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Abstract

Purpose of Review—The purpose of this review is to briefly outline the current state of 

hemorrhage control and resuscitation in trauma patients with a specific focus on the role 

viscoelastic assays have in this complex management, to include indications for use across all 

phases of care in the injured patient.
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Recent Findings—Viscoelastic assay use to guide blood-product resuscitation in bleeding 

trauma patients can reduce mortality by up to 50%. Viscoelastic assays also reduce total blood 

products transfused, reduce ICU length of stay, and reduce costs. There are a large number of 

observational and retrospective studies evaluating viscoelastic assay use in the initial trauma 

resuscitation, but only one randomized control trial. There is a paucity of data evaluating use of 

viscoelastic assays in the operating room, post-operatively, and during ICU management in trauma 

patients, rendering their use in these settings extrapolative/speculative based on theory and data 

from other surgical disciplines and settings.

Summary—Both hypocoagulable and hypercoagulable states exist in trauma patients, and better 

indicate what therapy may be most appropriate. Further study is needed, particularly in the 

operating room and post-operative/ICU settings in trauma patients.

Keywords

viscoelastic assay; thromboelastography (TEG); rotational thromboelastometry (ROTEM); trauma; 
hemorrhage; coagulopathy

Introduction

According to the CDC, unintentional injury and accidents are the leading cause of death in 

people between the ages of 1 to 44 years, accounting for over 200,000 deaths in the United 

States per year (1). As such, proper and expeditious management of trauma in the hospital 

and even the pre-hospital setting is critical to improving health outcomes in the United 

States. It is estimated that 50% of trauma victims die at the scene of injury while the 

remaining 50% of deaths occur within the hospital (2–4). Up to 40% of these deaths are due 

to hemorrhage (4). Roughly on in three severely injured patients experience trauma-induced 

coagulopathy, which is a multifactorial biological event to that contributes to ongoing 

bleeding and is associated with early deaths (5). Previous work has emphasized the 

importance of stratifying and categorizing trauma patients based on coagulopathy subtypes 

to guide goal-directed resuscitation (6). In fact, rapid diagnosis using viscoelastic assays to 

guide blood product resuscitation in trauma patients requiring massive transfusion led to a 

50% reduction in mortality in one recent randomized control trial (7). With a growing body 

of evidence that viscoelastic assays can improve outcomes including mortality, it is clear that 

appropriate use of viscoelastic assays in trauma patients is of paramount importance. While 

there are a large number of publications that suggest different thresholds for transfusing 

trauma patients with blood products based on viscoelastic assessment to treat coagulopathy 

and hemorrhage, there are few publications that address the ideal patient population, timing, 

and frequency of testing. The purpose of this review is to briefly outline the current state of 

hemorrhage management and resuscitation, and define what role viscoelastic assays have in 

this complex management to include indications for use across all phases of care in the 

injured patient.

Trauma-Induced Coagulopathy – One Size Does Not Fit All

In order to appreciate the importance of viscoelastic assays as diagnostic tools in trauma, it 

is necessary to understand that various coagulopathies and fibrinolytic perturbations are 
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captured under the umbrella term Trauma-Induced Coagulopathy (“TIC”). Hypocoagulable 

TIC, where clot formation is impaired, is prevalent and can result from either the failure to 

form an adequate clot (inclusive of the role of platelet dysfunction) or from the rapid 

breakdown of forming clots. Poor clot formation on assays using platelet-poor plasma (i.e. 

International Normalized Ratio, or “INR”), for example, is present in 1 of every 4 poly-

trauma patients and carries a mortality 4-fold higher than in those without a measurable 

coagulopathy (46% versus 10.9%) (8). Furthermore, hyperfibrinolysis such that any 

hemostatic clot that forms is rapidly and inappropriately broken down, is present in 1 of 

every 5 trauma patients and carries an OR for death of 3.3 relative to physiologic fibrinolysis 

states (9, 10). The process by which these systemic hypocoagulable states result has been 

previously termed the “bloody vicious cycle” at the intersection of coagulopathy, 

hypothermia, and acidosis (11), and since Kashuk et al published this seminal paper much 

work has been done to deepen our mechanistic understanding of the coagulopathy of trauma 

and has highlighted the need to identify the point of failure for targeted resuscitation. In 

contrast to hypocoagulable TIC, hypercoagulability from overactivation/unregulated 

activation of clot formation or from blunted fibrinolysis (termed “fibrinolysis shutdown”) is 

also a highly prevalent problem in trauma patients, where viscoelastic assay use is more 

sensitive than standard coagulations tests such as the prothrombin time (PT/INR) and partial 

thromboplastin time while also providing information about the functional state of the 

fibrinolysis system that allows for a more detailed analysis of hypercoagulable states for 

targeted treatment (9, 10, 12–15). In fact, fibrinolysis shutdown alone is present in nearly 

50% of trauma patients, and it has been shown repeatedly that such hypercoagulable states 

in trauma patients are a herald for organ failure and death with an OR of 1.6 for increased 

mortality (9, 10, 13).

Understanding these various points of failure in coagulation and fibrinolysis to generate 

hypocoagulable and hypercoagulable states after trauma highlights a clear opportunity for 

viscoelastic assay use to guide therapy and improve trauma outcomes. For example, 

excessively high levels of tPA, a powerful activator of the fibrinolytic pathway following 

trauma, has been suggested as a probable cause for the hyperfibrinolytic state of so many 

trauma patients (16, 17) and such a state, if diagnosed, may benefit greatly from targeted use 

of antifibrinolytics like tranexamic acid (TXA) (18, 19). Meanwhile, on the other end of the 

spectrum is “fibrinolysis shutdown”, which is extremely common after trauma and its 

diagnosis may indicate that TXA would cause an increased risk of harm or even death (18, 

19). The need for early thromboembolism chemoprophylaxis (low molecular weight or 

unfractionated heparin) to prevent complications such as venous thrombosis or pulmonary 

embolism is apparent in this setting where prolonged fibrinolysis shutdown is known to 

occur in patients who go on to develop VTE (20), and early initiation of chemoprophylaxis 

in a variety of settings including traumatic brain injury and solid organ injury is both safe 

and effective (21–24). Of note, there is ongoing work including a Phase II clinical trial of 

trauma patients evaluating the role of more aggressive and novel approaches to 

thromboembolism prevention that include the use of aspirin and HMG-CoA reductase 

inhibitors (STAT Trial, University of Colorado, ClinicalTrials.gov Identifier NCT02901067). 

It is also possible that further therapies for this group of patients, who are at significantly 

increased risk of death from organ failure that likely results from microvascular thrombosis 
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(10, 18, 25, 26), are on the horizon. Evidence exists that pro-fibrinolytic states or therapy 

can help patients with medically refractory severe ARDS and organ failure (25, 26), and 

there is also an argument for therapeutic systemic anticoagulation to prevent microvascular 

thrombosis in the first place (and thus fibrinolysis is not required to maintain microvascular 

patency), where agents like heparin have been known to be effective in coagulopathy-

associated organ failure for decades (c.f. (27)). Of course, in that setting the risk of bleeding 

would need to be carefully weighed against the risk of adverse outcomes from organ failure. 

Ultimately, it is clear that patient-specific interventions for trauma patient coagulation and 

fibrinolysis disorders may lead to improved outcomes, but doing so effectively requires a 

rapid and comprehensive evaluation of both the complex coagulation and fibrinolytic 

functional states of the patient. Viscoelastic assays are at the forefront of providing this 

information.

Principles of Hemorrhage Management – Resuscitation in the Era of 

REBOA, Modern Surgery and Viscoelastic Assays

Principles of hemorrhage management are multifaceted and the current framework for 

treatment encompasses mechanical control, resuscitation, and targeted treatment of 

coagulopathy (if present). The latter two principles often require diagnostic tools to aid in 

their focused application, but an understanding of all three is required to define when and 

where viscoelastic assays have a role in trauma management.

While beyond the scope of this review to detail all aspects of mechanical management of 

hemorrhage, the primary methods include direct pressure, tourniquet use and more recent 

techniques such as Resuscitative Balloon Occlusion of the Aorta (REBOA) (Mechanical 

Hemorrhage Control. Debose et al, 2017, Hemorrhagic Shock: Recognition, 
Pathophysiology and Management, pp. 285–306). Tourniquet usage has long been used in 

military settings and dates back to antiquity, and while their effectiveness has been debated 

by some, tourniquets are generally accepted as a reasonable method to rapidly stop blood 

loss to preserve blood volume (28–30). While there are some drawbacks and risks from 

tourniquet use (31), the American College of Surgeons’ recent Stop the Bleed initiative 

includes tourniquet usage as its final step if manual application of pressure and attempts to 

cover the wound with a hemostatic dressing fail to control hemorrhage. Mechanical control 

of hemorrhage then extends from the field into the hospital setting where techniques such as 

REBOA or open surgical aortic occlusion to stop blood loss become options, particularly in 

non-compressible torso hemorrhage (NCTH), as temporary life-saving measures while 

working to get the patient to the operating theatre for definitive surgical control of bleeding 

(32).

Resuscitation techniques are another key component of managing a trauma patient with 

hemorrhage, where multiple studies have shown that patient-specific focused interventions 

can have a marked impact on survival (7) and even broad-based, less focused interventions 

can improve survival when trauma patients meet preset criteria (33, 34). A common protocol 

taught in standard trauma management algorithms such as ATLS, which is decades old, 

involves immediate infusion with saline or lactated ringers solution to replenish the lost 
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intravascular volume followed by later transfusion with blood products. This technique has 

come under criticism in recent years as numerous surgeons have noted that the practice 

worsens the patients’ coagulopathy, hypothermia, and acidosis, in part because crystalloid-

based resuscitation does not adequately address the coagulation disorders already present in 

an injured patient on arrival (35). In fact, the dangers of crystalloid-based resuscitation were 

recognized several decades ago, where during the Vietnam War surgeons called the resulting 

pulmonary edema and lung failure after massive crystalloid resuscitation “Da Nang Lung”, 

which would eventually be referred to as ARDS (36, 37). Instead, a newer technique coined 

“damage control resuscitation” has been adopted, coupling earlier administration of blood 

products, treatment of hypothermia and acidosis, and permissive hypotension with surgical 

intervention to stop blood loss (35). Historically, coagulopathy was assumed to be primarily 

caused by dilution of blood with crystalloid solution, but the modern damage control 

technique recognizes that this is not the case (38). The damage control approach 

emphasizing early blood-product based resuscitation strategies such as 1:1:1 ratios of red 

blood cells to fresh frozen plasma to platelets has become popular and with measurable 

efficacy, as evidenced in the PROPPR clinical trial (35, 38, 39). The earlier inclusion of 

blood products in this resuscitation strategy naturally led to questions about whether rapid 

viscoelastic assays could be used to meaningfully direct targeted blood product 

administration for further improvement in outcomes beyond the empiric transfusion ratio 

strategy. A prospective randomized clinical trial examined this question and demonstrated 

feasibility and marked improvement in survival within a single mature level 1 trauma center, 

where viscoelastic assay-guided blood product administration led to a 50% reduction in 

mortality compared to an early standardized massive transfusion protocol and conventional 

coagulation assays (INR and PTT) (7).

The last component of dealing with hemorrhage focuses on addressing any primary and/or 

secondary coagulopathies present in the patient, where primary coagulopathy refers to TIC 

phenotypes present before any resuscitation takes place while secondary coagulopathy refers 

to those coagulopathies that develop or are exacerbated by various resuscitation strategies, as 

resuscitation itself is known to produce coagulation changes that may be harmful (40). 

Addressing these is critical because, as described in more detail above, a high proportion of 

trauma patients present with some type of coagulopathy that significantly increases their risk 

of mortality and requires medical management to improve outcomes (8, 41). Furthermore, it 

should be noted that trauma patients’ coagulation phenotypes often change over time. For 

example, even in trauma patients presenting with an initial hypocoagulable state it is 

important to anticipate rebound hypercoagulopathy (including fibrinolysis shutdown), a 

long-known phenomena originally described by Walter Cannon in World War I era studies 

that is associated with increased mortality (42, 43) and clearly highlights the need for 

ongoing surveillance with viscoelastic assays in patients initially presenting with 

coagulopathy. This is integral in explaining why patients after trauma have high rates of 

DVT and PE (the latter of which is the third most common cause of death >24 hours after 

trauma), and a role for viscoelastic assays in diagnosing these hypercoagulable conditions 

exists to guide risk mitigation of thrombotic complications and death as a result (43–46). 

Suffice it to say that targeted treatment of coagulopathies is greatly aided by the use of 

viscoelastic assays—which are discussed in detail in the ensuing text.
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Viscoelastic Assays – Thromboelastography and Rotational 

Thromboelastometry

Various “viscoelastic assays” that measure mechanical properties of blood clots have been 

developed to capture information on the formation, mechanical strength, and breakdown of 

transfusion guidelines using these viscoelastic devices are also now included in the 

American College of Surgeons Trauma Quality Improvement Program (TQIP) (37, 47). The 

process of clot formation is typically divided into primary and secondary hemostasis, with 

the primary portion involving platelet aggregation and the secondary portion involving 

coagulation factors converting fibrinogen to fibrin (reviewed in (48)). Historically, platelet 

aggregation assays along with fibrinogen level assays helped capture some of the 

deficiencies in primary hemostasis, while prothrombin time (34) and partial thromboplastin 

time (PTT) assays revealed deficiencies in secondary hemostasis. The PT and PTT assays 

have long been used in hospitals to examine coagulopathies affecting the intrinsic and 

extrinsic pathways of the coagulation cascade, respectively (49). Despite their common 

usage, there are several drawbacks to using these tests, including: 1) both assays taking 

roughly an hour to give only limited information (see below), meaning that critical 

intervention time is lost (37); 2) they are measuring the clotting of platelet-poor plasma 

without the presence of blood cells (i.e. in the absence of platelets, erythrocytes, leukocytes), 

making functional meaning difficult to interpret; 3) the readout from either assay is a 

clotting time, so neither assay indicates which specific coagulation factors are deficient in a 

patient; and 4) no information about fibrinolysis is obtained, which ignores half of the 

biology of the global human hemostatic system. Viscoelastic assays such as 

thromboelastography (TEG®) and rotational thromboelastometry (ROTEM®) aim to 

address these inadequacies of the commonly used PT and PTT assays, providing functional 

clotting and fibrinolysis information using whole blood (instead of platelet-poor plasma) in 

real-time (50–52).

TEG® and ROTEM®, two commonly used viscoelastic assays, operate on similar principles 

with slight variations in their exact mechanism of action, and while the variables they 

generate are similar they are not exact equivalents (53). Traditional thromboelastography 

works by placing 360μL of whole blood in a cylindrical plastic cup that is pre-heated to 

37°C with a pin suspended down in to the blood-containing cup by a torsion wire, and the 

cup then oscillates at 4°45’ (0.1Hz) (50). If blood is anticoagulated with 3.2% citrate, then 

340μl of citrate-anticoagulated whole blood is mixed with a standard 20μl quantity of 0.2M 

calcium chloride to reverse this and initiate contact activation within the cup. Other 

activators such as kaolin (“kaolin TEG”) or kaolin + tissue factor + phospholipids (“Rapid-

TEG” or “R-TEG”) can also be used to speed assay results. As the clot forms and then 

dissolves, the deflections of the pin and torsion wire are measured to give the TEG® tracing 

typically observed (Figure 1A). The variables reported and what part of coagulation they 

reflect are depicted in Figure 1A and are as follows: Reaction Time (R-time) (*not 
applicable to R-TEG) = time (seconds) until 2mm deflection of pin as seen on TEG tracing, 

represents coagulation factor activity; Activated Clotting Time (ACT) (*R-TEG only) = 

derived value (seconds) that is rapidly available and also represents coagulation factor 

activity; α-Angle = angle (degrees) formed by the tangent line drawn from the split point of 

Dhara et al. Page 6

Curr Trauma Rep. Author manuscript; available in PMC 2021 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the initial TEG® curve to the arcing of the lengthening TEG® tracing, reflects the 

propagation phase of coagulation factor activity and fibrinogen cleavage and correlates well 

with fibrinogen function (54) such that this is its primary clinical interpretation; Maximal 

Amplitude (MA) = maximal deflection of the pin (in millimeters) that reflects the maximal 

clot strength, primarily a reflection of platelet function (and used as such clinically) but also 

fibrinogen activity to some extent; LY30, LY60 = percent (%) of the clot that has undergone 

fibrinolysis 30 and 60 minutes after achieving MA and thus represent fibrinolytic activity. In 

the case of the new TEG® 6S, the same parameters are reported but the mechanism of 

measurement is novel, using vibration with optical detection of resonant frequencies in 

microfluidic chambers instead of a mechanical torsion pin (55, 56). Rotational 

thromboelastometry (ROTEM®) was developed as a derivative of TEG® and works 

essentially in an inverse fashion, where whole blood is placed in a fixed pre-heated cup and a 

disposable pin suspended into the blood rotates back and forth by 4.75° at 0.2Hz (i.e. 12 

cycles per minute) and provides a similar tracing to TEG® (Figure 1B). There are several 

variations of the test, similar to TEG®, that use different activators and inhibitors to allow 

for dissecting out various pathways including intrinsic and extrinsic coagulation pathway 

function (INTEM and EXTEM assays), several platelet function assays, and fibrinogen 

function (FIBTEM assay) (37). The typical parameters used clinically and what part of 

coagulation they reflect are depicted in Figure 1B and are as follows: Coagulation Time 

(CT) = time (seconds) until 2mm alteration of pin rotation on ROTEM® tracing, represents 

coagulation factor activity similar to TEG R-time; α-Angle = angle (degrees) from baseline 

formed by the tangent line drawn through the 2mm point on the ROTEM® curve, clinically 

used as metric of fibrinogen function similar to TEG α-Angle; Maximum Clot Firmness 

(MCF) = self-descriptive, reflects the maximal clot strength similar to TEG MA (in 

millimeters); Clot Lysis Index 30 (LI30 or CL30), Clot Lysis Index 60 (LI60 or CL60) = 

percent (%) of MCF remaining at 30 and 60 minutes after CT is reach (i.e. an inverse 

readout of TEG® LY30 and also measured from a different start time). Several other 

parameters exist for both TEG® and ROTEM®, and while a couple are used with some 

frequency in trauma (e.g. A5 and A10 to guide platelet transfusions with ROTEM®) most 

are not commonly used in the clinic and an exhaustive list can be found elsewhere (37).

Given their ability to rapidly return results using whole blood and capture numerous 

variables influencing both clot formation and breakdown, these viscoelastic assays present 

physicians with the ability to expeditiously deduce where perturbations in the process of clot 

formation and breakdown are occurring that includes the critical role of platelets and other 

constituent blood cells (37). Previously published and validated transfusion protocols guided 

by R-TEG, for example, clearly demonstrate the utility of viscoelastic assays due to their 

short time and specificity, in this case taking advantage of the R-TEG’s speed to measure the 

ACT, angle, MA, and LY30 in order to determine whether to administer FFP, 

cryoprecipitate, platelets, and tranexamic acid, respectively (57). Using such methods has 

demonstrated mortality benefit, reduced hospital and ICU length of stay, reduced costs, and 

reduced total blood products transfused, making a strong case that viscoelastic assays should 

be implemented by all medical centers caring for trauma patients (7, 58–60). A discussion of 

indications and timing of use for viscoelastic assays in trauma across all phases of care 

follows and are summarized in Figure 2.
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Viscoelastic Assay Use in Trauma Patients in the Emergency Department, 

Pre-Operative and Non-Operative Setting

Viscoelastic assays are powerful tools due to their ease of use, rapid return of results, and 

information they provide regarding specific perturbations in the coagulation and fibrinolytic 

pathways, as detailed previously. Because bleeding accounts for such a high proportion of 

preventable trauma deaths and implementation of viscoelastic assay-guided resuscitation has 

demonstrated significant mortality benefit in trauma (7), it is prudent to use viscoelastic 

assays on patients who are clearly hemorrhaging upon presentation to the emergency 

department and requiring the attention of trauma surgeons (61). Aside from those patients 

clearly hemorrhaging on clinical evaluation, there are several surrogates that have been 

validated as predictors of hemorrhage and should prompt immediate viscoelastic assay 

evaluation, where doing so at the time standard trauma labs are drawn would allow for 

immediate targeted blood-component resuscitation if it becomes clear on further workup that 

the patient had or continues to have significant ongoing internal hemorrhage. Trauma 

patients with hypotension and/or tachycardia are high-risk for hemorrhage, and a reasonable 

criteria as a screening tool for ongoing bleeding can be drawn from two recent randomized 

controlled trials PAMPer and COMBAT, which are HR >108 and SBP < 90, or SBP <70 

regardless of HR, at any time before or upon presentation to the ED (33, 62). Alternatively, 

instead of using raw HR and/or SBP numbers a shock index (SI) can be used to trigger need 

for viscoelastic assay evaluation, as a SI ≥1 has been shown to predict ongoing hemorrhage 

with need for massive transfusion (MT) in several studies (SI = HR divided by SBP) (c.f. 

(63, 64)). A penetrating mechanism of trauma is another surrogate that is predictive of 

hemorrhage with an odds ratio of 2.6 for needing MT, and thus penetrating trauma patients 

should be evaluated with viscoelastic assay upon arrival (65). A positive Focused Abdominal 

Sonography in Trauma (FAST) exam should also prompt viscoelastic assay evaluation given 

it is highly predictive of traumatic hemorrhage (66, 67). Other parameters that are available 

relatively quickly in the trauma bay to determine who is at risk for MT and thus would 

benefit from viscoelastic assay evaluation include Hgb ≤ 11g/dL, hematocrit < 32%, pH < 

7.25 or base deficit ≥ 6 (65, 68, 69). Temperature < 35.5 °C has also been shown to predict 

need for MT and would be a reasonable trigger to prompt viscoelastic assay evaluation (69).

Aside from patients who are (or are suspected of) actively bleeding and those receiving 

blood products as noted above, the final major indication for viscoelastic assay usage 

involves patients suspected of suffering a high-risk injury for bleeding or clotting diatheses. 

Injuries of note that fall into this category include head trauma, blunt cerebrovascular injury, 

pelvic fracture, and liver injury. Head trauma can result in a variety of bleeding related 

conditions including hematomas or subdural and subarachnoid hemorrhages, and traumatic 

brain injury frequently results in development of coagulopathy that is critical to correct to 

prevent worsening neurotrauma or remote injury site complications (70–72). Although the 

mechanisms underlying why brain injury results in an exceptionally high rate of 

coagulopathy remain to be fully explained, the increased rate of coagulopathy and high co-

incidence of major hemorrhage from other injury sites is sufficient to warrant viscoelastic 

assay usage to guide targeted resuscitation in these trauma patients, particularly given the 

need to maintain tight control of volume status in patients with neurotrauma (73–76).
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Blunt cerebrovascular injury (BCVI) involving the carotid and vertebral arteries also 

warrants viscoelastic assay evaluation. Trauma in these vessels may dislodge existing 

atherosclerotic plaques or result in the formation of thrombi in a region whose anatomic 

layout predisposes it to cause ischemic stroke, and anti-coagulant and anti-platelet therapies 

have shown protective benefit in BCVI patients (77–80). Increased α-angle and clot strength 

(MA) on TEG® have been shown to predict stroke in BCVI patients with an odds ratio of 

~3, and as previously discussed TBI also contributes to bleeding diatheses after trauma, so 

possession of viscoelastic assay data to weigh the risks of bleeding against the benefits of 

preventing ischemic cerebrovascular thrombotic complications using anti-coagulant or anti-

platelet therapy is critical (81)

Liver injuries and pre-existing liver disease (i.e. cirrhosis) have the potential to seriously 

impair the body’s ability to reach hemostasis due to the liver’s role in producing coagulation 

factors and its large vascular structures. Severe liver injuries can bleed audibly, with the 

mean blood loss in AAST Grade IV-V liver injuries being greater than 9 liters, and a 33% 

mortality rate in AAST Grade III-V liver injuries that is primarily due to exsanguination (82, 

83). Outside a small number of key components in the coagulation cascade such as tissue 

factor and FVIII, the rest is produced in the liver (84). The same is true for fibrinolysis, 

where the critical fibrinolytic enzyme plasmin is formed from its precursor zymogen 

plasminogen, which is primarily produced in the liver (85). Furthermore, the liver produces 

Proteins C and S, which participate in slowing the coagulation cascade (86). Thus, pre-

existing liver disease renders a baseline coagulopathy and inability to properly achieve 

hemostasis, and while INR values are useful for following liver synthetic function, as 

previously discussed they do not reveal a significant amount of information about a patients 

hemostatic balance so suggestions to use viscoelastic assays in the context of cirrhotic 

patients has already been proposed (87, 88). Cirrhotic patients who suffer major traumatic 

injury have mortality rates that are markedly higher than for those without liver disease, and 

if an abdominal operation is required mortality can exceed 50% (89–92). For all of these 

reasons it is clear that trauma patients with liver injury and/or pre-existing liver disease 

should undergo prompt viscoelastic assay evaluation to manage their resuscitation.

Finally, patients with pelvic fractures presenting in the emergency department warrant 

viscoelastic assay usage. Falls represent a significant source of morbidity and mortality 

amongst the elderly in particular, and pelvic fractures are a noticeable consequence of these 

accidents (93). Hemorrhage is one of the significant drivers of mortality in pelvic fracture 

patients and a common concern when elderly patients present with such injuries (94–97). As 

bleeding and subsequent coagulopathy is a significant concern in these patients, early 

performance of viscoelastic assays has been recommended to ascertain the coagulation/

fibrinolytic state of these trauma patients to guide their trauma resuscitation (98).

In general, trauma patients in the emergency department with a high-risk mechanism of 

injury or signs of active bleeding may benefit from early viscoelastic assay testing to 

attenuate ongoing hemorrhage (summarized in Figure 2). In our experience we run 

thrombelastography on all trauma patients meeting our activation criteria upon presentation 

to the hospital, and selectively on lower level trauma alert or consult patients based on injury 

pattern, imaging findings, or clinical decompensation. The routine use of viscoelastic assays 
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on all trauma patients is not indicated and a waste of resources. Trauma systems should have 

a well-defined patient population in which viscoelastic assessment is targeted for early use. 

It is important for all trauma team members to be cognizant of the time delay in the results 

of viscoelastic testing, and to not delay blood product-based resuscitation in patients with 

overt signs of hemorrhagic shock when test results are not yet available. Red blood cells and 

plasma should be given at a minimum of a 2:1 ratio until viscoelastic assay results are 

available, and as above one reasonable approach is to follow a 1:1:1 transfusion ratio based 

on the results of the PROPPR trial while waiting (39). If not already given, transfusion of 

platelets and cryoprecipitate to reduce the risk/exacerbation of dilutional coagulopathy 

should also be considered after 6 units of RBC have been transfused if test results are still 

not back.

Viscoelastic Assay Use in the Operating Room

Support for viscoelastic assay usage in the operating room is already present within a 

significant number of surgical subspecialties, including trauma, where ongoing operative 

blood loss is common. In cardiac and liver surgery for example, which both carry a 

significant risk of bleeding and frequent presence of coagulopathy, multiple benefits have 

been found to using viscoelastic assays in the operating room including less total blood 

product use, lower MT rate, reduced costs, and reduced postoperative complications 

including mortality (59, 99–108). Viscoelastic assays are also generating increased proposals 

for use in neurosurgery (76). These developments in various surgical fields point to the 

utility of viscoelastic assays in operative settings, where the rapid return of data along with 

the previously described transfusion protocols that utilize TEG® variables provide a feasible 

and effective workflow for intraoperative bleeding management that includes viscoelastic 

assays. When in the operating theatre with a trauma patient who has ongoing hemorrhage or 

an expectation of it, utilizing the 1:1:1 ratio of blood product transfusion from the PROPPR 

trial (39) or whole blood (if available) (109–111) until subsequent data from a Rapid-TEG 

test is obtained is one reasonable course of action. Once the results return, following a 

TEG® directed transfusion strategy such as those previously proposed (57) and repeatedly 

sampling the patients’ blood with Rapid-TEG at defined short intervals is appropriate (e.g. 

every 30–60 minutes, discussed in greater detail below). Exact protocols between trauma 

centers vary widely, and to date no study publishing efficacy of an exact protocol for 

continuously re-evaluating the patient in the operating theatre exists in trauma. While 

efficacy is implicit based on the improved outcomes in MT using viscoelastic assays to 

guide trauma resuscitation as well as improved outcomes with intraoperative use in other 

surgical specialties, the paucity of intraoperative trauma data with a specific focus on best 

practices for ongoing monitoring and resuscitation of the bleeding trauma patient in the OR 

is a clear opportunity for future study. Ultimately, once surgical hemostasis is achieved and 

the patient has been resuscitated the need for serial Rapid-TEG studies at near intervals is 

obviated, and a transition to post-operative trauma and critical care management of risk for 

re-bleeding and thromboembolic complications becomes paramount.

As a general guideline, almost all trauma patients that make their way to the operating room 

should have a baseline assessment of their coagulation if they did not otherwise already meet 

criteria for viscoelastic testing. However, viscoelastic testing is not warranted in all patients, 
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particularly stable patients with isolated penetrating injuries. An INR can serve as a simple 

assay to predict risk of coagulopathy in such settings. While not published, we have 

appreciated that patients with an INR less than 1.2 are highly unlikely to harbor 

coagulopathy and require blood product resuscitation. In the remainder of the population, 

clear communication between the trauma surgeons and anesthesiologists is key for ongoing 

coagulation and bleeding management. At Denver Health Medical Center we utilize the 

TACTIC coagulopathy score to help communicate with our anesthesiologists (112). The 

score is based on a range of 1–5, with 1 being normal expected bleeding versus 5 in which 

the patient is bleeding from non-injured sites. A score of 3 or greater is an indication for 

ongoing viscoelastic testing, while a score of 2 or less conveys to the anesthesiologist that 

the bleeding is most likely to be related to mechanical control and resuscitation efforts 

should be focused on volume.

The frequency of coagulation assessment and directed testing is not standardized, but is an 

important area of future research. Results from viscoelastic testing to guide platelets, 

fibrinogen, and plasma can be achieved within 30 minutes. There is also the delay from 

result to transfusion, and the patient’s coagulation profile may have changed during that 

interval. This critical gap in trauma-based resuscitation requires attention, as just having a 

viscoelastic assay device does not necessarily help reduce bleeding or mortality if potential 

coagulopathy is not frequently assessed via clinical exam and laboratory testing when 

indicated. We propose that this should be done at a minimum of once an hour in a stable 

patient, and with shorter intervals in those patients with active bleeding (i.e. every 30 

minutes).

Viscoelastic Assay Use in the Post-Operative Phase and Intensive Care 

Unit (ICU)

Beyond the obvious concern for ongoing (coagulopathic) bleeding after major trauma and 

operations that would benefit from viscoelastic assay-guided resuscitation until hemostasis is 

achieved (as discussed above), venous thromboembolism (VTE) is a major concern 

following traumatic injury, particularly in ICU patients given their more severe injury 

burdens. Rates of VTE can be as high as 58% in polytrauma patients and even higher in 

certain injury patterns such as pelvic and lower extremity trauma, and of more concern is the 

proximal lower extremity VTE rate which approaches 20%, where half of these lead to 

pulmonary embolism (113). This observed increase in VTE risk arises from a combination 

of (patho)physiologic responses to trauma and bleeding, including the anticipated rebound 

hypercoaguloability and fibrinolysis shutdown (42, 43), as well as the immobility that often 

results after severe injury such as those to the lower extremities (44, 114). Furthermore, 

microvascular thrombosis resulting from these same hypercoagulable phenomena is likely a 

major driver of organ failure and delayed death seen after trauma and is potentially treatable 

through VTE chemoprophylaxis, therapeutic anticoagulation, or even pro-fibrinolytic 

administration (10, 18, 25, 26). It is known that patients with more severe injury burdens are 

more likely to develop VTE complications, are more likely to develop organ failure, are 

more likely to require an operation, and are also more likely to be admitted to the ICU (114–

116). Given this, it is clear that an opportunity exists to define when and how to initiate 
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interventions to prevent such complications in critically ill trauma patients, and viscoelastic 

assays are a logical tool given their known superiority in diagnosing hypercoagulable states 

after trauma compared to standard coagulation testing (INR and PTT) (14)·

Striking the balance between bleeding risk/hemostasis and complications from 

hypercoagulable states after trauma is delicate. Similar to the paucity of intraoperative 

trauma data, there is no direct study establishing evidence-based protocols for viscoelastic 

assays to monitor trauma patients in the post-operative and ICU settings. As such, their use 

is somewhat speculative and depends on surrogate data and institutional experience. It has 

been shown, for example, that viscoelastic assays can detect a hypercoagulable state in 

BCVI patients that predicts stroke and may be useful as an indicator to start anti-thrombotic 

therapy (81). In another example, viscoelastic assays have been shown to be predictive of 

VTE risk in cancer patients (117). By inference, such thromboembolic predictions are likely 

feasible after trauma with viscoelastic assay screening, but data to date is lacking. At Denver 

Health Medical Center, it is routine to perform thromboelastography upon ICU admission 

for all trauma patients. Patients undergo viscoelastic testing for the following 5 days. Those 

patients with an elevated MA (>70mm) on TEG® are started on a daily aspirin and undergo 

venous duplex to rule out deep vein thrombosis. Currently there is no direct evidence for the 

utility of this approach to make evidence-based recommendations. While it is clear that 

viscoelastic assays may provide a route to preemptively identify at-risk trauma patients for 

both bleeding and thromboembolic complications in the post-operative and ICU settings, 

further study is needed to establish evidence-based protocols for frequency, timing, and 

action indicators using viscoelastic assays to monitor trauma patients in these settings.

Conclusions

The rapid results and volume of information presented by viscoelastic assays should 

motivate their increased usage in institutions routinely caring for trauma patients. These 

platforms allow clinicians to gain a better handle on the variables driving persistent bleeding 

from traumatic coagulopathy as well as hypercoagulable states following injury, and have 

been shown in a variety of settings to reduce mortality, volume of blood products necessary 

to stabilize patients, and costs. While there is a large amount of evidence for viscoelastic 

assay-guided resuscitation in the pre-operative/non-operative setting in the bleeding trauma 

patient, there is a large knowledge-gap and lack of quality studies on how to use viscoelastic 

assays effectively in the intra-operative, post-operative, and ICU settings after trauma and 

future studies are needed to better define and standardize their role in these settings.
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Figure 1. 
Comparison of routinely used measurement parameters between (A) TEG® and (B) 

ROTEM® viscoelastic assay curves.
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Figure 2. 
Proposed indications for viscoelastic assay testing in trauma patients.
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