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Simple Summary: Platelets, small blood cells produced from megakaryocytes mainly in the bone 

marrow, are implicated not only in hemostasis, but also in different physiological and 

pathophysiological processes. This paper reviews canine platelet structure and functions, including 

an accurate description of the numerous surface receptors involved in the mechanisms of platelet 

adhesion and aggregation. In addition, we describe the most important canine platelet disorders 

that can affect platelet numbers (thrombocytopenias and thrombocytosis) or platelet function 

(thrombopathias). Platelet-related tests are vital in the analysis of primary hemostatic disorders and 

for this reason, we also discuss the efficacy of various tests in the diagnosis of canine platelet 

disorders. Finally, innovative therapeutic approaches based on the use of platelets and their 

derivatives for the treatment of various canine diseases such as inflammatory conditions (tendinitis 

and osteoarthritis) and for wound healing and tissue repair are reported. 

Abstract: Significant progress has been made in the functional characterization of canine platelets 

in the last two decades. The role of canine platelets in hemostasis includes their adhesion to the 

subendothelium, activation, and aggregation, leading to primary clot formation at the site of injury. 

Studies on canine platelet function and advancements in laboratory testing have improved the 

diagnosis and understanding of platelet-related disorders as well as the knowledge of the 

mechanisms behind these diseases. This review focuses on the most recent discoveries in canine 

platelet structure, function, and disorders; and discusses the efficacy of various tests in the diagnosis 

of platelet-related disorders. With the relatively recent discovery of angiogenetic and reparative 

effects of growth factors found in platelets, this review also summarizes the use of canine platelet-

rich plasma (PRP) alone or in association with stem cells in regenerative therapy. The 

characterization of proteomic and lipidomic profiles and development of platelet gene therapy in 

veterinary species are areas of future study with potential for major therapeutic benefits. 
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1. Introduction 

Platelets are tiny yet complex cytoplasmic fragments that play a crucial role in hemostasis. 

Recent studies have found additional platelet activities, including roles in both physiologic (tissue 

repair, wound remodeling, and antimicrobial host defense) [1–3] and pathologic conditions 

(thrombosis, atherosclerosis, chronic inflammatory diseases, and cancer) [4–7]. Characterization of 
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both platelet morphology and function have shed light on many aspects of their role in clinical 

diseases and of their response to pharmacological therapy. 

Previous studies have demonstrated differences in platelet morphology, internal organelle 

organization, and activity among different animal species. Functional platelet abnormalities can 

occur with normal platelet counts and include conditions with altered platelet adhesion, spreading, 

granule secretion, and/or aggregation [8]. 

Canine platelet function studies enhance knowledge of normal and altered hemostasis in dogs 

and can offer insights into human disorders, which can aid in the development of new therapeutic 

approaches to certain diseases. For example, a prominent therapeutic role has recently been 

attributed to platelet proteins, including well-characterized platelet-derived growth factor (PDGF), 

transforming growth factor (TGF), platelet factor interleukin (IL), platelet-derived angiogenesis factor 

(PDAF), vascular endothelial growth factor (VEGF), epidermal growth factor (EGF), insulin-like 

growth factor (IGF), and fibronectin contained in α-granules and in other internal platelet structures. 

The high content of growth factors (GFs) in platelets plays an important role in coagulation, immune 

responses, angiogenesis, and the healing of damaged tissues. The high therapeutic value of such 

growth factors (GFs), in association with stem cells in treating various diseases has been documented 

[9]. 

Despite several limitations (limited use of animals, inconstant number of GFs, etc.), the recent 

development of platelet treatment protocols in veterinary regenerative medicine has demonstrated 

the role of platelet-rich plasma (PRP) in activating dormant stem cells and thus making treatment 

more efficacious [10,11]. 

This paper reviews canine platelet function, various platelet receptors, and potential therapeutic 

impact of platelets/platelet derived products on various diseases. 

2. Structure and Function of Platelets in Dogs 

Platelets are tiny anucleate cell fragments circulating in the blood with a relatively complex 

structure and morphology. Canine platelet structure and anatomy has been characterized by light 

and electron microscopy techniques; the latter revealed a more detailed internal structure. For 

instance, light microscopy showed platelet size and shape and the presence of cytoplasmic processes 

on the surface of activated platelets [12,13]. Electron microscopy illustrated more specific platelet 

structures [14] such as alpha, dense, and glycogen granules [15,16] (Figure 1). There are several types 

of platelet granules (alpha (α), dense, lysosomes and peroxisomes) that play particular roles in 

different platelet functions (Table 1).  

 

Figure 1. Schematic diagram of a dog platelet. 
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Table 1. Characteristics of canine platelet granules. 

Granule Type Content Reference 

alpha granules 

Fibrinogen 

Von Willebrand factor 

growth factors: 

1) Insulin-like growth factor-1 (IGF-1)  

2) Epidermal growth factor (EGF)  

3) Vascular endothelial growth factor (VEGF) 

4) Platelet derived growth factor BB 

5) Transforming growth factor β1 

[17] 

[17] 

[17] 

[17] 

[18] 

 

dense-granules 

Adenosine diphosphate (ADP) 

Adenosine triphosphate (ATP) 

Serotonin (5-HT)  

Ca2+ 

Mg2+ 

[19] 

[19] 

[19] 

[19] 

[19] 

Characterization of bioactive components expressed in α-granules (fibrinogen, von Willebrand 

factor, growth factors and protease inhibitors) demonstrated the presence of different α-granule 

subtypes [20], suggesting that selective protein packaging takes place during canine platelet 

ontology, although further studies are needed to understand the specific mechanisms involved in 

this process [21]. It has been demonstrated that proteins released by α-granules play a pivotal role in 

numerous platelet physiological activities such as hemostasis, wound healing, antimicrobial host 

defense, and angiogenesis [22]. In addition, dense granules were characterized showing a content 

represented by solid electron dense material [23]. The composition of dense granules, comprising 

ADP and serotonin in major percentage, and other minor components (Ca++, Mg++ and ATP) 

suggested a particular role during platelet activation [19].  

Platelets also have lysosomes storing proteolytic enzymes (β-hexosaminidase and ß-

glucuronidase) that help thrombus remodeling [24].  

Canine platelets participate in several events related to primary and secondary hemostasis. 

Primary hemostasis is a process characterized by platelet aggregation via platelet binding to 

fibrinogen, leading to platelet plug formation, while secondary hemostasis involves the cleavage of 

fibrinogen to insoluble fibrin via thrombin generated by the proteolytic coagulation system. 

In primary hemostasis, platelets react in response to vessel wall injury by the exposure of 

subendothelial collagen. Platelet activation is characterized primarily by platelet shape change, 

adhesion, aggregation, and granule secretion (Figure 2). These activities are mediated by several cell 

surface receptors; some receptors are constitutively expressed in active conformation, while others 

require a particular structural modification or translocation to the platelet surface after initial platelet 

activation [25]. The first step of platelet activation is shape change, a critical phase during which 

platelets extend filopodia and generate lamellipodia, causing a dramatic increase in their surface area. 

Platelet adhesion characterized by adhesion to site of vessel injury follows in close association with 

shape change. During this process, von Willebrand Factor (VWF) bound to exposed subendothelial 

collagen primarily binds the platelet surface membrane (glycoprotein receptor Ib-IX-V). Other 

platelet surface receptors organized as integrins, such as αIIbß3 (GP IIb/IIIa), α5ß1 (fibronectin), αVß3 

(vitronectin) and α6ß1 (laminin), can also contribute to platelet adhesion [25]. 
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Figure 2. Schematic diagram illustrating the stages of platelet activation. 

GPIIb/IIIa is the main receptor involved in platelet aggregation, responding to initial internal 

signaling generated by platelet agonists binding to their respective membrane receptors. 

GPIIb/IIIa binds primarily to fibrinogen and can bind other macromolecular ligands containing 

the arginine-glycine-aspartic acid sequence (RGD). GPIIb/IIIa in resting conditions has low binding 

affinity, and its activation requires a signal transduction cascade that leads to the binding of specific 

proteins talin-1 and kindlin-3 to the β3 cytoplasmic domain, relieving the transmembrane and 

cytoplasmic domain restraints [26]. Such mechanisms result from signals originating in the platelet 

cytosol that are transmitted across the plasma membrane (Figure 2). 

Other surface platelet receptors such as P2Y12, which is activated by adenosine-5-diphosphate 

(ADP) (Figure 2), play a particular role in dog platelet activation [27]. Several receptor antagonists 

have been proven for their therapeutic role [28]. ADP secreted from platelet dense granules plays a 

particular role to amplify the aggregation signal induced by other platelet agonists, assuring 

irreversible platelet aggregation. ß-adrenergic receptors have been demonstrated in canine platelets, 

showing that epinephrine can potentiate aggregation to all agonists in some dogs by involving 

intracellular calcium [29]. Disruption or deficiencies in any of these pathways can lead to decreased 

or abolished platelet function, which can be inherited or acquired. These disorders will be discussed 

later. 

Agonist binding and internal signaling then initiates a signaling process, termed “inside-out” 

signaling, which gives rise to its conformational changes [30] in the GPIIb/IIIa receptor. This 

conformational modification improves the receptor’s binding affinity for fibrinogen and facilitates 

interaction with adjacent platelets. Further conformational changes of the receptor create a process 

termed “outside-in” signaling, that lead to integrin-dependent granule secretion and enhanced 

aggregation [30]. 

Platelet granule release is a secretory mechanism where release of soluble factors from activated 

platelets occurs to facilitate the recruitment of additional platelets to the site of injury and enhance 

platelet activation and subsequent aggregation. This process is very important for platelet 

aggregation considering that very often it induces platelets toward an irreversible aggregation.  
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Dense granules secrete ADP and serotonin, while α-granules release proteins with different 

functions (adhesive proteins, chemokines, cytokines, coagulation factors, GFs, etc.). Calcium (Cal) 

and diacylglycerol (DAG)-regulated guanine nucleotide exchange factor I (CalDAG-GEFI) is a signal 

transduction protein that plays an important role in platelet granule release and integrin activation. 

CalDAG-GEFI triggers integrin activation through activation of the small GTPase Rap1. The platelet 

plug generated via primary hemostasis is ultimately stabilized into a firm fibrin clot through the 

action of thrombin (generated by the coagulation system), which cleaves fibrinogen to fibrin (Figure 

2). Activated platelets support the assembly of the coagulation complexes due to the externalization 

of the plasma membrane phospholipid, phosphatidylserine (PS) and the shedding of small 

membrane vesicles that express PS. The exposure of PS on the outer platelet membrane provides a 

negatively charged surface for calcium-mediated binding to negatively charged coagulation proteins. 

The development of new investigative analysis systems could provide additional insight into 

platelet defects not yet fully characterized. The development of proteomic and lipidomic studies [31–

33] demonstrated the importance of 5974 unique proteins of which only 298 proteins had previous 

experimental evidence of in vivo expression [32]. Trichler’s study contributed highly in the 

knowledge of platelet proteome coverage, when compared to the traditional methods [32]. The study 

of these aspects certainly can offer important information on the composition of platelet proteins and 

lipids, providing a wide vision of cell and tissue pathways and functions and allow applications also 

in vascular pathologies (i.e., arterial/deep vein thrombosis and atherosclerosis) [34,35]. More recently, 

Peng and co-workers (2018) [36] identified lysosphingomyelin (SPC) by lipidomic analysis in mouse 

and human platelets. This molecule for its attributed role as a novel regulator of platelet 

degranulation and subsequent thrombus formation offers a new contribution to the knowledge of 

platelet and demonstrates the feasibility of performing quantitative platelet-lipidome analysis.  

These findings expanded knowledge of platelet biology and provided a step towards identifying 

potential treatment targets and biomarkers for different disease processes.  

3. Platelet Disorders in Dogs 

Canine platelet disorders can affect platelet numbers or function. Platelet disorders can be 

divided into congenital or acquired thrombocytopenias and congenital or acquired functional 

disorders (thrombopathias), with acquired thrombocytopenia being the most common in dogs. In 

addition, causes of thrombocytosis are also described in this section. 

3.1. Thrombocytopenias 

Congenital thrombocytopenias, once considered rare, are now identified with increasing 

frequency. These platelet disorders are recognized not only based on platelet counts (automated and 

manual estimation), mean platelet volume (MPV), platelet morphology but also utilizing molecular 

testing. Routine hematological analysis using automated hematology analyzers frequently detects 

thrombocytopenia of variable severity in certain breeds of dogs, i.e., Cavalier King Charles Spaniels 

(CKCS), Cairn and Norfolk Terriers, Greyhounds, and Akita Inu [37–43].  

Macrothrombocytopenia in CKCS is inherited [37,38] and was found in 51% (118.7 × 109/L) [39] 

and 90% (87.5 × 109/L) [40] of CKCS enrolled in some studies. This platelet anomaly is benign and 

affected dogs do not exhibit platelet-type bleeding. Two mutations identified in the gene encoding 

beta1-tubulin, a protein involved in platelet production by megakaryocytes, are responsible for 

congenital macrothrombocytopenia observed primarily in CKCS [38] and Norfolk and Cairn Terriers 

[41]. The CKCS mutation has been noted less frequently in other breed lines with least 28 other breeds 

having this mutation in their lineage; the Cairn/Norfolk mutation has additionally been noted in the 

Jack Russell Terrier (personal observation). The tubulin mutations induce defective fragmentation of 

the megakaryocyte cytoplasm, producing decreased numbers of large platelets. Multiple studies 

conducted on Greyhounds to evaluate breed-specific hematological reference values [42,43] 

established a platelet count between 80 and 120 × 109/L as normal [43]. The possible causes of these 

low platelet count in this breed are: (i) the stem cell competition between megakaryocyte and 

erythroid precursors; (ii) splenic or pulmonary sequestration and; (iii) an inverse relationship with 
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iron stores [44], but an exact cause has not been determined. In another breed as the Polish Hound, 

an idiopathic, asymptomatic thrombocytopenia with a mild level of thrombocytopenia characterized 

by an average number of platelets approximately of 167 × 109/L has been described [45]. Recently, 

Hayakawa et al. (2016) [46] reported a congenital macrothrombocytopenia in Akita dogs based on 

persistently low platelet counts in the absence of clinical signs and characterized by a unique platelet 

morphology.  

Acquired thrombocytopenias can be present in various disorders and can occur through several 

mechanisms, including decreased production (infectious agents, drugs, neoplasia and bone marrow 

disease), premature destruction (that can be immune-mediated and non-immune-mediated), and 

consumption due to activation/aggregation secondary to disseminated intravascular coagulation 

(DIC) and non-DIC causes (vasculitis, microangiopathic diseases, turbulent blood flow, etc.). Finally, 

sequestration (splenomegaly of any cause and pulmonary circulation secondary to sepsis or 

endotoxaemia) and loss (massive haemorrhage) should also be considered. 

Immune-mediated thrombocytopenia (IMT) is the most common cause of severe 

thrombocytopenia. IMT is a disease in which antibodies bound to the surface of platelets result in 

their premature destruction by macrophages in the spleen and liver. The principal antibody class 

associated with IMT is IgG [47,48]. Target antigens for autoantibodies in human beings are epitopes 

within the glycoprotein (GP) IIb/IIIa or GP Ib/IX complex. GP IIb/IIIa (fibrinogen receptor) has been 

identified as a target antigen in dogs [48–50]. IMT can be classified as primary or secondary based on 

underlying etiologies. IMT, in the absence of other identifiable disease, is referred to as primary IMT 

or idiopathic thrombocytopenic purpura [47]. It occurs especially in female dogs [51], and Cocker 

Spaniels, Poodles, German Shepherd Dogs, and Old English Sheepdogs are over-represented, 

suggesting a genetic predisposition to IMT in these breeds. Antibodies are thought to be directed 

against normal host platelet-surface antigens (antiplatelet autoantibodies), and the cause of this 

antibody production is unknown. On the contrary, in secondary IMT, several initiating factors are 

detected such as infectious diseases [52], neoplasia, drugs, and blood transfusions. Regarding IMT 

related to infectious diseases, antibodies that can bind to platelets have been identified in dogs with 

dirofilariasis [53], angiostrongylosis [54,55] and babesiosis (dogs naturally infected by Babesia canis 

and dogs with experimentally induced Babesia gibsoni infection) [49,56,57]. 

Antiplatelet antibodies have been detected in the serum of dogs with naturally occurring and 

experimentally induced Rickettsia rickettsi infection [58]. In addition, dogs with Ehrlichia canis 

infection can show antiplatelet antibodies in their serum [59–62]. A secondary immune-mediated 

thrombocytopenia has also been presumed in dogs naturally infected by Leishmania infantum [63–66] 

or in dogs naturally co-infected by Leishmania infantum and Ehrlichia canis [67]. A consequence of these 

infections is the immune-mediated destruction of platelets caused by exposure of antigenic sites on 

their surfaces or by immune complex injury to their membranes [68]. Typically, dogs with IMT have 

normal to increased numbers of megakaryocytes in their bone marrow. Decreased megakaryocytes 

in IMT may indicate that antibody bound to megakaryocytes contributes to ineffective 

thrombopoiesis [69]. 

3.2. Platelet Function Disorders 

Abnormal platelet function may be primary (inherited) or secondary (acquired). Many of these 

disorders have been characterized in veterinary medicine (Table 2).  
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Table 2. Canine inherited platelet disorders. 

Canine Congenital Platelet 

Disorders Associated with 

Bleeding 

Alteration 

Type 
Breed References 

Extrinsic platelet disorders   

Von Willebrand Disease 

(VWF) 

Defects or deficiencies of VWF 

(three forms are described) 

leading to reduced/absent 

platelet adhesion 

Type I: purebreds, mixed breed 

dogs; Type II: German Shorthaired 

Pointer and German Wirehaired 

Pointer; Type III: Dutch Kooiker, 

Scottish terrier, Shetland sheepdog 

(familial trait), many sporadic cases 

in Border collie, Chesapeake Bay 

retriever, Cocker spaniel, Eskimo 

dog, Labrador retriever, Maltese, 

Pitbull and in mixed breed 

[70–73] 

Intrinsic Platelet Disorders  

Procoagulant expression 

Scott Syndrome 

Lack of phosphatidylserine (PS) 

expression, membrane 

microvesciculation failure upon 

activation with calcium 

ionophore 

German shepherd 
[74,75–78] 

 

Storage pool disorders 

Cyclic hematopoiesis 
Platelet dense granules absence Grey Collie [79,80] 

Dense Granule Defects Platelet dense granule defects American Cocker Spaniel [23] 

Receptors disorders 

Glanzmann thrombasthenia 

(GT) 

Absence/marked reduction of 

the glycoprotein receptor IIb-IIIa 

(GPIIb-IIIa) 

 

Great Pyrenees and Otterhound 

Mixed-Breed, Golden Retriever 
[72,81–84] 

P2Y12 

Altered function of the P2Y12 

(ADP) receptor on platelet 

membranes 

Greater Swiss Mountain dog  
[85] 

 

Signal Transduction 

Disorders  
 

CalDAG-GEFI platelet 

disorders 

Decreased fibrinogen receptor 

activation and platelet 

aggregation to multiple agonists 

Basset Hound, Spitz, Landseer dog [79,86–88] 

Kindlin-3 

Causes decreased/absent 

activation of beta integrins on 

leukocytes and platelets 

German Shepherd [89] 

Platelet function disorders should be suspected in animals with an adequate platelet count and 

evidence of primary (platelet-type) hemostatic bleeding. Patients with decreased platelet function 

may be clinically indistinguishable from a thrombocytopenic patient. 

Primary inherited platelet disorders can be grouped into two categories: extrinsic and intrinsic 

platelet disorders, often indistinguishable at the clinical level. In extrinsic platelet disorders, platelets 

are normal, but a protein necessary for their function is either absent, reduced, or dysfunctional [70–

72]. On the contrary, intrinsic platelet disorders involve the platelet directly and may arise from 

abnormalities in platelet granules, membrane glycoproteins, signal transduction proteins, or proteins 

involved in platelet production from magakaryocytes [72]. Buccal mucosa bleeding times are usually 

prolonged in both types of disorders, while platelet counts and coagulation screening tests are 

normal, except in inherited/acquired extrinsic platelet disorders (VWD). In these latter disorders, 

since VWF acts as a carrier for factor VIII, prolongation of activated partial thromboplastin time 

(APTT) may concurrently occur. In addition, specific tests of platelet function (platelet function 

analysis using the PFA-100, collagen binding assay) may be abnormal [90]. 

Petechias, ecchymoses, and mucosal bleeding such as gingival bleeding, epistaxis, and urinary 

and gastrointestinal hemorrhage can be observed with both types of disorders. Internal bleeding 

within organs such as kidney, spinal cord, and brain can also occur less commonly. Excessive 

bleeding during permanent tooth eruption is commonly observed and may be the first indication of 

the existence of a bleeding diathesis.  
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The most common type of extrinsic platelet disorder in dogs and people is von Willebrand 

disease (VWD) [70]. Hereditary VWD is an autosomal trait, characterized by defective or deficient 

VWF. Three forms of VWD are described: Type I is characterized by an equal decrease in all size of 

multimers and is the most common type of VWD in people and dogs (many purebreds and mixed 

breed dogs) [72]. Type II VWD, the second most common type in people, and described for dog 

species only in German Shorthair Pointers and German Wirehair Pointers [71,73] has qualitative 

changes in VWF multimers with a selective decrease in large multimers. Type III VWD is the most 

severe form, characterized by a marked reduction in all multimers; it is rare in people and in dogs 

has been described as a familial trait in several breeds (Dutch Kooiker dog, Scottish terrier, Shetland 

sheepdog). There are sporadic cases reported in other breeds (Border collie, Chesapeake Bay 

retriever, Cocker spaniel, Eskimo dog, Labrador retriever, Maltese, Pitbull) and in a mixed breed dog 

[72]. 

Inherited intrinsic platelet disorders have been documented in dogs, including storage pool 

disorders, abnormalities of platelet membrane receptors, and defects of intracellular signal 

transduction.  

Canine storage pool disorders are cyclic hematopoiesis in Grey Collies and dense granule defects 

in American Cocker Spaniels [79]. Cyclic hematopoiesis in Gray Collie Dogs is an autosomal recessive 

disorder, characterized by 12-day cycles of cytopenia. All marrow stem cells are involved, but 

neutrophils are most affected because of their short half-life [80]. The platelet number does not 

generally decline below most reference intervals and platelet-dense granules are absent. Clot 

retraction and platelet adhesiveness are both impaired [91], and excessive bleeding is a potential 

complication. Platelet dense granule defects have been reported in three families of American Cocker 

Spaniel dogs, with patients suffering from moderate to severe bleeding after minor trauma, 

venipuncture, and surgery [23]. This disorder is characterized by normal platelets (in number and 

morphology) and a decrease in the ADP content and normal content of adenosine triphosphate 

(ATP), resulting in an inappropriate ratio of ATP to ADP, suggesting a functional dense granule 

defect [23].  

Membrane receptor disorders include Glanzmann thrombasthenia (GT), characterized by a 

quantitative or qualitative deficiency of GPIIb-IIIa [72]. In patients with GT, platelet aggregation in 

response to ADP, thrombin, and collagen is absent, despite normal platelet counts and VWF 

concentration. GT has been best characterized in the Great Pyrenees [81,82], in the Otterhounds 

(previously called Thrombasthenic Thrombopathia) [83], and more recently in two closely related 

mixed-breed dogs [84] and in a Golden Retriever [92]. 

A mutation in the gene encoding the P2Y12 receptor has been identified as a cause of platelet 

type bleeding in Greater Swiss Mountain dogs [84]. Platelets from affected dogs were not responsive 

to ADP, but were otherwise normal. Genetic analysis demonstrated a 3 base-pair deletion that 

resulted in a dysfunctional P2Y12 receptor. Dogs homozygous for this mutation have bleeding 

tendencies, and the phenotype of carrier dogs is variable [93]. While spontaneous bleeding was not 

described in the original report, it can be seen with this disorder (personal observations).  

Signal transduction disorders have been described in several dog breeds [79,86,87] and 

suspected in one mixed-breed dog [94]. Inherited signal transduction platelet disorders in Basset 

hound, Spitz, and Landseer of European Continental Type (ECT) have been well characterized at the 

molecular level. Distinct mutations in the gene encoding calcium diacylglycerol guanine nucleotide 

exchange factor I (CalDAG-GEFI) have been identified [72,88]. With these disorders, platelet 

aggregation responses to ADP and collagen are minimal or absent. Platelet aggregation in response 

to thrombin is rate-impaired and characterized by a lag phase, lengthening the time to full 

aggregation to 4–6 min (normal dog platelets typically aggregate fully within 3 min). Because 

thrombopathic platelets respond to thrombin, clot retraction assays are normal [72]. 

A kindlin-3 mutation has been discovered in a male German Shepherd dog [89]. The patient’s 

platelets had a delayed and overall diminished aggregation response to ADP and collagen. Clot 

retraction was also impaired. Dogs with this mutation have severe bleeding comparable GT, and also 

show altered leukocyte function and high susceptibility to recurrent infections [72]. 
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Canine Scott syndrome (CSS), an autosomal recessive bleeding disorder, has been described in 

German shepherd dogs [74,76], and the condition is associated with a mutation in the gene encoding 

the transmembrane protein (TMEM) 16F (TMEM16F) homolog [75,78,95]. Platelets from CSS dogs 

demonstrate a lack of procoagulant activity similar to the human disease counterpart, with no 

evidence of skeletal malformation [75–77]. CSS platelets may represent a TMEM16F-null mutant 

model that demonstrates a central role for TMEM16F in mediating platelet PS externalization in 

response to activating and death signals [95]. In these patients, platelet function tests (aggregometry, 

granule release reactions, clot retraction, buccal mucosal bleeding times, thromboelastography), 

confirm normal platelet function [75–77]. The clinical signs observed in this condition are more 

typical of a coagulopathy due to the inability of the platelets to generate and support a surface for 

coagulation complex assembly.  

The specific pathophysiology of acquired thrombocytopathias is often poorly understood. 

Underlying disease or drug treatment may result in secondary platelet hyperfunction as well as 

hypofunction. Abnormal platelet function has been described with various neoplasms, and increased 

platelet aggregation was detected in two dogs with probable essential thrombocythemia [96]. 

Hyperglobulinemia, either due to antigenic stimulation (e.g., ehrlichiosis) or neoplasia (e.g., multiple 

myeloma), is commonly recognized in veterinary medicine as a potential cause of impaired platelet 

function. The suggested mechanism is the “coating” of platelet surfaces, leading to impaired adhesion 

and aggregation [97,98]. Acquired von Willebrand disease is a rare bleeding disorder with laboratory 

findings similar to those of congenital von Willebrand disease. Human cases are associated with 

lymphoproliferative, myeloproliferative, neoplastic, immunological, cardiovascular, and other 

miscellaneous disorders. Proposed mechanisms for accelerated removal of VWF from the plasma 

include specific antibodies to factor VIII/VWF; non-specific anti-bodies forming complexes with 

VWF, cleared by Fc-receptor bearing cells; absorption of VWF onto malignant cells; increased 

proteolytic degradation of VWF; and loss of large VWF multimers in high sheer stress conditions. 

None of the proposed mechanisms are specific for the different underlying disorders [99]. In 

veterinary medicine, canine hypothyroidism has been shown to exacerbate congenital von 

Willebrand disease and cause acquired von Willebrand’s disease [100,101]. Canine infection by 

Angiostrongylus vasorum causing acquired von Willebrand disease was reported in a 14-month-old 

golden retriever bitch [102] and acquired von-Willebrand factor and factor-VIII deficiencies were 

recently described in an 8-year-old male Australian Shepherd dog [103]. These above case reports 

may resemble the human condition of acquired von Willebrand syndrome. In addition, enhanced 

platelet reactivity has also been described in heartworm-infected dogs [104]. 

In human beings, thrombotic microangiopathies (TMAs) including haemolytic uraemic 

syndrome (HUS) and thrombotic thrombocytopaenic purpura (TTP) have been also described. TTP 

is a hypercoagulable state, caused by inhibition of ADAMTS-13, a factor-cleaving protease, by 

autoantibodies, which leads to a lack of degradation of von Willebrand factor multimers. Von 

Willebrand factor multimers are prothrombotic, thus ADAMTS13 inhibition leads to microthrombi 

formation, microangiopathic hemolytic anemia, thrombocytopenia and multiple organ injury, 

including renal injury. Recently, Maruyama et al. (2014) [105] revealed that the human ADAMTS13 

activity ELISA kit is applicable for measurement of canine plasma ADAMTS13 activity and this may 

improve the knowledge of the pathogenesis of thrombotic diseases also in dogs. In veterinary 

medicine, a TMA of unknown aetiology, called cutaneous and renal glomerular vasculopathy 

(CRGV) or “Alabama rot”, has been reported in greyhounds in the USA [106] and in dogs of different 

breed in the UK [107]. To date, it is currently unknown if CRGV is a novel canine disease or if it is a 

variant of HUS or indeed one of the other TMAs reported in man. 

Several parasitic and infectious diseases have been associated with platelet dysfunction.  

Reduced platelet aggregation was described in dogs experimentally affected by Rocky Mountain 

spotted fever [108] and ehrlichiosis [60] and in dogs naturally infected with Leishmania infantum, 

strongly correlated with the clinical phase of the disease [64,109]. Reduced platelet aggregation 

response to ADP and collagen in dogs co-infected with Leishmania infantum and Ehrlichia canis has 

been reported [110]. In subjects treated with anti-leishmania therapy (meglumine antimoniate and 
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allopurinol) and prednisone, a significant improvement in platelet aggregation has also been 

observed [111], suggesting a pathogenic association between Leishmaniasis and the presence of 

antibodies against the platelet membrane [112]. Antiplatelet antibodies detected in dogs naturally 

affected by Leishmania infantum [65,66] may cause immune-mediated thrombocytopenia and platelet 

dysfunction. In addition, previous data reported in people the presence of antibodies against GPIIb-

IIIa and other key platelet surface receptors such as GPIb-IX-V [113]. Kristensen et al. [114], in a study 

in which serum from normal dogs or dogs with IMT was added to platelet-rich plasma (PRP) from a 

normal dog, found the serum from dogs with IMT causes impaired aggregation to several platelet 

agonists. In another study, serum from dogs experimentally infected with Ehrlichia canis inhibited 

aggregation of platelets from a normal dog [60].  

Acquired thrombopathias have been reported with metabolic disorders. Uremia is recognized 

as a cause of platelet dysfunction in people, with the underlying mechanism(s) yet to be identified. 

Neither quantitative nor qualitative abnormalities in VWF have been shown consistently in people 

with uremia, suggesting that the impaired adhesion in uremic dogs was due to abnormal platelet 

function [112]. In dogs with renal disease, haemostatic disorders are uncommon, except for some 

patients being hypercoagulable [115].  

Liver disease has been associated with reduced platelet aggregation, although the exact 

mechanism is unclear. Experimentally induced hyperammonemia has been shown to inhibit platelet 

aggregation in rats [116,117]. 

Finally, acquired thrombocytopathias may also be secondary to platelet-inhibiting drugs 

(aspirin and other non-steroidal anti-inflammatory agents, clopidogrel, certain antibiotics, 

antihistamines, barbiturates, calcium channel blockers, chondroprotective agents, halothane, 

heparin, local anesthetics etc.). Acquired thrombopathias are generally reversed when the underlying 

condition is effectively treated, or drug treatment is discontinued. 

3.3. Thrombocytosis 

Canine thrombocytosis is due to acquired causes and defined by increased platelet production. 

Platelet production is usually dependent on thrombopoietin; however, it can be thrombopoietin-

independent in haemopoietic neoplasia affecting megakaryocytes, e.g., essential thrombocythemia. 

The most common form of thrombocytosis in sick animals is a reactive thrombocytosis secondary to 

inflammation, gastrointestinal diseases or neoplasia; the inflammatory cytokines (IL-1, IL-6 and Il-

11) observed in these pathological conditions drive thrombopoiesis by stimulating thrombopoietin 

production [118]. Thrombocytosis can also be due to drugs such as adrenaline that cause splenic 

contraction. Vincristine increases platelet production and release by the bone morrow. 

Thrombocytosis can accompany corticosteroid treatment and iron-deficiency anaemias, although the 

mechanisms for the thrombocytosis in both are unknown [118].  

4. Platelet Laboratory Testing in Dogs 

Platelet-related tests are vital in the analysis of primary hemostatic disorders. Evaluation of a 

platelet count, combined with a mean platelet volume and blood smear examination, can give useful 

information with regard to thrombocytopenia. In certain canine breeds characterized by lower 

platelet counts, the plateletcrit (PCT), which is the volume occupied by platelets in the blood, is an 

important parameter for hemostatic consideration.  

In some clinical situations, PCT may be superior to platelet count as an indicator of primary 

hemostasis, particularly in dogs with congenital macrothrombocytopenia [119], such as Cavalier 

King Charles Spaniels (CKCS) [120]. Many CKCS have fewer, but larger, platelets in circulation due 

to the presence of a beta1-tubulin mutation associated with the breed [121]. The use of PCT is 

determined by the Advia 120 and 2120, rather than the platelet count to evaluate primary hemostasis 

in CKCS, reduces the misinterpretation of low platelet mass and risk of bleeding in sick CKCS [122]. 

Results obtained by Kelley et al. (2014) [120] gave the demonstration that the use of PCT in addition 

to the platelet count to evaluate primary hemostasis in sick CKCS may help to prevent unnecessary 

additional testing and treatment by veterinarians. In the same study, Greyhounds’ (a breed with 
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platelets that are relatively low in number and normal in size) platelet count and PCT seemed to 

function similarly as estimates of platelet mass [120]. 

Laboratory tests of platelet function can assess platelet characteristics either in whole blood or 

in platelet-rich plasma (PRP). The proper use of laboratory testing is important for the diagnosis of 

specific intrinsic platelet function disorders (versus VWD or disorders of secondary hemostasis) and 

subsequently to provide proper therapeutic recommendations (i.e., treatment with some kind of 

platelet product versus plasma) in the treatment of various hemostatic disorders [90,123,124] (Table 

3). 
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Table 3. List of methods to test canine platelet function. 

Methods of Testing Platelet Function Sample Pros Cons and Limitations  

Light transmission platelet aggregometry PRP flexible, sensitive to antiplatelet therapy 
manual sample processing 

individual variability 

Whole blood aggregometry WB 

easy and time sparing, centrifugation not required, small 

sample required, maintenance of platelets in their 

natural milieu 

consideration of possible interaction between blood cells 

Impedance aggregometry: Multiplate  
platelet function under more physiological conditions, 

good reproducibly to assess platelet aggregation in dogs 

Limited hematocrit and platelet count range, Hirudin as anticoagulant to 

define the optimal concentrations at which various agonists should be used 

Aperture closure instruments. Platelet 

function analyzer (PFA-100, PFA-200) 
 easy and sensitive to severe platelet defect 

rigid closed system, not sensitive to platelet secretion defects and anemia, 

possible influence by citrate concentration and time from blood collection 

Platelet aggregation and ATP secretion WB 
simultaneous response regarding aggregation and ATP 

content  

need to allow the whole blood sample to stand 60 min at room temperature 

after blood collection 

Thromboelastography WB higher versatility than traditional coagulation tests 
reduced reproducibility, difficult interpretation in subjects with alteration 

of Hct, platelets, possible request of specialist staff to perform the test 

Flow cytometry WB, PRP, WP 

minimal sample required 

possibility to evaluate resting as well as activated state of 

the platelets 

evaluation of thrombopoiesis, diagnosis of platelet function disorders, and 

monitoring antiplatelet therapy 

complexity of the test procedure; 

need for standardization, and quality control 

Platelet rich plasma (PRP); whole blood (WB); washed platelets (WP).
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Platelet function determined by methods, such as light transmission aggregometry performed 

on platelet-rich plasma (PRP) and impedance whole-blood platelet aggregometry (WBA), represent 

effective diagnostic tools for evaluating primary hemostasis disorders. These methods measure 

platelet aggregation response to various agonists [125]. Light transmission aggregometry is generally 

accepted as the gold standard for evaluating platelet function. Canine platelet response to collagen 

can vary between people and other animal species platelets as reported in the literature. In fact, a 6-

12-fold higher dose of collagen is needed to induce canine platelet aggregation, compared to human 

platelets [126,127]. Modifications in percentage of aggregation as response sensitivity to different 

agonists were observed when different common anticoagulants (sodium citrate or acid citrate 

dextrose-ACD) [128] or snake venom proteins were used as inhibitors of ADP-induced platelet 

aggregation [128].  

Comparison of canine whole blood aggregation [129] with PRP light transmission aggregometry 

showed differences in terms of response to the employed agonist, suggesting that additional factors 

such as plasma and blood cells other than platelets affect platelet aggregation and secretion. [130].  

The development of functional tests such as the new PFA-200 allow identification of antiplatelet 

drug effect to predict an acceptable decrease in risk for thrombosis [131] (Table 3).  

Platelet adhesion assays, based on platelet properties to adhere to specific extracellular matrix 

components, represent another platelet function testing modality used primarily in platelet function 

research [132]. In the evaluation of platelet adhesion, an advanced method as the flow chamber has 

been shown to have some use in dogs [133]. 

Thromboelastography (TEG) has demonstrated efficacy in evaluating clot formation dynamics, 

including aspects of platelet function, haemostasis in the dog. Much of the literature regarding TEG 

application in dogs [134–138] refers mainly to different diseases and to the standardization of the 

testing method. However, TEG has several limitations (e.g., high HCT false hypocoagulable, low 

HCT false hypercoagulable, fibrinogen, platelets, etc.) [139]. TEG has also demonstrated a greater 

utility in identification of subjects showing bleeding signs than typical coagulation profiles [140,141]. 

In some cases, studies have been performed to evaluate the possible variables influencing TEG 

tracings [142]. In addition, TEG can be used to evaluate patients with DIC and provide information 

on individually tailored treatment plans. [143–145] (Table 3).  

Flow cytometry techniques can determine both organizational and functional aspects of platelets 

(i.e., platelet size, presence of microaggregates, and surface granularity as well as the P-selectin 

molecule) [146–148]. Recent studies have shown the usefulness of flow cytometry in evaluating 

platelet activation status by the detection of CD51 and CD41/CD61 [149]. These results showed the 

ability of flow cytometry to discriminate the influence of different factors (platelet count and platelet 

agonists) on canine platelet activation [149]. Flow cytometry techniques can aid in the diagnosis of 

antibody-mediated thrombocytopenia in dogs by detecting platelet-bound IgG on the platelet surface 

[38,49,63]. This technique has several advantages over other platelet antibody assays in that it allows 

quantification of antibody binding at the individual platelet level and allows for measurement of low 

fluorescence levels undetectable by visual observation [150] (Table 3). Recently, new applications of 

this technique have been introduced to monitor physiological and clinical conditions. In the first case, 

mitochondria viability related to platelet storing process [151–153]. For clinical disease, the technique 

was demonstrated to be useful to detect directly immunoglobulin associated platelets in both healthy 

and thrombocytopenic dogs [66,67,154]. 

Some reports indicate that flow cytometry studies looking at platelet function have limitations 

due to the complexity of the test procedure, the need for standardization, and quality control [155] 

(Table 3).  

5. New Therapies with Canine Platelets  

The introduction of innovative therapeutic approaches based on the use of platelets and their 

derivatives, such as platelet concentrates, platelet-rich plasma (PRP), and platelet rich fibrin (PRF), 

for the treatment of disorders of inflammatory conditions such as tendinitis and osteoarthritis, has 

increased considerably. Growth factors, cytokines, chemokines, and other bioactive compounds 
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present in these platelet products are active in tissue regeneration [156,157]. PRP growth factors 

include platelet-derived growth factor (PDGF), transforming growth factor-β1 (TGF-β1), 

transforming growth factor-β2 (TGF-β2), vascular endothelial growth factor (VEGF), basic 

fibroblastic growth factor (bFGF), and epidermal growth factor (EGF) [156–158]. These factors 

contribute to tissue regeneration by inducing cell recruitment, proliferation, and differentiation 

processes. The effectiveness of these therapeutic approaches has been evaluated in a variety of 

diseases by the use of specialized clinic setting that permit sometimes to obtain several advantages, 

such as the reduction of the costs of effective therapeutic blood derivative, albeit not always with 

positive results. The use of standardized PRP formulations obtained by commercial kits show some 

limitations due to a decrease in red blood cells (RBC) and neutrophils [159], which contribute to the 

clinical platelet product efficacy playing major roles in the inflammatory responses after PRP 

injection [160]. Carr et al. (2016) [159] suggested to evaluate the amount of growth factors and 

cytokines in the commercial canine PRP products in order to determine the concentration of platelets 

and growth factors required for therapeutic effect. Hoareau et al. (2014) [161], compared PRP and 

buffy coat (BC) protocols for preparation of canine platelet concentrates (PC) and demonstrated that 

PRP-PC had lesser white blood cells (WBC) and RBC contamination and better platelet functionality 

than BC-PC. Hlavac et al. (2017) [162] demonstrated the effects of storage on different canine platelet 

concentrates preparations by comparing the in vitro quality maintenance (metabolic evaluation, cell 

death, mitochondrial membrane polarization, and activation), with data obtained from humans. The 

authors, demonstrating similar results, suggested the use of canine platelet concentrates as potential 

alternatives in veterinary blood banks. Silva et al., in 2013 [18] and after, Parra et al., (2017) [163] 

confirmed the high efficacy of autologous PC as treatment either for arthritis condition and for 

avascular necrosis of femoral head in dogs, proposing this therapy as an alternative to the treatments 

in use for such conditions.  

A promising treatment in the regenerative therapy in dogs is mesenchymal stem cells (MSCs), 

used in combination with platelet products. This innovative approach is based on their specific roles 

exerted at the injury area in repairing tissue damage. In particular, platelets by secretion of growth 

factors (GFs) at high concentrations, including transforming growth factor-β, platelet-derived growth 

factor, insulin-like growth factor, vascular endothelial growth factor and epidermal growth factor, 

stimulate resident stem cells to proliferate [164]. Simultaneously, the injected MSCs secrete soluble 

growth factors able to reduce pain and inflammation, increasing blood supply at the site of injury 

[164]. In canine medicine, this therapy has been evaluated in the treatment of osteoarthritis [165] and 

tendinopathy [166] with evidence of a synergistic activity between platelets and MSCs due to the 

capacity of PRP to be a suitable scaffold for cell-based cartilage repair and platelet release of GF, 

inducing the differentiation of MSCs to chondrocytes (Table 4). Autologous bone marrow (BM)-

MSCs’ transplantation onto PRF is also a promising, novel, method for canine osteochondral repair 

and articular cartilage regeneration [167]. Results derived from the use of canine PRP in various other 

applications (cartilage, teeth, tendon, skin) demonstrated the ability of platelets to stimulate 

angiogenesis and participate in new blood vessel development [168] (Table 4).
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Table 4. Applicative use of dog platelets and their derivatives in different tissues or organs for regenerative purposes. 

Organ 

and Tissue Recipients 

Platelet 

Product 

Possible Adjuvants 

Associated 
Examined Cases (N) Reference Advantages 

Bone      

Tibia PRP 

BM − MSCs 10 [169] Reduction in the time for bone consolidation 

---- 65 [170] Acceleration of bone healing and fracture consolidation  

BM + CHI 30 [171] Reduction in the time for bone consolidation 

Teeth PRP Autologous bone 6 [172] Improvement in bone and cementum formation 

Skin PRP ---- 
6 [173] Increase of tissue perfusion and organized collagen bundles  

3 [174] Increase in angiogenesis, collagen deposition, and epithelization 

Tendon  PRP Adipose tissue derived MSCs 55 [166] 
Increase in chondrogenic cells recruitment, cell proliferation, and synthesis 

of cartilage matrix 

Ligament PRP 

---- 27 [175] Reduction of lameness, pain, and effusion 

Leukocyte reduced 12 [176] Reduction of pain and increase of limb function 

HA 20 [177] Limb function improvement 

Cartilage 

PRF MSCs 12 [167] 
Improvement in cartilage regeneration. Increase of proliferation and 

differentiation of BM-MSCs into chondrocytes 

PRP + Leukocyte PRF 18 [178] 

Improvement in cartilage tissue repair by promoting increased cellular 

proliferation, extracellular matrix synthesis, and gene expression of 

chondrocytes 

PRF ---- 12 [179] Improvement in both articular cartilage repair and regeneration 

Others PRP ---- 24 [180] 

Increase of collagen deposition, improvement in new vessel formation, and 

overexpression of angiogenic and myofibroblastic genes (COL1α1, 

COL3α1, VEGF and TGFβ1) 

Chitosan gel (CHI); Hyaluronic acid (HA); Platelet-rich plasma (PRP); Platelet-rich fibrin (PRF); Bone marrow mesenchymal stem cells (BM-MSCs).
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Important questions remain unanswered regarding platelet product therapies, including the 

optimal dosing, timing, and frequency of platelet derivate administration for various disease 

conditions. 

Platelet gel is another platelet product, obtained by combining PRP obtained from whole blood 

with thrombin and calcium or other activators, that has shown to be efficacious in promoting tissue 

regenerative processes [181]. Questions regarding the ideal biological setting (e.g., percentage of vital 

bone cells, volume of PRP) for its application require further investigation [182].  

The major therapeutic benefit of platelet gel appeared to be mediated by GF released by platelets 

in promoting essential cellular events involved in wound healing and thus accelerating tissue repair 

[183].  

Two novel approaches in low level laser therapy (LLLT) and prolotherapy have shown to 

improve the efficacy of PRP treatment for the resolution of pain and lameness [184]. With laser 

therapy, canine PRP injections are combined with laser therapies (LT) to work in a synergistic 

manner, improving both cellular regeneration and circulation. Previous studies showed a higher 

efficacy of PRP and LT used in combination, compared to the techniques used individually, in 

reducing the healing time of tendon injury in rabbits [185]. This study highlighted multiple roles of 

laser irradiation in wound healing. Its activity is not limited to a promotion of cell growth by 

modifications of both mitochondrial physiology and RNA synthesis; it also enhances collagen 

deposition and reorganization in the affected region by stimulating the release of fibroblast growth 

factor and increasing the fibroblast cells [185]. Another study has confirmed these findings in dogs 

[186]. 

Prolotherapy called “proliferation therapy” or “regenerative injection therapy” (RIT) has proven 

to diminish pain and resolves clinical signs of lameness [187]. Prolotherapy is based on the injection 

of sterile nutrient solutions or platelet-rich plasma (PRP) directly into damaged connective tissues 

(i.e., joints, tendons and ligaments) to promote increased collagen formation. The promotion of stem 

cells proliferation and differentiation induced by GF facilitate injury repair permit that this therapy 

may become a viable alternative to surgical options in many cases of Anterior Cruciate Ligament 

(ACL) and hip dysplasia (HD) [188].  

In conclusion, the results of studies evaluating platelet morphology, physiology, biochemistry, 

and immunology have offered researchers insight into the pathophysiology of platelet-related 

diseases and new models of therapy.  

6. Conclusions 

Current studies of canine platelets and their function demonstrate potential applications in 

identifying new therapeutic targets and novel biomarkers and have set a new standard for the resting 

platelet proteome.  

The growing development and use of PRP preparations in wound healing and tissue repair in 

people will require the development of new randomized controlled studies with large sample sizes 

to establish therapeutic efficacy (Figure 3). Since dogs are generally considered to be a good animal 

model for people, human medicine could also potentially benefit from canine research in this area. 
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Figure 3. Schematic diagram showing canine platelets, their components, and potential applications 

in tissue regeneration. 
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J.; Lechowski, R. Thrombocytopenia as a characteristic trait in the Polish ogar dog. Pol. J. Vet. Sci. 2009, 12, 

523–525. 

46. Hayakawa, S.; Spangler, E.A.; Christopherson, P.W.; Boudreaux, M.K. A novel form of 

macrothrombocytopenia in Akita dogs. Vet. Clin. Pathol. 2016, 45, 103–105. 

47. Lewis, D.C.; Meyers, K.M. Canine idiopathic thrombocytopenic purpura. J. Vet. Int. Med. 1996, 10, 207–218. 

48. Lewis, D.C.; Meyers, K.M. Studies of platelet-bound and serum platelet-bindable immunoglobulins in dogs 

with idiopathic thrombocytopenic purpura. Exp. Hematol. 1996, 24, 696–701. 

49. Lewis, D.C.; McVey, D.S.; Shuman, W.S.; Muller, W.B. Development and characterization of a flow 

cytometric assay for detection of platelet-bound immunoglobulin G in dogs. Am. J. Vet. Res. 1995, 56, 1555–

1558. 

50. Neel, J.A.; Birkenheuer, A.J.; Grindem, C.B. Thrombocytopenia. In Kirk’s Current Veterinary Therapy XV.; 

Bonagura, J.D., Twedt, D.C., Eds.; Elsevier Saunders: St. Louis, MO, USA, 2010; pp. 280–285. 

51. Nelson, R.W.; Couto, C.G. Small Animal Internal Medicine; 2nd ed.; Mosby: Maryland Heights, MO, USA, 

1998. 

52. Grindem, C.B. Infectious and immune-mediated thrombocytopenia. In Kirk’s Current Veterinary Therapy 

XIII: Small Animal Practice, 13th ed.; Bonagura, J., Ed.; WB Saunders: Philadelphia, PA, USA, 2000; pp. 438–

442. 

53. Grindem, C.B.; Breitschwerdt, E.B.; Corbett, W.T.; Jans, H.E. Epidemiologic survey of thrombocytopenia in 

dogs: A report on 987 cases. Vet. Clin. Pathol. 1991, 20, 38–43. 

54. Gould, S.M.; McInnes, E.L. Immune-mediated thrombocytopenia associated with Angiostrongylus vasorum 

infection in a dog. J. Small Anim. Pract. 1999, 40, 227–232. 

55. O’Neill, E.; Acke, E.; Tobin, E.; McCarthy, G. Immune-mediated thrombocytopenia associated with 

Angiostrongylus vasorum infection in a Jack Russel terrier. Irish Vet. J. 2010, 63, 434–440. 

56. Taboada, J. Babesiosis. In Infectious Diseases of the Dog and Cat, 2nd ed.; Greene, C.E., Ed.; W.B. Saunders: 

Philadelphia, PA, USA, 1990; pp. 796–803. 

57. Wilkerson, M.J.; Shuman, W.; Swist, S.; Harkin, K.; Meinkoth, J.; Kocan, A.A. Platelet size, platelet surface-

associated IgG, and reticulated platelets in dogs with immune-mediated thrombocytopenia. Vet. Clin. 

Pathol. 2001, 30, 141–149. 

58. Grindem, C.B.; Breitschwerdt, E.B.; Perkins, P.C.; Cullins, L.D.; Thomas, T.J.; Hegarty, B.C. Platelet-

associated immunoglobulin (antiplatelet antibody) in canine Rocky Mountain spotted fever and 

ehrlichiosis. J. Am. Anim. Hosp. Assoc. 1999, 35, 56–61. 



Animals 2020, 10, 201 20 of 25 

59. Troy, G.C.; Forrester, S.D. Ehrlichia canis, E equi and E risticii infections. In Infectious Diseases of the Dog and 

Cat, 2nd ed.; Greene, C.E., Ed.; W.B. Saunders: Philadelphia, PA, USA, 1990; pp. 404–414. 

60. Harrus, S.; Waner, T.; Weiss, D.J.; Keysary, A.; Bark, H. Kinetics of serum antiplatelet antibodies in 

experimental acute canine ehrlichiosis. Vet. Immunol. Immunopathol. 1996, 51, 13–20. 

61. Waner, T.; Harrus, S.; Weiss, D.J.; Bark, H.; Keysary, A. Demonstration of serum antiplatelet antibodies in 

experimental acute canine ehrlichiosis. Vet. Immunol. Immunopathol. 1995, 48, 177–182. 

62. Waner, T.; Leykin, I.; Shinitsky, M.; Sharabani, E.; Buch, H.; Keysary, A.; Bark, H.; Harruset, S. Detection of 

platelet-bound antibodies in beagle dogs after artificial infection with Ehrlichia canis. Vet. Immunol. 

Immunopathol. 2000, 77, 145–150. 

63. Chabanne, L.; Bonnefont, C.; Bernaud, J.; Rigal, D. Clinical applications of flow cytometry and cell 

immunophenotyping to companion animals (dog and cat). Methods Cell Sci. 2000, 22, 199–207. 

64. Ciaramella, P.; Pelagalli, A.; Cortese, L.; Pero, M.E.; Corona, M.; Lombardi, P.; Avallone, L.; Persechino, A. 

Altered platelet aggregation and coagulation disorders related to clinical findings in 30 dogs naturally 

infected by Leishmania infantum. Vet. J. 2005, 169, 465–467. 

65. Cortese, L.; Sica, M.; Piantedosi, D.; Ruggiero, G.; Pero, M.E.; Terrazzano, G.; Mastellone, V.; Ciaramella, P. 

Secondary immune-mediated thrombocytopenia in dogs naturally infected by Leishmania infantum. Vet. 

Rec. 2009, 164, 778–782. 

66. Terrazzano, G.; Cortese, L.; Piantedosi, D.; Zappacosta, S.; Di Loria, A.; Santoro, D.; Ruggiero, G.; 

Ciaramella, P. Presence of anti-platelet IgM and IgG antibodies in dogs naturally infected by Leishmania 

infantum. Vet. Immunol. Immunopathol. 2006, 110, 331–337. 

67. Cortese, L.; Terrazzano, G.; Piantedosi, D.; Sica, M.; Ruggiero, G.; Prisco, M.; Ciaramella, P. Prevalence of 

anti-platelet antibodies in dogs naturally co-infected by Leishmania infantum and Ehrlichia canis. Vet. J. 

2011, 188, 118–121. 

68. Breitschwerdt, E.B. Infectious thrombocytopenia in dogs. Comp. Cont. Educ. Pract. 1988, 10, 1177–1191. 

69. Joshi, B.C.; Jain, N.C. Experimental immunologic thrombocytopenia in dogs: A study of thrombocytopenia 

and megakaryocytopoiesis. Res. Vet. Sci. 1977, 22, 11–17. 

70. Johnson, G.S.; Turrentine, M.A.; Kraus, K.H. Canine von Willebrand’s disease. A heterogenous group of 

bleeding disorders. Vet. Clin. N. Am. Small 1988, 18, 195–229. 

71. Brooks, M.; Raymond, S.; Catalfamo, J. Severe, recessive von Willebrand’s disease in German Wirehaired 

Pointers. J. Am. Vet. Med. Assoc. 1996, 209, 926–929. 

72. Boudreaux, M.K. Inherited platelet disorders. J. Vet. Emerg. Crit. Care 2012, 22, 30–41. 

73. Kramer, J.W.; Venta, P.J.; Klein, S.R.; Cao, Y.; Schall, W.D.; Yuzbasiyan-Gurkan, V. A von Willebrand’s 

factor genomic nucleotide variant and polymerase chain reaction diagnostic test associated with inheritable 

type-2 von Willebrand’s disease in a line of German shorthaired pointer dogs. Vet. Pathol. 2004, 41, 221–

228. 

74. Zwall, R.F.A.; Comfurius, P.; Bevers, E.M. Scott syndrome, a bleeding disorder caused by defective 

scrambling of membrane phospholipids. Biochim. Biophys. Acta 2004, 1636, 119–128. 

75. Brooks, M.B.; Catalfamo, J.L.; Brown, H.A.; Ivanova, P.; Lovaglio, J. A hereditary bleeding disorder of dogs 

caused by a lack of platelet procoagulant activity. Blood 2002, 99, 2434–2441. 

76. Brooks, M.B.; Catalfamo, J.L.; Friese, P.; Dale, G.L. Scott syndrome dogs have impaired coated—Platelet 

formation and calcein-release but normal mitochondrial depolarization. J. Thromb. Haemost. 2007, 5, 1972–

1974. 

77. Brooks, M.B.; Randolph, J.; Warner, K.; Center, S. Evaluation of platelet function screening tests to detect 

platelet procoagulant deficiency in dogs with Scott syndrome. Vet. Clin. Pathol. 2009, 38, 306–315. 

78. Brooks, M.; Etter, K.; Catalfamo, J.; Brisbin, A.; Bustamante, C.; Mezey, J. A genome-wide linkage scan in 

German shepherd dogs localizes canine platelet procoagulant deficiency (Scott syndrome) to canine 

chromosome 27. Gene 2010, 450, 70–75. 

79. Boudreaux, M.K. Inherited intrinsic platelet disorders. In Schalm’s Veterinary Hematology, 6th ed.; Weiss, 

D.J., Wardrop, K.J., Eds.; Wiley: Ames, IA, USA, 2010; pp. 619–625. 

80. Di Giacomo, R.F.; Hammond, W.P.; Kunz, L.L.; Cox, P.A. Clinical and pathologic features of cyclic 

hematopoiesis in grey collie dogs. Am. J. Pathol. 1983, 111, 224–233. 

81. Boudreaux, M.K.; Kvam, K.; Dillon, A.R.; Bourne, C.; Scott, M.; Schwartz, K.A.; Toivio-Kinnucan, M. Type 

I Glanzmann’s thrombasthenia in a Great Pyrenees dog. Vet. Pathol. 1996, 33, 503–511. 



Animals 2020, 10, 201 21 of 25 

82. Lipscomb, D.L.; Bourne, C.; Boudreaux, M.K. Two genetic defects in alphaIIb are associated with type I 

Glanzmann’s thrombasthenia in a Great Pyrenees dog: A 14-base insertion in exon 13 and a splicing defect 

of intron 13. Vet. Pathol. 2000, 37, 581–588. 

83. Boudreaux, M.K.; Catalfamo, J.L. Molecular and genetic basis for thrombasthenic thrombopathia in 

Otterhounds. Am. J. Vet. Res. 2001, 62, 1797–1804. 

84. Haysom, L.Z.; Kennerly, R.M.; Müller, R.D.; Smith-Carr, S.; Christopherson, P.W.; Boudreaux, M.K. 

Identification and characterization of Glanzmann thrombasthenia in 2 closely related mixed-breed dogs. J. 

Vet. Intern. Med. 2016, 30, 642–646. 

85. Boudreaux, M.K.; Martin, M, P2Y12 receptor gene mutation associated with postoperative hemorrhage in 

a Greater Swiss Mountain dog. Vet. Clin. Pathol. 2011, 40, 202–206. 

86. Johnstone, I.B.; Lotz, F. An inherited platelet function defect in basset hounds. Can. Vet. J. 1979, 20, 211–215. 

87. Boudreaux, M.K.; Crager, C.; Dillon, A.R.; Stanz, K.; Toivio-Kinnucan, M. Identification of an intrinsic 

platelet function defect in Spitz dogs. J. Vet. Intern. Med. 1994, 8, 93–98. 

88. Boudreaux, M.K.; Catalfamo, J.L.; Klok, M. Calcium-diacylglycerol guanine nucleotide exchange factor I 

gene mutations associated with loss of function in canine platelets. Transl. Res. 2007, 150, 81–92. 

89. Boudreaux, M.K.; Wardrop, K.J.; Kiklevich, V.; Felsburg, P.; Snekvik, K. A mutation in the canine Kindlin-

3 gene associated with increased bleeding risk and susceptibility to infections. Thromb. Haemost. 2010, 103, 

475–477. 

90. Gant, P.; McBride, D.; Humm, K. Abnormal platelet activity in dogs and cats—Impact and measurement. 

J. Small Anim. Pract. 2020, 61, 3–18. 

91. Lothrop, C.D.; Candler, R.V.; Pratt, H.L.; Jones, J.B.; Carroll, R.C. Characterization of platelet function in 

cyclic hematopoietic dogs. Exp. Hematol. 1991, 19, 916–922. 

92. Christopherson, P.W.; Hill, A.; Brooks, M.B.; Scofield, M.; King, K.B.; Boudreaux. Identification of a single 

base deletion in the glycoprotein IIB gene causing Glanzmann thrombasthenia in a golden retriever. 2017. 

Available online: 

https://cdn.ymaws.com/www.acvp.org/resource/resmgr/Meetings_&_Events/2017_Annual_Meeting/Abst

racts/2017-10-13_Abstracts-revised.pdf (20 November 2019). 

93. Flores, R.S.; Boudreaux, M.K.; Vasquez, B.; Bristow, P.; Aronson, L.R.; Santoro-Beer, K.; Callan, M.B. 

Heterozygosity for P2Y12 receptor gene mutation associated with postoperative hemorrhage in a Greater 

Swiss Mountain dog. Vet. Clin. Pathol. 2017, 46, 569–574. 

94. Callan, M.B.; Walton, R.; Jezyk, P.F.; Giger, U. Thrombopathies causing bleeding in a boxer and mixed-

breed dog. J. Am. Anim. Hospit. Assoc. 2001, 37, 244–250. 

95. Brooks, M.B.; Catalfamo, J.; MacNguyen, R.; Tim, D.; Fancher, S.; McCardle, J.A. A TMEM16F point 

mutation causes an absence of canine platelet TMEM16F and ineffective activation and death-induced 

phospholipid scrambling. J. Thromb. Haemost. 2015, 13, 2240–2252. 

96. Dunn, J.; Heath, M.; Jefferies, A.; Blackwood, L.; McKay, J.S.; Nicholls, P.K. Diagnostic and hematologic 

features of probable essential thrombocythemia in two dogs. Vet. Clin. Pathol. 1999, 28, 131–138. 

97. Topper, M.J.; Welles, E.G. Hemostasis. In Duncan & Prasse’s Veterinary Laboratory Medicine: Clinical 

Pathology, 4th ed.; Latimer, K.S., Mahaffey, E.A., Prasse, K.W., Eds.; Iowa State Press: Ames, IA, USA, 2003; 

pp. 99–135. 

98. Stockham, S.L.; Scott, M.A. Hemostasis. In Fundamentals of Veterinary Clinical Pathology, 2nd ed.; Stockham, 

S.L., Scott, M.A., Eds.; Blackwell: Ames, IA, USA, 2008; pp. 259–321. 

99. Federici, A.B.; Rand, J.H.; Bucciarelli, P.; Budde, U.; Van Gendern, P.J.; Mohri, H.; Meyer, D.; Rodeghiero, 

F.; Sadler, J.E. Acquired von Willebrand syndrome: Data from an international registry. Thromb. Haemost. 

2000, 84, 345–349. 

100. Dodds, W.J. Von Willebrand’s disease in dogs. Mod. Vet. Pract. 1984, 65, 681–686. 

101. Avgeris, S.; Lothrop, C.D.; McDonald, T.P. Plasma von Willebrand factor concentration and thyroid 

function in dogs. JAVMA 1990, 196, 921. 

102. Whitley, N.T.; Corzo-Menendez, N.; Carmichael, N.G.; Mc Garry, J.W. Cerebral and conjunctival 

haemorrhages associated with von Willebrand factor deficiency and canine angiostrongylosis. J. Small 

Anim. Pract. 2005, 46, 75–78. 

103. Hausmann, L.; Pack, A.; Hausmann, S.; Neiger, R. Acquired von-Willebrand factor and factor-VIII 

deficiencies caused by angiostrongylosis in a dog. Tierärztliche Praxis (K) 2016, 3, 189–193. 



Animals 2020, 10, 201 22 of 25 

104. Boudreaux, M.K.; Dillon, A.R.; Spano, J.S. Enhanced platelet reactivity in heartworm-infected dogs. Am. J. 

Vet. Res. 1989, 50, 1544–1547. 

105. Maruyama, H.; Kaneko, M.; Otake, T.; Kano, R.; Yamaya, Y.; Watari, T.; Hasegawa, A.; Kamata, H. 

Evaluation of a disintegrin-like and metalloprotease with thrombospondin type 1 repeat motifs 13 

(ADAMTS13) activity enzyme-linked immunosorbent assay for measuring plasma ADAMTS13 activity in 

dogs. J. Vet. Diagn. Invest. 2014, 26, 226–231. 

106. Carpenter, J.L.; Andelman, N.C.; Moore, F.M.; King, N.W. Jr. Idiopathic cutaneous and renal glomerular 

vasculopathy of greyhounds. Vet. Pathol. 1988 25, 401–407. 

107. Holm, L.P.; Hawkins, I.; Robin, C.; Newton, R.J.; Jepson, R.; Stanzani, G.; McMahon, L.A.; Pesavento, P.; 

Carr, T.; Cogan, T.; et al. Cutaneous and renal glomerular vasculopathy as a cause of acute kidney injury 

in dogs. in the UK. Vet. Rec. 2015, 176, 384. 

108. Grindem, C.; Corbett, W.; Levy, M.; Davidson, M.G.; Breitschwerdt, E.B. Platelet aggregation in dogs 

experimentally infected with Rickettsia rickettsii. Vet. Clin. Pathol. 1990, 19, 25–28. 

109. Pelagalli, A.; Ciaramella, P.; Lombardi, P.; Pero, M.E.; Cortese, L.; Corona, M.; Oliva, G.; Avallone, L. 

Evaluation of adenosine 5'-diphosphate (ADP)- and collagen-induced platelet aggregation in canine 

leishmaniasis. J. Comp. Pathol. 2004, 130, 124–129. 

110. Cortese, L.; Pelagalli, A.; Piantedosi, D.; Mastellone, V.; Manco, A.; Lombardi, P.; Ciaramella, P.; Avallone, 

L. Platelet aggregation and haemostatic response in dogs naturally co-infected by Leishmania infantum 

and Ehrlichia canis. J. Vet. Med. Ser. A 2006, 53, 546–548. 

111. Cortese, L.; Pelagalli, A.; Piantedosi, D.; Cestaro, A.; Di Loria, A.; Lombardi, P.; Avallone, L.; Ciaramella, P. 

Effects of therapy on haemostasis in dogs infected with Leishmania infantum, Ehrlichia canis, or both 

combined. Vet. Rec. 2009, 164, 433–434. 

112. Cortese, L.; Pelagalli, A.; Piantedosi, D.; Mastellone, V.; Di Loria, A.; Lombardi, P.; Ciaramella, P.; Avallone, 

L. The effects of prednisone on haemostasis in leishmaniotic dogs treated with meglumine antimoniate and 

allopurinol. Vet. J. 2008, 177, 405–410. 

113. Abrams, C.S.; Shattil, S.J.; Bennett, J.S. Acquired qualitative platelet disorders. In Williams Hematology, 7th 

ed.; Lichtman, M.A., Beutler, E., Kipps, T.J., Kaushansky, K., Seligsohn, U., Prchal, J., Eds.; McGraw-Hill: 

New York, NY, USA, 2006; pp. 833–1855. 

114. Kristensen, A.; Weiss, D.; Klausner, J. Platelet dysfunction associated with immune-mediated 

thrombocytopenia in dogs. J. Vet. Intern. Med. 1994a, 8, 323–327. 

115. Paltrinieri, S. Semeiotica di laboratorio. In Malattie Renali del Cane e del Gatto. Manuale di Diagnostica e Terapia; 

Zatelli, A., Ed.; Edra LSWR S.p.A: Milano, Italy, 2015; p. 31. 

116. Shinya, H.; Matsuo, N.; Takeyama, N.; Tanaka, T. Hyperammonemia inhibits platelet aggregation in rats. 

Thromb. Res. 1996, 81, 195–201. 

117. Willis, S.; Jackson, M.; Meric, S.; Rousseaux, C.G. Whole blood platelet aggregation in dogs with liver 

disease. Am. J. Vet. Res. 1989, 50, 1893–1897. 

118. Stokol, T. Disorders of haemostasis. In BSAVA Manual of Canine and Feline Clinical Pathology, 3rd ed.; Villiers, 

E., Ristic, J., Eds.; Wiley: Hoboken, NJ, USA, 2016; pp. 114–115. 

119. Schwartz, D.; Sharkey, L.; Armstrong, P.J.; Knudson, C.; Kelley, J. Platelet volume and plateletcrit in dogs 

with presumed primary immune-mediated thrombocytopenia. J. Vet. Intern. Med. 2014, 28, 1575–1579. 

120. Kelley, J.; Sharkey, L.C.; Christopherson, P.W.; Rendahl, A. Platelet count and plateletcrit in Cavalier King 

Charles Spaniels and Greyhounds using the Advia 120 and 2120. Vet. Clin. Pathol. 2014, 43, 622. 

121. Davis, B.; Toivio-Kinnucan, M.; Schuller, S.; Boudreaux, M.K. Mutation in beta-tubulin correlates with 

macrothrombocytopenia in Cavalier King Charles Spaniels. J. Vet. Intern. Med. 2008, 22, 540–545. 

122. Tvedten, H.; Lilliehookk, I.; Hillstrom, A.; Haggstrom, J. PCT is superior to platelet count for assessing 

platelet status in Cavalier King Charles Spaniels. Vet. Clin. Pathol. 2008, 37, 266–271. 

123. Christopherson, P.W.; Spangler, E.A.; Boudreaux, M.K. Evaluation and clinical application of platelet 

function testing in small animal practice. Vet. Clin. N. Am. Small 2012, 42, 173–188. 

124. Burgess, H.J.; Woods, J.P.; Abrams-Ogg, A.C.G.; Wood, R.D. Evaluation of laboratory methods to improve 

characterization of dogs with von Willebrand disease. Can. J. Vet. Res. 2009, 73, 252–259. 

125. Pelagalli, A.; Lombardi, P.; d’Angelo, D.; Della Morte, R.; Avallone, L.; Staiano, N. Species variability in 

platelet aggregation response to different agonists. J. Comp. Pathol. 2002, 127, 126–132. 

126. Catalfamo, J.L.; Raymond, S.L.; White, J.G.; Dodds, W.J. Defective platelet-fibrinogen interaction in 

hereditary canine thrombopathia. Blood 1986, 67, 1568–1577. 



Animals 2020, 10, 201 23 of 25 

127. Callan, M.B.; Shofer, F.S.; Catalfamo, J.L. Effects of anticoagulant on pH, ionized calcium concentration, 

and agonist-induced platelet aggregation in canine platelet-rich plasma. Am. J. Vet. Res. 2009, 70, 472–477. 

128. Lombardi, P.; Pelagalli, A.; Avallone, L.; d'Angelo, D.; Belisario, M.A.; d’Angelo, A.; Staiano, N. Species-

dependent specificity of platelet aggregation inhibitors from snake venom. J. Comp. Pathol. 1999, 121,185-

190. 

129. Soloviev, M.V.; Okazaki, Y.; Harasaki, H. Whole blood platelet aggregation in humans and animals: A 

comparative study. J. Surg. Res. 1999, 82, 180–187. 

130. Thomas, J.S. Comparison of platelet aggregation and adenosine triphosphate secretion in whole blood and 

platelet-rich plasma from normal dogs. Comp. Haematol. Int. 1996, 6, 70–76. 

131. Saati, S.; Abrams-Ogg, A.C.G.; Blois, S.L.; Wood, R.D. Comparison of multiplate, platelet function analyzer-

200, and platelet works in healthy dogs treated with aspirin and clopidogrel. J. Vet. Intern. Med. 2018, 32, 

111–118. 

132. Pelagalli, A.; Pero, M.E.; Mastellone, V.; Cestaro, A.; Signoriello, S.; Lombardi, P.; Avallone, L. 

Characterization of canine platelet adhesion to extracellular matrix proteins. Vet. J. 2011, 189, 115–117. 

133. Ferkau, A.; Ecklebe, S.; Jahn, K.; Calmer, S.; Theilmeier, G.; Mischke, R. A dynamic flow-chamber-based 

adhesion assay to assess canine platelet-matrix interactions in vitro. Vet. Clin. Pathol. 2013, 42, 150–156. 

134. Spiess, B.; McCarthy, R.; Ivankovich, A. Primary fibrinolysis or D.I.C. differentiated by different 

viscoelastic tests. Anesthesiol. 1989, 71, A415. 

135. Tuman, K.; Naylor, B.; Spiess, B.; McCarthy, R.; Ivankovich, A. Effects of hematocrit on 

thromboelastography and sonoclot analysis. Anesthesiol. 1989, 71, A414. 

136. Tuman, K.J.; Mccarthy, R.J.; Patel, R.B.; Ivankovich, A.D. Quantification of aprotinin reversal of severe 

fibrinolysis in dogs using thromboelastography. Anesth. Analg. 1993, 76, S439. 

137. Mousa, S. Synergistic interactioons between GPIIb/IIIa antagonists and low molecular weight heparin in 

inhibiting platelet-fibrin clot dynamics in human blood and in canine model using thromboelastography. 

Blood 2002, 100, 3986. 

138. Kol, A.; Nelson, R.W.; Gosselin, R.C.; Borjesson, D.L. Characterization of thrombelastography over time in 

dogs with hyperadrenocorticism. Vet. J. 2013, 197, 675–681. 

139. Smith, S.A.; McMichael, M.A.; Gilor, S.; Galligan, A.J.; Hoh, C.M. Correlation of hematocrit, platelet 

concentration, and plasma coagulation factors with results of thromboelastometry in canine whole blood 

samples. Am. J. Vet. Res. 2012, 73, 789–798. 

140. Goggs, R.; Borrelli, A.; Brainard, B.M.; Chan, D.L.; de Laforcade, A.; Goy-Thollot, I.; Jandrey, K.E.; 

Kristensen, A.T.; Kutter, A.; Marschner, C.B.; et al. Multicenter in vitro thromboelastography and 

thromboelastometry standardization. J. Vet. Emerg. Crit. Car. 2018, 28, 201–212. 

141. Shropshire, S.B.; Olver, C.S.; Lappin, M.R. Variability of tissue factor-activated thromboelastography and 

whole blood impedance platelet aggregometry in healthy dogs. J. Vet. Emerg. Crit. Car. 2018, 28, 334–339. 

142. Brooks, A.C.; Guillaumin, J.; Cooper, E.S.; Couto, C.G. Effects of hematocrit and red blood cell-independent 

viscosity on canine thromboelastographic tracings. Transfusion 2014, 54, 727–734. 

143. Wiinberg, B.; Jensen, A.L.; Rozanski, E.; Johansson, P.I.; Kjelgaard-Hansen, M.; Tranholm, M.; Kristensen, 

A.T. Tissue factor activated thromboelastography correlates to clinical signs of bleeding in dogs. Vet. J. 

2009, 179, 121–129. 

144. Bucknoff, M.C.; Hanel, R.M.; Marks, S.L.; Motsinger-Reif, A.A.; Suter, S.E. Evaluation of 

thromboelastography for prediction of clinical bleeding in thrombocytopenic dogs after total body 

irradiation and hematopoietic cell transplantation. Am. J. Vet. Res. 2014, 75, 425–432. 

145. Rubanick, J.V.; Pashmakova, M.B.; Bishop, M.A.; Barr, J.W. Correlation between thromboelastography and 

traditional coagulation test parameters in hospitalized dogs. Veter. Med. Res. Rep. 2017, 8, 21–26. 

146. Yeo, E.L.; Gemmell, C.H.; Sutherland, D.R.; Sefton, M.V. Characterization of canine platelet P-selectin (CD 

62) and its utility in flow cytometry platelet studies. Comp. Biochem. Physiol. B 1993, 105, 625–636. 

147. Weiss, D.J. Application of flow cytometric techniques to veterinary clinical hematology. Vet. Clin. Pathol. 

2002, 31, 72–82. 

148. Moritz, A.; Walcheck, B.K.; Weiss, D.J. Flow cytometric detection of activated platelets in the dog. Vet. Clin. 

Pathol. 2003, 32, 6–12. 

149. Żmigrodzka, M.; Guzera, M.; Winnicka, A. Flow cytometric assessment of activation of peripheral blood 

platelets in dogs with normal platelet count and asymptomatic thrombocytopenia. Pol. J. Vet. Sci. 2016, 19, 

407–414. 



Animals 2020, 10, 201 24 of 25 

150. Kristensen, A.T.; Weiss, D.J.; Klausner, J.S.; Laber, J.; Christie, D.J. Comparison of microscopic and flow 

cytometric detection of platelet antibody in dogs suspected of having immune-mediated 

thrombocytopenia. Am. J. Vet. Res. 1994, 55, 1111–1114. 

151. Oellers, D.E.; Bauer, N.; Ginder, M.; Johannes, S.; Pernecker, I.; Moritz, A. Optimized gating and reference 

ranges of reticulated platelets in dogs for the Sysmex XT-2000iV. BMC Vet. Res. 2016, 22, 148. 

152. Cremer, S.E.; Krogh, A.K.H.; Hedström, M.E.K.; Christiansen, L.B.; Tarnow, I.; Kristensen, A.T. Analytical 

validation of a flow cytometric protocol for quantification of platelet microparticles in dogs. Vet. Clin. 

Pathol. 2018, 47, 186–196. 

153. Marcondes, N.A.; Terra, S.R.; Lasta, C.S.; Hlavac, N.R.C.; Dalmolin, M.L.; Lacerda, L.A.; Faulhaber, G.A.M.; 

González, F.H.D. Comparison of JC-1 and MitoTracker probes for mitochondrial viability assessment in 

stored canine platelet concentrates: A flow cytometry study. Cytometry A 2018, 95, 214–218. 

154. Shropshire, S.; Dow, S.; Lappin, M. Validation of a clinically applicable flow cytometric assay for the 

detection of immunoglobulin associated platelets in dogs. Vet. Immunol. Immunopathol. 2018, 202, 109–114. 

155. Tarrant, J.M. The role of flow cytometry in companion animal diagnostic medicine. Vet. J. 2005, 170, 278–

288. 

156. Boswell, S.G.; Cole, B.J.; Sundman, E.A.; Karas, V.; Fortier, L.A. Platelet-rich plasma: A milieu of bioactive 

factors. Arthroscopy 2012, 28, 429–439. 

157. Pelletier, M.H.; Malhotra, A.; Brighton, T.; Walsh, W.R.; Underman, R. Platelet function and constituents of 

platelet rich plasma. Int. J. Sports Med. 2013, 34, 74–80. 

158. Hsu, W.K.; Mishra, A.; Rodeo, S.R.; Fu, F.; Terry, M.A.; Randelli, P.; Canale, S.T.; Kelly, F.B. Platelet-rich 

plasma in orthopaedic applications: Evidence-based recommendations for treatment. J. Am. Acad. Orthop. 

Sur. 2013, 21, 739–748. 

159. Carr, B.J.; Canapp, S.O.; Mason, D.R.; Cox, C.; Hess, T. Canine platelet-rich plasma systems: A prospective 

analysis. Front. Vet. Sci. 2016, 2, 73. 

160. Mc Carrel, T.M.; Minas, T.; Fortier, L.A. Optimization of leukocyte concentration in platelet-rich plasma for 

the treatment of tendinopathy. J. Bone Joint Surg. 2012, 94, e143. 

161. Hoareau, G.L.; Jandrey, K.E.; Burges, J.; Bremer, D.; Tablin, F. Comparison of the platelet-rich plasma and 

buffy coat protocols for preparation of canine platelet concentrates. Vet. Clin. Pathol. 2014, 43, 513–518. 

162. Hlavac, N.; Lasta, C.S.; Dalmolin, M.L.; Lacerda, L.A.; de Korte, D.; Marcondes, N.A.; Terra, S.R.; 

Fernandes, F.B.; González, F.H.D. In vitro properties of concentrated canine platelets stored in two additive 

solutions: A comparative study. BMC Vet. Res. 2017, 13, 334. 

163. Parra, E.; Vergara, A.; Silva, R.F. Autologous platelet concentrates as treatment for avascular necrosis of 

femoral head in a dog. Top. Companion Anim. M 2017, 32, 31–35. 

164. Bansal, H.; Comella, K.; Leon, J.; Verma, P.; Agrawal, D.; Koka, P.; Ichim, T. Intra-articular injection in the 

knee of adipose derived stromal cells (stromal vascular fraction) and platelet rich plasma for osteoarthritis. 

J. Transl. Med. 2017, 15, 141. 

165. Fahie, M.A.; Ortolano, G.A.; Guercio, V.; Schaffer, J.A.; Johnston, G.; Au, J.; Hettlich, B.A.; Phillips, T.; Allen, 

M.J.; Bertone, A.L. A randomized controlled trial of the efficacy of autologous platelet therapy for the 

treatment of osteoarthritis in dogs. J. Am. Vet. Med. Assoc. 2013, 243, 1291–1297. 

166. Canapp, S.O.Jr.; Canapp, D.A.; Ibrahim, V.; Carr, B.J.; Cox, C.; Barrett, J.G. The use of adipose-derived 

progenitor cells and platelet-rich plasma combination for the treatment of supraspinatus tendinopathy in 

55 dogs: A retrospective study. Front. Vet. Sci. 2016, 9, 61. 

167. Kazemi, D.; Shams Asenjan, K.; Dehdilani, N.; Parsa, H. Canine articular cartilage regeneration using 

mesenchymal stem cells seeded on platelet rich fibrin: Macroscopic and histological assessments. Bone Joint 

Res. 2017, 6, 98–107. 

168. Kim, J.H.; Park, C.; Park, H.M. Curative effect of autologous platelet-rich plasma on a large cutaneous lesion 

in a dog. Vet. Dermatol. 2009, 20, 123–126. 

169. Dehghan, M.M.; Baghaban Eslaminejad, M.; Motallebizadeh, N.; Ashrafi Halan, J.; Tagiyar, L.; Soroori, S.; 

Nikmahzar, A.; Pedram, M.; Shahverdi, A.; Kazemi Mehrjerdi, H.; et al. Transplantation of autologous bone 

marrow mesenchymal stem cells with platelet-rich plasma accelerate distraction osteogenesis in a canine 

model. Cell J. 2015, 17, 243–252. 

170. López, S.; Vilar, J.M.; Sopena, J.J.; Damià, E.; Chicharro, D.; Carrillo, J.M.; Cuervo, B.; Rubio, A.M. 

Assessment of the Efficacy of Platelet-Rich Plasma in the Treatment of Traumatic Canine Fractures. Int. J. 

Mol. Sci. 2019, 1, 20. 



Animals 2020, 10, 201 25 of 25 

171. Filgueira, F.G.F.; Watanabe Minto, B.; Granato Chung, D.; Carmagni Prada, T.; Rosa-Ballaben, N.M.; 

Nogueira Campos, M.G. Platelet-rich plasma, bone marrow and chitosan in minimally invasive plate 

osteosynthesis of canine tibia fractures—A randomized study. Veter. Med. 2019, 64, 309–316. 

172. Keskiner, I.; Alkan, A.; Acikgoz, G.; Arpak, N.; Kaplan, S.; Arslan, H. Platelet-rich plasma and autogenous 

bone graft combined with guided tissue regeneration in periodontal fenestration defects in dogs. Int. J. 

Periodont. Rest. 2014, 34, e112–e120. 

173. Karayannopoulou, M.; Psalla, D.; Kazakos, G.; Loukopoulos, P.; Giannakas, N.; Savvas, I.; Kritsepi-

Konstantinou, M.; Chantes, A.; Papazoglou, L.G. Effect of locally injected autologous platelet-rich plasma 

on second intention wound healing of acute full-thickness skin defects in dogs. Vet. Comp. Orthop. Traumatol. 

2015, 28, 172–178. 

174. Jee, C.H.; Eom, N.Y.; Jang, H.M.; Jung, H.W.; Choi, E.S.; Won, J.H.; Hong, I.H.; Kang, B.T.; Jeong, D.W.; Jung, 

D.I. Effect of autologous platelet-rich plasma application on cutaneous wound healing in dogs. J. Vet. Sci. 2016, 

17, 79–87. 

175. Bozynski, C.C.; Stannard, J.P.; Smith, P.; Hanypsiak, B.T.; Kuroki, K.; Stoker, A.; Cook, C.; Cook, J.L. Acute 

management of anterior cruciate ligament injuries using novel canine models. J. Knee Surg. 2016, 29, 594–603. 

176. Cook, J.L.; Smith, P.A.; Bozynski, C.C.; Kuroki, K.; Cook, C.R.; Stoker, A.M.; Pfeiffer, F.M. Multiple injections 

of leukoreduced platelet rich plasma reduce pain and functional impairment in a canine model of ACL and 

meniscal deficiency. J. Orthop. Res. 2016, 34, 607–615. 

177. Lee, M.I.; Kim, J.H.; Kwak, H.H.; Woo, H.M.; Han, J.H.; Yayon, A.; Jung, Y.C.; Cho, J.M.; Kang, B.J. A placebo-

controlled study comparing the efficacy of intra-articular injections of hyaluronic acid and a novel hyaluronic 

acid-platelet-rich plasma conjugate in a canine model of osteoarthritis. J. Orthop. Surg. Res. 2019, 18, 314. 

178. Kazemi, D.; Fakhrjou, A. Leukocyte and platelet rich plasma (l-PRP) versus leukocyte and platelet rich fibrin 

(l-PRF) for articular cartilage repair of the knee: A comparative evaluation in an animal model. Iran. Red. 

Crescent. Med. 2015, 17, e19594. 

179. Kazemi, D.; Dizaji, V.M.; Alishahi, M.K. Effect of autologous platelet rich fibrin on the healing of experimental 

articular cartilage defects of the knee in an animal model. Biomed Res. Int. 2014, 486436. 

180. Abouelnasr, K.; Hamed, M.; Lashen, S.; El-Adl, M.; Eltaysh, R.; Tagawa, M. Enhancement of abdominal wall 

defect repair using allogenic platelet-rich plasma with commercial polyester/cotton fabric (Damour) in a 

canine model. J. Vet. Med. Sci. 2017, 79, 1301–1309. 

181. Pelagalli, A.; Drago, V.; Izzo, M.; Lamagna, B.; Avallone, L.; Lamagna, F. Platelet gel preparation technique 

and its use in tissue repair processes in dogs: A pilot study. Comp. Med. 2011, 61, 558–559. 

182. Everts, P.A.M.; Knape, J.T.A.; Weibrich, G.; Schönberger, J.P.A.M.; Hoffmann, J.; Overdevest, E.P.; Box, 

H.A.M.; van Zundert, A. Platelet-rich plasma and platelet gel: A review. J. Extra Corpor. Technol. 2006, 38, 

174–187. 

183. Carter, A.C.; Jolly, D.G.; Worden, C.E.; Hendren, D.G.; Kane, C.J.M. Platelet-rich plasma gel promotes 

differentiation and regeneration during equine wound healing. Exp. Mol. Pathol. 2003, 74, 244–255. 

184. Rahimzadeh, P.; Imani, F.; Reza Faiz, S.H.; Reza Entezary, S.; Zamanabadi, M.N.; Reza Alebouyeh, M. The 

effects of injecting intra-articular platelet-rich plasma or prolotherapy on pain score and function in knee 

osteoarthritis. Clin. Interv. Aging 2018, 13, 73–79. 

185. Allahverdi, A.; Sharifi, D.; Takhtfooladi, M.A.; Hesaraki, S.; Khansari, M.; Dorbeh, S.S. Evaluation of low-

level laser therapy, platelet-rich plasma, and their combination on the healing of Achilles tendon in rabbits. 

Laser Med. Sci. 2015, 30, 1305–1313. 

186. Min, S.; Yoon, J.Y.; Park, S.Y.; Moon, J.; Kwon, H.H.; Suh, D.H. Combination of platelet rich plasma in 

fractional carbon dioxide laser treatment increased clinical efficacy of for acne scar by enhancement of 

collagen production and modulation of laser-induced inflammation. Lasers Surg. Med. 2018, 50, 302–310. 

187. Rabago, D.; Nourani, B. Prolotherapy for osteoarthritis and tendinopathy: A descriptive review. Curr. 

Rheumatol. Rep. 2017, 19, 34. 

188. Gladstein, B. A Case for Prolotherapy and Its Place in Veterinary Medicine. J. Prolother. 2012, 4, e870–e885. 

 

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 

article distributed under the terms and conditions of the Creative Commons Attribution 

(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 


