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Figure!1.!Initial!Assessment!of!Shock!States.

Shown is an algorithm for the initial assessment of a patient in shock (Panel A), relative frequencies of the main types of shock (Panel B), 
and schematic representations of the four main types of shock (Panel C). The algorithm starts with the most common presentation 
(i.e.,  arterial hypotension), but hypotension is sometimes minimal or absent. CVP denotes central venous pressure, and SvO2 mixed 
 venous oxygen saturation.
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The European guideline on management of
major bleeding and coagulopathy
following trauma: fifth edition
Donat R. Spahn1, Bertil Bouillon2, Vladimir Cerny3,4,5,6, Jacques Duranteau7, Daniela Filipescu8, Beverley J. Hunt9,
Radko Komadina10, Marc Maegele11, Giuseppe Nardi12, Louis Riddez13, Charles-Marc Samama14,
Jean-Louis Vincent15 and Rolf Rossaint16*

Abstract

Background: Severe traumatic injury continues to present challenges to healthcare systems around the world, and
post-traumatic bleeding remains a leading cause of potentially preventable death among injured patients. Now in
its fifth edition, this document aims to provide guidance on the management of major bleeding and coagulopathy
following traumatic injury and encourages adaptation of the guiding principles described here to individual
institutional circumstances and resources.

Methods: The pan-European, multidisciplinary Task Force for Advanced Bleeding Care in Trauma was founded in
2004, and the current author group included representatives of six relevant European professional societies. The
group applied a structured, evidence-based consensus approach to address scientific queries that served as the
basis for each recommendation and supporting rationale. Expert opinion and current clinical practice were also
considered, particularly in areas in which randomised clinical trials have not or cannot be performed. Existing
recommendations were re-examined and revised based on scientific evidence that has emerged since the previous
edition and observed shifts in clinical practice. New recommendations were formulated to reflect current clinical
concerns and areas in which new research data have been generated.

Results: Advances in our understanding of the pathophysiology of post-traumatic coagulopathy have supported
improved management strategies, including evidence that early, individualised goal-directed treatment improves
the outcome of severely injured patients. The overall organisation of the current guideline has been designed to
reflect the clinical decision-making process along the patient pathway in an approximate temporal sequence.
Recommendations are grouped behind the rationale for key decision points, which are patient- or problem-oriented
rather than related to specific treatment modalities. While these recommendations provide guidance for the diagnosis
and treatment of major bleeding and coagulopathy, emerging evidence supports the author group’s belief that the
greatest outcome improvement can be achieved through education and the establishment of and adherence to local
clinical management algorithms.

Conclusions: A multidisciplinary approach and adherence to evidence-based guidance are key to improving patient
outcomes. If incorporated into local practice, these clinical practice guidelines have the potential to ensure a uniform
standard of care across Europe and beyond and better outcomes for the severely bleeding trauma patient.

Keywords: Coagulopathy, Emergency medicine, Haemostasis, Practice guideline, Trauma
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Transfusion strategies in!bleeding critically 
ill adults: a clinical practice guideline from!the 
European Society of!Intensive Care Medicine
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Abstract 
Purpose: To develop evidence-based clinical practice recommendations regarding transfusion practices and transfu-
sion in bleeding critically ill adults.

Methods: A taskforce involving 15 international experts and 2 methodologists used the GRADE approach to guide-
line development. The taskforce addressed three main topics: transfusion support in massively and non-massively 
bleeding critically ill patients (transfusion ratios, blood products, and point of care testing) and the use of tranexamic 
acid. The panel developed and answered structured guideline questions using population, intervention, comparison, 
and outcomes (PICO) format.

Results: The taskforce generated 26 clinical practice recommendations (2 strong recommendations, 13 condi-
tional recommendations, 11 no recommendation), and identified 10 PICOs with insu"cient evidence to make a 
recommendation.

Conclusions: This clinical practice guideline provides evidence-based recommendations for the management of 
massively and non-massively bleeding critically ill adult patients and identifies areas where further research is needed.

Keywords: Transfusion, Coagulopathy, Critically ill, Guideline, Intensive care, Plasma, Platelets, Red blood cells, Point 
of care, Tranexamic acid, Bleeding

Introduction

Patients admitted to the intensive care unit (ICU) fre-
quently experience bleeding due to a variety of causes, 
with incidences of bleeding up to 50% reported in some 
ICU populations, and this in turn is associated with 
increased morbidity and mortality [1–3]. While transfu-
sion of blood products is one of the cornerstones in treat-
ment of bleeding critically ill patients, administration of 
blood products also carries risks, both theoretical and 
measurable.
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Alexander P. J. Vlaar and Joanna C. Dionne contributed equally.

Vlaar APJ & al. Intensive Care Med (2021) 47:1368–1392



Chocs

remain controversial. One of the reasons for this uncer-
tainty is that fluid resuscitation has traditionally been
targeted to correct macrocirculation, whereas the physi-
ological impact of fluids at the microcirculatory level is
still unclear. Uncorrected microcirculatory alterations
result in inadequate oxygen transport to achieve sufficient
oxidative phosphorylation and, ultimately, cause tissue
damage and organ dysfunction [1–4]. The primary aim of
optimal fluid resuscitation should be to achieve adequate
perfusion without compromising oxygen transport by
excessive hemodilution. It still remains unclear whether
this can be achieved by correction of hypovolemia itself
or whether the kind of volume replacement is also
of importance. The ideal volume replacement strategy
should correct hypovolemia and restorate systemic
hemodynamics, but also improve microcirculatory
perfusion and tissue oxygenation [5, 6].

The purpose of this review is to consider the current
insights into the effects of fluid therapy on microcircu-
lation and oxygen transport to the parenchymal cells.
A review of the literature will be given with regard to the
effects of commonly used plasma substitutes on organ
perfusion, microcirculation, and tissue oxygenation in the
clinical setting.

Pathophysiology of the hypovolemic microcirculation

Hypovolemia leads to inadequate perfusion of the
microcirculation resulting in insufficient oxygen avail-
ability to meet the needs of mitochondrial oxidative
phosphorylation [2, 7]. Weil and Shubin [8] in their
keynote paper classified the different types of shock
into four main categories: hypovolemic, cardiogenic,
obstructive, and distributive shock (Fig. 1, 2). Hypovo-
lemic shock can be described as the condition whereby
there is a decrease in circulating volume. Cardiogenic
shock occurs where there is a loss of cardiac contractility
with elevation of diastolic filling pressure and volume.
Obstructive shock can occur as a result of massive pul-
monary embolism, tension pneumothorax, or pericardial
tamponade where there is a physical obstruction in the
circulation resulting in impaired diastolic filling and
increased afterload. Distributive shock involves a defect
in the (micro)vascular distribution of a normal or even of
a supranormal cardiac output resulting in inadequate
regional oxygen delivery. Hypovolemia induced by dis-
tributive shock is highly heterogeneous and targets the
microcirculation. Its detection by measuring systemic
hemodynamics is complicated by shunting of the micro-
circulation resulting in microcirculatory alterations and
hypoxia with normal systemic hemodynamics and oxy-
gen-derived variables [9]. Distributive shock especially
occurs under conditions of inflammation and infection
such as in sepsis and reperfusion injury. Inflammatory

mediators and hypoxemia result in abnormal blood flow
distributions and shunting leading to a mismatch between
oxygen delivery and oxygen need by the parenchymal
cells, and thus heterogeneous hypoxemia, and organ
dysfunction [9, 10].

Distributive shock provides the biggest challenge with
regard to identifying endpoints for assessing an adequate
fluid replacement [11]. Currently these endpoints are
aimed at correcting changes in systemic hemodynamics.
Fluid resuscitation can cause an apparent improvement in
systemic circulation while leaving regional and micro-
circulatory oxygenation and perfusion underresuscitated.
In animal investigations it has been shown that fluid
resuscitation improved organ blood flow of the gut and
kidneys, while leaving other areas hypoxemic [12]. This
is important in the light of recent clinical studies using
new techniques for monitoring microcirculation, which
have shown the persistence of microcirculatory underre-
suscitation in the presence of normalized systemic
hemodynamic variables and association with adverse
clinical outcome [5, 13–15].

Adequate microcirculation relies on the function of the
different components of the microcirculation. Red and
white blood cells, endothelial cells, and smooth muscle
cells have to function in close harmony to guarantee
adequate microcirculatory blood flow to transport oxygen
to the tissues. The function of each of these cellular
and subcellular systems is affected by hypovolemia.

Fig. 1 The classification of shock according to Weil and Shubin
[8]. I Normal conditions. II Cardiogenic shock, related to cardiac
pump failure resulting from loss of the pump function of the heart.
III Hypovolemic shock as a result of decreased circulating volume
from, for example, hemorrhage. IV Obstructive shock as result of
an obstruction in the cardiovascular circuit as a result of, for
example, massive pulmonary embolism, tension pneumothorax, or
pericardial tamponade. V Distributive shock where vascular
dysfunction is unable to distribute a normal or even high cardiac
output, resulting in underperfused microcirculatory areas being
shunted by well perfused areas
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TaO2 = DC x CaO2
TaO2 = [VES x FC] x [Hb x 1,34 x SaO2]
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Hemorrhagic Shock

profound changes in the vascular endothelium 
throughout the body.14 At the site of hemor-
rhage, the endothelium and blood act synergisti-
cally to promote thrombus formation. However, 
the mounting oxygen debt and the catechola-
mine surge eventually induce a so-called endo-
theliopathy through systemic shedding of the 
protective glycocalyx barrier.15

With hemorrhage and shock, both adaptive 
and maladaptive changes occur in the blood. At 
the site of hemorrhage, the clotting cascade and 
platelets are activated, forming a hemostatic 
plug.16 Remote from the site of hemorrhage, fi-
brinolytic activity increases, presumably to pre-
vent microvascular thrombosis.17 However, excess 
plasmin activity and autoheparinization from 
glycocalyx shedding can result in pathologic 
hyperfibrinolysis and diffuse coagulopathy.14,17,18 
Conversely, nearly half of patients with trauma 
have a hypercoagulable phenotype of fibrinolysis 
shutdown.18 Depleted platelet numbers, decreased 
platelet margination due to anemia, and reduced 
platelet activity also contribute to coagulopathy 
and increased mortality.19-22

Iatrogenic factors can further exacerbate co-

agulopathy in patients with active bleeding.23 
Overzealous resuscitation with crystalloid dilutes 
the oxygen-carrying capacity and clotting factor 
concentrations. Infusion of cold fluids exacer-
bates the heat lost from hemorrhage, depleted 
energy stores, and environmental exposure and 
leads to decreased function of the enzymes in the 
clotting cascade.24 Finally, overadministration of 
acidic crystalloid solutions worsens the acidosis 
caused by hypoperfusion and further impairs the 
function of clotting factors, resulting in a “bloody 
vicious cycle” of coagulopathy, hypothermia, and 
acidosis (Fig. 1).25

New insights into the genetic response to 
severe injury and hemorrhage have been gleaned 
from the Inflammation and the Host Response 
to Injury research program.26 Historically, the 
prevailing view was that a patient’s initial re-
sponse to severe injury and shock was a robust, 
innate systemic inflammatory response syndrome 
(SIRS), which was followed by relative immuno-
suppression, termed compensatory antiinflam-
matory response syndrome (CARS), and then 
eventual recovery. If there were any complica-
tions, the cycle would reset with another SIRS, 

Cause!of!Hemorrhage
Deaths!from!!

Hemorrhage* U.S.!Cases!of!Hemorrhage Global!Cases!of!Hemorrhage

No. of Deaths 
per Yr

Yr of Life 
Lost

No. of Deaths 
per Yr

Yr of Life  
Lost

percent

Abdominal aortic aneurysm 100 9,988† 65,273‡ 191,700§ 2,881,760¶

Maternal disorder  23§ 138! 7,572** 69,690! 4,298,240**

Peptic ulcer disease   60†† 1,860! 38,597** 141,000! 3,903,600**

Trauma   30‡‡ 49,440! 1,931,786** 1,481,700! 74,568,000**

Total 61,426 2,043,228 1,884,090 85,651,600

*  This column lists the best estimates of deaths from hemorrhage as a percentage of all deaths from the given diagno-
sis (e.g., all deaths from abdominal aortic aneurysm are ultimately related to hemorrhage).

†  Information is from Leading Causes of Death Reports, 1981–2015, Centers for Disease Control and Prevention, 2017 
(https:/  /  webappa . cdc . gov/  sasweb/  ncipc/  leadcause . html).

‡  Data are from Years of Potential Life Lost (YPLL) Reports, 1999–2015, Centers for Disease Control and Prevention, 2017 
(https:/  /  webappa . cdc . gov/  sasweb/  ncipc/  ypll10 . html).

§  Data are from Lozano et al.5

¶  Data are from Global Health Data Exchange, 2016 (http://ghdx . healthdata . org/  gbd-results-tool).
!  Data are from Global Health Estimates 2015: Global Deaths by Cause, Age, Sex, by Country and by Region, 2000–2015. 

World Health Organization, 2016 (www.who.int/healthinfo/global_burden_disease/estimates/en/index1.html).
**  Data are from Global Health Estimates 2015: Disease Burden by Cause, Age, Sex, by Country and Region, 2000–2015. 

World Health Organization, 2016 (www.who.int/healthinfo/global_burden_disease/estimates/en/index2.html).
††  Information is from Christensen et al.6

‡‡  Information is from Kauvar et al.7

Table!1.!Estimated!Hemorrhage-Related!Deaths!per!Year!and!Years!of!Life!Lost!in!the!United!States!and!Worldwide,!
According!to!the!Cause!of!Hemorrhage.
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Promising technologies that may help clinicians 
more quickly identify patients in shock include 
the compensatory reserve index43 and portable 
incident dark-field microscopy to assess micro-
vascular beds in real time.44

During the initial evaluation, potential sources 
of hemorrhage should be identified. Examples 
include hematemesis or hematochezia, copious 
vaginal bleeding, and a known history of an 
abdominal aortic aneurysm. In patients with 
trauma, bleeding from sources in the extremities 
is obvious before the onset of shock, but these 
sites may no longer be bleeding after severe 
hemorrhage. Also, the proximal thighs and the 
retroperitoneum can hold a large volume of blood 
that may not be readily apparent on the initial 
assessment. Intracavitary sources of bleeding in 
patients with trauma include the chest, abdomen, 
and pelvis. Rapid evaluation of these cavities 
with chest and pelvic radiographs and focused 
assessment with sonography for trauma (FAST) 
can indicate potential sites of bleeding.45 Ultra-
sonography can also be used in patients without 
trauma to identify occult sources of bleeding 
such as a ruptured abdominal aortic aneurysm, 
uterine bleeding, or a ruptured ectopic preg-
nancy, and echocardiography can be used to 
assess cardiac filling and contractility.46

Laboratory measures of cellular hypoperfusion 
include base deficit and lactate values obtained 
from blood gas analysis. Other useful laboratory 
values in a patient with severe bleeding include 
hemoglobin and the international normalized 
ratio, which can be used to predict the need for 
a massive transfusion.47 The platelet count and 
fibrinogen levels should be measured and nor-
malized. Electrolytes, including potassium and 
calcium, should be measured early and often 
during the course of blood-product resuscita-

tion, since they can fluctuate wildly.24,48 Finally, 
coagulopathy should be identified and ongoing 
blood-product resuscitation should be guided by 
measuring clot-formation kinetics with the use of 
viscoelastic testing such as thromboelastography 
or rotational thromboelastometry.49 Taken togeth-
er, these laboratory measures will indicate the 
severity of shock, the need for mobilizing blood 
bank resources, and the presence and type of 
coagulopathy.

Although computed tomographic (CT) imaging 
is now ubiquitous in the emergency evaluation of 
critically ill patients, it should be performed only 
if the source of bleeding remains uncertain and 
the patient’s condition has been stabilized with 
initial resuscitation. Often, in cases of severe 
hemorrhage, the patient is better served by rapid 
interventions that are both diagnostic and thera-
peutic, such as operative exploration, angiography 
with embolization, or gastrointestinal endoscopy.

Resuscitation
Successful resuscitation requires aggressive mea-
sures to prevent the accumulation of further 
oxygen debt and to repay the existing oxygen 
debt by stanching all sources of hemorrhage and 
restoring the intravascular volume as quickly as 
possible.10 In patients with trauma, the com-
panion concepts of damage-control surgery50 
and damage-control resuscitation51,52 achieve these 
objectives. Similarly, patients with severe hemor-
rhage from causes other than trauma benefit 
from rapid localization and control of hemor-
rhage paired with blood-product resuscitation.

When the patient arrives at the hospital, the 
priorities for management of bleeding include 
restoration of intravascular volume and rapid 
control of hemorrhage as part of the damage-
control resuscitation paradigm (Table 3). Strate-

Shock!
Class Blood!Loss† Heart!Rate

Blood!
Pressure

Pulse!!
Pressure

Respiratory!
Rate Mental!Status

ml (%) beats/min breaths/min

I <750 (15) <100 Normal Normal 14–20 Slightly anxious

II 750–1500 (15–30) 100–120 Normal Narrowed 20–30 Mildly anxious

III 1500–2000 (30–40) 120–140 Decreased Narrowed 30–40 Anxious, confused

IV >2000 (>40) >140 Decreased Narrowed >35 Confused, lethargic

*  Data are from the American College of Surgeons Committee on Trauma.42

†  Blood-loss volume and percentage of total blood volume are for a male patient with a body weight of 70 kg.

Table!2.!Classification!of!Hemorrhagic!Shock.*

The New England Journal of Medicine 
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TaO2 = DC x CaO2
TaO2 = [VES x FC] x [Hb x 1,34 x SaO2]
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Barcroft, H. Lancet 1944;i:489-491
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Effets de l’Anesthésie et de la sédation
• Disparition de la phase Σ-activatrice
• Effets propres

• Vasodilatation:
• Dépression du baroréflxe
• Dépression myocardique

Vatner, SF. N Engl J Med 1975; 293:970-976
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applied proximal to any bleeding wounds in the 
extremities.

 Evaluation of Patients with Severe 
Hemorrhage

Signs and symptoms of hemorrhagic shock, es-
pecially from occult sources of bleeding, are often 

subtle. In most patients, robust compensatory 
mechanisms render hypotension an insensitive 
indicator of shock until more than 30% of the 
patient’s blood volume has been lost (Table 2). 
More subtle clinical cues indicative of shock in-
clude anxiety, tachypnea, a weak peripheral pulse, 
and cool extremities with pale or mottled skin. 

Figure!2.!Chain!of!Survival!for!Patients!with!Severe!Hemorrhage.

The chain starts with primary prevention and prehospital interventions. Once the patient arrives at the hospital, early recognition and 
resuscitation, achievement of definitive hemostasis, and subsequent actions all factor into the outcome. AAA denotes abdominal aortic 
aneurysm, CBC complete blood count, FAST focused assessment with sonography for trauma, TEG thromboelastography, and TEM 
thromboelastometry.

0 1 2 3 4Bleeding!Event

Primary!Prevention!and!Education

Community-based violence prevention
AAA surveillance
Peripartum oxytocin
Helicobacter pylori eradication

Education courses:
Bleeding Control Basic (B-Con Basic) Course
Prehospital Trauma Life Support (PHTLS) Course
Rural Trauma Team Development Course (RTTDC)
Advanced Trauma Life Support (ATLS) Student Course

Prehospital!Interventions

P R E H O S P I T A L - L E V E L ! C A R E H O S P I T A L - L E V E L ! C A R E

Hemorrhagic identification and control

Compressible!sitesCompressible!sitesCompressible!sitesCompressible!sites
Use direct pressure or
   tourniquet proximal to
   bleeding site

Junctional!sitesJunctional!sitesJunctional!sites
Apply hemostatic
   dressing

Noncompressible!sitesNoncompressible!sitesNoncompressible!sites
Signs may be obvious (e.g.,
   in gastrointestinal bleeding)
   or occult (e.g., after trauma)   or occult (e.g., after trauma)

Apply pelvic binder for 
   suspected pelvic fracture

Rapid!Identification!of!Hemorrhagic!Shock

Prehospital history of major blood loss and treatment with 
   anticoagulants or antiplatelets
Physical examination, radiographs, and ultrasonography of the torso 
   (FAST) to determine sources of bleeding
Laboratory work (blood type, blood gas with lactate, CBC, 
   electrolytes, coagulation studies, and TEG or TEM)
Immediate resuscitation for patients in shock
   with the use of rapid infuser and fluid warmer
Early massive-transfusion-protocol activation for patients in shock

Definitive!Hemostasis

Rapidly control all sites of hemorrhage
Examples:
   Surgical exploration
   Angiography with embolization
   Endoscopic intervention

Posthemostasis

Reassess patient for ongoing bleeding, coagulopathy,
   and unpaid oxygen debt
Perform repeat laboratory tests (blood gas with lactate,
   CBC, electrolytes, coagulation studies, and TEG or TEM)
Transfusions should be compatible with blood
   group if possible
Avoid over- or under-resuscitation
Perform ultrasonography to assess intravascular volume
   status and cardiac function

Limited resuscitation
Hypothermia prevention
Rapid transport to medical facility
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hours after completion of the previous opera-
tion, in order to improve the chances of primary 
fascial closure.23,24 Surgical attempts at primary 
fascial closure should occur every day, since bed-
side examination is not predictive of whether the 
fascia will close. In addition, the use of a vacuum 
device for temporary abdominal closure and the 
use of early, temporary neuromuscular blockade 
improve rates of primary fascial closure and 
should be considered if they are not contraindi-
cated.25 Caution should be exercised in selecting 
patients for damage-control surgery, since repeat 
operations increase morbidity among patients 
who are only moderately injured.26

The G olden Hour

During World War I, the French published the 
first scientific appreciation of the time-sensitive 
nature of the treatment of shock after injury, in 
a report entitled “Du Shock Traumatique dans 
les Blessures de Guerre: Analyses d’Observations.” 
Although the death rate has not been shown to 
rise precipitously at 60 minutes after injury,27 the 
recognition that intervention should occur rap-
idly helped drive the development of emergency 
medical systems. “The golden hour” moniker 
summarized this approach for policymakers, 
though it overlooks the reality that most deaths 
from truncal hemorrhage occur within 30 min-
utes after injury.28 More recently, data from the 

wars in Iraq and Afghanistan suggest that bat-
tlefield survival after injury was closely linked to 
the interval from injury and evacuation to the 
first surgical intervention. This prompted a De-
partment of Defense mandate to evacuate all 
combat casualties by helicopter within 60 min-
utes after injury, which did pay off in terms of 
saving lives.29,30

The contemporary understanding of the time-
sensitive nature of trauma remains paramount, 
since the interval between injury and surgical 
intervention fundamentally determines the out-
come, both on and off the battlefield.28,31 Surgi-
cal intervention, however, should not be conflated 
with triage and resuscitation. Resuscitation is not 
a substitute for hemorrhage control, and caution 
should be exercised when resuscitation measures 
are initiated without a plan for surgical control 
of hemorrhage. The primary purpose of the 
golden hour concept is to drive all efforts toward 
early hemorrhage control, including initial care, 
triage, rapid evacuation, and resuscitation (Fig. 1). 
Other trauma systems, such as the European and 
Australian emergency medical system, approach 
the golden hour by placing physicians or other 
advanced providers in the prehospital environ-
ment to facilitate early hemorrhage-control ma-
neuvers. From the very moment of injury, our 
focus needs to be on achieving surgical hemor-
rhage control. All other maneuvers are support-
ive of this primary goal.

Figure!1.!Possible!Interventions!during!the!Golden!Hour.

The primary purpose of the golden hour concept is to achieve early hemorrhage control. Prehospital and in-hospital maneuvers toward 
this goal include initial care, triage, rapid evacuation, and resuscitation. FAST denotes focused abdominal sonography for trauma, and 
REBOA resuscitative endovascular balloon occlusion of the aorta.
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A. Phase pré-hospitalière



Hémorragie

Courtesy of Dr Helms (ARMO) and Dr Trabold (SDIS68)

Recherche systématique des zones de saignement sur toute la surface du corps 
avec la main gantée, les doigts en crochet



Hémorragie

Kelly, J.F. & al. J Trauma 2008; 64: S21–6 Courtesy of Dr Helms (POLARS) and Dr Trabold (SDIS68)



“Dismounted complex blast injuries”

Cannon, J.W. & al. J Am Coll Surg 2016; 223: 652–664.e8.

Traumatic amputations: 2-7% explosion victims



Hémorragies extériorisées
Pansement israélien



Hémorragies extériorisées
Garrot



Hémorragies extériorisées
Garrot
• Quand le poser ?
• Saignement incontrôlable en zone garrotable
• Saignement menaçant avec échec des méthodes compressives
• Environnement non sécurisé ou soignants débordés

• Comment le poser ?
• 5 cm en amont de la lésion
• ou racine du membre en environnement tactique
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Question 2 : Chez le patient victime de traumatisme sévère de membre(s), quels moyens 
thérapeutiques doivent être implémentés en pré-hospitalier pour réduire le saignement ? 
Experts : R Kedzierewicz (SFMU, SSA), O Barbier (SOFCOT, SSA) 
 

R2.1 – En cas d’hémorragie active de membre et d’inefficacité de la compression directe, 
d’amputation, de corps étranger au sein de la plaie hémorragique, d’absence de pouls 
radial (critère hémodynamique) ou de multiples actions simultanées à mener, il est 
probablement recommandé de mettre en place un garrot. 

Grade 2+ (Accord FORT) 

Argumentaire : La nécessité d’arrêter une hémorragie active pour limiter la spoliation 
sanguine, le cercle vicieux de la triade létale et le décès ne fait aucun doute [1–5] mais il faut 
déterminer comment arrêter une hémorragie active de membre. Aucune étude contrôlée 
randomisée sur l’homme n’a comparé une stratégie d’hémostase mécanique par rapport à 
une autre en termes de survie. L’importance du saignement peut considérablement varier 
selon qu’il s’agisse d’un saignement veineux, osseux, artériel ou mixte. La réponse 
thérapeutique sera donc différente selon le type de saignement, son volume et son débit, 
la taille de la plaie, l’accessibilité du membre et de la lésion, le temps disponible (moindre si 
coexistence de multiples lésions hémorragiques, de multiples victimes et en situation de 
risque exogène particulier rentrant dans le champ des situations sanitaires exceptionnelles 
: terrorisme, effondrement...) et l’état de la victime à sa prise en charge : stable, en choc 
hémorragique ou en arrêt cardiaque. Ainsi, une compression manuelle directe avec relais 
par pansement compressif pour favoriser le brancardage peut suffire pour une plaie 
hémorragique simple. A l’inverse, une plaie de grande taille, extrêmement délabrante, une 
amputation, la présence de corps étrangers non extractibles dans la plaie et/ou un contexte 
d’hémorragie active abondante nécessitent le recours à une stratégie d’hémostase à 
distance par garrot. Dans un tel contexte, le point de compression à distance n’est pas 
suffisamment efficace du fait de la circulation collatérale mais il peut être temporairement 
utile pour limiter la spoliation sanguine le temps de poser le garrot. En cas de multiples 
actions à mener dans un laps de temps très contraint ou d’un environnement hostile, il 
convient de recourir à la technique d’hémostase la plus rapide, la plus efficace et la moins 
consommatrice en personnel : un garrot tactique peut répondre à cette problématique et 
sera réévalué régulièrement. Enfin, quand l’état du patient est d’emblée catastrophique du 
fait d’une plaie hémorragique avec absence de pouls radial (critère hémodynamique), d’un 
choc hémorragique manifeste et/ou d’un arrêt cardiaque, il convient là encore de recourir 
au garrot, technique d’hémostase la plus rapidement efficace. Le rapport bénéfice-risque 
de l’utilisation du garrot est traité par plusieurs revues systématiques récentes de la 
littérature, s’appuyant sur les mêmes études. Globalement assez hétérogènes ces dernières 
s’accordaient sur l’efficacité des garrots (69 à 97 % d’efficacité selon les modèles de garrot) 
pour arrêter les hémorragies actives. Elles rapportaient une faible morbidité dont il était 
d’ailleurs difficile d’imputer l’origine au garrot lui-même ou à la lésion préexistante [6–9]. 
Une étude récente sur une population de militaires s’est spécifiquement intéressée au 
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R2.2 – En cas de pose d’un garrot, les experts suggèrent de réévaluer, dès que possible, 
son efficacité, son utilité et sa localisation sur le membre, y compris lors de la phase pré-
hospitalière, afin de limiter sa morbidité (temps de pose le plus court et zone d’ischémie 
la plus limitée possible).    

Avis d’expert (Accord FORT) 

Argumentaire : La surveillance et la réévaluation de l’efficacité de l’hémostase doit être 

permanente. 

- Temps de pose et délais de prise en charge : afin d’obtenir le meilleur pronostic fonctionnel 

en cas de lésion artérielle des membres inférieurs, il est nécessaire de limiter le délai entre 

la constitution de la lésion et l’arrivée au bloc opératoire à moins d’une heure [1]. Passé 

ce délai, le risque d’amputation augmente significativement (de 6 à 11,7 % ; p < 0,01). En 

l’absence de lésion artérielle, il est possible qu’un garrot puisse être correctement toléré 

plus longtemps [2] ; néanmoins, cette question n’a pas été spécifiquement traitée en 

dehors de la chirurgie au bloc opératoire. Les levées itératives de garrot à visée d’épargne 

ischémique aggravent la morbidité locale par lésions musculaire, et systémique par 

rhabdomyolyse [3,4]. 

- Réévaluation de l’intérêt du garrot : à l’exclusion du patient en choc hémorragique sans 

pouls radial perçu, en arrêt cardiaque ou victime d’un syndrome d’écrasement (crush 
syndrome), l’indication d’un garrot posé avant l’arrivée de l’équipe médicale, dans un 

contexte hostile ou de multiples actions à mener (garrot tactique) peut être remise en 

cause. Il convient alors de réaliser un pansement compressif sur la plaie si cela n’avait pas 

été fait, voire d’y adjoindre au préalable un pansement hémostatique. Le garrot est 

ensuite progressivement desserré. En cas de reprise du saignement le garrot est 

immédiatement resserré. En l’absence de reprise du saignement le garrot est totalement 

desserré et laissé en place, à même d’être resserré immédiatement si, au cours de la prise 

en charge, une reprise de saignement survient (mobilisation lors du brancardage, 

majoration de la pression artérielle, etc.). 

- Réévaluation de la localisation du garrot : afin de limiter la zone d’ischémie. En cas 

d’inefficacité d’un garrot trop proximal ou posé avant l’arrivée de l’équipe médicale, et s’il 

existe une indication formelle de pose d’un second garrot (choc hémorragique, arrêt 

cardiaque), il convient idéalement de le poser de manière plus distale avant de desserrer 

le premier garrot pour éviter toute reprise de la spoliation sanguine. L’incidence des 

complications liées à la pose d’un garrot est d’évaluation difficile en l’absence d’étude 

prospective randomisée et d’imputabilité des lésions dues soit au garrot, soit au 

traumatisme initial. Dans leur méta-analyse de 2018, Beaucreux et al. [5] rapportent une 

incidence variable des différentes complications locales (syndrome compartimental 

nécessitant une fasciotomie (2 à 18 %), infection localisée (7 à 9 %), parésie par atteinte 

nerveuse (1 à 6 %), thrombose veineuse profonde (9 %), amputation (12 à 59 %)), 

systémiques par rhabdomyolyse (2 %), insuffisance rénale aigüe (2 à 3 %) et à distance par 

paralysie définitive plus rarement (< 1 %).  

RFE SFAR-SFMU Traumatismes sévères de membres 2020



Hémorragies extériorisées
Pansement hémostatique



Ceinture pelvienne



Accès vasculaire intra-osseux

http://www.nejm.org/doi/full/10.1056/NEJMvcm1211371



Remplissage pré-hospitalier

• Cristalloïdes en première intention
• Objectif de PAM :
• Non cérébrolésé : 60-65 mmHg
• Cérébrolésé : 80 mmHg

• Noradrénaline :
• Possible sur VVP
• Jusqu’à 2mg/h



Quid ?

Spahn, D.R. et al. 2013. Crit Care 17, R76.



DC pré-hospitalier - victime unique



B. Anticipation



Annonce

• Appel du réanimateur chirurgical et de l’IOA par le régulateur du SAMU   
• Quelque soit la provenance, les informations nécessaires répondent à une 

check-list précise (cf. feuille d’appel):
• 1. date, heure, sexe, âge et nombre de blessés;
• 2. circonstances de l’accident;
• 3. bilan lésionnel et constantes vitales (Glasgow, PA, Pouls, SpO2)
• 4. Patient intubé ou non
• 5. mode de transport (terrestre ou héliporté)
• 6. délai d'arrivée
• 7. Réanimateur chirurgical prévenu ou non
• 8. nom de la personne ayant pris l’appel



Critères de Vittel

Arrivée du traumatisé

Préparation de l’équipe

La régulation effectuée au niveau du SAMU permet
de déterminer l’équipe hospitalière apte à prendre
en charge le patient au vu du bilan initial et de
prévenir cette équipe de l’arrivée de ce patient. Il
est alors possible de préparer le matériel néces-
saire à une prise en charge rapide et de prévenir les
intervenants potentiellement concernés par la
prise en charge de ce patient. Dans certains cas,
des dispositions particulières doivent être prises
avant l’arrivée du patient, en fonction du type de
transport utilisé (préparation d’une hélistation), ou
du type de traumatisme (circulation extracorpo-
relle dans les plaies du cœur).

Accueil

Le médecin responsable recueille l’ensemble des
informations obtenues par l’équipe préhospita-
lière. Pendant ce temps, la réanimation doit se
poursuivre sans discontinuité et le reste de l’équipe
assure le retrait du matelas à dépression et le

transfert du patient sur le brancard. Ce transfert se
fait en maintenant l’axe tête-cou-tronc mais sans
traction axiale, notamment cervicale, susceptible
de mobiliser un foyer de fracture du rachis cervi-
cal ; il ne devrait être effectué qu’après mise en
place d’un collier cervical, généralement pendant
la phase préhospitalière. C’est au moment de l’ac-
cueil qu’une décision importante doit parfois être
prise : conduire directement le patient au bloc
opératoire sans aucun bilan supplémentaire. C’est
le cas lorsque l’état hémodynamique du patient est
critique malgré la réanimation préhospitalière et
que la cause de la détresse circulatoire est évidente
(plaie par balle, plaie par arme blanche, amputa-
tion traumatique). C’est dire que pour un trauma-
tisme fermé, un bilan lésionnel et une période de
réanimation initiale sont pratiquement toujours
nécessaires avant d’aller au bloc opératoire.
Lors de l’accueil, l’ensemble de l’équipe assure

alors un certain nombre de tâches plus ou moins
simultanées :
• mise sous scope (fréquence cardiaque, pres-
sion artérielle non invasive, saturation oxymé-
trique de pouls [SpO2]) ; la mesure de la pres-
sion artérielle moyenne (PAM) par méthode

Tableau 2 Critères de Vittel : critères de gravité pour le triage des patients traumatisés. D’après43.

Cinq étapes d’évaluation Critères de gravité
Variables physiologiques Score de Glasgow < 13

Pression artérielle systolique < 90 mmHg
Saturation en O2 < 90 %

Éléments de cinétique Éjection d’un véhicule
Autre passager décédé dans le même véhicule
Chute > 6 m
Victime projetée ou écrasée
Appréciation globale (déformation du véhicule, vitesse estimée, absence de casque, absence de
ceinture de sécurité)
Blast

Lésions anatomiques Trauma pénétrant de la tête, du cou, du thorax, de l’abdomen, du bassin, du bras ou de la cuisse
Volet thoracique
Brûlure sévère, inhalation de fumées associée
Fracas du bassin
Suspicion d’atteinte médullaire
Amputation au niveau du poignet, de la cheville, ou au-dessus
Ischémie aiguë de membre

Réanimation préhospitalière Ventilation assistée
Remplissage > 1 000 ml de colloïdes
Catécholamines
Pantalon antichoc gonflé

Terrain (à évaluer) Âge > 65 ans
Insuffisance cardiaque ou coronarienne
Insuffisance respiratoire
Grossesse (deuxième et troisième trimestres)
Trouble de la crase sanguine

La présence d’un seul critère suffit à caractériser la gravité du traumatisme, sauf pour le terrain où il s’agit d’une évaluation cas
par cas. Par ailleurs, des critères de gravité extrême étaient définis car associés à une mortalité très élevée : pression artérielle
systolique < 65 mmHg (mortalité : 65 %), score de Glasgow = 3 (mortalité : 62 %), et saturation en O2 < 80 % ou imprenable (mortalité
76 %).

211Prise en charge du polytraumatisé au cours des vingt-quatre premières heures
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Bouzat, P. et al. Crit Care 2015. 19, 111.















Anticipation

1. Site d’accueil unique



La complémentarité des sites…



…et ses implications



« Acute phase: KISS principle »
Keep It Simple, Silly !



« Damage control »
“The emergency control of situations that may cause the sinking of a navy ship.”

USS Nevada bombing on December 7, 1941



« Damage control surgery »

• Les voies d’eau ≈ Hémorragie
à Ecoper et boucher ≈ Hémostase

• Incendies ≈ Contamination septique
à Eteindre les foyers ≈ Résection, lavage

• Réparation définitive au port
à Reprises itératives



Indications for DCS+DCR

Individual indications
Based on physiological 
derangement:
• Acidosis 

• pH < 7.3
• Lactate > 5mmol/L

• Massive transfusion 
(>10PRBC)
• “Non-surgical bleeding”
• Operative time > 90 min
• Hypothermia (<35°C)

Collective indications
Based on limited resources:
• Mass casualties
• Limited number of ORs
• Limited number of 

physicians

Risk / Benefit ratio

Roberts, D.J. & al. Ann Surg 2016; 263: 1018–1027.



DC intra-hospitalier



Langan, N.R. & al. JAMA Surg 2014; 149: 904–912. Joint Theater Trauma Registry [JTTR]

Damage Control Resuscitation Practices 



Peri-operative concerns for the 
anaesthesiologist-ICU physician

1. Do everything to have haemostasis done quickly

2. Fluid therapy

3. Transfusion

4. Haemostasis adjuncts

5. Monitoring



Traitement de la coagulopathie

• Acide tranaexamique
• 1g IVL « en route »
• Puis 1g sur 8h (Grade 1A)

Lancet 2010; 376: 23–32



Traitement de la coagulopathie 

• Ratio PFC/CGR : 1/1 à ½ (Grade 2C)
• Traitement de l’hypofibrinogénémie si < 1,5-2g/L (Grade 1C)
• Posologie : 3-4g (Grade 2C)
• Maintien d’une concentration de plaquettes :
• > 50G/L (Grade 1C)
• > 100G/L si hémorragie active ou TC (Grade 2C)
• Dose initiale : 4 à 8 UP ou 1 CPA (Grade 2C)



Mesures associées

• Correction de la calcémie (Cai : 1,1-1,3mmol/L)



Sels de calcium

Gluconate de calcium 1g/10mL
• Contient 89,4 mg de calcium 

élément
• Tonicité proche du plasma
• VVP possible 

Chlorure de calcium 1g/10mL
• Contient 182,93 mg de 

calcium élément
• Hypertonique
• Risque de nécrose en cas 

d’extravasation
• Voie centrale ou VVP de gros 

calibre requises

Weisberg, L.S. Crit. Care Med. 2008; 36: 3246–3251.



Calcium et nécrose cutanée

Pacheco Compaña FJ & al. Ann Plast Surg. 2017;79(5) :444-449



Mueller, M.M. & al. JAMA 2019;321: 983.



Frank, S.M. & al. Anesthesiology 2012; 117: 99–106.

Transfusion triggers

« 31% of blood transfusions are made without
any preceding lab-Hb value due to its 
unavailability in a timely manner »

The decision to transfuse should consider 
a variety of factors, including whether:
(1) the patient is actively bleeding
(2) signs and symptoms of anemia are present, 
(3) absolute Hb level, 
(4) whether Hb is changing or stable,
(5) patient health and adaptive cardiovascular
response ability, and 
(6) possibilities for increasing
oxygen delivery without a transfusion



1. Patient selection

2. Algorithm

Two-step process



Transfusion
Packs hémostatiques

• Approche 
multidisciplinaire
• Type 4, 4-4-1, 4-4-1
• Ratio PFC/CGR : ½ à 1/1

• Objectifs transfusionnels :
• Hb > 7g/dL
• Pq > 50 000



Acide tranexamique

CRASH-2 trial collaborators, 2010. The Lancet 376, 23–32.



Acide tranexamique



Fibrinogène



Méthodes thromboélastométriques
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Goal-directed Hemostatic Resuscitation of
Trauma-induced Coagulopathy

A Pragmatic Randomized Clinical Trial Comparing a Viscoelastic Assay to
Conventional Coagulation Assays

Eduardo Gonzalez, MD,! Ernest E. Moore, MD,!y Hunter B. Moore, MD,! Michael P. Chapman, MD,!

Theresa L. Chin, MD,! Arsen Ghasabyan, MPH,! Max V. Wohlauer, MD,! Carlton C. Barnett, MD,!y
Denis D. Bensard, MD,!y Walter L. Biffl, MD,!y Clay C. Burlew, MD,!y Jeffrey L. Johnson, MD,!y

Fredric M. Pieracci, MD, MPH,!y Gregory J. Jurkovich, MD,!y Anirban Banerjee, PhD,!

Christopher C. Silliman, MD, PhD,!z§ and Angela Sauaia, MD, PhD!!

Background: Massive transfusion protocols (MTPs) have become standard

of care in the management of bleeding injured patients, yet strategies to guide
them vary widely. We conducted a pragmatic, randomized clinical trial (RCT)

to test the hypothesis that an MTP goal directed by the viscoelastic assay

thrombelastography (TEG) improves survival compared with an MTP guided

by conventional coagulation assays (CCA).
Methods: This RCT enrolled injured patients from an academic level-1

trauma center meeting criteria for MTP activation. Upon MTP activation,

patients were randomized to be managed either by an MTP goal directed by
TEG or by CCA (ie, international normalized ratio, fibrinogen, platelet

count). Primary outcome was 28-day survival.

Results: One hundred eleven patients were included in an intent-to-treat

analysis (TEG" 56, CCA" 55). Survival in the TEG group was significantly
higher than the CCA group (log-rank P " 0.032, Wilcoxon P " 0.027); 20

deaths in the CCA group (36.4%) compared with 11 in the TEG group

(19.6%) (P " 0.049). Most deaths occurred within the first 6 hours from

arrival (21.8% CCA group vs 7.1% TEG group) (P " 0.032). CCA patients
required similar number of red blood cell units as the TEG patients [CCA: 5.0

(2–11), TEG: 4.5 (2–8)] (P" 0.317), but more plasma units [CCA: 2.0 (0–4),

TEG: 0.0 (0–3)] (P" 0.022), and more platelets units [CCA: 0.0 (0–1), TEG:

0.0 (0–0)] (P " 0.041) in the first 2 hours of resuscitation.

Conclusions: Utilization of a goal-directed, TEG-guided MTP to resuscitate

severely injured patients improves survival compared with an MTP guided by

CCA and utilizes less plasma and platelet transfusions during the early phase
of resuscitation.

Keywords: coagulopathy, fibrinolysis, goal-directed, resuscitation, throm-

belastography, transfusion

(Ann Surg 2016;263:1051–1059)

I njury is the second leading cause of death worldwide and the most
common for individuals 15 to 49 years of age.1–3 The burden of

injuries has decreased due to strategies such as injury prevention,
advanced prehospital care, regionalized trauma systems, damage
control operative techniques, advances in critical care medicine,
and rehabilitation with reintegration into society.4,5 However, in
both civilian and military trauma, uncontrolled bleeding remains
the leading preventable cause of death, with as much as 40% of
injury-related mortality due to hemorrhage.6–9 This is largely attri-
buted to the exacerbation of bleeding by dysfunctional hemostasis. In
25 to 35% of patients with severe injury, this trauma-induced
coagulopathy is already present upon arrival to the emergency
department (ED).10,11

Traditionally, assessment of hemostasis in the injured has been
made with conventional coagulation assays (CCA) such as the
international normalized ratio (INR) of prothrombin time, partial
thromboplastin time (PTT), platelet count, and fibrinogen concen-
tration. Viscoelastic assays of hemostasis (VHA) such as thrombe-
lastography (TEG) (Haemonetics Corp, Niles, IN) and rotational
thrombelastometry (ROTEM) (TEM International, GmbH, Munich,
Germany) have been introduced into trauma care as a single assay
that characterizes the life-span of a clot; from time to initial fibrin
cross-linking, maximal clot strength incorporating platelets and red
blood cells (RBC), to clot breakdown by fibrinolysis.12

To prioritize correction of coagulopathy, institutional massive
transfusion protocols (MTPs) have been developed to systematically
deliver blood products to the patient’s bedside.13 MTPs rely on
abnormal values of CCA as triggers for transfusion of plasma,
cryoprecipitate, and platelet units.14 An alternative approach incorp-
orates a VHA into MTPs to assess each stage of hemostasis, allowing
for goal-directed treatment with blood products.

Methods of guiding MTPs vary widely among institu-
tions,14,15 and an optimal approach to the hemostatic resuscitation
of the severely injured patient has yet to be defined. Thus, we
designed a randomized trial to compare the effect of an MTP goal
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resulted in a significantly higher plasma:RBC and platelet:RBC unit
ratio among CCA membership patients than those in the TEG group
for the corresponding time points (Table 4). More cryoprecipitate
was used cumulatively at 24 hours in the CCA group [CCA: 1.0
(0–2), TEG: 0.0 (0–2); P ! 0.040] (Table 4). The use of tranexamic
acid did not differ significantly between the 2 groups (Table 4).
Mortality of the 13 patients who received tranexamic acid was not
significantly different when compared between the 2 groups (supple-
mental material, http://links.lww.com/SLA/A950).

In an attempt to explain the effect of blood products on
mortality, the effect of plasma:RBC unit ratio was studied as a
time-varying covariate in the first 6 hours using Cox proportional
hazards regression, adjusting for injury severity (NISS) and age. TEG
group membership was shown to modify the effect of plasma:RBC
ratio on mortality (interaction between study group and time-varying
plasma:RBC unit ratio in the first 6 hours, P ! 0.027). As illustrated
in Figure 3, a higher plasma:RBC unit ratio was associated with
lower predicted survival in the TEG group, whereas in the CCA
group a trend was observed toward higher survival (interaction
between group and plasma:RBC unit ratio P ! 0.027). This suggests
that TEG-guided treatment allowed for more judicious use of blood

TABLE 1. Baseline Patient Characteristics of Intention-to-treat Population—Vital Signs, Laboratory, and Coagulation assays
Collected Upon ED Arrival

CCA Group (N ! 55) TEG Group (N ! 56)

Characteristic Median IQR Median IQR

Demographic data
Age, yrs 38.0 25–53 41.0 28–54
Male sex, no. (%) 41 (74.5) 37 (66.0)
BMI, kg/m2 25.5 23–30 25.9 23–31

Time from injury to ED, min 29.0 21–72 35.5 23–94
Injury severity (anatomic)

ISS 33.0 25–43 29.5 23–41
NISS 43.0 34–57 41.0 29–50
Blunt mechanism, no. (%) 36 (65.4) 39 (69.6)
Severe TBI (AIS head >2 and GCS <8), no. (%) 12 (21.8) 9 (16.0)

Injury severity (physiologic) (characteristics on ED arrival)
ABC score 2.0 1–3 2.0 1–2
TASH score 12.0 9–17 13.0 9–15
GCS 14.0 3–15 14.5 6–15
SBP, mm Hg 90.0 76–110 97.0 78–120
HR, beats/min 112.5 94–134 107.5 90–123
Temperature, 8C 36.2 35–37 36.5 35–37
pH 7.20 7.0–7.3 7.21 7.1–7.2
Base deficit, mEq/L 13.7 9–18 11.0 9–16
Lactate, mmol/L 5.4 3.9–7.9 6.9 3.8–7.6
Hemoglobin, g/dL 11.8 9.6–13.3 12.3 10.5–13.6
Platelet count/mm3 214.5 165–279 214.5 145-318
Creatinine, mg/dL 1.2 0.9–1.5 1.1 1.0–1.3
Calcium, mg/dL 6.9 6.3–8.1 7.0 6.4–7.8

Initial coagulation assessments upon ED arrival
TEG-ACT, s 130.0 113–178 128.0 113–140
TEG-angle, degrees 50.9 28–69 52.3 30–70
TEG-MA, mm 47.5 34–53 53.9 28–63
TEG-LY30, % of clot lysis 0.5 0–4.4 1.2 0.1–20
INR 1.46 1.2–2.3 1.45 1.2–1.7
PTT, s 38.5 27–52 32.1 27–39
Fibrinogen, g/dL 113.0 68–139 132.1 94–220
D-dimer, g/dL 12.9 6–20 10.3 2–20

Continuous values expressed in median (interquartile range, IQR), categorical characteristics expressed in number (no.) and percent (%).
ABC score indicates assessment of blood consumption score; ACT, activated clotting time; BMI, body mass index (expressed in kg/m2); ED, emergency department; GCS, Glasgow

coma scale; HR, heart rate; INR, international normalized ratio; ISS, injury severity score; LY30, % clot lysis 30 minutes after reaching MA; MA, maximum amplitude; NISS, new
injury severity score; PTT, partial thromboplastin time; SBP, systolic blood pressure; TASH score, trauma-associated severe hemorrhage score; TBI, traumatic brain injury; TEG,
thrombelastography.

FIGURE 1. Kaplan-Meier estimates of survival by randomiz-
ation group for patients analyzed as intention-to-treat. Survival
in the TEG group was significantly higher than the CCA group
(log-rank P ! 0.0324, Wilcoxon P ! 0.0275).

Gonzalez et al Annals of Surgery " Volume 263, Number 6, June 2016

1054 | www.annalsofsurgery.com ! 2015 Wolters Kluwer Health, Inc. All rights reserved.



Garrigue D & al. Anaesth Crit Care Pain Med 2019;38(5):445-447.



CE: A.U.; ANNSURG-D-17-02492; Total nos of Pages: 8;

ANNSURG-D-17-02492

the TACTIC partners into a randomized controlled trial (RCT) of
viscoelastic assays versus conventional coagulation therapy (the
iTACTIC trial, ClinicalTrials.gov Identifier: NCT02593877). This
should provide evidence for the whole algorithm approach, which
can be refined and updated with future investigations.

There are several limitations to our study in addition to the
lack of a separate validation set. Despite the large cohorts and high
injury severity scores, the number of coagulopathic and massively
bleeding patients was around 15%. Some specific derangements,
such as low platelet counts, were very rare, especially as we focused
on the first sample drawn after admission. This will lead to bias to the
negative predictive value of a parameter and potentially under-
represent their positive predictive value and overall accuracy.

Thresholds for hyperfibrinolysis had to be determined from clinical
correlates in the absence of a definitive laboratory comparator test.
The prehospital use of tranexamic acid will have contributed to the
relatively low observed rates of admission hyperfibrinolysis, but
should not have affected the actual threshold levels we calculated.
Further external validation studies should be performed to confirm
the applicability of these criteria for antifibrinolytic administration.

Some of the differences in performance between ROTEM and
TEG parameters are also likely to be due to the difference in sample
sizes between the 23 cohorts. As we aimed to develop internationally
relevant algorithms, we did not explore between-center variations in
prehospital or inhospital practices. However, overall the clinical and
transfusion practices at the centers are more similar than they are

TABLE 4. Detection of Coagulopathy (INR > 1.2)

Parameter Threshold Sensitivity (%) Specificity (%) PPV (%) NPV (%)

ROTEM
EXTEM CA5 37 mm 61 84 24 96
AUC: 0.78 41 mm 73 70 16 97

44 mm 81 53 12 97
47 mm 91 37 10 98

EXTEM CT 66 s 61 68 13 96
AUC: 0.72 64 s 71 64 14 96

58 s 80 49 11 97
52 s 90 31 10 98

TEG
Rapid TEG MA 51 mm 61 63 10 96
AUC: 0.67 62 mm 71 55 10 97

64 mm 80 44 9 97
66 mm 91 26 8 98

Rapid TEG ACT 121 s 63 68 12 96
AUC: 0.69 113 s 80 48 9 97

105 s 87 26 7 97
97 s 95 14 7 98

ACT indicates activated clotting time; AUC, area under curve; CA5, clot amplitude at 5 minutes; CT, clotting time; MA, maximum amplitude; NPV, negative predictive value; PPV,
positive predictive value.

Bold: closest calculated value to chosen threshold for algorithms

FIGURE 3. Algorithms.
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Table 2 Secondary outcomes for!the intention-to-treat population

Proportions were calculated excluding any missing records

CCT  conventional coagulation test, VHA viscoelastic haemostatic assay, CI con!dence interval, PTr prothrombin time ratio, TE thromboembolic events, MODS multiple 
organ dysfunction syndrome, ICU intensive care unit, LOS length of stay

^Patients with haemostasis (CCT: n =  n = 170, VHA: n = 178)

^^Myocardial infarction and Embolic strokes are included in thromboembolic events

^^^ Multiple Organ Dysfunction Syndrome (MODS) de!ned as having a Sequential Organ Failure Assessment score of 6 or more on a day

^^^^EQ-5D is a questionnaire by EuroQol used as a measure of overall health status

CCT (n = 195) VHA (n = 201) Odds ratio (95% CI) p value

Mortality at 6 h—no. (%) 22/195 (11%) 22/201 (11%) 0.97 (0.52–1.80) 0.915

Mortality at 24 h—no. (%) 33/195 (17%) 29/201 (14%) 0.83 (0.48–1.42) 0.495

Mortality at 28 days—no. (%) 55/194 (28%) 50/201 (25%) 0.84 (0.54–1.31) 0.435

Mortality at 90 days—no. (%) 56/177 (31%) 53/179 (29%) 0.91 (0.58–1.42) 0.678

Death from exsanguination—no. (%) 17/56 (30%) 13/51 (25%) 0.78 (0.34–1.82) 0.576

Died before haemostasis—no. (%) 24/54 (44%) 19/50 (38%) 0.77 (0.35–1.67) 0.505

Median time to haemostasis^ (IQR)—mins 122 (80–185),  n = 170 125 (77–185),  n = 176 0.929

PTr > 1.2 at haemostasis^—no. (%) 17/151 (11%) 21/142 (15%) 1.37 (0.70–2.69) 0.369

Massive transfusion at 24 h—no. (%) 55/195 (28%) 53/201 (26%) 0.91 (0.59–1.42) 0.682

Patients with symptomatic TE^^—no. (%) 27/195 (14%) 17/201 (9%) 0.57 (0.31–1.08) 0.088

Patients with MODS^^^—no. (%) 134/159 (84%) 141/164 (86%) 1.14 (0.62–2.10) 0.668

Median 28-day ventilator-free days (IQR) 20 (0–26),  n = 192 17 (0–25),  n = 198 0.422

Median 28-day ICU-free days (IQR) 15 (0–23),  n = 192 13 (0–23),  n = 198 0.691

Median hospital LOS in survivors (IQR) 24 (10–42),  n = 138 29 (13–49),  n = 147 0.147

Median EQ-5D^^^^ index at discharge/28 days (IQR) 49 (25–60),  n = 86 40 (28–60),  n =  n = 92 0.672

Median EQ-5D^^^^ index at 90 days (IQR) 60 (40–70),  n = 75 53 (40–70),  n = 72 0.718

Fig. 3 Survival curves at 24 h and 90 days. Survival curves with 95% confidence intervals at 24 h and 90 days for the Intention-To-Treat (ITT) popula-
tion. Blue: CCT-guided and Red: VHA-guided. The p values shown are the result of the log-rank test. 4 patients in the ITT population had missing 
date/time of events and were therefore not included in the survival curve. CCT  conventional coagulation test, VHA viscoelastic haemostatic assay
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!e reduction in 28-day mortality in the VHA group 
observed in patients who also had severe TBI was unex-
pected and may have been a chance finding. However, 
if borne out in future work, it potentially represents 
an important opportunity for improving outcomes in 
trauma care [26]. TBI is responsible for at least 25% 
of deaths in critically bleeding patients, and 50% of all 
trauma deaths [2]. Most previous clinical trials in trauma 
haemorrhage have excluded severe brain injuries as their 
outcomes were felt to be immutable by changes in hae-
mostatic management. !ere is a small but growing body 
of evidence that directed coagulopathy management may 
reduce brain injury mortality, such as the two recent tri-
als of tranexamic acid for TBI [27, 28]. Correction of 
coagulopathy may act to reduce intracerebral bleeding; 
decrease cerebral ischaemia due to reduced depth and 
duration of haemorrhagic shock; and/or reduce cerebral 
inflammation via crosstalk mechanisms, all of which con-
stitute important areas for future brain injury research. 
!e ITACTIC results are consistent with these hypoth-
eses, and suggests this is an area for research in a field 
which has mostly focused on cerebral oxygenation and 
perfusion, and where there has been little change in prac-
tice or improvement in outcomes for some time [29–32].

!is study was limited in a number of ways, including 
the lower observed di"erence in e"ect size in the primary 

endpoint between the two cohorts than originally pre-
dicted (observed: 3%, predicted: 13%). Empiric delivery 
of balanced transfusion and haemostatic therapies prior 
to randomisation and during haemorrhage likely contrib-
uted to this. Another caveat is that we did not adjust our 
secondary endpoint and post-hoc analyses for multiple 
comparisons due to the preponderance of non-significant 
results. As viscoelastic testing was only performed in 
the VHA group, we could not identify all coagulopathic 
patients and could not explore the e"ect of targeted ther-
apies in coagulation deficits that were only detectable by 
VHA. Interpretation of the results from our subgroups 
is also limited by lack of group allocation stratification, 
which was impossible with this study design, as neither 
coagulation status nor the presence of severe brain injury 
could be known prior to randomisation. !e study was 
conducted at large major trauma centres, with experience 
of the use of VHA devices in a research setting, although 
most did not have VHA-guided care in routine clinical 
use at the start of the trial. !e study was challenging to 
deliver on many levels and the experience in other cen-
tres may be di"erent.

When standard care is delivered to bleeding trauma 
patients, with empiric balanced transfusion therapy 
and intensive CCT monitoring, VHAs identify more 
coagulation deficits and deliver additional haemostatic 

Fig. 2 Primary outcome (alive and free of massive transfusion at 24 h) in pre-specified subgroups. Odds ratios for the primary outcome (alive and 
free of massive transfusion at 24 h) in the subgroups of coagulopathic patients at baseline (defined as PTr > 1.2), patients with severe TBI, patients 
with prior oral anticoagulants, the Per Protocol and Intention-To-Treat (Overall) populations. Odds ratios were calculated using the VHA arm as the 
exposed group. The solid black line indicates an odds ratio of 1, equivalent to no di!erence between study groups. The vertical red dashed line 
indicates the overall odds ratio for the ITT population. Subgroup allocation criteria were missing for some patients, so some subgroups do not add 
up to 396 patients. In particular, the following patients had missing data in their records: 40 did not have a PTr value at baseline, 9 did not have a 
TBI score, 6 did not have a record for prior oral anticoagulants. Post-hoc analysis: the p-values for the interaction between study arm and each sub-
group were calculated using a logistic regression with “being alive and free of massive transfusion at 24 h” as the outcome. CI confidence interval, 
CCT  conventional coagulation test, VHA viscoelastic haemostatic assay, PTr prothrombin time ratio, TBI traumatic brain injury, ITT intention-to-treat
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Viscoelastic haemostatic assay augmented 
protocols for!major trauma haemorrhage 
(ITACTIC): a randomized, controlled trial
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Abstract 
Purpose: Contemporary trauma resuscitation prioritizes control of bleeding and uses major haemorrhage protocols 
(MHPs) to prevent and treat coagulopathy. We aimed to determine whether augmenting MHPs with Viscoelastic Hae-
mostatic Assays (VHA) would improve outcomes compared to Conventional Coagulation Tests (CCTs).

Methods: This was a multi-centre, randomized controlled trial comparing outcomes in trauma patients who received 
empiric MHPs, augmented by either VHA or CCT-guided interventions. Primary outcome was the proportion of sub-
jects who, at 24 h after injury, were alive and free of massive transfusion (10 or more red cell transfusions). Secondary 
outcomes included 28-day mortality. Pre-specified subgroups included patients with severe traumatic brain injury 
(TBI).

Results: Of 396 patients in the intention to treat analysis, 201 were allocated to VHA and 195 to CCT-guided therapy. 
At 24 h, there was no di!erence in the proportion of patients who were alive and free of massive transfusion (VHA: 
67%, CCT: 64%, OR 1.15, 95% CI 0.76–1.73). 28-day mortality was not di!erent overall (VHA: 25%, CCT: 28%, OR 0.84, 
95% CI 0.54–1.31), nor were there di!erences in other secondary outcomes or serious adverse events. In pre-specified 
subgroups, there were no di!erences in primary outcomes. In the pre-specified subgroup of 74 patients with TBI, 64% 
were alive and free of massive transfusion at 24 h compared to 46% in the CCT arm (OR 2.12, 95% CI 0.84–5.34).

Conclusion: There was no di!erence in overall outcomes between VHA- and CCT-augmented-major haemorrhage 
protocols.

Keywords: Trauma, Haemorrhage, Coagulopathy, Thrombelastography, Thromboelastometry
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Compliance with evidence-based clinical management
guidelines in bleeding trauma patients
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Abstract
Background: In 2007, the multidisciplinary European Task Force for Advanced Bleeding Care in Trauma published guidelines
for the management of the bleeding trauma patient. The present study aimed to assess compliance with the European
guidelines during the first 24 h in a level I trauma centre and to determine whether compliance impacts mortality.
Methods: This was a retrospective study of consecutive bleeding trauma patients referred to a university hospital in France
between 2010 and 2014. A reference document was developed on the basis of the European guidelines to transform the
guidelines pragmatically into 22 objectively measurable criteria. We measured per-patient and per-criterion compliance
rates and assessed the impact of guideline compliance on mortality.
Results: A total of 121 bleeding trauma patients were included. The median (interquartile range) per-patient compliance
rate was 75 (65–82)% and the per-criterion compliance rate 64 (57–81)%. Mortality rates were 18 and 32% at 24 h and 30 days,
respectively. After adjusting for injury severity, per-patient compliance rates were associated with decreased mortality at
24 h (odds ratio per 10% increase in patient compliance score, 0.43; 95% confidence interval 0.26–0.71; P!0.0001) and at 30
days (odds ratio per 10% increase in patient compliance score, 0.47; 95% confidence interval 0.31–0.72; P!0.0004).
Conclusions: We found that compliance with protocols based on European guidelines impacts trauma outcome, because
patient compliance was associated with survival. Further work is needed to improve adherence to these guidelines, with
ongoing monitoring to ensure best practice and optimal patient outcome.

Key words: bleeding; compliance; guidelines; mortality; trauma
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Table 2 Criterion compliance rate according to individual criterion. AD, available data; MD, missing data; NA, not applicable

Table 3 Comparison of patient characteristics and clinical data
by 24 h mortality. Values are expressed as the count (%), mean
(sd), or median [interquartile range]

Parameter Survivors Non-
survivors

P-value

(n ! 99) (n ! 22)

Age [yr] 43 [28–52] 36 [26–47] 0.27
Male 68 (69) 12 (55) 0.21
Injury severity score 31.8 (16.0) 52.8 (21.4) <0.0001
Brain injury 33 (33) 12 (55) 0.06
Red cell units at 24 h 10 [7–13] 9 [7–16] 0.50
Haemorrhagic shock 68 (85) 18 (95) 0.45
Plasma-to-red cell ratio

at 24 h
0.67 (0.27) 0.57 (0.30) 0.12

Missing data 0 [0–1] 0 [0–2] 0.23
Patient compliance rate 71.9 (12.2) 59.2 (11.6) <0.0001
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Fig 1 Patient compliance rate according to mortality 24 h and 30 days after
trauma. Values are the median and interquartiles.
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Lorsque le temps est un 
facteur limitant…
…quelles sont les recommandations qui comptent le plus ?



Clinical decision support for severe trauma patients: Machine
learning based definition of a bundle of care for hemorrhagic shock

and traumatic brain injury

Elodie Lang,MD, Arthur Neuschwander, MD, Gersende Favé, MD, Paer-SelimAbback,MD, Pierre Esnault, MD,
Thomas Geeraerts, MD, Anatole Harrois, MD, Jean-Luc Hanouz, MD, PhD, Eric Kipnis, MD, PhD,
Marc Leone, MD, PhD, Vincent Legros, MD, Nouchan Mellati, MD, Julien Pottecher, MD, PhD,

Sophie Hamada, MD, PhD, Romain Pirracchio, MD, PhD, and for Traumabase Group, San Francisco, California

BACKGROUND: Deviation from guidelines is frequent in emergency situations, and this may lead to increased mortality. Probably because of time
constraints, 55% is the greatest reported guidelines compliance rate in severe trauma patients. This study aimed to identify among
all available recommendations a reasonable bundle of items that should be followed to optimize the outcome of hemorrhagic
shocks (HSs) and severe traumatic brain injuries (TBIs).

METHODS: We first estimated the compliancewith French and European guidelines using the data from the French TraumaBase registry. Then,
we used a machine learning procedure to reduce the number of recommendations into a minimal set of items to be followed to
minimize 7-day mortality. We evaluated the bundles using an external validation cohort.

RESULTS: This study included 5,924 trauma patients (1,414 HS and 4,955 TBI) between 2011 and August 2019 and studied compliance to 36
recommendation items. Overall compliance rate to recommendation items was 71.6% and 66.9% for HS and TBI, respectively. In
HS, compliance was significantly associated with 7-day decreased mortality in univariate analysis but not in multivariate analysis
(risk ratio [RR], 0.91; 95% confidence interval [CI], 0.90–1.17; p = 0.06). In TBI, compliance was significantly associated with
decreased mortality in univariate and multivariate analysis (RR, 0.85; 95% CI, 0.75–0.92; p = 0.01). For HS, the bundle included
13 recommendation items. In the validation cohort, when this bundle was applied, patients were found to have a lower 7-day mor-
tality rate (RR, 0.46; 95% CI, 0.27–0.63; p = 0.01). In TBI, the bundle included seven items. In the validation cohort, when this
bundle was applied, patients had a lower 7-day mortality rate (RR, 0.55; 95% CI, 0.34–0.71; p = 0.02).

DISCUSSION: Using a machine-learning procedure, wewere able to identify a subset of recommendations that minimizes 7-day mortality follow-
ing traumatic HS and TBI. These two bundles remain to be evaluated in a prospective manner. (J Trauma Acute Care Surg.
2022;92: 135–143. Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.)

LEVEL OF EVIDENCE: Care Management, level II.
KEYWORDS: Hemorrhagic shock; traumatic brain injury; machine learning; bundle of care; compliance.

D eath secondary to trauma accounts for 9% of global mortal-
ity, that is, about 5 million deaths per year.1 To this day,

mortality remains mainly driven by central nervous system inju-
ries and bleeding.2,3 In this emergency context, the ability to rap-
idly implement an appropriate therapeutic strategy is a major de-
terminant of mortality.4,5 To improve and standardize practices,
scientific societies have produced guidelines for the manage-
ment of trauma patients. However, deviation from guidelines is fre-
quent in emergency situations,6 especially in severely injured
trauma patients, in whom only 43% to 55% of the recommenda-
tions are properly applied.7 Noncompliance may adversely impact
the outcome and increase 24-hour and 30-day mortality.8–10 Al-
though compliance to guidelines is more important in trauma
centers,7 it remains insufficient when compared with the target
of 90% to 100% usually proposed as a definition for good com-
pliance.11

In the past, the answer to this suboptimal compliance rate
has been to encourage clinicians to follow more recommenda-
tions. We propose an alternative and more qualitative approach,
based on the idea that the compliance rate may reach a plateau be-
cause of time constraint in an emergency context. Hence, the re-
ported 55% compliance rate may represent an absolute maximum
when treating severe trauma patients. It is then crucial to identify,
among all recommendations, a smaller but achievable core bundle
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Compliance With Guidelines
Figure 2 describes our guideline selection procedure. All

recommendation items meeting our inclusion criteria are listed
in Appendices A and B (Supplemental Digital Content, http://
links.lww.com/TA/C136). Of the 260 recommendation items
identified from our literature review, 24 recommendation items
for HS and 12 recommendation items for TBI were deemed ap-
plicable during the first 24 hours of trauma care and were assess-
able in the Traumabase (Table 2).

Among the 1,049 patients with HS included in the training
cohort, the overall compliance ratewas of 71.6%, and among the
3,840 patients with TBI, it was 66.9%. However, compliance rate
by item was highly variable, ranging from 20.07% to 99.89%
(Table 2).

Association Between Compliance and Mortality
In HS patients, the total number of recommendation items

followed was significantly associated with 7-day mortality in
univariate analysis (risk ratio [RR], 0.91; 95% CI, 0.78–0.99;
p = 0.04). In multivariate analysis (Supplemental Digital Con-
tent, Appendix C, http://links.lww.com/TA/C136), the impact
on mortality did not reach statistical significance (RR, 0.91;
95% CI, 0.90–1.17; p = 0.06).

In TBI patients, the total number of recommendation items
followed was significantly associated with mortality in univariate
(RR, 0.64; 95%CI, 0.63–0.73; p < 0.001) and in multivariate anal-
ysis ((Supplemental Digital Content, Appendix D, http://links.lww.
com/TA/C136) (RR, 0.85; 95% CI, 0.75–0.92; p = 0.01).

For HS patients and TBI patients, the most frequently
followed recommendations were those found to have the least
impact on mortality (Supplemental Digital Content, Appendix
E, http://links.lww.com/TA/C136) (p < 0.05).

Selection of the Most Relevant
Recommendation Items

Among the 24 items relevant to HS, the LASSO procedure
identified 13 items (i.e., 55% of the 24 items) (Fig. 3A). The cvAUC
of the corresponding model was of 0.92 (0.90–0.93) (Supplemental
Digital Content, Appendix F, http://links.lww.com/TA/C136).

Among the 13 items relevant to TBI, the LASSO procedure
identified 7 items (Fig. 3B). The cvAUC of the corresponding
model was of 0.97 (0.95–0.97) (Supplemental Digital Content,
Appendix F, http://links.lww.com/TA/C136).

Impact of the Bundles on Outcome
Hemorrhagic Shock

In group 1 (n = 600), between 0 and 12 items of the 13
identified in our bundle were followed; in group 2 (n = 405),
all recommendations from our bundle were followed; in group
3 (n = 44), all the bundle was followed plus additional recom-
mendations. Group 2 was associated with a lower mortality rate
as compared with group 1 (RR, 0.53 [0.38–0.72]; p = 0.02) but
was not different than group 3 (RR, 0.77 [0.46–1.21]; p = 0.41)
(Table 3). These results were confirmed in the external valida-
tion cohort (Table 3). Details of the multivariate analyses are
provided in Supplemental Digital Content (Appendix G, http://
links.lww.com/TA/C136).

Traumatic Brain Injury
In group 1 (n = 1886), between 0 and 6 items of the 7 identi-

fied in our bundle were followed; in group 2 (n = 1567), all rec-
ommendations from our bundle were followed; in group 3
(n = 177), all the bundle was followed plus additional recom-
mendations. Group 2 was associated with a lower mortality rate

Figure 3. Details of recommendation items included in HS (A) and TBI (B) bundle of care. Administr., administration; APTT, activated
partial thromboplastin time; CT, computed tomography; EtCO2, expired CO2; Fg, fibrinogen; MBP, mean blood pressure; PT,
prothrombin time; RBC, red blood cell; TCD, transcranial Doppler; TXA, tranexamic acid.
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Appendix F. Recommendations relevant to hemorrhagic shock (A) and trauma brain injury (B)  
selection using the LASSO binary logistic regression 
model                                                                                                                                                                                                                       
a : LASSO coefficient profiles. b : cvAUC as function of LASSO penalization. Dotted lines represent penalization level 
(lambda) to keep 13 recommendations or 7 recommendations in the model. c : LASSO estimated coefficient values  

RBC, Red Blood Cell; PT, Prothrombin Time; APTT, Activated Partial Thromboplastin Time, TXA, Tranexamic Acid; CT, Computed 
Tomography; TBI, Trauma Brain Injury; TCD, Transcranial Doppler; EtCO2, Expired CO2.  

as compared with group 1 (RR, 0.42 [0.19–0.57]; p < 0.001) but
was not different than group 3 (RR, 1.26 [0.92–1.34]; p = 0.34)
(Table 4). These results were confirmed in the external valida-
tion cohort (Table 4). Details of the multivariate analysis are pro-
vided in Supplemental Digital Content (Appendix H, http://
links.lww.com/TA/C136).

DISCUSSION

This study confirms that compliance with guidelines is
suboptimal when compared with the target of >90% proposed
as a definition for good compliance, although all patients in-
cluded in the Traumabase were managed at expert trauma cen-
ters. This underlines the need for clinical decision support to
help clinicians identify the most important recommendations
items. To the best of our knowledge, it is the first time that an au-
tomated statistical procedure is proposed to achieve this task in a
data-driven manner. This approach helped identify 13 recom-
mendations for HS and 7 recommendations for TBI that can
minimize 7-day mortality. In this context, applying more recom-
mendations may not be necessary nor efficient to further reduce
mortality.

The items identified in our HS bundle are clinically sound
and supported by strong scientific evidence. Recommendations
3, 11, 15, 17, and 22, concerning ventilation targets, red blood
cell targets, tranexamic acid administration, early plasma admin-
istration, and ionized calcium targets, respectively, were all de-
rived from prospective randomized controlled trials,19,20 large
cohort studies,21 or meta-analyses.22,23 Consequently, the level
of evidence for these recommendations is I-A or I-B. On the
contrary, recommendation items 13, 16, 18, and 22, which were
not selected by our procedure, are all associated with lower
levels of evidence (level II-A or II-B). Surprisingly, recommen-
dation 1 (use of a stop bleeding tourniquet) was not selected
in our bundle of recommendation. First, this recommendation

was applicable only in a small proportion (131 patients; 11%)
of our civilian cohort. Second, this recommendation is based
on data showing the efficacy of the tourniquet to control an
acute bleeding from a penetrating injury24,25 on the battle field.
While tourniquet application has become the standard of care in
military practice, its benefit in the context of civilian practice is
less well documented.

Similarly, all items included in the TBI bundle have demon-
strated their impact on outcome in clinical studies and are asso-
ciated with levels of evidence ranging from I-A to II-a. Interest-
ingly, some of the selected recommendations regarding platelet
transfusion and intracranial pressure monitoring are rated as
low-grade recommendations, either because the studies on which
they rely are old26 or because of a lack of robust data on the subject.
However, our study seems to confirm their associationwithmortal-
ity despite the lower-grade evidence. Surprisingly, hyperosmolar
therapy for severe acute intracranial hypertension or cerebral her-
niation was not selected by our procedure. Intracranial hyperten-
sion secondary to TBI is well known to have a negative impact
on outcomes, and severe intracranial hypertension is associated
with higher morbidity,27,28 1-year mortality,29 and poor neuro-
logical outcome at 6 or 12 months.30 The choice of 7-day mortal-
ity as primary outcomewasmotivated by our intention to focus on
early deaths related to the initial injuries rather than deaths related
to secondary complications. However, there are limited data on
the association between initial intracranial hypertension and 7-day
mortality. Intravenous administration of hyperosmolar agents
has become the norm in case of intracranial hypertension or her-
niation following studies showing significant changes in brain
volume after osmotherapy.31 However, as highlighted by the
Brain Trauma Foundation, there is insufficient evidence on the
effect of osmotherapy on mortality to support a specific level I
recommendation because no appropriately designed and powered
studies have assessed the impact of osmotic therapy on out-
come.32 Therefore, hyperosmolar therapy remains a level III

TABLE 4. 7-Day Mortality of TBI for Different Bundles of Care

TBI: Training Cohort TBI: Validation Cohort

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

7-d Mortality RR (95% CI) p RR (95% CI) p RR (95% CI) p RR (95% CI) p

Bundle vs. less 0.35 (0.27–0.51) <0.001 0.42 (0.19–0.57) <0.001 0.52 (0.41–0.72) <0.001 0.55 (0.34–0.71) 0.02
Bundle vs. more 1.81 (1.21–2.01) <0.001 1.26 (0.92–1.34) 0.34 2.4 (1.71–3.17) <0.001 1.56 (0.89–1.98) 0.45

Group 1 (“less”), less than recommendations of the bundle of care followed; group 2 (“bundle”), the whole bundle of care was followed; group 3 (“more”), more than seven recommen-
dations (including the second bundle) followed.

TABLE 3. 7-Day Mortality of HS for Different Bundles of Care

HS: Training Cohort HS: Validation Cohort

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

7-d Mortality RR (95% CI) p RR (95% CI) p RR (95% CI) p RR (95% CI) p

Bundle vs. less 0.52 (0.41–0.68) <0.001 0.53 (0.38–0.72) 0.02 0.37 (0.29–0.59) 0.01 0.46 (0.27–0.63) 0.01
Bundle vs. more 0.83 (0.51–1.18) 0.32 0.77 (0.46–1.21) 0.41 1.51 (0.90–2.01) 0.25 0.92 (0.62–1.08) 0.22

Group 1 (“less”), less than recommendations of the bundle of care followed; group 2 (“bundle”), the whole bundle of care was followed; group 3 (“more”), more than 13 recommendations
(including the second bundle) followed.
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Breaking news…
Prévention de l’hémorragie grave en chirurgie non cardiaque
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BACKGROUND
Perioperative bleeding is common in patients undergoing noncardiac surgery. 
Tranexamic acid is an antifibrinolytic drug that may safely decrease such bleeding.
METHODS
We conducted a trial involving patients undergoing noncardiac surgery. Patients were 
randomly assigned to receive tranexamic acid (1-g intravenous bolus) or placebo at 
the start and end of surgery (reported here) and, with the use of a partial factorial 
design, a hypotension-avoidance or hypertension-avoidance strategy (not reported 
here). The primary efficacy outcome was life-threatening bleeding, major bleeding, 
or bleeding into a critical organ (composite bleeding outcome) at 30 days. The pri-
mary safety outcome was myocardial injury after noncardiac surgery, nonhemor-
rhagic stroke, peripheral arterial thrombosis, or symptomatic proximal venous 
thromboembolism (composite cardiovascular outcome) at 30 days. To establish the 
noninferiority of tranexamic acid to placebo for the composite cardiovascular out-
come, the upper boundary of the one-sided 97.5% confidence interval for the hazard 
ratio had to be below 1.125, and the one-sided P value had to be less than 0.025.
RESULTS
A total of 9535 patients underwent randomization. A composite bleeding outcome 
event occurred in 433 of 4757 patients (9.1%) in the tranexamic acid group and in 
561 of 4778 patients (11.7%) in the placebo group (hazard ratio, 0.76; 95% confi-
dence interval [CI], 0.67 to 0.87; absolute difference, !2.6 percentage points; 95% CI, 
!3.8 to !1.4; two-sided P<0.001 for superiority). A composite cardiovascular outcome 
event occurred in 649 of 4581 patients (14.2%) in the tranexamic acid group and in 
639 of 4601 patients (13.9%) in the placebo group (hazard ratio, 1.02; 95% CI, 0.92 
to 1.14; upper boundary of the one-sided 97.5% CI, 1.14; absolute difference, 0.3 per-
centage points; 95% CI, !1.1 to 1.7; one-sided P = 0.04 for noninferiority).
CONCLUSIONS
Among patients undergoing noncardiac surgery, the incidence of the composite bleed-
ing outcome was significantly lower with tranexamic acid than with placebo. Although 
the between-group difference in the composite cardiovascular outcome was small, the 
noninferiority of tranexamic acid was not established. (Funded by the Canadian Insti-
tutes of Health Research and others; POISE-3 ClinicalTrials.gov number, NCT03505723.)
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(8.7%) in the placebo group (hazard ratio, 0.75; 
95% CI, 0.65 to 0.87), and transfusion of at least 
1 unit of packed red cells occurred in 449 pa-
tients (9.4%) and in 574 patients (12.0%), respec-
tively (odds ratio, 0.77; 95% CI, 0.68 to 0.88).

Hazard ratios for selected secondary and ter-

tiary outcomes in the tranexamic acid group as 
compared with the placebo group are as follows: 
for myocardial infarction, 1.27 (95% CI, 0.89 to 
1.82); for nonhemorrhagic stroke, 1.51 (95% CI, 
0.80 to 2.84); for peripheral arterial thrombosis, 
0.96 (95% CI, 0.53 to 1.72); for amputation, 0.67 

Figure!1.!Kaplan–Meier!Estimates!of!the!Primary!Outcomes.

The composite bleeding outcome (Panel A) was a composite of life-threatening bleeding, major bleeding, and bleeding 
into a critical organ at 30 days. The composite cardiovascular outcome (Panel B) was a composite of myocardial 
 injury after noncardiac surgery, nonhemorrhagic stroke, peripheral arterial thrombosis, and symptomatic proximal 
venous thromboembolism at 30 days. The insets show the same data on an expanded y axis.
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1.82); for nonhemorrhagic stroke, 1.51 (95% CI, 
0.80 to 2.84); for peripheral arterial thrombosis, 
0.96 (95% CI, 0.53 to 1.72); for amputation, 0.67 

Figure!1.!Kaplan–Meier!Estimates!of!the!Primary!Outcomes.

The composite bleeding outcome (Panel A) was a composite of life-threatening bleeding, major bleeding, and bleeding 
into a critical organ at 30 days. The composite cardiovascular outcome (Panel B) was a composite of myocardial 
 injury after noncardiac surgery, nonhemorrhagic stroke, peripheral arterial thrombosis, and symptomatic proximal 
venous thromboembolism at 30 days. The insets show the same data on an expanded y axis.

C
um

ul
at

iv
e!

Ri
sk

!o
f!E

ve
nt

!(%
)

100

80

90

70

60

40

30

10

50

20

0
0 5 10 15 20 25 30

15

5

10

0
0 5 10 15 20 25 30

Days!since!Randomization

B Composite!Cardiovascular!Outcome

A Composite!Bleeding!Outcome

Hazard ratio, 0.76 (95% CI, 0.67–0.87)
Two-sided P<0.001 for superiority

Placebo
Tranexamic acid

4778
4757

4315
4406

4247
4362

4214
4331

4206
4313

4195
4301

4190
4292

No.!at!Risk

C
um

ul
at

iv
e!

Ri
sk

!o
f!E

ve
nt

!(%
)

100

80

90

70

60

40

30

10

50

20

0
0 5 10 15 20 25 30

20

15

5

10

0
0 5 10 15 20 25 30

Days!since!Randomization

Hazard ratio, 1.02 (95% CI, 0.92–1.14)

Placebo
Tranexamic acid

4601
4581

4031
4010

3987
3959

3963
3941

3949
3923

3940
3921

3935
3910

No.!at!Risk

Tranexamic acid

Tranexamic acid

Placebo

Placebo

The New England Journal of Medicine 
Downloaded from nejm.org by JULIEN POTTECHER on May 25, 2022. For personal use only. No other uses without permission. 

 Copyright © 2022 Massachusetts Medical Society. All rights reserved. 

Devereaux PJ & al. N Engl J Med 2022;386:1986-97





Merci !

julien.pottecher@chru-strasbourg.fr


