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Abstract: A hospital-based, prospective cross-sectional study was used to compare kaolin-

activated thromboelastography (TEG) parameters with traditional coagulation tests in 29 hospi-

talized dogs. Cases were included if the attending clinician requested coagulation testing. Blood 

was obtained from each dog and coagulation (prothrombin time, partial thromboplastin time, 

antithrombin activity, d-dimer concentration, and fibrinogen concentration) and TEG analyses 

were performed. Hematocrit (Hct) was also measured. Traditional coagulation results were evalu-

ated for correlation with those from kaolin-activated TEG. Spearman’s correlation was used to 

calculate correlation coefficients. Fibrinogen was positively correlated with maximum amplitude 

(Pearson r=0.72, P<0.001) and global clot strength (Pearson r=0.72, P<0.001). There was no cor-

relation between any of the remaining coagulation variables, TEG parameters, or Hct. Results of 

kaolin-activated TEG and traditional coagulation tests are not interchangeable means of monitor-

ing coagulation derangements in this intensive care unit patient population. Determination of a 

true outcome measure is necessary to establish TEG’s clinical relevance to veterinary medicine.
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Introduction
Clotting tests are useful in the diagnosis of coagulation disorders and the monitoring 

of anticoagulant therapy. Prothrombin time (PT), partial thromboplastin time (PTT), 

and fibrinogen concentration in plasma samples are widely used screening tests in 

the clinical setting for coagulation profile evaluation. Although modern coagulation 

diagnostics are becoming increasingly complex, PT, PTT, and fibrinogen concentra-

tion are still important and reflect the activity of several coagulation factors of the 

extrinsic and intrinsic systems.1

Thromboelastography (TEG) is a viscoelastic test used to assess global hemostasis. 

Unlike traditional plasma-based coagulation tests, TEG incorporates all blood compo-

nents and evaluates all phases of cell-based coagulation. It provides a graphical repre-

sentation of the rate of fibrin polymerization, the overall clot strength, and fibrinolysis.2,3

Viscoelastic testing is commonly used in human medicine to guide transfusion 

therapy and predict hemorrhage in traumatized patients and those undergoing hepatic 

and cardiac surgery.3–5 It has been shown to be useful in determining hemorrhage 

 etiology, as well as in assessing the effect of thrombocytopenia on coagulation.3–7

The focus of TEG in veterinary medicine has largely been on identifying hyper-

coagulable states. Hypercoagulability has been demonstrated in parvoviral enteritis, 

immune- mediated hemolytic anemia (IMHA), protein-losing enteropathies and 
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nephropathies, portosystemic shunts, hyperadrenocorti-

cism, neoplasia, and fungal disease.8–14 It has also been used 

to provide prognostic information in disease states such as 

IMHA, sepsis, and disseminated intravascular coagulation 

in companion animals.2,10,15

Originally designed for fresh whole blood (WB) and 

without the addition of an activator, TEG has now been modi-

fied so that it can be performed with anticoagulated blood 

and with the addition of calcium and an activator to initiate 

coagulation.16–18 However, results from each methodology are 

not interchangeable, and each activator has specific indica-

tions.15,17–21 Machine use relies heavily on the operator, and 

interuser variability may influence the results. Additional 

factors such as recalcification, time from blood sampling, 

sampling technique, hematocrit (Hct), altered platelet count, 

fibrinogen concentration, and concurrent corticosteroid 

therapy can also alter TEG results.19,20,22 Additionally, the 

manufacturer recommends calibration two to three times a 

day and a strict quality assurance program if TEG is to be 

used as an accurate point-of-care test.23

The absence of true outcome measures limits the most 

effective use of TEG in veterinary patients. While TEG 

has been used to identify hypercoagulable states, there is 

still insufficient evidence to define hypercoagulability in 

companion animals based on TEG parameters, and only 1 

veterinary study has retrospectively compared TEG results 

with postmortem evidence of thrombosis.24,25 No studies 

evaluating TEG as a transfusion guide in veterinary patients 

exist at this time.

TEG’s variable methodology, extensive quality control 

requirements, effect of preanalytic and hemostatic vari-

ables, lack of standardization, and cost limit its global use 

in veterinary patients.3,13,16,19,20,22,23 Lack of a therapeutic 

end point has also complicated its use.24 This has led to the 

formation of the Partnership on Rotational ViscoElastic Test 

Standardization (PROVETS) collaboration, with the intent 

of developing universally accepted guidelines on TEG use 

in veterinary medicine.24

Studies comparing tissue factor-activated TEG to tra-

ditional coagulation variables exist in veterinary medicine; 

however, this has not been evaluated for kaolin-activated 

TEG.26 Since kaolin-activated TEG has more widespread 

clinical use and a lower activator cost, the objective of this 

study was to compare kaolin-activated TEG parameters with 

traditional coagulation parameters in hospitalized dogs.

Materials and methods
Venipuncture was performed and blood obtained for various 

laboratory analyses. From each sample, 2.7 mL of blood was 

placed into a 3.2% sodium citrate tube with a final blood to 

citrate ratio of 9:1 for coagulation (PT, PTT, antithrombin 

[AT] activity, d-dimer concentration, and fibrinogen con-

centration) and TEG analyses. Hct and platelet count were 

obtained concurrently from the complete blood count (CBC, 

Cell-Dyn 3500; Abbott, Abbott Park, IL, USA). If a CBC was 

not performed, an automated or manual platelet count and a 

packed cell volume (PCV) were obtained. TEG was performed 

using a single TEG Hemostasis Analyzer 5000 (Haemoscope 

Corporation, Niles, IL, USA) in citrated WB samples within 

2 hours, as per manufacturer’s instructions. The analyzer was 

calibrated prior to running the first sample of the day.

Briefly, coagulation was initiated for TEG analysis using 

kaolin. TEG was performed by adding 20 mL of 0.2 M calcium 

chloride and 340 mL of citrated WB to kaolin. The reaction time 

(R), clot formation (K), a-angle, maximum amplitude (MA), 

and global clot strength (G) were recorded. All TEG analyses 

were performed in duplicate simultaneously in the dual sample 

wells and left to run at least until the MA was reached.

Plasma was subsequently prepared by centrifugation of 

citrated WB samples at 2,900 rpm for 10 minutes, divided 

into aliquots, and, after coagulation panel analysis, stored 

at -80°C for 3 months, as per standard laboratory protocol. 

Coagulation analyses were immediately performed on an 

automated coagulation analyzer (ACL 900; Instrumentation 

Laboratory, Orangeburg, NY, USA); d-dimer concentra-

tion was measured using a chromogenic assay (ACL 900; 

Instrumentation Laboratory), fibrinogen concentration was 

measured using the Clauss method, and AT activity was 

measured using a chromogenic assay (ACL 900; Instrumenta-

tion Laboratory). All of the testing other than the TEG was 

performed in our institution’s clinical pathology laboratory.

The protocol was approved by the Texas A&M Univer-

sity Institutional Animal Care and Use Committee (AUP# 

2012-134), and owner informed consent was obtained for 

each sample taken.

Statistical analysis
Data were checked for normality using Kolmogorov–Smirnov 

normality and the D’Agostino–Pearson omnibus tests. 

Spearman’s correlation was used to calculate correlation 

coefficients. Alpha was set to 0.05. Traditional measures of 

coagulation were evaluated for correlation with those derived 

from kaolin-activated TEG.

Results
The study population included dogs that presented to the 

Texas A&M University Veterinary Teaching Hospital between 

July 2013 and February 2014, for which the attending clini-
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cian requested coagulation testing. Dogs that received blood 

product transfusions and drugs known to affect coagulation 

and TEG (anticoagulants, steroids, non-steroidal anti-

inflammatory drugs, etc.) were excluded from analysis, as 

were samples that were hemolyzed.

Twenty-nine dogs were included in the study, including 14 

females (13 spayed and 1 intact) and 15 males (8 castrated and 

7 intact) with ages ranging from 0.6 to 13 years (mean ± SD, 

7.4±3.5). Dogs included 4 mixed breed dogs, 4 Dachshunds, 

2 Labradors, 2 Bullmastiffs, 2 Goldendoodles, and 1 each 

of Australian Shepherd, English Cocker Spaniel, French 

Bulldog, Cavalier King Charles Spaniel, Walker Hound, 

Labradoodle, Border Collie, Pit Bull, Brittany Spaniel, Grey-

hound, Doberman, English Bulldog, West Highland White 

Terrier, Boxer, and Yorkshire Terrier. Disease conditions of 

all included dogs are listed in Table 1.

The results of the coagulation and TEG assays, Hct, and 

platelet count are summarized in Table 2. Due to the integrity 

of some of the samples, fibrinogen concentration was mea-

sured in 28/29 dogs and platelet count in 26/29 dogs. The 

remaining parameters were measured in all 29 dogs.

Spearman r-values and P-values for all correlations are listed 

in Table 3. Most notably, fibrinogen was positively correlated 

with MA (r=0.72, P<0.001) and G (r=0.72, P<0.001). There 

were no correlations found between any of the other measures.

Discussion
This study demonstrated significant positive correlation 

between fibrinogen concentration and MA. This relationship 

has been shown in previous studies in human and animal 

species.6,21,26 A correlation was also found between fibrino-

gen and G. This is not surprising as G, which represents the 

global clot strength, is a derivative of MA [G = (5,000 × MA)/

(100 - MA)]. It has been proposed that G is more sensitive to 

hemostatic changes, particularly as MA increases.27

This study also demonstrated overall lack of correlation 

between traditional coagulation assays and TEG parameters. 

While some studies have found this to be true, the presence or 

absence of correlation between traditional coagulation assays 

and TEG parameters has been inconsistent.26,28–30 One possible 

reason for this lack of correlation lies within the method-

ologies of TEG and traditional coagulation tests. Traditional 

coagulation tests are plasma-based, representing only small 

fragments of the coagulation process, whereas TEG is a WB 

assay that includes blood’s cellular components, more closely 

representing the in vivo cell-based model of coagulation.

R-time is the time to initiation of clot formation and, in 

theory, is analogous to PT and PTT, which measure the time 

to fibrin gel formation. Some studies have found a positive 

correlation between R and PT or PTT, but this finding has 

not been reproduced in other studies, including this one.26,28,29

A significant correlation was not found between AT activ-

ity and K- and R-times and MA. AT is one of the three main 

endogenous anticoagulants, and it has been theorized that the 

hypercoagulable state seen in protein-losing diseases is due 

Table 1 Disease conditions of hospitalized dogs

Disease N

Neoplasiaa 7
Urogenital 6
Respiratory 3
Cardiac 3
Endocrineb 3
Gastrointestinal 2
Neurologic 1
Infectious 1
Hepatic 1
Trauma 1
Necrotizing fasciitis 1

Notes: aNeoplastic conditions included lymphosarcoma, osteosarcoma, 
and hemangiosarcoma. bEndocrine diseases included diabetes mellitus and 
hyperadrenocorticism.

Table 2 Mean ± SD and median (IQR) of TEG and coagulation 
parameters

Variable 
reference interval

Value Coefficient of 
variation

R (min)
1–6

3.6±1.3 0.55±0.003

K (min)
1–3

1.2 (1.0–3.3) 0.34 (0–0.067)

a-Angle (°)
54–74

73 (63–73) 0.0057
(0.0019–0.018)

MA (mm)
40–68

65 (58–68) 0.0089
(0.041–0.021)

G (dyn/s)
3.3K–10.6K

10±4.8 0.062±0.092

PT (s)
6.0–7.5

7.4 (7.0–7.8) NA

PTT (s)
7.1–10

9.1 (8.9–10.4) NA

AT (%)
>74

110±37 NA

Fibrinogen (mg/dL)
116–364

390±230 NA

d-Dimer (mg/dL)
116–371

420 (240–800) NA

Platelets (k/μL)
200–500

202±130 NA

Hct/PCV (%)
31–56

36±10.1 NA

Notes: Variables are recorded as mean ± SD if normally distributed, and median 
(range) if not normally distributed. Coefficient of variation was calculated for each 
of the duplicate TEG measurements.
Abbreviations: TEG, thromboelastography; MA, maximum amplitude; PT, 
prothrombin time; NA, not applicable; PTT, partial thromboplastin time; AT, 
antithrombin; Hct, hematocrit; PCV, packed cell volume; SD, standard deviation; 
R, reaction time; K, clot formation; G, global clot strength.
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to AT loss. However, multiple studies have shown a lack of 

association between decreased AT and hypercoagulability in 

those disease processes.11,31

Correlation was checked between platelet count and all 

TEG parameters. TEG references report that platelet count 

is the strongest contributor to MA.23 However, it has been 

observed that fibrinogen seems to have a much greater impact 

on clot firmness than platelet count.6,32 In a recent study using 

Rotational Thromboelastometry, another global hemostasis 

test, with a platelet inhibitor, it was demonstrated that clot 

strength increases in a fibrinogen concentration-dependent 

manner.6 Of interest in that same study, the platelet contribu-

tion to clot strength also increased with fibrinogen concentra-

tion at a constant platelet count, whereas the increase in clot 

strength tended to reach a plateau at normal platelet counts.

Platelets form the primary hemostatic plug and provide 

the catalytic surface for thrombin activation.3 The minimum 

platelet count for “normal” clot formation is unknown, but it 

has been shown in humans that thrombocytopenia does not 

usually induce a clinically significant thromboelastographic 

change until the platelet count is <66,000/μL.7,33 Based on the 

available literature and this study, MA may be more indica-

tive of platelet and fibrinogen interaction rather than either 

one individually. Additional studies are necessary to further 

evaluate this relationship.

No correlation was found between Hct and any of the 

TEG parameters. This is in contrast to the results of  multiple 

studies.19,21,34 Anemia is associated with an artifactual 

 hypercoagulable TEG tracing. Red blood cell mass is the 

main determinant of WB viscosity and may act as a diluent 

for coagulation factors. When red blood cell mass, and thus 

blood viscosity, is decreased, coagulation factors are in closer 

contact and may interact more readily.20,34 In this study, the 

mean Hct measured was 36%, a value within the reference 

interval for the CBC machine used. Additionally, the mean 

values for MA and G, the TEG parameters suggested to define 

a hypercoagulable state, were within reference intervals. The 

absence of overall anemia may have contributed to the lack 

of hypercoagulable state and subsequent lack of correlation.

In humans, TEG’s accuracy in predicting thrombotic 

events varies. A recent systematic review found an associa-

tion between hypercoagulable TEG traces with postoperative 

thrombotic events in some but not all studies.35 Although 

MA (and G) seems to be the best TEG parameter for defin-

ing hypercoagulability, no consensus exists for the cutoff 

value for prediction of thrombotic events.35 Likewise, there 

are limited diagnostic tests to detect thromboembolic risk in 

veterinary medicine, and conventional tests determine only 

the ability to generate thrombin at best.32

It has been shown that TEG has the ability to correctly 

identify dogs with clinical signs of bleeding more accurately 

than traditional coagulation tests and may be superior for 

hemorrhage prediction in dogs.30,36 Perhaps, utilizing TEG 

to guide interventional therapy such as transfusions and 

procoagulant and antithrombotic treatments would prove 

more fruitful than to predict thrombotic events.

This study has several limitations. 1) The sample hold-

ing time for TEG analysis was not standardized. Rather, 

samples were run within 2 hours, as per manufacturer’s 

instructions.23 The PROVETS guidelines recommend a 

30-minute holding time; however, these guidelines were 

published after the data collection for this study was com-

pleted.24 2) The study was not case-controlled. The only 

inclusion criterion was that the attending clinician requested 

a coagulation panel. It is  possible that a population of dogs 

with a single  disease  process may have exhibited more 

correlation between traditional coagulation tests and TEG. 

3) The sample size, particularly the number of cases that 

fell outside the reference intervals, was small. This limited 

variability in the sample population may have impacted 

interpretation of the results.

With the exception of a strong correlation between 

fibrinogen and MA and G, TEG parameters did not correlate 

with traditional coagulation parameters. It is likely that TEG 

provides complementary, but not interchangeable, informa-

tion to the traditional coagulation tests that are currently avail-

able. Determination of a true outcome measure is necessary 

to establish TEG’s clinical relevance to veterinary medicine.

Table 3 Spearman’s correlation coefficients (P-values) for traditional coagulation tests and TEG variables

Variable R K a-Angle MA G

PT -0.007 (0.97) 0.14 (0.48) -0.21 (0.27) -0.22 (0.26) -0.22 (0.25)
PTT 0.19 (0.32) 0.092 (0.63) -0.084 (0.67) 0.081 (0.68) 0.078 (0.69)
Platelet -0.22 (0.29) -0.56 (0.003) 0.50 (0.009) 0.24 (0.23) 0.25 (0.22)
Fibrinogen -0.30 (0.12) -0.51 (0.006) 0.55 (0.003) 0.72 (<0.001) 0.72 (<0.001)
d-Dimers -0.061 (0.76) 0.16 (0.41) -0.12 (0.53) -0.15 (0.45) -0.14 (0.46)
AT 0.097 (0.62) -0.12 (0.55) 0.043 (0.82) -0.045 (0.82) -0.043 (0.83)
Hct -0.043 (0.82) 0.27 (0.16) -0.30 (0.11) -0.21 (0.27) -0.21 (0.26)

Abbreviations: TEG, thromboelastography; MA, maximum amplitude; PT, prothrombin time; PTT, partial thromboplastin time; AT, antithrombin; Hct, hematocrit; 
R, reaction time; K, clot formation; G, global clot strength.
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