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Massive haemorrhage remains the first cause of preventable
death after severe trauma [1]. Reducing haemorrhage-induced
fatality requires prompt diagnosis of ongoing bleeding, early
recognition of trauma-induced coagulopathy (TIC) and close
monitoring of haemostatic strategies. In this current issue of
Anaesthesia Critical Care and Pain Medicine, Guth et al. [2] report
the results of a monocentric before/after study suggesting that the
implementation of a bundle of care including damage control
resuscitation, thromboelastometry-guided haemostatic therapy
and administration of tranexamic acid, could both decrease the use
of blood products and need for massive transfusion, and improve
survival rates.

Viscoelastic tests (VETs) were developed to assess — online in
real time - the mechanical properties (viscosity and elasticity) of
whole blood as the haemostatic process goes on and clot is building
up [3]. VETs principles rely on the continuous transformation of a
complex physico-chemical process (haemostasis and building of
the clot) into a graphical and straightforward representation. In a
glimpse, the clinician in charge can therefore easily assess the
initiation of the coagulation process, its actual speed, clot strength
and stability and eventually the clot lysis process. Unlike standard
coagulation tests [Quick Time (QT), activated Partial Thrombo-
plastin Time (aPTT) and the fibrinogen test], which are performed
on platelet-poor plasma and focus on isolated coagulation factors,
VETs are performed on whole blood and include erythrocytes,
platelets and leukocytes, reproducing the physiological process
of global haemostasis. Three VETs devices are commercially
available: thromboelastography (thromboelastogram [TEG™],
Haemonetics, Braintree, MA, USA), thromboelastometry (ROTEM,
Tem International GmbH, Munich, Germany), and more recently
sonorheometry (Quantra™, HemoSonics, Charlottesville, VA, USA).
Most recent devices (TEG 6S, rotational thromboelastometry
[ROTEM™] o and Quantra) are fully automatised, do not require
any supplemental human action and rely on dedicated cartridges,
which allow their use both in central lab and in the clinical arena
as point-of-care assays. Due to the simultaneous development
of haemostatic resuscitation [4] and VETs [5], two strategies
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eventually challenge each other: the first is a VET-driven
“theragnostic strategy” in which the results of VETs continuously
determine transfusion practice, facing the other, ratio-driven,
massive transfusion strategy in which the transfusion of blood
products is based on predefined ratios.

From a diagnostic perspective, many VETs-derived variables
(either TEG- or TEM-derived) accurately predict subsequent red
blood cell transfusion [6], massive transfusion [7] and mortality
[8]. Hypofibrinogenemia is also accurately detected by VETs.
Moreover, VET-derived variables of hypofibrinogenemia are closely
correlated with plasma fibrinogen concentration, measured with the
gold standard Clauss technique [9]. Hyperfibrinolysis is one of the
cornerstones of trauma-induced coagulopathy and, as such, des-
erves specific emphasis [10]. This is all the more true as VETs
outperform conventional coagulation tests in diagnosing hyper-
fibrinolysis and as the early delivery of tranexamic acid [11] is
widely recommended [Grade 1A] [12]. Equipoise persists as to
whether the administration of tranexamic acid should be either
liberal and empiric, or VET-based and therefore restricted to
the bunch of patients who actually demonstrate a VET-defined
“fibrinolytic spectrum” of trauma-induced coagulopathy [13].
Platelet dysfunction [impaired aggregation to agonists (arachidonic
acid and ADP)] also participates in trauma-induced coagulopathy
and its VET-based diagnosis (TEG™ platelet mapping) was recently
emphasised [14]. We still do not know whether platelet transfusion
cures platelet dysfunction, but it may partially correct hyperfibri-
nolysis (by providing an additional source of plasminogen activator
inhibitor-1 [15]) and was recently shown to reduce mortality in a
retrospective cohort of severe traumatic brain injury patients
suffering VET-defined platelet dysfunction [16]. New developments
in VET devices (custom-made cartridges) nowadays allow the
diagnosis of coagulopathy associated with direct-acting oral anti-
coagulants (DOACs), their class effect (either direct thrombin
inhibitors or direct factor Xa inhibitors) and, potentially, the
accurate monitoring of their reversal [17]. As DOACs have different
mechanisms of action, effects on conventional coagulation assays,
and reversal strategies, rapid, VET-based identification of DOACs in
whole blood may allow timely reversal of factor Xa and direct
thrombin inhibitors in trauma patient on DOAC therapy pre-injury.

From a therapeutic point of view, meta-analysis suggest that, as
opposed to conventional strategy, VET-based haemostatic resus-
citation of the bleeding patient may be associated with reduced
mortality [OR: 0.52; 95%CI (0.28-0.95)] and a reduced incidence of
transfusion (red blood cells, fresh frozen plasmas and platelets)
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[18]. However, most of these results were obtained in cardiac
surgery under cardiopulmonary bypass with low-quality evidence.
In the setting of severe trauma, a recent monocentric prospective
randomised controlled trial compared VET-based haemostatic
resuscitation and a strategy driven by conventional tests
[19]. Trauma patients meeting criteria for activation of the local
massive transfusion protocol (n=111) were randomised to be
managed either by TEG (n=55), or by conventional coagulation
assays (i.e., international normalised ratio, fibrinogen, platelet
count, n=55). Primary outcome was 28-day survival. Mortality
was lower in the TEG group (19.6%) than in the conventional
coagulation assays group (36.4%; P = 0.049). The survival gain was
mainly due to a reduced incidence of early deaths (within the first
6 hours: 7.1% vs. 21.8%; P = 0.032). Survivors in the TEG group also
benefited from more ICU-free and ventilator-free days. The more
individualised approach in the TEG group also resulted (counter-
intuitively) in a reduction of transfused blood products (less units
of plasma and platelets in the first 2 hours of resuscitation). The
observed survival benefit may therefore result from a timelier
administration of blood products in the TEG group. A larger,
multicentric (8 European Trauma Centres) randomised controlled
trial is under way to confirm or dismiss these preliminary findings.
The iTACTIC trial will compare the haemostatic effect of an
evidence-based VET-guided versus an optimised conventional
coagulation tests-guided transfusion algorithm in haemorrhaging
trauma patients (clinical signs of haemorrhagic shock, activation of
the local massive haemorrhage protocol and initiation of first blood
transfusion) [20]. The primary endpoint is the proportion of
patients alive and free of massive transfusion (less than 10 units of
red blood cells) at 24 h. Secondary endpoints include organ failure,
total hospital and intensive care lengths of stay, health care
resources needed, mortality and a quality of life at day 90 (EuroQol
EQ-5D).

Taken as a whole, recent advances in the field of VET now
represent major value-based breakthroughs: robust physiological
rationale, ease of use, rapid online availability, provision of a
comprehensive visual profile of clot formation and breakdown,
dedication to all components of trauma-induced coagulopathy and
to newer DOACs, potential to drive haemostatic resuscitation in a
more efficient way than conventional coagulation tests. Ongoing
clinical trials will address the last knowledge gaps (optimal
algorithms for transfusion and coagulation adjuncts) but European
Guidelines recommend their use from now [12].
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