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OBJECTIVES: Traumatic brain injury is associated with coagulopathy that 
increases mortality risk. Viscoelastic hemostatic assays such as thromboelastog-
raphy (Haemonetics SA, Signy, Switzerland) provide rapid coagulopathy assess-
ment and may be particularly useful for goal-directed treatment of traumatic brain 
injury patients. We conducted a systematic review to assess thromboelastogra-
phy in the evaluation and management of coagulopathy in traumatic brain injury 
patients.

DATA SOURCES: MEDLINE, PubMed Central, Embase, and CENTRAL.

STUDY SELECTION: Clinical studies of adult patients with traumatic brain in-
jury (isolated or polytrauma) who were assessed by either standard thromboelas-
tography or thromboelastography with platelet mapping plus either conventional 
coagulation assays or platelet function assays from January 1999 to June 2021.

DATA EXTRACTION: Demographics, injury mechanism and severity, diagnostic, lab-
oratory data, therapies, and outcome data were extracted for analysis and comparison.

DATA SYNTHESIS: Database search revealed 1,169 sources; eight additional 
articles were identified by the authors. After review, 31 publications were used 
for qualitative analysis, and of these, 16 were used for quantitative analysis. 
Qualitative and quantitative analysis found unique patterns of thromboelastog-
raphy and thromboelastography with platelet mapping parameters in traumatic 
brain injury patients. Patterns were distinct compared with healthy controls, 
nontraumatic brain injury trauma patients, and traumatic brain injury subpopula-
tions including those with severe traumatic brain injury or penetrating traumatic 
brain injury. Abnormal thromboelastography K-time and adenosine diphosphate 
% inhibition on thromboelastography with platelet mapping are associated with 
decreased survival after traumatic brain injury. Subgroup meta-analysis of severe 
traumatic brain injury patients from two randomized controlled trials demonstrated 
improved survival when using a viscoelastic hemostatic assay-guided resuscita-
tion strategy (odds ratio, 0.39; 95% CI, 0.17–0.91; p = 0.030).

CONCLUSIONS: Thromboelastography and thromboelastography with platelet 
mapping characterize coagulopathy patterns in traumatic brain injury patients. 
Abnormal thromboelastography profiles are associated with poor outcomes. 
Conversely, treatment protocols designed to normalize abnormal parameters may 
be associated with improved traumatic brain injury patient outcomes. Current 
quality of evidence in this population is low; so future efforts should evaluate vis-
coelastic hemostatic assay-guided hemostatic resuscitation in larger numbers of 
traumatic brain injury patients with specific focus on those with traumatic brain 
injury-associated coagulopathy.
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Coagulopathy occurs in approximately one-third 
of traumatic brain injury (TBI) patients (1, 2).  
Post-TBI coagulopathy independently predicts 

significantly increased rates of death and disability com-
pared with TBI patients without coagulopathy (3, 4).  
Coagulopathy after TBI may manifest as either hyper- 
or hypo-coagulability, both of which impact the like-
lihood and severity of secondary brain injury (5). 
Anticoagulant and antiplatelet medications are also 
common in those suffering significant injuries. Thus, 
quickly identifying abnormal coagulation profiles in 
acutely injured patients may lead to more appropriate 
treatment and improved outcomes.

Viscoelastic hemostatic assays (VHAs) such as rota-
tional thromboelastometry (ROTEM, Werfen, Bedford, 
MA) and thrombo-elastography (Haemonetics SA, Signy, 
Switzerland) are two guideline-recommended methods 
to identify coagulopathy after injury (6–8). VHAs pro-
vide near real-time information on the coagulation pro-
file, indicate the presence of coagulopathy or fibrinolysis, 
and can monitor the impact of therapeutic interventions 
including component transfusion or hemostatic adjuncts 
such as tranexamic acid (TXA) (5, 9). Furthermore, 
thromboelastography with platelet mapping (TEG-PM) 
can rapidly identify abnormalities in platelet function due 
to either antiplatelet medications or coagulopathy, which 
are both particularly relevant in TBI patients. In con-
trast, conventional coagulation assays (CCAs) take much 
longer to result (10) and only measure the initiation of 
clot formation or nonfunctional numerical quantities 
such as platelet count or fibrinogen concentration (11).

Both ROTEM (Werfen) and thromboelastography-
guided resuscitation can facilitate the early diagnosis 
of coagulopathy and may improve outcomes in trauma 
patients (12, 13). The recent Implementing Treatment 
Algorithms for the Correction of Trauma-Induced 
Coagulopathy (ITACTIC) study included a prespeci-
fied subgroup of patients with severe TBI, thus bolster-
ing the available data in TBI patients with coagulopathy 
(14). With this systematic review, we sought to eval-
uate the role of thromboelastography and TEG-PM in 
the diagnosis and management of TBI patients.

METHODS

Search Strategy

The review was registered with PROSPERO 
(CRD42021230876) (15) and was conducted according 

to the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses guidelines (16). MEDLINE, PubMed 
Central, Embase, and CENTRAL databases were searched 
for articles assessing the role of thromboelastography and 
TEG-PM in the diagnosis and treatment of TBI patients 
from January 1999 to June 2021 (Supplemental Table 1, 
http://links.lww.com/CCX/A764). Titles and abstracts 
of all identified articles were screened using predefined 
inclusion and exclusion criteria (Supplemental Table 2, 
http://links.lww.com/CCX/A764). Included articles were 
evaluated using checklists from the Scottish Intercollegiate 
Guidelines Network grading system (17, 18), and ran-
domized controlled trials (RCTs) were further assessed 
for bias with the Cochrane Risk-of-Bias 2 tool (19) and 
the evidence quality was evaluated using the Grading 
of Recommendations, Assessment, Development and 
Evaluations (GRADE) system (20).

Laboratory Measures

For this review, we analyzed the thromboelastography 
parameters of R-time (R, min); K-time (K, s); alpha angle 
(α, degrees); maximum amplitude (MA, millimeters);  
and clot lysis at 30 minutes (LY-30, percent [%] lysis) 
as well as the rapid thromboelastography (RapidTEG, 
R-TEG) parameter of activated clotting time (ACT, s)  
and the TEG-PM parameters of arachidonic acid (AA) 
and adenosine diphosphate (ADP) % inhibition. Results 
from both TEG 5000 and TEG 6s analyzers (Haemonetics 
SA) were included (21). Some of the VHA applications 
described in this review and the referenced literature 
fall outside of the indications for use cleared by the U.S. 
Food and Drug Administration (FDA), including the 
use of the TEG-PM assay in trauma settings. A listing 
of the current FDA-cleared uses for thromboelastogra-
phy and TEG-PM is provided in Supplemental Table 3  
(http://links.lww.com/CCX/A764).

Data Analysis

Quantitative results were abstracted by two authors  
(J.W.C., J.D.D.). RevMan (Cochrane Collaboration, 
London, United Kingdom, Version 5.4.1) was used for 
meta-analysis calculations (Supplemental Methods, 
http://links.lww.com/CCX/A764). Mean difference 
was calculated using the methodology endorsed by the 
Cochrane Collaboration (22) and was assessed with 
R (R Foundation for Statistical Computing, Vienna, 
Austria, Version 4.0.3) (23). A GRADE evidence pro-
file was created with GRADEpro GDT (20).

http://links.lww.com/CCX/A764
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RESULTS

Overview of Included Studies

Of 578 unique sources identified, 140 met criteria for 
full-text review, 31 met criteria for qualitative analysis, 
and 16 were included in the quantitative analysis (Fig. 1).  
We grouped the analysis into three focus areas: diag-
nosis of coagulopathy in TBI, post-TBI prognosis, and 
management of coagulopathy in TBI patients (30, 31).

Diagnosis of Coagulopathy in TBI

Twelve studies using thromboelastography or 
TEG-PM to assess coagulopathy in TBI patients 
were quantitatively analyzed (Fig. 2; Supplemental 
Figs. 1–5, and Supplemental Table 4, http://links.
lww.com/CCX/A764) (26,32–42). An additional 

four studies were considered for qualitative synthesis 
(43–46). Thromboelastography patterns in TBI com-
pared with healthy controls, trauma controls, and TBI 
subgroups are summarized in Supplemental Table 5 
(http://links.lww.com/CCX/A764). Compared with 
healthy controls, TBI patients were hypercoagulable by 
R-time but also manifested significant platelet dysfunc-
tion with elevated % inhibition for both AA and ADP, 
independent of antiplatelet medication use (Fig. 2A)  
(32, 33, 36, 41, 42). MA was slightly lower in TBI 
patients but remained within a normal range. At 96–120 
hours, Massaro et al (45) found that TBI patients were 
relatively hypercoagulable by thromboelastography 
parameters compared with healthy controls.

Comparison of admission thromboelastography 
parameters between TBI patients and non-TBI trauma 
patients showed no consistent pattern across studies 

aside from increased AA 
% inhibition (Fig. 2B),  
although % AA inhibi-
tion may be a nonspe-
cific marker of injury 
(47). Following thrombo-
elastography values over 
time, Liu et al (44) found 
that K, α, and MA values 
were significantly differ-
ent from reference ranges 
in TBI patients at days 1 
(hypercoagulability) and 3 
(hypocoagulability).

Studies examining TBI 
subtypes found severe TBI 
patients were hypercoagu-
lable compared with mild-
moderate TBI patients 
(decreased R-time) (Fig. 2, 
C and D). Conversely, poly-
trauma accompanied by 
TBI resulted in a hypocoag-
ulable state compared with 
isolated TBI (increased 
R-time) in one study (37) 
but a hypercoagulable 
state in another comparing 
matched patients (longer 
ACT and greater α) (35) 
(Fig. 2, C and D). However, 

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses diagram. 
Additional records identified by other sources included the following: Baksaas-Aasen et al (14), 
Furay et al (24), Gonzalez et al (13), Sixta et al (25), Kay et al (26), Kumar et al (27), Rao et al (28), 
and Webb et al (29). TBI = traumatic brain injury, TEG = thromboelastography, VHA = viscoelastic 
hemostatic assay.
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Figure 2. Thromboelastography (TEG) profiles in traumatic brain injury (TBI) patients at admission. A, TBI compared with healthy 
controls. B, TBI compared with trauma controls without TBI. C, Severe TBI compared with mild to moderate TBI. D, Polytrauma patients 
with TBI compared with isolated TBI. E, Penetrating TBI compared with blunt TBI. Data are presented as pooled mean difference (MD) 
for each individual assay obtained on initial patient evaluation. AA = arachidonic acid, ACT = activated clotting time, ADP = adenosine 
diphosphate, LY30 = clot lysis at 30 minutes, MA = maximum amplitude, pts = patients, TEG-PM = thromboelastography with platelet 
mapping.
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both severe TBI and polytrauma with TBI demonstrated 
significantly elevated ADP % inhibition. In some stud-
ies, patients on ADP-inhibiting medications were either 
excluded (26, 33, 36) or represented only a small propor-
tion of the patient cohort (39). Patients with penetrating 
TBI were more hypocoagulable than patients with blunt 
TBI demonstrating a longer K-time and an abnormally 
low MA—findings consistent with clinical observations 
(Fig. 2E) (38, 40). Alpha angle was also lower in pen-
etrating TBI patients but was still well above normal 
indicating normal clot propagation. No studies have 
assessed the difference in TEG-PM between patients 
with penetrating and blunt TBI.

Post-TBI Prognosis

Three studies included data allowing quantitative com-
parison of thromboelastography and TEG-PM results 
in TBI nonsurvivors compared with survivors and in 
patients with progression of TBI by clinical or imaging 
criteria compared with patients without progression, 
although a meta-analysis was not possible in comparing 
survivors to nonsurvivors (28, 29, 36) (Supplemental 
Figs. 6 and 7 and Supplemental Table 6, http://links.
lww.com/CCX/A764). Twelve studies were also con-
sidered for qualitative synthesis of thromboelastogra-
phy and TEG-PM assays results for prognostication in 
TBI patients for a range of clinical outcomes including 
mortality, the need for neurosurgical intervention, and 
bleeding complications (25, 26, 28, 38, 41, 42, 46, 48–52).  
TEG-PM was generally more reliable in these predic-
tions than standard thromboelastography, particu-
larly regarding mortality. Furthermore, antiplatelet 
medications (aspirin, cilostazol, dipyridamole, and 
ADP antagonists) do not appear to impede the ability 
of TEG-PM to predict mortality in patients with TBI-
induced platelet dysfunction (50).

Quantitative analysis of standard thromboelastog-
raphy assays found that nonsurvivors have a greater 
K-time and decreased α angle compared with survivors, 
but in aggregate, neither was outside the normal range in 
one study (28). However, several studies have found that 
significantly abnormal thromboelastography param-
eters portend a poor outcome and may help target early 
intervention compared with CCAs. Windeløv et al (46) 
found that admission thromboelastography identified 
hypocoagulability was associated with higher 30-day 
mortality, whereas there was no such association for 

CCAs. Folkerson et al (38) found that coagulopathy after 
penetrating TBI defined by abnormal R-TEG param-
eters or platelet count less than 150,000 was independ-
ently associated with mortality. Sixta et al (25) found a 
similar correlation after isolated TBI (80% blunt mech-
anism). Rao et al (28) noted that increased LY-30 was as-
sociated with a need for a neurosurgical procedure and 
increased K-time was associated with increased mor-
tality. Finally, Kunio et al (52) showed that hypocoagu-
lable thromboelastography parameters in TBI patients 
were significantly associated with increased mortality 
risk and longer ICU and hospital length of stay.

Platelet dysfunction leading to reduced clot strength 
may be more predictive of mortality in TBI patients. 
Davis et al (36) found ADP inhibition correlated 
strongly with TBI severity and with mortality. Kay et al 
(26) similarly reported that platelet dysfunction as in-
dicated by elevated TEG-PM ADP inhibition occurred 
immediately after isolated blunt TBI and increased 
with injury severity; the odds of inhospital mortality 
also increased with greater ADP inhibition (area under 
the curve [AUC], 0.634 at 80% inhibition; p = 0.041). 
Daley et al (50) found inhospital mortality was signifi-
cantly higher in TBI patients with severe (> 60%) ADP 
inhibition, regardless of antiplatelet medication use, 
versus TBI patients with normal function.

Stettler et al (42), however, found that TEG-PM did 
not improve mortality prediction, massive transfusion, 
or platelet transfusion compared with a combination 
of clinical and other laboratory measures of injury se-
verity after TBI (55% blunt mechanism). Some of the 
covariates in the predictive model in this study were 
not rapidly available, thus limiting broad applicability 
of these findings.

TBI progression has been assessed in several stud-
ies. Folkerson et al (51) found that coagulopathy 
identified by R-TEG, elevated international normal-
ized ratio (INR), or low platelets was independently 
associated with intracranial hemorrhage (ICH) exac-
erbation. Similarly, Webb et al (29) discovered an in-
dependent association between increased K-time and 
ICH progression. Platelet dysfunction has been linked 
to bleeding complications and ICH progression as well. 
Nekludov et al (41) found AA inhibition to be higher in 
TBI patients with any bleeding complication compared 
with those without complication. Connelly et al (49)  
found a correlation between TEG-PM AA inhibition 
and ICH progression (AUC 0.66), whereas there was 
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no correlation for other platelet assays (Multiplate 
aggregometry, Roche Diagnostics, Indianapolis, IN and 
VerifyNow, Werfen, Bedford, MA). However, quanti-
tative analysis documented heterogeneous results with 
regards to standard thromboelastography parameters 
with no studies assessing TEG-PM in patients with 
and without bleeding prediction. Thus, further study 
is warranted to more fully characterize the potential 
contribution of coagulopathy as identified by VHAs to 
TBI progression.

Management of Coagulopathy in TBI

Two recent RCTs on VHA-guided resuscitation that in-
cluded TBI subgroups were used for quantitative anal-
ysis (Supplemental Table 7, http://links.lww.com/CCX/
A764) (13, 14). In addition, thromboelastography or 
TEG-PM-guided management in seven articles was con-
sidered for qualitative synthesis (24, 27, 33, 39, 53–55).

An R-TEG-based resuscitation strategy evaluated 
by Gonzalez et al (13) improved survival in a prag-
matic RCT compared with resuscitation based on 
CCAs (INR, activated partial thromboplastin time, fi-
brinogen, and d-dimer) (81.3% vs 59.6%; log-rank p = 
0.032; Wilcoxon p = 0.027). Subgroup analysis of se-
vere TBI patients, however, did not demonstrate a mor-
tality benefit. Furthermore, the TBI subgroup was not 
specified a priori and was underpowered for mortality 
assessment as it included only nine TBI patients in the 
R-TEG group and 12 in the CCA group. Treatment re-
assignment to the R-TEG group at the request of the 
treatment team in eight patients also limited the overall 

strength of this study, although similar outcomes were 
demonstrated in both intention to treat and as-treated 
analyses.

Another pragmatic RCT, ITACTIC, recently com-
pared resuscitation guided by CCAs versus VHAs 
(TEG 6s or ROTEM, Werfen) in trauma patients 
with major hemorrhage (14). In a prespecified sub-
group of severe TBI patients (CCA n = 35 vs VHA n 
= 39), 64% of patients in the VHA-guided treatment 
group were alive and free of massive transfusion at 
24 hours versus 46% in the CCA-guided treatment 
group, although this difference was not statistically 
significant (odds ratio [OR], 2.12; 95% CI, 0.84–5.34;  
p = 0.148). However, 28-day mortality was significantly 
reduced in the severe TBI subgroup with VHA-guided 
intervention (44% mortality) versus CCA-guided inter-
vention (74% mortality) (OR, 0.28; 95% CI, 0.10–0.74;  
p = 0.016). Patients with TBI in the VHA-guided group 
were treated with fibrinogen and/or platelets, whereas 
patients in the CCA-guided treatment group were less 
likely to receive either treatment, possibly explaining 
the difference in survival. The potential for VHA-guided 
interventions to improve mortality risk appeared to in-
crease with injury severity across the subgroups.

Meta-analysis of TBI patients from these two tri-
als demonstrated a significant 28-day mortality ben-
efit with VHA-guided management (OR, 0.39; 95% CI, 
0.17–0.91; p = 0.030) (Fig. 3). Although no publica-
tion bias was identified (Supplemental Fig. 8, http://
links.lww.com/CCX/A764), overall risk of bias, incon-
sistency, indirectness, and imprecision resulted in a 
“very low” quality assessment by the GRADE system 

Figure 3. Outcomes of traumatic brain injury patients managed under a viscoelastic hemostatic assay (VHA)-guided resuscitation protocol 
compared with conventional coagulation tests. CCA = conventional coagulation assay, df = degrees of freedom, M-H = Mantel-Haenszel.
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(Supplemental Table 8, http://links.lww.com/CCX/
A764).

TEG-PM-guided management may also improve 
TBI outcomes. In a pragmatic interventional trial,  
Kumar et al (27) found that a TEG-PM-based protocol 
significantly decreased platelet transfusions without 
risking expansion in intracranial bleeding. Similarly,  
Furay et al (24) found patients with platelet dysfunc-
tion (ADP inhibition > 60%) transfused 1 U of apheresis 
platelets had lower mortality with lower total blood prod-
ucts overall. Holzmacher et al (55) showed platelet trans-
fusion improved AA inhibition in patients with blunt 
TBI taking antiplatelet medication but did not identify a 
mortality benefit. A subsequent study compared platelet 
transfusion versus desmopressin in patients with se-
vere TBI. Although platelet transfusion increased clot 
strength and thromboelastography standard parameters, 
both treatments improved ADP inhibition to a similar 
degree with no difference in mortality.

DISCUSSION

This systematic review synthesizes the available clin-
ical data on thromboelastography-based diagnosis and 
management coagulopathy in TBI patients and builds 
upon a 2017 narrative review of all VHAs (2). We 
demonstrate that thromboelastography and TEG-PM 
assays reveal coagulation profiles unique to patients 
with TBI, potentially differentiating them from those 
with trauma-induced coagulopathy without TBI. 
Furthermore, abnormalities in thromboelastography 
and TEG-PM assays are associated with mortality and 
bleeding complications in TBI patients. Finally, be-
cause platelet dysfunction is commonly observed in 
TBI patients, TEG-PM complements standard throm-
boelastography in the early identification of patients 
who may benefit from platelet transfusion or desmo-
pressin therapy. Ultimately, this approach may be as-
sociated with improved survival and reduce blood 
product use similar to other VHAs (4), although the 
quality of evidence is currently low.

A 2015 Cochrane review of VHAs in trauma found 
insufficient evidence to recommend their routine 
use outside of a research protocol (56), while a 2016 
Cochrane review highlighted the growing evidence 
for the use of VHAs to guide component transfusion 
therapy and reduce morbidity in patients with bleed-
ing (57). More recent experience with VHA-guided 

management in trauma and TBI patients indicates a 
favorable view of this approach. Indeed, our analysis 
identified several studies that found VHAs to identify 
coagulopathy in a larger proportion of patients than 
CCAs. In TBI patients, in particular, coagulopathy was 
felt to be inadequately characterized by CCAs, and the 
contribution of platelet dysfunction to this coagulopa-
thy was identified as an important knowledge gap. In 
lieu of high quality clinical data, expert opinion was 
used to develop early VHA-guided protocols (2), and 
evaluation of such a protocol by Gratz et al (10) found 
that VHAs are faster than CCAs and identify coagu-
lopathy in a greater number of patients.

Our review confirmed several unique patterns of 
coagulopathy in various TBI populations (Supplemental 
Table 5, http://links.lww.com/CCX/A764) and also 
found that these patterns change over time. The etiology 
of TBI-associated coagulopathy is an area of active in-
vestigation (58, 59). The observation that patients have 
preserved platelet counts but paradoxically impaired 
platelet function has been termed “platelet exhaustion.” 
This phenomenon is characterized by platelets activated 
by endothelial release of tissue factor, platelet-activating 
factor, and von Willebrand factor that are then “spent” 
and cannot contribute to primary hemostasis or to 
further platelet stimulation (60). Additionally, platelet 
function abnormalities may be related to brain-derived 
extracellular vesicles or immune-thrombotic mecha-
nisms (2). Because of the heterogeneous nature of TBI 
and TBI-associated coagulopathy and the high risk for 
mortality in these patients, rapid and accurate assess-
ment is vital to identifying and initiating treatment. 
Indeed, evidence presented in this review, including 
results from the recent ITACTIC study (14), suggests 
that VHA-guided management algorithms may im-
prove survival in patients with TBI. Reported survival 
enhancement may be linked to reducing secondary 
injuries following TBI such as intracerebral hemor-
rhage, cerebral ischemia, or cerebral inflammation real-
ized using a targeted management approach.

Improved survival may also result from early, indi-
vidualized hemostatic resuscitation. This notion is 
supported by subgroup analysis of TBI patients in the 
Prehospital Air Medical Plasma trial that demonstrated 
improved survival with prehospital plasma infusion (61).  
Relatedly, although empiric TXA administration 
does not have a clear benefit in patients with se-
vere TBI, future work should assess the potential for 
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thromboelastography-guided dosing of this and other 
hemostatic adjuncts (62, 63). Finally, novel blood 
products such as cold-stored platelets (ClinicalTrials.
gov Identifier: NCT04726410) and cold-stored whole 
blood (ClinicalTrials.gov Identifier: NCT03402035) 
may have improved hemostatic efficacy over cur-
rent therapies (64, 65) and warrant evaluation in TBI 
patients with coagulopathy. The potential benefit of 
VHA-guided diagnosis and management should be 
evaluated in larger numbers of TBI patients paying 
careful attention to underlying baseline coagulation 
abnormalities and the effect of both empiric and tar-
geted therapies.

Our systematic review has several limitations. 
First, our search may have excluded important 
findings from non-English language publications. 
Second, heterogeneity in patient populations (size 
and demographics), trauma definitions, compar-
ator groups, timing of assessments, and treatment 
approaches across included studies limit extrapo-
lation of our findings to more general populations. 
Finally, most included studies were small and non-
randomized with findings that require validation in 
larger RCTs.

CONCLUSIONS

Thromboelastography and thromboelastography with 
platelet mapping characterize coagulopathy patterns in 
TBI patients, and abnormalities in their respective pro-
files presage poor outcomes. Accordingly, data-driven 
and patient-focused treatment protocols designed to 
normalize these parameters should be considered in 
the management of TBI patients. Current quality of 
evidence in this population is low; so future efforts 
should evaluate this approach in larger numbers of 
TBI patients with specific focus on those with TBI-
associated coagulopathy.
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