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Abstract

Objective: The aim of this study was to describe the evolution of transfusion practices following the introduction of tranexamic acid (TXA) and
ROTEMVR in a trauma resuscitation unit (TRU) from a French teaching hospital (FTH).

Methods: This is a single-centre, retrospective study at a TRU from a FTH. All trauma patients aged 18 years or more and transfused with at
least 4 red blood cells (RBCs) within 24 hours after trauma, from 2011 to 2016, were included. The primary objective was to analyse transfusion
practices over this time period. The secondary objectives aimed at assessing differences between populations according to the fresh frozen
plasma (FFP):RBC ratio applied.

Results: A total of 122 patients were included. There was a significant decrease in the proportion of patients requiring at least 4 RBCs
24 hours after trauma (9% vs. 3%, P trend < .0001) as well as a decrease in the proportion of patients with a high FFP:RBC ratio (86% vs. 62%
at 6 hours, P trend ¼ .0056 and 86% vs. 56% at 24 hours, P trend ¼ .0047). After 2013, fibrinogen was administered to more than 70% of
patients and TXA to 100% of them. The observed mortality was lower than the predicted one, irrespective of FFP:RBC ratio.

Conclusion: An important evolution of practices occurred including a decrease in the proportion of transfusions and use of high FFP:RBC
ratios. The origin of these changes is multifactorial, likely including the systematic use of TXA and optimisation of the ROTEM protocol for
fibrinogen administration.
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Introduction

Mortality from severe trauma continues to be a worldwide problem,1,2 uncontrolled haemorrhage being a major
cause of these preventable deaths.3 Trauma-induced coagulopathy, which can occur early and increase mortality,
is observed in one-third of patients with post-traumatic acute haemorrhage.4,5 Management of trauma-induced
coagulopathy is thus a key interventional target for trauma haemorrhage care. Resuscitation, in this context, aims
at managing the haemostatic conditions before, during and after damage control surgery in order to improve prog-
nosis.5-8 During the initial management stage of patients with expected massive haemorrhage, European guidelines
recommend one of the two following strategies: plasma (fresh frozen plasma [FFP] or pathogen-inactivated plasma)
in a plasma–red blood cell (RBC) ratio of at least 1:2 (Grade 1B) or RBC and fibrinogen concentrate guided by
viscoelastic tests (Grade 1C).9 These guidelines are somehow discordant with French ones that recommend a
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systematic application of FFP:RBC ratio of at least 1:2 to
1:1, reporting that a decrease in mortality should be
expected with the use of high FFP:RBC ratios.10

Following the CRASH 2 study in 2010,11 a generalisation of
tranexamic acid (TXA) use was observed in our trauma
resuscitation unit (TRU), which coincided with an increase
in the use of the ROTEMVR protocol. Given the discordance
of such an observation with the French guidelines in place at
that time, we decided to assess our practices, with the
hypothesis that although a reduction in transfusion volumes
and application of high FFP:RBC ratios seemed to be occur-
ring, this did not increase mortality.

The aim of the present study was thus to describe the evolu-
tion of transfusion practices in severely injured bleeding
patients, between 2011 and 2016, in a TRU from a French
teaching hospital. The primary objective was to analyse
transfusion practices over time, measured by changes in
blood transfusions, use of either high (�1:2) or low (<1:2)
FFP:RBC ratios, application of TXA and administration of
fibrinogen according to the ROTEM protocol. Patient char-
acteristics and mortality between high vs low FFP:RBC ratio
groups were also compared as secondary objectives.

Methods

Data Source

Covering a population of 3 million inhabitants and about
25,000 km2 of rural and urban areas of the Rhône-Alpes
region in France, the RESUVal system (Réseau des Urgences de

la Vallée du Rhône) gathers physicians around common guide-
lines and actively participates in education and evaluation of
professional practices. Among the 65 health institutions of
the Rhône-Alpes region, 37 public and private hospitals
belong to the RESUVal system, including several trauma
centres. Among the evaluation tools available, the prospec-
tive observational trauma-system registry12,13 reports, since
2011, all adult patients (�18 years old) with at least one trau-
matic lesion and managed by emergency medical services
that are part of the RESUVal area (see Supplementary File
1). Within this system, the physician in charge of prehospital
management is the first one who requests consent on eligible
patients. Data for this prospective registry are collected in a

structured and standardised case report form, throughout
the care management pathway, from management by emer-
gency medical services, to the emergency department or the
TRU.

Study Design and Population Selection

This is a retrospective study based on data obtained from the
Trauma-System registry in a single TRU from a French
teaching hospital. The TRU is a dedicated resuscitation
room within the intensive care unit department, which bene-
fits from a dedicated team composed of an intensivist, the
trauma leader accompanied by a resident, a visceral surgeon,
an orthopaedic surgeon, a nurse, and an assistant nurse.
According to both European and French guidelines,9,10

TXA was administered as early as possible, within 3 hours
after injury, with a loading dose of 1 g infused over
10 minutes, followed by an intravenous infusion of 1 g over
8 hours. When indicated, ROTEM protocol (thromboelas-
tometry, Tem International, Munich, Germany) was per-
formed upon admission to the TRU. Fibrinogen concentrate
was administered at a dose of 3 g either when indicated by
the ROTEM protocol, based on FIBTEM A10 and
EXTEM A15 parameters (see Supplementary File 2), or
when plasma fibrinogen levels were less than 1.5-2.0 g L�1.
ROTEM could be performed again if necessary. At the time
of the study, FFP administration was either guided by labo-
ratory coagulation screening parameters (prothrombine time
< 50%) and/or viscoelastic evidence of a coagulation factor
deficiency using ROTEM protocol (see Supplementary File
2) in accordance with European guidelines or administered
probabilistically depending on the number of RBCs accord-
ing to French guidelines.9,10 Massive transfusion was defined
as the administration of at least 10 RBCs within 24 hours
after trauma.14 Biological coagulopathy was defined as Pro-
thrombin time ratio (PTr) > 1.2 according to Davenport’s
coagulopathy definition.15

All patients managed from March 2011 to December 2016
and transfused with at least 4 RBCs within the first 24 hours
after trauma were included. Cross validation was performed
with the French blood services (Etablissement Français du Sang)
to validate the population selected, to collect missing values
if needed and to recount the number and time of RBC and
FFP delivery for each patient. Data were finally completed
by consulting electronic medical records to collect the date of
death when the patient died at the hospital after his transfer
from the TRU to another service.

Statistical Analyses

For univariate statistics, categorical data were expressed as
frequencies and percentages, continuous data by median and
interquartile range (IQR). Pearson’s chi-squared tests were
performed for categorical data and Wilcoxon nonparametric
rank sum tests for continuous data. The P-values were

Main Points

• The proportion of patients requiring �4 RBCs at 24 hours after
admission to the trauma centre decreased significantly between 2011
and 2016.

• The administration of high ratios (fresh frozen plasma: RBC � 1:2)
decreased significantly between 2011 and 2016.

• After 2013, fibrinogen was administrated to more than 70% of
patients and 100% received tranexamic acid.
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estimated by comparing the Z-score obtained with the
reduced normal centred law, and considered significant
when P-value < .05. The linear trend of frequencies of cate-
gorical variables was tested using a Cochran-Armitage test
for trend (P-trend) and considered significant when P-trend
< .05. For survival analysis, the Trauma Revised Injury
Severity Score (TRISS) was evaluated.16 It represents the
best predictive index of intrahospital at D30 mortality.17,18

Predicted mortality was evaluated using the nTRISS (ie,
TRISS normalised to respiratory rate)17 and compared to
observed mortality.19 The change in population characteris-
tics over time was tested using a univariate linear regression
for continuous variables (age, ISS [Injury Severity Score],20

MGAP [Mechanism Glasgow Age Pressure] score,21,22

nRTS [Normalised Revised Trauma Score]23 and nTRISS)
and a univariate logistic regression for qualitative variables
(mortality at 30 days) with the year of admission as explana-
tory variable. All statistical analyses were performed using
RVR 3.4.2 Software (R foundation for Statistical Computing,
Vienna, Austria).

Results

Study Population

Over the 70-month study period, 122 patients were
included. There were 310 patients admitted to the trauma
centre and transfused within 24 hours. Of these, 185 patients
were excluded because they received less than 4 RBCs at
24 hours. Another three files could not be identified
(Figure 1).

Among the study population, 25% of patients underwent
massive transfusion (�10 RBCs at 24 hours) and 67%

received more than 6 RBCs in the first 24 hours of trauma
occurrence. Blunt trauma represented 84% of the studied
population, and 74% of patients had biological coagulopathy
on admission (Table 1).

Analysis of changes in patient characteristics showed no sig-
nificant changes over the time period studied in the annual
distribution of patients according to their ISS, nor their
nRTS, nTRISS, age and D30 mortality. A significant
decrease in the annual median MGAP score between 2011
(22 [17-27]) and 2016 (19 [13-23], P ¼ .0353) was found.

Evolution in Transfusion Practices

The proportion of patients transfused �4 RBCs within the
first 24 hours of trauma significantly decreased between 2011
and 2016 when compared to either the total annual admis-
sions to the TRU (9-3%, Ptrend < .0001; Figure 2A) or the
total proportion of patients transfused within the first
24 hours after trauma in the TRU (55-34%, Ptrend ¼ .0027;
Figure 2B).

The proportion of a high FFP:RBC ratio significantly
decreased between 2011 and 2016, at 6 hours (86-62%,
Ptrend ¼ .0056) and 24 hours (86-56%, Ptrend ¼ .0047).

The administration of TXA within 3 hours after trauma (on-
scene or hospital administration) increased significantly over
the time course of the study. After 2013, TXA was adminis-
tered to the entire cohort of patients.

Fibrinogen concentrate was administered in 73% (89/122)
of the population. Of these, 63% (56/89) received only one
supplementation of 3 g, 20% (18/89) received a second dose

Figure 1. Study flow chart. RESUVal, emergency network of the Rhone Valley; TRU, trauma resuscitation unit; RBC,
red blood cell; FFP, fresh frozen plasma.
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of 1.5-3 g and only 15% (13/89) received more than 6 g. The
proportion of patients receiving fibrinogen concentrate did
not change significantly over the study period. The adminis-
tration of fibrinogen concentrate was significantly associated
with the indication given by the ROTEM protocol used in
the TRU or by plasma fibrinogen levels when ROTEM was
not performed (Table 2).

High Versus Low FFP:RBC Ratio: Patient
Characteristics and Mortality

High FFP:RBC ratio groups were characterised by signifi-
cantly higher proportion of massive transfusions (�10 RBCs
at 24 hours) and �6 RBCs administrations at 24 hours as

well as higher median PTr and median INR than the low
ratio groups, at both 6 and 24 hours (Table 3). There was,
however, no significant difference between groups in terms
of anticoagulants and antiplatelet agents administered, blunt
trauma, severe cranial trauma (Glasgow score � 8), adminis-
tration of TXA or haemostasis procedure needed (embolisa-
tion or surgery). There was also no significant difference for
the mean severity scores such as MGAP, nRTS, ISS and
nTRISS. The observed mortality at D30 was significantly
higher for the high ratio group at 6 hours (37% [n ¼ 30] vs.
15% [n ¼ 5], P ¼ .0313); a trend towards a higher mortality
was found in the high ratio group at 24 hours (33% [n ¼ 30]
vs. 19% [n ¼ 6], P ¼ .1842). Statistical analysis using n-
TRISS revealed that in all groups (high ratio and low ratio,

Table 1. Population Characteristics

Total population n ¼ 122
Direct admission from on-scene to the TRU, n (%) 116 (95)

Median time between on-scene ambulance arrival and arrival to the TRU [IQR], minutes 80 [60-118]

Blunt trauma, n (%) 102 (84)

Road traffic accident, n (%) 54 (44)

Fall, n (%) 21 (17)

Aggression, n (%) 8 (7)

Other/unknown, n (%) 39 (32)

Median age [IQR], years 39 [27-51]

Sex (male), n (%) 71 (58)

Prehospital mean blood pressure < 65 mmHg, n (%) 27 (22)

Prehospital Glasgow < 8, n (%) 51 (42)

Prehospital SpO2 < 95%, n (%) 26 (21)

Prehospital severity scale level

� Level 1, n (%) 59 (48)

� Level 2, n (%) 49 (40)

� Level 3, n (%) 14 (12)

Haemoglobin < 9 g dL–1 on-scene, n (%) 15 (12)

Haemoglobin < 9 g dL–1 at TRU admission, n (%) 43 (35)

Anticoagulant or antiplatelet treatment as usual treatment, n (%) 9 (7)

Trauma induced coagulopathy at admission ¼ PTr > 1.2, n (%) 90 (74)

Radioembolisation, n (%) 40 (33)

Surgery, n (%) 76 (62)

Median MGAP [IQR], points 22 [15-26]

Median nRTS [IQR], points 6.4 [4.1-7.8]

Median ISS [IQR], points 38 [25-50]

Median SAPS II [IQR], points 54 [40-71]

RBCs �6 at 24 hours, n (%) 84 (67)

RBCs �10 at 24 hours, n (%) 30 (25)

TRU, trauma resuscitation unit; PTr, Prothrombin time ratio; MGAP, mechanism Glasgow age pressure; nRTS, Normalised Revised Trauma Score;
ISS, Injury Severity Score; SAPS II, Simplified Acute Physiology Score II; RBC, red blood cell; IQR, interquartile range.
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Figure 2. a,b. Decrease in the annual proportion of patients receiving at least 4 RBCs within the first 24 hours after
trauma. Proportion of patients in relation to the total annual admissions to the TRU (a) and compared to the total
number of patients transfused at 24 hours in the TRU (b). For each year, patient ratio is presented between brackets.
TRU, trauma resuscitation unit; RBC, red blood cell.

Table 3. Low Versus High Ratio Group Characteristics

Variables at 6 hours Low ratio (N ¼ 34) High ratio (N ¼ 81) P
RBCs �10 at 24 hours, n (%) 2 (6) 26 (32) .0059

RBCs �6 at 24 hours, n (%) 15 (44) 65 (80) .0003

Median PTr [IQR], points 1.3 [1.1-1.5] 1.7 [1.4-2.0] <.0001

Median INR [IQR], points 1.3 [1.2-1.5] 1.9 [1.5-2.5] <.0001

D30 observed mortality n (%) 5 (15) 30 (37) .0313

Level 2 patients, n (%) 19 (56) 26 (32) .0296

TQ ratio > 1.2, n (%) 20 (59) 65 (80) .0312

Median SAPS II [IQR],

points

46 [36-63] 60 [46-78] .0039

Variables at 24 hours Low ratio (N 5 32) High ratio (N 5 90) P

RBCs �10 at 24 hours, n (%) 2 (6) 28 (31) .0103

RBCs � 6 at 24 hours, n (%) 13 (41) 71 (79) .0001

Median PTr [IQR], points 1.3 [1.2-1.5] 1.6 [1.3-2.0] .0005

Median INR [IQR], points 1.3 [1.2-1.6] 1.8 [1.4-2.4] .0001

INR, international normalised ratio; PTr, Prothrombin time ratio; SAPS II, Simplified Acute Physiology Score II; RBC, red blood cell; IQR, interquartile
range.

Table 2. Proportion of Respected Versus Not Respected Fibrinogen Concentrate Indication According to ROTEM Protocol*

Fibrinogen concentrate indication Respected Not respected P†

ROTEM performed (97 patients), n (%) 77 (79) 21 (21) .0003

ROTEM performed and plasma fibrinogen level (122 patients), n (%) 93 (76) 29 (24) <.0001

Respected: indicated and administered or not indicated and not administered; not respected: indicated and not administered or not indicated and
administered.
*Cf. appendix.
†P: Computed from the contingency table of fibrinogen indication and fibrinogen administration using a Pearson’s chi-squared test.
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at 6 and 24 hours), observed mortality was significantly lower
than predicted mortality (Table 4).

Discussion

The present study showed a sharp decline in the proportion
of patients requiring at least 4 RBCs within the first 24 hours
after trauma and a significant decrease in the proportion of
high FFP:RBC ratio administration at 6 and 24 hours. From
2011 onwards, an increasing number of the study population
received TXA, reaching 100% compliance in 2014. The
proportion of patients receiving fibrinogen also appeared to
increase over time, although not significantly. It seemed that
good adherence to the ROTEM protocol was observed since
the administration of fibrinogen concentrate was significantly
associated with the indication given by the ROTEM proto-
col, in univariate analysis. Although observed mortality was
higher in the high FFP:RBC ratio group than in the low
ratio group, the proportion of observed deaths, when com-
pared to expected deaths, was significantly lower, irrespective
of FFP:RBC ratio type or time of application.

The reduction in the proportion of transfused patients and
volumes administered, as well as the reduction in high
FFP:RBC ratios over the study period, could be due to
improvement in the overall therapeutic management strat-
egy as depicted by the optimisation of radioembolisation
techniques24 and establishment of a dedicated trauma
team.25-27 Similar results have also very recently been
reported by another French trauma centre.28 Of note, there
was no significant change in the annual proportion of
patients who underwent embolisation and/or haemostatic
surgical management (data not shown). Another hypothesis
is the possible decrease in patient severity over time reported
in the area, due to improvement in road safety measures.29

However, patient severity in the present study was stable.
Indeed the most robust ISS did not change over time, simi-
larly to the nRTS, nTRISS, age and D30 mortality.
Although there was a decrease in the median MGAP score
between 2011 and 2016, this change is not clinically relevant
as the scores remained within the same range19-23 of the
intermediate risk group. Thus, a decrease in patient severity

was not observed herein, likely reflecting a recruitment bias,
since the cohort consisted only of patients admitted to the
TRU and transfused �4 RBCs. Indeed, although there may
be fewer severe patients, the more severe ones are always
referred to the TRU.

Due to the study design, it is difficult to assess the impact of
systematic TXA administration or the use of a ROTEM pro-
tocol on the observed changes. In the CRASH 2 population
study, TXA reduced all-cause mortality by 1.5% (from 16%
to 14.5%) and reduced the risk of death due to bleeding
(4.9% vs. 5.7%; relative risk 0.85, 95% CI [0.76; 0.96]; P ¼
.0077). However, the benefit of TXA on mortality is prob-
ably underestimated by the low proportion of patients trans-
fused in this study (50% of the population).11 Moreover,
another recent study showed that early prehospital adminis-
tration of TXA led to clot stabilisation and a reduction in
fibrinolytic activity as measured by ROTEM.30 To the best
of our knowledge, no study has specifically demonstrated the
benefit of TXA in reducing transfusions in traumatised
patients. However, standardisation of TXA administration
showed a significant benefit in the context of hip and knee
arthroplasty, including reductions in perioperative haemo-
globin decrement (20%), patients transfused (45%) and
number of units transfused per patient (62%).31 Concerning
the possible impact of using a ROTEM protocol for the
administration of coagulation factors, a retrospective study
with trauma patients found significantly lower observed mor-
tality when compared to the mortality predicted by the
TRISS (24.4% vs. 33.7%; P ¼ .032).32 Another retrospective
study on cardiovascular surgery patients showed that the use
of a ROTEM protocol resulted in a reduction of blood prod-
uct transfusions but did not influence mortality.33 Of impor-
tant note, ROTEM was introduced in 2004 in the TRU but
its use by the physician was improved when its relocation to
the haemostasis laboratory occurred in 2010. It would have
been interesting to compare the present data to those of pre-
vious years but, unfortunately, the RESUVal database did
not include data prior to this period.

The proportion of observed deaths, when compared to
expected deaths, was significantly lower, irrespective of
FFP:RBC ratio type or time of application. These results are

Table 4. Comparison of Observed Versus Predicted Mortality at D30 According to Ratio Type and Time

Variables Observed mortality, n (%) Predicted mortality, n (%) P
High ratio

6 hours (n ¼ 81) 30 (37) 38 (47) .0036

24 hours (n ¼ 90) 30 (33) 39 (43) .0015

Low ratio

6 hours (n ¼ 34) 5 (15) 10 (29) .0031

24 hours (n ¼ 32) 6 (19) 11 (34) .0030
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discordant with French guidelines10 reporting that a decrease
in mortality should be expected with the use of high
FFP:RBC ratios. These recommendations are largely based
on the findings of the Banghu meta-analysis,34 indicating a
51% mortality reduction with the use of high FFP:RBC
ratios. If this were the case, we would have expected an
increase in observed mortality compared to expected mortal-
ity for the low FFP:RBC ratio group. Herein, the decrease in
proportion of observed deaths was also not related to time of
application for high FFP:RBC ratios. This again is not in
line with the prospective, observational, multicentre, major
trauma transfusion study35 that showed a better survival for
patients when high FFP:RBC ratios were applied at 6 hours
versus 24 hours. These results suggest an improvement in
patient prognosis due to overall medical management,
regardless of the FFP:RBC ratio applied. Importantly, the
study population included a low proportion of haemody-
namically unstable patients, few penetrating trauma cases
and less anticoagulant or antiplatelet treatments than other
study populations. Nevertheless, according to Davenport’s
coagulopathy definition,15 the present cohort included a par-
ticularly large proportion of patients with trauma induced
coagulopathy (74% of PTr � 1.2 on admission).

Despite the decline in use of plasma reported here, more
than half of the patients still benefitted from high ratio
administration in 2016, suggesting the importance of plasma
transfusion in the management of trauma patients. When
indicated, the efficacy of plasma administration would cer-
tainly be improved by early application through the use, for
instance, of lyophilised plasma which is now available.36

This study has a number of limitations. First, this is a retro-
spective study in its design, although the collection of infor-
mation was done in a prospective manner using a
computerised and centralised database. These data allowed
us to objectively highlight the change in the transfusion prac-
tices in real-life conditions. Second, the study included a
small patient population due to both the single-centre design
of the study and the short period of inclusion. However, a
multicentre study would not have allowed investigation of
the practices of the present TRU, which was the primary
objective of the current study. Moreover, including patients
before 2011 would have made the analysis difficult due to
the extreme diversity in clinical practices prior to that time.
We could have included more patients by decreasing the
transfusion volume of inclusion, but it would have been less
relevant for the analysis of the FFP:RBC ratios. Third, the
groups high vs low ratios were not similar. Due to the design
of the study and the small number of patients, multivariate
analysis, to eliminate comparability bias between groups,
could not be performed. Groups were therefore compared to
themselves using the n-TRISS score. Finally, adherence to
the ROTEM protocol did not reach 100% over the study
period. However, a 75% adherence can be considered good
given that a multicentre study showed that only 24% of

patients in intensive care units received fully compliant
care.37 Moreover, the majority of protocol deviations
occurred in 2011, at the start of protocol implementation.

Conclusion

From 2011 to 2016, an important evolution of practices
occurred in the TRU including a decrease in the proportion
of transfusions and use of high FFP:RBC ratios. The origin
of these changes is multifactorial, likely including the system-
atic use of TXA and optimisation of the ROTEM protocol
for fibrinogen administration.
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