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Chapter 1: Introduction 

Central venous catheters (CVC) are mainly used at critical care units in human and small 

animal patients requiring infusion of large amounts of fluids or blood, parenteral nutrition 

support, routine drug therapy, haemodialysis, chemotherapy, plasmapheresis or 

periodical blood sampling (Geerts, 2014; Vose et al., 2019). CVC related thrombosis is 

one of the most severe complications (apart from infections, and pneumothorax) of CVCs 

in humans (Comerlato et al., 2017; Evans and Ratchford, 2018; Geerts, 2014), leading to 

patient’s distress, CVC dysfunction, venous stenosis, and in some cases to the 

development of thromboembolism (Geerts, 2014). In the human literature there are 

various studies dealing with epidemiologic and prophylactic aspects, which are described 

below in detail. In contrast, to the best of the author´s knowledge, studies about extra 

luminal CVC related thrombosis in dogs are rare in the available veterinary literature.  

Studies are mainly dealing with development of intraluminal CVC thrombi occurring 

frequently in dogs and cats (Langston et al., 2014) and leading to CVC malfunction (Vose 

et al., 2019). 

 

Epidemiology of CVC related thrombosis 

CVC related thrombosis represents 70–80 % of all upper extremity thrombosis cases, and 

approximately 10 % of thromboembolism cases in humans (Kucher, 2011). The incidence 

of CVC related thrombosis reported in humans, based in 25 studies, ranged widely from 

2 % to 67 % (median = 30 %) (van Rooden et al., 2005). The incidence of CVC related 

thrombosis detected by colour Doppler ultrasound of the internal jugular vein reported in 

3 studies performed in humans was 2 % (Harter et al., 2002), 30 % (Lordick et al., 2003), 

and 56 % (Wu et al., 1999). 
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The incidence of CVC related thrombosis in humans can vary between studies according 

to the CVC type used, entry site of the CVC (jugular, femoral, subclavian, axillary, 

cephalic vein) and time period with the CVC in place, the diagnostic thrombus detection 

technique (venography or ultrasonography) and criteria for diagnosis, duration of follow 

up, diseases and presence of predisposing factors (e.g., previous venous thrombosis 

history, presence of cancer), and finally, prophylactic anticoagulation treatment (Geerts, 

2014; Liu et al., 2015; van Rooden et al., 2005).  

To the best of the author´s knowledge, data about the incidence of CVC related 

thrombosis detected by colour Doppler ultrasound into the lumen of the jugular vein in 

dogs are rare in the available veterinary literature. In one study performed in 81 dogs and 

12 cats (Adamantos et al., 2010), the incidence of vein thrombosis detected by palpation 

or ultrasound was 2 %, and the incidence of intraluminal CVC thrombosis (presumed by 

the inability to draw blood back) was 15 %. Additionally, regarding to intraluminal CVC 

thrombosis, an incidence of 8 % was reported in one case control study performed in 24 

dogs receiving CVC flushing with heparinised solution (Vose et al., 2019). Data about 

incidence in other animal species was also found. In another case-control study performed 

on 37 pigs, thrombosis in the caval vein related to CVC placed in the external jugular 

vein (EJV) was evaluated by histological analysis, however no ultrasound detection was 

performed (Kohler and Kirkman, 1998). In this study in pigs, 94 % of patients with CVC 

developed thrombi in the vena cava based on sections at the site of the end of the catheter 

tip and 0.5 and 1 cm proximal of the first section (Kohler and Kirkman, 1998). 

 

Pathogenesis of CVC related thrombosis 

Two types of CVC related thrombosis are distinguished in the human medicine literature 

(Geerts, 2014; van Rooden et al., 2005): First, symptomatic thrombosis is defined as 
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thrombosis detected by diagnostic images (ultrasonography, venography), when 

symptoms and signs (e.g., localised swelling, pain, redness) are present (Lee and 

Kamphuisen, 2012). Second, subclinical thrombosis is defined as thrombosis 

demonstrated by the previously mentioned diagnostic images without overt symptoms or 

signs (Boersma et al., 2008). Additionally, the CVC related thrombi can be classified as: 

occlusive thrombus into the CVC lumen, peri-catheter related fibrin sheaths, and mural 

thrombi (Geerts, 2014).  

During the CVC insertion, the puncture of the skin on the CVC insertion site, and the 

rupture of the blood vessels integrity activate the coagulation cascade, and the CVC acts 

as a matrix for adherence and accumulation of fibrin and cellular components (Smith et 

al., 2012).  The attachment of proteins and blood cells to the internal and/or external wall 

of the CVC can lead to (1) (partial or complete) occlusion of the catheter lumen, and (2) 

sometimes, if a thrombus formation starts into the lumen of the vein (attached to the vein 

wall or to the CVC), a partial or complete obstruction of the blood flow, and/or embolism 

can develop (Langston and Eatroff, 2018). Additionally, a study performed in humans 

(Lordick et al., 2003) demonstrated a relationship between CVC related thrombosis and 

microbial colonisation of the catheter leading to CVC related systemic infections. This 

relationship was explained, among others, by the ease of microorganisms like 

Staphylococcus aureus and Staphylococcus epidermidis to adhere to CVC related 

thrombin sheaths (Boersma et al., 2008).  

 

Diagnosis of CVC related thrombosis 

Venous thrombosis is commonly diagnosed in human and small animal medicine 

(especially in dogs) with vascular ultrasonography, with or without use of the colour 

Doppler technique which is normally used to evaluate the blood flow through the blood 
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vessels (Evans and Ratchford, 2018; Laurenson et al., 2010). According to the literature 

in humans cited below, the CVC related thrombosis detected by colour Doppler 

ultrasound is present if any of the following aspects are observed: (1) well defined 

thrombus visualised in the lumen of the vein, (2) impossibility to perform compression 

of the vein by slight pressure with the ultrasound probe, and/or (3) no detectable blood 

flow signal by colour Doppler ultrasound (Bonnet et al., 1989; Köksoy et al., 1995). 

Similarly, in dogs the CVC related thrombosis is usually diagnosed by colour Doppler 

ultrasonography through the detection of the thrombus within the lumen of the vein, 

and/or the obstruction (partial or complete) of the normal blood flow (Bliss et al., 2002).  

Especially in humans, the contrast venography technique is used as gold standard to 

confirm thrombosis. For this purpose, a contrast solution is injected through a peripheral 

vein to assess its passage through the bloodstream by x-ray. However, this diagnostic 

technique is normally used only in the case of a strong clinical suspicion of venous 

thrombosis that cannot be detected by ultrasonography (Laurenson et al., 2010, Langston 

and Eatroff, 2018). In a study performed in 44 human patients requiring a CVC (Köksoy 

et al., 1995), a sensitivity of 94 % and a specificity of 96 % were determined for the colour 

Doppler ultrasound diagnosis when it was compared with the diagnosis performed with 

the contrast venography technique. That results make the colour Doppler ultrasound an 

accurate diagnosis method to detect CVC related thrombosis in humans (Köksoy et al., 

1995; van Rooden et al., 2003).  

Advanced diagnostic image techniques like computed tomography or magnetic resonance 

tomography are also accurate to perform the diagnosis of CVC related thrombosis in 

humans (Whitesell and Steenburg, 2014). In dogs, multidetector computed tomography 

venography was used in one study for the diagnosis of CVC related thrombosis allowing 

the identification of catheter related sheaths around the CVC external wall (Wang at al., 
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2015). However, the high costs of these advanced diagnostic imaging procedures, and the 

requirement to perform at least sedation or general anesthesia are disadvantages when 

compared with ultrasonography.  

Finally, electron microscopy (ELMI) is a diagnostic technique, that has been used in 

humans (Lucas et al., 2017), and experimental animals (Xiang et al., 1998; Xiang et al., 

2001) mainly to perform a microstructural evaluation of thrombi developed into the 

lumen of the CVC, or in the vein containing the CVC. ELMI allows the ex vivo diagnosis 

of very small thrombi or sleeve related thrombosis that perhaps cannot be detected by 

ultrasonography or venography during the evaluation of patients with CVCs (Xiang et al., 

2001). However, one point to consider is, that it is possible that compact thrombi 

developed on the CVC can be detached during the CVC removal from the vein and, 

thereby, before its analysis by ELMI (Xiang et al., 2001). 

 

Heparin thromboprophylaxis for CVC related thrombosis 

Application of CVCs in human medicine is commonly accompanied by prophylactic 

anticoagulation in order to decrease the risk of development of partial or complete vein 

occlusion and/or thromboembolism and, thereby, to improve the patient’s comfort 

(Baumann-Kreuziger et al., 2015). Apart from vitamin K antagonists (Mismetti et al., 

2003), unfractionated heparin (UFH) (Abdelfeki et al., 2004), and low molecular weight 

heparin (LMWH) (Karthaus et al., 2006), are anticoagulants that have been used on 

studies in humans administrated by intravenous (IV) infusion or by subcutaneous (SC) 

injection to prevent thrombi development into the lumen of the veins containing the CVC 

(review article: Baumann-Kreuziger et al., 2015). Different heparin dosages have been 

used as thromboprophylactic anticoagulation in humans with CVC (review article: Lee 

and Kamphuisen, 2012). For example, in five different case-control studies performed in 
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human haemato-oncological patients, UFH at a daily dosage of 100 IU/kg given by IV 

infusion (Abdelfeki et al., 2004); and LMWH at SC daily dosages of: 40 mg enoxaparin 

(Verso et al., 2005); 5000 IU AXa dalteparin (Karthaus et al., 2006; De Cicco et al., 2009), 

and 2850 IU AXa nadroparin (Niers et al., 2007) were used. Only in part of these studies, 

it is stated that systemic heparin was combined with flushing of the CVC using 

heparinised saline solution to reduce the risk of catheter occlusion (Karthaus et al., 2006).  

In 3 of the 5 previously mentioned studies no statistically significant difference was found 

in the incidence of CVC related thrombosis between patients receiving the 

anticoagulation prophylaxis compared with the control groups without systemic 

anticoagulation (Verso et al., 2005: p = 0.35; Karthaus et al., 2006: p > 0.05; Niers et al., 

2007: p = 0.49). In contrast in the residual two studies, a lower incidence of CVC related 

thrombosis was found in the group receiving an anticoagulation prophylaxis compared 

with the control groups (Abdelfeki et al., 2004: 1.50 % vs. 12.6 %, p = 0.03; De Cicco et 

al., 2009: 40.0 % vs. 52.6 %, p = 0.05).  

Obviously, there is no consensus in the available human literature regarding the beneficial 

use of anticoagulation prophylaxis to prevent CVC related thrombosis and this may 

reflect great variations, for example, according to the study design, period trial, drug 

administration route (Lee and Kamphuisen, 2012) and the moment of the initial 

anticoagulant dosage administration (Decicco et al., 2009).   

To the best of the author´s knowledge, studies about thromboprophylaxis for extraluminal 

CVC related thrombosis in dogs cannot be found in the available veterinary literature. 

However, similarly to humans, prophylactic anticoagulation with heparinised saline 

(administrated through CVC flushing) to prevent CVC occlusion by intraluminal thrombi 

was used in one case-control study performed in 24 dogs (Vose et al., 2019). In the cited 

study 12 dogs received dosages of 3 ml of heparinised saline solution (10 IU UFH/ml) to 

https://www.linguee.es/ingles-espanol/traduccion/through.html
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flush the catheter every 6 hours during 72 hours, whereas 12 control dogs received 

flushing with the same volume of non-heparinised saline solution administered at the 

same frequency, and no statistically significant difference was found. 

 

Prediction of CVC related thrombosis 

Studies regarding the relationship between laboratory biomarkers and CVC related 

thrombosis are available in the human literature (Boersma et al., 2016; Cheng et al., 2013; 

Liu et al., 2015), however to the best of the author´s knowledge literature about laboratory 

tests used as predictors for CVC related thrombosis in small animals cannot be found at 

all. Availability of approved blood tests, which can predict the risk of thrombosis 

development associated to CVC already at the moment of the CVC placement are 

important in order to identify an increased risk of CVC related thrombosis (Boersma et 

al., 2016). In the study performed by Boersma et al. (2016), in 168 human patients without 

indication of anticoagulation prophylaxis, elevated leukocyte counts, high levels of 

plasminogen activator inhibitor, and of coagulation factor VIII (all measured on blood 

samples taken after CVC placement) were associated with an increased incidence of 

symptomatic CVC-related thrombosis diagnosed by ultrasonography. In another study 

(Liu et al., 2015) high blood levels of lactate dehydrogenase, and low concentrations of 

HDL and albumin were associated with the incidence for CVC related thrombosis 

diagnosed by ultrasound in 324 senile patients, which was in total 6.17 %. Additionally, 

dyslipidemia (high triglycerides, low HDL, and high LDL/HDL ratio) was associated 

with CVC related thrombosis (diagnosed by ultrasound and computer tomography 

angiography) in human patients undergoing haemodialysis (Cheng et al., 2013). Studies 

about predictive tests for CVC related thrombosis in dogs were not found in the available 

literature to the best of the author´s knowledge.  
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Aims of the study 

The aims of the preliminary methodological study of the present scientific project were: 

(1) to define reference intervals for viscoelastic analyses of canine haemostasis using the 

ROTEM® delta analyser, and (2) to determine the precision (repeatability) of this 

method. And the aims of the main study of the present scientific project were: (1) to 

determine the incidence of catheter-induced thrombosis in canine intensive care patients, 

(2) to evaluate the efficacy of a prophylactic heparin regimen routinely used in the Small 

Animal Clinic of the University of Veterinary Medicine Hannover, and (3) to assess 

whether selected haemostasis test results are predictive for an increased risk for 

thrombosis formation.
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ABSTRACT 

Aims of the present study were to define reference intervals for viscoelastic analyses of 

canine haemostasis using the ROTEM® delta analyser, and as a secondary aspect to 

determine the precision (repeatability) of this method. Blood samples from 125 clinically 

healthy dogs were included. Measurements were performed with commercially available 

activating reagents (ex-tem, in-tem and kaolin solution) as well as without activation. 

Additional fourfold measurements were done in 3 of the normal blood samples and in 3 

samples with haemostatic alterations to evaluate the precision of the method.  

Coefficients of Variation (CVs) for most of the ROTEM variables were < 10 %. Clot 

formation time and maximum clot elasticity showed a wide inter-individual variation in 

comparison with alpha angle and maximum clot firmness. A multivariate analysis on 

various ROTEM parameters revealed particularly a significant influence of neuter status 

and a significant interrelationship between the factors sex and neuter status for 

measurements with different activating reagents. These results reflected the fact that 

significant differences occurred only between intact and neutered females, but not in 

males. No or only occasionally significant differences were found between groups of sex, 

age, and size.  

In conclusion, CVs demonstrated that the method delivers repeatable results in canine 

citrated whole blood. Established reference intervals should deliver valuable orientation 

for the evaluation of viscoelastic properties of clotting whole blood in dogs using the 

ROTEM delta analyser. Neuter status in females appeared to be the most relevant 

influencing factor and should be considered for the interpretation of ROTEM delta test 

results.  

Keywords: Viscoelastic measurements; reference values; canine; age; sex; neuter status. 
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1. Introduction 

Heamostasis is a physiologic and dynamic process in which plasma soluble coagulation 

factors, blood cells, and blood vessels are involved. Clot formation and possible 

subsequent clot lysis as well as vascular tissue repair aim to prevent haemorrhages on the 

one hand and thromboses on the other hand (Kol and Borjesson, 2010; Versteeg et al., 

2013). Conventional assays of coagulation such as prothrombin time (PT), activated 

partial thromboplastin time (aPTT), and thrombin time TT have limitations, especially 

cellular elements are not incorporated into the test, and thereby, these tests reflect only 

limitedly in vivo functionality of haemostasis (McMichael and Smith, 2011; Crochemore 

et al., 2018). 

The rotational thromboelastometry (ROTEM®), currently termed as thromboelastometry 

(TEM), and thromboelastography (TEG) are methods for the rapid evaluation of the 

overall haemostasis capacity through the measurement of viscoelastic properties of 

clotting whole blood (Kol and Borjesson, 2010; Theusinger et al., 2010; Sankarankutty 

et al., 2012; Versteeg et al., 2013). In TEG, the cup with the blood sample is rotating, 

whereas the torsion wire is fixed. In ROTEM/TEM, the cup is fixed, whereas the pin is 

rotating. Changes in torque, i.e. resistance to rotation, by the fibrin bridge created between 

pin and cup in the clotting blood are detected electromechanically in TEG and optically 

in ROTEM (Bollinger et al., 2012) and displayed as a graph that indicates the time for the 

formation of blood clot and its strength (Bagge et al., 2016). The resulting graph reflects 

the initiation and propagation of the coagulation system, fibrin-platelet interactions and 

clot lysis.  

TEG was first described in 1948 by Hellmut Harten (Hartert, 1948) as an in vitro method 

to evaluate the clot formation process, while resembling the in vivo blood flow. The 

development of the actually used instrument types TEG and ROTEM®/TEM were based 
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on that original principle. Viscoelastic measurements have been widely used since the 

1980s in human medicine to evaluate haemostasis and hypercoagulable states in surgical 

patients (e.g., cardiac and hepatic surgeries) and in general in critical care units (Kol and 

Borjesson, 2010; Nogami, 2016; Wikkelso et al., 2016; Crochemore et al., 2017). In 

veterinary medicine viscoelastic measurements using TEG and ROTEM/TEM have been 

validated for use in dogs, cats and horses and used to study haemostasis in different 

diseases (e.g., infectious diseases, liver diseases) and medical conditions (e.g., 

orthopaedic surgery, hyperfibrinolysis), and also to investigate the effect of 

anticoagulants and other drugs (e.g., corticosteroids) on haemostasis (Kol and Borjesson., 

2010; Bruno et al., 2015a, 2015b; Woodman et al., 2015; Conversy et al., 2017; Sigrist et 

al., 2018; Turner et al., 2019). The methodology seems to be especially suitable to detect 

hypercoagulability (Wiinberg et al., 2008; Kol and Borjesson, 2010; Marschner et al., 

2018).  

In the available veterinary literature information about reference values for TEG were 

found using kaolin as activation reagent (Bauer et al., 2009). Falco et al., (2012) 

determined reference values for the ROTEM analyser in dogs using ex-tem, in-tem, and 

fib-tem reagents for selected ROTEM parameters in a study on forty five healthy dogs. 

However data related to reference intervals obtained in an adequate number of samples 

(at least 120) according to the American Society for Veterinary Clinical Pathology 

(ASVCP) (Friedrichs et al., 2012) and the National Committee for Clinical Laboratory 

Standards (NCCLS) (Horn and Pesce, 2003) could not be found in the available literature. 

The aim of this study is to determine reference values for the ROTEM® delta device in 

dogs using citrated whole blood with different clot activator reagents (ex-tem, in-tem, 

kaolin) and without activator. 
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2. Materials and methods 

2.1. Study design.  

Reference intervals: Single thromboelastometric measurements were performed in 125 

clinically healthy dogs using the ROTEM® analyser and different activating reagents (ex-

tem, in-tem, and kaolin), as well as without activation. Reference values were calculated 

and influences of age groups (young, adult and senior), sex, neuter status, and size 

(groups: small, medium and large) were assessed. 

Precision analysis: Additional fourfold measurements using ex-tem or in-tem activating 

reagents, respectively, were performed on 3 of the normal and also in 3 abnormal blood 

samples each in order to assess within-run imprecision for these measurements. 

      

2.2. Animals 

The clinically healthy dogs with a body weight of at least 5 kg were recruited by launching 

a call in the University of Veterinary Medicine Hannover network for students and staff 

members. Interested dog owners received a free health check of their animals (clinical 

examination and blood tests specified below) in combination with the blood collection. 

In addition, individual privately owned patient dogs of the Small Animal Clinic with 

undisturbed general health were also included if blood was collected due to another 

indication (e.g., general health check, pre-anaesthetic examination, test for hereditary 

diseases, etc.). Before taking the blood samples all dogs were fasted for at least 12 h with 

free access to water. 125 animals for which the examination of the health status (clinical 

examination, routine haematology and clinical chemistry, basis coagulation profile) did 

not reveal any deviations from the reference were included in the study, whereas 3 of the 

128 initially recruited animals had to be excluded due to laboratory abnormalities 
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Haematological and clinical chemistry profiles, performed in order to confirm the health 

status, included white and red cell count, haematocrit, platelet counts and reticulocytes, 

plasma activities of alanine aminotransferase, glutamate dehydrogenase, alkaline 

phosphatase, and pseudocholinesterase, as well as concentrations of total bilirubin, urea, 

creatinine, glucose, total protein, albumin, cholesterol, and ionised calcium. A basis 

coagulation profile including PT, PTT and TT was also performed to exclude significant 

abnormalities within the blood coagulation system. 

The 125 healthy dogs enclosed in the establishment of reference values included 48 mixed 

breed dogs and the following pedigree dogs: 13 Labrador Retrievers, 6 Australian 

Shepherds, 4 Havanese dogs; 3 from each of the following breeds: American 

Staffordshire Terriers and Cocker Spaniels; 2 from each of the following breeds: Beagles, 

Border Collies, Dalmatians, Elo dogs (breed not recognised by Fédération cynologique 

international [FCI]), German Longhaired Pointers, German Shorthaired Pointers, Giant 

Schnauzers and Golden Retrievers; 1 from each of the following breeds: Belgian 

Malinois, Bolonka Zwetna, Briard, Brussels Griffon, American English Coonhound, 

Italian Mastiff, Flat Coated Retriever, French Bulldog, German Shepherd, Great Dane, 

Greater Swiss Mountain Dog, Giant Spitz, Goldendoodle, Hovawart, Hungarian Vizsla, 

Italian Bloodhound, Lycanis Wolfdog, Miniature American Shepherd, Miniature 

Schnauzer, Old German Shepherd, Podenco, Poodle, Pyrenean Shepherd, Rhodesian 

Ridgeback, Rottweiler, "Schafpudel" (breed not recognised by FCI), Small 

Munsterlander, Spanish Mastiff, Tibet Terrier, Weimaraner, West Highland White 

Terrier and Wirehaired Pointer.  

These dogs were aged between 6 and 154 months (median = 41.0 months) and had body 

weights ranging from 5.0 to 70.7 kg (median = 22.6 kg). 30 were castrated males, 33 

intact males, 41 spayed females and 21 intact females. According to the height at withers, 
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the dogs were divided into 3 different size groups: small (≤40 cm, n = 22), medium (41–

60 cm, n = 77) and large (>60 cm, n = 26). Dogs were also divided in three different age 

groups: young (≤ 24 months, n = 34), adult (25–84 months, n = 59), and senior dogs (>84 

months, n = 32).  

The three blood samples with haemostatic abnormalities were taken from two dogs with 

complex haemostatic disorders (Disseminated Intravascular Coagulation [DIC]) 

including reduced platelet count and abnormal PT and APTT, and one dog with 

thrombocytopenia.  

Animals were treated in accordance with the German Animal Welfare Law. The 

experimental design was approved by the Animal Welfare officer of the University of 

Veterinary Medicine Hannover Foundation and by the ethics committee of the 

responsible authority (Lower Saxony State Office for Consumer Protection and Food 

Safety, reference number: 17A101).  

 

2.3. Blood sampling 

The venipuncture area was shaved and then disinfected with alcohol. The saphenous or 

cephalic vein was visualised with slight pressure and punctured with disposable cannulas 

(diameter 0.9 or 1.0 mm). The continuously running blood was directly collected from 

the needle into the tubes containing the respective anticoagulants. From each dog, 

approximately 10 ml of blood were collected including approximately 8 ml of citrated 

blood for the measurement of haemostasis tests (ROTEM; PT, aPTT, TT) in tubes 

containing sodium citrate 3.13 % (Eifelfango® GmbH & Co. KG, Bad Neuenahr-

Ahrweiler, Germany) in a ratio of 1 volume/9 volumes of blood. In addition, 

approximately 1 ml of EDTA blood for haematological analysis and approximately 1 ml 
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of lithium heparin blood for clinical chemical measurements were collected into 

commercial 1.3 ml tubes (Sarstedt AG & Co, Nümbrecht, Germany).  

Citrated blood was initially kept at room temperature (20-25 C) in order to avoid errors 

within the preanalytical phase (Toulon et al., 2017). Two ml of citrated blood were used 

for the ROTEM® analysis, the residual citrate blood was centrifuged for 10 min at 3800 

rpm and 5 °C, then the plasma was separated by careful pipetting and it was centrifuged 

a second time under the same conditions to get platelet poor plasma which was stored in 

aliquots of 500 µl and 250 µl at -80 °C for coagulation tests. 

 

2.4. Rotational elastometry 

Viscoelastic measurements using the ROTEM® delta for the establishment of reference 

intervals were performed approximately 15 min after the blood collection using activating 

reagents (liquid reagents) provided by the manufacturer of the instrument (r-ex-tem®, in-

tem®), and a kaolin solution (5 g/1; as part of the PTT reagent C.K. Prest [Diagnostica 

Stago S.A.S., Asnières sur Seine Cedex, France]). In addition, non-activated analyses 

were performed using isotonic NaCl solution instead of the activating reagent in the fourth 

channel of the device. Fourfold measurements for precision analysis were performed 

simultaneously in the four channels of the device in separate runs.  

According to the standard test protocol provided by the manufacturer of the ROTEM® 

delta (Werfen GmbH/Instrumentation Laboratory, Munich, Germany), 20 μl of the 

reagent for recalcification (star-tem®20) and 20 μl of the activating reagent were pipetted 

into a cuvette using the automated pipette provided with the device. Immediately 

thereafter 300 μl of citrated whole blood (prewarmed to 37 °C for five minutes in the 

heating device of the instrument and gently rocked to resuspend possibly sedimented 

cells) were added to the test preparation in the cuvette using the automated pipette and 
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then the cuvette was laced carefully in the ROTEM® device whereby the rotating pin 

entered into the test approach.  

Different parameters are provided automatically by the ROTEM® delta device, and the 

following variables (described according to the Pentapharm GmbH ROTEM® delta 

Manual [2009]) were used in the study: 

Clotting time (CT): the time (in s) from the beginning of the test (by adding the clot 

activator) until the formation of fibrin starts (defined as the moment when the curve 

achieves an amplitude of 2 mm). This Parameter facilitates the decision to replace clotting 

factors when it is required.  

Clot formation time (CFT): describes the next phase of clotting by the formation of a 

stable clot through the activation of thrombocytes and fibrin formation. It is defined as 

the time (in s) between the 2 mm amplitude and 20 mm amplitude of the curve.  

Alpha angle (α angle): is the angle (in degrees) between the middle axis and the tangent 

to the clotting curve through the 2 mm amplitude point.  

Amplitude after “XX” minutes (e.g., A30 after 30 min): is the amplitude (in mm) at a 

certain time after the CT has finished.  

Maximum clot firmness (MCF): corresponds to the maximum amplitude (in mm) reached 

before the clot is dissolved by fibrinolysis. This parameter measures the firmness of the 

clot and its quality. Like CFT and α angle it facilitates the decision for substitution therapy 

with platelet concentrate and/or fibrinogen, especially in humans.  

Maximum clot elasticity (MCE): is a parameter calculated from MCF and may be superior 

at high amplitudes as compared to the MCF.  

Lysis index at 30, 45 and 60 min (LI30, LI45, LI60): represents the fibrinolysis (in 

percentage) 30, 45 and 60 min after the CT. It may facilitate the decision for or against a 

therapy with anti-fibrinolytic drugs. 
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Maximum lysis (ML): describes the degree of fibrinolysis relative to the MCF achieved 

during the measurement (percent loss of clot firmness). 

  

2.5. Statistical methods 

Original data obtained from the ROTEM® delta device software were transferred into the 

Microsoft® Excel® formal (Microsoft Office Professional Plus 2013). The Statistical 

analyses were performed using the SAS Enterprise Guide Version 7.1 (SAS Institute Inc., 

Cary, NC, USA).  

Coefficients of Variation (CVs) for selected relevant parameters of the ROTEM delta 

analysis using ex-tem and in-tem regents were calculated for the fourfold measurements 

on 3 normal and 3 abnormal blood samples in order to assess within-run imprecision. CVs 

for the results of each sample were calculated by dividing the standard deviation of the 

data set by its arithmetic mean. Finally, the median of the CVs for each group of 3 samples 

was calculated. The reference values were calculated according to recommendations of 

the American College of Veterinary Clinical Pathology (ACVCP) based on non-

parametric methods (2.5 % and 97.5 % quantiles) supplemented by 95 % confidence 

intervals (Friedrichs et al., 2012).  

Data were analysed for Standard normal distribution by Kolmogorov Smirnov test and 

assessment of residuals of the analysis of variance (ANOVA). Because these tests 

indicated almost normally distributed values for the studied ROTEM variables, data were 

analysed by a fourway ANOVA stratified by the activating reagent (ex-tem, in-tem, 

kaolin, or without activation) to test the influence of size, age, sex and neuter status on 

several parameters and taking all interactions into account. Post hoc t-tests were 

performed when indicated. The significance level was set to P < .05.  
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3. Results 

3.1. Precision of the method 

For all the parameters evaluated in the study, the CVs for the fourfold measurement in 

healthy dogs were less than 10 % (Table 1). In the case of dogs with haemostatic 

abnormalities CVs of the vast majority of ROTEM variables were also less than 10 % 

except the variables CFT and ML, irrespective whether ex-tem or in-tem reagents were 

used (Table 2). 

 

Table 1. Coefficients of variation (%)* for rotational thromboelastometry using the 

ROTEM® delta analyser in normal blood samples. 

Activator CT (s) CFT (s) α (°) A30 (mm) MCF (mm) MCE(mm) LI30  (%) LI45 (%) LI60 (%) ML (%) 

Ex-tem® 8.75 6.29 2.62 2.13 1.79 6.34 0.00 0.20 0.37 5.34 

In-tem® 2.45 5.96 1.66 1.17 1.35 2.99 0.00 0.00 0.46 2.16 

Abbreviations: CT – clotting time; CFT – clot formation time, α – alpha angle, A30 –

amplitude after 30 min, MCF – maximum clot firmness ; MCE – maximum clot elasticity; 

LI 30, LI 45, LI 60 – Lysis index at 30, 45 and 60 min, ML – maximum lysis. 

* Median values of the measurements of 3 samples. 

 

Table 2. Coefficients of variation (%)* for rotational thromboelastometry using the 

ROTEM® delta analyser in canine blood samples with haemostatic alterations. **.  

Activator CT (s) CFT (s) α (°) A30 (mm) MCF (mm) MCE(mm) LI30  (%) LI45 (%) LI60 (%) ML (%) 

Ex-tem® 6.68 14.78 3.93 2.18 2.68 5.82 0 0.18 0.00 8.48 

In-tem® 2.28 7.99 4.61 2.19 2.51 3.71 0 0 0.17 28.3 

** Median values of the measurements of 3 samples from patients with: DIC (n = 2), 

thrombocytopenia (n = 1); abbreviations: please see legend to Table 1. 
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3.2. Reference intervals 

Activation by ex-tem reagent (tissue factor) resulted in faster CTs when compared to 

activation via the intrinsic pathway using ellagic acid (in-tem) or kaolin reagents, whereas 

the CFT was much less affected by the activating reagent (Table 3). Especially CFT and 

MCE showed a wide inter-individual variation in comparison, for example, with α angle 

and MCF, regardless of the used activating reagent (Table 3). 

 

3.3. Influence of age, sex, neuter status and size. 

ANOVA did not reveal statistically significant differences in ROTEM delta parameters 

between dog groups of variable size or sex (P > .05). Age had influence only on CT and 

only when the in-tem reagent was used (P = .0169, ANOVA), but not when using the ex-

tem reagent (P = .7105). Post hoc comparisons using t-test of the in-tem results between 

age groups revealed shorter CTs in the group of senior dogs when compared with young 

dogs (P = .0194), but not between adult dogs and these two groups. ANOVA showed 

particularly influences of the neuter status and a significant interrelationship between the 

factors sex and neuter status on different ROTEM delta parameters using ex-tem and in-

tem, respectively, as activator (Tables 4 and 5). ANOVA revealed also a significant 

influence of neuter status on different ROTEM parameters, when kaolin was used as 

activating reagent (CFT, α angle, MCF, MCE), whereas non-activated measurements 

were not subject to any significant influence of the assessed factors (results not shown). 

The interrelationship between sex and neuter status mentioned above reflected the fact 

that significant differences between neutered and not neutered dogs were only found in 

females. The statistical analysis using the t-test to compare intact vs. neutered dogs 

stratified by sex, showed statistically significantly (P < .05) longer CTs and CFTs and 
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lower α angle, A30, MCF, and MCE values in spayed, when compared to intact females 

(Tables 4 and 5). 
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Table 3. Reference values (median, reference interval based on 2.5 % - and 97.5 % - quantiles) for thromboelastometric measurements with the ROTEM® delta analyser in 

dogs (n=125, 95 % confidence intervals in brackets). Abbreviations: please see legend to Table 1. 

Activator 

Statistical 

para-meter 

CT 

(s) 

CFT 

(s) 

Α 

(°) 

A30 

(mm) 

MCF 

(mm) 

MCE 

(mm) 

LI30 

(%) 

LI45 

(%) 

LI60 

(%) 

ML 

(%) 

Ex-tem® 

Median 
45.0 

[43.0–47.0] 

110 

[105–115] 

68.0 

[67.0–69.0] 

60.0 

[58.0–61.0] 

61.0 

[60.0–62.0] 

154 

[147–164] 

100 

[96.0–100] 

100 

[100–100] 

97.0 

[96.0–98.0] 

22.0 

[21.0–24.0] 

2.5 % 
34.0 

[27.0–35.0] 

65.0 

[49.0–71.0] 

54.0 

[42.0–56.0] 

46.0 

[41.0–48.0] 

46.0 

[42.0-49.0] 

87.0 

[72.0–95.0] 

100 

[100-100] 

87.0 

[80.0–96.0] 

70.0 

[64.0–82.0] 

8.00 

[1.00–11.0] 

97.5 % 
83.0 

[79.0–99.0] 

220 

[201–315] 

79.0 

[77.0–80.0] 

77.0 

[69.0–77.0] 

73.0 

[70.0–77.0] 

264 

[230-334] 

100 

[100–100] 

100 

[100–100] 

100 

[99.0–100] 

59.0 

[53.0–68.0] 

In-tem 

Median 
190 

[187–201] 

116 

[111–125] 

68.0 

[67.0–69.0] 

57.0 

[56.0–58.0] 

59.0 

[58.0–60.0] 

143 

[135–149] 

100 

[100–100] 

100 

[100–100] 

98.0 

[98.0–98.0] 

18.0 

[17.0–19.0] 

2.5 % 
135 

[112–142] 

73.0 

[59.0–80.0] 

51.0 

[46.0–57.0] 

45.0 

[41.0–47.0] 

48.0 

[41.0–50.0] 

92.0 

[71.0–101] 

100 

  [95.0–100] 

99.0 

[82.0–99.0] 

93.0 

[74.0–93.0] 

5.00 

[1.00–7.00] 

97.5 % 
283 

[268–291] 

251 

[198–227] 

75.0 

[75.0–78.0] 

66.0 

[66.0–69.0] 

68.0 

[66.0–69.0] 

210 

[195–227] 

100 

[100–100] 

100 

[100–100] 

100 

[100–100] 

27.0 

[26.0–38.0] 

Activator 

Statistical 

para-meter 

CT 

(s) 

CFT 

(s) 

Α 

(°) 

A30 

(mm) 

MCF 

(mm) 

MCE 

(mm) 

LI30 

(%) 

LI45 

(%) 

LI60 

(%) 

ML 

(%) 

Kaolin 

Median 
162 

[154–173] 

87.0 

[82.0–91.0] 

74.0 

[72.0–75.0] 

50.0 

[47.0–53.0] 

55.0 

  [53.0–56.0] 

121 

[115–127] 

96.0 

[94.0–98.0] 

84.0 

[79.0–88.0] 

71.0 

[64.0–77.0] 

50.0 

[45.0–54.0] 

2.5 % 

109 

[99.0–115] 

47.0 

[44.0–58.0] 

56.0 

[49.0–60.0] 

11.0 

[7.00–23.0] 

39.0 

[38.0–40.0] 

64.0 

[60.0–68.0] 

27.0 

[14.0–48.0] 

11.0 

[8.00–26.0] 

8.00 

[4.00–17.0] 

20.0 

[16.0–24.0] 

97.5 % 
246 

[230–337] 

214 

[185–290] 

81.0 

[79.0–81.0] 

64.0 

[63.0–69.0] 

65.0 

[65.0–69.0] 

187 

[182–223] 

100 

[100–100] 

99.0 

[98.0–100] 

94.0 

[93.0–99.0] 

97.0 

[93.0–100] 

Without activation 

Median 
607 

[495–662] 

221 

[194–265] 

51.0 

[46.0–55.0] 

52.0 

[50.0–53.0] 

54.0 

[52.0–55.0] 

115 

[109–123] 

100 

[100–100] 

100 

[100–100] 

98.0 

[98.0–99.0] 

17.0 

[16.0–19.0] 

2.5 % 
203 

[123–215] 

86.0 

[55.0–93.0] 

19.0 

[12.0–23.0] 

35.0 

[23.0–37.0] 

37.0 

[26.0–40.0] 

60.0 

[35.0–67.0] 

100 

[95.0–100] 

98.0 

[89.0–99.0] 

93.0 

[84.0–95.0] 

4.00 

[0.00–5.00] 

97.5 % 
1356 

[1305–1721] 

811 

[688–1333] 

73.0 

[71.0–79.0] 

66.0 

[64.0–72.0] 

66.0 

[64.0–73.0] 

197 

[179–265] 

100 

[100–100] 

100 

[100–100] 

100 

[100–100] 

29.0 

[28.0–32.0] 
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Table 4. Median values (minimum and maximum in brackets) for different ROTEM® variables using ex-tem reagent stratified by sex and neuter status.  

Group 

CT 

(s) 

CFT 

(s) 

Α 

(°) 

A30 

(mm) 

MCF 

(mm) 

MCE 

(mm) 

LI30 

(%) 

LI45 

(%) 

LI60 

(%) 

ML 

(%) 

Female intact 43.0 

(32.0–53.0) 

96.0 

(59.0–198) 

71.0 

(57.0–80.0) 

62.0 

(48.0–73.0) 

64.0 

(51.0–74.0) 

179 

(103–282) 

100 

(100–100) 

100 

(98.0–100) 

96.0 

(80.0–100) 

23.0 

(1.00–64.0) 

Female spayed 46.0 

(27.0–83.0) 

121 

(65.0–224) 

66.0 

(52.0–77.0) 

58.0 

(43.0–69.0) 

59.0 

(44.0–70.0) 

146 

(79.0–230) 

100 

(96.0–100) 

100 

(80.0–100) 

97.0 

(69.0–100) 

24.0 

(10.0–59.0) 

p-value (t-test): 

Female  

intact vs. spayed 

0.0025 0.0063 0.0049 0.0023 0.0016 0.0015 n.a n.a n.a n.a 

Male intact 45.0 

(32.0–99.0) 

105 

(65.0–315) 

69.0 

(42.0–79.0) 

59.0 

(42.0–70.0) 

61.0 

(44.0–71.0) 

154 

(77.0–244) 

100 

(100–100) 

100 

(87.0–100) 

97.0 

(65.0–100) 

22.0 

(7.00–68.0) 

Male castrated 46.0 

(34.0–93.0) 

111 

(49.0–255) 

68.5 

(48.0–80.0) 

59.0 

(41.0–77.0) 

60.0 

(42.0–77.0) 

152 

(72.0–334) 

100 

(100–100) 

100 

(83.0–100) 

98.0 

(64.0–100) 

20.5 

(5.00–59.0) 

p-value (t-test): 

Male  

Intact vs. castrated 

0.8326 0.5106 0.4756 0.1799 0.1568 0.2163 n.a n.a n.a n.a 

p-values (ANOVA): 

Factor Sex 

0.5428 0.4847 0.6612 0.2206 0.1887 0.1630 0.8489 0.7893 0.7689 0.2758 

Factor neuter status 0.1872 0.0167 0.0173 0.0039 0.0037 0.0028 0.7141 0.4737 0.9356 0.5948 

Interrelationship 

sex/neuter status 
0.0383 0.0968 0.0782 0.0488 0.0472 0.0319 0.4943 0.8611 0.5422 0.0160 

n.a. – not analysed, all significant P-values (< 0.05) are highlighted in bold print. 
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Table 5. Median values (minimum and maximum in brackets) for different ROTEM® variables using the in-tem reagent stratified by sex and neutering status. 

Group 

CT 

(s) 

CFT 

(s) 

Α 

(°) 

A30 

(mm) 

MCF 

(mm) 

MCE 

(mm) 

LI30 

(%) 

LI45 

(%) 

LI60 

(%) 

ML 

(%) 

Female intact 186 

(126–238) 

94.0 

(59.0–164) 

72.0 

(62.0–78.0) 

61.0 

(49.0–69.0) 

62.0 

(53.0–69.0) 

166 

(113–227) 

100 

(100–100) 

100 

(99.0–100) 

98.0 

(93.0–100) 

17.0 

(1.00–30.0) 

Female spayed 201 

(149–291) 

122.0 

(82.0–262) 

67.0 

(50.0–74.0) 

55.0 

(45.0–66.0) 

57.0 

(48.0–68.0) 

133 

(91.0–214) 

100 

(95.0–100) 

100 

(82.0–100) 

98.0 

(74.0–100) 

19.0 

(5.00–38.0) 

p-value (t-test): 

Female  

intact vs. spayed 

n.a n.a <.0001 0.0009 0.0005 0.0005 n.a n.a n.a n.a 

Male intact 199 

(117–283) 

122 

(73.0–277) 

68.0  

(46.0–75.0) 

57.0 

(43.0–66.0) 

59.0 

(45.0–66.0) 

146 

(81.0–192) 

100 

(100–100) 

100 

(99.0–100) 

98.0 

(93.0–100) 

18.0 

(6.00–27.0) 

Male castrated 181 

(112–288) 

123 

(82.0–222) 

67.0 

(54.0–74.0) 

56.5 

(41.0–63.0) 

58.5 

(41.0–64.0) 

138 

(71.0–180) 

100 

(100–100) 

100 

(97.0–100) 

98.0 

(89.0–100) 

18.0 

(8.00–26.0) 

p-value (t-test): 

Male  

intact vs. castrated 

n.a n.a 0.8232 0.1401 0.1162 0.0849 n.a n.a n.a n.a 

p-values (ANOVA): 

Factor Sex 

0.2105 0.3317 0.3370 0.0877 0.1258 0.0510 0.9564 0.7832 0.8117 0.3638 

Factor neuter status 0.4289 0.0660 0.0619 0.0107 0.0088 0.0054 0.7152 0.9795 0.7056 0.8299 

Interrelationship 

sex/neuter status 

0.4310 0.0550 0.0408 0.0707 0.1733 0.0996 0.5240 0.5982 0.8047 0.4578 

n.a. – not analysed, all significant P-values (< 0.05) are highlighted in bold print. 
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4. Discussion 

4.1. Coefficients of variation 

In accordance with the literature CVs below 10 % indicate adequate repeatability in intra-

assays evaluations (Steiner et al., 2003; Hua et al., 2018). According to our results 

obtained from the fourfold measurements in citrated whole blood, ROTEM delta 

measurements on healthy dogs and dogs with haemostatic alterations fulfil these 

requirements, with only a few exceptions concerning CFT and ML values in abnormal 

samples.  

Our results regarding repeatability are similar to those obtained for several TEM 

parameters in previous studies performed in animals. In one study, the imprecision of the 

ROTEM analyser was evaluated by duplicate measurements in 10 blood samples of 

healthy dogs and as result of that evaluation a good precision (CVs below 10 %) was 

calculated for CT, CFT, MCF and α angle, but in contrary to our results, a low 

repeatability was found for ML (CVs of 23.3 % [ex-tem] and 28.5 % [in-tem]; own values 

5.34 % and 2.16 %) (Falco et al., 2012).  

In a previous feline study using ex-tem and in-tem as activating reagents for the ROTEM 

delta, repeatability was assessed, similarly to the present study, based on fourfold 

measurements of blood samples of two healthy individuals (Döderlein and Mischke, 

2015). The results also revealed CVs below 10 % for most of the parameters evaluated. 

The partially low repeatability of ML values may reflect the vulnerability of this variable 

which is not only influenced by the complex clot formation process, but also by its 

subsequent lysis. Reproducibility of ex-tem or in-tem activated measurements of the 

ROTEM delta analyser, which was not investigated in our study, was studied in blood 

from healthy and unhealthy horses by two different operators using three different 

ROTEM devices. Results indicated acceptable reproducibility (Junge et al., 2016).  
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4.2. Reference intervals 

The number of 125 healthy dogs used in the present study to create reference intervals is 

regarded adequate according to the guidelines suggested by the American Society of 

Veterinary Clinical Pathology (ASVCP) and the National Committee for Clinical 

Laboratory Standards (NCCLS), who recommend to include at least 120 individuals 

(Friedrichs et al., 2012). To the best of our knowledge reference intervals for the most 

relevant ROTEM® delta parameters obtained in an adequate number of samples of whole 

citrated canine blood have not been published so far. A previous study was performed on 

a smaller number of 45 dogs (Falco et al., 2012). The median values for reference 

intervals obtained in the present study are partially similar to those calculated in the 

mentioned study based on 45 healthy dogs (e.g., ex- tem: CT: 61.0 s/45.0 s [Falco et al., 

2012/own results], CFT: 150 s/ 110 s, α angle: 62.0°/68.0° , MCF: 53.0 m /61.0 mm, ML: 

18.0 %/ 22.0 %; in-tem: CT: 235 s/190 s, CFT: 136 s/116 s, α angle: 66.0°/68.0°, MCF: 

56.0 mm/59.0 mm, ML: 3.0 %/18.0 %). However, in comparison to our results the 

reference intervals in the mentioned study are slightly wider (e.g., ex-tem: CT: 29–92 

s/34–83 s [Falco et al., 2012/own results], CFT: 54.0–275 s/65.0–220 s, α angle: 47.0–

79.0°/54.0–79.0°, MCF: 36.0–73.0 mm/46.0–73.0 mm, ML: 0.00–56.0 %/8.00–59.0 %; 

in-tem: CT: 126–363 s/135–283 s, CFT: 47.0–224 s/73.0–251 s, aα angle: 55.0–

81.0°/51.0–75.0°, MCF: 50.0-–75.0 mm/48.0–68.0 mm, ML: 0.00–40.0 %/5.00–27.0 %), 

although the previous study used the 5 % and 95 % quantiles to define limits of the 

reference range, whereas we calculated the commonly used 2.5 % and 97.5 % quantiles 

to capture the central 95 % of reference values (Friedrichs et al., 2012).  

Although it is desirable that each laboratory should specifically determine its own 

reference intervals, the results obtained in this study may provide an orientation for other 

laboratories to interpret ROTEM delta parameters analysed in citrated canine blood. In 
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order to test transference of the reference ranges to another laboratory, a validation 

procedure with measurement of 20 samples should be performed (Friedrichs et al., 2012). 

Although intra-individual control values (subject-based reference values) are regarded 

superior to population based reference values (Wiinber et al., 2007), the latter have to be 

routinely used in clinical patients due to lacking individual controls especially for specific 

tests such as ROTEM analyses. In addition, the calculated reference values cannot be 

used for the fully automated device ROTEM sigma, because - according to an actual 

human study - values of part of the parameters do not correlate well between both 

instruments (Gillissen. et al., 2019). 

 

4.3. Influence of size, age, sex, and neuter status.  

In previous studies in humans (Attard et al., 2013) and animals (Mischke, 1994; Borrelli 

et al., 2017), age has been described as an influencing factor for different haemostasis 

parameters. We also found an influence of age on the CT with shorter times in senior 

dogs (> 84 months) compared with young dogs (up to 24 months), which was limited to 

measurements activated by the in-tem reagent.  

This age dependency confirms in principle a previous study on 20 healthy dogs 

(Barthelemy et al., 2015), which found shorter CTs in elderly dogs, and results of a human 

study, where individuals with an age > 45 years showed shorter CTs compared with 

individuals < 45 years old (Sucher et al., 2011). However, in the cited studies this effect 

was only seen when ex-tem, but not when the in-tem reagent was used.  

Based on the age distribution of our dogs, which were primarily recruited to establish 

reference intervals, we cannot deliver information regarding very young dogs. A human 

study focusing on ROTEM reference ranges in children demonstrated significant 

differences for nearly all ROTEM parameters with the most striking differences in 
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subjects aged 0-3 months (Oswald et al., 2010). The limited number of dogs with an age 

< 1 year, which did not allow to consider these separately in the present study, may also 

be one reason for the different results in a feline study (Döderlein and Mischke, 2015). In 

the cited study on healthy cats, age showed an influence on CT, but contrary to our study 

the CT was shorter in young individuals (6-12 months) compared with older ones. In 

addition, this was only the case in measurements using kaolin and in non-activated 

measurements. When compared to humans and cats uni- or multivariate analyses 

considering factors age and breed or size based on do populations including different 

breeds have the limitation that they can be biased by the variate life expectancy between 

small, medium and large dog breeds (Willems et al., 2017). Apart from age, we found a 

significant influence only for the neuter status in bitches reflected by a significant 

interaction effect between factors neuter status and sex in the ANOVA analysis. 

Especially for CFT values (e.g., activated by ex-tem; median values of 121 s [spayed] vs. 

96 s [intact]), this difference seems to be also clinically relevant with respect to the 

interpretation of ROTEM results. In contrast, although also significantly different, 

absolute and relative differences of CT values were small (e.g., activated by ex-tem; 46 s 

[spayed] vs. 43 s [intact]). These differences may not only be considered for the result 

interpretation of clinical patients, but indicate also the necessity for sex-matched patient 

groups in scientific studies. 

The obviously more active haemostasis system in intact females is probably related to an 

influence of sex hormones (specifically estrogens) on the coagulation system. 

Accordingly, ex vivo and in vivo studies demonstrated the activating properties of 

endogenous estrogens on the haemostasis system. In one ex vivo study, addition of 

endogenous estrogens (estrone [E1], 17ß-estradiol [E2] and estriol [E3]) to blood samples 

from men resulted in shorter mean values of the reaction time in TEG analyses, 
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corresponding to CT in ROTEM measurements (4.52-5.37 s vs. 6.98 s [control]), and of 

the TEG variable kinetics (corresponding to the CFT in ROTEM analyses) (Swanepoel 

et al., 2017). In a further study, subcutaneous injection of E2 into male rats induced a 

significant increase in activities of coagulation factors X (by 8 %) and XI (by 10-24 %), 

however, did not show any significant effect on PT, aPTT, and factor VII activity (Franco-

Murillo and Jaimez, 2017).  

In the cited studies also the effects of the synthetic estrogen ethinylestradiol [EE] were 

studied, which, interestingly, seems to have an inhibiting effect as indicated by prolonged 

reaction time and kinetics (TEG) compared with the control in the human ex vivo study 

and significantly longer PTs and aPTTs, and lower factor VII and X activities in the study 

on rats. As expected, we did not find a significant influence of size on ROTEM parameters 

in dogs. To the best of the author´s knowledge size has not been examined as an 

influencing factor on viscoelastic measurements or any other haemostatic variable in 

dogs. Apart from Greyhounds, there is limited literature on breed comparisons of 

haemostatic variables (Clemons and Meyers, 1984; Mischke. 1994; Nielsen et al., 2007; 

Nielsen et al., 2010; Boyd et al., 2018) indicating very limited breed differences for 

example for factor VII (Mischke, 1994). However, these also do not indicate systematic 

influence of size and, in addition, possible breed-specific effects have to be considered. 

As already stated, one limitation of the study is the limited number of young animals 

which does not allow to verify reference values for animals in this stage of life. In 

addition, with respect to the main aim of the study, possible influencing factors such as 

platelet count and haematocrit were not considered in the statistical analysis. Finally, the 

relatively small number of dogs used for the precision analysis, which express the fact 

that this was only a secondary aspect of the study, may be regarded as a limitation. At the 

same time, these considerations provide space for further investigations.  
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5. Conclusions 

Results of the precision analysis revealed acceptable results and, thereby, confirm that the 

ROTEM® delta analyser delivers repeatable results to measure overall haemostasis in 

canine citrated blood samples. The established reference values should offer a reliable 

basis for the interpretation of thromboelastometric measurements in whole blood using 

the device ROTEM® delta in dogs with suspected haemostasis disorders. Neuter status 

in female dogs appeared to be a relevant influencing factor on most important ROTEM® 

parameters and should be considered for result interpretation and with respect to 

experimental designs.  
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ABSTRACT 

Central venous catheters (CVC) are of importance for intensive care management of 

canine patients. Thrombosis of the jugular vein is a severe complication related to the 

CVC use. However, only little is known about the incidence of CVC-associated 

thromboses in dogs and the necessity and efficacy of prophylactic antithrombotic 

regimens. The objectives of the present study were: (1) to determine the incidence of 

catheter-induced thrombosis in canine intensive care patients and, thereby, (2) to evaluate 

the efficacy of a routine prophylactic heparin treatment, and finally (3) to assess whether 

initial changes of selected haemostasis parameters are predictive for an increased risk for 

thrombosis formation. 29 dogs hospitalised in the Small Animal Clinic, University of 

Veterinary Medicine Hannover Foundation, and receiving a central venous catheter 

(CVC) in the external jugular vein (EJV) for medical reasons were included in the final 

assessment. 17 dogs received the standard antithrombotic dosage regimen of 

unfractionated heparin (UFH, 150 IU/KG BW TID s.c.) and 12 dogs (usually surgical 

patients) the reduced dosage (75 IU/KG BW TID s.c.). A colour Doppler ultrasound of 

the respective EJV in order to detect thrombus formation and blood collection for 

haemostasis tests were performed immediately before the installation procedure (day 0) 

and on days 1, 3, 5, 7, and so on after the CVC insertion. Haemostasis tests included 

prothrombin time, activated partial thromboplastin time, thrombin time, antithrombin 

activity, D-dimer concentration, thrombin generation and rotational elastometry, as well 

as the heparin activity using a chromogenic anti-factor Xa test. Finally, electron 

microscopy (ELMI) of sections of the removed CVC was performed. In 8 dogs, 

sonographic examination revealed thrombus formation in the lumen of EJV and in 19/27 

CVCs assessed using ELMI thrombi on the external CVC surface were detected, without 

significant correlation between both methods. Plasmatic heparin activities showed great 
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variability, but no significant differences were found between dogs with or without CVC-

associated thrombus formation. From the initially performed haemostasis tests high 

fibrinogen concentrations and low maximum lysis values as measured by the ROTEM 

delta device (ex-tem reagent) were associated with sonographically detectable thrombi. 

The results of the present study indicate that CVC-associated thromboses occur (e.g., 28 

% [8/29] of the patients as detected by ultrasound), although severe thromboses (high 

grades) are relatively rare in intensive care canine patients receiving a routine 

anticoagulant treatment. A high fibrinogen concentration and low maximum lysis 

(ROTEM, ex-tem) may be useful indicators for an increased thrombotic risk in individual 

patients, which may require special anticoagulatory treatment. 

 

 

Keywords: CVC, complication, venal occlusion, antithrombotic treatment, ultrasound, 

electron microscopy, rotational elastometry 
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1. Introduction 

Central venous catheters (CVCs) are very important tools for care of patients in critical 

care units allowing parenteral nutrition support therapy, administration of high volumes 

of intravenous fluids, safe drugs administration that cannot be given through peripheral 

veins, plasmapheresis, haemodialysis, blood transfusions, as well as periodical blood 

sampling (Geerts, 2014; Vose et al., 2019). CVC related thrombosis is one of the most 

severe complications (apart from infections, and pneumothorax) of CVCs in humans 

(Geerts, 2014; Comerlato et al., 2017; Evans and Ratchford, 2018), leading to patient’s 

distress, CVC dysfunction, venous stenosis, and in some cases to the development of 

thromboembolism (Geerts, 2014).  

In the human literature there are various studies dealing with epidemiology with reference 

to different anticoagulatory regimens including placebo-controlled studies (Lee and 

Kamphuisen, 2012). In humans, CVC related thromboses represent 70–80 % of all upper 

extremity thrombosis cases, and approximately 10 % of thromboembolism cases in 

humans (Kucher, 2011). The incidence of CVC related thrombosis reported in humans, 

based on 25 studies, ranged widely from 2 to 67 % (median = 30 %) (van Rooden et al., 

2005; review article). This wide range of calculated incidences of CVC related 

thromboses in humans reflects the use of different CVC types, different locations of entry 

site of the CVC (jugular, femoral, subclavian, axillary, cephalic vein), different thrombus 

detection technique (venography or ultrasonography), unequal durations of follow up, 

varying diseases of patients (e.g., haematological, oncological) and presence of 

predisposing factors (e.g., previous venous thrombosis history, presence of cancer) (van 

Rooden et al., 2005; Geerts, 2014; Liu et al., 2015). 

Part of the authors empirically observed CVC-associated thrombosis of the external 

jugular vein (EJV) as a relevant complication in their canine intensive care patients, which 
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awakened their interest in that topic. To the best of the author´s knowledge, studies about 

extra luminal CVC related thromboses in dogs are rare in the available veterinary 

literature. One study evaluating the complications associated with 100 CVCs placed in 

the jugular vein of dogs and cats reported only 2 cases of thrombosis (confirmed by 

palpation or ultrasound), but obviously did not assess the appearance of subclinical CVC 

related thromboses (Adamantos et al., 2010). Thereby, the incidence of CVC-induced 

thromboses in dogs is unknown and systematic studies regarding an effective 

anticoagulatory management are lacking.   

In this context it is of interest, whether a possible development of thrombosis or an 

increased risk (despite the prevention by a standard application of unfractionated heparin 

[UFH]) can be predicted by means of changes of haemostasis related parameters during 

the initial examination. In one study on 168 human patients without indication of 

anticoagulation prophylaxis, for example, elevated leukocyte counts, high plasminogen 

activator inhibitor, and high coagulation factor VIII levels (all measured on blood samples 

taken after CVC placement), were associated with an increased incidence of symptomatic 

CVC-related thrombosis diagnosed by ultrasonography (Boersma et al., 2016).  

Therefore, aims of the present study were: (1) to determine the incidence of catheter-

induced thrombosis in canine intensive care patients (as detected by ultrasonography and 

electron microscopy, ELMI) and, thereby, (2) to evaluate the efficacy of a standard 

antithrombotic regimen with unfractionated heparin (UFH) routinely used in the Small 

Animal Clinic of the University of Veterinary Medicine Hannover, and (3) to assess 

whether selected haemostasis test results are predictive for an increased risk for 

thrombosis formation. 
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2. Material and methods 

2.1. Study design 

Canine in-patients of the Small Animal Clinic, University of Veterinary Medicine 

Hannover, receiving a CVC in the EJV for medical reasons from March 2017 to 

December 2019 were included. Anticoagulatory treatment was performed according to 

the standard protocol of the clinic. Colour Doppler ultrasonographic controls of the EJV 

and blood samplings (for heparin activity, basic haematology and haemostasis tests) were 

done immediately before the catheter was placed (day 0) and on days 1, 3, 5, etc. (2 hours 

after the first daily UFH injection), until the CVC was removed. Only patients were 

included which could be examined at least until day 3. Haemostasis tests included 

prothrombin time, activated partial thromboplastin time, thrombin time, fibrinogen 

concentration, antithrombin activity, fibrin monomers, D-dimers, thrombin generation 

assay (TGA), and rotational elastometry as well as the heparin activity using a 

chromogenic anti-factor Xa test. Finally, ELMI of sections of the CVC after its removal 

was performed. 

 

2.2. Animals  

Originally 32 patients hospitalised in the Small Animal Clinic and receiving a CVC in the 

EJV for medical reasons entered the study. Three of them were subsequently excluded, 

because they did not reach the defined minimum study period of 3 days. Two were 

euthanised and one referred back to the referring vet before day 3. 22 dogs weighing more 

than 15 kg were included, so that the withdrawal of about 10 ml of blood on several days 

was not a significant burden for the patient (< 1 % of the total blood volume). Five dogs 
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with a body weight of less than 15 kg but at least 8 kg were included with special 

consideration of the amount of blood taken (no more than 6 ml on individual days).  

All animals received standard anticoagulatory treatment with UFH. 17 dogs with internal 

diseases received 150 IU/kg BW TID subcutaneously and 12 dogs (post surgery) received 

a reduced dosage of 75 IU/kg BW TID subcutaneously. 

The 29 dogs enclosed in the study included 4 mixed breed dogs and the following 

pedigree dogs: 5 Labrador Retrievers, 3 German Shepherds, 2 Australian Shepherds, and 

one from each of the following breeds: Akita Inu, Asian Shepherd, Bavarian Mountain 

Hound, Beagle, Belgian Shepherd, Briard, Canaan dog, Dalmatian, Golden Retriever, 

Havanese dog, Hovawart, Rhodesian Ridgeback, Schnauzer, Shar Pei, and Wolfspitz.  

These dogs were aged between 2 and 164 months (median: 77 months) and had body 

weights ranging from 8.1 and 63 kg (median: 27 kg). 9 were castrated males, 8 intact 

males, 7 spayed females and 5 intact females.   

The diseases of the 29 patients requiring a CVC included: 3 from each of the following 

diseases: hepatopathy and esophagus dilatation; 2 from each of the following diseases: 

bacterial cystitis, diabetes mellitus; and 1 from each of the following diseases: abdominal 

wall perforation, aspiration pneumonia, cystitis, intestinal round cells sarcoma, carcinoma 

of the nasal cavity, chronic renal insufficiency, cystic duct rupture, heartworm disease, 

ivermectine intoxication, lymphoma, multifocal alveolar histiocytosis, pancreatitis, post-

surgical bleeding, stomach dilatation, stomach foreign body, tetanus, thoracic 

pyogranulomatous inflammation, thrombocytopenia, and trigeminal nerve paresis.   

Animals were treated in accordance with the German Animal Welfare Law. The 

experimental design was approved by the Animal Welfare officer of the University of 

Veterinary Medicine and reported to the responsible authority (Lower Saxony State 

Office for Consumer Protection and Food Safety, reference number: 17A101). 
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2.3. Positioning and handling of the central venous catheter 

Two types of single lumen radiopaque polyurethane CVC (different on length and 

diameter) were used during the study. The CVC type I (n = 25/29) was Cavafix® Certo® 

Splittocan® CVC, 32 cm length, 1.1 x 1.7 mm diameter/16 G (B.Braun Melsungen AG);  

the CVC type II used (n = 4/29) was Certofix® Mono S 215, 15 cm length, 0.8 x 1.4 mm 

diameter/18G  (B.Braun Melsungen AG). Each CVC was inserted into the EJV using a 

modified Seldinger technique as follows: the skin of the neck was shaved and disinfected 

with antiseptic soap, alcohol and iodine. Local anesthesia (Lidocaine HCl 2%) was 

administrated subcutaneously on the catheter insertion site (a middle point in the lateral 

neck over the jugular sulcus). A small skin incision was performed in the insertion site, 

and one peripheral plastic cannula with a metallic needle inside (14 G for CVC type I, 

and 20 G for CVC type II) was inserted in the EJV in cranio-caudal orientation (Hundley 

et al., 2018). Once the EJV was reached, the needle was removed and a flexible wire 

guide was inserted through the peripheral cannula following an external landmark 

(4thintercostal space) (Reminga et al., 2018). The peripheral cannula was removed and 

the respective CVC was inserted slowly and with gentle pressure into the EJV guided 

with the flexible wire and following the same external landmark to reach the right 

position. After the insertion of the CVC, the flexible wire guide was removed. The correct 

positioning of the CVC was checked with a latero-lateral thorax x-ray ensuring that the 

CVC tip was placed at the junction of the cranial cava vein with the right atrium. Each 

CVC was fixed to the neck skin (adjacent to the insertion point) with a monofilament 

non-absorbable suture (gauge 3-0). Finally a bandage elaborated with Povidone-Iodine 

gauze (Betaisodona®), padded synthetic band (Artiflex® Natur) and elastic band 

(Elastomull®), was used to protect the CVC output (Claude et al., 2010) and changed 
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daily. Several times day, the catheter was flushed with isotonic sodium chloride 

containing 1 IU/ml UFH.  

 

2.4 Heparin preparation and administration  

Heparin-sodium-25000-ratiopharm (injection solution containing 5000 I.U./ml sodium 

heparin [mucosa]) was used. SC injection was performed over the lateral thorax wall 

using 1 mL syringes with fine graduation marks.    

 

2.5 Ultrasonography 

Colour Doppler ultrasonographic examinations were performed in lateral position using 

a LO-GIQ E9 ultrasound device (GE Healthcare Chicago, Illinois, USA) with a 15 

Megahertz linear ultrasound probe. The development of a thrombus or fibrin debris in the 

EJV lumen, around the CVC or inside it, was assessed at each control. Once the 

ultrasound was finished, a new protective bandage was placed around the neck of the dog. 

According to the percentage of lumen occlusion of the EJV (evaluated in cross sectional 

views during the ultrasound scanning) the thrombi were classified in four different grades 

(Fig. 1). 
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*of the residual vein lumen; C – catheter, T – thrombus 

Fig. 1. Definition of different grades of central venous catheter induced thrombosis of the 

jugular vein as detected using colour Doppler ultrasound. 

 

2.6 Blood collection 

At each time point approx. 6–10 ml of blood (according to the body weight) was collected. 

This included approx. 1 ml of EDTA blood for hematological analysis, and approx. 5–9 

ml of citrated blood (tubes containing one part of 0.11 mol/L [3.8 %] sodium citrate to 

nine parts of blood) for the measurement of hemostasis tests in citrated blood (ROTEM) 

or citrated plasma. Blood samples were collected by puncture of peripheral veins with 

disposable cannulas (0.9 x 40 mm [20G] or 1.0 x 40mm [21G]) directly into sample tubes 
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or from the CVC using the three-syringe-technique (Villalta-García et al., 2015) in 

situations when the peripheral venipuncture was not indicated due to phlebitis or irritation 

and/or inflammation of the surrounding skin. Briefly, 2–3 ml of blood were taken in a 

sterile disposable syringe, and immediately afterwards the blood sample was taken in a 

new disposable syringe and transferred into the test tubes containing the respective 

anticoagulants, finally the first 2-3 ml taken were re-infused to the dog through the CVC 

followed by flushing with a solution of sodium chloride/UFH (0.2%). Immediately after 

blood collection, each sample tube was swayed gently until blood and anticoagulant had 

been mixed thoroughly. To prepare citrated platelet poor plasma, citrated blood was 

centrifuged at 16,000 g for 10 min at room temperature using a microcentrifuge. The 

plasma was transferred into plastic tubes and the centrifugation procedure was repeated. 

This platelet poor plasma was then frozen in aliquots at -70 °C until used for analysis. 

Directly before analysis the plastic tubes were thawed at 37 °C in a water bath. 

 

2.7 Laboratory tests 

Haematological analyses were made automatically with Advia® 2120i (Siemens 

Healthcare GmbH, Germany). 

Prothrombin time, activated partial thromboplastin time, and thrombin time were 

measured with the autoanalyser Amax Destiny Plus (Tcoag Deutschland GmbH, 

Germany) and commercial reagents (Thromborel S, Siemens Healthcare Diagnostics 

Products GmbH, Marburg, Germany; C.K. Prest® and Test Thrombin Reagent; 

Diagnostica Stago S.A.S., Asnières sur Seine Cedex, France). Whereas the last two tests 

were measured according to the manufacturer`s instructions, a modified test optimised 

for canine plasma was used to measure prothrombin time (25 µl citrated plasma 1:20 with 

imidazole buffer + 25 µl of a human fibrinogen solution 2 g/l; prewarmed for 120 s at 37 
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oC; addition of 25 µl of activating reagent Thromborel S) and the results converted into a 

percentage activity based on a calibration curve prepared with canine pooled plasma. The 

fibrinogen concentration was measured with the method according to Clauss using a test 

kit from Stago Diagnostica S.A.S. D-dimer concentration was measured with a 

quantitative commercial human latex turbidimetric method in the autoanalyser Cobas 

c311 using a completely assembled kit and human standards (Roche Diagnostics, 

Mannheim Germany). Antithrombin activity was also measured with a completely 

assembled chromogenic test kit in the autoanalyser Cobas c311 and calibrated with a 

canine pool plasma (n = 100). 

The thrombin generation assay (Technothrombin® TGA (Technoclone GbmH, Vienna, 

Austria) determines thrombin generation based on monitoring of the fluorescence 

generated by cleavage of a fluorogenic substrate by thrombin over time after activation 

of the coagulation cascade by different concentrations of tissue factor and negatively 

charged phospholipid in platelet poor plasma. From the fluorescence development over 

time, the concentration of thrombin in the sample can be calculated using a thrombin 

calibration curve. The increase in thrombin concentration with time then allows to 

calculate generation of thrombin in the sample and to plot thrombin values over time for 

the whole coagulation process. 

The rotational thromboelastometry analysis with ROTEM delta device (Werfen, Munich, 

Germany) was started approx. 15 minutes after the blood collection. To perform the 

analysis and according to the automated ROTEM software 20 µl of recalcification reagent 

(200 mmol/l calcium chloride solution, star-tem) and 20 µl of the respective activating 

reagent (ex-tem, in-tem) were pipetted into and carefully mixed in a pre-warmed cuvette 

using the automated pipette provided in the device, immediately afterwards 300 µl of 

citrated whole blood (previously gently revolved) were added and mixed with the 
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reagents previously deposited. Finally, the cuvette was carefully placed and fixed to an 

oscillating pin (oscillation movements on left and right through an angle of 4.75°) in the 

ROTEM delta device. The interaction between blood cells and subsequently the bond 

between fibrin and platelets promoted by the biomechanical changes in pH, electrolytes 

and temperature start the clot formation with its subsequent retraction and lysis. The 

magnitude of the resistance produced by the clot over the oscillating pin is quantitatively 

represented by different parameters measured during the analysis and also qualitatively 

in a graphic illustration (Bagge et al., 2016; Crochemore et al., 2017). 

A chromogenic substrate test (Coatest Heparin, Chromogenix-Instrumentation 

Laboratory, Haemochrom Diagnostica, Essen, Germany) was used for measurements of 

UFH in the auto-analyser Cobas c311. The test application was created based on 

manufacturers` instructions. Different dilutions of the same batch of the commercial 

sodium UFH preparation used in the experiment with normal canine pool plasma 

(prepared from identical aliquots of 10 healthy adult dogs) served as standards for the 

calibration of the measurement. # 

 

2.8 Electron microscopy 

Selected areas on the last third of the CVC (5–10 cm according with the CVC) with 

macroscopically detectable thrombi were analysed, and some of the CVCs were cut in 

two different places. The cut samples were preserved in a fixative medium composed of 

1% glutaraldehyde and 4% formalin. Once the sample was fixed it was prepared 

according to the osmium thiocarbohydrazide procedure (OTOTO-procedure) (Malick et 

al., 1976). The fixed CVCs were dehydrated in seven series as follow: first three series of 

120 minutes each one on 30%, 50% and 70% ethanol, respectively, followed by two series 
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of 120 min each one on 90% ethanol, and then two series of 24 hours each one on 100% 

ethanol. After the dehydration process, the samples were placed two times during 24 

hours each one on isoamyl acetate and then placed on in a critical point drier. Finally, the 

samples were coated with gold in a splutter-coater with 2.5 kV acceleration voltage in an 

argon atmosphere with a current of 20 mA for one minute. The samples were examined 

in an EVO 15 scanning electron microscope (ZEISS International, Carl Zeiss, Jena, 

Germany) and photographed with magnifications of 600x and 6000x avoiding mechanical 

artifacts (Toskala et al., 1995). Thrombi on the external wall of the CVC were analysed 

and measured using the software ImageJ (National Institutes of Health and the Laboratory 

for Optical and Computational Instrumentation, University of Wisconsin, USA). 

According to their extension (surface size) and thickness (related to the CVC wall 

thickness in a cross sectional view), thrombi on the external wall and additionally within 

the lumen of the CVC were each classified in four grades (Fig. 2, Fig. 1S [suppl. 

material]). In case of two cuts, the highest degree of thrombosis detected at one of the two 

sites was used for the final assessment. 
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*surface size/percent of CVC wall thickness 

Fig. 2. Definition and illustration of different grades of central venous catheter induced 

(extraluminal) thrombosis as detected using electron microscopy. 

 

 

Fig. 1S (suppl. material). Definition and illustration of different grades of intraluminal 

thrombosis in central venous catheters as detected using electron microscopy. 
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2.9 Statistical methods 

Comparison between thrombus graduation either based on sonographic and ELMI 

findings, respectively, was performed using the McNemar test with calculation of the 

concordance index (κ). Standard normal distribution was assessed using the 

Kolomogorov-Smirnov test. 

Due to non-normal distribution of part of data sets, heparin activities and results of 

haemostasis assays are reported using non-parametric variables (median, minimum–

maximum, box and whisker plots). Heparin activities and results of haemostasis tests 

between dogs with or without thrombosis were compared using Mann-Whitney-U test.  

 

3. Results 

3.1 Sonographic detection of thrombus formation 

Thrombus formation was sonographically detected in 8/29 patients during the study 

period. Based on examination on the final day, in half of these eight patients (n = 4) the 

thrombus formation was scored grade 1, in 3 dogs grade 2, and only in one grade 3. In all 

of these 8 dogs, this was the maximum grade during the study period. One dog with fibrin 

precipitates was excluded from further analysis, because it could not be clearly assigned 

to one of the groups. In 7/8 cases, thrombi were attached mainly to the venous wall, 

whereas only in one case was attached to the CVC external wall. Seven of these 8 dogs 

which developed thrombi received the standard heparin dosage (150 IU/kg TID; 41 % 

[7/17] of dogs receiving this dosage) and only one the reduced heparin dosage (75 IU/kg 

TID; 8 % [1/12] of dogs receiving this dosage). 

The time point of first detection of thrombus formation varied between days 3 and 11 

(median: day 8). In addition, detritus (presumably composed mainly of fibrin) was 
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detectable in the lumen of the EJV in one further dog and within the lumen of the CVC 

in further 5 dogs. 

 

3.2 Thrombus formation by electron microscopy 

27 from 29 CVC catheter tips were analysed by electron microscopy. 8/27 samples were 

without detectable thrombus (grade 0) and 19/27 with detectable thrombi. 7/2 showed 

thrombus formation of grade 1, 4/27 of grade 2, and 8/27 of grade 3. There was no 

concordance between thrombus graduation based on sonographic and the ELMI 

graduation, respectively. The concordance index (McNemar test) was negative (κ = -

0.0718), indicating that the degree of agreement is less than by chance. 

Of the in total 19 dogs with detectable thrombus formation by electron microscopy, 11 

dogs received 150 IU/kg TID (in total 16 dogs of these 27 dogs received that heparin 

dosage), and 8 received 75 IU/kg TID (in total 11 of these 27 dogs received that heparin 

dosage; 73 %, 8/11) and Of the 12 patients with grade 2 and 3 thrombus formation 5 dogs 

received 75 IU/kg TID and 7 dogs 150 IU/kg. 

The supplementary analysis of intraluminal thrombus formation revealed no detectable 

thrombi in 7 cases, and thrombus formation of grade 1 (< 25 % occlusion) in 11 cases, of 

grade 2 (25–50 %) in 3 cases, and of grade 3 (> 50 %) in 6 cases.  

 

3.3 Heparin activities and relationship to thrombus formation  

Heparin activities varied remarkably in both dosage groups (Fig. 3 a,b). There was no 

significant difference of heparin activities between blood samples collected via 

venipuncture or from the CVC (Table 1S, supplementary material). In addition, there was 

no significant difference between heparin activities in dogs with or without 
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sonographically or electron microscopically detectable thrombosis (Tables 1 and 2). 

Table 1 refers to sonographically detectable thromboses and is based on median heparin 

activities calculated from the measurements on day 1 and following days per patient, 

firstly, for the total number of patients and, secondly, for the patients receiving 150 IU/kg 

TID. In addition, in the eight dogs, heparin activities on the day of first thrombus detection 

(0.23 IU/ml; 0.19–0.36 IU/ml) were not significantly different from the median values 

(Table 1; P = 0.5214, Wilcoxon test). Table 2 compares heparin activities (median values 

of all days, and results on the final day) between dogs with and without electron 

microscopically detectable CVC-associated thrombi.   

 

Table 1S (Supplementary material). Heparin activities (IU/ml; median values, 

minimum–maximum) measured in 27 dogs receiving 75 or 150 IU/kg unfractionated 

(standard) heparin TID subcutaneously 2 hours after the first injection on the day: 

Comparison of samples collected via puncture of the peripheral veins and those collected 

from the central venous catheter (CVC) using the three-syringe-technique. 

 

 
Peripheral vein 

puncture 
CVC 

Mann-Whitney-U 

test 

Total number 

(75 and 150  

 IU/kg TID) 

0.19  

(0.0–1.08) 

(n = 65) 

0.23  

(0.00–1.05) 

(n = 65) 

P = 0.3033 

75 IU/kg TID 

0.10  

(0.00–1.08) 

(n = 25) 

0.12  

(0.00–0.23) 

(n = 21) 

P = 0.6907 

150 IU/kg 

TID 

0.30  

(0.00–0.96) 

(n = 40) 

0.36  

(0.00–1.05) 

(n = 44) 

P = 0.1223 
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Fig. 3a,b.  Heparin activities (box- and whisker plot, arithmetic means) in dogs receiving 

unfractionated heparin at a dosage of 75 IU/kg BW tid (a) or 150 IU/kg BW tid (b) two 

hours after the first daily heparin administration* 

*day 1 represents the first day after initiation of heparin treatment 

*only days were considered with at least results from 5 patients.   

 

Table 1. Heparin activities (IU/ml; median values, minimum–maximum) in 28 dogs 

receiving 75 or 150 IU/kg unfractionated (standard) heparin TID subcutaneously with 

(grades 1–3) or without (grade 0) sonographically detectable thrombus. Blood collections 

were performed 2 hours after the first daily injection. 

 
Grade 0 

(sonography) 

Grades 1–3 

(sonography) 

Mann-Whitney U 

test 

Total number 

(75 and 150 IU/kg 

TID) 

0.20 
(0.00–0.72) 

(n = 20) 

0.27 
(0.18–0.59) 

(n = 8) 

P = 0.3212 

150 IU/kg TID 
0.42 
(0.00–0.72) 

(n = 10) 

0.31 
(0.18–0.59) 

(n = 7) 

P = 0.4593 

*one dog with fibrin precipitates in the lumen of the jugular vein, but without defined thrombus formation 

was not considered, because it could not be clearly assigned to one of the two groups. 
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Table 2. Heparin activities (IU/ml; median values, minimum–maximum) in 27 dogs 

receiving 75 or 150 IU/kg unfractionated (standard) heparin TID subcutaneously with 

(score 1–3) or without (score 0) detectable thrombus via electron microscopy. 

 

Grade 0 

(electron 

microscop) 

(n = 8) 

Grades 1–3 

(electron 

microscop) 

(n = 19) 

Mann-Whitney U 

test 

Median value of 

different days 
0.28 
(0.05–0.60) 

0.22 
(0.00–0.72) 

P = 0.5770 

Final day 
0.20 
(0.01–0.45) 

0.15 
(0.00–1.05) 

P = 0.6706 

 

 

3.4 Relationship between haemostasis tests and thrombus formation 

From the initially performed haemostasis tests high fibrinogen concentrations and low 

maximum lysis values as measured by the ROTEM delta device (using the ex-tem 

reagent) were associated with sonographically detectable thrombi (Tab. 3). Additional 

analyses based on the median values of different days for individual patients revealed that 

low maximum lysis values as measured by the ROTEM delta device (using the in-tem 

reagent) were associated with sonographically detectable thrombi (maximum lysis: score 

0: 8.50 % [1.00–17.5 %]; score 1–3: 3.75 % [1.00–9.00 %]; median [minimum–

maximum], P = 0.0166), but no other test. Comparison of the results of haemostasis tests 

on the final day between dogs with and without sonographically detectable thromboses 

did not show any significant difference (P > 0.05). 

Comparison of results of haemostasis tests on the final day in dogs with detectable 

thrombosis via ELMI and dogs without significant thrombus formation showed several 

significant differences including lower fibrinogen concentrations and longer clotting 
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times (ex-tem reagent) and clot formation times (ex-tem and in-tem reagents) using the 

ROTEM delta analyser, in general expressing a less coagulable status (Tab. 4). If values 

of dogs graded 0 and 1 (n =15) are compared to those of grades 2 and 3 (n = 12), the last-

mentioned had longer clotting times (ROTEM delta, in-tem reagent) as well as longer clot 

formation times and lower alpha angles  (ROTEM delta, in-tem reagent) (P < 0.05; results 

not shown). 
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Table 3. Comparison of initial results of haemostasis parameters (median values, 

minimum–maximum in dogs with (grades 1–3) and without (grade 0) sonographically 

detectable central venous catheter-induced thromboses. 

Parameter 
Unit 

 

Sonographic  

thrombus grade 

P-value 

(Mann-Whitney 

U test) 

  
0  

(n = 20) 

1,2,3 

(n = 8) 
 

Haematocrit % 35.5 
(22.8–64.1) 

38.2 
 (24.5–49.9) 

0.6111 

Platelet count x103/µl 292 
(42.0–483) 

218 
(86.0–458) 

0.2320 

Prothrombin time % 94.4 
(35.9–169) 

89.6 
(47.1–136) 

0.5758 

Activated partial thromboplastin 

time 
s 12.8 

(9.55–24.9) 
14.0 

(11.7–16.4) 
0.2322 

Thrombin time s 12.9 
(12.1–17.8) 

14.1 
(6.50–16.0) 

0.2028 

Fibrinogen g/l 4.48 
(1.53–7.70) 

7.47 
(1.53–11.6) 

0.0235 

Antithrombin activity % 63.9 
(28.9–107) 

67.0 
(46.4–74.6) 

0.5249 

D-dimers µg/ml 0.06 
(0.00–1.48) 

0.15 
(0.03–3.72) 

0.3997 

Thrombin generation assay nmol 130 
(0.00–365) 

91.2 
(1.90–277) 

0.8787 

Clotting time (ROTEM ex-tem) s 42.0 
(29.0–93.0) 

43.0 
(17.0–159) 

0.7989 

Clot formation time (ROTEM ex-

tem) 
s 66.5 

(31.0–143) 
47.0 

(24.0–80.0) 
0.0633 

Alpha angle (ROTEM ex-tem) degrees 79.5 
(62.0–84.0) 

81.5 
(75.0–86.0) 

0.1667 

Max. clot firmness (ROTEM ex-

tem) 
mm 75.0 

(57.0–86.0) 
77.5 

(70.0–83.0) 
0.1753 

Max. clot elasticity (ROTEM ex-

tem) 
- 299 

(131–619) 
347 

(235–484) 
0.1544 

Maximum lysis (ROTEM ex-tem) % 13.5 
(3.00–29.0) 

4.00 
(0.00–8.00) 

0.0037 

Clotting time (ROTEM in-tem) s 208 
(84.0–810) 

249 
(72.0–371) 

0.5085 

Clot formation time (ROTEM in-

tem) 
s 83.5 

(37.0–634) 
74.5 

(39.0–235) 
0.8988 

Alpha angle (ROTEM in-tem) degrees 74.5 
(25.0–82.0) 

75.0 
(50.0–82.0) 

0.9797 

Max. clot firmness (ROTEM in-

tem) 
mm 70.0 

(54.0–81.0) 
74.0 

(61.0–77.0) 
0.3587 

Max. clot elasticity (ROTEM in-

tem) 
- 235 

(118–424) 
287 

(156–332) 
0.4764 
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Maximum lysis (ROTEM in-tem) % 8.50 
(0.00–21.0) 

3.50 
(0.00–22.0) 

0.1327 

 

Table 4. Comparison of results of haemostasis parameters (median values, minimum–

maximum) on the last day in dogs with (grades 1–3) and without (grade 0) central venous 

catheter-associated thrombus formation as detected by electron microscopy. 

Parameter 
Unit 

 

Thrombus grade 

(ELMI) 

P-value 

(Mann Whitney 

U test) 

  
0  

(n = 8) 

1,2,3 

(n = 19) 
 

Haematocrit % 32.2 
(24.1–45.4) 

33.0 
(21.6–51.0) 

0.5953 

Platelet count 103/µl 446 
(321–592) 

268 
(101–675) 

0.0558 

Prothrombin time % 145 
(104–264) 

120 
(56.1–148) 

0.0462 

Activated partial thromboplastin 

time 
s 12.3 

(10.9–14.0) 
13.6 

(10.9–18.8) 
0.0665 

Thrombin time s 12.9 
(12.1–17.8) 

14.1 
(6.50–16.0) 

0.2028 

Fibrinogen g/l 4.65 
(2.75–8.66) 

3.47 
(1.89–9.92) 

0.0491 

Antithrombin activity % 79.3 
(44.8–98.1) 

69.2 
(39.8–88.9) 

0.4572 

D-dimers µg/ml 0.18 
(0.00–1.73) 

0.07 
(0.00–1.18) 

0.1920 

Thrombin generation assay nmol 50.1 
(0.00–160) 

9.3 
(0.00–287) 

0.9562 

Clotting time (ROTEM ex-tem) s 
36.0 

(27.0–41.0) 
40.0 

(31.0–62.0) 
0.0238 

Clot formation time (ROTEM ex-

tem) 
s 39.5 

(12.0–74.0) 
65.0 

(24.0–174) 
0.0275 

Alpha angle (ROTEM ex-tem) degrees 83.5 
(76.0–88.0) 

79.0 
(58.0–85.0) 

0.0484 

Max. clot firmness (ROTEM ex-

tem) 
mm 78.0 

(70.0–85.0) 
72.0 

(55.0–86.0) 
0.0586 

Max. clot elasticity (ROTEM ex-

tem) 
- 346 

(239–555) 
254 

(121–637) 
0.0495 

Maximum lysis (ROTEM ex-tem) % 10.5 
(2.00–19.0) 

11.0 
(0.00–38.0) 

0.3796 

Clotting time (ROTEM in-tem) s 178 
(100–222) 

201 
(139–554) 

0.0525 

Clot formation time (ROTEM in-

tem) 
s 43.5 

(33.0–111) 
79.0 

(35.0–882) 
0.0209 

Alpha angle (ROTEM in-tem) degrees 81.5 
(71.0–83.0) 

74.0 
(24.0–83.0) 

0.0191 
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Max. clot firmness (ROTEM in-

tem) 
mm 78.5 

(66.0–81.0) 
69.0 

(27.0–84.0) 
0.0586 

Max. clot elasticity (ROTEM in-

tem) 
- 362 

(192–434) 
218 

(37.0–507) 
0.0559 

Maximum lysis (ROTEM in-tem) % 9.50 
(2.00–19.0) 

8.00 
(1.00–18.0) 

0.6890 

 

4. Discussion 

The main result of our study is that under the study conditions part of the dogs developed 

CVC-associated thromboses. However, only a very low part of these thromboses were 

obviously of a clinically significant degree regarding the amount of occlusion of the EJV, 

and none of the dogs had a symptomatic thrombosis whose definition includes presence 

of clinical signs such as localised swelling, pain, and redness (Boersma et al., 2008; Lee 

and Kamphuisen, 2012). In the present study, we particularly refer to the extraluminal 

thromboses with regard to the assessment of the antithrombotic management. 

One major problem of the statistical analysis and result presentation was that the two 

methods used to define the occurrence and degree of thrombus formation (ultrasound and 

ELMI) revealed discrepant results. Therefore, we performed a statistical analysis 

independently regarding thrombus formation with either of the two methods. It is well 

known that ELMI, which has already been used to detect CVC induced thromboses in 

humans (Lucas et al., 2017) and experimental animals (Xiang et al., 1998; Xiang et al., 

2001), is a very sensitive diagnostic technique, which allows the ex vivo diagnosis of very 

small or fibrin rich thrombi that perhaps cannot be detected by ultrasonography or 

venography during the in vivo evaluation of patients (Xiang et al., 2001). A major reason 

for the discrepant results between the two methods used to detect CVC associated 

thromboses is that different CVC segments are evaluated. Using ultrasonography it was 

only possible to evaluate the EJV in the neck area of the patient and, thereby, only its 

proximal third. In contrast, ELMI assessed mainly the CVC tip and a human study 
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revealed that even different positions of the catheter tip are associated with various risks 

for development of CVC associated thrombosis (Ballard et al. 2016). One additional point 

to consider, which also may contribute to the discrepancy is, that it is possible that thrombi 

developed on the CVC surface can be detached during the CVC removal from the vein 

and, thereby, before its analysis by ELMI (Xiang et al., 2001). 

The contrast venography technique is used as gold standard to confirm thrombosis in 

human medicine. However, this diagnostic technique is normally used only in the case of 

a strong clinical suspicion of venous thrombosis that cannot be detected by 

ultrasonography (Laurenson et al., 2010, Langston and Eatroff, 2018). Our study protocol 

with privately owned clinic patients did not allow to use this method. In a study performed 

in 44 human patients requiring a CVC (Köksoy et al., 1995), a sensitivity of 94 % and a 

specificity of 96 % were determined for the colour Doppler ultrasound diagnosis when it 

was compared with the diagnosis performed with the contrast venography technique and 

that makes the colour Doppler ultrasound an accurate diagnosis method to detect CVC 

related thrombosis even in humans (Köksoy et al., 1995; van Rooden et al., 2003). 

The incidences of CVC related thrombosis detected by colour Doppler ultrasound of the 

internal jugular vein reported in 3 human studies were 2 %, 30 % and 56 % (Harter et al., 

2002; Lordick et al., 2003; Wu et al., 1999) and although with a wide range, the median 

value of these rates (30 %) is very well suited to the incidence of 28 % (8/29), which we 

calculated for our canine study based on sonographic findings. The wide variation of 

incidences of CVC related thrombosis in different human studies can in general be 

explained by differences regarding the type and entry site of the CVC (jugular, femoral, 

subclavian, axillary, cephalic vein), the time period with the CVC in place, the thrombus 

detection technique (venography or ultrasonography; comment: in the cited 3 studies 

consistently the last-mentioned method was used) and criteria for diagnosis of 
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thrombosis, the duration of follow up, diseases and presence of predisposing factors in 

these patients (e.g., previous venous thrombosis history, presence of cancer), and, finally, 

prophylactic treatment with anticoagulants (van Rooden et al., 2005; Geerts, 2014; Liu et 

al., 2015). 

Different pathomechanisms contribute to the development of CVC induced thromboses. 

During the CVC insertion, the puncture of the skin on the CVC insertion site, and the 

rupture of the blood vessels integrity activate the coagulation cascade and the CVC acts 

as a matrix for adherence and accumulation of fibrin and cellular components (Smith et 

al., 2012).  The attachment of proteins and blood cells to the internal and/or external wall 

of the CVC can lead to a partial or complete occlusion of the catheter lumen, and 

sometimes, to a partial or complete obstruction of the blood flow, and/or 

thromboembolism (Langston and Eatroff, 2018). There is a strong interrelationship 

between thrombus and biofilm formation (Smith et al., 2012). Prevention of thrombus 

formation has, thereby, also relevance regarding the increased risk for microbial 

colonisation of the catheter (Boersma et al., 2008) leading, at least in humans, to an 

increased number of CVC related systemic infections (Lordick et al., 2003). 

In this context it has to be considered that CVC produced from polyurethane which are 

routinely used in our clinic and, thereby in the study, are usually associated with a 

relatively high thrombosis potential and thereby, definitely provide an effective test for 

an antithrombotic regimen. Silicone catheters have a significantly reduced risk for 

thrombotic complications, but this advantage has to be purchased by a higher rate of 

mechanical failure (e.g., rupture of the catheter) (Wildgruber et al., 2016). Promising 

experimental approaches work on surface modifications of the standard catheters. For 

example, one group was able to demonstrate that a coating of the surface of the catheter 
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with a zwitterionic polymeric sulfobetaine showed a significant reduction of thrombus 

formation, in vitro with human blood and in an in vivo canine model (Smith et al., 2012). 

Due to ethical reasons we did not performed a placebo-controlled study. However 

interestingly, not all human studies report systemic anticoagulation and part of the human 

studies was even placebo-controlled (review: Lee and Kamphuisen, 2012). Obviously, 

there is no consensus in the available human literature regarding the beneficial use of 

antithrombotic prophylaxis to prevent CVC related thrombosis. Several studies did not 

find a statistically significant difference in the incidence of CVC related thrombosis 

between patients receiving the antithrombotic prophylaxis compared with the control 

groups without systemic anticoagulation (Verso et al., 2005: P = 0.35; Karthaus et al., 

2006: P > 0.05; Niers et al., 2007: P = 0.49), whereas in other studies, a lower incidence 

of CVC related thrombosis was found in the group receiving anticoagulants as 

prophylaxis compared with the control groups (Abdelfeki et al., 2004: 1.50 % vs. 12.6 %, 

P = 0.03; De Cicco et al., 2009: 40.0 % vs. 52.6 %, P = 0.05). 

Although it is well known that subcutaneously administered UFH has a limited and 

variable bioavailability, and thereby leads to unpredictable blood activities (Hirsh and 

Raschke, 2004), the extremely wide range of blood activities after a defined dosage in our 

study was relatively unexpected. Blood was collected 2 hours after the first UFH 

injection, and thereby at the time of suspected maximum heparin activity considering the 

relatively low UGH dosage (Mischke and Jacobs, 2001). The cited study was performed 

on healthy experimental dogs. Possible additional influencing factors in critical ill 

patients include circulatory insufficiency which may reduce and delay absorption from 

subcutanenous tissue, decreased clearance function of the liver and kidneys as well as 

altered blood plasma concentrations of heparin binding plasma proteins such as 

fibrinogen and platelet factor 4 and alterations of the heparin binding capacity of 
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endothelial cells which altogether are reasons for a great inter-, but also intrapatient 

variability (Hirsh and Raschke, 2004). In individual patients, this can lead to heparin 

resistance. It has also to be considered, that antithrombin activities, which are necessary 

for an adequate heparin effect (Björk and Lindahl, 1982), were reduced in our patients. 

Availability of approved blood tests, which can predict the risk of development of CVC 

associated thrombosis already at the moment of the CVC placement are important 

(Boersma et al., 2016). One of the most interesting results was, that dogs which developed 

sonographically detectable thrombi, had nearly twofold higher fibrinogen levels. Well in 

agreement with our results one study performed in anticoagulated human patients 

demonstrated that high fibrinogen levels were associated with an increased risk of 

perioperative venous thromboembolism (P =  0.004) (Kato et al., 2016). The cited study 

does not exclusively refer to CVC associated thrombosis, but 76 % (16/21) of the venous 

thromboses were suggested to be associated with CVCs. Fibrinogen measurement, a test 

which is widely available, is therefore a useful and practicable indicator of an increased 

risk for CVC induced thromboses and may advice the clinician to treat these patients 

especially carefully (e.g. with low molecular weight heparin). In the study performed by 

Boersma et al. (2016), in 168 human patients without indication of anticoagulation 

prophylaxis, elevated leukocyte counts, high levels of plasminogen activator inhibitor, 

and of coagulation factor VIII were associated with an increased incidence of 

symptomatic CVC related thrombosis diagnosed by ultrasonography. A limitation of that 

study is that all measurements were performed on blood samples taken after CVC 

placement. Interestingly, in our study, ROTEM results were partly associated with 

thrombus formation which reflects the well-known fact that results of viscoelastic 

measurements are a good indicator of hypercoagulability and thromboembolic events 

(Harahsheh and Ho, 2018). It is of further interest and possibly unexpeted that on the final 
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day of examination, dogs with ELMI signs of thromboses had partly lower coagulation 

activities than dogs without thromboses. Due to the low number of dogs without 

detectable thrombi using ELMI, this implausible result has to be interpreted with caution. 

One possible explanation could be that temporary hypercoagulability in these dogs may 

have finally resulted in consumption of haemostasis substrates. 

Limitations of the present study were, as a consequence of the study design based on 

clinical patients, the relatively low total number of patients, inclusion of different UFH 

treatment regimens and the lack of a control group. 

 

5. Conclusions 

The results of the present study indicate that the used UFH regimen was not completely 

effective to prevent CVC-associated thromboses, which were detectable in 28 % [8/29] 

of the patients by ultrasound. However, severe thromboses (high grades) are relatively 

rare in intensive care canine patients receiving a routine anticoagulant treatment. Because 

heparin plasma activities were not different in dogs with or without CVC-associated 

thrombus formation, other local and systemic factors must play a significant role as well. 

A high fibrinogen concentration and low maximum lysis (ROTEM, ex-tem) may be 

useful indicators for an increased thrombotic risk in individual patients, which may 

require special anticoagulatory treatment. 
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Chapter 4: General discussion 

Incidence of CVC related thrombosis  

In our study the incidence of CVC related thrombosis detected by ultrasound in critical 

care canine patients was 28 %. To the best of the author´s knowledge similar studies 

performed in dogs are rare in the available veterinary literature. In one study performed 

in 81 dogs and 12 cats (Adamantos et al., 2010) an incidence of  2 % was found for vein 

thrombosis related to CVC. This low incidence can be due to a lacking of systematic 

ultrasound evaluations of the jugular vein containing the CVC. In the mentioned study in 

dogs and cats, the vein thrombosis was confirmed by palpation or ultrasound, presumably 

after the presentation of clinical symptoms, however in many cases, as in our study, 

thrombus into the jugular vein can be developed without manifestation of clinical 

symptoms what makes a routinely ultrasound evaluation of the vein containing the CVC 

very important. Our results are well aligned with the findings in humans in which a 

median incidence of 30 % was found for thrombosis related to CVC based on 25 studies 

performed in patients requiring a CVC (review article: van Rooden et al., 2005). In the 

mentioned 25 human studies the incidence of CVC related thrombosis varied within a 

wide range (2–67 %), according to factors related to: (1) the CVC (e.g. material type, 

entry site [jugular, femoral, subclavian, axillary, cephalic vein], time period in place, (2) 

diagnostic thrombus detection technique (ultrasonography or venography) and criteria, 

(3) patient collective (diseases and presence of predisposing factors [e.g. previous venous 

thrombosis history, presence of cancer], and (4) prophylactic antithrombotic treatment 

(Geerts, 2014; Liu, et al., 2015; van Rooden et al., 2005).  

The incidence of CVC related thrombosis detected by colour Doppler ultrasound in our 

study fits also with the median incidence (30 %) found in three studies performed in 

humans in which colour Doppler ultrasound evaluations of the jugular vein containing a 
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CVC were performed (Harter et al., 2002; Lordick et al., 2003; Wu et al., 1999). In these 

three studies the individual incidence of CVC related thrombosis was 2 % (Harter et al., 

2002), 30 % (Lordick et al., 2003) and 56 % (Wu et al., 1999). The high thrombus 

incidence reported in the study performed by Wu et al. (1999) could be due to the criteria 

for diagnosis of thrombosis, because in that study both, fibrin sleeves and compact 

thrombi, were considered as cases of thrombosis related to CVC. The incidence for 

compact thrombi was 25 %, which is more similar to our results. In the study performed 

by Harter et al. (2002) the CVC related thrombosis incidence (2 %) was very low 

compared with the incidence found in our study. In that study, the jugular veins were 

examined just before or less than 24 hours after CVC removal (median period of CVC 

use = 10.25 days). In our study the ultrasound evaluations were performed before the 

CVC placement (day 0) and then on days 1, 3, 5, etc., until the CVC removal (median 

period of CVC use = 7 days; median interval until thrombus detection = 7 days). In our 

study we detected thrombus formation as early as on the 3rd day, so it could be possible 

that in the cited study possibly only temporarily existing thrombi could have been missed 

by ultrasonography in the final stage and, thereby, for the incidence calculation. However, 

this scenario is not very likely, because results of the present study show, that 

sonographically detectable thrombi during the observation period had in all cases their 

maximum grade on the final day. 

In the study performed by Lordick et al. (2003), the CVC related thrombosis incidence 

determined for 43 human patients was very similar to our study, and in both studies only 

compact thrombi detectable by ultrasound were considered for assessment of the 

incidence. In the mentioned study all the human patients were screened for the presence 

of thrombosis every 4 days after CVC insertion with real time B-mode ultrasound 

(Lordick et al., 2003).  
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In our study 70 % of CVCs analysed by ELMI showed thrombi of grade 1–3 on the 

external CVC wall. To the best of the author´s knowledge studies about incidence of CVC 

related thrombosis on the outside surface of the CVC detected by ELMI cannot be found 

in the human and small animal literature. In one study performed in humans (Lucas et al., 

2017), thrombus formation was analysed by ELMI in 78 central venous catheters. That 

study focussed on microstructural assessment of thrombus formation inside the distal 

openings of the CVC, which were found in 85 % of the evaluated CVCs. The percentage 

of occurrence of thrombosis in the mentioned study in humans was nearly similar to the 

incidence of intraluminal thrombus formation as detected in the presented study by ELMI 

(74  %). In general, intraluminal thrombi were not specially considered in the present 

study, because they mainly express the efficacy of the flushing technique rather than the 

effectivity of the antithrombotic treatment. In one study performed in rats the 

microstructure of thrombi developed in the jugular vein containing the CVC was also 

evaluated by ELMI (Xiang et al., 1998). In the mentioned study, pericatheter thrombosis 

was detected on the proximal section of the CVC in 100 % of rats (n = 12) after 1 and 3 

days of catheterisation. The analyses of the CVCs placed in rats were performed with the 

catheter inside the vein, in contrast to our study, where the CVC was removed from the 

jugular vein for the respective analysis. Xiang et al. (2001) hypothesised in one study 

performed in rabbits and rats, in which CVCs were placed in the jugular vein, that fibrin 

rich thrombi associated to the CVC can be detached during the catheter removal and this 

could explain the difference between the thrombosis incidence assessed in our study and 

that of the study performed by Xiang et al. (1998).  

In our study, the incidence of CVC related thrombosis detected by ultrasonography in the 

lumen of the EJV did not correlate with the incidence of CVC related thrombosis detected 

by ELMI on the external wall of the CVC. This was mainly due to the fact that the CVC 
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segment evaluated with both methods was different. Using ultrasonography it was only 

possible to evaluate the EJV in the neck area of the patient and, thereby, only the proximal 

third of the CVC. In contrast, with the ELMI analysis only the distal section of the CVC 

(last third) was evaluated, because macroscopically detected thrombi mainly developed 

near the CVC tip which was routinely positioned at the junction of the cranial cava vein 

with the right atrium. In a retrospective review of medical records of 169 human patients 

requiring a CVC (Ballard et al., 2016), the position of the CVC tip was determined by 

radiologic evaluation, and it was determined that the catheter tip position can be a 

predisposing factor for central venous thrombosis development. Thereby, it could be of 

interest to evaluate in further studies in dogs, if a high incidence of thrombosis detected 

by ELMI, as was shown in our study, could be related to the CVC tip position.  

In our study, polyurethane catheters were tested, which are widely used and are the 

standard CVCs used in the Small Animal Clinic, University of Veterinary Medicine 

Hannover. In vivo and in vitro studies have assessed the thrombogenicity of different 

catheter materials (Borow and Crowley, 1985; Smith et al., 2012). In general terms, 

polyurethane catheters (central or peripheral) had shown a higher thrombogenicity 

compared with coated (e.g. with hydromer) and silicone catheters. Due to this property 

of polyurethane catheters, they can be supposed as a good test system for antithrombotic 

regimens as evaluated in our study. On the other hand despite silicone catheters have been 

associated with a lower thrombogenicity, their mechanical flexibility could be a 

disadvantage in small clinical practice due to the increased risk of rupture detected even 

in humans (Wildgruber et al., 2016) 
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Heparin thromboprophylaxis for CVC related thrombosis  

The occurence of CVC related thrombosis detected by colour Doppler ultrasound and 

ELMI in our study demonstrates that the UFH in the given dosage was not completely 

effective to prevent CVC related thrombosis in canine intensive care patients. In human 

medicine LMWH is commonly used in prophylactic anticoagulation regimens, however 

studies performed in human patients requiring a CVC and receiving a prophylactic 

anticoagulation (with LMWH or UFH) did not achieve consensus regarding the efficacy 

of prophylactic heparin to prevent CVC related thrombosis (Abdelfeki et al., 2004; 

Lordick et al., 2003; Wu et al., 1999). To the best of the author´s knowledge studies 

performed in dogs evaluating systemic prophylactic anticoagulation to prevent CVC 

related thrombosis cannot be found. However according to the evidence found in the 

human literature and the results of our study further investigations using comparative 

groups with different drugs, dosages and/or administration routes are required to establish 

an effective antithrombotic treatment to prevent CVC related thrombosis.   

The plasma heparin activities measured in canine patients in our study varied significantly 

after a defined subcutaneous dosage. The limited and variable bioavailability of SC 

administered UFH is well documented in humans (Hirsh and Raschke, 2004). 

Considerable variations of the circulatory status, of the liver- and kidney function and 

concentration of heparin-binding proteins in intensive care patients obviously amplify 

this phenomenon leading to an extremely high inter-individual and intra-individual 

variation of the heparin blood levels in our patients. A different application route (IV) 

may have reduced the influence of part of these factors and, therefore, could have led to 

more predictable UFH blood levels. However, continuous infusion requires more 

technical equipment and is also associated with a wide range of heparin activities in 

canine patients (Scott, et al., 2009). 
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Prediction of CVC related thrombosis 

Of 7 haemostasis tests (including ROTEM with 12 different parameters [6 for each 

reagent: ex-tem and in-tem]) evaluated as possible predictors of CVC related thrombosis 

in our study, initial values of high fibrinogen and low maximum lysis (ROTEM ex-tem) 

were associated with sonographically detectable thrombus formation. Some studies in 

humans have established the association of laboratory biomarkers as predictors of risk 

thrombosis (Boersma et al., 2016; Cheng et al., 2013; Kato et al., 2016; Liu et al., 2015). 

One study performed in anticoagulated human patients showed – well in agreement with 

our results – that high fibrinogen levels were associated with an increased risk of 

perioperative venous thromboembolism (P =  0.004) (Kato et al., 2016). The cited study 

does not exclusively refer to CVC associated thrombosis, but 76.2 % (16/21) of the 

venous thromboses were suggested to be associated with CVCs. Fibrinogen concentration 

measurements are normally available in the human and veterinary practice and  the 

association of this parameter with a high risk of development of CVC related thrombosis 

can be useful to choose special antithrombotic treatment in individual critical care patients 

to prevent such severe complications. 

Thrombin generation assay (TGA) abnormalities such as higher velocity and endogenous 

thrombin potential (ETP) values, measured initially, i.e. before any anticoagulation 

therapy, have been associated with a higher thromboembolism risk in general (i.e. without 

specific association with CVCs) in one study performed on 105 human patients (Espitia 

et al., 2017). In contrast, in our study the initial TGA assay results did not show an 

association with formation of CVC related thrombosis. 

The ROTEM parameters evaluated in the present study were partially associated with 

formation of CVC thrombosis detected by colour Doppler ultrasound. This finding 

confirms the results obtained in humans in which ROTEM measurements are regarded as 
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a valuable indicator of hypercoagulability (Harahsheh and Ho, 2018; Türk et al, 2018). 

However, in our study individual ROTEM parameters showed partly lower coagulation 

activities in dogs with CVC related thrombosis detected by ELMI at the final day of 

evaluation. Because the number of patients without signs of thrombosis detected by ELMI 

was low compared with those who showed signs, these implausible results should be 

interpreted carefully. The usefulness of ROTEM analysis, which has also many other 

indications, demonstrates that is was worth to perform a detailed methodological approval 

of the device including the establishment of reference values in the preliminary study.   

 

Conclusion 

In conclusion, the prethrombotic or thrombotic changes detected in our study did not 

correlate between ultrasonography and ELMI, however both methods show accurately 

signs of CVC related thrombosis. The UFH in the given dosage was not completely 

effective to prevent CVC induced thrombus formation in canine intensive care patients. 

Plasma heparin activities varied significantly after a defined subcutaneous dosage. 

However, plasma heparin activities were not different between dogs with and without 

detectable CVC associated thromboses. Initial high fibrinogen values and low maximum 

lysis (ROTEM ex-tem) values were associated with sonographically detectable thrombi 

and may be useful as indicators for an increased thrombotic risk.  

Finally, our study in canine intensive care patients is, to the best of the author´s 

knowledge, the first study in the available veterinary literature performed to evaluate the 

efficacy of an antithrombotic treatment with UFH to prevent CVC related thrombosis. 
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Chapter 5: Summary 

Central venous catheter induced thrombosis in dogs – occurrence under an 

antithrombotic treatment regimen and possible indicators. 

José Mauricio Pereira Mora 

 

Central venous catheters (CVC) are of importance for intensive care management of 

canine patients. Thrombosis of the jugular vein is a severe complication related to the 

CVC use. However, only little is known about the incidence of CVC-associated 

thromboses in dogs and the necessity and efficacy of prophylactic antithrombotic 

regimens.  

Therefore, the aims of the present study were: (1) to determine the incidence of catheter-

induced thrombosis in canine intensive care patients, (2) to evaluate the efficacy of a 

prophylactic heparin regimen routinely used in the Small Animal Clinic of the University 

of Veterinary Medicine Hannover, and (3) to assess whether selected haemostasis test 

results are predictive for an increased risk for thrombosis formation.  

The thesis also includes a preliminary methodological study on the use of rotational 

elastometry in dogs using the ROTEM delta device. In this preliminary study, reference 

intervals were determined based on 125 healthy dogs for different clot activator reagents 

and for measurements without activator. Coefficients of variation (CVs) were calculated 

based on results of fourfold measurements of 3 normal and 3 abnormal blood samples in 

order to assess precision of the method. Influence of age groups, sex, neuter status and 

size were also assessed. The median CVs for most of the parameters evaluated in the 

precision analysis were less than 10 %, and this confirmed that the ROTEM delta analyser 

delivers repeatable results. Regarding the influence of age, sex, neuter status and animal 
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size, only neuter status in female dogs appeared to be a relevant influencing factor on 

most of important ROTEM parameters. 

The main study of the thesis comprises 29 patients hospitalised at the Small Animal Clinic 

requiring a CVC for medical reasons. These patients received a prophylactic 

anticoagulation treatment with unfractionated heparin (UFH, 150 IU [surgical dogs 

received 75 IU]/kg BW TID subcutaneously). A colour Doppler ultrasound of the 

respective external jugular vein (EJV) in order to detect thrombus formation in the lumen 

of the EJV and blood collection for haemostasis tests were performed directly before the 

installation procedure (day 0) and on days 1, 3, 5, 7, and so on after the CVC insertion. 

Haemostasis tests included prothrombin time, activated partial thromboplastin time, 

thrombin time, antithrombin activity, D-dimer concentration, thrombin generation and 

rotational elastometry, as well as the heparin activity using a chromogenic anti-factor Xa 

test. Finally, when the CVC was removed, electron microscopy (ELMI) of sections of the 

CVC with macroscopically visible thrombi in the last third (5–10 cm) of the CVC, was 

performed. 3 different grades were defined for CVC-associated (extraluminal) thrombi 

detected by either ultrasound or ELMI, respectively. 

8/29 patients evaluated by colour Doppler ultrasound during the study developed thrombi 

into the lumen of EJV (4 x grade 1, 3 x grade 2 and 1 x grade 3). 19/27 CVCs assessed 

using ELMI showed detectable thrombi on the external CVC surface (7 x grade 1, 4 x 

grade 2 and 8 x grade 3). There was no significant correlation between thrombus 

formation detected by ultrasound or ELMI. Thus, statistical group comparisons of 

patients with or without CVC-associated thrombus formation was performed 

independently for both diagnostic procedures.  The plasmatic heparin activities showed 

great variability but no significant differences were found between dogs with or without 

CVC-associated thrombus formation, regardless whether this was based on sonographic 
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or ELMI findings. From the initially performed haemostasis tests high fibrinogen 

concentrations and low maximum lysis values as measured by the ROTEM delta device 

(using the ex-tem reagent) were associated with sonographically detectable thrombi. 

In conclusion, the preliminary methodological study on the ROTEM delta in dogs shows 

that the method delivers repeatable results in canine citrated whole blood, and the 

reference values obtained should offer a reliable basis for the interpretation of test results 

of this device in dogs with suspected haemostasis disorders. The results of the main study 

indicate that CVC-associated thromboses occur (e.g., 28 % [8/29] of the patients as 

detected by ultrasound), although severe thromboses (high grades) are relatively rare in 

intensive care canine patients receiving a routine anticoagulant treatment. Thereby, 

prophylactic antithrombotic protocol (unfractionated heparin [UFH]) in the given dosage 

was not completely effective to prevent CVC induced thrombus formation in canine 

intensive care patients. A high fibrinogen concentration and low maximum lysis 

(ROTEM, ex-tem) may be useful indicators for an increased thrombotic risk in individual 

patients, which may require special anticoagulatory treatment. Further studies are 

required to evaluate, whether different thromboprophylactic treatment regimens, e.g. with 

low molecular weight heparin, are more effective in preventing CVC-associated 

thromboses in dogs. 
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Chapter 6: Zusammenfassung 

Zentralvenenkatheter-induzierte Thrombose bei Hunden - Auftreten unter einem 

antithrombotischen Behandlungsschema und mögliche Indikatoren. 

José Mauricio Pereira Mora 

 

Zentralvenenkatheter (ZVK) sind für das Intensivmanagement von Hunden von 

Bedeutung. Die Entstehung einer Thrombose der Vena jugularis ist eine schwerwiegende 

Komplikation im Zusammenhang mit der Verwendung eines ZVKs. Über die Inzidenz 

von ZVK-assoziierten Thrombosen bei Hunden und die Notwendigkeit und Wirksamkeit 

prophylaktischer antithrombotischer Protokolle liegen jedoch nur wenige fundierte 

Angaben in der Literatur vor. 

Daher waren die Ziele der vorliegenden Studie: (1) die Inzidenz der Katheter-induzierten 

Thrombose bei caninen Intensivpatienten zu bestimmen, (2) die Wirksamkeit eines 

prophylaktischen Heparin-Regimes zu bewerten, das routinemäßig in der Klinik für 

Kleintiere der Stiftung Tierärztliche Hochschule Hannover angewendet wird, und (3), um 

zu beurteilen, ob ausgewählte Hämostasetestergebnisse ein erhöhtes Risiko für die 

Thrombosebildung vorhersagen können. 

Die PhD-Arbeit enthält zudem eine vorbereitende methodische Studie zur Verwendung 

der Rotationselastometrie bei Hunden mit Hilfe des ROTEM delta-Gerätes. In dieser 

Vorstudie wurden Referenzintervalle basierend auf 125 gesunden Hunden für 

verschiedene Gerinnungsaktivatorreagenzien und für Messungen ohne Aktivator 

bestimmt. Um die Genauigkeit der Methode einzustufen, wurden Variationskoeffizienten 

(VKs) basierend auf den Ergebnissen von Vierfachmessungen von drei normalen und drei 

abnormalen Blutproben berechnet. Der Einfluss von Alter, Geschlecht, Kastration und 

Größe wurde ebenfalls getestet. Die Medianwerte der VKs für die meisten in der 
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Präzisionsanalyse bewerteten Parameter betrugen weniger als 10 % und dies bestätigte, 

dass das ROTEM delta-Analysegerät wiederholbare Ergebnisse liefert. In Bezug auf den 

Einfluss von Alter, Geschlecht, Kastration und Tiergröße erwies sich nur eine Kastration 

bei Hündinnen als relevanter Einflussfaktor für die meisten wichtigen ROTEM-

Parameter. 

Die Hauptstudie der Arbeit umfasst 29 Patienten, welche zum Zeitpunkt der 

Untersuchung stationär in der Kleintierklinik aufgenommen worden waren und aus 

medizinischer Indikation einen ZVK benötigten. Diese Patienten erhielten eine 

prophylaktische Antikoagulation mit unfraktioniertem Heparin (UFH, 150 I.E. 

[chirurgische Hunde erhielten 75 I.E.]/kg KG 3 x täglich subkutan). Bildgebende 

Untersuchungen mittels Farbdoppler-Ultraschall der jeweiligen Vena jugularis externa 

(VJE) zum Nachweis der Thrombusbildung im Lumen der VJE und Blutentnahmen für 

Hämostasetests wurden jeweils direkt vor dem Installationsvorgang (Tag 0) sowie an den 

Tagen 1, 3, 5, und 7 nach Legen des ZVKs durchgeführt. Hämostasetests umfassten die 

Prothrombinzeit, die aktivierte partielle Thromboplastinzeit, die Thrombinzeit, die 

Antithrombinaktivität, die D-Dimer-Konzentration, die Thrombingenerierung und die 

Rotationselastometrie sowie die Heparinaktivität unter Verwendung eines chromogenen 

Anti-Faktor-Xa-Tests. Schließlich wurde nach Entfernung des ZVKs eine 

Elektronenmikroskopie (ELMI) von Abschnitten aus dem letzten Drittel (5–10 cm) des 

ZVKs mit makroskopisch sichtbaren Thromben durchgeführt. Für ZVK-assoziierte 

(extraluminale) Thromben, die entweder durch Ultraschall oder ELMI nachgewiesen 

wurden, wurden drei verschiedene Grade definiert.  

8/29 Patienten, die während der Studie mittels Farbdoppler-Ultraschall untersucht 

wurden, entwickelten Thromben im Lumen der VJE (4 x Grad 1, 3 x Grad 2 und 1 x Grad 

3). 19/27 ZVKs, die unter Verwendung von ELMI bewertet wurden, zeigten 
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nachweisbare Thromben auf der äußeren ZVK-Oberfläche (7 x Grad 1, 4 x Grad 2 und 8 

x Grad 3). Es gab keine signifikante Korrelation zwischen der durch Ultraschall oder 

ELMI festgestellten Thrombusbildung. Daher wurden statistische Gruppenvergleiche 

von Patienten mit oder ohne ZVK-assoziierter Thrombusbildung für beide diagnostische 

Verfahren unabhängig voneinander durchgeführt. Die plasmatischen Heparinaktivitäten 

zeigten eine große Variabilität, es wurden jedoch keine signifikanten Unterschiede 

zwischen Hunden mit oder ohne ZVK-assoziierter Thrombusbildung gefunden, 

unabhängig davon, ob diese auf sonographischen oder ELMI-Befunden beruhte. Von den 

initial durchgeführten Hämostasetests waren hohe Fibrinogenkonzentrationen und 

niedrige maximale Lyse-Werte der Messungen mit ROTEM delta (ex-tem Reagenz) mit 

sonographisch nachweisbaren Thromben assoziiert. 

Zusammenfassend zeigt die vorbereitende methodische Studie zum ROTEM delta bei 

Hunden, dass die Methode wiederholbare Ergebnisse in mit Zitrat 

antikoaguliertemVollblut liefert. Die erarbeiteten Referenzwerte sollten eine zuverlässige 

Grundlage für die Interpretation der Testergebnisse dieses Geräts bei Hunden mit 

Verdacht auf Hämostasestörungen bieten. Die Ergebnisse der Hauptstudie zeigen, dass 

ZVK-assoziierte Thrombosen auftreten (z. B. 28 % [8/29] der Patienten, bezogen auf den 

Ultraschall-gestützten Nachweis), obwohl schwere Thrombosen (hohe Grade) bei 

intensivmedizinisch versorgten Hundepatienten, die eine Routineantikoagulation 

erhalten, relativ selten sind. Somit war das prophylaktische antithrombotische Protokoll 

(unfraktioniertes Heparin [UFH]) in der angewendeten Dosierung nicht vollständig 

wirksam, um die ZVK-induzierte Thrombusbildung bei caninen Intensivpatienten zu 

verhindern. Eine hohe Fibrinogenkonzentration und eine niedrige maximale Lyse 

(ROTEM, ex-tem) können als Indikatoren eines erhöhten Thromboserisikos bei einzelnen 

Patienten nützlich sein, für die möglicherweise eine spezielle gerinnungshemmende 
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Behandlung notwendig ist. Weitere Studien sind erforderlich, um zu untersuchen, ob 

verschiedene thromboprophylaktische Behandlungsschemata, z. B. mit 

niedermolekularem Heparin, bezüglich der Verhinderung von ZVK-assoziierten 

Thrombosen bei Hunden wirksamer sind. 
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