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Mercredi - jour	de	garde - 16h00…
• Le	TTL	(trauma	team	leader)	de	garde vous
appelle pour	vous parler d’un	patient	en	
route…

• F	16	ans,	pas	d’ATCD,	pas	d’allergie.	Frappée
par	moto	en perte de	contrôle à 100	km

• Arrêt cardiaque x	20	minutes	pré-hospitalier



Évaluation primaire
• A:	Combitubée en préhospitalier.	Intubée par	
l’urgentologue.	Collet	cervical	en	place.

• B:	SatO2	??%	(mauvais signal).	Pas	d’évidence de	
trauma	thoracique grossier.	FAST	poumon normal.

• C:	RCS	avec	réanimation volémique (PTM).	TA	70/50	
pouls 150.	Multiples	accès IV	gros calibres
– FAST:	Présence de	liquide libre intra-abdominal.	Pas	
d’épanchement péricardique ou pleural	significatif.

– Suspiçion fracture	bassin:	pelvic	binder	mis en place	en
préhospitalier.

• D:	Glasgow	3	avant intubation	sans	sédatif.	Pupilles
égales 3	mm.

• E:	Pas	d’évidence de	fracture	os longs.	Saignement 2nd
abrasions	multiples.



• Quel est le	principal	problème?
– Choc	hémorragique (ad	preuve
du	contraire)

• Diagnostic	différentiel?
– Thorax
– Abdomen
– Bassin et	rétropéritoine
– Os longs	(fémur)
– Saignement externe (fracture	
ouverte,	quasi-amputation)

Évaluation primaire

A:	Airway	OK.	Collet	en place.

B:	Pas	d’évidence de	trauma	
thoracique.

C:	TA	70/50,	pouls 150.	PTM	en
cours.	FAST	abdo +	et	fracture	bassin
suspectée.

D:	Glasgow	3	

E:	Pas	de	fracture	os longs.	
Abrasions	multiples.



La	scène	se	poursuit...

Le	résident	d’orthopédie	veut	ouvrir	le	pelvic
binder pour	confirmer	l’instabilité	du	bassin.

Est-ce	une	conduite	appropriée?

Comment	fait-on	le	diagnostic	de	fracture	
instable	du	bassin	lors	de	l’évaluation	primaire?



Fracture	du	bassin
La	mise en tension	du	bassin peut aggraver
l’instabilité hémodynamique,	donc n’est pas	

indiquée lors de	l’évaluation primaire.
• Maintenir	un	haut	degré	de	suspiçion si:
– Instabilité	hémodynamique
–Mécanisme	haute	énergie
– Signes	cliniques
• Asymétrie MI	(longueur ou rotation)
• Contusion/gonflement des	flancs ou des	fesses
• Sang	a/n	urètre,	vagin,	hématome périné
• Palpation	os lors TR
• Déficit neuro	a/n	MI



La	scène	se	poursuit...
Après	discussion	avec	le	TTL,	et	considérant	la	

grande	instabilité	HD	de	la	patiente,	le	
chirurgien	traumatologue	de	garde	annonce	

qu’il	veut	procéder	à	une	laparotomie	
d’urgence.

Est-ce	une	conduite	appropriée?

Quelles	sont	les	priorités	de	traitement	à	cette	
étape-ci?





« The	treatment of	bleeding
is to	stop	the	bleed… »

Definitive Surgical Trauma	Care,	5th	Edition,	Chapter 6:	Damage	Control



    

    

 

 

 
 
 
 
 
 
 
 
 
 
 
 

HEMORRHAGE is the leading cause of preventable death 
DO YOUR PART TO CONTROL IT 
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Prise	en charge	anesthésique

• Favoriser le	transfert au	bloc	opératoire dans
les	meilleurs délais et	conditions	
(communication,	leadership	anesthésique).

• Poursuivre Damage	Control	Resuscitation
– Cible HD	variable	
– Indice de	risque de	PTM



predictive of need for DCR, but their practical utility as inclu-
sion criteria has been limited by lack of generalized availability
and result time, with INR taking on average 66minutes to obtain
in one study.8 Point-of-care INR correlated with rapid-TEG and
transfusion requirement (point-of-care INR >1.5 associated with
an OR of 6 for MT) while being less costly than TEG.25 partial
thromboplastin time was predictive only on univariate analysis
and has similar time limitations to laboratory-based INR.5 Plate-
let count was not predictive of MT requirement, likely because
of the fact that even a normal platelet count may be insufficient
after trauma.8

Composite Scores
Composite scores to predict need for MT (Table 2) can be

useful, but some have been shown to be no better than clinician
“gestalt.”Many scoring systems fail in patients with pelvic hem-

orrhage, and some scores (Revised Assessment of Bleeding and
Transfusion, Trauma-Associated Severe Hemorrhage, Modified
Trauma-Induced Coagulopathy Clinical Score) include pelvic
fracture.26 The MT score is the only score developed since the
initiation of the balanced resuscitation era, but its sensitivity and
specificity are still limited.26 Scores that rely on laboratory values
are limited by the delay required to obtain these results. There
is ongoing research on embedding scoring systems in mobile
phone–based clinical decision support systems.27

INTERVENTIONS/THERAPIES

Airway Management
In patients with compromised airway, rapid sequence intu-

bation with volume resuscitation and lower doses of sedatives to
prevent cardiovascular collapse is recommended.28,29 Given the

TABLE 2. Scoring Systems to Predict Massive Transfusion

Score Components of Score Prediction Accuracy

MTS SBP <90 mm Hg
HR ≥120 bpm
FAST positive
Penetrating mechanism
Base deficit ≥6
INR ≥1.5
Hemoglobin <11 g/dL

MTS >1: sensitivity, 93%; specificity, 20%
MTS >2: sensitivity, 70%; specificity, 67%
MTS >3: sensitivity, 40%; specificity, 87%

ABC score Penetrating mechanism = 1
FAST positive = 1
SBP ≤90 mm Hg = 1
HR ≥120 bpm = 1

ABC score ≥2: sensitivity, 69%; specificity, 82%

RABT score Penetrating = 1
FAST positive = 1
Shock index >1 = 1
Presence of pelvic fracture = 1

RABT score ≥2: sensitivity, 78%; specificity, 91%

TASH score SBP <100 mm Hg = 4; SBP 100–120 mm Hg = 1
Heart rate >120 bpm = 3
FAST positive = 3
Hemoglobin:
<7 g/dL = 8
<9 g/dL = 6
<10 g/dL = 4
<11 g/dL = 3
<12 g/dL = 2
Base deficit:
<10 = 4
<6 = 3
<2 = 1
Extremity or pelvic fractures:
AIS score 3 or 4 = 3
AIS score 5 = 6
Male sex = 1

TASH score: sensitivity, 68%; specificity, 82%
Using a logistic function, the TASH score is transformed into
the probability of an MT:
TASH score <9 points, <5% MT
TASH score ≥16 points, >50% MT
TASH score ≥27 points, 100% MT

mTICCS Severity: trauma activation = 2
SBP <90 mm Hg once = 5
SBP always >90 mm Hg = 0
Extent of significant injuries:
Head/neck = 1
Upper extremity = 1
Lower extremity = 1
Torso = 2
Abdomen = 2
Pelvis = 2
Total possible score, 2–16

mTICCS: sensitivity, 78%; specificity, 74%

ABC, Assessment of Blood Consumption; bpm, beats per minute; mTICCS, Modified Trauma-Induced Coagulopathy Clinical Score; MTS, Massive Transfusion Score; RABT, Revised
Assessment of Bleeding and Transfusion; TASH, Trauma-Associated Severe Hemorrhage.
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La	scène	se	poursuit...
Le	transfert	en	SOP	est	immédiat	et	la	
laparotomie	est	rapidement	faite.

Il	n’y	a	pas	de	saignement	intraabdominal	actif	
significatif.	Le	chirurgien	note	un	important	

hématome	du	rétropéritoine.

Quel	est	l’origine	de	cet	hématome	et	comment	
cesser	le	saignement?



Zone	1	centrale
Doit	être	exploré.
Atteinte	vasculaire	majeure,	
reins,	uretères,	pancréas,	
duodénum,	colon.

Zone	2	latérales
À	explorer	si	progressif.
Rein	le	plus	souvent	à	l’origine	
du	saignement.

Zone	3	pelvienne:	
SHOULD	NOT		BE	EXPLORED.
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ABSTRACT: Major pelvic hemorrhage remains a considerable challenge of modern trauma care associated with mortality in over a third of pa-
tients. Efforts to improve outcomes demand continued research into the optimal employment of both traditional and newer hemo-
static adjuncts across the full spectrum of emergent care environments. The purpose of this review is to provide a concise
description of the rationale for and effective use of currently available adjuncts for the control of pelvic hemorrhage. In addition,
the challenges of defining the optimal order and algorithm for employment of these adjuncts will be outlined. (J Trauma Acute
Care Surg. 2021;91: e93–e103. Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.)
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O ptimal care of patients with pelvic fractures remains a sig-
nificant challenge of modern trauma care. While multiple

variables have been associated with adverse outcome following
these injuries,1–3 the ability to expediently control ongoing hem-
orrhage from these fractures represents a modifiable of risk fac-
tor. In the largest contemporary multicenter study on the topic to
date, Costantini and colleagues2 identified that 13.3% of trauma
victims with pelvic fractures will be in shock at admission and
found that hypotension in this setting is associatedwith a mortal-
ity of 32.0%.

Pelvic fracture is associated with hemorrhage from arterial,
venous, and bony sources. Available adjuncts for early hemor-
rhage control include pelvic binders, resuscitative endovascular
balloon occlusion of the aorta (REBOA), preperitoneal packing
(PPP), angioembolization (AE), external fixation (EF), and open
ligation of the internal iliac artery in a damage-control approach.
A number of recent publications have examined the effective-
ness of these interventions in assisting in the arrest of pelvic

hemorrhage.1–18 Optimal selection, ideal conduct, and order of
these interventions, however, remainmatters of active investigation.

The purpose of this publication is to review the rationale
and technique for each of the available interventions for major
pelvic hemorrhage control and provide a succinct synopsis of
the contemporary evidence for their use. We conclude this re-
view with a discussion of the key issues related to optimal coor-
dination of these interventions and elements of care requiring
additional study.

PELVIC BINDERS

Rationale
Pelvic binders are frequently used in the prehospital envi-

ronment or early hospital course as an inexpensive and expedi-
ent temporizing bridge to definitive care of pelvic hemorrhage.
Published research suggests that pelvic compression devices re-
duce hemorrhage by increasing pelvic stability, decreasing he-
matoma volume, and promoting stable clot formation.7,19–23

However, evidence regarding their benefit in terms of reducing
transfusion requirements and improving hemodynamic and met-
abolic parameters remains conflicting.24–29

Technique
Optimal utilization of a pelvic binder requires early placement

at the level of the greater trochanters and application of effective force
to achieve fracture reduction and pelvic immobilization30,31 (Fig. 1).
Multiple studies demonstrate that 40% to 50% of binders are
placed improperly and most often too high.20,31–33 The potential
dangers of extreme tightening or prolonged application must be
appreciated, including skin and soft tissue damage, and visceral,
vascular, and peripheral nerve compromise.34 There are, how-
ever, no reports to date of overreduction causing harm, even in
those cases where there is noted increased deformity on imag-
ing.20,35,36 Skin breakdown occurs most commonly in cases of
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O ptimal care of patients with pelvic fractures remains a sig-
nificant challenge of modern trauma care. While multiple

variables have been associated with adverse outcome following
these injuries,1–3 the ability to expediently control ongoing hem-
orrhage from these fractures represents a modifiable of risk fac-
tor. In the largest contemporary multicenter study on the topic to
date, Costantini and colleagues2 identified that 13.3% of trauma
victims with pelvic fractures will be in shock at admission and
found that hypotension in this setting is associatedwith a mortal-
ity of 32.0%.

Pelvic fracture is associated with hemorrhage from arterial,
venous, and bony sources. Available adjuncts for early hemor-
rhage control include pelvic binders, resuscitative endovascular
balloon occlusion of the aorta (REBOA), preperitoneal packing
(PPP), angioembolization (AE), external fixation (EF), and open
ligation of the internal iliac artery in a damage-control approach.
A number of recent publications have examined the effective-
ness of these interventions in assisting in the arrest of pelvic

hemorrhage.1–18 Optimal selection, ideal conduct, and order of
these interventions, however, remainmatters of active investigation.

The purpose of this publication is to review the rationale
and technique for each of the available interventions for major
pelvic hemorrhage control and provide a succinct synopsis of
the contemporary evidence for their use. We conclude this re-
view with a discussion of the key issues related to optimal coor-
dination of these interventions and elements of care requiring
additional study.

PELVIC BINDERS

Rationale
Pelvic binders are frequently used in the prehospital envi-

ronment or early hospital course as an inexpensive and expedi-
ent temporizing bridge to definitive care of pelvic hemorrhage.
Published research suggests that pelvic compression devices re-
duce hemorrhage by increasing pelvic stability, decreasing he-
matoma volume, and promoting stable clot formation.7,19–23

However, evidence regarding their benefit in terms of reducing
transfusion requirements and improving hemodynamic and met-
abolic parameters remains conflicting.24–29

Technique
Optimal utilization of a pelvic binder requires early placement

at the level of the greater trochanters and application of effective force
to achieve fracture reduction and pelvic immobilization30,31 (Fig. 1).
Multiple studies demonstrate that 40% to 50% of binders are
placed improperly and most often too high.20,31–33 The potential
dangers of extreme tightening or prolonged application must be
appreciated, including skin and soft tissue damage, and visceral,
vascular, and peripheral nerve compromise.34 There are, how-
ever, no reports to date of overreduction causing harm, even in
those cases where there is noted increased deformity on imag-
ing.20,35,36 Skin breakdown occurs most commonly in cases of
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• Pelvic binder
• Fixation	externe
• REBOA
• Pre peritoneal packing
• Angio embolisation
• Ligature	artères	iliaques	externes



Pelvic binder

■ BACK TO TABLE OF CONTENTS

aspects of the ring. This vertical shearing disrupts the 
sacrospinous and sacrotuberous ligaments and leads 
to major pelvic instability. A fall from a height greater 
than 12 feet commonly results in a vertical shear injury.

Mortality in patients with all types of pelvic fractures 
is approximately one in six (range 5%–30%). Mortality 
rises to approximately one in four (range 10%–42%) in 
patients with closed pelvic fractures and hypotension. 
In patients with open pelvic fractures, mortality is 
approximately 50%. Hemorrhage is the major 
potentially reversible factor contributing to mortality. 
(See Appendix G: Circulation Skills.)

Management

Initial management of hypovolemic shock associated 
with a major pelvic disruption requires rapid hemor- 
rhage control and fluid resuscitation. Hemorrhage 
control is achieved through mechanical stabilization of 
the pelvic ring and external counter pressure. Patients 
with these injuries may be initially assessed and treated 

in facilities that do not have the resources to definitively 
manage the associated hemorrhage. In such cases, 
trauma team members can use simple techniques to 
stabilize the pelvis before patient transfer. Because pelvic 
injuries associated with major hemorrhage externally 
rotate the hemipelvis, internal rotation of the lower 
limbs may assist in hemorrhage control by reducing 
pelvic volume. By applying a support directly to the 
patient’s pelvis, clinicians can splint the disrupted 
pelvis and further reduce potential pelvic hemorrhage. 
A sheet, pelvic binder, or other device can produce 
sufficient temporary fixation for the unstable pelvis 
when applied at the level of the greater trochanters of 
the femur (■ FIGURE 5-9). (Also see Pelvic Binder video on 
MyATLS mobile app.) In cases of vertical shear injuries, 
longitudinal traction applied through the skin or the 
skeleton can also assist in providing stability. This should 
be done with the consultation of an orthopedic specialist.

External pelvic binders are a temporary emergency 
procedure. Proper application is mandatory, and 
patients with pelvic binders require careful monitoring. 
Tight binders or those left in position for prolonged 
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n FIGURE 5-9 Pelvic Stabilization. A. Pelvic binder. B. Pelvic stabilization using a sheet. C. Before application of pelvic binder. D. After 
application of pelvic binder.
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Pelvic binder
Comment	installe-t-on	un	pelvic binder?
1. Identifier	les	grands	trochanters.

2. Appliquer	rotation	interne	au	niveau	des	
membres	inférieurs	pour	opposer	cheville,	

pied	et	gros	orteils.	Fixer.
3. Glisser	le	binder	sous	les	genoux	et	diriger	
vers	les	hanches	jusqu’au	niveau	des	grands	
trochanters	avec	un	mouvement	de	gauche	

à	droite.
4. Refermer.



prolonged application (>24 hours), underlying soft tissue in-
jury, and utilization of sheets instead of commercially avail-
able binders.37–39 Skin damage appears more common when
these binders are used in conjunction with prolonged spinal
board immobilization for >2 to 3 hours.40 False-negative imaging
as a result of pelvic compression devices has also been de-
scribed and represents a potential limitation of these devices.41–44

In these instances, reduction of the fracture can mask the pres-
ence of fracture, particularly when the device was placed in the
prehospital environment before the fracture could be radio-
graphically characterized.

Pelvic binders may also present challenges for the vascu-
lar access required for other hemostatic adjuncts that can be used
for pelvic hemorrhage control, including both REBOA and AE.
These challenges may be circumvented by the use of sheets or
binders that can sustain tailoring with scissors to afford the nec-
essary access to the groin region or even the use of dual binders
above and below the inguinal portal required for this access.

RESUSCITATIVE ENDOVASCULAR BALLOON
OCCLUSION OF THE AORTA

Rationale
An evolution in endovascular technologies and borrowed

experience from the use of aortic occlusion balloons in emergent
vascular surgery have contributed to the subsequent introduction
REBOA for traumatic hemorrhage control applications.45–54

The expansion of REBOA use in the United States and abroad
continues to be an area of active study across different cultures
of utilization. Significant international experience using REBOA
originates from the Japanese Trauma Data Bank, an environment
where REBOA is used by interventional radiology and emer-
gency medicine providers.50,51 In the United Kingdom, REBOA
use has been adopted by highly specialized groups of prehospital
providers, who initiate aortic occlusion in the field based on
predefined criteria.52

In the United States, REBOA has been primarily used at
advanced trauma centers, where it remains a practice of active
research. As Joseph et al.4 and others have demonstrated, there
remains a need for continued study of optimal patient selection

and mitigation of complications such as reperfusion injury and
extremity ischemia.4,55 The most comprehensive experience with
REBOA use for trauma in the United States has been collected
by the Aortic Occlusion for the Resuscitation in Trauma and Acute
Care Surgery (AORTA) registry of the American Association for
the Surgery of Trauma (AAST).49,54 Findings from this registry
and other sources demonstrate that REBOA use by trauma sur-
geons for life-threatening hemorrhage continues to grow.49,54,55

The use of endovascular occlusion balloons for major pel-
vic hemorrhage controlwas originally described in a small series
by Rieger et al.,56 who placed them in the used internal iliac ar-
tery. Martinelli and colleagues45 later reported the use of an
intra-aortic balloon to temporize bleeding in patients presenting
with hypotension or cardiac arrest following pelvic fractures. In
this series, REBOA resulted in either return of spontaneous cir-
culation or improvement in systolic blood pressure and facili-
tated transport of all treated patients to the interventional suite
for attempted definitive hemorrhage control. Despite these pre-
liminary reports, the 2015multi-institutional study by Costantini
et al.2 noted that only 1 of 11 participating centers was using
REBOA for pelvic indications.

More recently, however, increasing utilization of REBOA
for severe pelvic bleeding has been documented. A 2020 AORTA
study identified 160 patients undergoing zone 3 REBOA for
management of pelvic fractures from 2013 to 2020.13 In this se-
ries, REBOAwas used as standalone hemorrhage-control tool in
37.5% of patients but was more commonly used as a bridge to
some combination of hemorrhage control interventions that
included EF, PPP, and/or AE. The optimal role of REBOA in
this setting has also been examined using the Trauma Quality
Improvement Program registry,6,57 with conflicting results.
The absence of standardized approaches to utilization of this
adjunct and the lack of an ideal data set for examination of this
issue continue to confound determination of the optimal role of
REBOA for severe pelvic hemorrhage and underscore the need
for additional study.

Technique
Resuscitative endovascular balloon occlusion of the aorta

requires arterial access via the common femoral artery and delivery

Figure 1. Before (A) and after (B) reduction of an open book pelvic fracture using a pelvic binder.

DuBose et al.
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Pelvic binder
• Réduction	du	saignement	en	stabilisant	le	bassin,	diminuant	le	

volume	de	l’hématome	et	en	favorisant	la	formation	d’un	
caillot

• Évidence	contradictoire	sur	la	réduction	des	transfusions	et	
l’amélioration	de	la	stabilité	HD

Avantages Inconvénients

Facilité	et rapidité	installation 40-50%	sont	mal	positionnés,	trop haut

Pas de	cas	rapporté	« sur	réduction »	avec	
dommage

Risque	de	nécrose cutanée	sous-jacente	si	
utilisation	prolongée	(plus	de	24	h)

Risque	de	faux	négatif	:	fracture bien	
réduite,	donc	non	détectable	au	RX

Accès	vasculaire fémoral	difficile	(plus	
facile	avec	couverture)



Fixateur	externe
• Même	mécanisme	que	le	pelvic binder:	réduit	la	mobilité	du	

bassin	et	le	volume	de	bassin.

Avantages Inconvénients

Accès	non	obstrué	vaisseux fémoraux.
Origine	saignement	est	artérielle	dans	
15%	des	cas.	Accès	pour	REBOA	et	
embolisation	est	important.

Abdomen, PPP,	aines	vraiment	
accessibles?

Peut	être laissé	en	place	longtemps. Installation	au	bloc	opératoire	(?)
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FIGURE 36-29 Application of external fixation to the pelvis. A, Landmarks are the iliac crest and the anterior superior iliac spine. B, The
iliac wing is palpated to determine its orientation. It may also be determined by the use of an open technique or by spinal needles to



Resuscitative Endovascular Balloon
Occlusion	of	the	Aorta (REBOA)





REBOA
• Nos	connaissances	proviennent	de	bases	données
– L’utilisation	du	REBOA	peut	faciliter	RCS	ou	améliorer	la	
stabilité	HD,	pour	permettre	un	transport-transfert	vers	
traitement	définitif.

– Absence	approche	standardisée.	Plus	d’études	nécessaires	
pour	identifier	le	rôle	optimal.

Avantages Inconvénients

Mesure	de	stabilisation	HD,	bridge,	en	
route	vers	un	traitement	définitif

Expertise requise.	Un	haut	volume	réduit	
les	complications.

Peut	être	time	consuming

Risques	associés	reperfusion

Risques	associés	technique	(dommage	
vasculaire,	ischémie	MI)



Emergency Department Resuscitative Endovascular Balloon Occlusion
of the Aorta in Trauma Patients With Exsanguinating Hemorrhage
The UK-REBOA Randomized Clinical Trial
Jan O. Jansen, PhD; Jemma Hudson, PhD; Claire Cochran, MSc; Graeme MacLennan, MSc;
Robbie Lendrum, MBChB; Sam Sadek, MBBS; Katie Gillies, PhD; Seonaidh Cotton, PhD; Charlotte Kennedy, MSc;
Dwayne Boyers, PhD; Gillian Ferry, MSc; Louisa Lawrie, PhD; Mintu Nath, PhD; Samantha Wileman, PhD;
Mark Forrest, BSc; Karim Brohi, MBBS; Tim Harris, MBBS; Fiona Lecky, PhD; Chris Moran, MD;
Jonathan J. Morrison, PhD; John Norrie, MSc; Alan Paterson, DPhil; Nigel Tai, MS; Nick Welch;
Marion K. Campbell, PhD; and the UK-REBOA Study Group

IMPORTANCE Bleeding is the most common cause of preventable death after trauma.

OBJECTIVE To determine the effectiveness of resuscitative endovascular balloon occlusion of
the aorta (REBOA) when used in the emergency department along with standard care vs
standard care alone on mortality in trauma patients with exsanguinating hemorrhage.

DESIGN, SETTING, AND PARTICIPANTS Pragmatic, bayesian, randomized clinical trial conducted
at 16 major trauma centers in the UK. Patients aged 16 years or older with exsanguinating
hemorrhage were enrolled between October 2017 and March 2022 and followed up
for 90 days.

INTERVENTION Patients were randomly assigned (1:1 allocation) to a strategy that included
REBOA and standard care (n = 46) or standard care alone (n = 44).

MAIN OUTCOMES AND MEASURES The primary outcome was all-cause mortality at 90 days.
Ten secondary outcomes included mortality at 6 months, while in the hospital, and within 24
hours, 6 hours, or 3 hours; the need for definitive hemorrhage control procedures; time to
commencement of definitive hemorrhage control procedures; complications; length of stay;
blood product use; and cause of death.

RESULTS Of the 90 patients (median age, 41 years [IQR, 31-59 years]; 62 [69%] were male;
and the median Injury Severity Score was 41 [IQR, 29-50]) randomized, 89 were included in
the primary outcome analysis because 1 patient in the standard care alone group declined to
provide consent for continued participation and data collection 4 days after enrollment. At
90 days, 25 of 46 patients (54%) had experienced all-cause mortality in the REBOA and
standard care group vs 18 of 43 patients (42%) in the standard care alone group (odds ratio
[OR], 1.58 [95% credible interval, 0.72-3.52]; posterior probability of an OR >1 [indicating
increased odds of death with REBOA], 86.9%). Among the 10 secondary outcomes, the ORs
for mortality and the posterior probabilities of an OR greater than 1 for 6-month, in-hospital,
and 24-, 6-, or 3-hour mortality were all increased in the REBOA and standard care group, and
the ORs were increased with earlier mortality end points. There were more deaths due to
bleeding in the REBOA and standard care group (8 of 25 patients [32%]) than in standard care
alone group (3 of 18 patients [17%]), and most occurred within 24 hours.

CONCLUSIONS AND RELEVANCE In trauma patients with exsanguinating hemorrhage, a
strategy of REBOA and standard care in the emergency department does not reduce, and
may increase, mortality compared with standard care alone.

TRIAL REGISTRATION isrctn.org Identifier: ISRCTN16184981
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Table 2. Primary and Secondary Outcomes

REBOA and standard
care (n = 46)

Standard care alone
(n = 44)

Absolute difference
(95% CrI), %

Effect estimate
(95% CrI)

Posterior
probability
of OR >1, %a

Primary outcome

All-cause mortality
at 90 d, No./total (%)

25/46 (54) 18/43 (42)b 11.3 (−8.1 to 30.1) OR, 1.58 (0.72 to 3.52) 86.9

Secondary outcomes

Mortality at different time points,
No./total (%)

Death within 6 mo 25/46 (54) 18/43 (42)b 11.3 (−8.1 to 30.1) OR, 1.58 (0.72 to 3.52) 86.9

Death while in the
hospital

25/46 (54) 18/43 (42)b 11.3 (−8.1 to 30.1) OR, 1.58 (0.72 to 3.52) 86.9

Death within 24 h 17/46 (37) 10/44 (23) 12.5 (−5.0 to 29.6) OR, 1.85 (0.79 to 4.46) 91.8

Death within 6 h 13/46 (28) 4/44 (9) 15.8 (1.8 to 30.4) OR, 3.14 (1.13 to 9.76) 98.6

Death within 3 h 11/46 (24) 2 /44 (5) 15.1 (3.3 to 28.4) OR, 4.25 (1.33 to 15.99) 99.3

Underwent a definitive
hemorrhage control procedure,
No. (%)

14 (30) 19 (43) −11.5 (−29.6 to 7.1) OR, 0.60 (0.26 to 1.37)

Time from randomization to
definitive hemorrhage control
procedure, median (IQR), min

83 (56 to 156)
[n = 12]

64 (34 to 83)

Type of definitive hemorrhage
control procedure, No. (%)c

Hemorrhage control laparotomy 7 (50) 12 (63)

Extremity vascular ligation,
shunting, or repair

2 (14) 4 (21)

Pelvic packing 4 (29) 1 (5)

Angioembolization 2 (14) 2 (11)

Hemorrhage control
thoracotomy

1 (7) 0

Intensive care unit–free
days at 90 dd

Mean (SD) 35 (40) 40 (37) MD, −4.79 (−20.75 to 11.31)

Median (IQR) 0 (0 to 80) 45 (0 to 78)

Hospital-free days
at 90 dd

Mean (SD) 22 (30) 41 (39) MD, −18.58 (−32.86 to −3.93)

Median (IQR) 0 (0 to 49) 41 (0 to 82)

Transfusion requirements

Red blood cells, units

Mean (SD) 10 (9) 11 (9)
IRR, 0.92 (0.66 to 1.29)

Median (IQR) 7 (4 to 12) 9 (4 to 17)

Plasma, units

Mean (SD) 8 (8) 11 (10)
IRR, 0.73 (0.49 to 1.08)

Median (IQR) 6 (3 to 10) 7 (4 to 18)

Platelets, pools

Mean (SD) 1 (3) 2 (2)
IRR, 0.87 (0.50 to 1.52)

Median (IQR) 1 (0 to 2) 1 (0 to 2)

Cryoprecipitate, units

Mean (SD) 2 (3) 2 (3)
IRR, 0.79 (0.41 to 1.53)

Median (IQR) 0 (0 to 2) 2 (0 to 3)

Tranexamic acid, mg

Mean (SD) 1413 (580) 1568 (695)
IRR, 0.90 (0.70 to 1.16)Median (IQR) 1000 (1000 to

2000)
2000 (1000 to 2000)

Abbreviations: CrI, credible interval; MD, mean difference; IRR, incident rate
ratio; OR, odds ratio; REBOA, resuscitative endovascular balloon occlusion of
the aorta.
a An OR greater than 1 indicates REBOA and standard care were harmful.

b One patient withdrew on day 4.
c Some patients underwent more than 1 procedure.
d Patients who died within 90-day follow-up were assigned 0 days.
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in the last two decades [4]. The advent of tourniquets has 
helped to reduce bleeding from compressible sites, how-
ever, haemorrhage below the trunk, also called noncom-
pressible torso haemorrhage (NCTH) remains a major issue 
to address. Traditionally, NCTH in patients in cardiac arrest 
or imminent cardiac arrest was controlled using resuscita-
tive thoracotomy with aortic cross-clamping (RTACC), a 
highly invasive procedure. This led to increased interest in 
developing alternate methods to achieve haemorrhage con-
trol in the pre-hospital and emergency department settings 
in patients with NCTH [5].

Brief history of the aortic balloons in trauma

The use of intra-aortic balloon occlusion (IABO) for haem-
RUUKDJH� FRQWURO� ZDV� ¿UVW� LQWURGXFHG� E\� /W�� &RO�� &DUO�:��
+XJKHV� LQ������GXULQJ� WKH�.RUHDQ�FRQÀLFW��+H�GHVFULEHG�
their experience of using IABO catheters in two trauma 
patients of whom both died and speculated that earlier use 
PD\�EH�EHQH¿FLDO� >6]. Gupta et al. implemented IABO in 
21 hemodynamically unstable patients of whom 7 survived, 
but the complication rate was as high as 35%, with com-
plications like paraplegia, aortic injury, and femoral arterial 

Introduction

Trauma is one of the leading causes of death worldwide, 
with one person dying every 8 s secondary to injury [1]. 
Haemorrhage is the leading cause of potentially prevent-
able death in these patients with 80% of the deaths in 
military trauma and 40% in civilian trauma being caused 
due to exsanguination [2, 3]. Despite advances in trauma 
resuscitation such as balanced component transfusion, mas-
sive transfusion protocol, permissive hypotension, damage 
control surgery, and improvements in interfacility transfer, 
mortality in hypotensive trauma patients has not changed 

 
 Bellal Joseph
bjoseph@arizona.edu

Demetrios Demetriades
demetrios.demetriades@med.usc.edu

1 Department of Surgery, Division of Trauma, Critical Care, 
Emergency Surgery and Burns, College of Medicine, 
University of Arizona, 1501 N. Campbell Ave, Room 5411, 
P.O. Box 245063, Tucson, AZ 85724, USA

2 Division of Acute Care Surgery, University of Southern 
&DOLIRUQLD��/RV�$QJHOHV��&$��86$

Abstract
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REBOA in trauma: a life-saving intervention or a spectacular failure?

Bellal Joseph1  · Demetrios Demetriades2

1 3

Even in the recently concludedrandomized UK-REBOA trial, the median time to defini-
tive haemorrhage control surgery was longer in the REBOA group with an average
difference of 19 min between thegroups, indicating the delay in time to surgery caused
byREBOA. Hence, it may be more useful if REBOA isused as an intraoperative adjunct to
control bleeding rather than a preoperative resuscitative intervention.

The Partial REBOA Outcomes Multicentre ProspecTive (PROMPT) Study is the first large-
scale multicentre prospective study for partial REBOA which will be conducted across 8
US trauma centres will help us further understand the clinical utility of partial REBOA



Pre peritoneal packing	(PPP)



PPP	– aspects	techniques
1. Fixation	du	bassin	(fixateur	externe	>	binder)	

pour	obtenir	paquetage	efficace
2. Incision	sous	ombilicale,	sans	inciser	le	

péritoine
3. Dissection	doigt	derrière	la	symphyse,	en	

longeant	le	bassin	de	chaque	côté.	L’espace	à	
combler	a	déjà	été	crée	par	l’hématome

4. Paqueter	avec	compresses
5. Fermer	fascia
6. Retour	SOP	quand	stabilisé	pour	retirer	

compresses



PPP	– aspects	techniques

a monofilament running suture and the skin with staples. This
procedure consistently takes 5 minutes to perform.75 If a REBOA
catheter was inflated in zone 3 before the operating room, deflation
of the balloon should be attempted after completion of PPP with
concurrent resuscitation. For patients with a positive FASTexami-
nation or concern for intra-abdominal injuries, an abdominal explo-
ration can be performed without affecting the PPP. Supraumbilical
laparotomy incisions should be separate from the incision for pel-
vic packing, as connecting these incisions can decompress the pel-
vic hematoma into the abdomen.75

The laparotomy pads are removed after the patient is fully
resuscitated and normothermic and has normal coagulation indices.
Routine duplex has been used before pack removal to exclude deep
vein thrombosis, with subsequent inferior vena cava filter place-
ment when identified in the setting of anticoagulation contraindica-
tion. Once all packs have been removed, the preperitoneal pelvic

space should be examined for bleeding and hemostasis obtained.
This may include direct ligation of small vessels or application
of topical hemostatic agents; however, large venous injuries that
require ligation or reconstruction can be discovered. Repacking
of the pelvis should be avoided, as it has been associated with
significant infectious morbidity.60

ANGIOEMBOLIZATION

Rationale
Angioembolization constitutes an approach to definitive

control of pelvic hemorrhage that avoids the need to disturb pel-
vic retroperitoneal hematoma and facilitates location and control
of bleeding sources. Margolies and colleagues76 were the first to
describe AE for pelvic hemorrhage in 1972, injecting the pos-
terior pituitary and the patients’ own clotted venous blood via
arteriography into identified extravasating vessels in three pa-
tients. In a subsequent larger experience, Panetta et al.77 used
AE to successfully control hemorrhage in 87% of patients,
resulting in a mortality reduction of 35.5% with most fatalities
occurring due to associated injuries. These and other early ef-
forts launched pelvic AE to the forefront of the armamentarium
against pelvic hemorrhage78

In contemporary practice, 10% of all patients with pelvic
fractures undergo angiography, with approximately half exhibiting
active extravasation.2,78 Angioembolization remains among the
most common adjuncts used for hemodynamically unstable
patients with pelvic fracture hemorrhage in most series,2 as this
endovascular approach avoids entrance into the pelvic hema-
toma, thereby allowing for the combined effects of both emboli-
zation and tamponade.

In attempts to identify optimal indications for AE, several
studies have focused on fracture pattern predictors. In one study
of 86 patients with ongoing shock, Eastridge et al.79 found that
unstable pelvic fracture patterns were associated with a pelvic
source of bleeding requiring embolization in 59% of cases, as
opposed to 10% with stable fracture patterns. Unstable fracture

Figure 3. Incision selection for PPP with pelvic binder in place.

Figure 4. Preperitoneal pelvic packing. The first laparotomy pad is placed by retracting the lateral margin of the bladder toward the
midline with the nondominant hand and pushing the pad down to the sacrum (A), often using a ringed forceps to effectively push it
posteriorly. (B) Two additional pads follow sequentially around the bladder, and the process is repeated on the opposite side.

DuBose et al.
J Trauma Acute Care Surg
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Pre peritoneal packing
• Effet	de	tamponnade	saignement	veineux	et	
osseux,	peut	aussi	contrôler	saignement	
artériel.

Avantages Inconvénients

Rapide	à	exécuter.	 Technique émergente.	Ne	pas	étendre	
incision	laparotomie	sous	l’ombilic.

Réduction	mortalité	vs	REBOA	ou	AE Complication principale	=	infection.
Déhiscence	et	thromboembolie.

Réduction	transfusion



Angio embolisation



Angio embolisation
• Saignement	origine	artérielle	dans	10%	
fracture	stable	et	59%	fracture	instable.

Avantages Inconvénients

Identifier	la	source	du	saignement	et	de	la	
contrôler.

Idéalement, salle	d’opération	hybride.
Au	minimum,	C-arm.

Pas	de	« manipulation »	de	l’hématome	
rétropéritonéal.

Nécessite mobilisation	rapide	équipe	
angiographie.	Lien	direct	entre	délai	
intervention	et	mortalité.

Complications: accès	vasculaire,	
néphropathie	contraste,	ischémie	2nd
embolisation	(nécrose	glutéale,	etc.)



Ligature	artère	iliaque	externe

Avantages Inconvénients

Laparotomie	permet:
Explorer l’abdomen	(haute	incidence	de	
lésions	intra	abdo)
Explorer	vaisseaux	(haute	incidence	de	
lésions	vasculaire)
Application	agents	hémostatiques

Ouvrir	l’hématome!!!
Rarement efficace	(selon	le	DSTC)
Dissection	délicate.

Complications ischémiques:	nécrose	
glutéale,	etc.



intra-abdominal injuries, exploration of the pelvic hematoma, oc-
clusion of both internal iliac arteries, and direct packing of the
fracture. In published experiences, BIIAO has been shown to re-
duce the internal iliac artery pressure-head flow to the pelvis with
outcomes comparable with other damage-control techniques and
without additional ischemia or reproductive system sequelae.11

Rationale
There are three main rationales for exploratory laparot-

omy and BIIAO. First, patients with severe pelvic fractures have
a high incidence of associated intra-abdominal injuries. In a
single-center series of 1,545 patients with pelvic fractures, asso-
ciated abdominal organ injuries were found in 30.7% of patients
with severe pelvic fracture (Abbreviated Injury Scale [AIS]
score, >4), including small bowel injury in 8.8%.96 In another
National Trauma Databank (NTDB) study of 3,221 patients with
severe pelvic fracture (AIS score of 4 or 5), 34.3% had associated
abdominal injury, including 16.7%with bowel injury.97 Particularly
among patients without a reliable examination or antecedent CT
scan because of hemodynamic instability, laparotomy as part of
emergent intervention mitigates the risk of missed intra-abdominal
injuries.

A second reason to consider exploratory laparotomy and
exploration of the pelvic hematoma with possible BIIAO is the
appreciable incidence of injuries to the major iliac vessels in pa-
tients with severe pelvic fractures. In a 2009 NTDB study of
6,377 patients with moderate and severe pelvic fracture, iliac ar-
tery injury was identified in 3.5% of patients with severe pelvic
fractures.98 In a more recent NTDB study of 3,221 patients with
severe pelvic fracture (AIS score of 4 or 5), 10.7% had common
or external iliac vessel injury.97 Exploratory laparotomywith po-
tential BIIAO facilitates expedient control of this injury when
they are identified.

A third reason for exploring the pelvic hematoma is the di-
rect visualization of the bleeding areas and application of local
hemostatic agents, which may significantly aid in hemostasis.
Pelvic hematoma exploration has the potential to facilitate direct
visualization of sources of hemorrhage and permit more precise
positioning of these useful adjuncts.

It should be recognized, however, that there are potential
complications that can occur related to the use of BIIAO in the
setting of trauma. These include the potential for pelvic or glu-
teal necrosis or sexual dysfunction. Documented experience
with this damage-control approach, however, appears to suggest
that these complications are rare.11

Technique
Bilateral internal iliac artery occlusion can be achieved

using a standard laparotomy incision. The abdominal viscera
are retracted cranially, and the iliac arteries may be accessed
directly, by opening the pelvic hematoma, through the perito-
neum or using a medial rotation of the cecum on the right side
and the sigmoid colon on the left side. The hematoma is evac-
uated, and any obvious major bleeding from the large vessels
is controlled with sutures, ligation, or repair. Proximal control
of the common iliac artery is obtained, and the bifurcation is

Figure 6. Before (A) and after (B) pelvic fracture reduction using EF under fluoroscopic guidance.

Figure 7. Bilateral internal iliac artery temporary occlusion with
vessel loops (reproduced with permission from Demetrios D,
Inaba K, Velmahos G, eds. Atlas of Surgical Techniques in Trauma.
New York, NY: Cambridge University Press; 2019).
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activities.17 No differences in outcomes have been demonstrated
between pelvic sheeting and commercial devices.

C. After a negative FAST or DPA in appropriate patients,
there are three complementary, and not mutually exclusive, op-
tions that can be performed immediately: pelvic stabilization,
preperitoneal packing, or REBOA. Angiographic embolization
remains a mainstay either as the initial phase of stabilization or
as a follow-up to preperitoneal packing.18–20 Angiography targets
bleeding from an arterial source, whereas preperitoneal packing
controls bleeding from venous and bony sources (85% of pa-
tients). Patients who do not respond to fluid resuscitation and
prompt implementation of mechanical stabilization should be
considered candidates for angioembolization. Many authors rec-
ommend early angiography and embolization to improve patient
outcome. However, angiography is a lengthy procedure preclud-
ing other simultaneous therapeutic interventions. In addition,
there can be considerable delay getting to the angiography suite,
which may not be tolerated in hemodynamically unstable pa-
tients. The most appropriate timing of angiography remains an
ongoing debate. The development of a hybrid trauma operating
room is an emerging trend to avoid delay in hemorrhage control
from unnecessary patient movements. This hybrid OR model of-
fers resuscitation with angiographic and operative capabilities.

Temporary fracture stabilization can be achieved by appli-
cation of a percutaneous external fixator. Anterior external fixa-
tion performed through the iliac wings or supra-acetabular
region is indicated in open book fractures with intact posterior lig-
aments. In posterior pelvic ring disruption, the pelvic C-clamp is
applied to the dorsal iliac bones. The frame design and pin loca-
tion are selected on the basis of pelvic injury pattern, patient body
habitus, available imaging, and surgeon experience.3,16,21 The ap-
plication of orthopedic hardware in the setting of hemodynamic
instability has fallen out of favor because of the technical de-
mands and time-consuming nature of the procedure in the emer-
gency setting.22–24

In contrast to early percutaneous external pelvic fixation,
preperitoneal pelvic packing has become increasingly popular
as it is easy to perform, no specialty consultants are needed, and
the feedback on the success or failure of the procedure is immedi-
ate. It also allows the general surgeon to go to the place where he
or she is most comfortable with the unstable patient, the operating
room.25–31 In a study of 40 hemodynamically unstable patients
with pelvic fractures, direct retroperitoneal pelvic packing was
as effective as angiography in stabilizing pelvic bleeding.27

Preperitoneal packing is performed by making an 8-cm midline
incision starting above the pubis extending toward the umbilicus.
Skin, subcutaneous tissue, and fascia are opened in the midline.
Care is taken to avoid entry into the peritoneal cavity. The bladder
is retracted laterally and three laparotomy pads are placed sequen-
tially deep to the pelvic brim toward the iliac vessels on each side,
with the sacrum defining the posterior limit of the packing. The
fascia and skin are then closed. Removal or exchange of the packs
should take place in 24 to 48 hours. In experienced hands, the pro-
cedure can be performed in 20 minutes.1 Packing should be
followed by application or reapplication of a binder, or external
fixation, depending on local resources and clinical condition.

D. Resuscitative endovascular balloon occlusion of the
aorta (REBOA) is a surgeon-performed endovascular approach
to aortic inflow occlusion to the pelvis. The aim of REBOA is
to temporarily control arterial hemorrhage and preserve cerebral
and myocardial perfusion. REBOA deployed in Aortic Zone 3
(just above the aortic bifurcation) has the potential to provide im-
mediate hemorrhage control in hemodynamically unstable pa-
tients with pelvic fractures. Although REBOA effectively
increases systolic blood pressure in the setting of hemorrhagic
shock, there is no clear evidence suggestive of a reduction in
mortality.32 The role of REBOA in this algorithm remains uncer-
tain and the optimal method to train practitioners to perform this
procedure in a timely fashion has not yet been defined. Experi-
ence with this new technique is limited, but growing. In a

Figure 1. Management of pelvic fracture with hemodynamic instability.
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Western Trauma Association Critical Decisions in Trauma:
Management of pelvic fracture with hemodynamic

instability—2016 updates

Thai Lan N. Tran, MD, Karen J. Brasel, MD, PhD, Riyad Karmy-Jones, MD, Susan Rowell, MD,
Martin A. Schreiber, MD, David V. Shatz, MD, Roxie M. Albrecht, MD, Mitchell J. Cohen, MD,

Marc A. DeMoya, MD, Walter L. Biffl, MD, Ernest E. Moore, MD, and Nicholas Namias, MD, Miami, Florida

S ince the publication of the 2008 Western Trauma Associa-
tion algorithm for the management of pelvic fracture with

hemodynamic instability,1 the approach in general has not
changed, but several components of the approach have come
into sharper focus, and a new component is gaining some trac-
tion in a few centers (Fig. 1). This manuscript is an interim up-
date to recognize some of the changes. The accompanying
graphic is marked where it differs from the 2008 algorithm,
and explanatory text follows.

Pelvic ring injuries range from low-energy pubic ramus
fractures to high-energy unstable patterns that can result in he-
modynamic instability. The Young and Burgess system identi-
fied injury patterns correlating with the direction of the
applied force. This classification system described four pelvic
injury patterns: anterior posterior compression (APC), lateral
compression (LC), vertical shear (VS), and combined injuries.
LC and APC injuries are further classified into progressively
numbered stages from I to III, which represent increasing dis-
placement and severity of injury.2 The internal iliac vasculature
and the presacral venous plexus are located just anterior to the

ligaments that bind the iliac bones to the sacrum. Disrup-
tion of these sacral-iliac ligamentous complexes can cause
significant pelvic hemorrhage.3 Potential lethal injury pat-
terns include those with iliac wing fractures and transforaminal
sacral fractures.4

A. The years since 2008 have seen an explosion in the use
of physiologically guided massive transfusion protocols, with
viscoelastic coagulation testing [thromboelastography (TEG)
and thromboelastometry (ROTEM)] guidance tailoring defined
ratio protocols to physiologic endpoints.5–9 Nearly a quarter of
trauma patients present with acute coagulopathy, which is asso-
ciated with a 4-fold increase in mortality.10 Trauma-induced co-
agulopathy (TIC) is a hypocoagulable state that occurs within
the first 24 hours of injury as a response to a variety of interlinked
causes such as tissue hypoperfusion, inflammation, and activa-
tion of the neurohumoral system. Acidosis, hemodilution, and
hypothermia during resuscitation further exacerbate the ongoing
coagulopathy.11 Recent studies suggest tissue hypoperfusion
leading to protein C activation may play an important role in
TIC. Other proposed mechanisms include hyperfibrinolysis, clotting
factor dysfunction, and endothelial glycocalyx degradation.12–14

Early recognition of TIC by viscoelastic testing including TEG and
ROTEMmay potentially be used to guide blood-product transfusion
and reduce mortality. A randomized controlled trial has recently
been published showing that viscoelastic assay guided resuscita-
tion of trauma patients requiring use of a massive transfusion
protocol had a lower mortality than a group resuscitated based
on conventional coagulation assays.15

B. Noninvasive external pelvic stabilization with commer-
cially available wrapping devices or improvisation with bed
sheets has become standard and can be applied in the prehospital
arena. Commercially available devices offer a standardized ap-
proach, with clear instructions for application, and have conve-
nient fasteners for maintaining closure. Alternatively, pelvic
sheeting is applied at the level of the greater trochanters and se-
cured with large Kelly clamps to avoid pressure from knots.16

Circumferential pelvic sheeting and binders are contraindicated
in lateral compression fractures because of the applied concentric
force, which can worsen the deformity. A cadaveric study in 2013
comparing the efficacy of circumferential pelvic sheeting versus a
commercial pelvic binder (T-POD; PyngMedical Corp., Richmond,
British Columbia, Canada) for stabilization of pelvic fractures
demonstrated no significant differences during motion-generated
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La	scène	se	poursuit...
Après	fixation	externe	du	bassin,	PPP	et	poursuite	PTM,	
l’HD	s’améliore	et	la	patiente	est	transférée	aux	SI.		Après	

stabilisation,	elle	ira	en	AE	et	le	PPP	sera	retiré.	
Le	bassin	sera	fixé	de	manière	défintive ultérieurement.

Le	motocycliste	en	perte	de	contrôle	est	admis	également	
à	l’urgence.	Il	souffre	d’une	fracture	ouverte	du	fémur	D	et	

sa	jambe	gauche	est	mutilée	(mangled extremity)	au	
niveau	de	la	cheville.

L’orthopédiste	veut	conduire	le	patient	au	bloc	pour	
enclouage	du	fémur	et	exploration	du	membre	mutilé.



Que	désirez-vous	vérifier	avant	de	
répondre	à	l’orthopédiste?
Quelle	est	votre	priorité?

Évaluation	ABCDE
Damage	control	surgery



Damage	control	surgery
• Principes
– Temps	opératoire	<	60	minutes
– Cesser	saignement	et	réduire	la	contamination

• S’applique	également	en	orthopédie
– Stabilisation	fracture	pour	réduire	dommage	
tissulaire	et	cesser	saignement

– Fixation	externe
– Débridement	et	lavage	plaie
– Hémostase
– Fasciotomies



Damage	control	surgery
Indications

Instabilité	HD	(Syst <	90	et	réfractaire)
Température <	35	degrés	C
Instabilité	métabolique
• pH	<	7,2
• EB	> 5	et	en	augmentation
• Lactate	>	5
Coagulopathie (mesure labo	ou	ROTEM)
Anatomie	chirurgicale
• Procédure prévue	longue	>	60	minutes
• Impossibilité	de	réparation	définitive	rapide
Ressources
• PTM
• Mass casualty situation
• Ressources	limitées



Fracture	du	fémur
• Prise	en charge
– Damage	control	resuscitation	si applicable
– Immobilisation	de	la	fracture réduit risque

• Oedème,	saignement et	dommage aux	tissus mous
• Embolie graisseuse

– Traction-réduction
• effet tamponnade donc diminue saignement

– Fixation	(externe ou interne)	dans les	24	heures réduit
• Risque TPP	et	ulcère de	décubitus
• Sévérité synd embolie graisseuse /	risque ARDS

– Une chirurgie trop	précoce (<	12	h)	pourrait
augmenter	la	mortalité:	il faut stabiliser	le	patient	
first!



Prise	en	charge





Membre	mutilé	(mangled extremity)

• Combinaison	(3/4)	atteinte	os,	tissus	mous,	
vaisseaux	et	nerfs.

• Priorité
– Réanimation	et	contrôle	du	saignement
• Pansement	compressif

• Garrot

– Réduire	fracture	
– Évaluer	la	circulation	distale



upper extremity, particularly a dominant upper extremity
results in a more severe functional loss then a lower extrem-
ity. Emotionally, loss of an upper extremity may be much
more difficult than a lower extremity. Thus, more aggressive
attempts at limb salvage may be appropriate. However, for
the sake of our present algorithm, we do not distinguish
between the upper and lower extremities, recognizing that
most of the general principles discussed have similar appli-
cations regardless of extremity location.

HISTORICAL PERSPECTIVE
The optimal management of patients with mangled

extremities after trauma remains controversial. Although
these injuries are not common,1 they represent significant
management challenges that require careful consideration of
complex clinical factors affecting outcome. Limb salvage
efforts require extensive resources and a prolonged hospital-

ization. Even when successful, multiple reconstruction pro-
cedures may be necessary to achieve a good long-term result.
Failed attempts at limb salvage are associated with increased
cost and adverse patient outcomes. Therefore, the decision
process for the care of a mangled extremity requires a
systematic approach that adequately considers all factors.

Many predictors of adverse outcome after mangled
extremities have been identified,2–6 and several groups have
proposed the use of predictive scoring systems to determine
the need for amputation after these injuries7–14 (Table 2). In
1987, Howe et al.7 performed a retrospective review of 21
injured limbs to determine which variables influenced salvage
or loss after trauma. This group found that a Predictive
Salvage Index (PSI), consisting of weighted scoring of the
level of vascular injury, degree of osseous injury, degree of
muscle injury, and warm ischemia time, was 78% sensitive
and 100% specific in predicting subsequent amputation. In

Figure 1. Algorithm for management of patients with mangled extremities.
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Western Trauma Association Critical Decisions in Trauma:
Management of the mangled extremity

Thomas M. Scalea, MD, Joseph DuBose, MD, Ernest E. Moore, MD, Michael West, MD,
Frederick A. Moore, MD, Robert McIntyre, MD, Christine Cocanour, MD, James Davis, MD,

M. Gage Ochsner, MD, and David Feliciano, MD, Baltimore, Maryland

BACKGROUND: The operative management of mangled extremities after trauma remains controversial. We have sought to develop an evidence-
based algorithm to help guide practitioners when faced with these relatively infrequent but very challenging clinical dilemmas.

METHODS: The Western Trauma Association Critical Decisions Committee queried the literature to identify high-quality managements that
would help guide the care of mangled extremities. When good data were not available, the Committee relied on expert opinions,
either from the literature or from our senior members.

RESULTS: Virtually, all the scoring systems used to guide therapy have not been proven to be valid. Hemodynamically unstable patients who
failed to respond to initial resuscitation should be taken to the operating room for exploration and vascular control. Those who are
stable should undergo a stepwise vascular and neurologic evaluation process. A comprehensive evaluation of factors that may help
predict the appropriateness of limb salvage should be done in the operating room. Patients who are not candidates for salvage
should undergo primary amputation. Those who are should undergo attempts at limb salvage.

CONCLUSIONS: Patients with mangled extremities remain a significant management challenge. This algorithm represents a guideline based on the
best evidence available in the literature and expert opinion. It does not establish a standard of care. It should provide a framework
for treating physicians and other healthcare professionals to guide therapy, considering individual patients’ clinical status and
institutional resources. (J Trauma. 2012;72: 86–93. Copyright © 2012 by Lippincott Williams & Wilkins)

KEY WORDS: Mangled extremity; amputation; trauma.

Although a precise definition remains elusive, any extrem-
ity sustaining sufficiently severe injury to a combination

of vascular, bony, soft tissue and/or nerve structures that
results in subsequent concern for viability of the limb should
be considered a mangled extremity and evaluated appropri-
ately to optimize the potential for functional outcome. Figure
1 and the supporting text comprise an algorithm for making
decisions in the management of adult patients who sustain a
mangled extremity. In the absence of prospective randomized
trials, this algorithm is based on expert opinion and published
observational studies. We recognize that variability in deci-
sion making will continue based on local resources and local
expert consensus opinion. The algorithm and accompanying
text are designed to address mangled extremities seen in
civilian practice. We recognize military injuries will differ

and may require different strategies. Some but not all the
principles in this document may be relevant for some battle-
field injuries.

The algorithm contains letters A through K, which
correspond to lettered text. This text is intentionally concise
and its purpose is to navigate the reader through the algorithm
and to identify and discuss the gray zones in the logic of this
decision making. The annotated algorithm is intended to (a)
serve as a quick reference for bedside clinicians, (b) foster
more detailed local patient care protocols that will allow for
prospective collection of data to identify best practices, and
(c) generate research projects to answer specific questions
concerning decision making.

It is important to note that our presented algorithm is
designed to provide guidance only on the evaluation and
treatment of the mangled extremity beginning in the emer-
gency department, and that the prehospital management of
these injuries is beyond the scope of this offering. Where
possible, known risk factors for adverse outcome have been
listed for incorporation in the management decision (Table
1). All listed risk factors are those that have been previously
elucidated from the studies available for review. Additional
risk factors may also be of undefined importance, including
diabetes, antecedent peripheral vascular disease, obesity, and
hypercoagulability. Finally, the great majority of data avail-
able on mangled extremities has focused on evaluation and
treatment of lower limbs with comparatively less described
regarding upper extremities. We recognize that loss of an
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1990, Johansen et al.8 proposed the utilization of the Mangled
Extremity Severity Score (MESS) which was developed
through an examination of 25 patients with severe limb
injuries. The MESS consists of four primary risk consider-
ations, including skeletal/soft tissue injury, limb ischemia,
shock, and age. These investigators then prospectively vali-
dated the score in 26 severely injured limbs, concluding that
a MESS of !7 was 100% predictive of amputation.

A subsequent study conducted by McNamara et al.4

outlined the development and utilization of a nerve injury,
ischemia, soft tissue injury, skeletal injury, shock, and age
of patient (NISSSA) score, which added consideration of
the nerve component of injury. The NISSSA score gave the
greatest weight to the loss of plantar sensation and also
divided tissue injury into soft tissue and skeletal compo-
nents. In 26 injured limbs, the NISSA score was found to
be both more sensitive (81.8% vs. 63.6%) and more
specific (92.3% vs. 69.2%) than the MESS. Other scoring
systems, including the Limb Salvage Index (LSI) proposed
by Russell et al. in 19919 and the Hannover Fracture
Scale11 have also been used to predict the need for ampu-
tation after trauma.

All these scoring systems, however, have failed to
prove their validity in larger prospective examinations. In
2001, Bosse et al.14 conducted a prospective evaluation of
available scoring systems in an examination of 556 high-
energy lower-extremity injuries. They examined the sen-
sitivity, specificity, and area under the receiver operating
characteristic curve for MESS, LSI, PSI, NISSSA score,
and the Hannover Fracture Scale for both ischemic and

nonischemic limbs. Their analysis was conducted in two
ways: including and excluding limbs that required immediate
amputation. These investigators were unable to demonstrate
the validity of these scoring systems. Although all had high
specificity for prediction of limb salvage when the scores
were low, the sensitivity of the indices failed to support the
validity of any scoring system as an adequate predictor of
amputation.14 Ly et al. and the LEAP study group10 would
follow this investigation, in 2008, with analysis of a cohort
of patients who participated in a multicenter prospective
study of clinical and functional outcomes after high-energy
lower extremity trauma. They examined 407 subjects for
whom reconstruction was considered successful at six
months and found that none of the retrospectively vali-
dated scoring systems (MESS, LSI, PSI, NISSSA score, or
the Hannover Fracture Scale) were predictive of the Sickness
Impact Profile outcomes at six months or 24 months. In addition,
none of these scoring systems predicted patient recovery be-
tween six months and 24 months. They concluded that no
currently available Injury Severity Score was predictive of
functional recovery of patients who undergo successful limb
reconstruction.

TABLE 1. Predictors Associated With Need for Amputation
of Mangled Extremity

Systemic factors
Age !50 yr3,4,8,11

High energy transfer mechanism3,4,8,11

Persistent hypotension ("90 mm Hg)3,4,8,11

Bony skeletal factors
Gustilo type III A fractures with significant tissue loss or nerve injury,

associated fibular fracture and displacement of !50%, and
comminuted segmental fracture or high probability of bone graft
need7,9,11,14

Gustilo type III B and III C tibial fractures7,8,9,11,14

Type III open fractures of the pilon7,8,9,11,14

Type III B open fractures of the ankle7,8,9,11,14

Severe open injury to the hindfoot or midfoot7,8,9,11,14

Soft tissue factors
Large, circumferential tissue loss7,8,9,11,14

Extensive closed soft tissue loss or necrosis7,8,9,11,14

Compartment syndrome resulting in myonecrosis7,8,9,11,14

Neurologic factors
Confirmed nerve disruption, particularly of tibial nerve7,9,11,14

Vascular factors
Prolonged warm ischemia time (!6 h)3,4,7,9,11,14

Degree of vascular segment loss7,9,11,14

Proximal vascular injury (femoral greater risk than popliteal or more
distal)7,9,11,14

Absence of viable distal anastomotic site7,9,11,14

TABLE 2. Historically Used Individual Scoring Systems to
Evaluate the Mangled Extremity

Scoring System Reference

Identified Risk Factors
for Amputation/

Adverse Outcome

Predictive Salvage Index
(PSI)

Howe et al.7 Level of vascular injury
Warm ischemia time
Quantitative degree of muscle,

bone and skin injury
Mangled Extremity

Severity Score
(MESS)

Johansen
et al.8

Degree of skeletal and soft
tissue damage

Limb ischemia
Shock
Age

Nerve Injury, Ischemia,
Soft-Tissue Injury,
Skeletal Injury,
Shock, and Age of
Patient Score (NISSA)

McNamara
et al.4

Limb ischemia
Hypotension
Age
Skeletal injury
Soft tissue injury
Nerve injury

Limb Salvage Index
(LSI)

Russell
et al.9

Arterial injury
Nerve injury
Bone injury
Skin injury
Muscle injury
Deep venous injury
Warm ischemia time

Hanover Fracture Scale
(HFS)

Tscherne and
Oestern11

Bone loss
Skin injury
Muscle injury
Wound contamination
Nerve injury
Periosteal stripping
Vascular injury
Hypotension

Scalea et al.
J Trauma

Volume 72, Number 1

© 2012 Lippincott Williams & Wilkins88





Quiz:	Où	est	passée	l’Hb?

Fracture	du	bassin
Fracture	fémur	(fermée)
Plaie	ouverte	(taille	d’une	main)
Caillot	(taille	d’un	poing)
Fracture	tibia
Fracture	côte
Hémothorax	
Fracture	humérus

150	mL
1500	mL
750mL
500mL
3000	mL
2000	mL

Davantage	chez	obèses	
et	personnes	âgées



La	garde se	poursuit...
Fixateur externe du	fémur D	et	cheville G.	
Circulation	distale adéquate.	Évaluation

neurologique à venir.

Prochain	patient!

H	45	ans,	piéton-auto.	Fracture	ouverte tibia	G	
(diaphyse).	Ortho	veut faire	enclouage tibia.
“Je	ne	veux pas	que	tu fasses de	bloc,	ça va
camoufler les	signes d’un	syndrome	du	

compartiment.”



Qu’en	pensez-vous?
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GLOSSARY
ACS-NSQIP = American College of Surgeons National Surgical Quality Improvement Project; ASRA 
= American Society of Regional Anesthesia; ATP = adenosine triphosphate; ESRA = European 
Society of Regional Anaesthesia

Many surgeons express concerns against the 
use of regional anesthetic blocks for limb 
surgery after trauma. This controversial dis-

cussion between surgeons and anesthesiologists does 
not always rely on a solid evidence-based background 
and is more based on emotional grounds or on possi-
ble forensic consequences. The main argument against 
regional anesthesia for limb surgery is based on the 
delayed diagnosis and subsequent delayed treatment 
of compartment syndrome. To phrase it more provoc-
ative, regional blocks are suspected to cause damage.

From the anesthesiologist’s perspective, regional 
anesthesia has become an important role in the spe-
cialty of anesthesia. The implementation of ultraso-
nographic guidance for the detection of neuronal and 
adjacent anatomical structures led to high success 
rates with extreme low block-related side effects or 
complications. Thus, regional blocks can be consid-
ered as reliable means to provide adequate analgesia 
for many surgical procedures.

Conversely, unwanted effects such as the decep-
tion of trauma- or surgery-related nerve damage or 
a prolonged motor block need to be seriously consid-
ered. In particular, delayed diagnosis of compartment 
syndrome warrants a balanced discussion that should 
lead to a sustainable consensus between surgeons and 

anesthesiologists. The present article aims to provide 
state-of-the-art and anatomical-based knowledge 
regarding the relationship between compartment 
syndrome and regional anesthesia to facilitate clinical 
decisions.

ANATOMICAL CONSIDERATIONS
From an anatomical point of view, the extensor com-
partment of the forearm and the fibular and extensor 
compartments of the lower leg are the most critical 
compartments for the development of acute com-
partment syndrome. Tibial diaphyseal and forearm 
(mainly distal radius and diaphyseal forearm) frac-
tures seem to be the most common injuries that are 
associated with acute posttraumatic compartment 
syndromes. Any increase in pressure in such a com-
partment causes a risk of damage to neurovascular 
structures by compression with a subsequent initia-
tion of a toxic cascade.

The extensor compartment of the forearm is 
bounded by the antebrachial fascia and in the depth 
by the radius, the ulna, and the interosseous mem-
brane. The deep and superficial extensor muscles, as 
well as the deep branch of the radial nerve, the pos-
terior interosseous nerve, and posterior interosseous 
vessels are located inside this compartment. This 
compartment is extremely narrow and therefore the 
deep branch of the radial nerve is per se constricted. 
The fibular compartment is bounded by the lateral 
surface of the fibular, the anterior and posterior inter-
muscular septa, and the crural fascia and contains the 
fibularis longus and fibularis brevis muscles, as well 
as the common fibular, the deep and the superficial 
fibular nerves. There are no relevant vessels in this 
compartment, but small arteries originate from the 
peroneal artery that enter the compartment by pierc-
ing the posterior intermuscular septum. The extensor 
compartment is bounded by the lateral surface of the 
tibia, the interosseous membrane, the medial surface 
of the fibula, the anterior intermuscular septum, and 
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ABSTRACT
Acute compartment syndrome (ACS) is a potentially 
reversible orthopedic surgical emergency leading to 
tissue ischemia and ultimately cell death. Diagnosis of 
ACS can be challenging, as neither clinical symptoms 
nor signs are sufficiently sensitive. The cardinal symptom 
associated with ACS is pain reported in excess of what 
would otherwise be expected for the underlying injury, 
and not reasonably managed by opioid- based analgesia. 
Regional anesthesia (RA) techniques are traditionally 
discouraged in clinical settings where the development 
of ACS is a concern as sensory and motor nerve blockade 
may mask symptoms and signs of ACS. This Education 
article addresses the most common trauma and elective 
orthopedic surgical procedures in adults with a view 
towards assessing their respective risk of ACS and 
offering suggestions regarding the suitability of RA for 
each type of surgery.

INTRODUCTION
Acute compartment syndrome (ACS) is a critical 
and potentially reversible orthopedic surgical emer-
gency, whereby excessive limb swelling (bleeding, 
edema, or other fluid) within a myofascial compart-
ment compromises tissue perfusion leading to 
tissue ischemia and ultimately cell death. Once 
tissue perfusion is sufficiently compromised to 
cause muscle death and permanent nerve injury, 
significant loss of function due to muscle contrac-
ture, stiffness and deformity likely ensues,1 which 
can be further complicated by high rates of infec-
tion, repeat surgery,2 amputation,3 4 and mortality.5 
While the time after which permanent muscle and 
nerve damage occurs is not clear, irreversible isch-
emic injury may begin as soon as 2 hours following 
the onset of swelling.6 The longer the delay to 
treatment, the more devastating the sequelae.4 The 
possibility of ACS must therefore be anticipated, 
and early intervention in the form of surgical fasci-
otomy must take priority when ACS is suspected or 
imminent.7

Unfortunately, the diagnosis of ACS can be chal-
lenging, as neither clinical symptoms nor signs 
are sufficiently sensitive for ACS.8 Moreover, the 
clinical symptoms and signs associated with ACS 
are common to many types of orthopedic injuries 
that are traditionally not associated with ACS.9 
The cardinal symptom associated with ACS is pain 
reported in excess of what would otherwise be 
expected for the underlying injury, and not reason-
ably managed by opioid- based analgesia. Signs asso-
ciated with ACS include excessive tightness of the 
affected compartment, pain with passive stretch 

of the affected compartment, and paresthesia due 
to ischemia of the entrapped peripheral nerves.10 
Compartment pressure testing and monitoring can 
be useful in confirming the diagnosis, with pain and 
ischemia thought to develop at pressures greater 
than 20 and 30 mm Hg, respectively.11 However, 
the latter threshold values are variable, and can be 
seen in patients with and without ACS.12–14 Due to 
these variations, it is recommended that compart-
ment pressure values alone should not be used to 
diagnose ACS.15

REGIONAL ANESTHESIA AND ACS
The use of regional anesthesia (RA) techniques for 
local anesthetic- based anesthesia and analgesia has 
traditionally been discouraged in clinical settings 
where the development of ACS is a concern. 
Prolonged sensory and motor nerve blockade can 
complicate timely and accurate clinical evaluation 
by masking the early symptoms and signs of ACS, 
especially pain out of proportion to injury in other-
wise awake and alert patients,15 16 and delay the 
diagnosis of ACS17–27 with potentially devastating 
consequences.15 16 However, controversy arises 
given that RA techniques are among the most effi-
cacious and opioid- sparing analgesic strategies to 
treat post- traumatic and/or postoperative ortho-
pedic pain. Furthermore, there are reports in the 
literature wherein ACS was appropriately diag-
nosed and successfully managed in the setting of a 
single- injection nerve block or continuous catheter- 
based perineural local anesthetic infusion.28–35 
Finally, the likelihood of ACS in the setting of most 
elective orthopedic and trauma surgeries is actually 
very low. Indeed, much of the available literature 
regarding the role of RA for analgesia in the devel-
opment of ACS is limited both in quality and quan-
tity, thereby making any causal association between 
the use of RA and the development of ACS a precar-
ious one.

PURPOSE
In an effort to identify scenarios whereby anesthe-
siologists and orthopedic surgeons should avoid or 
cautiously consider the use of RA for anesthesia 
and/or analgesia, this special article will review the 
etiology and address the most common trauma and 
elective orthopedic procedures in adults with a view 
towards assessing the risk of ACS for each. Proce-
dures will be organized into orthopedic trauma 
and elective surgical procedures according to esti-
mated risk of ACS, from greatest to least, based on 
our collective clinical experience and expertise in 
the fields of orthopedic trauma surgery, elective 
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Étiologies	en	trauma
• Œdème	dans	un	compartiment	myofascial rigide	
secondaire
– Fracture,	le	plus	fréquemment
– Lésion	vasculaire
– Crush injury

• Peut	se	produire	avant	ou	après	la	chirurgie
• La	contribution	de	la	chirurgie	dans	le	
développement	sd compartiment	n’est	pas	clair.

• Le	trauma	initial	est	le	principal	facteur	pour	
développer	un	sd du	compartiment	ET	une	
chirurgie	précoce	pourrait	en	réduire	le	risque.



Manifestations
• Localisation
– Plus	communes:	avant-bras,	jambe,	pied.
– Aussi:	main,	cuisse,	fesse.

• Signes et	symptômes
– Douleur hors	de	proportion
– Douleur étirement passif compartiment musculaire
– Paresthésies
– Fonction motrice préservée tardivement
– La	présence d’un	pouls et/ou une coloration	normale
n’excluent pas	un	syndrome	du	compartiment



Fractures	MI Incidence	 Recommandations
Tibia (diaphyse) 3-30% RA	should not	be considered

Plateau tibial 1,7-12% High	energy:	should not
Low energy:	with caution

Pilon	tibial 2-2,6% RA	may be considered with
caution

Fémur	(diaphyse) Rare RA may be considered with
caution

Pied Lisfranc plus	de	20%
Calcaneum 3,8-23%

RA	may be considered,	with
the	exception	of	high
velocity injury

Cheville Rare RA may be considered in	
nearly all	cases

Hanche Rare RA may be considered in	all	
cases



Fractures	MS Incidence	 Recommandations
Avant-bras 15%	(si deux	os) RA	should not	be considered

in	dual	bone fractures	OR	
high	energy single	bone
fracture.

Radius	distal 0,4%
1,4%	chez	moins de	35	ans

RA	may be considered in	all	
cases,	except young patient	
and	high	energy injuries

Fracture	– luxation	coude Rare RA	may be considered in	all	
cases,	except high	energy
injuries

Humérus	(proximal,	
diaphyse,	distal)

Rare RA	may be considered in	all	
cases



Pourquoi ne	pas	mesurer les	pressions?

• Différentes techniques	de	mesure pression
intracompartimentale
– Canule artérielle
– STIC	catheter

• Faut savoir	où piquer!
• Pression diastolique - pression IC	<	30	mm	Hg

Dans un	contexte de	monitoring	continu
(fracture	tibia),	pas	de	corrélation entre	les	

valeurs de	pression et	les	symptômes cliniques.



Traitement
• Fasciotomies	rapides
– <	4	heures =	aucune conséquence attendue
– 6	heures =	récupération variable	fonctions
nerveuse et	musculaire

– >	8	heures =	dommage nerveux et	musculaire
irréversible

• Pourquoi	ne	pas	faire	des	fascio à tous??	
Complications…
– Infection
– Saignement	(suintement)



On	fait	quoi?!?!?



7	piliers	pour	la	détection	rapide	du	
syndrome	du	compartiment

I. Douleur	et	paresthésie	ont	faible	sensibilité	
mais	une	haute	spécificité

II. Attention	particulière	aux	fractures	à	risque
III. Dose	et	concentration	minimale	d’AL
IV. Toute	douleur	disproportionnée	demande	

évaluation	immédiate
V. Diagnostic	doit	être	basé	sur	l’examen	physique,	

parfois	assisté	la	mesure	des	pressions	
intracompartimentales

VI. Comorbidités	(coagulopathie)	doit	influencer	le	
suivi	des	patients

VII. Fasciotomies libérales



L’histoire achève...

Après	discussion	avec	chirurgien,	vous apprenez
que	son	plan	prévoyait des	fasciotomies	
d’emblée.	Il	accepte un	bloc	avec	AL	dilué.

Puisque nous	y	sommes,	pourquoi ne	pas	opérer
aussi ce radius	cassé?

Vous	laisserez	ce	cas	à	l’anesthésiste	de	jour.	=)



En résumé

Les	trauma	musculosqulettiques,	c’est beaucoup	
plus	que	des	os à réparer.

“There	is	a	fracture,	I	need	to	fix	it”

Multiples	implication	au	niveau circulation
C-A-B

Damage	control	resuscitation	and	surgery



Questions?


