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Abstract

Background: Thrombelastography is a laboratorial test that measures viscoelastic changes of the entire clotting
process. There is growing interest in its clinical use in trauma resuscitation, particularly for managing acute
coagulopathy of trauma and assisting decision making concerning transfusion. This review focuses on the clinical
use of thrombelastography in trauma, with practical points to consider on its use in civilian and military settings.

Methods: A search in the literature using the terms “thrombelastography AND trauma” was performed in PUBMED
database. We focused the review on the main clinical aspects of this viscoelastic method in diagnosing and
treating patients with acute coagulopathy of trauma during initial resuscitation.

Results: Thrombelastography is not a substitute for conventional laboratorial tests such as INR and aPTT but offers
additional information and may guide blood transfusion. Thrombelastography can be used as a point of care test
but requires multiple daily calibrations, should be performed by trained personnel and its technique requires
standardization. While useful partial results may be available in minutes, the whole test may take as long as other
conventional tests. The most important data provided by thrombelastography are clot strength and fibrinolysis. Clot
strength measure can establish whether the bleeding is due to coagulopathy or not, and is the key information in
thrombelastography-based transfusion algorithms. Thrombelastography is among the few tests that diagnose and
quantify fibrinolysis and thus guide the use of anti-fibrinolytic drugs and blood products such as cryoprecipitate
and fibrinogen concentrate. It may also diagnose platelet dysfunction and hypercoagulability and potentially
prevent inappropriate transfusions of hemostatic blood products to non-coagulopathic patients.

Conclusions: Thrombelastography has characteristics of an ideal coagulation test for use in early trauma
resuscitation. It has limitations, but may prove useful as an additional test. Future studies should evaluate its
potential to guide blood transfusion and the understanding of the mechanisms of trauma coagulopathy.
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Review

Two major and recent advances in trauma are the resus-
citation of massive bleeding patients with reconstituted
whole blood (transfusion of plasma, platelet and red
blood cell at a 1:1:1 ratio) and an increasing understand-
ing of the pathophysiology of the acute coagulopathies
of trauma [1,2]. These advances have been accompanied
by an unprecedented interest on the potential clinical
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applications of thrombelastography (TEG®), a viscoelastic
laboratory method of hemostasis testing for both civilian
and military trauma care. While the number and quality
of the studies on TEG® in trauma is gradually increasing,
many of its potential applications remain unclear to prac-
ticing surgeons, who characteristically are unfamiliar with
laboratory technologies. This review focuses on the poten-
tial practical clinical application of thrombelastography for
both civilian and military trauma settings.
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Brief overview - test methodology

Thrombelastography or TEG® is based on the principle
that the end result of the hemostatic process is a clot
and its physical properties determine the patients’
hemostatic status. This test measures the physical prop-
erties of the clot in whole blood via a pin suspended in a
cup from a torsion wire connected with a mechanical—-
electrical transducer (Figure 1). As the blood sample
clots, the changes in rotation of the pin are converted
into electrical signals that a computer uses to create
graphical and numerical output [3]. A representative
signature waveform is shown in Figure 2 while common
abnormalities are presented in Figure 3. There are in
fact two commercially available analogous systems, the
thrombelastography (TEG®, Hemoscope Corporation, Niles,
IL) and the rotational thromboelastometry (ROTEM®; Tem
International GmbH, Munich, Germany). Both use the
technique described by Hartert [4] with slightly differ-
ent nomenclatures [5] and some technical differences.
While differences in diagnostic nomenclature for iden-
tical parameters exist between the two systems, the pri-
mary hardware difference between the systems is that
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Figure 1 The Principles of the Thromboelastography. The
viscoelastic properties of the clot are measured. Whole blood is
inserted in the cup. A torsion wire suspends a pin immersed in the
cup and connects with a mechanical-electrical transducer. The cup
rotates through 4°45" to imitate sluggish venous flow and activate
coagulation. The speed and strength of clot formation is measured
in various ways (now usually by computer), and depends on the
activity of the plasmatic coagulation system, platelet function

and fibrinolysis.
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Figure 2 A representative signature waveform of a normal
TEG® tracing. R(seconds) = time of latency from start of test to initial
fibrin formation; K (seconds) = time taken to achieve a certain level of
clot strength (@mplitude of 20mm); a angle (degrees) = measures the
speed at which fibrin build up and cross linking takes place, hence
assesses the rate of clot formation; MA (millimeters) = represents the
ultimate strength of the fibrin clot; LY30 (%) = percentage decrease in
amplitude at 30 minutes post-MA and gives measure of degree

of fibrinolysis.

TEG® operates by moving a cup in a limited arc
(#4°45" every 5s) filled with sample that engages a
pin/wire transduction system as clot formation occurs,
whereas the ROTEM® has an immobile cup wherein
the pin/wire transduction system slowly oscillates
(#4°45' every 6s) [5]. Because the authors’ experience is

A‘Anticoagulants/hemophilia |

Platelet blockers

Fibrinolysis

-Hypercoagulabiliiy ‘

Figure 3 Examples of normal and abnormal tracings on TEG®.
Normal (R, K, alpha and MA are normal); patient in use of
anticoagulants or with hemophilia — deficit of coagulation factors
(R, K are prolonged and alpha and MA are decreased); platelet
dysfunction (R is normal, K is prolonged and MA is decreased);
fibrinolysis (R is normal and MA is continuously decreases) and
hypercoagulability (R, K are decreased and alpha and MA

are increased).
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with thrombelastography [3], this manuscript will focus
on this system.

Practical considerations about TEG®

Thrombelastography is not similar to conventional
coagulation tests

TEG® is a different test in that it measures the viscoelastic
properties of whole blood as it clots. It provides global
information on the dynamics of clot development,
stabilization and dissolution which reflects in vivo
hemostasis. It assesses both thrombosis and fibrinolysis
[6,7]. Many studies have attempted to correlate TEG® with
standard coagulation tests and concluded that the associ-
ation is weak. An important reason for this difference may
reside in the fact that conventional tests are performed in
plasma without platelets and tissue bearing cells (the cellu-
lar component) while TEG® is done in whole blood. Jeger
[8] reported the poor correlation between TEG® and inter-
national normalized ratio (INR), activated partial thrombo-
plastin time (aPTT) and platelet count. Among 31 combat
casualties Doran [9] reported 64% of the patients on arrival
had abnormal TEG® values but only 10% of the same
patients had abnormal conventional coagulation lab tests.
On the other hand, Cotton [10] in a pilot study with 583
consecutive trauma activations evaluated the timeliness of
r-TEG® results, their correlation with conventional labora-
tory tests, and the ability of r-TEG® to predict early blood
transfusion. He was able to demonstrate that ACT, r-value,
and k-time are strongly correlated with PT, INR and aPTT
whereas and a-angle is correlated with platelet count. His
cohort of patients showed that the graphical r-TEG® results
are available within minutes, correlate with conventional
coagulation tests that are not as rapidly available, and are
predictive of early transfusions of packed red blood cells,
plasma, and platelets.

Standard coagulation tests such as INR, aPTT have
limitations in diagnosing coagulopathy and directing its
treatment in trauma, and predict bleeding and the need
for blood transfusion poorly [11]. In contrast TEG® has
been successfully used to guide blood and blood prod-
ucts transfusion both in cardiac surgery and liver
transplantation [12-15]. In these areas, TEG®-based
transfusion algorithms resulted in reduced blood usage
[16]. There is some evidence that for the similar sys-
tem ROTEM®, the measurements may closer resemble
standard laboratory tests than TEG® as described by
Rugeri [16] that showed a strong association between
PT, aPTT, fibrinogen and platelets with ROTEM® INTEM
(assessment of clot formation, fibrin polymerization
and fibrinolysis via the intrinsic pathway), EXTEM
(assessment of clot formation, fibrin polymerization
and fibrinolysis via the extrinsic pathway) and FIBTEM
(ROTEM® analysis without platelets: qualitative assess-
ment of fibrinogen status).
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TEG® can be a point of care (POC) test
Most conventional coagulation laboratory tests including
PT, INR, aPTT, thrombin time (TT), platelet function
and D-dimer can be done near the patient as a POC test
[17]. Most hospitals however, are set up to have these
tests done in a laboratory and because POC tests have
limitations, their use as POC has been restricted. There
are however, considerable advantages to have POC tests
during trauma resuscitation since many decisions cannot
wait for the usually long turnaround time of conven-
tional lab tests. The management of massive bleeding in
trauma requires prompt availability of lab test results.
POC is clearly faster. In particular when A10 (amplitude
at 10 minutes) is used, which has been shown useful to
early estimate the entire clot firmness [18-20] if they are
to be useful at all. Frequently, laboratories are unable to
respond to this time demand and most critical decisions
in massively bleeding trauma patients are taken without
them. Since the use of TEG® is being pushed forward
for use in early trauma resuscitation, it is likely that
many institutions will prefer to use it as POC rather
than a hospital laboratory test.

In fact, many studies have used TEG® in trauma as a
POC test [17,21-25]. However its proper use as POC
raises some considerations as follows:

TEG® requires daily calibration This system has been
criticized for not undergoing the same evaluation process
as conventional tests, and the lack of quality assessment
program. In practice electronic quality assurance should
be run daily or with each set of tests using commercial
lyophilized samples [17]. The manufacturer recommenda-
tion is to calibrate the equipment 2 to 3 times a day. So
any consideration of having the TEG® equipment in the
trauma room as POC requires a quality assurance pro-
gram in place that includes multiple daily calibrations.

TEG® as POC should not be done by untrained
personnel It is imperative that some form of training
and qualification, besides quality assurance methodology,
must be put in place for anyone performing the test, as
required by regulatory agencies such as American Associ-
ation Blood Banks, Clinical Laboratory Improvement
Amendments (CLIA) and Food and Drug Administration
(EDA).

TEG® as POC requires standard techniques A major
limitation of TEG® is the many technical variations in
how it is done, and the different results each technique
generates [3]. TEG® was originally designed for fresh
whole blood and no additional activator [17]. Subsequent
modifications have included sample anticoagulation and
use of an activator to standardize the initiation of the
coagulation [17,26].
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In native whole blood the test should be done within
4 minutes while for recalcified citrated whole blood the
recommendation is to wait 30 to 40 minutes for
maximum stability, before doing the test [3]. This
recommendation is sometimes neglected in trauma. The
results from citrated blood are not comparable to native
blood, thus anticoagulated samples are surrogate to
native blood in assessing coagulation [26]. Furthermore
each activator has indications with Kaolin being best
for overall assessment of the coagulation; ADP and
arachdonic acid for platelet function and tissue factor
for evaluation of the extrinsic pathway and rapid TEG®
[21]. Other studies showed that repeated sampling
results in false hypercoagulable results [26] while gender,
age and even alcohol also affect the TEG® results
(3,12,27].

TEG® may not be faster than standard tests While
meaningful information can be obtained in approxi-
mately 10 minutes of initiating the test, when maximum
clot firmness is reached [9], the whole test takes 30 to
60 minutes [17]. This time may be increased by the
recommended 30 to 40-minute wait for anticoagulated
samples [17]. Rapid TEG® (rTEG®) was recently pro-
posed where the test is accelerated by a solution
containing tissue factor (TF) [28]. Kashuk [29] proposed
that rTEG® is best done in non-citrated whole fresh
blood samples within 4 minutes of sampling. According to
this study, rTEG® is superior to conventional lab tests to
guide blood transfusion and its tracing parallel the 3 steps
of coagulation: initiation, amplification and propagation.

A study by Jeger [8] reported that rTEG® took 30.8 +
5.7 minutes, Kaolin-initiated TEG® 41.5+5.6 while
conventional lab tests 64.9 + 18.8 minutes from admis-
sion to results being available. These figures are not
impressive compared to time from sampling to results
(reported by telephone directly to the trauma team
leader) in our institution of 40 minutes for the INR
[30]. It also is not impressive compared to a recent
publication by Chandler [31] of an emergency lab panel
of PT, fibrinogen, platelet count and hematocrit to help
the management of massive bleedings, which is avail-
able in 14 +3 minutes. A more recent publication by
Cotton [10] showed that the early r-TEG® values (ACT,
k-time, and r-value) were available within 5 minutes, late
r-TEG® values (MA and a-angle) within 15 minutes, and
PBCTs within 48 minutes (p < 0.001).

TEG® measures clot strength

Possibly the most important information provided by
TEG® is clot strength. It may help identify whether the
source of bleeding is a failure of clot formation
(coagulopathy) or a mechanical bleeding [21]. Clot
strength is also the key information in guiding transfusion
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of blood products, and has a central role in any TEG®-
based transfusion algorithm. Clot strength is measured by
the maximal amplitude (MA -represents the ultimate
strength of the fibrin clot), which is affected by fibrinogen,
platelet (number and function) and factor XIII. Bowbrick
[32] demonstrated a strong linear correlation between log
platelet count and MA. Maximal amplitude is the greatest
amplitude of the tracing and reflects platelet contribution
to clot strength. Low MA values correspond with states of
platelet dysfunction or hypofibrinogenemia [10]. Another
measurement of clot strength as the end result of the
interaction of platelets and fibrin is the shear elastic
modulus strength or G. G is a computer generated value
reflecting the strength of the clot from the initial fibrin
burst through fibrinolysis G = (5000 x amplitude)/ (100 —
amplitude) normal =5.3-12.4 dynes/cm2. According to
Kashuk [7], G is the best measurement of clot strength.
The trauma group from Denver proposed a TEG®—based
transfusion algorithm where G value is the first step and
MA is a key element [29]. While there are not reports on
the use of this algorithm or any validation published, the
Denver group proposes that TEG®-based algorithm is
superior to conventional lab tests such as INR, fibrinogen,
platelet count to guide transfusion. In this same manu-
script, they also report that r-TEG® had been used instead
of INR to guide transfusion, that less frozen plasma would
have been given to trauma patients. On platelet or cryo-
precipitate transfusion, rTEG® would have had no impact
on the amount transfused. The same group from Denver
recently published a study addressing the functional
fibrinogen test [33] that can be performed rapidly with
TEG® and correlates well with the standard fibrinogen
assay. Both fibrinogen and platelet contribution of clot
strength can be derived from functional fibrinogen. More-
over, functional fibrinogen had a stronger correlation to
clot strength, and increased levels were directly associated
with increased percent contribution to clot strength. In
vitro studies also demonstrated an increase in functional
fibrinogen, clot strength, and percent fibrinogen contribu-
tion to clot strength with the addition of fibrinogen con-
centrate. These data suggest that fibrinogen should be
addressed early in trauma patients manifesting acute
coagulopathy of trauma. Plotkin [23], in a retrospective
study of 44 patients with penetrating injuries from a com-
bat hospital, demonstrated that, despite the INR and
aPTT being abnormal in 39% and 37% of the patients
respectively, they had no association with transfusion. In
contrast, abnormal TEG® in the first 24 hours of admis-
sion, including abnormal MA, was significantly associated
with blood transfusion and low platelet count. Nystrup
[34] more recently showed that clot strength correlated
with the amount of packed red blood cells (p =0.01),
fresh frozen plasma (p = 0.04) and platelet concentrates
(p=0.03) transfused during the first 24 hours of
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admission and in the same study, patients with low clot
strength demonstrated increased 30-day mortality (47%
vs. 10%, p < 0.001). Pezold [35] showed that G was inde-
pendently associated with massive transfusion and
death. Kashuk [36] have concluded that the reduction
in clot strength is indicative of transfusion requirement
in penetrating injuries and propose MA to guide trans-
fusion. MA seems to correlate with fibrinogen, platelets
and activated FXIII, so diagnoses of these coagulation
impairments may be possible with TEG®

TEG® measures fibrinolysis
The role of fibrinolysis in early trauma coagulopathy is
poorly understood but growing evidence suggests it is a
major player, at least for some patients [21,23-25]. The
best evidence on the importance of excessive fibrinolysis
in trauma comes from the CRASH-2 study. This large
randomized control trial showed that trauma patients at
risk for, or with ongoing bleeding receiving an anti-
fibrinolytic agent within 3 hours of the trauma have a
significant reduction in mortality. Thus early diagnosis
of hyperfibrinolysis could not only guide the use of anti-
fibrinolytic drugs but also the administration of fibrino-
gen concentrate or cryoprecipitate, while ruling it out
could prevent their inappropriate use. Fibrinolysis how-
ever, is a difficult laboratorial diagnosis that requires
multiple tests such as platelet count, coagulation factors,
fibrinogen, protein S, C and antithrombin [37]. Most of
these tests are not available for use in early trauma
resuscitation while others such as D-dimer, a marker of
fibrinolysis, might not be useful since it is elevated in
virtually all trauma patients [38]. TEG® and ROTEM®
are the only tests available that can rapidly diagnose and
quantify fibrinolysis during early trauma resuscitation.
Fibrinolysis is measured by clot lysis index as per Kang
[39] or estimated percent lysis (EPL), which are math-
ematical derivations from the amplitude [40,41]. Kashuk
[7] arbitrarily defined primary fibrinolysis as EPL >15
and coagulopathy as clot strength G <5.3 dynes/cm?® and
reported that among 61 patients, 11 (18%) had primary
fibrinolysis on arrival, which corresponded to 34% of
those requiring massive transfusion. Patients with
primary fibrinolysis were significantly more hypotensive,
hypothermic and received more transfusions. They also
had lower fibrinogen levels and higher mortality. An
interesting observation is that fibrinolysis was a different
condition from the hypocoagulable state. Mortality was
also referred in the study of Theusinger [42] where in
the trauma hyperfibrinolytic group the mortality was
77% + 12%, significantly higher than in the nontrauma
hyperfibrinolytic group (41% + 10%; p < 0.001, 95% CI
5%—-67%). In a very recent study by Cotton [43]
hyperfibrinolysis was significantly (p =0.017) associated
with mortality in trauma patients. Ives [44], in a recent
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study showed also that hyperfibrinolysis was a strong
predictor of early (24 hours) mortality (odds ratio = 25.0;
95% CI, 2.8-221.4; p=0.004), predicting 53% of early
deaths.

Other studies on fibrinolysis in trauma were made with
ROTEM®. Rugeri [45] demonstrated that 25 out of 90
trauma patients (28%) had evidence of abnormal fibrinoly-
sis. A more recent study by Schochl [25] on 33 patients
over a 4 year period described 3 patterns: fulminant
(within 30min), intermediate (30-60 min), late >60 min.
For those with fulminant hyperfibrinolysis the mortality
was 100%. The authors proposed that ROTEM® is the
gold standard to diagnose hyperfibrinolysis, being superior
to other laboratory tests. Levrat [24] compared ROTEM®
to gold standard lab tests such as euglobulin lysis time
(ELT), D-dimer and fibrinogen level. In this study
hyperfibrinolysis was defined as ELT <90 min or
ROTEM® clot amplitude, maximum clot firmness
(MCEF), clot lysis index plus the ability of aprotinin to
reverse these parameters. Among 23 trauma patients,
6% had hyperfibrinolysis by ELT, MCF (that corre-
sponds to MA in TEG®) and clot amplitude at 15 min,
which had the best association [21]. As expected
patients with hyperfibrinolysis had higher ISS (injury
severity score), lower hemoglobin, platelet count,
higher D-dimer and higher mortality.

TEG measures hypercoagulability and platelet dysfunction

It has been proposed that short R (time of latency from
start of test to initial fibrin formation) and accelerated
clot propagation on TEG® indicates hypercoagulability,
and as such TEG® is an excellent test to diagnose this
condition [2]. The clinical implication of such diagnosis
is unknown since it may be a physiologic response to
trauma and blood loss, but may also be associated with
thromboembolic complications. Tuman [46] in a study
with severe bleeding trauma patients, showed that only
less than half of the patients bleeding near the entire
blood volume become hypocoagulable (coagulopathic),
demonstrating that bleeding and coagulopathy are differ-
ent entities and thus indiscriminate transfusion of plasma
and platelets to all bleeding patients may be inappropriate.
Watters [47] identified evidence of hypercoagulability
following splenectomy for trauma and an association with
thromboembolic events and infection. Cotton [48], in a
study with trauma patients who developed pulmonary
embolism, demonstrated that these patients had an
elevated MA and a higher ISS. MA was identified as
predictor of pulmonary embolism, after controlling for
gender, race, age and ISS. Carroll [49] and Nekludow [50]
have demonstrated in trauma patients and Vucelic [41] in
elective surgery that TEG® may diagnose platelet dysfunc-
tion. Platelet dysfunction is believed to have an important
role in traumatic bleeding. The combined effects of shock
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tissue destruction and hypothermia could affect platelet
function via mechanisms that have been poorly investi-
gated in trauma [51]. TEG® (platelet mapping) and also
ROTEM® have developed specific assays to evaluate
platelet function, which are mainly used in elective surgery
[17]. The utility of these assays have not yet been fully
examined and their usefulness not determined.

TEG®-Based transfusion algorithm for trauma
Thrombelastography has been criticized for not being
subjected to the same evaluation processes as many con-
ventional lab tests. It has however, been shown to reduce
the use of blood products in both cardiac surgery
[52,53] and liver transplantation [15], thus it is plausible
that it can do the same for trauma. There are currently
2 options for the management of massive bleedings in
trauma. Damage control resuscitation proposes empir-
ical resuscitation with aggressive transfusion of red
blood cells, fresh plasma and platelets. The “classical”
resuscitation proposes transfusion based on conventional
laboratory tests. Possibly most massively bleeding
trauma patients are resuscitated nowadays by a combin-
ation of the two options. The possibility that laboratorial
tests such as TEG® could guide blood transfusion is
attractive and a few TEG®-based transfusion algorithms
for trauma have recently been proposed [2,6,35,36,54,55].
However, the processes used to create these algorithms
are missing, and no prospective validation or comparisons
to other algorithms have been reported. The additional
difficulty in using the proposed algorithms is that the
threshold TEG® values that justify transfusion are un-
known. In a similar way that a hemoglobin level of
105 g/L despite being abnormal would not support
blood transfusion in most instances; it becomes difficult
to justify transfusing platelets or plasma simply because
the MA value is 53 when the normal is =54 as in the
algorithms. Another criticism to TEG®-based algorithms
is its mono-analysis with a single activator (Kaolin)
compared to algorithms based on multiple assays
(i.e. ROTEM®) with improved diagnostic efficacy [56].
Harr [33] recently pointed out that TEG inability to dif-
ferentiate between fibrinogen and platelet contribution
to clot firmness resulted in two TEG®-based algorithms
proposing different interventions to treat the same
problem (low clot strength).

Conclusions

Hemostatic interventions such as blood transfusions
may be life saving for a coagulopathic trauma patient. In
contrast, for a patient with mechanical source of bleed-
ing and hypercoagulable, the same interventions may
delay bleeding control and increase both morbidity and
mortality. TEG® offers the possibility of quickly identify-
ing whether the bleeding is due to incompetent clotting
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(coagulopathy), excessive clot lysis (hyperfibrinolysis),
both or neither one. This information can then be used
to guide appropriate use of blood, blood products and
other interventions such as antifibrinolytics. It may also
be used to prevent inappropriate treatments.

TEG® has many of the characteristics of an ideal co-
agulation test for trauma resuscitation [5]. It however, is
one more option for diagnosis and requires further work
particularly regarding standardization before its potential
can be fully evaluated across different institutions [3].
Future studies should focus on the use of TEG® in guid-
ing blood transfusion as well as advancing the know-
ledge of the mechanisms of early trauma coagulopathies.

Competing interests

Dr. Rizoli held a Canadian Institute of Health Research (CIHR) New
Investigator award in partnership with NovoNordisk Canada, manufacturer of
recombinant factor Vlla and is a member of the CSL Behring Scientific
Advisory Board.

Authors’ contributions

LTL, BN and SR were instrumental in the conception and design of this
review, in acquiring data, analysing and interpreting it. All 3 authors were
involved in drafting the manuscript and revising it critically. All 3 authors
have given their final approval for the version to be published.

Funding
Dr. Bartolomeu Nascimento is the 2010-11 National Blood Foundation Grant
recipient for the conduct of research related to coagulopathy in trauma.

Author details

'Department of Critical Care Medicine. Sunnybrook Health Science Centre,
University of Toronto, Toronto, ON, Canada. 2Departmen‘[ of Surgery,
Sunnybrook Health Sciences Centre, University of Toronto, Toronto, ON,
Canada. *Surgery and Critical Care Medicine, Departments of Surgery and
Critical Care Medicine, St Michael's Hospital, University of Toronto, M5B 1W8,
Toronto, ON, Canada.

Received: 17 January 2013 Accepted: 7 April 2013
Published: 16 April 2013

References

1. Greer SE, Rhynhart KK, Gupta R, Corwin HL: New developments in massive
transfusion in trauma. Curr Opin Anesthesiol 2010, 23(2):246-250.

2. Johansson PI, Ostrowski SR, Secher NH: Management of major blood loss:
an update. Acta Anaesthesiol Scand 2010, 54:1039-1049.

3. Scarpelini S, Rhind GS, Nascimento B, Tien H, Shek PN, Peng HT, Huang H,
Pinto R, Speers V, Reis M, Rizoli SB: Normal range values for
thromboelastography in healthy adult volunteers. Braz J Med Biol Res
2009, 42(12):1210-1217.

4. Hartert H: Blutgerinnungsstudien mit der thrombelastographie,
enemneuen untersuchungsverfahren. Klin Wochensogr 1948, 26:577-583.

5. Nielsen VG: A comparison of the thromboelastograph and the ROTEM®.
Blood Coagul Fibrinolysis 2007, 18:247-252.

6. Enriquez LJ, Shore-Lesserson L: Point-of-care coagulation testing and
transfusion algorithms. Br J Anaesth 2009, 103(Suppl 1):14-22.

7. Kashuk JL, Moore EE, Sawyer M, Wohlauer M, Pezold M, Barnett C, Biffl WL,
Burlew CC, Johnson JL, Sauaia A: Primary fibrinolysis is integral in the
pathogenesis of the acute coagulopathy of trauma. Ann Surg 2010,
252:434-444,

8. JegerV, Zimmermann H, Exadaktylos AK: Can rapidTEG"” accelerate the
search for coagulopathies in the patient with multiple injuries? J Trauma
2009, 66:1253-1257.

9. Doran CM, Woolley T, Midwinter MJ: Feasibility of using rotational
thromboelastometry to assess coagulation status of combat casualties in
a deployed setting. J Trauma 2010, 69(1):40-48.

®



da Luz et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine 2013, 21:29

http://www.sjtrem.com/content/21/1/29

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Cotton BA, Faz G, Hatch QM, Radwan ZA, Podbielski J, Wade C, Kozar RA,
Holcomb JB: Rapid thrombelastography delivers real-time results that
predict transfusion within 1 hour of admission. J Trauma 2011,
71:407-417.

Segal JB, Dizk WH: Paucity of studies to support that abnormal
coagulation test results predict bleeding in the setting of invasive
procedures: an evidence-based review. Transfusion 2005, 45(9):1413-1425.
Bontempo F, Lewis J, Spero D, Ragni J, Butler M, Israel P, Van Thiel L, Starzl
T: The relation of preoperative coagulation findings to diagnosis, blood
usage, and survival in adult liver transplantation. Transplantation 1985,
39:532-536.

Steib A, Gengenwin N, Freys G, Boudjima K, Levy S, Otteni J: Predictive
factors of hyperfibrinolytic activity during liver transplantation in
cirrhotic patients. Br J Anaesth 1994, 73:645-648.

Dzik W, Arkin C, Jenkins R, Stump D: Fibrinolysis during liver
transplantation in humans: role of tissue-type plasminogen activator.
Blood 1988, 7:1090-1095.

Porte R, Bontempo F, Knot E, Lewis J, Kang Y, Starzl T: Systemic effects of
tissue plasminogen activator-associated fibrinolysis and its relation to
thrombin generation in orthotopic liver transplantation. Transplantation
1989, 47:404-408.

Afshari A, Wikkels A, Brok J, Maller AM, Wetterslev J: Thrombelastography
(TEG®) or thromboelastometry (ROTEM®) to monitor haemotherapy
versus usual care in patients with massive transfusion. Cochrane Database
Syst Rev 2011, 3:CD007871.

Perry DJ, Fitzmaurice DA, Kitchen S, Mackie IJ, Mallett S: Point-of-care
testing in haemostasis. Br / Haematol 2010, 50:501-514.

Gorlinger K, Dirkmann D, Solomon C, Hanke AA: Fast interpretation of
thromboelastometry in non-cardiac surgery: reliability in patients with
hypo-, normo-, and hypercoagulability. Br J Anaesth 2013, 110(2):222-230.
Dirkmann D: Early thromboelastometric variables reliably predict maximum
clot firmness in patients undergoing cardiac surgery: a step towards earlier
decision making. http//onlinelibrary.wiley.com/doi/10.1111/aas.12040/abstract.
Schochl H, Cotton B, Inaba K, Nienaber U, Fischer H, Voelckel W, Solomon C:
FIBTEM provides early prediction of massive transfusion in trauma.

Crit Care 2011, 15:R265.

Ganter MT, Hofer CK: Coagulation monitoring: current techniques and
clinical use of viscoelastic point-of-care coagulation devices. Anesth Analg
2008, 106(5):1366-1375.

Jennings |, Kitchen DP, Woods TAL, Kitchen S, Walker ID: Emerging technologies
and quality assurance: the United Kingdom national external quality
assessment scheme perspective. Semin Thromb Hemost 2007, 33:243-249.
Plotkin AJ, Wade CE, Jenkins DH, Smith KA, Noe JC, Park MS, Perkins JG,
Holcomb JB: A reduction in clot formation rate and strength assessed by
thrombelastography is indicative of transfusion requirements in patients
with penetrating injuries. J Trauma 2008, 64(2):564-568.

Levrat A, Gros A, Rugeri L, Inaba K, Floccard B, Negrier C, David JS:
Evaluation of rotation thrombelastography for the diagnosis of
hyperfibrinolysis in trauma patients. Br J Anaesth 2008, 100:792-797.
Schochl H, Frietsch T, Pavelka M, Jambor C: Hyperfibrinolysis after major
trauma: differential diagnosis of lysis patterns and prognostic value of
thrombelastometry. J Trauma 2009, 67:125-131.

Zambruni A, Thalheimer U, Leandro G, Perry D, Burroughs AK:
Thromboelastography with citrated blood: comparability with native
blood, stability of citrate storage and effect of repeated sampling.

Blood Coagul Fibrinolysis 2004, 15:103-107.

Schreiber MA, Differding J, Thorborg P, Mayberry JC, Mullins RJ:
Hypercoagulability is most prevalent early after injury and in female
patients. J Trauma 2005, 58:475-481.

Nielsen VG, Cohen BM, Cohen E: Effects of coagulation factor deficiency
on plasma coagulation kinetics determined via thrombelastography:
critical roles of fibrinogen and factors II, VII, X and XII. Acta Anaesthesiol
Scand 2005, 49:222-223.

Kashuk JL, Moore EE, Le T, Lawrence J, Pezold M, Johnson JL, Cothren CC,
Biffl WL, Barnett C, Sabel A: Noncitrated whole blood is optimal for
evaluation of postinjury coagulopathy with point-of-care rapid
thrombelastography. J Surg Res 2009, 156:133-138.

Nascimento B, Rizoli S, Rubenfeld G, Lin Y, Callum J, Tien HC: Design and
preliminary results of a pilot randomized controlled trial on a 1:1:1
transfusion strategy: the trauma formula-driven versus laboratory-guided
study. J Trauma 2011, 71(5 Suppl 1):5418-5426.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

45.

46.

47.

48.

49.

50.

w

Page 7 of 8

Chandler WL, Ferrell C, Trimble S, Moody S: Development of a rapid
emergency hemorrhage panel. Transfusion 2010, 50(12):2547-2552.
Bowbrick VA, Mikhailidis DP, Stansby G: The use of citrated whole blood in
thromboelastography. Anesth Analg 2000, 90:1086-1088.

Harr JN, Moore EE, Ghasabyan A, Chin TL, Sauaia A, Banerjee A, Silliman CC:
Functional fibrinogen assay indicates that fibrinogen is critical in
correcting abnormal clot strength following trauma. Shock 2013,
39(1):45-49.

Nystrup KB, Windelav NA, Thomsen AB, Johansson PI: Reduced clot
strength upon admission, evaluated by thrombelastography (TEG®), in
trauma patients is independently associated with increased 30-day
mortality. Scand J Trauma Resusc Emerg Med 2011, 19:52.

Pezold M, Moore EE, Wohlauer M, Sauaia A, Gonzalez E, Banerjee A, Silliman
CC: Viscoelastic clot strength predicts coagulation-related mortality
within 15 minutes. Surgery 2012, 151:48-54.

Kashuk JL, Moore EE, Wohlauer M, Johnson JL, Pezold M, Lawrence J, Biffl
WL, Burlew CCC, Barnett C, Sawyer M, Sauaia A: Initial experiences with
point-of-care rapid thromboelastography for management of life-
threatening post-injury coagulopathy. Transfusion 2012, 52:23-33.

Salooja N, Perry DJ: Thrombelastography. Blood Coagul Fibrinolysis 2001,
12:327-337.

Dzik WH: Clinical review: Canadian national advisory committee on
blood and blood products — massive transfusion consensus conference
2011: report of the panel. http://ccforum.com/content/15/6/242.

Kang YG, Martin DJ, Marquez J, Lewis JH, Bontempo FA, Shaw BW Jr, Starzl
TE, Winter PM: Intraoperative changes in blood coagulation and
thrombelastography monitoring in liver transplantation. Anesth Analg
1985, 61:888-896.

Nielsen VG, Cohen BM, Cohen E: Elastic modulus-based
thrombelastographic quantification of plasma clot fibrinolysis with
progressive plasminogen activation. Blood Coagul Fibrinolysis 2006,
17:75-81.

Vucelic D, Miljic P, Antonijevic N, Milicevic M: The role of rotational
thromboelastometry in real time assessment of haemostasis in surgical
settings. Srp Arh Celok Lek 2010, 138(1):43-49.

Theusinger LM, Wanner GA, Emmert MY, Billeter A, Eismon J, Seifert B,
Simmen HP, Spahn DR, Baulig W: Hyperfibrinolysis diagnosed by
rotational thromboelastometry (ROTEM®) is associated with higher
mortality in patients with severe trauma. Anesth Analg 2011,
113:1003-1012.

Cotton BA, Harvin JA, Kostousouv V, Minei KM, Radwan ZA, Schochl H,
Wade CE, Holcomb JB, Matijevic N: Hyperfibrinolysis at admission is an
uncommon but highly lethal event associated with shock and
prehospital fluid administration. J Trauma Acute Care Surg 2012,
73:365-370.

Ives C, Inaba K, Branco BC, Okoye O, Schochl H, Talving P, Lam L, Shulman |,
Nelson J, Demetriades D: Hyperfibrinolysis elicited via
thromboelastography predicts mortality in trauma. J Am Col Surg 2012,
215:496-502.

Rugeri L, Levrat A, David JS, Delecroix E, Floccard B, Gros A, Allaouchiche B,
Negri C: ER diagnosis of early coagulation abnormalities in trauma
patients by rotation thrombelastography. J Thromb Haemost 2007,
5:289-295.

Tuman KJ, Spiess BD, McCarthy RJ, Ivankovish AD: Effects of progressive
blood loss on coagulation as measured by thromboelastography.
Anesth Analg 1987, 66:856-863.

Watters JM, Sambasivan CN, Zink K, Kremenevskiy |, Englehart MS,
Underwood SJ, Schreiber MA: Splenectomy leads to a persistent
hypercoagulable state after trauma. Am J Surg 2010, 199(5):646-651.
Cotton BA, Minei KM, Radwan ZA, Matijevic N, Pivalizza E, Podbielski J, Wade
CE, Kozar RA, Holcomb JB: Admission rapid thrombelastography predicts
development of pulmonary embolism in trauma patients. J Trauma Acute
Care Surg 2012, 72(6):1470-1477.

Carroll RC, Craft RM, Langdon RJ, Clanton CR, Snider CC, Wellons DD, Dakin
PA, Lawson CM, Enderson BL, Kurek SJ: Early evaluation of acute traumatic
coagulopathy by thrombelastography. Trans/ Res 2009, 154:34-39.
Nekdulov M, Bellander B, Blomback M, Wallen HN: Platelet dysfunction in
patients with severe traumatic brain injury. J Neurotrauma 2007,
24:1699-1706.

Davenport R: Pathogenesis of acute traumatic coagulopathy. Transfusion
2013, 53:235-275.


http://dx.doi.org/10.1111/aas.12040/abstract
http://ccforum.com/content/15/6/242

da Luz et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine 2013, 21:29 Page 8 of 8

http://www.sjtrem.com/content/21/1/29

52. Weber CF, Klages M, Zacharowski K: Perioperative coagulation
management during cardiac surgery. Curr Opin Anesthesiol 2013, 26:60-64.

53. Rahe-Meyer N, Solomon C, Hanke A, Schmidt DS, Knoerzer D, Hochleitner G,
Serensen B, Hagl C, Pichimaier M: Effects of fibrinogen concentrate as
first-line therapy during major aortic replacement surgery. A
randomized, placebo-controlled trial. Anesthesiology 2013, 118(1):40-50.

54. Johannson PI: Coagulation monitoring of the bleeding traumatized
patient. Curr Opin Anaesthesiol 2012, 25(2):235-241.

55.  Gonzalez E, Pieracci FM, Moore EE, Kashuk JL: Coagulation abnormalities in
the trauma patient: the role of point-of-care thromboelastography.
Semin Thromb Hemost 2010, 36(7):723-737.

56. Larsen OH, Fenger-Eriksen C, Christiansen K, Ingerslev J, Sarensen B:
Diagnostic performance and therapeutic consequence of
thromboelastometry activated by kaolin versus a panel of specific
reagents. Anesthesiology 2011, 115(2):294-302.

doi:10.1186/1757-7241-21-29

Cite this article as: da Luz et al: Thrombelastography (TEG®): practical
considerations on its clinical use in trauma resuscitation. Scandinavian
Journal of Trauma, Resuscitation and Emergency Medicine 2013 21:29.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

www.biomedcentral.com/submit

Submit your manuscript at ( BioMled Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Review
	Brief overview – test methodology
	Practical considerations about TEG®
	Thrombelastography is not similar to conventional coagulation tests
	TEG® can be a point of care (POC) test
	TEG® measures clot strength
	TEG® measures fibrinolysis
	TEG measures hypercoagulability and platelet dysfunction

	TEG®-Based transfusion algorithm for trauma

	Conclusions
	Competing interests
	Authors’ contributions
	Funding
	Author details
	References

