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Background: Thromboelastography (TEG) records the continuous profiles of whole blood
coagulation by measurement of the viscoelastic changes associated with fibrin polymeriza-
tion, and thereby provides a global assessment of haemostatic function. In the past decades
there has been an increasing interest for TEG in clinical practice. In this paper we present
the rationale for the method and a discussion of the possible application of TEG.
Material and methods: This review is based on personal experience and literature retrieved
from searches in PubMed.
Results and interpretation: Currently TEG is used with standard coagulation tests to decrease
the risk for bleeding and reduce the homologous blood transfusion in cardiac surgery with
cardiopulmonary bypass and in liver surgery. Other applications are severe trauma,
obstetric medicine, haemophilia and hypercoagulable conditions. Development of a
modified TEG, using heparin in combination with reptilase and factor XIIIa, has the potential
to monitor the effects of platelet inhibiting drugs. It should be kept in mind that the TEG is a
global test of coagulation and therefore the need for additional haemostatic tests should be
evaluated when applicable. The main advantage for TEG is an inexpensive patient
near method for quick evaluation of the patient’s global haemostatic system. Used by
experienced hands, TEG is a valuable haemostatic test, the future of which is already
present.

� 2009 Elsevier Ltd. All rights reserved.
1. Background

The use of thrombelastography (TEG) as a tool for eval-
uation of bleeding and the effects of blood components and
blood products is increasing. TEG is visualizing the visco-
elastic changes that occur during coagulation in vitro, and
provides a graphical representation of the fibrin polymeri-
zation process. In this paper we present an overview of the
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method and the use of TEG in clinical practice. The paper is
based on review of published literature and our own expe-
rience with TEG.

TEG was first used in the 1940s. The technology is based
on measurements of the viscoelastic changes that are hap-
pening during coagulation of a whole blood sample in vitro.
Thus, TEG is providing a unique possibility to evaluate ini-
tialisation, formation and stability of the clot strength. Due
to technological limitations, the clinical application of the
method was limited for nearly 60 years. However, techni-
cal developments have now led to standardization of the
method and the reproducibility has improved accordingly.
Digitalisation of the procedure, combined with possibilities
for bedside evaluation of the bleeding episode – have
caused increased interest in and usage of the method.
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Fig. 2a. TEG in patient with abdominal aorta aneurism: postoperative
TEG (after 4.5 L bleeding) without heparinise.

Fig. 2b. TEG in the same patient as shown in Fig. 2a – but now with
heparinise in the cup. These curves show how heparin effects may be
evaluated by TEG.
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2. The TEG methodology

The principles behind thrombelastography are based on
the known changes occurring during the coagulation pro-
cess. A whole blood sample, with or without citrate, is
incubated in a cup at 37 �C. A stationary pin attached to
a wire which can monitor movements, is immersed into
the sample. The cup oscillates back and forth six times
per minute. Caolin is added to activate the coagulation cas-
cade, leading to thrombin formation [1] – and subse-
quently fibrinogen is converted to fibrin. Finally a stable
clot is formed as fibrin polymers are stabilized by factor
VIII and activated platelets [2], which also is an effect of
thrombin formation. The clot strength will influence the
oscillation of the pin, and these dynamic changes are con-
verted to a curve (Fig. 1). The curve reflects the different
phases of the clotting process and enables qualitative eval-
uation of the individual steps involved. These steps are de-
fined as follows (Fig. 1):

R (reaction/clotting) time is the period from the initia-
tion of test till the beginning of the clot formation. K-time
(K) is the period from the start of the clot formation to the
curve reaches amplitude of 20 mm; thus indicating clot
kinetics. The a-angle is the angle between the baseline
and the tangent to the TEG curve through the starting point
of coagulation (the split after the end point of the R-time).
The a-angle is visualizing the acceleration and the kinetics
of fibrin formation and cross-linking.

Maximal amplitude (MA) is a direct measure of the
highest point on the TEG curve and represents clot
strength. MA is dependent of platelet concentration, plate-
let function and platelet–fibrin interaction. The amplitude
after 30 min (A30) is also measured and the difference be-
tween MA and A30 reflects the degree of fibrinolysis. This
is more often reported as Ly30, which is providing infor-
mation of the fibrinolytic activity during the first 30 min
after MA. Ly30 is calculated on basis of the reduction in
the area under the curve. The clot lysis index (CLI) is the ra-
tio between the amplitude at a given time point and MA gi-
ven as percent of MA. CLI is thus a measurement of
fibrinolysis at a given time. The clot index (CI) represents
the haemostasis profile, and is calculated based on R, K, a
and MA parameters. The normal range is from –3 to +3.

The same procedure – and the same parameters may be
tested in a parallel run in a cup where heparinase is added
Fig. 1. Presents major TEG parameters. R reflects coagulation factor
activities, K and a show fibrinogen and coagula formation. MA indicates
platelet function. Ly 30 reflects fibrinolysis. A30 is the amplitude 30 min
after MA.
(Fig. 2). This enzyme reverses the effects of heparin, if pres-
ent in the whole blood sample.

This may be very illustrative, as e.g., prolonged R-time
may be caused by heparin effects as well as by dilution
of the blood volume or other causes of impaired synthesis
of coagulation factors.

A practical advantage of monitoring the coagulation
process is that is possible to tailor make transfusion ther-
apy; including administration of drugs. As the different
parameters reflect different phases of coagulation, the
intervention may be individualized – and additionally, re-
peated testing after treatment will enable evaluation of
the effects of the intervention. Prolonged R-time will indi-
cate lack of coagulation factors and if this is not due to hep-
arin therapy, transfusion of plasma containing normal
coagulation factors may reverse the pathology. If a heparin
effect is present – protamin sulphate alone or in combina-
tion with plasma infusion will be able to normalize the
prolonged R-time. Reduced a-angle indicates shortage of
fibrinogen, which may be corrected by fibrinogen concen-
trate or plasma, judgments that can be made dependent on
the clinical situation. Low MA indicates reduced platelet
function; and again – based on knowledge of the individual
patient, desmopressin and/or platelet concentrates may be
indicated. Evaluation of the Ly30 and CI values, together
with evaluation of the morphology of the TEG curve, will
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provide information on the fibrinolytic situation in the pa-
tient. Importantly, the patterns of primary and secondary
fibrinolysis differ, as certainly does the correct treatment.
If primary fibrinolysis is present, the patient needs antifi-
brinolytic medication, whereas a patient with secondary
fibrinolysis could favourably receive anticoagulation. In
addition to the different TEG curve pictures, elevated
Ly30 combined with low CI indicated primary fibrinolysis,
whereas elevated Ly30 and elevated CI points to secondary
fibrinolysis.
3. TEG and conventional test of the coagulation system

The standard coagulation tests are mostly analysing fac-
tors in plasma and isolated components or fractions of the
whole system are analysed. TEG differs by providing an
‘‘overall’’ view on the coagulation and may detect interac-
tions between platelets and coagulation factors, which
may be of importance for the patient. However, TEG does
also have limitations. A normal TEG curve does not exclude
defects in the haemostatic process. A surgical bleeding will
not be detected, and adhesion defects will not be identi-
fied. The method is not sensitive to F VII deficiency and is
not suitable for monitoring vitamin K antagonist treat-
ment. Neither does the standard TEG testing disclose in-
creased bleeding risks due to treatment with acetyl
salicylic acid or ADP receptor inhibitors as clopidogrel or
ticlopidin [3]. Heparin effects are easily shown using plain
cup and heparinase cup in parallel runs. When the TEG
curve points to abnormalities related to fibrinogen or
platelets, the causes may be both qualitative and quantita-
tive. Additional measurement of fibrinogen concentration
or platelet count is therefore important. In patients with
more complex disturbances of haemostasis, TEG may dis-
close hypercoagulability [4]. It is then important to bear
in mind that TEG is not able to detect changes in the natu-
ral anticoagulants, as this is important in the evaluation of
thromboembolic complications. Similar considerations ap-
ply to pathology in the primary haemostasis, as the bleed-
ing tendency related to von Willebrand disease.
4. Modified TEG – ‘‘platelet mapping’’

As the potency of new drugs modifying the platelet func-
tion has increased, enhanced risks for clinically significant
bleeding has developed along. Therefore, there is great need
for tests that may assume the drug effects in each individual.
A modified TEG test is a candidate. By adding heparin to the
TEG cup, the thrombin production is inhibited. Thus, with-
out other platelet agonist present, even reptilase and F XIIIa
do not affect the coagula formation and the MA value is low.
But, if alternate platelet agonist as ADP or arachidonic acid is
added, the platelets will be stimulated causing coagula pro-
duction and increased MA value [5]. Thus, comparison of the
standard and modified (‘‘platelet mapping’’) TEG curves (use
of heparin, ADP or arachidonic acid) will visualize effects of
glycoprotein IIb/IIIa inhibitors, acetylic acid or ADP agonists
[6]. Although the usefulness of platelet mapping, especially
concerning monitoring of ADP inhibitor effects is debatable,
further developments of the test may overcome these prob-
lems [3]. In patients undergoing cardiac interventions, anti-
platelet therapy is needed to avoid in-stent thrombosis, and
tools to individual monitoring of these very potent drugs
would increase patient safety as the exact level of platelet
inhibition would be known [6]. Both the high responders –
where the drug dose should be reduced – and the low
responders – where the drug dose should be increased or
alternate treatment given – would then by recognised.
5. Clinical applications

As TEG is a rather simple procedure which may be per-
formed close to the patient bed, the use of the method is
increasing. We shortly describe the clinical areas where
the test is in common usage.
6. Liver surgery

During liver surgery, different coagulation problems of-
ten appear. This may be due the procedure itself, or to liver
dysfunction, which causes both qualitative and quantita-
tive alterations in pro- ant anticoagulants – and platelets.
Reduced degradation of activated components, hyperfibri-
nolysis and deficient metabolism of citrate in the blood
components also contribute. Liver transplantation was
one of the first procedures where TEG testing was imple-
mented [7].
7. Cardiac surgery

Cardiac surgery affects both the platelets and the coag-
ulation system. Reoperation due to bleeding is a predomi-
nant complication and is associated with significantly
impaired prognosis [8]. Haemostatic abnormalities are
due to extracorporeal circulation and use of anticoagu-
lants, causing activation and consumption of platelets
and coagulation factors. TEG has proved to be useful to
diagnose coagulopathies [9] and to reduce the need for
transfusions [10]. A special complication due to heparin
usage during cardiac surgery is heparin induced thrombo-
cytopenia (HIT). HIT is caused by antibodies to the
heparin–platelet factor IV complex. The most feared com-
plication is called HIT 2, leading to high risk of bleeding
as well as thromboembolism and is associated with high
mortality [11]. TEG may be used to identify patients with
enhanced risk for HIT 2, which may induce early treatment
and thus reduce the mortality [12].
8. Bleeding conditions

TEG has no established role in diagnosis of hereditary
bleeding disorders. On the other hand, TEG may be useful
in evaluation of disease severity and monitoring of treat-
ment. In a study including 47 children with moderate to
severe haemophilia, TEG results showed more rapid and
stronger coagel production in patients with moderate dis-
ease than in more severely affected patents, indicating bet-
ter thrombin/fibrin production [13]. Accordingly, TEG has
also been shown to be effective in detecting responses to



122 H. Reikvam et al. / Transfusion and Apheresis Science 40 (2009) 119–123
treatment with recombinant F Via [14] and antifibrinolytic
drugs [15].

9. Hypercoagulability

In a study comprising 87 persons with earlier thrombo-
sis or a family history with thrombotic events, TEG was
compared with biochemical screening for thrombophilia.
In 45% of the patients, TEG showed thrombophilia, whereas
34% of the patients had biochemical markers increased risk
of thrombosis. However, all the persons with biochemi-
cally thrombophilic disposition did not have corresponding
TEG-patterns [16]. In a study with 240 patients who had
been through surgery, a MA > 68 mm significantly related
to incidence of thrombotic events, including myocardial
infarction [17]. Cancer patients are known to have in-
creased risk of venous thromboembolism (VTE), due to
the disease itself and treatment, as surgery, chemotherapy
and hormone therapy [18]. Earlier, it has not been possible
to identify patients at risk for VTE in this group. TEG has
shown to provide individual information on the coagula-
tion status that has proved to be useful in assessing indi-
vidual risk for VTE [19]. Further research is necessary to
verify this important observation, as well as comparison
with results from the biochemical test armament.

10. Obstetrics

The pregnancy is a prothrombotic state and the changes
exist for a short period postpartum. TEG investigations of
pregnant women have indicated that both preeclampsia
and thrombocytopenia may be diagnosed [20], as well as
prediction of risk for repeated spontaneous abortions
[21]. A lot more evidence is needed to clarify if TEG has
any place in prediction of risk pregnancies.

11. Trauma

Bleeding is a major cause for death in trauma patients.
These patients are vulnerable for early development of
coagulopathies, which in the most serious cases may be
present before hospital admission. The aetiology is com-
plex, involving tissue factor, consumption of platelets and
coagulation factors, hypothermia, acidosis, hemodilution,
transfusions and hyperfibrinolysis [22]. Early identification
of coagulopathies may be lifesaving, and the standard bio-
chemical tests may be inadequate. TEG may be useful to
identify patients with hyperfibrinolysis that may respond
to antifibrinolytic treatment [23] as well as hypercoagula-
ble patients with increased risk of thromboembolic com-
plications [24].
12. Conclusions

TEG is a rather simple test that may be performed close
to the patients and that provides information on the full
coagulation status within 30 min. Due to technical limita-
tions, and possibly also lack of standardization, the method
was not widely used the first decades after its introduction.
Improved equipment and digitalisation of TEG curves have
changed this, and TEG is now widely used in different clin-
ical areas; foremost liver surgery and cardiac surgery. TEG
may supplement standard biochemical testing for assess-
ing bleeding risks and coagulation deficiencies, but TEG
can not replace these tests. Coagulopathy is a clinically
important feature in many severe conditions related to in-
creased risk of morbidity and mortality [25]. Improved sur-
veillance of the haemostatic status in these patients may
therefore have significant impact, since the treatment
may be more individualized accordingly. Targeted use of
TEG, interpretation of the curves based on the clinical situ-
ation and combined with information coagulation tests,
may be beneficial for the future patients.
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