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Background
Intracranial-pressure monitoring is considered the standard of care for severe trau-
matic brain injury and is used frequently, but the efficacy of treatment based on 
monitoring in improving the outcome has not been rigorously assessed.
Methods
We conducted a multicenter, controlled trial in which 324 patients 13 years of age or 
older who had severe traumatic brain injury and were being treated in intensive care 
units (ICUs) in Bolivia or Ecuador were randomly assigned to one of two specific 
protocols: guidelines-based management in which a protocol for monitoring intra-
parenchymal intracranial pressure was used (pressure-monitoring group) or a proto-
col in which treatment was based on imaging and clinical examination (imaging–
clinical examination group). The primary outcome was a composite of survival time, 
impaired consciousness, and functional status at 3 months and 6 months and neuro-
psychological status at 6 months; neuropsychological status was assessed by an exam-
iner who was unaware of protocol assignment. This composite measure was based on 
performance across 21 measures of functional and cognitive status and calculated as 
a percentile (with 0 indicating the worst performance, and 100 the best performance).
Results
There was no significant between-group difference in the primary outcome, a com-
posite measure based on percentile performance across 21 measures of functional 
and cognitive status (score, 56 in the pressure-monitoring group vs. 53 in the imag-
ing–clinical examination group; P = 0.49). Six-month mortality was 39% in the 
pressure-monitoring group and 41% in the imaging–clinical examination group 
(P = 0.60). The median length of stay in the ICU was similar in the two groups (12 days 
in the pressure-monitoring group and 9 days in the imaging–clinical examination 
group; P = 0.25), although the number of days of brain-specific treatments (e.g., 
administration of hyperosmolar fluids and the use of hyperventilation) in the ICU 
was higher in the imaging–clinical examination group than in the pressure-monitor-
ing group (4.8 vs. 3.4, P = 0.002). The distribution of serious adverse events was 
similar in the two groups.
Conclusions
For patients with severe traumatic brain injury, care focused on maintaining mon-
itored intracranial pressure at 20 mm Hg or less was not shown to be superior to 
care based on imaging and clinical examination. (Funded by the National Institutes 
of Health and others; ClinicalTrials.gov number, NCT01068522.)
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ences between treatment groups, except that pa-
tients in the pressure-monitoring group had a 
significantly higher rate of decubitus ulcers (12%, 
vs. 5% in the imaging–clinical examination group; 
P = 0.03).

The median time during which intracranial 
pressure was monitored was 3.6 days in the en-
tire pressure-monitoring group and 4.0 days in 
the brain-treatment survivors subgroup (Table 3, 
and Tables S9A and S9B in the Supplementary 
Appendix). The median and mean percentages 
of readings that were 20 mm Hg or higher were 
7 and 20%, respectively, in the entire study popu-
lation and 5 and 13%, respectively, in the brain-
treatment survivors subgroup. For these respective 
groups, the intracranial pressure was 20 mm Hg 
or higher initially in 37% and 29% of patients 
and at any time during monitoring in 79% and 
76% of patients. The incidence of neuroworsen-
ing after randomization was 25% for the entire 
study population and did not differ significantly 
between the two treatment groups.

The median interval during which patients re-
ceived brain-specific treatment was significantly 
longer in the imaging–clinical examination group 

than in the pressure-monitoring group. In addi-
tion, post hoc analyses of integrated treatment 
intensity (see the definition in the outcomes sec-
tion in the Supplementary Appendix) revealed that 
the total number of treatments was significantly 
greater for the imaging–clinical examination 
group as a whole and for the brain-treatment 
survivors subgroup than for the pressure-moni-
toring group. Table 3, and Table S9A in the 
Supplementary Appendix, show that the use of 
high-dose barbiturates was greater in the pressure-
monitoring group than in the imaging–clinical 
examination group (24% vs. 13%). There was no 
significant between-group difference in the num-
ber of patients who underwent craniectomy. The 
proportion of patients treated with hypertonic 
saline and the proportion treated with hyperven-
tilation were significantly higher in the imaging–
clinical examination group than in the pressure-
monitoring group (72% vs. 58% and 73% vs. 60%, 
respectively). Among patients who received treat-
ment with mannitol or hypertonic saline, the 
duration of treatment was longer in the imaging–
clinical evaluation group than in the pressure-
monitoring group (21 hours vs. 13 hours for 
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Figure 1. Cumulative Survival Rate According to Study Group.

A Kaplan–Meier survival plot based on the prespecified analysis shows the cumulative survival rate at 6 months 
among patients assigned to imaging and clinical examination (ICE) as compared with those assigned to intracranial-
pressure (ICP) monitoring (hazard ratio for death, 1.10; 95% confidence interval [CI], 0.77 to 1.57). The inset shows 
the results of the post hoc analysis at 14 days (hazard ratio, 1.36; 95% CI, 0.87 to 2.11).
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Quelques	précisions…

These statements,	which should be read in	toto	to	properly reflect the	group’s
consensus	positions,	conclude that this study:
1)	studied protocols,	not	ICP- monitoring	per	se;
2)	applies only to	those protocols and	specific study groups	and	should not	be
generalized to	other treatment approaches or	patient	groups;
3)	strongly calls	for	further research on	ICP	interpretation and	use;
4)	should be applied cautiously to	regions with much different treatment milieu;
5)	did not	investigate the	utility	of	treating monitored ICP	in	the	specific patient	
group	with established intracranial hypertension;
6)	should not	change	the	practice	of	those currently monitoring	ICP;	and
7)	provided a	protocol,	used in	non-monitored study patients,	that should be
considered when treating without ICP	monitoring.	Consideration of	these
statements can clarify study interpretation.	

1 
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Relation	Pression	Intracrânienne	– Volume	intracrânien





Seuil	de	traitement	de	l’HTIC

Level I	and	II	A	
•	There	was insufficient evidence to	support	a	Level I	or	II	A	recommendation
for	this topic.	
Level II	B	
•	Treating ICP	above 22	mm	Hg	is recommended because values	above this
level are	associated with increased mortality.	
Level III	
•	A	combination of	ICP	values	and	clinical and	brain CT	findings may be used to	
make management	decisions.	
*The	committee is aware that the	results of	the	RESCUEicp trial	may be released soon
after the	publication	of	these Guidelines.	The	results of	this trial	may affect	these
recommendations and	may need to	be considered by	treating physicians and	other users
of	these Guidelines.	We intend to	update	these recommendations after the	results are	
published if	needed.	Updates	will be available at	https://braintrauma.org/coma/.	
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Bart Depreitere
Ian Piper
Giuseppe Citerio
Iain Chambers
Patricia A. Jones
Tsz-Yan Milly Lo
Per Enblad
Pelle Nillson
Bart Feyen
Philippe Jorens
Andrew Maas
Martin U. Schuhmann
Rob Donald
Laura Moss
Greet Van den Berghe
Geert Meyfroidt

Visualizing the pressure and time burden
of intracranial hypertension in adult
and paediatric traumatic brain injury

Received: 16 February 2015
Accepted: 5 April 2015
Published online: 18 April 2015
! Springer-Verlag Berlin Heidelberg and
ESICM 2015
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Role of cerebrovascular autoregulation

The low-frequency autoregulation index (LAx) is com-
puted as a moving minute-by-minute correlation of
previous values of ICP and MAP [31]. The LAx ranges in
value from -1 to ?1 and was calculated for every minute
of the patients’ ICU stay. This allowed one to compute the
average autoregulatory state during each ICP insult. An
insult was classified as ‘active’ if its average LAx was
negative or zero, and ‘passive’ if the average LAx was
positive. The visualization method described above was
repeated considering active and passive episodes
separately.

Role of CPP

The association between ICP insults and outcome was
visualized for three different thresholds of CPP: 50, 60
and 70 mmHg.

Multivariate analysis

In order to assess the independent association of the cu-
mulative dose of ICP insults with outcome, multivariate
logistic regression models for 6-month mortality and
unfavourable neurological outcome [defined as death,
vegetative or severely disabled (GOS 1–3)] were built,

using as co-variates the total percentage of total
monitoring time each patient experienced one or more
ICP insults associated with worse GOS (indicated on the
graph as the red zone), together with the IMPACT model
core variables [32, 33] (age, admission motor GCS,
pupils).

All analyses were done in Matlab 2014b! (The
MathWorks, Natick, MA, USA).

Results

The colour-coded plots visualizing the correlations be-
tween GOS at 6 months and the average number of
different types of ICP insults are shown in Fig. 2. Two
clear overall regions emerge: a predominantly blue zone,
indicating types of ICP insults that occur more frequently
in patients with higher GOS; and a predominantly red
zone, indicating types of ICP insults that occur more
frequently in patients with lower GOS. The transition
curve between the blue and red zone is approximately
exponential: for higher insult intensities, the transition
occurs at shorter insult durations and, conversely, for
lower insult intensities the transition occurs at longer in-
sult durations. In adults, the duration above which ICP
thresholds of 15, 20, 25 and 30 mmHg are associated with
worse outcome is 223, 37, 12 and 8 min, respectively. In
children, at intensity thresholds of 15 and 20 mmHg, the

Fig. 2 Visualization of correlation between GOS and average
number of ICP insults per GOS category. Left adult cohort
(n = 261). Right paediatric cohort (n = 99). Each colour-coded
point in the graph refers to a number of episodes of ICP, defined by
a certain ICP intensity threshold (X-axis), and a certain duration
threshold (Y-axis). Such an episode is called an ICP insult. The
univariate correlation of each type of ICP insult (characterized by

ICP intensity and duration thresholds) with outcome is colour-
coded according to the scale in Fig. 1c. Dark red episodes mean
that such ICP insults, on average, are associated with worse
outcome (lower GOS categories); dark blue episodes mean that
such ICP insults, on average, are associated with better outcome
(higher GOS categories). The contour of zero correlation is
highlighted in black, and is called the transition curve
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Etude	prospective	multicentrique	observationnelle,	261	patients	– Mesure	de	la	PIC	toutes	les	minutes



Pression	de	perfusion	cérébrale

PPC	=	PAM	- PIC
Mais…

L’important	est	le
DEBIT	SANGUIN	CEREBRAL



Autorégulation	cérébrale
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Doctrine	de	Monro	– Kellie
ÉTIOLOGIES	DE	L’HTIC	&	AXES	THÉRAPEUTIQUES

Évacuation	chirurgicaleDérivation	ventriculaire Osmothérapie

+	Sédation?

+	Craniectomie	décompressive?

+	Contrôle	ciblé	de	la	température?

+	Contrôle	de	la	PaCO2?

+	Gestion	de	la	pression	artérielle



Gestion	de	la	pression	artérielle



Objectifs	de	Pression	de	Perfusion	Cérébrale

R7.1	-	Il	faut	probablement	individualiser	les	objectifs	de	pression	intracrânienne	et	de	
pression	de	perfusion	cérébrale	correspondant	à	la	meilleure	autorégulation	cérébrale	en	se	
basant	sur	les	données	du	monitorage	multimodal.	

(GRADE	2+)	Accord	FORT	

R7.2	-	En	l’absence	de	monitorage	multimodal,	il	faut	probablement	cibler	la	pression	de	
perfusion	cérébrale	entre	60	et	70	mmHg.	

(GRADE	2+)	Accord	FORT	

Level I	and	II	A	
•	There	was insufficient evidence to	support	a	Level I	or	II	A	recommendation for	
this topic.	
Level II	B	
•	The	recommended target cerebral perfusion	pressure	(CPP)	value	for	survival and	
favorable	outcomes is between 60	and	70	mm	Hg.	Whether 60	or	70	mm	Hg	is the	
minimum	optimal	CPP	threshold is unclear and	may depend upon the	patient’s
autoregulatory status.	
Level III	
•	Maintaining SBP	at	≥100	mm	Hg	for	patients	50	to	69	years old or	at	≥110	mm	Hg	
or	above for	patients	15	to	49	or	over	70 years old may be considered to	decrease
mortality and	improve outcomes.	
•	Avoiding aggressive attempts to	maintain CPP	above 70	mm	Hg	with fluids and	
pressors may be considered because of	the	risk of	adult respiratory failure.	



Sédation

AGENT	IDÉAL?
• Diminution	de	la	CMRO2

• Respect	de	l’autorégulation	cérébrale
• Respect	de	la	réponse	vasculaire	au	CO2
• Respect	du	couplage	débit/métabolisme
• Stabilité	hémodynamique
• Action	anti-épileptique,	myorelaxante,	

analgésique

• Durée	d’action	courte	et	réversible,	toxicité	
nulle

• Métabolisme	indépendant	du	foie	et	du	rein
• Faible	coût

Abdennour,	AFAR	2008



Sédation	- Analgésie

R5.1	-	En	dehors	d’une	hypertension	intracrânienne	ou	d’un	état	de	mal	épileptique,	
les	experts	proposent	d’appliquer	aux	traumarsés	crâniens	graves	les	mêmes	
recommandations	pour	le	maintien	et	l’arrêt	de	la	sédaron-analgésie	que	pour	les	
autres	patients	de	réanimation.	

Avis	d’expert	

Level I	and	II	A	
• There	was insufficient evidence to	support	a	Level I	or	Level IIA	

recommendation for	this topic.	
Level II	B	
• Administration	of	barbiturates to	induce burst suppression	measured by	

EEG	as	prophylaxis against the	development of	intracranial hypertension	is
not	recommended.	

• High-dose	barbiturate administration	is recommended to	control	elevated
ICP	refractory to	maximum	standard	medical and	surgical treatment.	
Hemodynamic stability is essential	before and	during barbiturate therapy.	

• Although propofol is recommended for	the	control	of	ICP,	it is not	
recommended for	improvement in	mortality or	6-month	outcomes.	
Caution	is required as	high-dose	propofol can produce significant
morbidity.	



Couplage	débit-métabolisme	/	Gestion	de	la	sédation





Indication	chirurgicales



Traumatisme	crânien	grave
Indications	neurochirurgicales

R4.1	-	Il	faut	probablement	réaliser	un	drainage	ventriculaire	externe	pour	le	control̂e	
de	l'hypertension	intracrânienne	après	échec	d’un	traitement	comprenant	
l’optimisation	des	agressions	cérébrales	secondaires	et	de	la	sédation.	

(GRADE	2+)	Accord	FORT	

Les	indicalons	neurochirurgicales	formelles	à	la	phase	précoce	du	TC	grave	sont	:	
-	 évacuation	la	plus	précoce	possible	d'un	hématome	extradural	symptomatique	quelle	
que	soit	sa	localisation,	
-	 évacuation	d'un	hématome	sous-dural	aigu	significatif	(épaisseur	supérieure	à	5	mm	
avec	déplacement	de	la	ligne	médiane	supérieur	à	5	mm),
-		drainage	d'une	hydrocéphalie	aiguë,	
-	 parage	et	la	fermeture	immédiate	des	embarrures	ouvertes.	

Level I	and	II	
• There	was insufficient evidence to	support	a	Level I	or	II	recommendation

for	this topic.	
Level III	
• An	EVD	system	zeroed at	the	midbrain with continuous drainage	of	CSF	

may be considered to	lower ICP	burden more	effectively than intermittent	
use.	

• Use	of	CSF	drainage	to	lower ICP	in	patients	with an	initial	Glasgow	Coma	
Scale (GCS)	<6	during the	first	12	hours after injury may be considered.	



Traumatisme	crânien	grave
Craniectomie	décompressive

Level I	
• There	was insufficient evidence to	support	a	Level I	recommendation for	

this topic.	
Level II	A	
• Bifrontal DC	is not	recommended to	improve outcomes as	measured by	

the	Glasgow	Outcome Scale–Extended	(GOS-E)	score	at	6	months post-
injury in	severe TBI	patients	with diffuse	injury (without mass	lesions),	and	
with ICP	elevation to	values	>20	mm	Hg	for	more	than 15	minutes	within a	
1-hour	period that are	refractory to	first-tier therapies.	However,	this
procedure has	been	demonstrated to	reduce ICP	and	to	minimize days in	
the	intensive	care	unit	(ICU).

• A	large	frontotemporoparietal DC	(not	less than 12	x	15	cm	or	15	cm	
diameter)	is recommended over	a	small frontotemporoparietal DC	for	
reduced mortality and	improved neurologic outcomes in	patients	with
severe TBI.	

*The	committee is aware that the	results of	the	RESCUEicp trial	may be released soon after the	
publication	of	these Guidelines.	The	results of	this trial	may affect	these recommendations and	may
need to	be considered by	treating physicians and	other users of	these Guidelines.	We intend to	update	
these recommendations after the	results are	published if	needed.	Updates	will be available at	
https://braintrauma.org/coma/guidelines.

R4.2-	Il	faut	probablement	réaliser	une	craniectomie	décompressive	pour	control̂er	la	
pression	intracrânienne	à	la	phase	aiguë	en	cas	d’hypertension	intracrânienne	
réfractaire,	dans	le	cadre	d’une	discussion	multidisciplinaire.	

(GRADE	2+)	Accord	FORT	
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Background
It is unclear whether decompressive craniectomy improves the functional outcome 
in patients with severe traumatic brain injury and refractory raised intracranial 
pressure.

Methods
From December 2002 through April 2010, we randomly assigned 155 adults with 
severe diffuse traumatic brain injury and intracranial hypertension that was refrac-
tory to first-tier therapies to undergo either bifrontotemporoparietal decompressive 
craniectomy or standard care. The original primary outcome was an unfavorable 
outcome (a composite of death, vegetative state, or severe disability), as evaluated 
on the Extended Glasgow Outcome Scale 6 months after the injury. The final pri-
mary outcome was the score on the Extended Glasgow Outcome Scale at 6 months.

Results
Patients in the craniectomy group, as compared with those in the standard-care 
group, had less time with intracranial pressures above the treatment threshold 
(P<0.001), fewer interventions for increased intracranial pressure (P<0.02 for all 
comparisons), and fewer days in the intensive care unit (ICU) (P<0.001). However, 
patients undergoing craniectomy had worse scores on the Extended Glasgow Out-
come Scale than those receiving standard care (odds ratio for a worse score in the 
craniectomy group, 1.84; 95% confidence interval [CI], 1.05 to 3.24; P = 0.03) and a 
greater risk of an unfavorable outcome (odds ratio, 2.21; 95% CI, 1.14 to 4.26; 
P = 0.02). Rates of death at 6 months were similar in the craniectomy group (19%) 
and the standard-care group (18%).

Conclusions
In adults with severe diffuse traumatic brain injury and refractory intracranial hy-
pertension, early bifrontotemporoparietal decompressive craniectomy decreased 
intracranial pressure and the length of stay in the ICU but was associated with more 
unfavorable outcomes. (Funded by the National Health and Medical Research 
Council of Australia and others; DECRA Australian Clinical Trials Registry number, 
ACTRN012605000009617.)
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outcome (adjusted odds ratio, 1.90; 95% CI, 0.95 
to 3.79; P = 0.07). A total of 14 patients (19%) in 
the craniectomy group and 15 patients (18%) in the 
standard-care group died. (Details about the 
causes of death are provided in Table 4 in the 
Supplementary Appendix.)

Discussion

Among adults with severe diffuse traumatic brain 
injury and refractory intracranial hypertension in 
the ICU, we found that decompressive craniecto-
my decreased intracranial pressure, the duration 
of mechanical ventilation, and the time in the 

ICU, as compared with standard care. In the cra-
niectomy group, the duration of the hospital stay 
was unchanged, and the rate of surgical compli-
cations was low. However, patients in the crani-
ectomy group had a lower median score on the 
Extended Glasgow Coma Scale and a higher risk 
of an unfavorable outcome (as assessed on that 
scale) than patients receiving standard care.

Our findings differ from those of most non-
randomized studies of decompressive craniecto-
my24,25 and are contrary to our hypothesis. We 
had speculated that in patients with severe trau-
matic brain injury, decompressive craniectomy 
would decrease intracranial pressure, improve 

Table 2. Primary and Secondary Outcomes.*

Outcome

Decompressive 
Craniectomy 

(N = 73)

Standard 
Care

(N = 82) P Value†

Intracranial pressure and cerebral perfusion pressure

Intracranial pressure after randomization — mm Hg 14.4±6.8 19.1±8.9 <0.001

No. of hr of intracranial pressure >20 mm Hg — median (IQR) 9.2 (4.4–27.0) 30.0 (14.9–60.0) <0.001

Intracranial hypertension index — median (IQR)‡ 11.5 (5.9–20.3) 19.9 (12.5–37.8) <0.001

Cerebral hypoperfusion index — median (IQR)§ 5.7 (2.5–10.2) 8.6 (4.0–13.8) 0.03

Duration of hospital intervention

Days of mechanical ventilation — median (IQR) 11 (8–15) 15 (12–20) <0.001

Days of ICU stay — median (IQR) 13 (10–18) 18 (13–24) <0.001

Days of hospitalization — median (IQR) 28 (21–62) 37 (24–44) 0.82

Extended Glasgow Outcome Scale

Score — no. (%)

1 (dead) 14 (19) 15 (18)

2 (vegetative state) 9 (12) 2 (2)

3 (lower severe disability) 18 (25) 17 (21)

4 (upper severe disability) 10 (14) 8 (10)

5 (lower moderate disability) 13 (18) 20 (24)

6 (upper moderate disability) 6 (8) 13 (16)

7 (lower good recovery) 2 (3) 4 (5)

8 (upper good recovery) 1 (1) 3 (4)

Median score (IQR) 3 (2–5) 4 (3–5) 0.03

Unfavorable score of 1 to 4 — no. (%) 51 (70) 42 (51) 0.02

* Plus–minus values are means ±SD. IQR denotes interquartile range.
† All P values were calculated with the use of the chi-square test to compare proportions and the Wilcoxon rank-sum test 

to compare distributions.
‡ The intracranial hypertension index is the number of end-hourly measures of intracranial pressure of more than 20 mm Hg 

divided by the total number of measurements, multiplied by 100.
§ The cerebral hypoperfusion index is the number of observations of cerebral perfusion pressure of less than 60 mm Hg 

divided by the total number of measurements, multiplied by 100. Cerebral perfusion pressure is the mean arterial pres-
sure minus the intracranial pressure.
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BACKGROUND
The effect of decompressive craniectomy on clinical outcomes in patients with 
refractory traumatic intracranial hypertension remains unclear.
METHODS
From 2004 through 2014, we randomly assigned 408 patients, 10 to 65 years of age, 
with traumatic brain injury and refractory elevated intracranial pressure (>25 mm Hg) 
to undergo decompressive craniectomy or receive ongoing medical care. The pri-
mary outcome was the rating on the Extended Glasgow Outcome Scale (GOS-E) 
(an 8-point scale, ranging from death to “upper good recovery” [no injury-related 
problems]) at 6 months. The primary-outcome measure was analyzed with an or-
dinal method based on the proportional-odds model. If the model was rejected, 
that would indicate a significant difference in the GOS-E distribution, and results 
would be reported descriptively.
RESULTS
The GOS-E distribution differed between the two groups (P<0.001). The proportion-
al-odds assumption was rejected, and therefore results are reported descriptively. At 
6 months, the GOS-E distributions were as follows: death, 26.9% among 201 pa-
tients in the surgical group versus 48.9% among 188 patients in the medical group; 
vegetative state, 8.5% versus 2.1%; lower severe disability (dependent on others for 
care), 21.9% versus 14.4%; upper severe disability (independent at home), 15.4% versus 
8.0%; moderate disability, 23.4% versus 19.7%; and good recovery, 4.0% versus 6.9%. 
At 12 months, the GOS-E distributions were as follows: death, 30.4% among 194 
surgical patients versus 52.0% among 179 medical patients; vegetative state, 6.2% 
versus 1.7%; lower severe disability, 18.0% versus 14.0%; upper severe disability, 13.4% 
versus 3.9%; moderate disability, 22.2% versus 20.1%; and good recovery, 9.8% versus 
8.4%. Surgical patients had fewer hours than medical patients with intracranial pres-
sure above 25 mm Hg after randomization (median, 5.0 vs. 17.0 hours; P<0.001) but 
had a higher rate of adverse events (16.3% vs. 9.2%, P = 0.03).
CONCLUSIONS
At 6 months, decompressive craniectomy in patients with traumatic brain injury and 
refractory intracranial hypertension resulted in lower mortality and higher rates of 
vegetative state, lower severe disability, and upper severe disability than medical 
care. The rates of moderate disability and good recovery were similar in the two 
groups. (Funded by the Medical Research Council and others; RESCUEicp Current 
Controlled Trials number, ISRCTN66202560.)
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Discussion

In this trial involving patients with sustained 
and refractory intracranial hypertension after 
TBI, the GOS-E distributions at 6 months were 
as follows: death, 26.9% in the surgical group and 
48.9% in the medical group; vegetative state, 8.5% 
versus 2.1%; lower severe disability (dependent 
on others for care), 21.9% versus 14.4%; upper 
severe disability (independent at home), 15.4% 
versus 8.0%; moderate disability, 23.4% versus 
19.7%; and good recovery 4.0% versus 6.9%. The 
rate of an outcome of upper severe disability or 
better was 42.8% in the surgical group versus 
34.6% in the medical group.

The treatment protocol of the trial was orga-
nized in three hierarchical stages, with treatment 

intensity increasing at every stage. All stage 2 
interventions, neuromuscular paralysis (stage 1), 
and barbiturate infusion after randomization in 
the medical group were designated as optional 
in view of the lack of level 1 evidence regarding 
their efficacy at the time of trial initiation and 
during the conduct of the trial. This decision 
was in keeping with the pragmatic nature of the 
trial. The treatment protocol in this trial was 
also similar to the treatment protocol that was 
used in a trial of hypothermia for intracranial 
hypertension after TBI.18 The numbers of patients 
who received the optional stage 1 and stage 2 
interventions were similar in the two groups, a 
finding that suggests that concomitant interven-
tions were not responsible for the observed result.

In contrast to the present trial, the DECRA 

Figure 2. Stacked Bar Chart of Extended Glasgow Outcome Scale (GOS-E) Results at 6 Months and 12 Months.

The primary-outcome measure was assessed with the use of the GOS-E, a global outcome scale assessing function-
al independence, work, social and leisure activities, and personal relationships.12 The eight outcome categories are 
death, vegetative state (unable to obey commands), lower severe disability (dependent on others for care), upper 
severe disability (independent at home), lower moderate disability (independent at home and outside the home but 
with some physical or mental disability), upper moderate disability (independent at home and outside the home but 
with some physical or mental disability, with less disruption than lower moderate disability), lower good recovery 
(able to resume normal activities with some injury-related problems), and upper good recovery (no problems). See 
the Supplementary Appendix for additional descriptions of the outcome categories.
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2007

Analyse	poolée,	3	études	prospectives	randomisées,	93	patients,	dans	les	48h	- Mortalité	à	12	mois	diminuée



Osmothérapie

Level I,	II,	and	III	
• Although hyperosmolar therapy may lower intracranial pressure,	there

was insufficient evidence about	effects on	clinical outcomes to	support	a	
specific recommendation,	or	to	support	use	of	any specific hyperosmolar
agent,	for	patients	with severe traumatic brain injury.	

Recommendations from the	Prior	(3rd)	Edition	Not	Supported by	Evidence	
Meeting	Current Standards	
• Mannitol	is effective	for	control	of	raised intracranial pressure	(ICP)	at	

doses	of	0.25	g/kg	to	1	g/kg	body	weight.	Arterial hypotension	(systolic
blood pressure	<90	mm	Hg)	should be avoided.	

• Restrict mannitol	use	prior to	ICP	monitoring	to	patients	with signs of	
transtentorial herniation or	progressive	neurological deterioration not	
attributable to	extracranial causes.

R7.3	–	Il	faut	administrer	du	mannitol	20%	ou	du	sérum	salé	hypertonique	(250	
mosmol)	en	15	à	20	minutes	en	traitement	d’urgence	d’une	hypertension	
intracrânienne	sévère	ou	de	signes	d’engagement,	après	control̂e	des	agressions	
cérébrales	secondaires.	

(GRADE	1+)	Accord	FORT	



Osmothérapie

• Mannitol	: 0,2	gr/mL
– 0,5	à	1	g/kg		sur	15	à	20	minutes	+++	
– Effet	hémodynamique,	rhéologique	et	osmotique
– Effets	secondaires	:	diurétique	+++,	hyponatrémie	(de	dilution),	acidose,	

hypotension
– Compensation	des	pertes	urinaires	par	sérum	physio	isotonique

• Sérum	salé	hypertonique	:	
– De	3	à	24%...
– Souvent	associé	à	colloïde	pour	maintien	de	l’effet
– 3-4	ml/kg	de	SSH	7,5%,	surveillance	de	la	natrémie	et	de	l’osmolarité
– Effets	secondaires	:	insuffisance	rénale	aigue,	hyperchlorémie,	hypernatrémie

(transitoire)

Vigué,	Osmothérapie	et	HTIC,	Conférence	d’actualisation	SFAR	2006
Torre-Healy,	Neurocrit Care	2011



Rationnel	pour	l’utilisation	de	lactate	hypertonique

• Apport	
supplémentaire	
d’énergie	au	
cerveau

• Diminue	d’œdème	
cérébral	et	
améliore	la	
perfusion	
cérébrale

• Evite	l’acidose	
hyperchlorémique

2014



Contrôle	ciblé	de	la	température

R12.1–Chez	les	patients	traumarsés	crâniens	graves,	il	faut	probablement	pratiquer	un	
CCT	entre	35	et	37°C	dans	le	but	de	prévenir	l’hypertension	intracrânienne.	
(GRADE	2+)	Accord	FORT	
R12.2	–	Chez	les	patients	traumarsés	crâniens	graves,	il	faut	probablement	pratiquer	un	
CCT	entre	35	et	37°C	dans	le	but	d’améliorer	la	survie	avec	bon	pronostic	neurologique.	
(GRADE	2+)	Accord	FORT	
R12.3	–	Chez	les	patients	traumarsés	crâniens	avec	hypertension	intracrânienne	malgré	un	
traitement	médical	bien	conduit,	il	faut	probablement	pratiquer	un	CCT	entre	32	et	35	°C	
dans	le	but	de	faire	baisser	la	pression	intracrânienne.	
(GRADE	2+)	Accord	FORT	
R12.4–	Chez	les	patients	traumarsés	crâniens,	il	faut	probablement	adapter	la	durée	et	la	
profondeur	du	CCT	en	fonction	de	l’hypertension	intracrânienne.	
Avis	d’experts	
R12.5	–Chez	l'enfant	traumarsé	crânien	grave,	il	faut	faire	un	CCT	visant	à	maintenir	une	
normothermie.	
Avis	d’experts	
R12.6	–Chez	l'enfant	traumarsé	crânien	grave,	il	ne	faut	pas	induire	de	CCT	avec	pour	but	
d’obtenir	une	hypothermie	thérapeutique	(32-34°C)	pour	améliorer	le	pronostic	ou	pour	
control̂er	l'HTIC.	
(GRADE	1-)	Accord	FORT	



Targeted Temperature Management

Level I	and	II	A
•	There	was insufficient evidence to	support	a	Level I	or	II	A	recommendation
for	this
topic.	
Level II	B	
•	Early (within 2.5	hours),	short-term (48	hours post-injury)	prophylactic
hypothermia is not	recommended to	improve outcomes in	patients	with
diffuse	injury.	



Intérêt	de	l’hypothermie	profonde?
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BACKGROUND
In patients with traumatic brain injury, hypothermia can reduce intracranial hyper-
tension. The benefit of hypothermia on functional outcome is unclear.

METHODS
We randomly assigned adults with an intracranial pressure of more than 20 mm Hg 
despite stage 1 treatments (including mechanical ventilation and sedation manage-
ment) to standard care (control group) or hypothermia (32 to 35°C) plus standard 
care. In the control group, stage 2 treatments (e.g., osmotherapy) were added as 
needed to control intracranial pressure. In the hypothermia group, stage 2 treatments 
were added only if hypothermia failed to control intracranial pressure. In both 
groups, stage 3 treatments (barbiturates and decompressive craniectomy) were 
used if all stage 2 treatments failed to control intracranial pressure. The primary 
outcome was the score on the Extended Glasgow Outcome Scale (GOS-E; range, 
1 to 8, with lower scores indicating a worse functional outcome) at 6 months. The 
treatment effect was estimated with ordinal logistic regression adjusted for pre-
specified prognostic factors and expressed as a common odds ratio (with an odds 
ratio <1.0 favoring hypothermia).

RESULTS
We enrolled 387 patients at 47 centers in 18 countries from November 2009 
through October 2014, at which time recruitment was suspended owing to safety 
concerns. Stage 3 treatments were required to control intracranial pressure in 54% 
of the patients in the control group and in 44% of the patients in the hypothermia 
group. The adjusted common odds ratio for the GOS-E score was 1.53 (95% confi-
dence interval, 1.02 to 2.30; P = 0.04), indicating a worse outcome in the hypother-
mia group than in the control group. A favorable outcome (GOS-E score of 5 to 8, 
indicating moderate disability or good recovery) occurred in 26% of the patients in 
the hypothermia group and in 37% of the patients in the control group (P = 0.03).

CONCLUSIONS
In patients with an intracranial pressure of more than 20 mm Hg after traumatic 
brain injury, therapeutic hypothermia plus standard care to reduce intracranial 
pressure did not result in outcomes better than those with standard care alone. 
(Funded by the National Institute for Health Research Health Technology Assess-
ment program; Current Controlled Trials number, ISRCTN34555414.)

A BS TR AC T

Hypothermia for Intracranial Hypertension 
after Traumatic Brain Injury

Peter J.D. Andrews, M.D., M.B., Ch.B., H. Louise Sinclair, R.G.N., M.Sc., 
Aryelly Rodriguez, M.Sc., Bridget A. Harris, R.G.N., Ph.D., 

Claire G. Battison, R.G.N., B.A., Jonathan K.J. Rhodes, Ph.D., M.B., Ch.B.,  
and Gordon D. Murray, Ph.D., for the Eurotherm3235 Trial Collaborators*  

Original Article

The New England Journal of Medicine 
Downloaded from nejm.org by LAURENT CARTERON on October 9, 2015. For personal use only. No other uses without permission. 

 Copyright © 2015 Massachusetts Medical Society. All rights reserved. 

2015

n engl j med  nejm.org 8

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

use. Therefore, the results are not due to any one 
cooling method or to any treatment prescribed 
as part of the trial protocol. We believe this en-
hances the validity and generalizability of the 
trial and its results, because the intervention 
studied is already used in clinical practice and 
was tested in the way that centers currently use it.

In this trial, barbiturate infusion was re-
served for patients who had uncontrolled intra-
cranial pressure despite all stage 1 and stage 2 
treatments; barbiturate infusion to reduce intra-
cranial pressure32 was used more frequently and 
earlier in the control group than in the hypo-
thermia group (Table S8 in the Supplementary 
Appendix). It is plausible that barbiturate infu-
sion may have been beneficial, but that hypoth-
esis requires further testing. There was no dif-
ference in the use of decompressive craniectomy33 
between the two groups.

We found no significant between-group dif-
ference according to the time from injury to 

initiation of hypothermia (<12 or ≥12 hours), a 
finding that is contrary to that of a previous 
review.34 However, there were too few patients 
who underwent randomization less than 12 hours 
after injury to be confident of having excluded a 
subgroup effect for the time from injury. The 
trials of hypothermia for neuroprotection that 
were judged to be of higher quality and to have 
a lower risk of bias11 have shown trends toward 
unfavorable outcomes13,14 or were stopped for 
futility.15,16

The trial sponsor and steering committee ac-
cepted the recommendation of the data and safe-
ty monitoring committee in full and terminated 
recruitment early. Early stopping of any trial can 
potentially reduce the external validity of the 
results; however, the burden of proof required 
for early stopping for possible harm is consider-
ably lower than that for overwhelming evidence 
of efficacy.35 In this case, the remaining GOS-E 
scores collected after the “stopping” decision 

Figure 2. Physiological Measurements.

Shown are estimated means and 95% confidence intervals (I bars), calculated with the use of a repeated-measures 
linear analysis.
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Essai	contrôlé	randomisé	(47	centres,	18	pays)
387	patients	en	HTIC
Traitement	standard	vs.	Hypothermie	32-35°C

Arrêt	prématuré	pour	sur-mortalité dans	le	
groupe	hypothermie
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Homéostasie	biologique

R10.1	–	Il	ne	faut	probablement	pas	induire	une	hypernatrémie	prolongée	pour	control̂er	la	
pression	intracrânienne	chez	le	traumarsé	crânien	grave.	

(GRADE	2-)	Accord	FORT	

R10.2	–	Il	ne	faut	pas	administrer	des	glucocorticoïdes	à	forte	dose	après	un	traumatisme	
crânien	grave.	

(GRADE	1-)	Accord	FORT	

R10.3	–	Il	faut	surveiller	étroitement	la	glycémie	et	réaliser	un	control̂e	glycémique	ciblant	des	
valeurs	comprises	entre	8	mM/L	(1,4	g/L)	et	10-11	mM/L(1,8-2	g/L)	chez	le	traumarsé	crânien	
grave	(adulte	et	enfant).	

(GRADE	1+)	Accord	FORT	



Le CO2 

PCO2=45mmHg, PIC=44mmHg, PPC=54mmHg, DSC 
global=59ml/min/100g

PCO2=30mmHg, PIC=15mmHg, PPC=82mmHg, DSC 
global=14ml/min/100g avec des débits régionaux 
<10ml/min/100g = seuil d’ischémie irréversible

D’où l’intérêt du monitorage multimodal Skippen and all CCM 1997

« L’hypocapnie est transitoire, 

ses effets sont définitifs»
D. Payen JMT SFAR 2006

!!! Vasoconstriction à besoins constants en 02 !!!

NORMOCAPNIE +++ dans la souffrance cérébrale

Pas de neuro-réanimation 
sans monitorage de l’ EtCO2



Prise	en	charge	médicale	de	l’HTIC

R7.4	–	Il	ne	faut	probablement	pas	faire	d’hypocapnie	comme	traitement	d’une	hypertension	
intracrânienne.	

(GRADE	2-)	Accord	FORT	

R7.5–	Il	ne	faut	probablement	pas	administrer	d'albumine	à	4%	comme	soluté	de	remplissage	
chez	les	traumarsés	crâniens	graves.	

(GRADE	2-)	Accord	FORT	



Indications	et	modalités	du	monitorage	cérébral

R6.2	-	Il	ne	faut	probablement	pas	avoir	recours	à	un	monitorage	systématique	de	la	pression	
intracrânienne	afin	de	détecter	une	hypertension	intracrânienne	dans	le	cadre	d’un	
traumatisme	crânien	grave	isolé	si	la	tomodensitométrie	initiale	est	normale,	en	l'absence	de	
critères	de	gravité	clinique	et/ou	d’anomalies	au	Doppler	transcrânien.	
(GRADE	2-)	Accord	FORT	

R6.1	-	Il	faut	probablement	avoir	recours	à	un	monitorage	systématique	de	la	pression	
intracrânienne	après	traumatisme	crânien	grave	afin	de	détecter	une	hypertension	
intracrânienne	dans	les	cas	suivants	:	
1-	Signe(s)	d’hypertension	intracrânienne	sur	l'imagerie.
2-	Chirurgie	périphérique	urgente	(hors	risque	vital	engagé).
3-	Evaluation	neurologique	impossible.
(GRADE	2-)	Accord	FORT	



Indications	et	modalités	du	monitorage	cérébral

R6.3	-	Il	faut	probablement	avoir	recours	à	un	monitorage	systématique	de	la	pression	
intracrânienne	après	évacuation	d’un	hématome	intracrânien	post-traumatique	(sous-dural,	
extra-dural	ou	intraparenchymateux)	si	(1	seul	critère	suffit)	:	
-	Le	score	de	Glasgow	moteur	préopératoire	était	inférieur	ou	égal	à	5.
-	Il	existait	une	anisocorie	ou	une	mydriase	bilatérale	préopératoire.
-	Un	épisode	d’instabilité	hémodynamique	est	survenu	en	préopératoire.	
-	Des	signes	de	gravité	existaient	sur	l’imagerie	préopératoire	(disparition	des	citernes	de	la	
base,	déviation	de	la	ligne	médiane	supérieure	ou	égale	à	5	mm,	existence	d’autre(s)	lésion(s)	
intracrâniennes).	
-	Il	existait	un	œdème	cérébral	peropératoire.
-	De	nouvelles	lésions	intracrâniennes	sont	apparues	sur	l’imagerie	post-opératoire.	
(GRADE	2+)	Accord	FORT	



Indications	et	modalités	du	monitorage	cérébral

R6.4-	Les	experts	proposent	d’avoir	recours	à	un	monitorage	multimodal	(Doppler	transcrânien	
et/ou	pression	tissulaire	cérébrale	en	oxygène)	pour	optimiser	le	débit	sanguin	cérébral	et	
l'oxygénation	cérébrale	chez	les	traumarsés	crâniens	graves.	
Avis	d’expert	



Proposition	de	prise	en	charge	de	l’HTIC
(d’après	Stocchetti et	al.)
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