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Abstract

Trauma remains the leading cause of death with bleeding as the primary cause of preventable
mortality. When death occurs it happens quickly, typically within the first 6 hours after injury.
The principle drivers of the acute coagulopathy of trauma have been characterized but another
group of patients with early evidence of coagulupathy both physiologically and
mechanistically distinct from this systemic aquired coagulopathy has been identified. This
distinct phenotype is present in 25-30% of patients with major trauma without being exposed
to the traditional triggers and is associated with higher morbidity and a fourfold increase in
mortality. Despite improvements in the resuscitation of exsanguinating patients, one of the
remaining keys is to expeditiously and reproducibly identify the patients most likely to require
transfusion including massive transfusion (MT) with damage control resuscitation principles.
Several predictive scoring systems/algorithms for transfusion including MT in both civilian
and military trauma populations have been introduced. The models developed usually suggest
combinations of physiologic, haemodynamic, laboratory, injury severity and demographic
triggers identified on the initial evaluation. Many use a combination of dichotomous variables
that are readily accessible after the patients’s arrival to the trauma bay but others rely on time-
consuming mathematical calculations and may thus have limited real-time application.
Weighted and more sophisticated systems including higher numbers of variables perform
superior. A common limitation to all models is their retrospective nature and prospective
validations are needed. Point-of-care viscoelasatic testing may be an alternative to early
recognize trauma-induced coagulopathy with the risk of on-going haemorrhage and

transfusion.
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Introduction

Trauma is the leading cause of death world-wide in persons under the age of 40 years (1) and
accounts for approximately 10% of all deaths in general (2). Despite substantial
improvements in acute trauma care, uncontrolled haemorrhage is still responsible for more
than 50% of all trauma-related deaths in both civilian and military settings within the first 48
hours after hospital admission (3). Haemorrhage has also been determined to be the most
common cause of preventable deaths (4-6). Clinical observations together with recent
research emphasize the central role of coagulopathy in acute civilian and military trauma care
(7-15) but rapid identification of patients with active ongoing bleeding requiring transfusion
or even massive transfusion (MT) remains unsatisfactory. Vice-versa, the early identification
of trauma patients at risk for ongoing bleeding and transfusion is of fundamental clinical
importance in order to rapidly address and correct the acute coagulopathy of trauma including
potential triggers via early activation of damage control resuscitation (DCR) strategies, MT
protocols and timely adequate mobilization of resources, for example blood bank resources in
the civilian setting as well as activation of whole blood donation in the military setting (16-

19).

To date, several authors have shown that early recognition of the acute coagulopathy of
trauma accompanied by adequate and aggressive management including the balanced use of
blood components can correct coagulopathy, control bleeding, reduce blood product use and
improve outcome in severely injured patients (20-22). However, the optimum ratio of packed
red blood cell concentrates (pRBCs), fresh frozen plasma concentrates (FFPs), and platelet
concentrates (PCs) is still under investigation (PROPPR: Prospective Randomized Optimum
Platelet and Plasma Ratios Study). As an alternative approach, other groups have reported
improved survival rates by using thromelastometry guided individualized coagulation therapy

based on the administration of coagulation factor concentrates (23). But also here, no



randomized controlled study has been performed to date assessing this concept and safety data
are still lacking. In this review we present the current understanding and concepts of the acute
coagulopathy of trauma as well as clinically relevant strategies for its early detection. These
concepts, in principle, are based upon the constructive discussions among key opinion leaders
in the field during the 8" Wiggers-Bernard-Conference on ,,Trauma-induced Coagulopathy*

held in Salzburg (Austria), February 16-18, 2011 (see also Supplement to Shock xx).

The Acute Coagulopathy of Trauma

The priniciple triggers to drive the acute coagulopathy of trauma are summarized in Figure 1
(7,24,25). Direct loss and the consumption of coagulation factors, dilution, hypothermia,
acidosis and fibrinolysis and the release of anticoagulation factors, e.g. activated protein C, all
interfere with coagulation and diminish haemostasis. There seems to be an additive effect
among the clinical drivers of the process as the probability of life-threatening coagulopahy
increases with the number of triggers present. Cosgriff and co-workers (26), for example,
have shown that the conditional probability of developing coagulopathy after trauma was 1%
in moderate injury without the presence of additional triggers but increased to 39% in severe
injury (ISS > 25) combined with hypotension, to 58% when injury occurred with acidosis (pH
<7.1), and to 98% in cases of ISS > 25 together with hypotension (systolic blood pressure <

70mmHg), hypothermia (<34°C), and acidosis (pH < 7.1).

Dilution may occur both physiologically and iatrogenically. In trauma-associated physiologic
haemodilution, the unopposed osmotic activity of plasma in states of hypotension is prompted
by a water shift into the intravascular space thus diluting plasma proteins until equilibrium is
re-established. In this scenario each protein is diluted to the same amount and their
interactions, for example the intrinsic ,,tenase complex* comprising combined factors [Xa,

Vllla and X, are reduced proportionally to their individual factor concentrate changes. In this
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model, Monroe calculated a 37% reduction in single factor concentration to result in a 75%

reduction in overall complex activity (27).

Iatrogenic dilution is caused by unguided and often over administration of fluids in the acute
phase of trauma care. In patients from the TR-DGU database (TraumaRegistry of the
Deutsche Gesellschaft fiir Unfallchirurgie/German Trauma Society) coagulopathy upon
Emergency Room (ER) admission was observed in > 40% of patients with > 2000mls, in >
50% with > 3000 mls, and in > 70% with > 4000 mls of fluids administered during the pre-
hospital phase of care (13). More recently, a pre-hospital intravenous colloid:crystalloid ratio
> 1:2 and the amount of pre-hospital intravenous fluids > 3000 ml have been identified as
independent contributors to the acute coagulopathy of trauma (25). This dilution is
accompanied by consumption and inactivation not only of cogulation factor substrates but

also coagulation enzymes with magnitudes matching the degree of individual injury (28).

Meng and co-workers have frequently demonstrated the effects of temperature and pH on
coagulation factor and complex activity (29,30). Both, temperature and acidosis, contribute to
coagulopathy by reducing the pace of plasma coagulation factor biochemical reactions. This
activity is slowed down by approximately 5% with each 1°C drop in temperature. The von
Willebrand-Factor (vVWF)-glycoprotein Ib interaction which activates platelets is absent in
75% of individuals at 30°C (31,32). Similarly, drops in pH to values of 7.2 have been shown
to reduce coagulation factor complex activities by half and down to 20% of normal activity at
pH 6.8 (30). Figure 2 shows an example for reduced plasma coagulation factor and complex
activity if pH drops to values of 7.0. The correlation between the activity or activation of
different coagulation factors and negative base excess (BE) assuming non-respiratory acidosis

is demonstrated in Figure 3.



Under physiological conditions the coagulation system modulates fibrinolysis in that blood
clots are maintained stable for a given time to control bleeding and to promote adequate
wound healing. High concentrations of thrombin inhibit plasmin activation via the activation
of TAFI (thrombin-activated fibrinolysis inhibitor) and PAI-1 (plasminogen activator
inhibitor-1). Vice-versa, if the thrombin burst is weak, TAFI remains unactivated.
Furthermore, if thrombin encounters thrombomodulin on endothelial cells, protein C may be

activated which then inactivates PAI-1.

Hyperfibrinolysis (HF) has been identified as a major contributor of mortality in bleeding
trauma patients (33,34). For example, Schochl and co-workers have reported a mortality rate
of approximately 88% in trauma patients with hyperfibrinolysis present upon Emergency
Room (ER) admission as detected by viscoelastic testing (33). Even a small reduction of the
maximum amplitude in thromelastography (TEG > 15%) is likely to be associated with higher

transfusion requirements including MT, coagulopathy and haemorrhage-related death (34).

Acute Coagulopathy in Trauma and Shock

More recently, it has been recognized that another group of trauma patients presents to the ER
with early evidence of coagulopathy both physiologically and mechanistically distinct from
this above referrenced traditional sytemic aquired coagulopathy. Several studies have
identified an acute traumatic coagulopathy, according to standard coagulation tests, present in
25-30% of patients with major trauma without being exposed to the traditional triggers of
coagulopathy. For example, Brohi and colleagues have reported a series of patients who had
received < 500 mls of fluids during pre-hospital care of whom one out of four presented
coagulopathic upon arrival to the trauma bay as indicated by a prothrombin time (PT) > 1.5
(12). This finding was confirmed by other investigators reporting even larger patient series

(13,14) and also in children (35). Our own group has reported the presence of coagulopathy



upon admission even in trauma patients who had received no fluid resuscitation at all during
their pre-hospital phase of care (13). In all studies, the presence of coaguloathy was associated
with a higher magnitude of injury sustained as refleced by higher Injury Severity Scores (ISS)
as well as a dramatic increase in mortality up to two- to four-fold (12-14,35,36) (Figure 4). In
Brohi's study, increasing injury severity predicted a stepwise increasing fraction of patients
with increased PT upon admission with presence in 45% of all patients with an ISS > 45 (12).
Abnormalities in other conventional tests such as fibrinogen levels and platelet counts showed
a similar stepwise increase together with increased injury severity (36). Among the 28% of
the 20,000 trauma center admissions with any initial PT prologantion reported by MacLeod
and colleagues, there was a 35% increase in the risk of in-hospital death; among the 8% of
patients with prolonged partial thromboplastin time (PTT), the increase in risk of dying was
42% (14). Noteworthy, all of these deaths occurred within the first five hours after admission

and were due to uncontrolled primary haemorrhage.

In their analysis from data from the German TR-DGU database, Wafaisade and co-workers
reported an ongoing state of shock after trauma (on scene and upon admission to the trauma
bay) to be associated with an almost three-fold increase in risk for the development of
coagulopathy (25). Figure 5 shows an increasing frequency of coagulopathy upon ER arrival
with increasing levels of shock as reflected by base excess (BE). This finding corresponds to
other reports (7,15) and has also been described in children (35). Hypoperfused tissue
inducing acidemia may be one potential mechnism underlying this shock/trauma-induced
coagulopathy, as acidemia interferes with with the coagulation enzyme activity (see above).
More recently, several authors have shown that shock may also activate anticoagulant and
hyperfibrinolytic pathways. In this context, Brohi and colleagues have suggested that, in the
presence of shock and hypoperfusion, the endothelium releases thrombomodulin which

complexes with thrombin to divert it into an anticoagulant function. Thus, reduced amounts of



thrombin are available to cleave fibrinogen, and thrombin complexed to thrombomodulin may
also activate protein C which inhibits the extrinsic pathway and antifibrinolytic factors (8;
Figure 6). Of course, this relatively new identified pathway still needs further and more

detailed investigation.

Thus, direct tissue trauma and shock/hypoperfusion may represent the primary drivers
responsible for the development of this distict form of coagulopathy apart and independent
from the traditional factors. This coagulopathy is, in addition, associated with a higher
transfusion requirement, a greater incidence of multi organ dysfunction syndrome, longer ICU
and overall in-hospital length-of-stays (LOSs) as well as a four-fold increase in mortality
compared to those patients with normal coagulation. The early undetected presence of this
distinct coagulopathy almost certainly contributes to the development and aggravation of the
above mentionned coagulopathy which is considered systemically aquired and frequently

observed after severe injury.

Strategies and Tools for Early Detection and Stratification of Risk

Pertubations in blood coagulation are common after major trauma and are associated with
poor outcomes. A substantial proportion of trauma patients is already coagulopathic upon
admission (11-14) and incidence rates up to 60% have been reported according to definition
(37). The human coagulation system can be rapidly overwhelmed by severe injury (38) and
death from traumatic exsanguination usually occurs early, typically within the first six to 12
hours after initial impact but heavily weighted toward the first 1-2 hours (15,39-41).
Approximately 10% of all trauma patients are transfused with at least one unit of blood and
up to 30% of these require massive transfusion (MT) as defined by transfusion of > 10 units
within the first 24 hours after Emergency Room (ER) admission (42,43). Even with improved

triage, evacuation, early surgical intervention (for example Damage Control Surgery (DCS)),



problems associated with bleeding and the inability to control it remain chellenging. The
classic definition of massive transfusion is being changed by some to reflect the changing
practice of early blood use with damage control resuscitation (44) and some prefer to instead
focus on defining massive bleeding instead of massive transfusion. Until massive bleeding
can be more accurately characterized or quantified we will continue to determine the risk of

haemorrhagic death by using transfusion requirement as a surrogate.

Despite substantial improvements in the knowledge on how to adequately resuscitate the
exsangiunating patient, one of the fundamental issues to improve the outcome still remains
the early identification of patients in the need for transfusion including those requiring MT.
Although the criteria that trigger the activation of massive transfusion protocols (MTPs)
remain highly center and provider dependent, the benefits of timely MTP activation have been
frequently demonstrated given the identification of appropriate patients (45,46). However, not
all investigators were able to show improved survival after MTP implementation or activation
(47). Allogeneic blood transfusion increased significantly without being associated with
mortality. A similar oberservation was made by Simmons and colleagues (48). Therefore,

early and reliable prediction of the need for MT is highly demanded.

The inappropriate use of massive transfusion protocols (MTPs) in patients not in the need of
MT may result in a higher incidence of side effects of FFP and PC transfusion without an
improvement in survival (49-51). Although blood transfusion has the obvious benefit of
volume restoration and improved oxygen carrying capacity in the injured patient, there are
quite a few risks and immunosuppressive and infectious consequences associated with blood
products including transfusion reaction, transmission of blood-borne pathogens, and the
impact of limited supply (52-55). For these reasons, there has been a trend to restrict

transfusion in non-urgent clinical settings and to limit transfusion to ongoing and imminently



life-threatening situations. However, the hazards of transfusion may appear somewhat trivial

relative to the need of care for an exsanguinating patient.

Substantial problems in the use of conventional coagulation testing for the early identification
of patients in the need for transfusion including those requiring MT include delayed turn-
around times, incomplete characterization, and their poor predictive nature not accurately
reflecting the patient’s true coagulation status (12,56,57). Although international normalized
ratio (INR) and base deficit (BD) are good predictors of mortality, by themselves, they cannot
discriminate between patients to may go or not go on for MT (58). Second, surgical relevant
bleeding due to thoracic and/or retro-/ intraperitoneal organ injury is difficult to detect and
often requires time consuming diagnostics (59). Thus, significant haemorrhage and

coagulopathy may be underestimated or even missed during early resuscitation (14,60).

Scoring Systems and Algorithms

Over the past few years, a considerable number of scoring systems has been developed and
introduced for the initial evaluation of the bleeding trauma patient in both civilian (17,45,61-
69) and military seetings (70-73). The authors have just recently published a comprehensive
overview of the most commonly discussed scoring systems and algorithms for the need of
transfusion including massive transfusion in severely injured patients (74). These systems
may provide clinically useful information that potentially gives freedom to providers to
deviate from established algorithms toward the more aggressive and early use of blood
products with the assumption that early product use improves outcome. These scoring systems
may be used to guide the activation of massive transfusion protocols and could help providers
of all experience levels know when it is likely that the patient will require a massive

transfusion.
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The scoring systems developed to date usually suggest combinations of physiologic,
haemodynamic, laboratory, injury severity and demographic triggers identified on the initial
evaluation of the bleeding trauma patient. Many of them use a combination of dichotomous
variables that are obtained rapidly after the patients’s arrival to the trauma bay but others rely
on time-consuming mathematical calculations or complex scoring algorithms that are required

to determine the patients who will need MT and may thus have limited real-time application.

The most commonly proposed triggers that were correlated with the need for transfusion
including massive transfusion in the civilian setting are shown in Table 1 and include systolic
blood pressure which is present in 9/9 scoring systems, followed by heart rate (present in 6/9
scoring systems), haemoglobin/haematocrit (present in 5/9 scoring systems), and positive
focused assessment for the sonography of trauma (FAST+; present in 4/9 scoring systems).
Parameters that can be quickly obtained via point-of-care (POC) ABG (arterial blood gas)-
analyzers, for example base excess/deficit (BE/BD), lactate, and pH are included in 6/9
civilian scoring systems. Six out of nine systems consider anatomical injury including its
magnitude or mechanism of injury as component of their assessment. However, the severity
of injury as reflected by the Injury Severity Score (ISS) or the overall pattern of the

anatomical injury may be difficult to calculate and to assess during initial assessment.

A major and common limitation to all scoring systems and algorithms with one exception is
their retrospective nature. All systems have been developed retrospectively based upon
datasets derived from single or multi center civilian or military databases. Some models have
been developed using a classical datasplit approach with half of the dataset for development
and the other half for internal validation. Meanwhile, some scores and algorithms have been
internally re-validated on data from the same database, for example the Trauma-associated

Severe Haemorrhage-Score (TASH-Score; 62). The only score that has been prospectively
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validated on data from a subset of 481 Emergency Room (ER) patients is the Emergency

Transfusion Score (ETS; 69).

To date, several systems and algorithms have been applied onto other external but also
retrospective datasets and have thus been externally validated. In developing their ABC-Score
Nunez and co-workers, for example, have applied both the TASH- and the McLaughlin-
Scores onto their local trauma center database including 596 trauma patients for score
comparison (45). In result, all three scores (TASH AUROC = 0.842; McLaughlin AUROC =
0.846; ABC AUROC = 0.842) were considered as equally good predictors for MT without a
statistically significant difference between the scores. In another retrospective study, Cotton
and colleagues (75) have applied the ABC-Score onto adult trauma datasets from three
different Level I trauma centers in the United States (n = 513 from trauma center 1; n = 373
from trauma center 2; and n = 133 from trauma center 3) and compared the predictive ability
of the score at each institution. The sensitivity and specificity for the ABC score to predict
massive transfusion ranged from 75% to 90% and from 67% to 88%, respectively. Correctly
classified patients and AUROCSs, however, were 84% to 87% and 0.83 to 0.90, respectively.
Recently, Mitra and co-workers (76) compared the performance of the PWH-Score (63) to the
ABC- (45) and TASH-Scores (61,62) by a retrospective review of a subgroup of major trauma
patients (n = 1.234) derived from The Alfred Trauma Registry (Victoria/Australia). In this
analysis, the performance of the TASH-Score was best with an AUROC of 0.8986, followed

by the PWH-Score (AUROC = 0.8419) and the ABC-Score.

Our own group has recently applied a total of six scores and algorithms to predict transfusion
in trauma patients, i.e. ABC, Larson, PWH, Schreiber, TASH, and Vandromme, onto a large
subset of trauma patients derived from the most up-dated database of the German TR-DGU (n

= 5.047/ unpublished observation; manuscript in preparation by Brockamp et al.). This extract
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included data from adult severely injured trauma patients (ISS > 16) with all variables present
from each patient to calculate all six scores. Although we had initially attempted to validate
all scores on our database, the remaining scores had to be excluded from this analysis due to
missing or non-captured data within our registry for model calculation. For the TASH-Score,
this analysis served again as an internal validation while all other scores were externally
validated by being subjected onto our datasets. Not surprisingly that the TASH-Score
performed best (AUROC 0.889) followed by the PWH-Score (AUROC 0.860) which is also a
weighted score with structure and content variables very similar to the TASH-Score (Figure
7). In this analysis, the non-weighted and more simple scores performed less accurate
(AUROC:s for Vandromme-Score: 0.840; Larson-Score: 0.823; Schreiber-Model: 0.800; and

ABC-Score: 0.763).

Viscoelastic Testing Methods

An alternative to scoring systems and algorithms to early recognize trauma-induced
coagulopathy with the risk of on-going haemorrhage and transfusion requirement is the early
use of viscoelastic testing methods. To date, similar to the above referenced scoring systems
and algorithms prospective data is also limited for this approach. However, low maximum
clot firmness (MCF) in thrombelastometry EXTEM (activates haemostasis via the
physiological activator tissue factor), INTEM (activates the contact phase of haemostasis) and
FIBTEM (an EXTEM based assay for the fibrin part of the clot) or maximum amplitude (MA,
the equivalent TEG parameter) have been identified as important determinants of packed red
blood cell transfusion (57,58,77-79). Cotton and colleagues (77) recently presented results
from a pilot study in which they had prospectively evaluated the timeliness of real-time rapid
thrombelastography results (r-TEG), their correlation with conventional coagulation tests, and
the ability of r-TEG to predict early blood transfusion in 272 consecutive major trauma

activations over a 5-month time period. Early r-TEG values (activated clotting time [ACT], -
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value [reaction time = time to first evidence of a clot], k-time [time from the end of r until the
clot reaches 20mm > represents the speed of clot formation]) were available within 5 minutes,
late r-TEG values (maximal amplitude [MA = reflects clot strength] and a-angle [tangent of
the curve made as the k is reached]) were available within 15 minutes, in contrast to results
from conventional coagulation testings with turn-around times of 48 minutes on average.
Activated clotting time, r-value, and k-time showed strong correlations with later incoming
results from conventional testings and linear regression demonstrated activated clotting time
to predict the need for red blood cells, plasma, and platelet transfusions within the first 2
hours of arrival. In addition, an activated clotting time <105 seconds predicted patients who
did not receive any transfusions during the first 24 hours of admission. Similar results have
been reported by Davenport and colleagues (57). In their study a threshold of clot amplitude
of < 35 mm at 5 minutes of rotational thrombelastometry was indicative for acute traumatic
coagulopathy and the need for transfusion including massive transfusion. These findings are
in concert with reports by Leemann and co-workers who demonstrated low INTEM MCF
along with low haemoglobin levels to be an independent risk factor for massive transfusion
(78). An overview of the most relevant studies conducted to date on the use of viscoelastic
testing in the context of the acute coagulopathy of trauma including main conclusions is

provided in Table 2.

Point-of-care viscoelastic testing may offer the unique potential to predict transfusion even
faster as compared to scoring systems involving conventional coagulation testing and to
activate and guide resusucitations more objectively. A recent retrospective analysis of major
trauma patients revealed low FIBTEM amplitudes (< 4mm) and/or low EXTEM amplitudes at
10 minutes (CA 10) to be highly predictive for massive transfusion (79). Independent from
the viscoelastic test used, time to effective clot formation, clot strength and sustained stability

of the clot appear to have the highest clinical value. The authors have recently published a
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comprehensive review on the early and individualized goal-directed therapy for the acute
coagulopathy of trauma including their local hospital algorithm for managing this potentially
life-threatening disorder based on the use of viscoelastic testing (80). Other algorithms have

been published elsewhere (81,82).

Conclusion

Trauma remains the leading cause of death and bleeding is the primary cause for this
mortality usually occurring quickly within the first 6 hours after impact. Even with improved
triage, evacuation and early surgery, bleeding-associated problems and the inability to control
it remain challanging. The principle drivers of the acute coagulopathy of trauma have been
identified. More recently, it has been recognized that another group of trauma patients
presents with early evidence of coagulupathy both physiologically and mechanistically
distinct from this systemic aquired coagulopathy and with worse outcome. One of the
remaining keys is to expeditiously and reproducibly identify the patients most likely to require
transfusion including massive transfusion. The scoring models developed so far usually
suggest combinations of physiologic, haemodynamic, laboratory, injury severity and
demographic triggers identified on the initial evaluation. Weighted and more sophisticated
systems including higher numbers of variables perform superior over simple non-weighted
models. A major and common limitation to all models is their retrospective nature and
prospective validations are urgently needed. Point-of-care viscoelasatic testing may be an
alternative to these systems to early recognize trauma-induced coagulopathy with the risk of

on-going haemorrhage and transfusion.

15



References

1.

10.

11.

Krug EG, Sharma GK, Lozano R: The global burden of injuries. A4m J Public Health
90:523-526, 2000.

Murray CJ, Lopez AD: Mortality by cause for eight regions of the world: global
burden of disease study. Lancet 349:1269-1276, 1997.

Sauaia A, Moore FA, Moore EE, Moser KS, Brennan R, Read RA, Pons PT:
Epidemiology of trauma deaths: a reassessment. J Trauma 38:185-193, 1995.

Bellamy RF: The causes of death in conventional land warfare: implications for
combat casualty care research. Mil Med 149(2):55-62, 1984.

Holcomb JB, McMullin NR, Pearse L, Caruso J, Wade CE, Oetjen-Gerdes L,
Champion HR, Lawnick M, Farr W, Rodriguez S, Butler FK: Causes of death in U.S.
Special Operations Forces in the global war on terrorism: 2001-2004. Ann Surg
245(6):986-991, 2007.

Esposito TJ, Sanddal ND, Hansen JD, Reynolds S: Analysis of preventable trauma
deaths and inappropriate trauma care in a rural state. J Trauma 39(5):955-962, 1995.
Hess JR, Brohi K, Dutton RP, Hauser CJ, Holcomb JB, Kluger Y, Mackway-Jones K,
Parr MJ, Rizoli SB, Yukioka T, Hoyt DB, Bouillon B: The coagulopathy of trauma: a
review of mechanisms. J Trauma 65:748-754, 2008.

Brohi K, Cohen MJ, Ganter MT, Matthay MA, Mackersie RC, Pittet JF: Acute
traumatic coagulopathy: initiated by hypoperfusion. Ann Surg 245:812-818, 2007.
Brohi K, Cohen MJ, Davenport R: Acute coagulopathy of trauma: mechanisms,
identification and effect. Curr Opin Crit Care 13:680-685, 2007.

Tieu BH, Holcomb JB, Schreiber MA: Coagulopathy: its pathophysiology and
treatment in the injured patient. World J Surg 31:1055-1064, 2007.

Maegele M: Frequency, risk stratification and therapeutic management of acute post-

traumatic coagulopathy. Vox Sang 97:39-49, 2009.

16



12.

13.

14.

15.

16.

17.

18.

19.

20.

Brohi K, Singh J, Heron M, Coats T: Acute traumatic coagulopathy. J Trauma 54:
1127-1130, 2003.

Maegele M, Lefering R, Yucel N, Tjardes T, Rixen D, Paffrath T, Simanski C,
Neugebauer E, Bouillon B, the AG Polytrauma of the German Trauma Society
(DGU): Early coagulopathy in multiply injury: an analysis from the German Trauma
Registry on 8724 patients. Injury 38:298-304, 2007.

MacLeod JB, Lynn M, McKenney MG, Cohn SM, Murtha M: Early coagulopathy
predicts mortality in trauma. J Trauma 55:39-44, 2003.

Niles SE, McLauglin DF, Perkins JG et al: Increased mortality associated with the
early coagulopathy of trauma in combat casualties. J Trauma 64:1459-1463, 2008.
Holcomb JB, Jenkins D, Rhee P, Johannigman J, Mahoney P, Mehta S, Cox ED,
Gehrke MJ, Beilman GJ, Schreiber M, Flaherty SF, Grathwohl KW, Spinella PC,
Perkins JG, Beekley AC, McMullin NR, Park MS, Gonzales EA, Wade CE, Dubick
MA, Schwab CW, Moore FA, Champion HR, Hoyt D, Hess J: Damage control
resuscitation: directly addressing the early coagulopathy of trauma. J Trauma 62:307-
310, 2007.

Callcut RA, Johannigman JA, Kadon KS, Hanseman DJ, Robinson BRH: All massive
transfusion criteria are not created equal: Defining the predictive value of individual
transfusion triggers to better determine who benefits from blood. J Trauma 70:794-
801, 2011.

Repine TB, Perkins JG, Kauvar DS, Blackborne L: The use of fresh whole blood in
massive transfusion. J Trauma 60 (Supplement): S59-S69, 2006.

Kauvar DS, Holcomb JB, Norris GC, Hess JR: Fresh whole blood transfusion: A
controversial military practice. J Trauma 61:181-184, 2006.

Borgman M, Spinella PC, Perkins JG, Grathwohl KW, Repine T, Beekley AC,

Sebesta J, Jenkins D, Wade CE, Holcomb JB: The ratio of blood products transfused

17



21.

22.

23.

24.

25.

26.

27.

affects mortality in patients receiving massive transfusions at a combat support
hospital. J Trauma 63:805-813, 2007.

Maegele M, Lefering R, Paffrath T, Tjardes T, Simanski C, Bouillon B, and the
Working Group on Polytrauma of the German Society of Trauma Surgery (DGU):
Red blood cell to plasma ratios transfused during massive transfusion are associated
with mortality in severe multiply injury. A retrospective analysis from the Trauma
Registry of the Deutsche Gesellschaft fiir Unfallchirurgie. Vox Sang 95:112-119,
2008.

Spinella PC, Holcomb JB: Resuscitation and transfusion principles for traumatic
haemorrhagic shock. Blood Rev 23(6):231-240, 2009.

Schoechl H, Nienaber U, Hofer G, Voelkel W, Jambor C, Scharbert G, Kozek-
Langenecker S, Solomon C: Goal-directed coagulation management of major trauma
patients using thrombelastmetry (ROTEM)-guided administration of fibrinogen
concentrate and prothrombin complex concentrate. Crit Care 14(2):R55, 2010.

Frith D, Goslings JC, Gaarder C, Maegele M, Cohen MJ, Allard S, Johansson PI,
Stanworth S, Thiemermann C, Brohi K: Definition and drivers of acute traumatic
coagulopathy: clinical and experimental investigations. J Thromb Heamost 8(9):1919-
1925, 2010.

Wafaisade A, Wutzler S, Lefering R, Tjardes T, Banerjee M, Paffrath T, Bouillon B,
Maegele M, and the Trauma Registry of DGU: Drivers of acute coagulopathy after
severe trauma: a multivariate analysis of 1987 patients. Emerg Med Journal
27(12):934-939, 2010.

Cosgriff N, Moore EE, Sauaia A, Kenny-Moynihan M, Burch JM, Galloway B:
Predicting life-threatening coagulopathy in massively transfused trauma patients:
hypothermia and acidosis revistited. J Trauma 42(8):857-861, 1997.

Monroe DM: Modeling the action of factor VIIa in dilutional coagulopathy. Thromb

18



28.

29.

30.

31.

32.

33.

34.

35.

36.

Res 122 (Supplement 1):S7-S10, 2008.

Mann KG, Brummel-Ziedins K, Orfeo T, Butenas S: Models of blood coagulation.
Blood Cells Mol Dis 36:108-117, 2006.

Wolberg AS, Meng ZH, Monroe DM 3™ Hofman M: A systematic evaluation of the
effect of temperature on coagulation enzyme activity and platelet function. J Trauma
56:1221-1228, 2004.

Meng ZH, Wolberg AS, Monroe DM 3", Hoffman M: The effect of temperature and
pH on the activity of factor VIla: Implications for the efficacy of high-dose factor VIla
in hypothermic and acidotic patient. J Trauma 55:886-891, 2003.

Kermode JC, Zheng Q, Milner EP: Marked temperature dependence of the platelet
calcium signal induced by human von-Willebrand-factor. Blood 94:199-207, 1999.
Jurkovich GJ, Greiser A, Luterman A, Curreri PW: Hypothermia in trauma victims: an
ominous predictor of survival. J Trauma 27:1019-1124, 1987.

Schochl H, Frietsch T, Pavelka M, Jambor C: Hyperfibrinolysis after major trauma:
differential diagnosis of lysis patterns and prognostic value of thrombelastometry. J
Trauma 67(1):125-131, 2009.

Kashuk J, Moore EE, Sawyer M, Wohlauer M, Petzold 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 252(3):434-442, 2010.

Patregnani JT, Borgman MA, Maegele M, Wade CE, Blackbourne LH, Spinella PC:
Coagulopathy and shock on admission is associated with mortality for children with
traumatic injuries at combat support hospitals. Pediatr Crit Care Med Sep 15, 2011
[Epub ahead of print].

Hess JR, Lindell AL, Stansbury LG, Dutton RP, Scalea TM: The prevalence of
abnormal results of conventional coagulation tests on admission to the trauma center.

Transfusion 49:34-39, 2009.

19



37.

38.

39.

40.

41.

42.

43.

44.

Floccarda B, Rugerib L, Faurea A Saint Denis M, Boyle EM, Peguet O, Levrat A,
Guillaume C, Marcotte G, Vulliez A, Hautin E, David JS, Négrier C, Allaouchiche B:
Early coagulopathy in trauma patients: an on-scene and hospital admission study.
Injury 43(1):26-32, 2012.

Taylor FB Jr, Toh CH, Hoots WK, Wada H, Levi M, and the Scientific Subcommittee
on Disseminated Intravascular Coagulation (DIC) of the International Society on
Thrombosis and haemostasis (ISTH): Towards definition, clinical and laboratory
criteria, and a scoring system for disseminated intravascular coagulation. Thromb
Haemost 86:1327-1330, 2001.

Peng R, Chang C, Gilmore D, Bongard F: Epidemiology of immediate and early
trauma death at an urban level I trauma center. Am Surg 64:950-954, 1998.

MacLeod JB, Cohn SM, Johnson EW, McKenney MG: Trauma deaths in the first
hour: Are they all unsalvageable injuries? Am J Surg 193:195-199, 2007.

Demitriades D, Murray J, Charalambides K, et al. Trauma fatalities: Time and location
of hospital deaths. J Am Coll Surg 198:20-26, 2004.

Como JJ, Dutton RP, Scalea TM, Edelman BB, Hess JR: Blood transfusion rates in the
care of acute trauma. Transfusion 44:809-813, 2004.

Malone DL, Dunne J, Tracy JK, Putman AT, Scalea TM, Napoletano LM: Blood
transfusion, independent of shock severity, is associated with worse outcome in
trauma. J Trauma 54:898-905, 2003.

Levi M, Fries D, Gombotz H, van der Linden P, Nascimento B, Callum JL, Bélisle S,
Rizoli S, Hardy JF, Johansson PI, Samama CM, Grottke O, Rossaint R, Henny CP,
Goslings JC, Theusinger OM, Spahn DR, Ganter MT, Hess JR, Dutton RP, Scalea
TM, Levy JH, Spinella PC, Panzer S, Reesink HW: Prevention and treatment of
coagulopathy in patients receiving massive transfusions. Vox Sang 101(2):154-174,

2011.

20



45.

46.

47.

48.

49.

50.

51.

52.

Nunez TC, Voskresensky IV, Dossett LA, Shinall R, Dutton WD, Cotton BA: Early
prediction of massive transfusion in trauma: Simple as ABC (Assessment of Blood
Consumption)? J Trauma 2:346-352, 2009.

Zink KA, Sambasivan CN, Holcomb JB, Chrisholm G, Schreiber MA: A high ratio of
plasma and platelets to packed red blood cells in the first 6 hours of massive
transfusion improves outcome in a large multicenter study. 4m J Surg 197:565-570,
20009.

Dirks J, Jorgenson H, Jensen CH, Ostrowski SR, Johannson PI: Blood product ratio in
acute traumatic coagulopathy: effect on mortality in a Scandinavian level 1 trauma
centre. Scand J Trauma Resusc Emerg Med 18:65, 2010.

Simmons JW, White CE, Eastridge BJ, Mace JE, Wade CE, Blackbourne LH: Impact
of policy change on US Army combat transfusion practices. J Trauma 69 (Supplement
1):S75-S80, 2010.

Inaba K, Branco BC, Rhee P, Blackbourne LH, Holcomb JB, Teixeira PG, Shulman I,
Nelson J, Demetriades D: Impact of plasma transfusion in trauma patients who do not
require massive transfusion. J Am Coll Surg 210(6):957-965, 2010.

Johnson JL, Moore EE, Kashuk JL, Banerjee A, Cothren CC, Bifl WL, Sauaia A:
Effect of blood products transfusion on the development of postinjury multiple organ
failure. Arch Surg 145(10):973-977, 2010.

Sambasivan CN, Kunio NR, Nair PV, Zink KA, Michalek JE, Holcomb JB, Schreiber
MA, Wade CE, Brasel KJ, Vercruysse G et al.: High ratios of plasma and platelets to
packed red blood cells do not affect mortality in non-massively transfused patients. J
Trauma 71(2 Supplement 3): S329-336, 2011.

Spinella PC, Perkins JG, Grathwohl KW, Repine T, Beekley AC, Sebesta J, Jenkins
D, Azarow K, Holcomb JB.; 31st Combat Support Hospital Research Working Group:

Risks associated with fresh whole blood and red blood cell transfusions in a combat

21



53.

54.

55.

56.

57.

58.

59.

60.

61.

support hospital. Crit Care Med 35(11):2576-2581, 2007.

Hod EA, Spitalnik SL: Harmful effects of transfusion of older stored red blood cells:
iron and inflammation. Transfusion 51(4):881-885, 2011.

Spinella PC, Sparrow RL, Hess JR, Norris PJ: Properties of stored red blood cells:
understanding immune and vascular reactivity. Transfusion 51(4):894-900, 2011.
Silliman CC; Moore E; Johnson JL; Gonzalez RJ; Biffl WL: Transfusion of the
Injured Patient: proceed With Caution. Shock 21(4):291-299, 2004.

Martinowitz U, Michaelson M: Guidelines for the use of recombinant activated factor
VII (rFVIIa) in uncontrolled bleeding: a report by the Israeli Multidisciplinary rVIla
Task Force. J Thromb Haemost 3:640-648, 2005.

Davenport R, Manson J, DelJath H, Platton S, Coates A, Allard S, Hart D, Pearse R,
Pasi KJ, Maccallum P, Stanworth S, Brohi K: Functional definition and
characterization of acute traumatic coagulopathy. Crit Care Med 39(12): 2652-2658,
2011.

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 64(2 Supplement):S64-S68, 2008.

American College of Surgeons: Abdominal trauma. In: Advanced Trauma Life
Support ATLS Student Manual, 7th Editions. Chicago, IL: American College of
Surgeons, 2004, pp 137.

Reed RL, Johnson TD, Hudson JD, Fischer RP: The disparity between hypothermic
coagulopathy and clotting studies. J Trauma 33: 465-470, 1992.

Yucel N, Lefering R, Maegele M, Vorweg M, Tjardes T, Ruchholtz S, Neugebauer E,
Wappler F, Bouillon B, Rixen D, and the Polytrauma Study Group of the German

Trauma Society: Trauma Associated Severe Haemorrhage (TASH)-Score: Probability

22



62.

63.

64.

65.

66.

67.

68.

69.

of mass transfusion as surrogate for life threatening haemorrhage after multiple
trauma. J Trauma 60:1228-1237, 2006.

Maegele M, Lefering R, Wafaisade A, Theodorou P, Wutzler S, Fischer P, Bouillon B,
Paffrath T; the Trauma Registry of the Deutsche Gesellschaft fiir Unfallchirurgie (TR-
DGU): Revalidation and update of the TASH-Score: A scoring system to predict the
probability for massive transfusion as a surrogate for life-threatening haemorrhage
after severe injury. Vox Sang 100(2):231-238, 2011.

Rainer TH, Ho AMH, Yeung JHH, Cheung NK, Wong RSM, Tang N, Ng SK, Wong
GKC, Lai PBS, Graham CA: Early risk stratification of patients with major trauma
requiring massive blood transfusion. Resuscitation 82:724-729, 2011.

Vandromme MJ, Griffin RL, McGwin G Jr, Weinberg JA, Rue LW 3rd, Kerby JD:
Prospective identification of patients at risk for massive transfusion. Am Surg 77:155-
161, 2011.

Wade CE, Holcomb JB, Chrisholm GB, Michalek JE: Accurate and early prediction of
massive transfusion in trauma patients. 67" Annual Meeting of the American
Association for the Surgery in Trauma, Maui (Hawaii), 2008 [Abstract].

Moore F, McKinley B, Moore E, Nathens A, Rhee P, Puyana J, Beilman G, Cohn S:
Need for massive transfusion can be predicted early after trauma center arrival. J
Trauma 62: 270, 2007 [Abstract].

Baker JB, Korn CS, Robinson K, Chan L, Henderson SO: Type and crossmatch of the
trauma patient. J Trauma 50:878-881, 2001.

Ruchholtz S, Pehle B, Lewan U, Lefering R, Miiller N, Oberbeck R, Waydhas C: The
emergency room transfusion score (ETS): Prediction of blood transfusion requirement
in initial resuscitation after sever trauma. Transfusion Med 16(1):49-56, 2006.

Kiihne C, Zettl RP, Fischbacher M, Lefering R, Ruchholtz S: Emergency Transfusion

Score (ETS): A useful instrument for prediction of blood transfusion requirement in

23



70.

71.

72.

73.

74.

75.

76.

77.

78.

severely injured patients. World J Surg 32(6):1183-1188, 2006.

McLaughlin DF, Niles S, Salinas J, Perkins JG, Cox ED, Wade C, Holcomb JB: A
predictive model for massive transfusion in combat casualty patients. J Trauma 64
(Supplement):S57-S63, 2008.

Larson CR, White CE, Spinella PC, Jones JA, Holcomb JB, Blackbourne LH, Wade
CE: Association of shock, coagulopathy, and initial vital signs with massive
transfusion in combat casualties. J Trauma 69(1 Supplement):S26-32, 2010.

Schreiber MA, Perkins J, Kiraly L, Underwood S, Wade C, Holcomb JB: Early
predictors of massive transfusion in combat casualties. J Am Coll Surg 205:541-545,
2007.

Cancio LC, Wade CE, West SA, Holcomb JB: Prediction of mortality and of the need
for massive transfusion in casualties arriving ar combat support hospitals in Iraq. J
Trauma 64(Supplement):S51-S56, 2008.

Maegele M, Brockamp T, Nienaber U, Probst C, Schoechl H, Gorlinger K, Spinella P:
Predictive Models and Algorithms for the Need of Transfusion Including Massive
Transfusion in Severely Injured Patients. Transfus Med Haemother 39(2):85-97, 2012.
Cotton BA, Dossett LA, Haut ER, Shafi S, Nunez TC, Au BK, Zaydfudim V,
Johnston M, Arbogast P, Young PP: Multicenter validation of a simplified score to
predict massive transfusion in trauma. J Trauma 69 (Supplement 1):S33-S39, 2010.
Mitra B, Rainer T, Cameron P: Predicting massive blood transfusion post trauma. Vox
Sang 2011 [in press].

Cotton BA, Faz G, Hatch QM, Radwan ZA, Podbiclski J, Wade C, Kozar RA,
Holcomb JB: Rapid thrombelastography delivers real-time results that predict
transfusion within 1 hour of admission. J Trauma 71(2):407-417, 2011.

Leemann H, Lustenberger T, Talving P, Kobayashi L, Bukur M, Brenni M, Bruesch

M, Spahn D, Keel MJ: The role of rotation thrombelastometry in early prediction of

24



79.

80.

81.

82.

83.

84.

85.

86.

87.

massive transfusion. J Trauma 69(6):1403-1408, 2010.

Schoechl H, Cotton B, Inaba K, Nienaber U, Fischer H, Voelkel W, Solomon C:
FIBTEM provides early prediction of massive transfusion in trauma. Crit Care 15(6):
R265, 2011.

Schoechl H, Maegele M, Solomon C, Gorlinger K, Voelker W: Early and
individualized goal-directed therapy for trauma-induced coagulopathy. Scand J
Trauma Resusc Emerg Med 20:15, 2012.

Lier H, Bottiger BW, Hinkelbein J, Krep H, Bernhard M: Coagulation management in
multiple trauma: a systematic review. Intensive Care Med 37(4):572-582, 2011.
Goerlinger K, Dirkmann D, Weber CF, Rahe-Meyer N, Hanke A: Algorithms for
transfusion and coagulation management in massive haemorrhage. Anaesth
Intensivmed 2:145-159, 2011.

Lier H, Krep H, Schroeder S, Stuber F: Preconditions of haemostasis in trauma: a
review. The influence of acidosis, hypocalcemia, anemia, and hypothermia on
functional haemostasis in trauma. J Trauma 65(4):951-60, 2008.

Doran CM, Woolley T, Midwinter MJ: Feasibility of using rotational
thromboelastometry to assess coagulation status of combat casualties in a deployed
setting. J Trauma 69 (Suppl 1):S40-48, 2010.

Schochl H, Solomon C, Traintinger S, Nienaber U, Tacacs-Tolnai A, Windhofer C,
Bahrami S, Voelckel W: Thromboelastometric (ROTEM) findings in patients
suffering from isolated severe traumatic brain injury. J Neurotrauma 28(10):2033-41,
2011.

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 151(1):48-54, 2012.

Nystrup KB, Windeloev NA, Thomsen AB, Johansson PI: Reduced clot strength upon

25



admission, evaluated by thrombelastography (TEG), in trauma patients 1is
independently associated with increased 30-day mortality. Scand J Trauma, Resusc
Emerg Med 19:52, 2011.

88. Tauber H, Innerhofer P, Breitkopf R, Westermann I, Beer R, El Attal R, Strasak A,
Mittermayr M: Prevalence and impact of abnormal ROTEM(R) assays in severe blunt
trauma: results of the “Diagnosis and Treatment of Trauma-Induced Coagulopathy

(DIA-TRE-TIC) study”. Br J Anaesth 107(3):378-387, 2011.

Figure/Table legends

Figure 1: Potential mechanisms involved in the acute coagulopathy of trauma. Besides
dilutional coagulopathy, haemorrhage may also induce shock which is followed by acidemia
and hypothermia further triggering coagulopathy forming the so-called ,,lethal triad*. Trauma
with shock thus causing hypoperfusion and hypoxia can also cause coagulopathy associated
with further consumption and hyperfibrinolysis. The clinical importance of inflammation for
the development of the acute coagulopathy of trauma is not yet fully understood (adopted and

modified from (7)).

Figure 2: Example for the decrease in plasma coagulation factor/complex activity if pH

drops from 7.4 to 7.0 (adopted and modified from (30)).

Figure 3: Correlation between activity/activation of different plasma coagulation factors
and negative base excess assuming non-respiratory acidosis (adopted and modified from

(30) and (83), and Rolf Zander (Mainz/Germany)).
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Figure 4: Mortality in patients with and without coagulopathy upon ER admission with

respect to the magnitude of injury sustained (adopted and modified from (13)).

Figure 5: The frequency of coagulopathy as a function of shock (reflected by base excess

(BE)) present upon Emergency Room (ER) admission (adopted and modified from (11)).

Figure 6: Immediate activated protein C-mediated coagulopathy (hypocoagulability)
during shock and hypoperfusion. Combined trauma and hypoperfusion may lead to a
hypocoagulable state via formation of an anticoagulant complex (thrombin-thrombomodulin-
complex) which activates protein C to protein C active which leads to an inactivation of the
coagulation factors Va and VIIla. Activated protein C in surplus also consumes PAI-1
(plasminogen-activator-inhibitor 1) which may lead to an increase in tissue plasmonogen
activator (tPA) together with hyperfibrinolysis and an increase in d-dimer concentrations

(according to (8)).

Figure 7: Performance of six scoring systems to predict on-going haemorrhage and
transfusion requirement upon ER arrival when subjected to a cohort of trauma patients
derived from the German TR-DGU database (n = 5.147; unpublished observations;

manuscript in preparation by Brockamp et al.).

Table 1: Overview of scoring systems and algorithms for the need of transfusion

including massive transfusion derived from civilian datasets.

Table 2: Overview of the most relevant studies conducted on the use of viscoelastic

testing in the context of the ACT.
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Figure 2
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Figure 3
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Figure 5
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Figure 6
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Figure 7

107

BN

g ™
=
-
“
=
[ ]
L.
—--ABCScore
= = LarsanScore
.} ---- fainerScore
m — -SchraibarScore
— TaEH Score
= = -¥andrommaScore
%= T T T T T
D% 20% a0 ED% 80% 100%

100 - Specificity

34

Copyright © 2012 by the Shock Society. Unauthorized reproduction of this article is prohibited.



Table 1

Score ABC TASH PWH Vandromme Wade Moore Baker ETS Individual
45) (61,62) (63) (64) (65) (66) 67) (68,69) Transfusion
Triggers (17)
Design retrospective retrospective retrospective retrospective retrospective retrospective retrospective retrospective/ retrospective
non-weighted, weighted weighted non-weighted, prediction prediction non-weighted, prospective individual
dichotomous sum predictors formula formula sum risk factors weighted triggers
Number of Patients 596 6.044 [61] 1.891* 514 838 383 654%** 1.103 (re) [68] 170
5.834 [62] 481 (pro) [69]
Setting civilian, civilian, civilian, civilian, civilian, civilian, civilian, civilian, civilian,
single center multi center single center single center multi center multi center multi center single center single center
Parameter in Score SBP (mmHg) SBP (mmHg) SBP (mmHg) SBP (mmHg) SBP (mmHg) SBP (mmHg) SBP (mmHg) SBP (mmHg) SBP (mmHg)
HR (bpm) HR (bpm) HR (bpm) HR (bpm) HR (bpm) pH HR (bpm) FAST+ Hb (g/dl)
FAST+ Hb (g/dl) Hb (g/dl) Hb (g/dl) Hct (%) ISS High risk Traffic accident BD (mmol/l)
Penetrating BE (mmol/l) BD (mmol/l) Lct (mmol/l) pH injury*** Fall > 3 meters Temp (°C)
Trauma FAST+ FAST+ INR GCS Pelvic # INR
Pelvic # or/and GCS Age
Extremity # male Pelvic # Direct admission

* 95% of patients Chinese origin; ** large Hispanic and indigent population; ***high risk injury = trauma to the ventral chest between the midclavicular lines, abdominal injury with diffuse

tenderness, survival of a vehicular crash in which another occupant died, vehicular ejection, or penetrating torso injury
BD = base deficit; BE = base excess; FAST = focused assessment for the sonography of trauma; GCS = Glasgow Coma Scale; Het = haematocrit; Hb = haemoglobin; HR = heart rate; INR =

International Normalized Ratio; ISS = Injury Severity Score; Lct = lactate; SBP = systolic blood pressure; Temp = temperature
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Table 2

Author Year n Main Findings

Plotkin (58) 2008 44 TEG more accurately indicates blood product requirement than PT, PTT

Leemann (78) 2010 53 Hb < 10g/dl and an abnormal MCF by ROTEM on admission reliably predicts
the need for MT

Doran (84) 2010 31 ROTEM detects more abnormalities in the coagulation status than the standard
laboratory tests PT and PTT

Cotton (77) 2011 583 | ACT predicts red blood cell, plasma, and platelet transfusions within first 2 hours
after ED arrival

Davenport (57) 2011 300 | Ata threshold of clot amplitude at 5 min of <35 mm, ROTEM can identify acute
traumatic coagulopathy at 5 min and predicts the need for MT

Schoechl (79) 2011 323 [ Low FIBTEM predicts MT

Schoechl (85) 2011 88 FIBTEM MCF < 7 mm results in 9-fold increase in mortality

Petzold (86) 2012 80 TEG clot strength (G) provides consistent, independent prediction for MT and
MT-death early in the resuscitation of injured patients

Nystrup (87) 2012 89 Low clot strength on admission is independently associated with increased 30-
day mortality in trauma patients

Tauber (88) 2012 334 | EXTEM MCF is independently associated with early mortality, MCF FIBTEM

with the need for red blood cell transfusion

ACT = activated clotting time; ED = Emergency Department; Hb = haemoglobin; INR = International Normalization Ratio;
MCF = maximum clot firmness; MT = massive transfusion; PT = prothrombin time; PTT = partial thromboplastin time;
ROTEM = Rotational Thrombelastometry; TEG = Thrombelastography
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