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Thromboelastography (TEG) is an ex vivo assay 
evaluating whole blood clotting to investigate changes 
in coagulation and fibrinolytic factors, and platelet 
function. This assay can also be used for in vitro
investigational studies. TEG methodology evaluates 
the viscoelastic properties of blood clots, generates 
qualitative tracings and numeric values depicting clot 
strength and stability, and the dynamics of clot 
formation and breakdown. The purpose of this study 
was to evaluate the potential use of TEG for in vitro 
testing of hemostasis altering compounds in a 
nonclinical investigational setting on human and rat 
blood.
Principle of the TEG assay:
Immediately after blood draw, citrated whole blood is 
placed in an oscillating cup (at 37ºC) on the TEG® 
5000 Thrombelastograph (Hemostasis System 
instrument) (Figure 1). The blood is spiked with calcium 
chloride (CaCl2) in order to start the clotting process 
and instrument reading begins.  The cup oscillates, and 
a contact pin placed in its center detects the 
movements of the cup.  As whole blood begins to clot 
the viscosity of the blood increases, the cup oscillations 
changes are detected by the transducer and 
transmitted to the computer to produce a TEG tracing. 
The different parameters of a TEG tracing (Figure 2) 
reflect the reaction time, clot kinetics and strength, and 
fibrinolysis.

TEG parameter Definition Biological Significance

Reaction time (R) Time elapsed from analysis start
until the clot provides enough
resistance to produce 2 mm
amplitude on the TEG tracing

Reflects the activity and
function of coagulation
factors

K Time to reach 20 mm clot
amplitude

Reflect clot kinetics
determined by thrombin and
fibrinogen concentrations,
and cleavage of fibrinogen
into fibrin

Angle α Formed by a line tangent to clot
curve

Maximum amplitude (MA) Maximum amplitude of clot
strength

Reflect platelet function,
coagulation factors and
platelet-fibrin interaction

Time to Maximum amplitude
(TMA)

Time to reach the maximal
amplitude of clot strength

Lysis 30 Percentage of decreased curve
observed 30 min after MA

Degree of fibrinolysis 30
minutes after MA is reached.

Table 1: TEG parameters, Definition and Significance

Whole blood was collected from non-fasted human 
donors in vacutainer 3.2% sodium citrated tubes. The 
first tube collected was discarded.  Donors had not 
taken prescription drugs or non-steroidal anti-
inflammatory drugs in the last 7 days. Similarly, whole 
blood was collected from the jugular vein of non-fasted 
Sprague Dawley rats and placed immediately in 3.2% 
sodium citrate tubes.  

To optimize the TEG assays, we compared different 
whole blood clotting activators. 
One group of the samples was incubated with kaolin 
activator (Care stream Medical®) or tissue factor 
(Prospec protein specialists®) or were not spiked, and 
were analyzed 60 or 90 min after blood collection.

Remaining human and rat samples were spiked with 
one of the following compounds:
-Heparin anticoagulant (Heparin Leo®, Leo Pharma) in 
saline solution (0.9%), at 0.1 U/mL final concentration.
-Human tissue plasminogen activator (Human tPA®, 
Molecular Innovation), a fibrinolytic agent at 100 ng/mL 
final concentration.
-Integrilin® (Merck), a GIIbIIIa platelet function inhibitor 
at 2 ug/ml final concentration.

In naïve citrated human samples spiked only with 
CaCl2, TEG parameters (R and angle) were different 
between samples analyzed 60 min and those analyzed 
90 min after blood collection, showing that time 
elapsed between blood collection and analysis impacts 
the results. Therefore,   samples should be analyzed at 
a constant time after collection.

In kaolin activated human samples, R and K values 
were decreased and angle value was increased 
compared to tissue factor activated samples. Kaolin 
was most efficient than tissue factor to catalyse the 
coagulation process, and could be used as positive 
control.

Fig 3: A- TEG tracing of whole blood from a healthy 
human donor, B-TEG tracing of whole blood from a 
control rat. With similar CaCl2 treatment to initiate the 
clotting reaction, rat samples were more prone to 
coagulation compared to human samples. 

In vitro TEG testing is valuable to help characterize 
clotting and clot lysis changes in citrated whole blood 
samples, and to provide quantitative information about 
potential effect of drug candidates that have an impact 
on coagulation factors, fibrinolysis or platelet function. 
Rat whole blood is more prone to coagulation, 
compared to human. In vitro whole blood TEG assays 
performed with heparin anticoagulant showed changes 
of higher magnitude in human compared to rat, and 
assays with tissue plasminogen activator showed a 
good reactivity in human and no relevant effect in rats. 
Whole blood TEG assays performed with a platelet 
function inhibitor showed expected effects in humans.
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Fig 1: TEG® 5000 Thrombelastograph® (Hemostasis
System instrument)

Fig 2: Theorical TEG tracing and parameters (reproduced 
from TEG® 5000 Thrombelastograph Hemostasis System 
instrument manual)

Table 2: Effects of Heparin, tPA and Platetet GIIbIIa
inhibitor on the different TEG parameters in citrated 
whole blood human and rat samples. The different 
parameters showed quantitative differences depending 
on the treatment. 
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B

Fig 4: TEG tracing of whole blood from a healthy 
human donor, spiked with heparin and CaCl2. Heparin 
spiked human samples showed increased reaction 
time (increased R), decreased clot kinetics (increased 
K and TMA) and decreased clot strength (decreased 
angle and MA) compared to control samples, 
consistent with decreased coagulability.

Fig 5: TEG tracing of whole blood from a healthy 
human donor, spiked with tPA and CaCl2. tpA spiked 
human samples showed increased fibrinolysis 
(increased LY30).

Fig 6: TEG tracing of whole blood from a healthy 
human donor, spiked with a GIIbIIIa inhibitor and 
CaCl2, showed changes in clot kinetics (increased K 
and TMA, LY30 was not observed) and decreased clot 
strength (decreased angle) consistent with decreased 
platelet function. 

Samples were analyzed 60 minutes after blood 
collection. 340 µl of blood was placed in the TEG® 
cup, and 20μL of CaCl2 was added to start the clotting 
process. The device was configured to end the 
analysis after 60 minutes.

Heparin spiked human and rat samples showed 
increased reaction time, decreased clot kinetics and 
strength compared to control samples spiked with 
NaCl, consistent with decreased coagulability. Human 
sample changes were of higher magnitude than 
changes observed in rat samples.
tpA spiked human samples showed increased 
fibrinolysis, while there was no relevant difference 
observed in tPA spiked rat samples compared with 
NaCl controls. 
Platetet GIIbIIa inhibitor spiked human samples 
showed changes in clot kinetics and decreased clot 
strength, fibrinolysis was not observed, consistent with 
decreased platelet function.


