings further, studies should be performed to compare the results of TEG-PM with other 

platelet function tests, such as aggregometry, in dogs with PDH.  

 The strength of the fibrin clot in the absence of platelet activation (TEG-PM 

MAfibrin) was also increased in dogs with PDH at all time points. In humans, mean MAfibrin is 

reported as 7.5 mm, with most values < 10mm.69 Described reasons for elevated MAfibrin in 

humans that have been described include hyperfibrinogenemia, AT deficiency and activation 

of platelets in vitro. AT deficiency was not documented in any of the dogs with PDH in this 

study. Activation of platelets in vitro is unlikely to have occurred to a greater extent in the 

dogs with PDH compared to the healthy dogs, as an identical venipuncture method and 

sample handling protocol was used for both groups. Hyperfibrinogenemia was a common 

finding in the PDH dogs, and is a potential explanation for the elevated MAfibrin documented 

in the present study. A mild positive correlation between MAfibrin and fibrinogen 

concentration was identified. In addition, the MAfibrin results were highly variable in both 

healthy and PDH dogs. Nine of the healthy dogs had a MAfibrin > 10 mm (mean 14.1 mm, 

coefficient of variation [CV] 140 %), while the CV in the PDH groups ranged from 34 % to 

63 %. The elevated MAfibrin results of some dogs and the high variability of this parameter in 

dogs may limit the use of TEG-PM in dogs. As MAfibrin contributes to both MAAA and 

MAADP, when MAfibrin approaches MAthrombin, it is not possible to assess the response to AA 

and ADP with TEG-PM. This may limit the utility of TEG-PM in dogs in disease states 
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characterized by hypercoagulability, in which high MAfibrin values may be seen. Another 

explanation for the elevated and variable MAfibrin values observed in healthy and PDH dogs 

in the present study is a potential variation in response to the Activator F reagent used in the 

MAfibrin assay.  Other TEG-PM studies in dogs have not reported MAfibrin values. Instead, 

results have been reported as individual MAADP and MAAA values, or using a calculation to 

describe the MA change attributed to ADP or AA platelet activation (MAADP/MAthrombin or 

MAAA/MAthrombin), respectively.22, 70 Further evaluation of TEG-PM in larger studies would be 

required to characterize MAfibrin in larger numbers of normal and diseased dogs. 

 In the present study, serum cholesterol concentration was significantly higher in 

PDH dogs at T0 compared to healthy dogs. However, cholesterol concentration significantly 

decreased after treatment of PDH and were not significantly different to the healthy group at 

T3 and T6, which is consistent with a previous study.71 In a recent study that compared 

TEG results of dogs with hyperadrenocorticism to those of a population of dogs with other 

systemic illnesses, the only significantly different parameter between groups was serum 

cholesterol, which was higher in the dogs hyperadrenocorticism.61 It was suggested by these 

authors that hypercholesterolemia may contribute to vascular pathology and 

hypercoagulability. However, in the present study it appears that hypercholesterolemia 

resolves with trilostane therapy, and thus does not contribute to hypercoagulability in treated 

dogs. In humans, an improvement in hypercholesterolemia is seen with correction of 

hypercortisolemia, although complete normalization of lipid parameters does not usually 

occur.72 

 The prevalence of proteinuria in the dogs with untreated PDH in the present study 

(82 %) was consistent with that reported by other authors.73-77 Similarly, one study of 

humans with hyperadrenocorticism documented a prevalence of albuminuria of 85 %.78 
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There was a statistically significant decrease in UPCR during trilostane treatment in the 

present study, however approximately 40% of dogs remained proteinuric (UPCR ≥ 0.5). 

This is consistent with the findings of previous canine studies.73, 75 In contrast, it has been 

reported that complete resolution of proteinuria occurs in humans once 

hyperadrenocorticism is treated.78 It is most likely that irreversible glomerular abnormalities, 

such as glomerulosclerosis, had developed in the dogs in the present study with persistent 

proteinuria, due to chronic hypercortisolism. However, renal biopsies were not performed in 

any dogs. Despite the majority of dogs with PDH having significant proteinuria at T0, 

deficient plasma AT activity was not documented in any dog. Therefore, AT deficiency does 

not appear to be a reason for hypercoagulability in this population of dogs. A previous study 

reported significantly lower AT activity in 56 dogs with hyperadrenocorticism compared to 

healthy dogs.8 The mean AT values were not reported by the authors, but upon examination 

of the graph published, the mean AT activity level in the dogs with hyperadrenocorticism 

appeared to be approximately 100%, compared to approximately 110% for the control dogs. 

It is unlikely that this level of AT activity would be sufficient to cause hypercoagulability. 

Another investigation of 12 dogs with hyperadrenocorticism found that AT activity was 

consistently increased above reference values.55 In humans with hyperadrenocorticism, AT 

activity levels are either higher than or not significantly different from controls.42, 46 

 Approximately half of the dogs with untreated PDH in this study were hypertensive, 

which is a similar prevalence to that reported in previous studies.74, 75, 79, 80 The prevalence of 

hypertension in humans with hyperadrenocorticism is approximately 80 %.81 Hypertension 

in dogs with PDH may cause endothelial dysfunction, via increased shear stress on small 

blood vessels and increased expression of procoagulant factors such as PAF.82 Further 

evaluation of endothelial function, using techniques such as flow-mediated dilation and flow 
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cytometry is warranted. In the present study, resolution of hypertension did not occur in the 

majority of dogs with PDH despite resolution of hypercortisolemia, which is in agreement 

with previous studies.62, 79 In contrast, resolution of hypercortisolemia results in correction of 

hypertension in most human patients.83 Blood pressure may be affected by stress or 

excitement associated with the measurement process, which may result in a false diagnosis of 

hypertension.37 In the present study, dogs were allowed to acclimate to the hospital 

environment before blood pressure was measured, however it is likely that their blood 

pressure would be significantly lower in the home environment. Doppler flow monitors, as 

used in this study, may also overestimate systolic blood pressure in dogs with hypertension.84 

Ideally AT activity, UPCR and blood pressure would have been measured in the healthy 

dogs in addition to the PDH dogs, however this was not performed in the present study. 

 There is emerging evidence from the human literature that hypercoagulable TEG 

tracings are predictive of thrombotic risk in surgical and cardiac patients.23-25 However, there 

is currently little evidence that thromboelastographic evidence of hypercoagulability confers 

increased risk of TED in dogs.10-20 Similarly, although hyperfibrinogenemia is a risk factor for 

human TED,58 its significance in dogs is not well defined.10, 12, 15 Further prospective studies 

are needed to evaluate the risk of TED in dogs with TEG parameters consistent with 

hypercoagulability and/or hyperfibrinogenemia.   

 

Limitations 

 In this study, hemostasis was compared between a group of dogs with PDH and a 

group of healthy dogs. Although the healthy dogs ranged in age from 1 – 11 years, the 

median age (4 years) was significantly less than that of dogs with PDH (11 years). Ideally, the 

healthy dogs would have been age-matched to the PDH dogs. It has been shown that human 
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TEG tracings become more hypercoagulable with aging.85, 86 This is thought to be partly 

attributable to a decline in hematocrit with aging.86 To the author’s knowledge, the effect of 

age on canine TEG results has not been evaluated and further investigation is warranted. 

However in the present study the hematocrit was not significantly different in the PDH dogs 

compared to the healthy dogs. 

 At present, there is no consensus in human or veterinary medicine regarding the 

ideal TEG methodology, and results vary according to the method used. The optimum TEG 

activator for use in veterinary patients is not known, and veterinary TEG studies vary in 

whether tissue factor or kaolin is used as an activator, or whether an activator is used at all. 

In healthy dogs, samples activated with kaolin appear more coagulable than unactivated 

samples.87 Kaolin activation was used in the present study because this activator is 

recommended by the manufacturer for use with TEG-PM. In addition, sample handling 

significantly affects TEG results. Specimens transferred with vacuum assistance or that have 

delayed contact with citrate appear more coagulable compared with specimens collected 

directly into citrate and transferred to tubes without vacuum assistance.88 In theory, any 

methodical variation that increases coagulability may decrease inter-individual variability and 

mask true in vivo hemostatic abnormalities. This may account for the lack of significant 

differences between the R values of the healthy dogs and the dogs with PDH in the present 

study. Standardization of TEG methodology and investigation into the effect of different 

activators in disease states in veterinary patients is required. 
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2.4 FOOTNOTES 

a. Advia 2120, Siemens Healthcare Diagnostics, Mississauga, ON, Canada 

b. Cobas 6000 c501, Roche Diagnostics Canada, Lavaltrie, QC, Canada 

c. Siemens Multistix 10SG, Tarrytown, NY, USA, refractometer, sediment microscopy  

d. Clinical Pathology lab section, Animal Health Laboratory, Laboratory Services 

Division, University of Guelph, Guelph, ON, Canada 

e. 3.2% citrate (1 volume 0.109 M citrate to 9 volumes blood) blood collection tube, 

BD Vacutainer, Franklin Lakes, NJ, USA 

f. 17 IU heparin/ml blood collection tube, BD Vacutainer, Franklin Lakes, NJ, USA 

g. TEG® 5000 Thrombelastograph Hemostasis Analyzer, Haemoscope Corporation, 

Niles, IL, USA 

h. Calcium chloride .2M, Haemoscope Corporation, Niles, IL, USA 

i. Kaolin vial, Haemoscope Corporation, Niles, IL, USA 

j. Activator F reagent, Haemoscope Corporation, Niles, IL, USA 

k. ADP reagent, Haemoscope Corporation, Niles, IL, USA 

l. AA reagent, Haemoscope Corporation, Niles, IL, USA 

m. TEG Analytical Software, version 4.2.3, Haemoscope Corporation, Niles, IL, USA 

n. Acthar repository corticotropin injection 40 U/mL, Questcor Pharmaceuticals, 

Union City, CA, USA 
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o. Immulite 1000, Siemens, Tarrytown, NY, USA 

p. Cortrosyn injection 0.25 mg/mL, Sandoz, Boucherville, QC, Canada  

q. Plastic spray-coated K2EDTA tube, BD Vacutainer, Franklin Lakes, NJ, USA 

r. Amelung KC4, Trinity Biotech, Jamestown, NY, USAl TriniCLOT PT EXCEL S, 

Trinity Biotech; TriniCLOT aPTT S, Trinity Biotech, TriniCLOT Fibrinogen Kit, 

Trinity Biotech. 

s. ACL Elite, Beckman Coulter, Danvers, MA, USA. HemosILTM Coagulation Systems 

antithrombin assay, Werfen Group, Lexington, MA, USA. Testing performed at 

Veterinary Clinical Sciences & Coagulation Laboratory, Tufts Cummings School of 

Veterinary Medicine, North Grafton, MA, USA 

t. Model 811-B, Parks Medical Electronics Inc., U.S.A. 

u. Vetoryl™, Vétoquinol, Lavaltrie, QC, Canada 

v. SAS, version 9.1.3, SAS Institute Inc, Cary, NC. 
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CHAPTER THREE: CONCLUSIONS 

 This study demonstrated that dogs with untreated, naturally occurring PDH have 

evidence of hypercoagulability both before and after treatment of the condition. Prior to 

treatment of PDH, several citrated kaolin TEG parameters were significantly different to 

those of healthy dogs, indicating a more rapid rate of clot formation and increased clot 

strength in association with PDH. TEG-PM MAfibrin results were significantly higher in the 

dogs with PDH at T0 than the healthy dogs but were highly variable in both groups. In 

addition, the dogs with untreated PDH had an increased platelet response to AA as detected 

by TEG-PM, but the response to ADP was not significantly different to the healthy dogs. 

PT and aPTT were not significantly abnormal in the dogs with untreated PDH, although 

hyperfibrinogenemia was common. AT activity in the PDH dogs was not significantly 

decreased despite the majority of dogs having significant proteinuria. Approximately half of 

the dogs with untreated PDH were hypertensive.  Following treatment of PDH, a significant 

reduction in MAthrombin was seen, although it was still significantly higher than the healthy 

dogs. Also, the increased response to AA was no longer significantly higher than the healthy 

dogs. However, the majority of the hemostatic abnormalities identified in this study persisted 

in the dogs treated for PDH despite normalization of cortisol levels. 

 

Summary 

 The major points derived from this research project include:  

1. Many dogs with PDH have thromboelastographic evidence of hypercoagulability, which 

typically persists despite treatment with trilostane. Further investigation into whether 

this hypercoagulability influences risk of TED is warranted. 
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2. Dogs with untreated PDH might have an increased platelet response to AA. TEG-PM 

was also suggestive of an increased response to ADP at 3 months. Further evaluation of 

the effect of PDH on platelet function using other tests such as aggregometry is 

warranted. 

3. High TEG-PM MAfibrin values are frequently found in both healthy dogs and dogs with 

PDH, and the interindividual variation of MAfibrin is high. This may limit the utility of 

TEG-PM in assessing canine platelet function, as response to AA or ADP cannot be 

assessed if MAfibrin is close to MAthrombin.  

4. Hyperfibrinogenemia is common in dogs with PDH and may be the reason for the 

elevated TEG-PM MAfibrin levels found in this study. Further evaluation of the effect of 

hyperfibrinogenemia on TEG-PM variables, and the risk of thrombosis in dogs with 

elevated fibrinogen levels is warranted. 

5. No support for AT deficiency as a cause of hypercoagulability in dogs with PDH was 

found in this study. 

6. Hypertension was common in this population of dogs with PDH. Further investigation 

into the relationship between endothelial dysfunction and thrombosis in dogs with 

PDH would be useful. 

!
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APPENDICES 

Appendix 1a: Standard coagulation data for healthy dogs 

ID 
PT 
(s) 

aPTT 
(s) 

Fibrinogen 
(g/L) 

Hematocrit 
(L/L) 

Platelets 
(x109/L) 

253257 7.5 19 1.8 0.48 190 
255727 7.6 14 1.8 0.53 155 
256801 7.1 43.7 2.2 0.48 245 
238235 7.2 19.1 2.6 0.49 286 
259493 8.1 21 1.8 0.48 150 
257172 8 15.7 1.6 0.43 208 
249392 8.2 11.9 2.1 0.5 313 
250975 8 18.6 1.6 0.45 240 
256253 7.3 11.3 2.1 0.47 418 
255386 7.3 15.9 2.1 0.52 225 
259512 9.4 16.8 1.3 0.57 253 
259518 8.1 11.4 1.9 0.47 360 
259524 7.5 17.8 2.1 0.42 262 
254487 7.7 10.6 1.9 0.49 413 
251163 6.4 11.8 1.8 0.48 314 
255521 6 18.8 1.9 0.45 260 
250855 6 10.8 2.7 0.49 229 
253958 7.6 10 1.8 0.44 204 
255520 8 9.4 2.1 0.52 234 
255522 8 11.2 1.5 0.56 137 
255523 7.4 13.3 . 0.56 407 
255524 7.7 11.6 1.9 0.57 309 
256369 8.7 12.3 1.7 0.53 229 
255601 8.1 12.7 1.5 0.46 181 
256245 7.8 31.7 1.6 0.42 351 
248103 7.2 15.1 1.8 0.5 344 
260684 7.2 14.4 4 0.46 487 
255719 . . 1.9 0.49 122 
252318 7.8 15 1.6 0.46 212 
255525 8.1 22.4 1.5 0.43 198 
253653 7.3 12.5 2.5 0.41 315 
259036 8.2 13.4 2.3 0.49 251 
258628 7.3 12.7 2.1 0.45 239 
246817 8.1 11.5 1.3 0.44 250 
254240 7.8 . 1.9 0.49 175 
243874 7.8 15.9 1.7 0.51 156 
255382 7.5 17.2 2.1 0.49 213 
261877 7.5 9.5 3.2 0.45 260 
252440 7.3 10.8 4.4 0.54 161 
247125 7.5 14 2.1 0.46 246 
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Appendix 1b: TEG-PM data for healthy dogs 

ID R 
(min) 

κ  
(min) 

α-
angle 

(º) 

MA 
(mm) 

CL30 
(%) 

TG 
(mm/min) 

Mafibrin 
(mm) 

MAADP 
(mm) 

MAAA 
(mm) 

253257 2.1 1.8 66.5 57 100 691.42 5.2 7.1 59.1 
255727 3.2 3.1 53.3 51.9 100 649.41 2.3 47 41.9 
256801 3.4 1.5 68.9 58.4 95.9 702.36 5.7 57.7 66.9 
238235 2 1.4 71.2 60.5 100 734.01 7 35.2 63.4 
259493 1.8 1.8 69.1 51.6 98.5 628.01 3.2 41.7 33 
257172 4.7 2 61.7 53.3 100 664.49 4.6 59.1 60.9 
249392 3.3 2 63.3 50.8 91.6 611.28 6.9 56.5 62.1 
250975 2 1.4 71.1 57.1 100 713.81 6.1 55.8 55.8 
256253 2.5 1.2 74.1 65.2 96.6 785.71 3.6 11 60.5 
255386 2 1.8 64.4 57.6 99.5 704.07 7.2 64.4 56.8 
259512 3.7 3 55.3 49.5 92.1 613.41 3.8 24.6 50.7 
259518 3.8 1.6 67.5 61.5 100 753.37 3.3 7.3 55.6 
259524 2.4 1.4 70.7 59.9 100 731.74 7.1 9.5 57.2 
254487 2.1 2 64.5 55.1 98.9 663.83 2.9 3.2 44.1 
251163 2.8 1.8 65.7 54.1 97.8 658.97 3.5 64.1 58.7 
255521 4.8 2.1 60.4 59.2 100 730.1 2.8 61.8 64.3 
250855 2.3 1.1 74.7 58 96.8 703.56 12.1 31.5 64.2 
253958 4.5 1.7 66 61.6 96.3 756.31 4.1 12.6 49.5 
255520 3.9 1.8 66 61.8 94.6 742.4 68.7 63 56.4 
255522 2.3 2.8 57.5 52.9 100 649.2 2.4 19.1 7.4 
255523 2.5 2.2 62.6 56.9 99.4 690.52 60.5 60 49.2 
255524 2.3 2.5 59 55.8 100 701.82 16.9 33.8 19.9 
256369 3.5 2.2 61.3 55.8 100 678.07 5.6 47.2 51.1 
255601 2.2 2.2 64.9 52.8 100 670.22 5.1 16.8 12.7 
256245 2.2 1.3 70.8 59.3 98.5 689.78 61.4 60.5 61 
248103 5.2 3 52.2 53.8 97.7 654.01 59.6 55.9 46.2 
260684 2.8 0.9 76.5 71.5 99.4 905.63 64 66.2 63.9 
255719 4 3.2 50 46.3 88.4 594.02 3.1 39.1 48.1 
252318 4.1 2.4 58.1 50.9 96.5 582.34 2.5 36.9 38.6 
255525 3.4 2.2 61.6 46.5 93.3 556.47 2.8 12.3 42.3 
253653 4.3 2.4 59.8 48.4 95.1 616.6 6.3 39.9 51.3 
259036 1.9 1 75.2 54.6 94.9 662.8 40.1 57.7 43 
258628 2.1 1.1 73.9 59.6 100 742.5 9.8 10.9 30.4 
246817 1.7 1.4 72 52.8 95.5 610.49 5.2 37.2 49 
254240 4.3 1.9 62.8 51.1 100 659.41 9 60.6 56.8 
243874 2.9 2.5 59.6 46.4 98.4 571.78 5.3 52.5 45.3 
255382 6.9 2.5 56.8 47.8 100 608.98 3.6 52.9 53.3 
261877 2.8 1.2 73 53.9 92.4 656.05 27.5 12.8 61.1 
252440 3.3 1.7 67.3 51.1 96.9 622.18 3.2 44.5 26.2 
247125 6.5 3.2 50.2 42.6 97.5 524.43 8.4 50.1 49.1 
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Appendix 2a: Standard coagulation data for PDH dogs, T0 
 

ID PT 
(s) 

aPTT 
(s) 

Fibrinogen 
(g/L) 

Hematocrit 
(L/L) 

Platelets 
(x109/L) 

259640 7.2 30.6 2.4 0.44 489 
259943 6.2 26.1 2.8 0.48 488 
259974 5.8 18.5 5.2 0.48 319 
259929 6.6 35.1 3.6 0.37 500 
260065 7.1 12.5 4.6 0.48 439 
260729 7.2 19.4 . 0.36 373 
260524 6.3 12.1 3.8 0.34 271 
260808 6.6 14 4.1 0.52 161 
252737 7 10.6 5 0.54 517 
261903 5.9 11.8 7 0.52 663 
217582 7.1 16.8 3.9 0.45 519 
262407 6.2 23.7 2.7 0.55 496 
261292 6.7 12.5 4.8 0.54 570 
263493 6.3 15.4 2.1 . . 
263864 7.1 10.1 5.2 0.47 298 
263847 6.7 10.9 4.7 0.6 314 
263914 6.4 13.4 3.2 0.56 371 
264307 6.7 11.5 3.7 0.54 528 
264527 6.4 27.8 2.5 0.47 389 

 
 

Appendix 2b: TEG-PM data for PDH dogs, T0 

ID 
R 

(min) 
κ  

(min) 
α-angle 

(º) 
MA 

(mm) 
CL30 
(%) 

TG 
(mm/min) 

Mafibrin 
(mm) 

MAADP 
(mm) 

MAAA 
(mm) 

259640 2.7 1.3 71.5 65.4 100 798.3 5.7 65.4 68.5 
259943 2.6 1.7 67.7 61.1 97.1 736.2 4.2 9.9 63.9 
259974 5.9 1.7 66.2 70.1 100 857.6 68 66.5 51.9 
259929 8.2 1.8 66.3 73.2 100 888.7 83 79.1 84.9 
260065 2.4 0.8 76.9 73.3 99.5 884.4 13.1 61.8 64.3 
260729 2.9 1.8 64.7 71.8 100 885.7 79.7 72 60.9 
260524 3.2 0.9 76.7 64.6 92.9 775.7 28.7 27.5 60.3 
260808 4.8 1.9 62.8 59.9 100 750.5 61.4 46.9 39.8 
252737 3.2 1.2 71.2 67.1 99.1 811.1 65.9 58.1 58 
261903 3.4 1 75.7 71.9 100 880.0 41.4 36.3 68.3 
217582 2.3 0.8 78.2 73.1 100 891.4 66.8 53.4 75 
262407 3.2 1.9 64.5 57.2 99.1 697.1 2.8 10.7 25.1 
261292 3.5 1 76 68.2 100 816.2 69 68.4 63.4 
263493 4.8 1.9 57 60.3 100 736.0 2.7 7.5 62.3 
263864 3.4 1.5 69.3 67 100 653.9 33.6 48.1 68.6 
263847 1.2 2 73 52.9 100 824.3 69.3 67.4 62.7 
263914 2.2 0.8 77.7 70.1 100 885.6 77.4 78.7 70.3 
264307 3.4 1.2 72.8 70.6 100 510.2 62.8 63.7 62.8 
264527 2.9 1.3 70.9 50.4 94.4 606.1 43 9.8 32.1 
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Appendix 2c: AT, UPCR, SBP and serum cholesterol, PDH dogs T0 

ID AT 
(%) 

UPCR SBP 
(mmHg) 

Cholesterol 
(mmol/L) 

259640 . . 130 5.8 
259943 . 3.4 140 9.2 
259974 . 2.7 160 10.1 
259929 . 7.1 173.3 14.6 
260065 114 . 163.3 . 
260729 . . 176.6 7.2 
260524 80.9 . 186.7 11.7 
260808 82.6 2.9 143.3 9.9 
252737 . 1 110 8.2 
261903 . . 175 9.7 
217582 96.1 0.3 173.3 6.8 
262407 . 0.5 151.7 7.4 
261292 . 0.9 160 . 
263493 . . 156.5 4.3 
263864 89.4 4.2 226.7 9.9 
263847 . 1.6 165 7.4 
263914 97 0.2 150 . 
264307 112 . 158.3 20.0 
264527 89.8 0.5 153.3 20.3 

 
 
Appendix 3a: Standard coagulation data for PDH dogs, T3 
 

ID 
PT 
(s) 

aPTT 
(s) 

Fibrinogen 
(g/L) 

Hematocrit 
(L/L) 

Platelets 
(x109/L) 

259640 7.1 22.4 2.8 0.47 482 
259943 6.4 40.3 3.5 0.49 489 
259974 5.9 19.1 3.4 0.42 320 
260065 7 34.8 3.6 0.46 441 
260729 7 22.4 4.9 0.36 90 
260808 7.1 28.3 2.7 0.52 98 
252737 7.2 15.4 2 0.48 341 
261903 6.5 12.9 3.8 0.54 708 
217582 7.7 14.9 3.4 0.43 482 
262407 5.6 . 2.2 0.57 527 
261292 7.4 14.2 3.5 0.49 471 
263864 . 12.8 3.3 0.42 323 
263847 6.6 12.9 3.7 0.56 364 
263914 7 16.5 2.9 0.55 468 
264307 7.2 15.8 3.2 0.56 529 
264527 6.4 11.5 2.3 0.49 487 
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Appendix 3b: TEG-PM data, PDH dogs T3 

ID 
R 

(min) 
κ  

(min) 
α-angle 

(º) 
MA 

(mm) 
CL30 
(%) 

TG 
(mm/min) 

Mafibrin 
(mm) 

MAADP 
(mm) 

MAAA 
(mm) 

259640 2.5 0.9 76.6 59.7 100 19.87 52.9 60.6 54 
259943 3.5 1.8 65.9 56.2 98.9 11.17 60.7 51.3 54.2 
259974 4.6 1.4 69.2 57.4 99.8 15.06 54.9 64.6 54.2 
260065 3.1 1.1 74.2 63.2 94.4 18.08 72 62.7 65.1 
260729 2.5 0.9 76.6 65.8 100 23.65 62.5 69.9 70.1 
260808 3.2 1.5 67.9 55.9 100 12.86 52.6 59.6 54.9 
252737 3.4 1.2 74 63.1 90.6 18.31 62.4 69.3 69.6 
261903 3.5 1.4 69.8 60.3 93.5 13.93 20.4 33.4 29.8 
217582 3.1 1.1 73.8 66.5 97.7 17.95 66 68.6 67.3 
262407 3.4 1.8 65 57.9 99.5 11.45 2.5 5.2 48.9 
261292 2.8 1.1 74.4 69 100 17.13 73.4 57.4 56.1 
263864 3.4 1.5 68.9 61.6 94.2 16.24 75.6 79.6 70.1 
263847 3.7 1.2 71.9 70.7 98.9 13.27 67.2 66.7 57.8 
263914 3 1 75.4 66.1 100 20.86 69.2 69.2 69.2 
264307 2.6 1.4 69.9 44.8 97.7 13.53 68.7 47.9 47.9 
264527 2 1.3 73.2 54.8 86.2 14.19 59.3 54.5 61.1 
 
 

Appendix 3c: AT, UPCR, SBP, cholesterol and cortisol, PDH dogs T3 

Cortisol (nmol/L) 
ID AT 

(%) 
UPCR SBP 

(mmHg) 
Cholesterol 
(mmol/L) Pre-ACTH Post-ACTH 

259640 . . 180 6 <28 109 
259943 . 4.6 120 6.6 58.5 153 
259974 103 0.1 170 5.4 <28 51.7 
260065 102 . 140 5.8 <28 43 
260729 81.5 . 100 5.5 38 100 
260808 104 0.1 130 4.8 38.9 107 
252737 98.5 4.7 140 4.8 <28 145 
261903 84.4 0.6 125 . 30.3 137 
217582 101 0.6 105 . <28 110 
262407 . 0.1 140 . 41 111 
261292 . . 102 . <28 75 
263864 . 1.7 173.3 . 46.6 170 
263847 . 0 164 . <28 37 
263914 114 . 163.3 . 110 315 
264307 . . 150 . 235 408 
264527 . . 156.7 9.1 78.4 94.9 
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Appendix 4a: Standard coagulation data for PDH dogs, T6 
 

ID 
PT 
(s) 

aPTT 
(s) 

Fibrinogen 
(g/L) 

Hematocrit 
(L/L) 

Platelets 
(x109/L) 

259640 6.4 47.6 2.5 0.47 234 
259943 6.1 31.2 3.6 0.47 513 
259974 6.3 19 2.9 0.42 254 
260065 6.7 30.2 3.4 0.44 406 
260729 6.4 21.5 5 0.4 299 
260808 7.6 15.5 1.9 0.53 . 
252737 6.9 12.9 3.9 0.51 392 
261903 5.6 11.7 2.3 0.54 881 
217582 7.5 16.5 3.6 0.51 503 
262407 7.1 11.8 2.7 0.52 519 
261292 7.3 13.4 3.8 0.49 645 
263864 6.5 12.8 2.3 0.44 301 
263847 7.2 12.4 3.6 0.54 375 
263914 6.6 39.4 2.8 0.52 448 
264527 7.1 23.8 2.3 0.52 395 

 
 

Appendix 4b: TEG-PM data, PDH dogs T6 

ID 
R 

(min) 
κ  

(min) 
α-angle 

(º) 
MA 

(mm) 
CL30 
(%) 

TG 
(mm/min) 

Mafibrin 
(mm) 

MAADP 
(mm) 

MAAA 
(mm) 

259640 3 1.1 74.2 57.8 91.1 695.1 39.8 69.4 24.1 
259943 3.4 1.4 70.1 64.4 100 785.61 22.6 52.2 44.6 
259974 3.2 1.2 71.3 55.6 85.4 665.95 62.1 70 59.8 
260065 4.2 1.4 69.5 67.2 98.6 812.94 63.1 52 59.8 
260729 3 1.2 72.9 68.4 100 829.1 43.6 66.6 70.2 
260808 4 4.2 48 44.7 100 553.12 3.6 42 31.5 
252737 4.1 1.7 69.6 63 98.5 761.7 63.2 63.5 63.9 
261903 3.2 1.1 74.3 59.5 93.8 713.25 30.1 10.8 55.6 
217582 4 1.3 70.5 65.6 100 804.38 19.6 20.1 53.8 
262407 2.3 1.1 76.6 60.1 98.9 731.53 5.8 7.3 57.9 
261292 3.8 1.2 73.1 70.8 97.1 851.06 67.5 80.2 61.5 
263864 2.7 1.3 71.1 64.5 100 752.7 8.7 60.6 69.1 
263847 2.6 1.2 73.7 62.9 87.8 810.08 63.3 69.1 . 
263914 1.9 0.8 78.4 63.8 94.7 766.64 66.6 69.4 68.7 
264527 2 1.2 73.8 55.2 100 688.24 57.2 60.7 56.3 
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Appendix 4c: AT, UPCR, SBP, cholesterol and cortisol, PDH dogs T6 

Cortisol (nmol/L) 
ID AT 

(%) 
UPCR SBP 

(mmHg) 
Cholesterol 
(mmol/L) Pre-ACTH Post-ACTH 

259640 . . 180 6.1 58.2 105 
259943 . 3.9 163 6.5 54.4 77.8 
259974 . 0.2 120 5.4 <28 85.3 
260065 91.5 . 170 6.4 <28 57.1 
260729 96.5 0.9 126.7 6.3 52.4 90.2 
260808 104 0.1 130 4.5 <28 <28 
252737 . 1.2 160 . <28 85.5 
261903 90.4 0.45 85 . 48.3 202 
217582 111 0.2 150 . <28 59 
262407 . 0.1 130 . <28 39.2 
261292 . 0.3 173.3 . <28 68.7 
263864 . 1.4 160 6.4 50.5 32.3 
263847 . 0.1 156.6 6.4 <28 52.4 
263914 . 0.11 126.7 5.4 <28 77 
264527 . . 113.3 . <28 148 

 
 

Appendix 5: Coagulation index (CI) and G values (mean ± SD) 

 Healthy PDH T0 PDH T3 PDH T6 
CI 1.0 ± 1.9 2.8 ± 1.6* 2.6 ± 1.1* 2.6 ± 1.7* 
G (dyne/cm2) 6.3 ± 1.6 10.1 ± 2.8* 8.1 ± 2.1*† 8.3 ± 2.0*† 
 
* Significantly different from healthy dogs, P < 0.05 

† Significantly different from PDH T0, P < 0.05 

 
 
 
 
 
 
 
 
 
 
 
 
 



!

 99 

Appendix 6: Non-significant P  values 
 

Parameter P value 
Hematocrit between healthy dogs and PDH T0 0.99 
Hematocrit between healthy dogs and PDH T3 0.85 
Hematocrit between healthy dogs and PDH T6 0.96 

aPTT between healthy dogs and PDH T0 0.66 
aPTT between healthy dogs and PDH T3 0.18 
aPTT between healthy dogs and PDH T6 0.05 

R between healthy dogs and PDH T0 0.19 
R between PDH T0 and PDH T3 0.47 
R between PDH T0 and PDH T6 0.37 
R between PDH T3 and PDH T6 0.68 
κ between PDH T0 and PDH T3 0.36 
κ between PDH T0 and PDH T6 0.30 
κ between PDH T3 and PDH T6 0.65 

α-angle between PDH T0 and PDH T3 0.53 
α-angle between PDH T0 and PDH T6 0.28 
α-angle between PDH T3 and PDH T6 0.46 

MArhrombin between PDH T3 and PDH T6 0.74 
TG between PDH T0 and PDH T3 0.11 
TG between PDH T0 and PDH T6 0.32 
TG between PDH T3 and PDH T6 0.99 

CL30 between healthy dogs and PDH T0 0.08 
CL30 between PDH T0 and PDH T3 0.09 
CL30 between PDH T0 and PDH T6 0.09 

MAfibrin between PDH T0 and PDH T3 0.17 
MAfibrin between PDH T0 and PDH T6 0.42 

MAADP between healthy dogs and PDH T0 0.24 
MAADP between healthy dogs and PDH T6 0.12 

MAADP between PDH T0 and PDH T3 0.24 
MAADP between PDH T0 and PDH T6 0.61 
MAADP between PDH T3 and PDH T6 0.66 
MAAA between PDH T0 and PDH T3 0.70 
MAAA between PDH T0 and PDH T6 0.31 
MAAA between PDH T3 and PDH T6 0.45 

Cholesterol between healthy dogs and PDH T3 0.77 
Cholesterol between healthy dogs and PDH T6 0.88 

Cholesterol between PDH T3 and PDH T6 0.99 
AT activity between PDH T0 and PDH T3 0.79 
AT activity between PDH T0 and PDH T6 0.51 

SBP between PDH T0 and PDH T3 0.05 
SBP between PDH T0 and PDH T6 0.09 

Correlation between MAthrombin and platelet count 0.34 
Correlation between R and PT 0.15 

Correlation between R and PTT 0.81 
Correlation between UPCR and SBP 0.17 

 
 
 
 
 
 


