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ORIGINAL RESEARCH

However, empiric resuscitation with early transfusion of large 
amounts of blood and blood products to severely injured patients 
has drawbacks. The correct time to initiate or to stop blood 
transfusion cannot be objectively determined, and most massive 
transfusion protocols (MTP) are initiated at the physician’s discretion 
(gestalt). There are numerous scoring systems that assist physicians 

In t r o d u c t I o n

Despite the recent advances in the evaluation and management, 
coagulopathy and hemorrhage remain major causes of death 
and morbidity in trauma.1 Trauma-induced coagulopathy (TIC) is 
an early event associated with shock (hypoperfusion) and tissue 
destruction (severity of trauma).2 The recognition of the importance 
and frequency of TIC and the enormous modifications adopted to 
address it have led to a revolution in trauma resuscitation in the 
XXI century.3 Crystalloid restriction and early transfusion of blood 
products aiming to correct hypovolemia and TIC are the new an 
widely-implemented standards of trauma resuscitation4.

The ideal management of TIC, however, is still open to debate. 
Early PLS, PLT, and RBC concentrate in preestablished ratios of 1:1:2 
(or 1:1:1), as well as the use of hemostatic agents such as tranexamic 
acid (TXA), are among the most widely adopted strategies.4,5 The 
role of static coagulation tests is debatable due to major limitations 
in diagnosing and guiding the early management of TIC in complex 
trauma patients. Consequently, most surgeons blindly initiate blood 
transfusions during early resuscitation of patients with apparent 
significant bleeding prior to confirming the diagnosis of TIC and 
irrespective of the lab coagulation tests. Despite only one out of 
four (25%) severely injured patients having TIC, empiric early blood 
product transfusion is widely accepted as the current gold standard 
for trauma resuscitation.6
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Ab s t r Ac t
Aim: To assess rotational thromboelastometry (ROTEM) as a tool to stop or avoid unnecessary transfusions in trauma patients. 
Materials and methods: Retrospective analysis in a period of 12 months, including all adult patients with a ROTEM assay upon arrival. In an 
initial analysis, patients were assigned to one of the two groups—“normal (NL) ROTEM” or “abnormal ROTEM.”  The “NL ROTEM” group had all 
ROTEM parameters within the normal range. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and odds 
ratio (OR) were calculated, which was repeated in subgroups of patients with ISS ≥ 16 and with systolic blood pressure (SBP) ≤90 mm Hg. In 
a second analysis, prediction models for the transfusion of each blood product were created by multivariate logistic regression, including 
all ROTEM parameters and the SBP on hospital admission. The prediction models were analyzed by the area under the receiver operating 
characteristics curve (AUROC). 
Results: A total of 793 patients fulfilled the inclusion criteria (80.2% blunt trauma and 73.5% male). NL ROTEM was observed in 604 (76.2%) 
patients. The NL ROTEM NPV for transfusion of any blood product (BBP), plasma (PLS), platelets (PLT), and >9 units of red blood cells (>9 RBC) were, 
respectively, 94.7, 98.3, 98.8, and 99.7%. Regarding patients with ISS ≥ 16, the NL ROTEM NPV for BBP, PLS, PLT, and >9 RBC were, respectively, 
83.8, 92.5, 96.3, and 98.8%. In the subgroup of patients admitted with SBP ≤ 90 mm Hg, NL ROTEM predicted 93.3% of cases in which massive 
transfusion did not happen. Considering all patients, the AUC observed for the prediction model of >9 RBC was 0.982. 
Conclusion: Patients with an NL ROTEM assay at admission had a lower need for blood transfusions in the first 24 hours after trauma, even in 
subgroups sustaining severe injuries and hemodynamic instability.
Clinical significance: The NL ROTEM seems to be a useful tool to avoid transfusions in trauma patients.
Keywords: Blood transfusion, Coagulopathy, Diagnostics, Hemorrhage, Injury, Massive transfusion, Rotational thromboelastometry, Shock, 
Trauma, Viscoelastic. 
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administration, commonly of 2 gm and given liberally to potentially 
bleeding patients, as in the CRASH-2 trial.5

The study analyzed the following ROTEM parameters—EXTEM 
Coagulation Time (CT), EXTEM Clot firmness (Amplitude) at 10 min 
(A10), EXTEM Maximum Clot Firmness (MCF), EXTEM Clot Formation 
Time (CFT), EXTEM maximum lysis (ML), EXTEM Angle, FIBTEM A10, 
and FIBTEM MCF. The normal range of the ROTEM parameters was 
established by the manufacturer.

The use of blood bank products in the first 24 hours after 
admission was defined by the following variables:

• BBP: Transfusion of any blood product.
• RBC: Transfusion of any amount of red blood cells.
• PLS: Transfusion of any amount of plasma.
• PTL: Transfusion of any amount of platelets.
• CRY: Transfusion of any amount of cryoprecipitate.
• PL-PT-CRY: Transfusion of any amount of plasma, platelets, or 

cryoprecipitate.
• RBC > 9: Transfusion of 10 or more units of RBC.
• RBC > 5: Transfusion of 6 or more RBC.
• PLS > 5: Transfusion of 6 or more units of plasma.
• PTL2: Transfusion of 2 or more apheresis platelets.
• CRY2: Transfusion of 2 or more units of cryoprecipitate.

The association between ROTEM and blood products transfusion 
was assessed in two ways:

The “ROTEM” Variable
Patients were assigned to one of two groups—“NL ROTEM” 
or “abnormal ROTEM.” The “NL ROTEM” group had all ROTEM 
parameters within the normal range. The “abnormal” group had 
a single, multiple, or all ROTEM parameters outside the normal 
range. The two groups (NL or abnormal ROTEM) were compared 
according to the blood product transfusion (abovementioned 
variables) in 2 × 2 tables. Sensitivity, specificity, PPV, NPV, and OR 
were calculated. Chi-squared and Fisher’s exact tests were used for 
statistical analysis, considering p < 0.05 as significant. The Statistical 
Package for the Social Sciences 23.0 software (IBM) was used for 
the analysis. This analysis was then repeated in two subgroups of 
patients, those with an ISS ≥ 16 (severe trauma) and SBP ≤ 90 mm Hg 
(shock). The NPV and OR (95% interval) were calculated. Prediction 
models derived from the ROTEM parameters and SBP.

For each blood product variable, a multivariate logistic 
regression analysis was carried out by the “enter” method, including 
all ROTEM parameters, as well as the systolic SBP on hospital 
admission. The prediction models were analyzed by the AUROC. 
This analysis was repeated for the RBC10 variable in the subgroups 
of patients with ISS ≥ 16 and SBP of <100 mm Hg.

re s u lts

From November 2014 to November 2015 (12-month study period), 
a total of 793 adult patients were admitted to the trauma center 
and had a ROTEM assay on arrival.

Descriptive data of the sample are depicted in (Table 1). Blunt 
trauma accounted for 80.2% of the admissions, and 73.5% of the 
patients were male. Age ranged from 15–96 years old, with a median 
of 42 (28–58 years old). A total of 46 patients (5.8%) had SBP ≤ 90 mm 
Hg on admission, and 161 (20.3%) sustained a significant traumatic 
brain injury defined as AIS head >2. ISS ranged from 1 to 75, with 
a median of 9 (2–19), and 269 patients suffered a severe trauma 
defined as an ISS ≥ 16 (33.9%).

in making the clinical decision to initiate transfusion protocols. 
Invariably the existing scoring systems are openly considered 
insufficient, frequently leading to inappropriate MTP activations 
and irrational transfusions.7,8 Furthermore, inappropriate blood 
transfusions, particularly to patients without TIC, have significant 
harmful side effects, and also blood products are costly and scarce. 
Inappropriate blood transfusions are becoming more common in 
trauma resuscitation,9 as well as their consequences such as acute 
lung injury, multiple organ failure, thromboembolic events, increase 
in costs, and resource utilization, among others.10,11

In view of the central role of blood product transfusion in the 
early management of TIC and the limitations of static coagulation 
tests to diagnose and direct TIC management, a growing number 
of studies have proposed the use of viscoelastic hemostatic assays 
(VHA), particularly TEG® (Thromboelastography, Haemonetics 
Corporation, United States of America) and ROTEM® (ROTEM, 
Werfen International).12 Three recent randomized control trials 
(RCT) demonstrated the superiority of viscoelastic assays in 
diagnosing and guiding the management of injured patients, 
which may have reduced mortality.13–15 Gonzales et al., in an RCT, 
observed that the use of a TEG-based resuscitation protocol led 
to a significant reduction in mortality.16 VHA are known to predict 
coagulopathy and the need and type of transfusion, thereby 
reducing inappropriate blood transfusion and being cost-effective. 
Other studies also suggested that viscoelastic-based resuscitation 
is superior to empiric or static lab test-based management, with 
a significant impact on mortality. European and North American 
Societies guidelines recommend the use of TEG/ROTEM-based 
protocols.17,18

Nevertheless, definitive evidence supporting the use of 
viscoelastic tests in trauma is still lacking.19–21 Irrespective of the 
growing role of VHA in trauma, no study to date has explored 
whether they could be used to stop ongoing blood transfusions or 
even prevent the initiation of transfusion protocols in early trauma 
resuscitation.

We hypothesize that ROTEM is a tool that could be used not 
only to trigger but also to halt the initiation or to discontinue 
blood transfusion in early trauma resuscitation. Our objective is to 
assess ROTEM as a tool to stop or avoid unnecessary transfusions 
in trauma patients.

MAt e r I A l s A n d Me t h o d s

The Ethics Review Board of the hospital approved the study 
(REB #: 15-339).

We performed a retrospective cohort analysis of all injured 
adult (over 14 years of age) patients admitted to the trauma center 
(level I) over a 12-month period starting in November 2014. Only 
patients with a ROTEM viscoelastic assay performed on hospital 
arrival were included. The following data was collected from all 
patients—mechanisms of trauma, vital signs, static laboratory tests 
[international normalized ratio (INR), partial thromboplastin time 
(PTT), complete blood count (CBC) including PLT count] done in 
the first 24 hours of hospital admission, base deficit, ROTEM assays, 
and ISS as per the abbreviated injury scale (AIS-2005). Patients were 
considered “stable” if the SBP on admission was higher than 90 mm 
Hg and the concomitant heart rate was below 100 bpm.

During the study period, all decisions concerning blood 
transfusion, including initiation of the MTP, were mostly clinical 
decisions by the lead physician and not based on any lab test results, 
including ROTEM. Lead physician’s discretion also dictates TXA 
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The subgroup of 267 patients with ISS ≥ 16 (severe trauma) is 
summarized in (Table 3). The NPV of each ROTEM variable to detect 
the need for different types of blood products ranged from 83.8 to 
98.8%. The ORs varied from 1.9 (for PLS) to 5.4 (for RBC > 9). A total 
of 72 patients out of 80 with a “NL ROTEM” (90%) did not receive any 
PLS, PTL, or CRY transfusions in the first 24 hours. Only one patient 
out of 80 with “NL ROTEM” required 10 or more units of RBC in the 
first 24 hours of admission.

Table 4 depicts the values of NPV and OR 95% confidence of 
interval (CI) for each ROTEM variable in identifying the need for 
transfusion in the 46 patients admitted with SBP ≤ 90 mm Hg (shock 
group). NPV ranged from 66.7% (for BBP and RBC) to 93.3% (for RBC 
> 9, PLS > 5, PLT2, CRY2). A total of 14 of the 15 patients (93.3%) 
admitted with an “NL ROTEM” and SBP ≤ 90 mm Hg (shock) did not 
require transfusion of 10 or more units of RBC in the first 24 hours. 
Only one out of 15 patients admitted with an “NL ROTEM” and  
SBP ≤ 90 mm Hg was transfused > 6 units of PLS.

Prediction Models
The prediction models were initially calculated, including the data 
of 793 patients (total sample). For each blood product variable, 
a prediction model was created. The AUCs for the prediction 
models for each blood product variable are depicted in (Table 5). 
A higher AUC was observed for the prediction of RBC >9 (0.982) 
(Table 5 and Fig. 1).

When we included only the data of the 267 patients with ISS ≥ 
16, the AUC for predicting the need for RBC >9 (derived from the 
multivariate logistic regression that included all ROTEM variables 
and SBP) reached 0.972. For the 46 patients admitted in shock (SBP 
≤ 90 mm Hg), the AUC for predicting the transfusion of 10 or more 
units of RBC (RBC > 9) reached 1.0.

dI s c u s s I o n

Trauma-induced coagulopathy (TIC) is common, occurs immediately 
after the injury, and carries high mortality by causing or worsening 
life-threatening bleeding. TIC is usually not a single hemostatic 
disorder but a combination of many, which can range from 
fibrinolysis shutdown (lower than expected fibrinolysis) to 
overwhelming hyperfibrinolysis, for example.22 A recent study by 
Gomez–Builes et al. proposes that not all changes in hemostasis 
after trauma are harmful but may be interpreted as physiologic 
responses that augment the patient’s chances of surviving.23

Of all adult trauma patients admitted to a trauma center, 
roughly one in four (23.8%) had an abnormal admission ROTEM 
study, indicating the presence of TIC. Dujardin et  al., in 2022, 
reported that 40% of trauma patients sustained some ROTEM 
derangement in a prospective observational multicenter study 
with 1828 patients. These authors also found an association 
between abnormal ROTEM and coagulation factors levels, as well 
as mortality.24

Our study sample reflects well the reality of many trauma 
centers across the world. Most patients were male with blunt 
trauma. Approximately a third of the patients suffered severe 
trauma (ISS ≥ 16), and 20% had significant brain injuries (AIS > 2). 
Shock, defined by SBP ≤ 90 mm Hg, was not frequent, occurring 
in <6% of the admitted patients. Blood and blood product 
transfusions were administered to twice as many (12%), and 1.6% 
received >9 units of RBC in the first 24 hours.

The empirical and blind transfusions of PLS, PLT, and CRY for 
life-threatening hemorrhage are currently acceptable considering 

At least one unit of blood or blood products was transfused 
to 92 (11.6% of the patients) in the first 24 hours of admission.  
“NL ROTEM,” defined as all ROTEM parameters were within normal 
ranges, was observed in 604 (76.2%) patients. It could then be 
inferred that according to the initial ROTEM, approximately a quarter 
(23.8% or 189 patients) had TIC.

ROTEM Variables
Including all 793 patients, the values for sensitivity, specificity, 
PPV, NPV, and OR for ROTEM to predict the need for blood 
product transfusions are shown in (Table  2). All differences 
between “normal” and “abnormal” ROTEM were statistically 
significant (p < 0.05). Sensitivity varied between 79.1% (RBC) 
to 92.3% (RCB > 9 and PLS >5). Numbers for specificity were 
lower than 46.8%, and PPV values did not exceed 16.6%. On the 
contrary, the NPV varied from 94.8% (BBP and RBC) to 99.7% 
(RBC > 9 and PLS > 5).

Table 1: General characteristics of the sample. Continuous variables are 
depicted as median and interquartile ranges (25th and 75th percentile)

Variable Description

Number of patients 793
Gender, male (%) 583 (73.5)
Age, years 42 (28–58)
Trauma mechanism, blunt (%) 636 (80.2)
SBP, mm Hg 135 (120–149)
SBP <90 mm Hg, N (%) 46 (5.8)
AIS Head > 2, N (%) 161 (20.3)
ISS 9 (2–19)
ISS >15, N (%) 269 (33.9)
BBP, N (%) 92 (11.6)
RBC, N (%) 86 (10.8)
PLS, N (%) 34 (4.3)
PTL, N (%) 28 (3.5)
CRY, N (%) 39 (4.3)
RBC10, N (%) 13 (1.6)
RBC6, N (%) 21 (2.6)
PLS6, N (%) 13 (1.6)
CRY2, N (%) 11 (1.4)
PTL2, N (%) 12 (1.5)
EXTEM CT 69 (61–76)
EXTEM CFT 85 (73–101)
EXTEM A10 55 (51–59)
EXTEM MCF 63 (59–66)
EXTEM ML 6 (4–9)
EXTEM Angle 73 (70–75)
FIBTEM A10 15 (12–18)
FIBTEM MCF 16 (13–20)
NL ROTEM, N (%) 604 (76.2)

Tranexamic acid trauma bay, N (%) 152 (19.2)

BBP, transfusion of any blood product; CRY, transfusion of any amount of 
cryoprecipitate; RBC, transfusion of any amount of red blood cells; CRY2, 
transfusion of 2 or more units of cryoprecipitate; PLS, transfusion of any 
amount of plasma; PTL, transfusion of any amount of platelets; PTL2, 
transfusion of 2 or more apheresis of platelets; PLS6, transfusion of 6 or 
more units of plasma; RBC6, transfusion of 6 or more RBC; RBC10, transfu-
sion of 10 or more units of RBC
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Table 2: Sensibility, specificity, PPV, NPV, and OR for the ROTEM variable in predicting the need for blood products transfusion in 793 trauma patients

Variable Sensitivity Specificity PPV NPV p OR 95% CI

BBP 74/92 (80.4%) 327/698 (46.8%) 74/445 (16.6%) 327/345 (94.8%) <0.001 3.6 (2.1–6.2)
RBC 68/86 (79.1%) 327/704 (46.4%) 68/445 (15.3%) 327/345 (94.8%) <0.001 3.2 (1.9–5.6)
PLS 28/34 (82.4%) 339/756 (44.8%) 28/445 (6.3%) 339/345 (98.3%) 0.001 3.8 (1.5–9.2)
PLT 24/28 (85.7%) 341/762 (44.8%) 24/445 (5.4%) 341/345 (98.8%) 0.001 4.8 (1.6–14.1)
Cryo 32/39 (82.1%) 338/751 (45.0%) 32/445 (7.2%) 338/345 (98.0%) 0.001 3.7 (1.6–8.5)
PL/PT/CR 43/52 (82.7%) 336/738 (45.5%) 43/445 (9.7%) 336/345 (97.4%) <0.001 4.0 (1.9–8.3)
RBC > 9 12/13 (92.3%) 344/777 (44.3%) 12/445 (2.7%) 344/345 (99.7%) 0.006 9.5 (1.2–73.7)
RBC > 5 18/21 (85.7%) 342/769 (44.5%) 18/445 (4.0%) 342/345 (99.1%) 0.004 4.8 (1.4–16.4)
PLS > 5 12/13 (92.3%) 344/777 (44.3%) 12/445 (2.7%) 344/345 (99.7%) 0.006 9.5 (1.2–73.7)
Plat > 2 11/12 (91.7%) 344/778 (44.2%) 11/445 (2.5%) 344/345 (99.7%) 0.010 8.7 (1.1–67,9)

Cryo > 2 10/11 (90.9%) 344/779 (44.2%) 10/445 (2.2%) 344/345 (99.7%) 0.017 7.9 (1.0–62.1)

BBP, transfusion of any blood product; Cryo, transfusion of any amount of cryoprecipitate; Cryo > 2, transfusion of 2 or more units of cryoprecipitate; RBC, 
transfusion of any amount of red blood cells; Plasma > 5, transfusion of 6 or more units of plasma; PLS, transfusion of any amount of plasma; Plat > 2, 
transfusion of 2 or more apheresis platelets; PL-PT-CR, transfusion of any amount of plasma, platelets or cryoprecipitate; PTL, transfusion of any amount 
of platelets; RBC > 5, transfusion of 6 or more RBC; RBC > 9, transfusion of 10 or more units of RBC 

Table 3: ROTEM NPV and OR 95% CI for predicting blood products transfusion in 267 trauma patients with ISS ≥ 16

Blood product NPV OR 95% CI p

BBP 67/80 (83.8%) 2.5 (1.3–4.9) 0.003
RBC 67/80 (83.8%) 2.2 (1.1–4.2) 0.013
PLS 74/80 (92.5%) 1.9 (0.7–4.8) 0.123
PTL 77/80 (96.3%) 3.6 (1.0–12.3) 0.022
CRY 74/80 (92.5%) 2.3 (0.9–5.9) 0.044
RBC10 79/80 (98.8%) 5.4 (0.7–42.1) 0.061
RBC6 77/80 (96.3%) 2.2 (0.8–9.5) 0.079
PLS/CRY/PLT 72/80 (90.0%) 2.3 (1.0–5.3) 0.023
PLS6 79/80 (98.8%) 5.3 (0.7–42.1) 0.061
PLT2 79/80 (98.8%) 4.9 (0.6–38.7) 0.082

CRY2 79/80 (98.8%) 4.4 (0.5–35.2) 0.110

BBP, transfusion of any blood product; Cryo, transfusion of any amount of cryoprecipitate; Cryo > 2, transfusion of 2 or more units of cryoprecipitate; 
Plasma > 5, transfusion of 6 or more units of plasma; PLS, transfusion of any amount of plasma; PL-PT-CR, transfusion of any amount of plasma, platelets 
or cryoprecipitate; RBC, transfusion of any amount of red blood cells; PTL, transfusion of any amount of platelets; RBC > 9, transfusion of 10 or more units 
of RBC; RBC > 5, transfusion of 6 or more RBC

Table 4: ROTEM variable NPV and OR 95% CI and for predicting blood products transfusion in 46 patients admitted with SBP ≤ 90 mm Hg

Blood product NPV OR 95% CI p

BBP 10/15 (66.7%) 2.4 (0.7–8.8) 0.146
RBC 10/15 (66.7%) 2.4 (0.7–8.8) 0.146
PLS 12/15 (80.0%) 1.2 (0.2–5.3) 0.582
PTL 14/15 (93.3%) 4.1 (0.4–36.8) 0.181
CRY 13/15 (86.7%) 2.3 (0.4–12.3) 0.288
RBC10 14/15 (93.3%) 2.7 (0.3–25.3) 0.351
RBC6 13/15 (86.7%) 1.6 (0.3–8.8) 0.478
PLS/CRY/PLT 12/15 (80.0%) 1.9 (0.4–8.3) 0.308
PLS6 14/15 (93.3%) 2.7 (0.3–25.3) 0.351
PLT2 14/15 (93.3%) 2.1 (0.2–20.3) 0.468

CRY2 14/15 (93.3%) 2.1 (0.2–20.3) 0.468

BBP, transfusion of any blood product; Cryo, transfusion of any amount of cryoprecipitate; Cryo > 2, transfusion of 2 or more units of cryoprecipitate; 
Plasma > 5, transfusion of 6 or more units of plasma; Plat > 2, transfusion of 2 or more apheresis platelets; PL-PT-CR, transfusion of any amount of plasma, 
platelets or cryoprecipitate; PLS, transfusion of any amount of plasma; PTL, transfusion of any amount of platelets; RBC > 5, transfusion of 6 or more RBC; 
RBC > 9, transfusion of 10 or more units of RBC; RBC, transfusion of any amount of RBC
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not provide the necessary direction. Despite the inability to even 
establish the existence of ongoing bleeding, conventional static 
lab tests have a long turnaround time, and the late results have 
no or little value in managing fast or massive bleeding patients 
undergoing resuscitation and are incapable of depicting the 
patient’s current coagulation status.

Abnormal viscoelastic tests are associated with active ongoing 
bleeding, and the results are readily available when used as 
point-of-care. There is an open field for research concerning the 
clinical usefulness of these tests in trauma. VHA-based protocols 
have been proposed to guide early resuscitation and blood 
transfusions in trauma, although more evidence about their efficacy 
would be desirable. The normal range and cutoff values for each 
blood product are also a matter of debate.

In the present study, ROTEM values were within the “normal” 
range in three-fourths of the patients (76.2%). Interestingly, ROTEM 
was also “normal” in roughly 30% of the severely injured and 
hypotensive patients, which suggests that many such patients 
may not have an underlying coagulopathy. Bleeding in these 
patients would more likely be “mechanical,” without any underlying 
coagulopathy, and in whom blood transfusion would be not only 
unnecessary but also potentially harmful.

The NPV of any ROTEM parameter indicates that blood product 
transfusion (hemostatic transfusion) was not invariably necessary, 
even in actively bleeding and hypotensive patients. Very few 

the nonexistence of readily available blood components and/or 
pharmacologic agents as well as accurate ways to timely determine 
their need. Considering the side effects, cost, and scarcity of 
blood, on top of the fact that most patients may not need any 
blood transfusion, it seems logical to pursue better guidance. The 
transfusion of PLT to a patient with low levels of fibrinogen will not 
treat the core problem and may be harmful. Empirical transfusions 
using blood product ratios were established historically when 
existing conventional laboratory tests (INR, PTT, and PLT count) did 

Table 5: Area under the ROC curve for the prediction models derived 
from the multivariate logistic regression analysis, which included all 
ROTEM variables together with the SBP on admission, in 793 trauma 
patients

Blood product AUC

Blood bank products (at least 1 unit) 0.812
RBC (at least 1 unit) 0.811
CRY (at least one apheresis) 0.890
PLS (at least 1 unit) 0.887
PLT (at least one apheresis) 0.859
RBC (> 9 units) RBC10 0.982
RBC (> 5 units) RBC6 0.921

PLS (> 5 units) PLS6 0.944

Fig. 1: ROC curve for the prediction of RCB10, derived from the multivariate logistic regression analysis, which included all ROTEM variables 
together with the SBP on admission in 793 trauma patients. The AUC was 0.982



Using ROTEM to Stop or Avoid Blood Transfusions in Trauma Patients

Panamerican Journal of Trauma, Critical Care & Emergency Surgery, Volume 12 Issue 1 (January–April 2023)40

or c I d

José G Parreira  https://orcid.org/0000-0001-5883-9296

re f e r e n c e s

1. Holcomb JB,  Fox EE,  Wade CE,  et   al .  The PRrospec tive 
Observational Multicenter Major Trauma Transfusion (PROMMTT) 
study. J Trauma Acute Care Surg 2013;75(1 Suppl 1):S1–2.  
DOI: 10.1097/TA.0B013E3182983876

2. B r o h i  K ,  S i n g h  J ,  H e r o n  M ,  e t   a l .  A c u t e  t r a u m a t i c 
coagulopathy. J Trauma 2003;54(6):1127–1130. DOI: 10.1097/01.
TA.0000069184.82147.06

3. Maier RV. Scudder oration on trauma. A century of evolution in trauma 
resuscitation. J Am Coll Surg 2014;219(3):335–345. DOI: 10.1016/J.
JAMCOLLSURG.2014.04.011

4. Cotton BA, Reddy N, Hatch QM, et al. Damage control resuscitation 
is associated with a reduction in resuscitation volumes and 
improvement in survival in 390 damage control laparotomy patients. 
Ann Surg 2011;254(4):598–605. DOI: 10.1097/SLA.0B013E318230089E

5. Olldashi F, Kerçi M, Zhurda T, et  al. Effects of tranexamic acid on 
death, vascular occlusive events, and blood transfusion in trauma 
patients with significant haemorrhage (CRASH-2): a randomized, 
placebo-controlled trial. Lancet 2010;376(9734):23–32. DOI: 10.1016/
S0140-6736(10)60835-5

6. Albrecht V, Schäfer N, Stürmer EK, et  al. Practice management of 
acute trauma haemorrhage and haemostatic disorders across 
German trauma centres. Eur J Trauma Emerg Surg 2017;43(2):201–214.  
DOI: 10.1007/S00068-015-0608-7

7. Etchill E, Sperry J, Zuckerbraun B, et  al. The confusion continues: 
results from an American Association for the Surgery of Trauma 
survey on massive transfusion practices among United States trauma 
centers. Transfusion 2016;56(10):2478–2486. DOI: 10.1111/TRF.13755

8. Gianola S, Castellini G, Biffi A, et  al. Accuracy of risk tools to 
predict critical bleeding in major trauma: a systematic review with 
meta-analysis. J Trauma Acute Care Surg 2022;92(6):1086–1096.  
DOI: 10.1097/TA.0000000000003496

9. Shander A, Fink A, Javidroozi M, et al. Appropriateness of allogeneic 
red blood cell transfusion: the international consensus conference 
on transfusion outcomes. Transfus Med Rev 2011;25(3):232–246.  
DOI: 10.1016/J.TMRV.2011.02.001

10. Johnson JL, Moore EE, Kashuk JL, et  al. Effect of blood products 
transfusion on the development of postinjury multiple organ failure. 
Arch Surg 2010;145(10):973–977. DOI: 10.1001/ARCHSURG.2010.216

11. Dunbar NM, Olson NJ, Szczepiorkowski ZM, et al. Blood component 
transfusion and wastage rates in the setting of massive transfusion in 
three regional trauma centers. Transfusion 2017;57(1):45–52. DOI: 10.1111/
TRF.13880

12. Johansson PI, Stissing T, Bochsen L, et al. Thrombelastography and 
tromboelastometry in assessing coagulopathy in trauma. Scand J 
Trauma Resusc Emerg Med 2009;17:45. DOI: 10.1186/1757-7241-17-45

13. Veigas PV, Callum J, Rizoli S, et  al. A systematic review on the 
rotational thrombelastometry (ROTEM®) values for the diagnosis of 
coagulopathy, prediction and guidance of blood transfusion and 
prediction of mortality in trauma patients. Scand J Trauma Resusc 
Emerg Med 2016;24(1):114. DOI: 10.1186/S13049-016-0308-2

14. Da Luz LT, Nascimento B, Shankarakutty AK, et  al. Effect of 
thromboelastography (TEG®) and rotational thromboelastometry 
(ROTEM®) on diagnosis of coagulopathy, transfusion guidance 
and mortality in trauma: descriptive systematic review. Crit Care 
2014;18(5):518. DOI: 10.1186/S13054-014-0518-9

15. Winearls J, Reade M, Miles H, et al. Targeted coagulation management 
in severe trauma: the controversies and the evidence. Anesth Analg 
2016;123(4):910–924. DOI: 10.1213/ANE.0000000000001516

16. Gonzalez E, Moore EE, Moore HB, et  al. Goal-directed hemostatic 
resuscitation of trauma-induced coagulopathy: a pragmatic 
randomized clinical trial comparing a viscoelastic assay to 

patients with normal ROTEMs needed any blood transfusion in the 
first 24 hours of arrival to the trauma center. Considering the entire 
cohort of almost 800 injured patients, the OR provide reasonable 
evidence that a NL ROTEM is linked to a very low probability of 
blood transfusions.

The present study also explored whether the ROTEM has the 
same power when tested in severely injured (ISS ≥ 16) and/or in 
shock patients (SBP ≤ 90 mm Hg). While the ROTEM NPV reduced in 
these two groups of patients, it remained above 90% in detecting 
massive transfusion (RBC > 9), >5U PLS or ≥ 2U apheresis PLT,  
and ≥ 2U CRY. So, even for hemodynamically unstable and severely 
injured trauma patients, a “NL ROTEM” (when all parameters are 
normal) is a strong indication that (at least) massive transfusion 
(if any transfusion at all) is not required. This finding offers a very 
important piece of information, especially to appraise massive 
transfusion activation protocols.

It is important to note that ROTEM PPV was not as strong, 
indicating that an “Abnormal ROTEM” test was not associated with 
the transfusion of blood products. David et al., in 2022, observed 
that mortality and blood requirements were different when 
comparing three different EXTEM CT categories (EXTEM CT—< 91 s 
(no TIC), 91–130 s (moderate TIC), 131–200 s (severe TIC) and >200 s 
(major TIC).25 So, an “abnormal” ROTEM needs a deeper analysis, 
considering all the different parameters. Nevertheless, the focus 
of our analysis is to present the opposite view, particularly of the 
power of a “NL ROTEM” (all parameters are normal) to withhold 
transfusion, which is better assessed by specificity and NPV.

To address the question of whether ROTEM could predict (or 
not) the need for the transfusion of blood products, we performed 
a multivariate logistic regression using the method “enter,” which 
included all ROTEM parameters in the prediction model. We 
also included the SBP due to its strong association with severity 
and blood transfusions in trauma. The AUC was high for most of 
the blood product predictive models. Particularly for massive 
transfusion (transfusion of >9U RBC), transfusion of >5U RBC 
(RBC > 5), and PLT (PLS6). The AUC was higher than 0.9, which is 
considered an optimal relation. This exceptional AUC performance 
was also reached when predicting massive transfusion (transfusion 
of >9U RBC) in severely injured (ISS ≥ 16) and hypotensive patients.

Brill et  al., in 2021, reviewed the literature about the role of 
VHA (TEG and ROTEM) in damage control resuscitation.26 They 
suggest that guided transfusions are preferable to empiric ones in 
trauma patients. Another series, published in 2022, showed that 
ROTEM-guided resuscitation decreased mortality and increased 
the use of hemostatic agents in trauma patients.27 Our data also 
suggest that guided resuscitation can bring benefits. Differently, 
we looked at the other side of the coin, observing that all ROTEM 
parameters can be used together when they are normal as one piece 
of information. “NL ROTEM” is a strong indication that transfusions 
are probably not necessary.

However, this study has significant limitations. First, we are 
assuming that all blood transfusions were correctly indicated, which 
is false. Another limitation is the small sample size when analyzing 
severely injured and hypotensive trauma patients. Future studies 
are needed to determine the role of ROTEM-based resuscitation 
protocols and blood product transfusion in trauma patients.

The present analysis indicates that when all ROTEM parameters 
are within the normal range, transfusions are probably not required. 
Even in severely injured and hemodynamically unstable patients, 
a “NL ROTEM” indicates that massive blood transfusion is unlikely.

https://orcid.org/0000-0001-5883-9296
https://doi.org/10.1097/TA.0B013E3182983876
https://doi.org/10.1097/01.TA.0000069184.82147.06
https://doi.org/10.1097/01.TA.0000069184.82147.06
https://doi.org/10.1016/J.JAMCOLLSURG.2014.04.011
https://doi.org/10.1016/J.JAMCOLLSURG.2014.04.011
https://doi.org/10.1097/SLA.0B013E318230089E
https://doi.org/10.1016/S0140-6736(10)60835-5
https://doi.org/10.1016/S0140-6736(10)60835-5
https://doi.org/10.1007/S00068-015-0608-7
https://doi.org/10.1111/TRF.13755
https://doi.org/10.1097/TA.0000000000003496
https://doi.org/10.1016/J.TMRV.2011.02.001
https://doi.org/10.1001/ARCHSURG.2010.216
https://doi.org/10.1111/TRF.13880
https://doi.org/10.1111/TRF.13880
https://doi.org/10.1186/1757-7241-17-45
https://doi.org/10.1186/S13049-016-0308-2
https://doi.org/10.1186/S13054-014-0518-9
https://doi.org/10.1213/ANE.0000000000001516


Using ROTEM to Stop or Avoid Blood Transfusions in Trauma Patients

Panamerican Journal of Trauma, Critical Care & Emergency Surgery, Volume 12 Issue 1 (January–April 2023) 41

22. Moore EE, Moore HB, Kornblith LZ, et  al. Trauma-induced 
coagulopathy. Nat Rev Dis Primers 2021;7(1):29. DOI: 10.1038/S41572-
021-00264-3

23. Gomez-Builes JC, Acuna SA, Nascimento B, et  al. Harmful or 
physiologic: diagnosing fibrinolysis shutdown in a trauma cohort 
with rotational thromboelastometry. Anesth Analg 2018;127(4): 
840–849. DOI: 10.1213/ANE.0000000000003341

24. Dujardin RWG, Kleinveld DJB, Gaarder C, et al. Coagulopathy underlying 
rotational thromboelastometry derangements in trauma patients: 
a prospective observational multicenter study. Anesthesiology 
2022;137(2):232–242. DOI: 10.1097/ALN.0000000000004268

25. David JS, Friggeri A, Vacheron CH, et  al. Is it possible to improve 
prediction of outcome and blood requirements in the severely 
injured patients by defining categories of coagulopathy? Eur J Trauma 
Emerg Surg 2022;48(4):2751–2761. DOI: 10.1007/s00068-022-01882-6

26. Brill JB, Brenner M, Duchesne J, et al. The Role of TEG and ROTEM in 
damage control resuscitation. Shock 2021;56(1S):52–61. DOI: 10.1097/
SHK.0000000000001686

27. Riehl K, Lefering R, Maegele M, et  al. Is ROTEM diagnostic in 
trauma care associated with lower mortality rates in bleeding 
patients?-a retrospective analysis of 7461 patients derived from the 
TraumaRegister DGU®. J Clin Med 2022;11(20):6150. DOI:  10.3390/
jcm11206150

conventional coagulation assays. Ann Surg 2016;263(6):1051–1059. 
DOI: 10.1097/SLA.0000000000001608

17. Spahn DR, Bouillon B, Cerny V, et  al. The European guideline on 
management of major bleeding and coagulopathy following trauma: 
fifth edition. Crit Care 2019;23(1):98. DOI: 10.1186/S13054-019-2347-3

18. Bugaev N, Como JJ, Golani G, et  al. Thromboelastography 
and rotational thromboelastometry in bleeding patients with 
coagulopathy: practice management guideline from the Eastern 
Association for the Surgery of Trauma. J Trauma Acute Care Surg 
2020;89(6):999–1017. DOI: 10.1097/TA.0000000000002944

19. Hunt H, Stanworth S, Curry N, et  al. Thromboelastography (TEG) 
and rotational thromboelastometry (ROTEM) for trauma induced 
coagulopathy in adult trauma patients with bleeding. Cochrane 
Database Syst Rev 2015;2015(2):CD010438. DOI: 10.1002/14651858.
CD010438.PUB2

20. Inaba K, Rizoli S, Veigas PV, et  al. 2014 Consensus conference on 
viscoelastic test-based transfusion guidelines for early trauma 
resuscitation: report of the panel. J Trauma Acute Care Surg 
2015;78(6):1220–1229. DOI: 10.1097/TA.0000000000000657

21. Baksaas-Aasen K, Gall LS, Stensballe J, et al. Viscoelastic haemostatic 
assay augmented protocols for major trauma haemorrhage (ITACTIC): 
a randomized, controlled trial. Intensive Care Med 2021;47(1):49–59. 
DOI:  10.1007/S00134-020-06266-1

https://doi.org/10.1038/S41572-021-00264-3
https://doi.org/10.1038/S41572-021-00264-3
https://doi.org/10.1213/ANE.0000000000003341
https://doi.org/10.1097/ALN.0000000000004268
https://doi.org/10.1007/s00068-022-01882-6
https://doi.org/10.1097/SHK.0000000000001686
https://doi.org/10.1097/SHK.0000000000001686
https://doi.org/ 10.3390/jcm11206150
https://doi.org/ 10.3390/jcm11206150
https://doi.org/10.1097/SLA.0000000000001608
https://doi.org/10.1186/S13054-019-2347-3
https://doi.org/10.1097/TA.0000000000002944
https://doi.org/10.1002/14651858.CD010438.PUB2
https://doi.org/10.1002/14651858.CD010438.PUB2
https://doi.org/10.1097/TA.0000000000000657
https://doi.org/ 10.1007/S00134-020-06266-1

	The Other Side of the Coin: Using Rotational Thromboelastometry to Stop or Avoid Blood 
Transfusions in Trauma Patients
	Abstract
	Introduction
	Materials and Methods
	The “ROTEM” Variable

	Results
	ROTEM Variables
	Prediction Models

	Discussion
	Orcid
	References


