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ABSTRACT

Introduction: Viscoelastic Heamostatic Assays, like Rotational Thromboelastometry 
(ROTEM®) have shown promising results in their ability to identify trauma-induced 
coagulopathy. However, the response of ROTEM® to blood products, anti-fibrinolytic 
and pro-coagulant therapy is unknown. Knowledge on the ROTEM® response to therapy 
can be used to construct ROTEM®-based algorithms which monitor transfusion therapy. 
The aim of this study was to determine which transfusion strategy is associated with 
normalization of deranged VHA profiles measured by ROTEM®. In addition, differences 
in responses to therapy between specific trauma patient groups were analysed. 

Methods: In this prospective multicentre observational study, all adult trauma patients 
who received at least 4 red blood cell units (RBCs) and who were alive 24 hours post 
injury, were recruited. Blood was drawn on arrival in the Emergency Department, and 
after administration of 4, 8 and 12 RBCs. Follow-up samples were taken 24 and 72 
hours post injury.  The response of consecutive ROTEM® assays (EXTEM and FIBTEM) to 
transfusion with low (<1:1) and high (≥1:1) ratios of plasma and platelets (PLTs) to red 
blood cells (RBCs) as well as to the administration of tranexamic acid (TXA) or fibrinogen 
products (cryoprecipitate and fibrinogen concentrates) was evaluated. Linear regression 
analyses were used to relate therapy to changes in ROTEM® tracings. Subgroup analyses 
were performed on age, shock and traumatic brain injury.

Results: In total, 309 bleeding patients were included. Transfusion of high plasma 
to RBC ratios was associated with a decrease in EXTEM CT of 23 (-45 to 1) seconds 
compared to transfusion of a low plasma ratio, but did not influence other ROTEM® 
values. A high PLT to RBC ratio was also associated with a decrease in EXTEM CT of 
35 (-58 to -12) seconds. In addition, high PLT to RBC ratio also increased EXTEM CA5, 
MCF, CA10, alpha angle, FIBTEM CA5, CA10 and MCF compared to transfusion with 
low RBC to PLT ratios. Administration of TXA and fibrinogen products was associated 
with an increased FIBTEM CA5, CA10, alpha angle and MCF. Additionally, EXTEM and 
FIBITEM Li30 were reduced by TXA. Subgroup analyses indicated that improvement of 
VHA assays after transfusion of a high PLT to RBC ratio and fibrinogen concentrates 
was present in younger patients and in patients with TBI but not in elderly patients 
and those without TBI. TXA was associated with a reduced fibrinolysis in patients with 
shock. 

Conclusion:  A high PLT to RBC ratio is associated with a more profound correction of 
CT than high plasma to RBC ratio, as well as by improvement of a multitude of ROTEM® 
parameters of clot formation, suggesting that platelets play an important role in trauma-
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related coagulopathy.  TXA reduced fibrinolysis and fibrinogen products improved clot 
formation and firmness. Whether a transfusion therapy aimed at correction of ROTEM® 
parameters results in improved outcome in trauma requires further study. Additionally, 
our data suggest that transfusion therapy in trauma patients with the aim to correct 
coagulopathy should be personalized. 
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INTRODUCTION

Trauma-induced coagulopathy (TIC) develops in up to 25% of severely injured trauma 
patients, which aggravates massive haemorrhage and is associated with increased 
mortality1, 2. Recent data suggest that bleeding trauma patients should empirically be 
transfused in a balanced resuscitation approach, which includes a 1:1:1 ratio of blood 
products, in order to reduce the incidence of TIC and mortality3-5. However, transfusion 
is also associated with adverse outcome, including infections6, acute respiratory distress 
syndrome (ARDS)7, 8 and the development of multiple organ failure9-12. Together, the 
outcome of traumatic bleeding is optimal with control of TIC with early balanced 
resuscitation while avoiding unnecessary transfusion.

Monitoring of haemostasis is essential in achieving a balance between correction of TIC 
and overtransfusion. Conventional clotting tests, like prothrombin time (PT), activated 
partial thromboplastin time (APTT), International Normalized Ratio (INR), platelet count, 
fibrinogen and D-dimer levels, only partly reflect in vivo haemostatic potential and are 
too time-consuming, which renders them useless in guiding resuscitation strategy13-15. 

Viscoelastic Heamostatic Assays (VHA), like Rotational Thromboelastometry (ROTEM®, 
trademark of TEM international GmbH, Munich, Germany: www.ROTEM®.de), are 
rapid tests and have shown promising results in their ability to identify TIC in trauma 
patients16-18. Previous observational studies suggest that the use of VHA targeted 
haemostatic resuscitation is associated with an improved outcome in trauma patients19-22.
As a result, treatment algorithms using VHA tests have been published, even though 
data on the response of ROTEM® parameters to specific ratio therapy or anti-fibrinolytic 
and pro-coagulant therapy are largely absent. 

Currently, all trauma patients are transfused in the same fashion. However, coagulation 
abnormalities may differ between patient populations, indicating that a personalized 
transfusion strategy may improve outcome after trauma. 

The aim of this study was to determine which transfusion strategy was associated with 
normalization of TIC as assessed by ROTEM®.  In this analysis, we determined whether 
specific patient populations respond differently to transfusion therapy in terms of 
normalization of ROTEM® parameters.

METHODS

As part of a prospective multicentre observational study, named the Activation of 
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Coagulation and Inflammation in Trauma (ACIT) study (United Kingdom Clinical 
Research Network Study Portfolio, ID: 5637), this study was performed in 6 European 
level-1 trauma centres; London, Oslo, Copenhagen, Oxford, Cologne and Amsterdam, 
which are members of the International Trauma Research Network (INTRN). All adult 
trauma patients (age ≥18 years) who required a full trauma team activation, who 
received at least 4 units of RBCs within 24 hours and who were still alive after 24 
hours, were recruited between January 2008 and April 2015. Patients who received >2 
L intravenous fluids pre-hospital, who arrived >2 hours after injury in the Emergency 
Department (ED), who were transferred from other hospitals and patients who had 
burns covering more than 5% of the total body surface area, were not eligible. Patients 
were retrospectively excluded if they declined to give informed consent, were  taking 
anticoagulant medications other than aspirin (<650mg/day), had moderate or severe 
liver disease (Child’s classification B or C3) , had a known bleeding diathesis, had no 
ROTEM® measurements available or died within 24 hours post-injury. 

Written informed consent was obtained from each patient. When the patient was 
unconscious, written informed consent was obtained from a legal representative. This 
study was conducted according to the Statement of the Declaration of Helsinki and 
performed after approval by the local ethics committees. 

BLOOD SAMPLING AND ROTEM® ASSAYS

Blood was drawn and collected in citrated tubes immediately on arrival in the ED 
and after 24 and 72 hours post injury. Additionally, blood samples were drawn after 
administration of 4, 8 and 12 RBCs. Two ROTEM® assays (EXTEM and FIBTEM) were 
performed by trained personnel within half an hour after blood samples were taken. 
Within each assay 6 ROTEM® parameters were analysed; the clotting time (CT), the clot 
amplitude after 5 minutes (CA5), the clot amplitude after 10 minutes (CA10), the angle 
of tangent at 2 mm amplitude (alpha angle), the maximum clot firmness (MCF) and the 
lysis index of the clot after 30 minutes (Li30). 

TRANSFUSION STRATEGY

In all trauma centres, issuing of blood products, anti-fibrinolytic and pro-coagulant 
agents by the blood bank was performed through locally implemented massive 
transfusion protocols (MTP). In most centres, the MTP was activated for patients with 
a systolic blood pressure <90 mmHg with inadequate response to fluid administration 
and suspicion of an ongoing bleeding. All centres intended to apply blood products 
in a ratio ranged from 1:1:2 to 1:1:1. Tranexamic acid (TXA) was used as a principle 



174 | CHAPTER 10

component of the MTP in all centres. Cryoprecipitate was used in London, Oxford and 
Copenhagen, whereas Oslo, Cologne and Amsterdam used fibrinogen concentrates. 
The trigger for fibrinogen products differed between centres from a fibrinogen level 
≤1.0 g/L in London to a fibrinogen level ≤2.0 g/L in Oslo.

DATA COLLECTION

The following data were collected prospectively to a centralized database: data on 
patient demographics, time of injury, trauma mechanism, vital signs and laboratory 
tests up to 72 hours post-injury, Injury Severity Score (ISS), Abbreviated Injury Scale 
Score (AIS), 24-hours and 28-day mortality, total fluids (crystalloids, colloids, hypertonic 
saline), blood products (RBCs, plasma and PLTs), anti-fibrinolytic (TXA) and pro-coagulant 
agents (fibrinogen concentrates, cryoprecipitate). To define the effect of transfusion 
practice on outcome, the following transfusion strategies were compared; high (≥1:1) 
and low (<1:1) ratios of plasma and PLTs to RBCs, receiving TXA or not and receiving 
fibrinogen products or not. Fibrinogen products included fibrinogen concentrates 
and cryoprecipitate. The number of PLT units was corrected for the number of pooled 
donors. 

The effect of the use of different ratios of blood products on ROTEM® parameters was 
also analysed by relating the therapy given within a time interval to changes in ROTEM® 
results in the following consecutive time interval. The delta changes in VHA profiles 
between T=0 and T=RBC 4, between T=RBC 4 and T=RBC 8, between T=RBC 8 and 
T=RBC12,  between T=RBC 12 and T=24 and between T=24 and T=72 were linked to 
the transfusion therapy given in the time interval which lies before, i.e. time between 
arrival in the ED and transfusion of 4 RBCs, transfusion of 4 and 8 RBCs, transfusion of 8 
and 12 RBCs, transfusion of 12 RBCs and 24 hours post injury (Figure 1). This approach 
was chosen because VHA parameters change rapidly in response to blood products. To 
describe the effect of TXA and fibrinogen products on ROTEM® VHA profiles, the delta 
between T=0 and T=24 was used. 

STATISTICS 

Multiple imputation was performed in order to handle the problem of missing 
values. Predictive mean matching was performed to construct 10 different datasets. 
Skewed distribution of the original data was corrected with square root terms and log 
transformations. Outcome variables and variables with more than 50% missing were 
not imputed.
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Descriptives of the groups are given in tables and expressed as mean and standard 
deviation if normally distributed, not normally distributed data are expressed as median 
and interquartile ranges. Categorical data were presented as frequencies and percentages. 
To test for differences in patient characteristics and VHA profiles, the Student`s T-test 
and the Mann-Whitney U tests were used. Categorical variables were compared using 
the Chi-square test. The primary outcome of this study was normalization of ROTEM® 
VHA profiles. The difference in ROTEM® VHA profiles between two consecutive time 
points was linked to the transfusion ratio using linear regression models. The coefficients 
of the linear regression analyses of 10 different imputed datasets were pooled using 
Rubins rule. Personalization of the treatment algorithm was attempted by stratification 
for age (≥55 years, yes/no), presence of shock (SBP <90 mmHg, yes/no) and presence of 
traumatic brain injury (TBI, AIS head ≥3, yes/no).

Multiple imputation and linear regression analyses were performed in R (an environment 
for statistical computing, R version 3.1.2 with R studio 0.98), further statistical analyses 
were done in SPSS version 21 (IBM, Chicago, IL, USA). A p-value <0.05 was considered 
to be statistically significant.   

RESULTS

In total, 309 patients were transfused with ≥4 RBCs for whom ROTEM® VHA profiles 
were available. Additionally, 594 time intervals were analysed in order to determine the 
effect of transfusion strategy on the ROTEM® VHA profiles. 

Plasma to RBC ratio
Of the 309 patients, 179 patients (58%) were administered high ratios of plasma to 

FIGURE 1: The effect of the use of different ratios of blood products on ROTEM® parameters was analysed by 

relating the therapy given within a time interval to changes (Δ) in ROTEM® results in the following consecutive 

time interval.
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RBCs. Patient characteristics did not differ significantly between patients who were 
administered high or low ratios of plasma to RBCs (Table 1).

In Table 2, the effect of plasma on ROTEM® parameters is shown, by relating the change 
between one ROTEM®measurement and the consecutive measurement to therapy 
given in the preceding interval. A high ratio of plasma to RBCs was associated with a 
decreased clotting time of approximately 23.0 seconds (95% CI -45.1 to -0.9, p=0.042) 
compared to patients transfused with low ratios of plasma. A trend was observed for 
an increased EXTEM CA5 with 3 degrees (95% CI-0.3 to 6.6, p=0.077) in response to 
high ratios of plasma.

No differences were observed in the response of ROTEM® parameters to high ratios of 
plasma after stratification for shock or age. In patients suffering from TBI, a high plasma 
to RBC ratio was associated with an increase in CA5 with almost 6 degrees (95% CI 0.2 
to 11.2, p=0.044, Appendix Table 1-6). 

Platelet to RBC ratio
Approximately 40% of the patients were transfused with high ratios of PLTs to RBCs. 
Patient characteristics were comparable for patients administered  high and low ratios 
of PLTs, except for a  lower platelet count on admission in the high PLT ratio group (Table 
3).

TABLE 1: Characteristics of patients transfused with high or low ratios of plasma to RBCs

Plasma:RBC ≥1:1
N=179

Plasma:RBC <1:1
N=130

P-value

Age years, mean (SD) 43 (14) 48 (14) 0.155

Gender male, n (%) 134 (75) 92 (71) 0.423

Trauma mechanism, n (%) 145 (81) 110 (85) 0.410

ISS, mean (SD) 30 (13) 28 (24) 0.351

SBP mmHg, mean (SD) 105 (33) 108 (28) 0.074

Heart rate bpm, mean (SD) 112 (29) 107 (39) 0.757

GCS, mean (SD) 10 (5) 11 (4) 0.886

Hb g/dL, mean (SD) 12.4 (2.1) 13.6 (2.1) 0.056

Platelet count x10^9/L, mean (SD) 214 (76) 215 (63) 0.888

INR, mean (SD) 1.23 (0.6) 1.2 (0.8) 0.230

Fibrinogen g/L, mean (SD) 1.8 (0.7) 2.0 (0.7) 0.082

BE mEqL, mean (SD) -7.9 (6.4) -6.9 (6.4) 0.324
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Clear differences were observed between both groups when the effect of PLTs ratio was 
related to change in ROTEM® parameters in consecutive time intervals. High ratio of 
PLTs to RBCs was associated with shortening of the EXTEM CT with 35 seconds (-58.4 
to -11.7, p=0.004, Table 2). Also other parameters of TIC were significantly influenced 
by a high PLT to RBC ratio, including an increase in the EXTEM CA5, MCF, CA10, alpha 
angle, FIBTEM CA5, CA10 and MCF. A high PLT to RBC ratio increased EXTEM CA5 and 
MCF with 5 degrees and 5 mm respectively (Table 2).

TABLE 2: Response of VHA profiles to ratio of blood products transfused

High ratio of plasma 
Coefficients (95% CI)

P-value High ratio of PLTs 
Coefficients (95% CI)

P-value

EXTEM CT (sec) -23.0 ( -45.1 to -0.9 ) 0.042 -35.1 ( -58.4 to -11.7 ) 0.004

EXTEM CA5 (deg) 3.1 ( -0.3 to 6.6 ) 0.077 5.3 ( 1.8 to 8.7 ) 0.003

EXTEM CA10 (deg) 2.5 ( -1.4 to 6.4 ) 0.203 5.2 ( 1.3 to 9.1 ) 0.010

EXTEM alpha angle (deg) 2.5 ( -1.4 to 6.4 ) 0.209 4.5 ( 0.6 to 8.5 ) 0.026

EXTEM MCF (mm) 3.1 ( -0.8 to 7.0 ) 0.119 4.6 ( 0.7 to 8.6 ) 0.021

EXTEM LI30 (%) 1.0 ( -5.8 to 7.8 ) 0.767 -0.3 ( -7.2 to 6.5 ) 0.929

FIBTEM CT (sec) 28.3 ( -56.9 to 113.4 ) 0.516 -43.8 ( -131.0 to 43.4 ) 0.326

FIBTEM CA5 (deg) 1.2 ( -0.6 to 3.0 ) 0.186 2.3 ( 0.5 to 4.1 ) 0.011

FIBTEM CA10 (deg) 0.9 ( -1.0 to 2.9 ) 0.341 2.1 ( 0.2 to 4.1 ) 0.030

FIBTEM alpha angle (deg) -3.1 ( -9.3 to 3.2 ) 0.340 1.8 ( -4.7 to 8.4 ) 0.582

FIBTEM MCF (mm) 0.8 ( -1.4 to 3.0 ) 0.488 2.5 ( 0.3 to 4.8 ) 0.029

FIBTEM LI30 (%) 1.0 ( -4.8 to 6.9 ) 0.730 -0.6 ( -6.6 to 5.4 ) 0.845

TABLE 3: Characteristics of patients transfused with high or low ratio of PLTs to RBCs 
PLT:RBC ≥1:1

N=121
PLT:RBC <1:1

N=188
P-value

Age years, mean (SD) 44 (19) 45 (19) 0.409

Gender male, n (%) 93 (77) 133 (71) 0.237

Trauma mechanism, n (%) 100 (84) 155 (82) 0.964

ISS, mean (SD) 30 (14) 28 (13) 0.242

SBP mmHg, mean (SD) 106 (31) 107 (34) 0.332

Heart rate bpm, mean (SD) 108 (28) 111 (30) 0.834

GCS, mean (SD) 11 (5) 11 (5) 0.719

Hb g/dL, mean (SD) 12.4 (2.0) 12.5 (2.2) 0.610

Platelet count x10^9/L, mean (SD) 204 (76) 221 (67) 0.046

INR, mean (SD) 1.27 (0.7) 1.2 (0.7) 0.337

Fibrinogen g/L, mean (SD) 1.9 (0.8) 1.9 (0.7) 0.537

BE mEqL, mean (SD) -7.6 (7.1) -7.4 (5.9) 0.804
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In response to a high PLT to RBC ratio, patients without shock showed a more profound 
correction of ROTEM® parameters than patients in shock.  An improvement of EXTEM 
CT, CA5, CA10, alpha angle, MCF and FIBTEM CA5, CA10 and MCF was observed in 
patients without shock. 

In both older and younger patients, the clotting time decreased in response to high 
ratios of PLTs to RBCs. However, the effect was more evident in older patients, as the 
EXTEM CT decreased with 80 seconds (95% CI -149.9 to -10.8)  in patients transfused 
with high PLT to RBC ratios, whereas the decrease in clotting time was 24 seconds (95%  
CI-43.9 to -4.6)  in younger patients. A high PLT to RBC ratio was also more effective in 
improving clot firmness in younger patients. 

The response of ROTEM® parameters to a high PLT to RBC ratio was significantly different 
between TBI and non-TBI patients. In TBI patients, a high ratio of PLTs was associated 
with improved ROTEM® parameters, expressed by an increase in EXTEM CA5, CA10 
and shortening of EXTEM CT, whereas no significant effect was observed in patients 
without TBI (Appendix Table 1-6, Figure 2). 

Tranexamic acid
TXA was not registered in 19 patients. Of the remaining 290 patients, 112 patients 
(39%) received TXA. Patients receiving TXA were significantly more severely injured, 
coagulopathic, had a higher incidence of shock and suffered more often from 
penetrating injury. Thereby, these groups were not balanced (Table 4).

In consecutive time intervals, TXA was associated with marked changes in ROTEM® 
parameters including an increased FIBTEM CA5, CA10, alpha angle and MCF (Table 
5). Additionally, TXA was associated with a more profound inhibition of fibrinolysis as 
indicated by a reduced EXTEM Li30. 

In response to TXA, patients with shock showed a reduced fibrinolysis and an improved 
fibrin clot formation in comparison to patients without shock (Figure 2). Fibrin clot 
formation was more pronounced in younger patients and patients without TBI than in 
older or TBI patients. However, TXA reduced fibrinolysis significantly more effective in 
patients with TBI compared to patients without TBI (Appendix Table 7-12, Table 2).

Fibrinogen products
Of the 309 patients, 119 patients (39%) received fibrinogen products. Patients 
administered fibrinogen products were more hypo-coagulopathic, severely injured and 
acidotic and suffered more often from TBI (Table 6). 



| 179CORRECTION OF COAGULOPATHY AS DETECTED BY ROTEM®

10

When examining the effect of fibrinogen products on changes in ROTEM® parameters 
measured in consecutive time intervals, it was found that administration of fibrinogen 
products was associated with an increased FIBTEM CA5, CA10, alpha angle and MCF 
(Table 5). However, significance disappeared in patients with shock and an advanced 
age. Patients with TBI had a greater benefit from fibrinogen products in comparison to 
patients without TBI (Appendix Table 7-12, Figure 2). 

FIGURE 2: Response of ROTEM® parameters to therapy in specific subgroups. Data are presented as the 

correlation coefficients and 95% confidence intervals. * Illustrates a significant effect (p<0.05) on the 

ROTEM® parameter when a high PLT to RBC ratio(A), TXA (B) and fibrinogen products (C) were compared to 

low ratio or no product.
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TABLE 4: Patient characteristics; TXA versus no TXA 

TXA
N=112

No TXA
N=178

P-value

Age years, mean (SD) 43 (18) 46 (20) 0.160

Gender male, n (%) 83 (74) 129 (72) 0.760

Trauma mechanism, n (%) 84 (75) 152 (85) 0.028

ISS, mean (SD) 32 (13) 27 (13) 0.002

SBP mmHg, mean (SD) 100 (31) 107 (30) 0.029

Heart rate bpm, mean (SD) 114 (26) 107 (30) 0.045

GCS, mean (SD) 10 (5) 11 (4) 0.065

Hb g/dL, mean (SD) 12.8 (2.1) 12.2 (2.0) 0.017

Platelet count x10^9/L, mean (SD) 212 (68) 214 (73) 0.766

INR, mean (SD) 1.19 (0.16) 1.27 (0.90) 0.402

Fibrinogen g/L, mean (SD) 1.8 (0.7) 2.0 (0.8) 0.033

BE mEqL, mean (SD) -9.2 (7.2) -6.4 (5.6) <0.001

TABLE 5: Response of ROTEM® VHA profiles to administration of anti-fibrinolytic and pro-coagulant therapy

TXA
Coefficients (95% CI)

P-value Fibrinogen products
Coefficients (95% CI)

P-value

EXTEM CT (sec) -11.1 (-33.9-11.8 ) 0.341 -18.1 ( -38.7 to 2.5 ) 0.085

EXTEM CA5 (deg) 1.2 ( -1.7 to 4.0 ) 0.428 2.2 ( -0.5 to 5.0 ) 0.103

EXTEM CA10 (deg) 0.7 ( -2.7 to 4.1 ) 0.675 2.2 ( -1.0 to 5.4 ) 0.170

EXTEM alpha angle (deg) 1.4 ( -1.7 to 4.6 ) 0.367 2.5 ( -2.7 to 5.4 ) 0.077

EXTEM MCF (mm) 0.1 ( -3.2 to 3.3 ) 0.971 2.3 ( -0.7 to 5.3 ) 0.132

EXTEM LI30 (%) -5.6 ( -10.9 to -0.3 ) 0.040 -1.7 ( -6.7 to 3.3 ) 0.500

FIBTEM CT (sec) -10.1 ( -83.1 to 63.0 ) 0.787 -22.4 ( -87.3 to 42.5 ) 0.497

FIBTEM CA5 (deg) 2.5 ( 1.1 to 3.9 ) <0.001 2.3 ( 0.8 to 3.7 ) 0.002

FIBTEM CA10 (deg) 2.3 ( 1.0 to 4.2 ) 0.001 2.3 ( 0.7 to 3.9 ) 0.005

FIBTEM alpha angle (deg) 5.0 ( 1.7 to 8.2 ) 0.003 4.8 ( 1.5 to 8.1) 0.005

FIBTEM MCF (mm) 3.0 ( 0.6 to 5.3 ) 0.013 3.0 ( 1.7 to 4.4 ) 0.008

FIBTEM LI30 (%) -4.8 ( -9.9 to 0.3 ) 0.067 -0.1 ( -4.7 to 4.5 ) 0.956
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DISCUSSION

Our findings indicate that plasma and PLTs both improve ROTEM® parameters of clot 
formation and firmness, with high dose PLTs showing more pronounced correction 
of TIC then high dose plasma. Also, TXA reduces fibrinolysis and fibrinogen products 
correct deranged parameters of fibrin clot formation and firmness. Additionally, the 
results of this study suggest that transfusion therapy in trauma patients with the aim to 
correct coagulopathy should be personalized. In response to therapy, patients with TBI 
showed a more profound correction of a number of ROTEM® parameters then patients 
without TBI. Also younger patients showed more changes in their ROTEM® response to 
therapy than older patients. TXA and fibrinogen seemed most effective in patients with 
shock. 

Both high ratios of plasma and PLTs to RBCs reduced the clotting time, whereas the 
amplitude after 5 minutes and the maximum clot firmness were mainly influenced by 
transfusion of high ratios of PLTs to RBCs. This suggests that early clot formation and 
clot firmness is achieved by administration of plasma and PLTs, which is in line with the 
assumptions that a sufficient number of clotting factors and platelets are required for 
optimal haemostasis in bleeding trauma patients. However, this study shows distinct 
differences between the magnitude of the ROTEM® response to PLT and to plasma. 
EXTEM CT decreased with 23 seconds in patients transfused with high ratios of plasma, 
whereas PLTs were found to decrease the clotting time with 35 seconds. Thereby, the 
effect of platelets on normalization of CT was almost twofold greater than the effect of 
plasma. This effect is considerable, given that reference values for EXTEM CT in healthy 

TABLE 6: Patient characteristics; VHA profiles measured by ROTEM®

Fibrinogen products
N=119

No Fibrinogen products
N=190

P-value

Age years, mean (SD) 43 (19) 46 (19) 0.174

Gender male, n (%) 91 (77) 135 (71) 0.307

Trauma mechanism, n (%) 97 (82) 158 (83) 0.693

ISS, mean (SD) 32 (12) 27 (13) 0.001

SBP mmHg, mean (SD) 101 (33) 109 (32) 0.028

Heart rate bpm, mean (SD) 119 (28) 105 (28) <0.001

GCS, mean (SD) 10 (5) 11 (5) 0.007

Hb g/dL, mean (SD) 12.4 (2.3) 12.5 (2.0) 0.715

Platelet count x10^9/L, mean (SD) 203 (67) 221 (73) 0.028

INR, mean (SD) 1.28 (0.9) 1.19 (0.6) 0.315

Fibrinogen g/L, mean (SD) 1.6 (0.6) 2.1 (0.7) <0.001

BE mEqL, mean (SD) -10.3 (7.2) -5.7 (5.1) <0.001
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individuals are between 42-74 seconds. 

Our findings are in line with previous studies which reported that the ability of plasma 
to improve coagulation is limited23, 24. A possible explanation might be that plasma 
also contains anticoagulant proteins. Although plasma units contain a small amount of 
these anticoagulant proteins, it may be sufficient to hamper any potential procoagulable 
effect of plasma. In line with this, the beneficial effect of plasma in trauma was found 
to be unrelated to correction of coagulopathy25. Previous studies, including the PROPPR 
trial, reported a beneficial effect of plasma on the coagulation profile using the INR 
as outcome parameter for coagulation5. As the INR, originally designed to evaluate 
anticoagulant medication26, 27, reflects the level of coagulation factors, which are 
suppleted during plasma transfusion, the INR will decrease24. However, whether the 
INR reflects coagulation profile is a matter of debate. Taken together, this suggests that 
underlying mechanisms, other than correction of coagulopathy, may be responsible for 
the beneficial effect of plasma on patient outcome. 

The beneficial effect of PLTs on the coagulation system consists of stabilizing of the 
endothelial cells and aggregation and adhesion of platelets for clot formation.  
Additionally, PLTs provide an efficient surface for accumulation of clotting enzyme 
complexes.  In line with this, studies from the military as well as from the civilian setting 
have suggested that a high PLTs to RBC ratio is beneficial for the outcome of trauma 
patients5, 28, 29. However, although different studies reported a beneficial effect of 
transfusion of PLTs on outcome, clear guidelines for transfusion of PLTs are lacking. This 
may be due to the finding that in massive bleeding, a drop in the platelet count occurs 
late.  Therefore, the platelet count per se may not be a useful transfusion trigger. Our 
results suggest that platelet transfusion strongly corrects TIC. The optimal dose remains 
however remained to be determined.  

Besides the effect of PLTs, both TXA and fibrinogen products improved ROTEM® 

parameters. FIBTEM CA5, CA10 and MCF increased by administration of TXA and 
fibrinogen products, suggesting an improvement of the formation and the firmness of 
the fibrin clot. Benefit of fibrinogen suppletion is suggested by previous studies20,30,31. 
Furthermore, TXA reduced fibrinolysis. Our findings are in line with studies in which 
TXA was associated with reduced transfusion requirements and a decreased risk of 
death from haemorrhage32, 33. 

We have attempted to personalize transfusion therapy. Subgroup analyses indicated 
VHA assays improved after transfusion of a high PLT to RBC ratio and fibrinogen 
concentrates in younger patients and in patients with TBI but not in elderly patients 
and those without TBI. In both younger and TBI patients, improved clot formation and 
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clot firmness was observed after transfusion of a high PLT to RBC ratio. Furthermore in 
these groups, a more pronounced improvement of the fibrin clot formation was seen 
after administration of fibrinogen products. Additionally, TXA seemed more beneficial 
in patients with shock than in patients without shock. Taken together, these findings 
suggest that the response of VHA profiles to transfusion differs between patient 
populations.  Thereby, a personalized transfusion therapy may improve outcome after 
trauma, while minimizing transfusion in those subjects who do not need it to correct 
TIC. Our data suggest that transfusion with higher amounts of PLTs and fibrinogen 
products may be recommended in TBI and younger patients, whereas a higher dose of 
TXA may improve TIC in patients with shock. However, whether differential transfusion 
strategies guided by ROTEM® improve outcome in specific patient populations needs to 
be further studied. 

Limitations to this study should be acknowledged. Initial ROTEM® measurements were 
missing in 10% of the patients transfused with ≥4 RBCs, for which multiple imputation 
was performed, which may cause bias. However, imputation may cause less bias then 
not accounting for missing values. Another important limitation is that we were not able 
to report on optimal dosing of anti-fibrinolytic or pro-coagulant agents. This remains an 
area which needs to be explored. Also, adjustment for confounders was not done in the 
model. However, no baseline differences in patient characteristics were found between 
the plasma and PLTs groups which may have affected outcome.  Differences in patient 
characteristics were observed between patients receiving TXA or fibrinogen products 
and those who did not, with more significant injury in patients receiving therapy. 
However, although these patients were more severely injured, a beneficial effect of TXA 
on TIC was observed in patients with shock.  Additionally, to overcome the limitation of 
no adjustment for confounders, stratifications for age, shock and TBI was performed, 
although subgroups were small. Furthermore, the sample size of 309 patients appears 
small. However, this is the largest prospective observational study to date in which the 
effect of therapy on ROTEM® profiles was investigated. 

CONCLUSION

Administration of a high ratio of PLTs to RBCs has a more profound effect on improving 
clot formation than high plasma to RBC ratio.  Also, our data suggest that TBI and younger 
patients show a greater response to PLTs and fibrinogen in terms of correction of TIC 
when compared to other patient populations.  Additionally, patients with shock benefit 
more from TXA than patients without shock. These results suggest that a personalized 
therapy may improve the coagulation profile and outcome of trauma patients. Results 
can be used to develop treatment algorithms which aim at improvement of TIC as 
assessed by ROTEM®.
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APPENDIX

TABLE 1: Linear regression analyses; effect of transfusion of RBCs and plasma in a ratio ≤1:1 in patients 

with and without shock (n=89 vs n=141)

With shock
Coefficients (95% CI)

P-value Without shock
Coefficients (95% CI)

P-value

EXTEM CT (sec) -26.4 ( -73.1 to 20.3 ) 0.270 -21.0 ( -55.1 to 13.1 ) 0.230

EXTEM CA5 (deg) 4.3 ( -2.0 to 10.7 ) 0.185 2.7 ( -1.5 to 6.8 ) 0.214

EXTEM CA10 (deg) 3.5 ( -3.6 to 10.6 ) 0.338 2.2 ( -2.3 to 6.7 ) 0.335

EXTEM alpha angle (deg) 4.4 ( -2.7 to 11.5 ) 0.228 1.4 ( -3.2 to 5.9 ) 0.560

EXTEM MCF (mm) 2.9 ( -4.2 to 9.9 ) 0.429 3.6 ( -1.1 to 8.3 ) 0.134

EXTEM LI30 (%) -2.4 ( -13.6 to 8.8 ) 0.676 3.9 ( -5.5 to 13.2 ) 0.418

FIBTEM CT (sec) 36.1 ( -170.6 to 242.8 ) 0.733 19.1 ( -109.5 to 147.7 ) 0.771

FIBTEM CA5 (deg) 2.2 ( -1.2 to 5.6 ) 0.206 0.6 ( -1.6 to 2.8 ) 0.583

FIBTEM CA10 (deg) 1.6 ( -2.1 to 5.2 ) 0.407 0.7 ( -1.7 to 3.0 ) 0.580

FIBTEM alpha angle (deg) -3.9 ( -15.2 to 7.5 ) 0.508 -3.1 ( -11.5 to 5.4 ) 0.479

FIBTEM MCF (mm) 1.5 ( -2.6 to 5.5 ) 0.486 0.5 ( -2.3 to 3.3 ) 0.715

FIBTEM LI30 (%) -3.3 ( -15.1 to 8.5 ) 0.585 4.5 ( -3.0 to 11.9 ) 0.243

TABLE 2: Linear regression analyses; effect of transfusion of RBCs and PLTs in a ratio ≤1:1 in patients with 

and without shock (n=89 vs n=141)

With shock
Coefficients (95% CI)

P-value Without shock
Coefficients (95% CI)

P-value

EXTEM CT (sec) -33.2 ( -82.5 to 16.1 ) 0.190 -36.6 ( -68.6 to -4.5 ) 0.027

EXTEM CA5 (mm) 5.5 ( -1.2 to 12.2 ) 0.111 5.3 ( 1.3 to 9.3 ) 0.011

EXTEM CA10 (mm) 4.2 ( -3.5 to 11.9 ) 0.287 6.0 ( 1.6 to 10.4 ) 0.009

EXTEM alpha angle (deg) 3.8 ( -3.9 to 11.5 ) 0.334 5.2 ( 0.7 to 9.6 ) 0.024

EXTEM MCF (mm) 3.5 ( -4.1 to 11.1 ) 0.369 5.5 ( 1.0 to 10.1 ) 0.018

EXTEM LI30 (%) -1.7 ( -13.7 to 10.3 ) 0.785 0.8 ( -8.0 to 9.6 ) 0.860

FIBTEM CT (sec) -53.8 ( -237.2 to 129.6 ) 0.567 -41.7 ( -128.6 to 45.2 ) 0.349

FIBTEM CA5 (mm) 2.2 ( -1.4 to 5.8 ) 0.229 2.4 ( 0.4 to 4.5 ) 0.021

FIBTEM CA10 (mm) 1.8 ( -2.1 to 5.7 ) 0.372 2.5 ( 0.3 to 4.8 ) 0.027

FIBTEM alpha angle (deg) 2.6 ( -10.1 to 15.2 ) 0.691 1.0 ( -6.6 to 8.7 ) 0.792

FIBTEM MCF (mm) 2.3 ( -2.1 to 6.7 ) 0.309 2.8 ( 0.1 to 5.5 ) 0.042

FIBTEM LI30 (%) -1.6 ( -14.4 to 11.1 ) 0.802 0.2 ( -6.3 to 6.8 ) 0.942
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TABLE 3: Linear regression analyses; effect of transfusion of RBCs and plasma in a ratio ≤1:1 in patients 

55 years or older or in patients younger than 55 years (n=70 vs n=160)

≥55 years
Coefficients (95% CI)

P-value <55 years
Coefficients (95% CI)

P-value

EXTEM CT (sec) -57.4 ( -116.7 to 1.9 ) 0.062 -9.8 ( -28.9 to 9.3 ) 0.317

EXTEM CA5 (mm) 6.2 ( -0.1 to 12.6 ) 0.059 1.8 ( -2.3 to 5.9 ) 0.386

EXTEM CA10 (mm) 5.2 ( -2.6 to 12.9 ) 0.198 1.4 ( -3.0 to 5.9 ) 0.527

EXTEM alpha angle (deg) 5.2 ( -1.5 to 11.9 ) 0.131 1.4 ( -3.4 to 6.2 ) 0.571

EXTEM MCF (mm) 7.0 ( -1.1 to 15.1 ) 0.096 1.8 ( -2.5 to 6.1 ) 0.413

EXTEM LI30 (%) 8.0 ( -10.0 to 25.9 ) 0.387 -1.2 ( -7.3 to 4.9 ) 0.709

FIBTEM CT (sec) -67.5 ( -170.6 to 35.7 ) 0.205 67.5 ( -45.1 to 180.0 ) 0.242

FIBTEM CA5 (mm) 1.4 ( -1.3 to 4.2 ) 0.314 0.8 ( -1.4 to 3.1 ) 0.467

FIBTEM CA10 (mm) 0.7 ( -2.1 to 3.6 ) 0.612 0.8 ( -1.7 to 3.2 ) 0.542

FIBTEM alpha angle (deg) -4.2 ( -14.7 to 6.2 ) 0.430 -3.2 ( -12.0 to 5.5 ) 0.468

FIBTEM MCF (mm) 0.5 ( -3.7 to 4.6 ) 0.834 0.5 ( -2.2 to 3.2 ) 0.714

FIBTEM LI30 (%) 2.9 ( -9.8 to 15.7 ) 0.656 1.3 ( -5.3 to 7.9 ) 0.704

TABLE 4: Linear regression analyses; effect of transfusion of RBCs and PLTs in a ratio ≤1:1 in patients 55 

years or older or in patients younger than 55 years (n=70 vs n=160)

≥55 years
Coefficients (95% CI)

P-value <55 years
Coefficients (95% CI)

P-value

EXTEM CT (sec) -80.4 ( -149.9 to -10.8 ) 0.027 -24.2 ( -43.9 to -4.6 ) 0.017

EXTEM CA5 (mm) 4.8 ( -2.9 to 12.5 ) 0.230 5.6 ( 1.6 to 9.5 ) 0.007

EXTEM CA10 (mm) 3.2 ( -6.0 to 12.5 ) 0.498 6.0 ( 1.7 to 10.3 ) 0.007

EXTEM alpha angle (deg) 3.8 ( -4.4 to 12.0 ) 0.371 4.9 ( 0.3 to 9.6 ) 0.039

EXTEM MCF (mm) 3.4 ( -6.3 to 13.2 ) 0.494 5.6 ( 1.5 to 9.7 ) 0.009

EXTEM LI30 (%) -4.3 ( -25.3 to 16.8 ) 0.693 1.8 ( -3.9 to 7.4 ) 0.544

FIBTEM CT (sec) -57.3 ( -186.9 to 72.3 ) 0.389 -44.0 ( -154.3 to 66.3 ) 0.436

FIBTEM CA5 (mm) 3.1 ( -0.2 to 6.4 ) 0.074 1.9 ( -0.3 to 4.0 ) 0.088

FIBTEM CA10 (mm) 1.8 ( -1.6 to 5.1 ) 0.306 2.0 ( -0.3 to 4.4 ) 0.095

FIBTEM alpha angle (deg) 1.1 ( -12.4 to 14.5 ) 0.877 1.5 ( -6.7 to 9.7 ) 0.724

FIBTEM MCF (mm) 0.6 ( -4.3 to 5.6 ) 0.802 2.5 ( -0.0 to 5.1 ) 0.055

FIBTEM LI30 (%) -1.0 ( -16.5 to 14.5 ) 0.897 0.8 ( -5.5 to 7.1 ) 0.796
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TABLE 5: Linear regression analyses; effect of transfusion of RBCs and plasma in a ratio ≤1:1 in patients 

with and without traumatic brain injury (n=94 vs n=136)

TBI patients
Coefficients (95% CI)

P-value Non-TBI patients
Coefficients (95% CI)

P-value

EXTEM CT (sec) -30.9 ( -80.9 to 19.1 ) 0.229 -17.9 ( -34.7 to -1.0 ) 0.040

EXTEM CA5 (mm) 5.7 ( 0.2 to 11.2 ) 0.044 1.5 ( -2.9 to 5.8 ) 0.507

EXTEM CA10 (mm) 4.6 ( -2.2 to 11.3 ) 0.186 1.3 ( -3.3 to 5.9 ) 0.589

EXTEM alpha angle (deg) 3.1 ( -4.1 to 10.3 ) 0.405 2.2 ( -2.2 to 6.6 ) 0.334

EXTEM MCF (mm) 3.9 ( -3.3 to 11.0 ) 0.295 2.6 ( -1.7 to 6.9 ) 0.233

EXTEM LI30 (%) 3.1 ( -10.0 to 16.2 ) 0.645 -0.2 ( -7.2 to 6.9 ) 0.963

FIBTEM CT (sec) 5.2 ( -119.8 to 130.1 ) 0.935 43.1 ( -71.9 to 158.0 ) 0.464

FIBTEM CA5 (mm) 2.3 ( -0.7 to 5.2 ) 0.142 0.6 ( -1.7 to 2.8 ) 0.621

FIBTEM CA10 (mm) 0.8 ( -2.3 to 4.0 ) 0.615 1.0 ( -1.5 to 3.4 ) 0.428

FIBTEM alpha angle (deg) -4.1 ( -15.82 to 7.6 ) 0.495 -2.3 ( -9.7 to 5.2 ) 0.553

FIBTEM MCF (mm) 0.4 ( -3.0 to 3.8 ) 0.818 1.0 ( -2.0 to 4.0 ) 0.511

FIBTEM LI30 (%) 3.1 ( -7.8 to 13.9 ) 0.584 0.0 ( -6.8 to 6.8 ) 0.999

TABLE 6: Linear regression analyses; effect of transfusion of RBCs and PLTs in a ratio ≤1:1 in patients with 

and without traumatic brain injury (n=94 vs n=136)

TBI patients
Coefficients (95% CI)

P-value Non-TBI patients
Coefficients (95% CI)

P-value

EXTEM CT (sec) -68.7 ( -120.9 to -16.5 ) 0.012 -14.3 ( -30.6 to 2.0 ) 0.088

EXTEM CA5 (mm) 8.3 ( 2.6 to 14.1 ) 0.005 3.3 ( -1.1 to 7.6 ) 0.147

EXTEM CA10 (mm) 8.1 ( 1.0 to 15.2 ) 0.027 3.2 ( -1.5 to 7.8 ) 0.181

EXTEM alpha angle (deg) 7.0 ( -0.6 to 14.6 ) 0.075 2.9 ( -1.5 to 7.3 ) 0.195

EXTEM MCF (mm) 7.3 ( -0.2 to 14.8 ) 0.059 3.0 ( -1.4 to 7.4 ) 0.185

EXTEM LI30 (%) 3.2 ( -10.8 to 17.1 ) 0.657 -2.7 ( -9.9 to 4.5 ) 0.458

FIBTEM CT (sec) -95.4 ( -223.6 to 32.7 ) 0.148 -14.4 ( -132.0 to 103.2 ) 0.811

FIBTEM CA5 (mm) 3.2 ( 0.2 to 6.3 ) 0.038 1.8 ( -0.5 to 4.0 ) 0.123

FIBTEM CA10 (mm) 2.4 ( -0.8 to 5.6 ) 0.151 2.1 ( -0.4 to 4.5 ) 0.098

FIBTEM alpha angle (deg) 5.3 ( -6.9 to 17.4 ) 0.400 -0.5 ( -8.0 to 6.7 ) 0.888

FIBTEM MCF (mm) 2.9 ( -0.6 to 6.4 ) 0.109 2.3 ( -0.7 to 5.3 ) 0.136

FIBTEM LI30 (%) 4.2 ( -7.4 to 15.8 ) 0.477 -3.6 ( -10.3 to 3.1 ) 0.294
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TABLE 7: Linear regression analyses; effect of TXA in patients with and without shock (n=50 vs n=69)

With shock
Coefficients (95% CI)

P-value Without shock
Coefficients (95% CI)

P-value

EXTEM CT (sec) -21.5 ( -78.4 to 35.5) 0.459 -4.8 ( -21.8 to 12.2 ) 0.574

EXTEM CA5 (mm) 1.1 ( -7.2  to 5.1 ) 0.734 2.1 ( -1.2 to 5.5 ) 0.215

EXTEM CA10 (mm) -2.1 ( -9.7 to 5.5 ) 0.588 2.0 ( -1.8 to 6.0 ) 0.299

EXTEM alpha angle (deg) 0.7 ( -6.1 to 7.6 ) 0.216 1.5 ( -2.2 to 5.3 ) 0.805

EXTEM MCF (mm) -3.7 ( -11.1 to 3.8 ) 0.332 1.8 ( -1.8 to 5.4 ) 0.317

EXTEM LI30 (%) -12.0 ( -23.2 to -0.8 ) 0.035 -2.2 ( -8.5 to 4.1 ) 0.497

FIBTEM CT (sec) 52.2 ( -92.6 to 197.1) 0.478 -42.6 ( -125.3 to 40.0 ) 0.309

FIBTEM CA5 (mm) 1.9 ( -0.9 to 4.6 ) 0.181 2.8 ( 1.1 to 4.6 ) 0.001

FIBTEM CA10 (mm) 1.6 ( -1.4 to 4.6 ) 0.293 3.1 ( 1.1 to 5.0 ) 0.002

FIBTEM alpha angle (deg) 5.7 ( -0.1 to 11.5 ) 0.055 4.5 ( 0.4 to 8.6 ) 0.031

FIBTEM MCF (mm) 0.5 ( -4.2 to 5.2 ) 0.832 4.4 ( 1.7 to 7.2 ) 0.002

FIBTEM LI30 (%) -10.8 ( -21.1 to -0.5 ) 0.040 -1.5 ( -7.6 to 4.6 ) 0.634

TABLE 8: Linear regression analyses; effect of fibrinogen products in patients with and without shock 

(n=54 vs n=83)

With shock
Coefficients (95% CI)

P-value Without shock
Coefficients (95% CI)

P-value

EXTEM CT (sec) -24.3 ( -87.7 to 18.9 ) 0.206 -8.8 ( -24.1 to 6.6 ) 0.257

EXTEM CA5 (mm) 1.6 ( -3.8 to 7.1 ) 0.561 2.2 ( -1.1 to 5.5 ) 0.187

EXTEM CA10 (mm) 1.8 ( -4.6 to 8.3 ) 0.556 2.1 ( -1.7 to 5.8 ) 0.274

EXTEM alpha angle (deg) 2.8 ( -2.8 to 8.5 ) 0.327 2.1 ( -1.2 to 5.4 ) 0.215

EXTEM MCF (mm) 0.6 ( -5.8 to 7.0 ) 0.180 2.8 ( -0.7 to 6.2 ) 0.112

EXTEM LI30 (%) -2.0 ( -12.6 to 8.7 ) 0.714 -2.2 ( -8.2 to 3.7 ) 0.465

FIBTEM CT (sec) -30.6 ( -174.1 to 113.0 ) 0.674 -11.2 ( -82.8 to 60.3 ) 0.757

FIBTEM CA5 (mm) 1.3 ( -1.4 to 3.9 ) 0.347 2.8 ( 0.1 to 4.5 ) 0.002

FIBTEM CA10 (mm) 1.0 ( -1.9 to 3.8 ) 0.512 3.0 ( 1.0 to 4.9 ) <0.001

FIBTEM alpha angle (deg) 3.5 ( -1.5 to 10.6 ) 0.137 5.0 ( 0.5 to 9.6 ) 0.032

FIBTEM MCF (mm) 0.7 ( -3.1 to 4.5 ) 0.714 4.2 ( 1.5 to 6.8 ) 0.002

FIBTEM LI30 (%) 1.3 ( -7.8 to 10.6 ) 0.779 -1.3 ( -6.9 to 4.2 ) 0.634
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TABLE 9: Linear regression analyses; effect of TXA in patients 55 years or older or in patients younger than 

55 years (n=32 vs n=87)

≥55 years
Coefficients (95% CI)

P-value <55 years
Coefficients (95% CI)

P-value

EXTEM CT (sec) -24.3 ( -69.1 to 20.5 ) 0.287 -5.4 ( -31.4 to 20.7 ) 0.687

EXTEM CA5 (mm) 1.2 ( -4.8 to 7.3 ) 0.685 1.1 ( -2.1 to 4.2 ) 0.519

EXTEM CA10 (mm) 1.5 ( -5.5 to 8.5 ) 0.679 0.3 ( -3.5 to 4.1 ) 0.869

EXTEM alpha angle (deg) 1.4 ( -5.6 to 8.3 ) 0.701 1.4 ( -1.9 to 4.7 ) 0.410

EXTEM MCF (mm) 0.9 ( -5.9 to7.6 ) 0.796 -0.3 ( -4.0 to 4.4 ) 0.879

EXTEM LI30 (%) -5.3 ( -16.0 to 5.4 ) 0.329 -5.6 ( -11.6 to -0.4 ) 0.067

FIBTEM CT (sec) -56.6 ( -211.2 to 97.9 ) 0.407 6.4 ( -69.6 to 82.3 ) 0.870

FIBTEM CA5 (mm) 0.7 ( -2.5 to 3.6 ) 0.619 3.1 ( 1.5 to 4.7 ) <0.001

FIBTEM CA10 (mm) 1.0 ( -2.2 to 4.3 ) 0.534 3.1 ( 1.3 to 4.8 ) 0.001

FIBTEM alpha angle (deg) 1.0 ( -2.2 to 4.3 ) 0.534 3.1 ( 1.3 to 4.8 ) 0.001

FIBTEM MCF (mm) 0.9 ( -4.6 to 6.4 ) 0.750 3.6 ( 1.3 to 5.9 ) 0.003

FIBTEM LI30 (%) -2.8 ( -12.2 to 6.7 ) 0.567 -5.7 ( -11.7 to 0.3 ) 0.064

TABLE 10: Linear regression analyses; effect of fibrinogen products in patients 55 years or older or in 

patients younger than 55 years (n=38 vs n=98)

≥55 years
Coefficients (95% CI)

P-value <55 years
Coefficients (95% CI)

P-value

EXTEM CT (sec) -27.4 ( -68.5 to 13.7 ) 0.191 -14.0 ( -37.3 to 9.4 ) 0.242

EXTEM CA5 (mm) 1.9 ( -3.6 to 7.5 ) 0.679 2.3 ( -0.7 to 5.4 ) 0.134

EXTEM CA10 (mm) 2.4 ( -4.1 to 8.9 ) 0.722 2.1 ( -1.5 to 5.7 ) 0.256

EXTEM alpha angle (deg) 3.7 ( -2.7 to 10.1 ) 0.253 2.0 ( -1.1 to 5.1 ) 0.199

EXTEM MCF (mm) 1.7 ( -4.6 to 8.0) 0.590 2.5 ( -0.9 to 5.9 ) 0.143

EXTEM LI30 (%) -9.0 ( -18.8 to 0.8 ) 0.072 1.4 ( -4.4 to 7.2 ) 0.638

FIBTEM CT (sec) 8.7 ( -148.8 to 166.1 ) 0.109 -37.0 ( -108.2 to 34.2 ) 0.307

FIBTEM CA5 (mm) 1.2 ( -1.4 to 3.8 ) 0.349 2.6 ( 1.0 to 4.2 ) 0.002

FIBTEM CA10 (mm) 1.2 ( -1.7 to 4.1 ) 0.004 2.6 ( 0.8 to 4.5 ) 0.004

FIBTEM alpha angle (deg) 3.2 ( -1.8 to 8.2 ) 0.212 4.1 ( -0.3 to 8.4 ) 0.067

FIBTEM MCF (mm) 1.9 ( -2.9 to 6.7 ) 0.438 3.2 ( 0.9 to 5.6 ) 0.007

FIBTEM LI30 (%) -2.0 ( -10.6 to 6.6 ) 0.649 0.6 ( -5.0 to 6.3 ) 0.221
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TABLE 11: Linear regression analyses; effect of TXA in patients with and without traumatic brain injury 

(n=51 vs n=68)

TBI patients
Coefficients (95% CI)

P-value Non-TBI patients
Coefficients (95% CI)

P-value

EXTEM CT (sec) -31.9 ( -76.2 to 12.3 ) 0.157 3.6 ( -19.8 to 27.1 ) 0.760

EXTEM CA5 (mm) 2.0 ( -2.5 to 6.5 ) 0.392 0.4 ( -3.3 to 4.1 ) 0.828

EXTEM CA10 (mm) 2.1 ( -3.3 to 7.6 ) 0.778 -0.4 ( -4.7 to 3.9 ) 0.851

EXTEM alpha angle (deg) 2.5 ( -2.7 to 7.6 ) 0.345 0.5 ( -3.4 to 4.5 ) 0.271

EXTEM MCF (mm) 1.9 ( -3.3 to 7.1 ) 0.727 -1.4 ( -5.5 to 2.8 ) 0.511

EXTEM LI30 (%) -4.2 ( -12.7 to 4.3 ) 0.334 -6.6 ( -13.5 to 0.3 ) 0.060

FIBTEM CT (sec) -57.1 ( -191.6 to 77.4 ) 0.504 27.7 ( -48.6 to 104.0 ) 0.721

FIBTEM CA5 (mm) 2.6 ( 0.4 to 4.8 ) 0.020 2.4 ( 0.5 to 4.3 ) 0.014

FIBTEM CA10 (mm) 2.8 ( 0.4 to 5.2 ) 0.025 2.2 ( 0.2 to 4.7 ) 0.032

FIBTEM alpha angle (deg) 3.3 ( -1.6 to 8.1 ) 0.185 6.0 ( 1.7 to 10.3 ) 0.007

FIBTEM MCF (mm) 3.1 ( -0.3 to 6.5 ) 0.076 2.8 ( -0.4 to 5.9) 0.086

FIBTEM LI30 (%) -1.2 ( -8.6 to 6.2 ) 0.749 -7.3 ( -14.3 to -0.4 ) 0.039

TABLE 12: Linear regression analyses; effect of fibrinogen products in patients with and without traumatic 

brain injury (n=57 vs n=79)

TBI patients
Coefficients (95% CI)

P-value Non-TBI patients
Coefficients (95% CI)

P-value

EXTEM CT (sec) -33.8 ( -75.2 to 7.6 ) 0.109 -7.0 ( -27.9 to 13.8 ) 0.506

EXTEM CA5 (mm) 3.9 ( -0.5 to 8.3 ) 0.081 1.0 ( -2.7 to 4.7 ) 0.547

EXTEM CA10 (mm) 4.5 ( -0.7 to 9.7 ) 0.087 0.6 ( -3.6 to 4.7 ) 0.788

EXTEM alpha angle (deg) 5.6 ( 0.9 to 4.3 ) 0.021 0.3 ( -3.3 to 4.0 ) 0.859

EXTEM MCF (mm) 3.6 ( -1.5 to 8.6 ) 0.165 1.4 ( -2.4 to 5.2 ) 0.480

EXTEM LI30 (%) -5.3 ( -12.9 to 2.2 ) 0.165 0.9 ( -5.6 to 7.3 ) 0.262

FIBTEM CT (sec) -42.7 ( -166.0 to 80.6 ) 0.497 -6.7 ( -83.8 to 70.4 ) 0.862

FIBTEM CA5 (mm) 3.3 ( 1.3 to 5.3 ) 0.002 1.5 ( -0.4 to 2.4 ) 0.126

FIBTEM CA10 (mm) 3.5 ( 1.3 to 5.7 ) 0.002 1.4 ( -0.8 to 3.6 ) 0.207

FIBTEM alpha angle (deg) 6.6 ( 2.0 to 11.2 ) 0.006 3.5 ( -1.3 to 8.3 ) 0.148

FIBTEM MCF (mm) 4.0 ( 0.8 to 7.2 ) 0.015 2.2 ( -0.9 to 5.2 ) 0.158

FIBTEM LI30 (%) -0.1 ( -6.3 to 6.2 ) 0.987 -0.2 ( -6.6 to 6.3 ) 0.961


