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Liens d’Intérêt 

•  Aucun 
  



Choc : définition clinique classique 

•  Hypotension  
 (sans cause iatrogène : sédation, anesthésie…)  
–  Systolique < 90 mm Hg  

 (ou ↘ 40 mm Hg par rapport a base) 
–  Moyenne < 60 mm Hg 

 (PAM = PAD + 1/3 (PAS-PAD)) 
–  Diastolique < 40 mm Hg 

•  Lactate > 2 mmol/l en l’absence d’hypotension 

•  + ≥ 1 défaillance d’organe 

Cecconi et al. Intensive Care Med 2014; 40: 1795 



Défaillances d’organe 



Défaillances: 
Signes précoces de compensation 

•  Cardio-vasculaires (maintien du DC=VES x FC)  

–  Tachycardie réflexe (↗FC > 120 bpm) 

–  Marbrures cutanées, extrémités froides et cyanosées par 
vasoconstriction réflexe permettant un recrutement volume 
intravasculaire (↗VES) 

•  Respiratoires 

–  Polypnée (> 20/min) de compensation de l’acidose lactique. 

•  Rénales 

–  Oligo-anurie ( < 0.5 ml/kg/h) par redistribution des flux  
 vers territoires prioritaires (cerveau, coronaires…) 



Crise énergétique: dysoxie et choc 

Kipnis. Oxford Textbook of Critical Care 2012 
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Définition physiopathologique du choc 

Inadéquation entre : 

O2 délivré aux cellules/tissus (DO2)= FC x VES x Hb x 1.36 x SaO2

  

 et la demande cellulaire/tissulaire en O2 (VO2)= DO2	  .	  ERO2 

DC	   CaO2	  



ERO2 ↑ via 2 Mécanismes Essentiels… 

•  Redistribu0on	  du	  débit	  sanguin	  entre	  les	  organes	  
•  ↑	  du	  tonus	  sympathique	  et	  de	  la	  vasoconstric0on	  d’origine	  
centrale	  (RVS	  ↑)	  

•  ↓	  Q	  vers	  les	  organes	  à	  faible	  ERO2	  (peau,	  TD,	  rein)	  et	  Q	  
maintenu	  vers	  les	  organes	  à	  haut	  ERO2	  (cœur,	  cerveau)	  

	  
•  Recrutement	  capillaire	  

•  Responsable	  d’une	  vasodilata0on	  périphérique	  
•  Module	  la	  vasoconstric0on	  centrale	  	  



Demande / extraction de l’oxygène 

•  ERO2 = VO2/DO2 

•  ERO2 = Q x (CaO2 – CvO2)/DO2 

•  ERO2 = Q x (CaO2 – CvO2)/Q x CaO2 

•  ERO2 = (CaO2 – CvO2)/CaO2 

•  ERO2 =1– CvO2/CaO2 

•  ERO2 =1– SvO2/SaO2 

•  ERO2/SaO2 = 1/SaO2 – SvO2 

•  SvO2 =  1/SaO2 – ERO2/SaO2  
•  (lorsque SaO2 proche de 100% = but de la ventilation…) 
•  SvO2 = 1 – ERO2 ! 



VO2 = (CaO2 - CvO2) . Q soit VO2 # (SaO2 - SvO2) . (Hb . 1,39 . Q) 

SvO2 # SaO2 -  
 

VO2 
 

Hb . 1,39 . Q 

ERO2 = VO2/DO2 soit ERO2 = (SaO2 - SvO2)/SaO2 

SvO2 = 1- ERO2 
(pour SaO2 à 100%)  

 

SvO2 = 70% ⇒ ERO2 à 30% et ERO2 crit à 60% ⇒ SvO2 crit = 40%  

 Adéquation DO2/VO2: SvO2 



Rivers	  et	  al.	  CMAJ	  2005;	  173:	  1054	  

 Relation DO2/VO2 et S(c)vO2 

La SvO2 traduit l’équilibre entre DO2 et VO2 



VO2	  

DO2	  

DO2	  

ERO2	  

physiologique	  

4	  ml/kg.min	  

0.60	  

pathologique	  

0.40	  

6	  ml/kg.min	  

Altération des capacités d’ERO2 et  
 retentissement sur la VO2 

Ronco	  et	  al.	  JAMA	  1993;	  13:	  1724	  



Origine de l’état de choc et  
impact sur la réactivité vasculaire 

Avec	  la	  diminu-on	  du	  DC:	  
	  

•  ERO2	  et	  RVS	  ↑,	  le	  choc	  est	  associé	  à	  une	  réac0vité	  vasculaire	  
conservée:	  
•  Choc	  hémorragique	  
•  Choc	  cardiogénique	  
	  

•  ERO2	  et	  RVS	  n’↑	  pas,	  le	  choc	  est	  associé	  à	  une	  réac0vité	  
vasculaire	  non	  conservée:	  
•  Choc	  anaphylac0que	  
•  Choc	  sep0que	  	  



Ø  Interférence anesthésie et mécanismes compensateurs de l’organisme 
§  Dépression du baroréflexe 
§  Dépression du système sympathique 

Ø  Effets vasodilatateurs et inotropes négatifs des agents anesthésiques 
 
Ø  ò des besoins anesthésiques 
 
Ø  Altérations des capacités d’ERO2 

 Influence des hypnotiques sur la 
réactivité vasculaire et l’ERO2 



Hypnotiques et altération ERO2  
au cours du choc hémorragique 

VO2 

TO2 

TO2 

ERO2 

Contrôle Isoflurane 

6,9 ml/kg.min 

0,79 

0,41 

12 ml/kg.min 

8,5 ml/kg.min Kétamine 

0,62 

Van	  der	  Linden.	  J	  Appl	  Physiol	  1991;	  71:	  83	  



Van	  der	  Linden.	  Crit	  Care	  Med	  2000;	  28:	  7	  

Hypnotiques et altération ERO2  
au cours du choc hémorragique 



Maintien d’une oxygénation tissulaire 
satisfaisante 

 Objectif de la  
prise en charge anesthésique 

Limiter le retentissement hémodynamique de l’anesthésie: 
 

Ø  Agents aux effets CV moindres  
Ø  Expansion volémique 
Ø  Soutien vasoconstricteur associé ou non avec inotrope 
Ø  Transfusion 



Ø  Surveillance continue de la FC et du tracé ECG 
Ø  SpO2 
Ø  FetCO2 

Ø  Monitorage de la profondeur d’anesthésie 
Ø  VVP et/ou VVC 

§  Moment de la mise en place VVC à adapter selon état du patient 
§  Vasoconstricteurs envisageables sur VVP 

Ø  Pression artérielle 
§  Invasive à considérer d’emblée 
§  Prélèvements sanguins itératifs 

 Conditionnement du patient 



Ø  Choix de l’agent 
§  Origine état de choc 
§  Situation hémodynamique et neurologique 
§  Induction à séquence rapide (ISR) de principe 

Ø  Réduction des posologies 
§  ò du volume de distribution 
§  Dilution des protéines plasmatiques 
§  Redistribution du flux sanguin vers le cerveau 
§  Acidose 

Ø  Volémie satisfaisante = meilleure tolérance à l’induction 
 

Induction: Principes 



Ø  Succinylcholine comme agent de référence 
avec respect des CI 
§  Maladies neuro-musculaires 
§  Dyskaliémies 
§  Déficit congénital ou acquis en pseudo-

cholinestérase 

Ø  Rocuronium 
§  Posologie de 1 à 1,2 mg.kg-1 

§  Conditions d’intubation similaires 
§  Possibilité de lever le bloc en 3’ avec le 

sugammadex à la dose de 16 mg.kg-1 

§  Curare de choix en cas de CI à la 
succinylcholine 

 ISR et conditions d’intubation 

Lyon et al. Crit Care 2015; 19: 134 

Outcome measures
The primary outcome was intubation success and the
acute haemodynamic response (hypertension, hypotension,
tachycardia) to laryngoscopy and tracheal intubation. Sec-
ondary outcomes were laryngoscopy view and survival to
hospital discharge.

Statistical analyses
Statistical analyses were performed using Prism 6.0
(Graphpad, La Jolla, USA) software. Normal-quartile plots
were used to test for normality. Categorical data are
reported as frequency (n) and percent (%) and numerical
data as median with IQR. Where appropriate, the chi-
square (χ2) or Fisher’s exact test were used to compare
categorical data and the Mann-Whitney U-test or Student’s
t-test were used to compare numerical data. Paired data
were analysed using a paired t-test. Statistical significance
was set as a two-tailed P-value of <0.05.
A multivariable logistic regression model was devel-

oped to compare patient, injury, and RSI factors associ-
ated with mortality. Factors significantly associated with
mortality (P <0.1) on univariate analysis were included
in the model. Results of the logistic regression model are
reported as adjusted odds ratio (OR) with corresponding
95% CI. Statistical significance was set as a two-tailed
P-value <0.05.

Results
During the two 14-month study periods, a total of 274
injured patients underwent pre-hospital RSI. Thirteen
patients (nine from Group 2 and four from Group 1)
were excluded because of missing monitor data, leaving
261 patients available for analysis. There were 116 pa-
tients in Group 1 (standard protocol) and 145 patients
in Group 2 (modified protocol). Patients in Group 2
were slightly older and more severely injured. Apart
from this, the two groups had similar baseline character-
istics (Table 1).

Intubating conditions
Compared to patients in group 1, laryngoscopy of pa-
tients in group 2 resulted in significantly better laryngeal
views (P = 0.013, chi-square) (Figure 1). In both groups,
all tracheal intubations were successful within three
attempts. However, first attempt intubation success was
significantly higher in group 2 compared to group 1 (95%
versus 100%, P = 0.007).

Haemodynamic response to laryngoscopy and tracheal
intubation
Full-dose RSI
Seventy-seven patients (66%) in group 1 and 111 pa-
tients (77%) in group 2 were administered a full-dose
RSI protocol. Baseline haemodynamic measures were

Table 1 Baseline characteristics of included patients
Characteristic Group 1

(n = 116)
Group 2
(n = 145)

P-value

Age, years (range) 39 (2 to 99) 45 (3 to 83) 0.031

Gender, male 86 (74%) 102 (70%) 0.579

Mechanism of injury, blunt 112 (97%) 139 (96%) 1.0

Injury severity:

Injury severity score 22 (13 to 34) 26 (20 to 38) 0.019

Glasgow Coma score 11 (6 to 14) 9 (5 to 13) 0.061

No head injury 19 (16%) 21 (15%) 0.731

Mild head injury 35 (30%) 17 (12%) 0.003

Moderate head injury 16 (14%) 37 (26%) 0.021

Severe head injury 46 (40%) 70 (48%) 0.171

RSI protocol:

Full dose 77 (66%) 111 (77%) 0.069

Reduced dose 39 (34%) 34 (23%) -

RSI indication:

Unconsciousness 61 (53%) 77 (53%) 0.742

Vent failure 18 (16%) 19 (13%) -

Anticipated clinical course 16 (14%) 18 (12%) -

Airway compromise 15 (13%) 20 (14%) -

Humanitarian 3 (3%) 2 (1%) -

Facilitate injury management 3 (3%) 9 (6%) -

Bougie used 114 (98%) 143 (99%) 1.0

Data presented as number (%) or median (interquartile range) unless otherwise
specified. Group 1 underwent pre-hospital rapid sequence intubation (RSI) using
a protocol consisting of etomidate and suxamethonium. Group 2 underwent
pre-hospital RSI using a protocol consisting of fentanyl, ketamine
and rocuronium.

Figure 1 Cormack-Lehane grade at laryngoscopy by rapid
sequence intubation (RSI) group. Data presented as proportion
with 95% CI. There was a significant difference between groups in
the proportions (P = 0.013, chi-square).

Lyon et al. Critical Care  (2015) 19:134 Page 4 of 10



 Kétamine vs Etomidate: Le match! 

Lyon et al. Crit Care 2015; 19: 134 

complete disruption of a major thoracic vascular injury.
In group 2, eight patients had a hypotensive response,
however, only one patient’s blood pressure dropped below
90 mmHg (Figure 3). This patient suffered blunt chest
trauma and developed a tension pneumothorax following
tracheal intubation, which was successfully managed with
a thoracostomy (pre-RSI SBP, 133 mmHg; post-RSI SBP,

68 mmHg). Half of the patients with a hypotensive re-
sponse had baseline hypertension (SBP >140 mmHg) that
decreased to normotension following induction (Figure 3).

Outcome
Follow up to hospital discharge was complete for 239
patients (105 in group 1 (91%) and 134 in group 2
(92%)). Overall, 46 patients died from their injuries
(19%). In group 1, 20 of 105 patients (19%) died, as com-
pared with 26 of 134 patients (19%) in group 2 (OR 0.98
(0.51, 1.87); P = 1.0). Subgroup analysis by head injury
severity did not identify any significant differences in
outcome.

Univariate and multivariate analyses
On univariate analysis, the only factors significantly asso-
ciated with mortality were age, initial Glagow coma score
(GCS), injury severity score (ISS), and RSI dose (that is,
full or reduced). After adjusting for these variables, only
age, initial GCS, and ISS remained independently associ-
ated with mortality. The results of the univariate and
multivariate analysis are shown in Table 3.

Discussion
This study demonstrates the importance of choice of
anaesthetic agent in developing a safe and effective
pre-hospital trauma RSI protocol. A modified protocol
using fentanyl, ketamine and rocuronium produced
superior intubation conditions and a more favourable
haemodynamic response to laryngoscopy and tracheal

Figure 2 Relative change in a) systolic blood pressure (SBP) and b) mean arterial pressure (MAP) following a full-dose rapid sequence
induction of anaesthesia. Group 1 were administered etomidate and suxamethonium and Group 2 were administered fentanyl, ketamine and
rocuronium. Grey shaded area indicates an acceptable haemodynamic response (within 20% of baseline measurement).

Figure 3 Baseline and procedural systolic blood pressure (SBP)
in the eight Group 2 patients who had a hypotensive response.
The median (IQR) baseline SBP was 140 (127 to 154) mmHg and
median (IQR) procedural SBP was 104 (93 to 118) mmHg.

Lyon et al. Critical Care  (2015) 19:134 Page 6 of 10

intubation when compared to a traditional protocol
using etomidate and suxamethonium. Furthermore, in
this study ketamine did not appear to have any ad-
verse affects on head injury outcomes, although the
study sample size may not have been large enough
and may have been prone to type II error. This study
suggests that significant departures from traditional
RSI protocols can be achieved without major compli-
cations and that in our system, RSI using fentanyl,
ketamine, rocuronium in a 3:2:1 or 1:1:1 regimen im-
proved the quality of pre-hospital trauma anaesthesia.
In terms of intubation conditions, Perry [31] con-

cluded in a meta-analysis that the use of suxamethonium
was associated with superior intubation conditions, but
for clinically acceptable intubation conditions there was
no difference when compared to rocuronium. In the au-
thors’ subsequent update in 2008, they concluded that
rocuronium was inferior to suxamethonium [32]. They
did, however, note that the doses of rocuronium in their
compared studies varied significantly and called for future
studies to look into higher (0.9 to 1.2 mg/kg) doses. In this
study higher doses of rocuronium (1 mg/kg) appear to
provide superior laryngoscopy views to suxamethonium.
We have previously identified the significant hyperten-

sive response to laryngoscopy and tracheal intubation
that occurs following a traditional RSI technique [22].
Furthermore, we observed that following neurotrauma,
this response is not attenuated by the depth of coma and
massive surges in blood pressure occur unpredictably at
all degrees of head injury severity [33]. This is important

because even brief episodes of hypertension have been
associated with poor outcome following neurotrauma
[34]. This study demonstrates that a modified RSI proto-
col effectively attenuates the haemodynamic response to
tracheal intubation.
The safety of ketamine in patients with head injury is

gaining acceptance, as there does not appear to be any
evidence supporting a harmful effect [20,35]. Instead,
emerging evidence suggests that ketamine may be bene-
ficial to patients with head injury and that it may even
be the ideal agent for RSI in head injury [18,20,36]. Al-
though our sample size was relatively small and not
powered to detect differences in outcome, we did not
observe any adverse effect on head injury mortality in
patients administered ketamine, despite this group being
older and having more severe injuries. We did not exam-
ine for emergence phenomena associated with ketamine
use.
The combination of fentanyl and ketamine effectively

attenuated the hypertensive response to tracheal intub-
ation, however, we observed a group of patients (n = 8)
with a greater than 20% drop in blood pressure following
this modified RSI. Only one of these patients developed
true hypotension (SBP <90 mmHg), which appeared to
be caused by a tension pneumothorax rather than being
pharmacologically induced. In the remaining patients,
the potent analgesic effect of fentanyl and ketamine may
be treating pain-induced hypertension, thus, a relative
hypotensive response is observed without true hypoten-
sion. Etomidate alone has no analgesic properties, and

Figure 4 Relative change in a) systolic blood pressure (SBP) and b) mean arterial pressure (MAP) following a reduced-dose rapid
sequence induction of anaesthesia. Group 1 was administered etomidate and suxamethonium and group 2 was administered fentanyl,
ketamine and rocuronium. Grey shaded area indicates an acceptable haemodynamic response (within 20% of baseline measurement).

Lyon et al. Critical Care  (2015) 19:134 Page 7 of 10
Posologies	  usuelles	  

Groupe	  1:	  Eto	  0,3	  mg/kg	  +	  succinyl	  1,5	  mg/kg	  
Groupe	  2:	  Fenta	  3µg/kg	  +	  kéta	  2mg/kg	  +	  rocu	  1mg/kg	  

Posologies	  basses	  
Groupe	  1:	  Eto	  0,15	  mg/kg	  +	  succinyl	  1,5	  mg/kg	  

Groupe	  2:	  Fenta	  1µg/kg	  +	  kéta	  1mg/kg	  +	  rocu	  1mg/kg	  



 Etomidate et sepsis: le débat 

Chan et al. Crit Care Med 2012; 40: 2945 

Mortalité	  globale	   Insuffisance	  surrénale	  

2948 Crit Care Med 2012 Vol. 40, No. 11

evaluated the effect of corticosteroids 
on patients with sepsis. Collectively, the 
seven studies confirmed the association 
between etomidate and the presence of AI 

in patients with sepsis (pooled RR 1.33; 
95% CI 1.22–1.46; Q statistic, 10.7; I2 sta-
tistic, 43.9%). To minimize bias associated 
with retrospective studies, we performed 

a sensitivity analysis using only data from 
the randomized controlled trials. Again, 
despite a reduction in sample size (n = 
844), there was a persistence in relative AI 
associated with the use of etomidate for 
induction (pooled RR 1.35; 95% CI 1.24–
1.47; Q statistic, 1.24; I2 sta tistic, 0.0%). 
Publication bias was not seen (p = .23  
using the Begg’s test). These find ings 
did not change after the trim and fill 
method (Fig. 5). The pooled RR remained 
unchanged: 1.34 (95% CI 1.26–1.42; Q 
statistic, 21.0; p = .004) when including 
all studies and 1.33 (95% CI 1.25–1.41; Q 
statistic, 6.37; p = .173) for data collected 
from randomized controlled trials. We 
did not perform a metaregression analy-
sis to evaluate whether the presence of AI 
was associated with increased mortality 
because only two studies examined the 
effect of etomidate on both AI and mor-
tality; there were insufficient observa-
tions to properly assess this relationship. 
One study determined that there was no 
association between the development of 
AI and mortality, whereas the other study 
did not comment on this relationship.

DISCUSSION

Thus far, few studies have assessed the 
mortality effects of single-dose etomidate 
on patients with sepsis or septic shock. Its 
convenient administration with minimal 
hemodynamic and pulmonary side effects 
makes it an appealing drug to assist with 
rapid sequence intubation. However, its 
long-term effects have not been well eval-
uated. This meta-analysis found that the 
use of etomidate as a sedative for intuba-
tion in patients with sepsis is associated 
with increased rates of AI and mortal-
ity. In this patient population, the risk 
of death was 1.20 times higher for those 
who were exposed to etomidate compared 
to other sedatives. This relationship per-
sisted when only data from higher qual-
ity randomized controlled trials were 
analyzed (1.26 times higher likelihood of 
death). In addition, the relationship with 
AI persisted whether one examined all 
prospective analyses or only data obtained 
from formal RCTs.

Our findings confirm the results of a 
prior meta-analysis looking at the effects 
of etomidate and mortality in criti-
cally ill patients (23). In their review, 
etomidate was associated with higher 
rates of AI (pooled RR 1.64; 95% CI 
1.52–1.77; p < .0001) and death (pooled 
RR 1.19; 95% CI 1.10–1.30; p < .0001). 
In their subgroup analysis of patients 

Figure 2. A, Pooled relative risks (RRs) for all-cause mortality: all studies. B, Pooled RR for mortality: 
randomized controlled trials. C, Pooled RR for mortality: 28-day mortality rates only. CI, confidence 
interval.

Crit Care Med 2012 Vol. 40, No. 11 2951

included two studies that did not primar-
ily assess the effects of etomidate on AI 
and mortality but rather assessed the use 
of steroids in sepsis (20, 21). As a con-
sequence, data from these studies could 
only be used to analyze the effects of 
etomidate on AI. Some of the subjects in 
the etomidate group in each study would 
have received corticosteroids, which 
may either directly affect mortality in 
sepsis or potentially “rescue” a patient 
from etomidate-related AI. This neces-
sarily introduces a significant potential 
confounder for determining mortality 
and any potential causative relationship 
between etomidate and mortality. Fur-
ther illustrating the limited quantity 
and quality of available studies regard-
ing this topic is reflected in the results 
obtained from the trim and fill method 
for assessing the presence of publication 
bias. The fact that the mortality outcome 
differed significantly using this method 

demonstrates the possibility that publi-
cation bias exists. The paucity of evidence 
evaluating the safety profile of a single 
dose of this drug despite prior evidence 
of its potential for harm is worrisome. It 
would appear that physicians committed 
the logical fallacy of concluding that the 
absence of proof of harm with short-term 
use of etomidate implied there was proof 
of the absence of such danger. The major-
ity of the studies assessing etomidate 
administration for rapid sequence induc-
tion were underpowered to truly assess 
the relationship between single-dose 
etomidate and either the development of 
relative AI or mortality. Therefore, prior 
conclusions that the use of etomidate for 
sedation is benign and that it does not 
increase the risk of death may simply 
be due to issues with sample size rather 
than the true exclusion of an association 
between etomidate and death. Similar to 
other drugs, this new information about 

etomidate’s potential for harm should 
cause us to reevaluate the use of this 
drug and is a stepping stone to realiz-
ing future research endeavors to clarify 
this relationship. For example, the use of 
etomidate can be likened to that of long-
acting beta agonists for asthma. Potential 
harm associated with the administration 
of long-acting beta agonists was not 
originally suggested in the initial tri-
als of these agents. However, these ini-
tial studies which resulted in regulatory 
approval were small and had only short-
term follow-up. Only when long-term 
trials emerged did a concern arise. Pres-
ently, the Food and Drug Administration 
has mandated multiple clinical trials fur-
ther assessing the reality of this harm. 
Given the parallels between the scenario 
surrounding long-acting beta agonist 
use and etomidate use, it seems prudent 
to require that etomidate be subjected to 
the same rigorous evaluation to clarify 
the nexus among etomidate, AI, and 
mortality.

Our study has several limitations. As 
is the case with all meta-analyses, the 
results of this study are dependent on the 
quality and quantity of studies included 
in the analysis. Despite the lack of hetero-
geneity between studies, the individual 
studies varied substantially. They varied 
from the type of comparative sedative, to 
the severity of illness score used, to the 
timing used to determine the presence of 
AI. While the I2 statistic is an indicator 
for data consistency, it does not account 
for differences within studies (29). The 
small number of randomized trials avail-
able for inclusion illustrates the lack 
of quality data assessing the utility of 
etomidate for intubation. Furthermore, 
individually, each of the randomized tri-
als had flaws that could have significantly 
influenced our findings: two studies were 
performed as subgroup analyses and 
were therefore subject to measurement 
bias, whereas the other two randomized 
trials had small sample sizes. In our data 
search, only two studies assessed both 
the effects of single-dose etomidate on 
adrenal function and mortality, which 
precluded us from determining the true 
relationship between AI and mortality in 
this patient population. We attempted to 
increase the sample size by evaluating 
etomidate studies in critically ill subjects 
and extracting data on septic patients but 
found insufficient data to improve the 
robustness of our data set. In addition, 
all-cause mortality is affected by mul-
tiple factors including severity of illness, 

Figure 4. A, Pooled relative risk (RR) for adrenal insufficiency: all studies. B, RR for adrenal insuffi-
ciency: randomized controlled trials. CI, confidence interval.
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Vasoconstricteur	   PAM	  

4. Discussion

In this study, we evaluated the effect of etomidate use in patients
with sepsis or severe sepsis and found no differences in vasopressor
use within the 72 hours after administration for intubation.
Furthermore, we found no statistical differences in any secondary

outcomes, including incidence of significant hypotension, ventilator
days, ICU and hospital LOS, and mortality.

The safety of single-bolus etomidate for intubation in septic
patients continues to be debated. Results reported from earlier studies
raised concerns about the potential clinical consequences of the

Table 1
Unmatched and propensity score–matched baseline characteristics

Unmatched cohort Propensity-matched cohort

Etomidate (n = 303) Nonetomidate (n = 108) P STD Etomidate (n = 83) Nonetomidate (n = 83) P STD

Male, n (%) 154 (50.8) 59 (54.6) .49 −
0.08

50 (60.2) 45 (54.2) .43 0.12

Age, ya 59.7 ± 14.6 60.8 ± 19.3 .54 −
0.07

60.8 ± 14.3 59.6 ± 15.6 .61 0.08

Weight, kgb 80 (64.2-101) 83 (71.9-109.8) .12 −
0.19

90.7 ± 26.1 88.2 ± 30.3 .57 0.09

APACHE IIa 21.8 ± 6.6 21.7 ± 6.8 .82 0.03 22 ± 6.3 21.8 ± 6.9 .81 0.04
SOFAa 6.3 ± 2.6 6 ± 2.5 .39 0.1 6.7 ± 2.5 6.3 ± 2.4 .29 0.17
GCSb 13 (9-15) 13 (9-15) .93 −

0.03
13 (9-15) 12 (8-15) .39 0.11

Severe sepsis, n (%) 280 (92.4) 106 (98.1) .032 −
0.24

83 (100) 82 (98.8) N .99 0.16

Source of sepsis, n (%)
Pulmonary 186 (61.4) 54 (50) .08 40 (48.2) 46 (55.4) .21
Gastrointestinal 36 (11.9) 13 (12) 16 (19.3) 10 (12)
Renal/GU 34 (11.2) 15 (13.9) 12 (14.5) 8 (9.6)
Vascular 16 (5.3) 12 (11.1) 7 (8.4) 11 (13.3)
Other 31 (10.2) 14 (13) 8 (9.6) 8 (9.6)

Health care associated, n (%) 221 (72.9) 85 (78.7) .24 62 (74.7) 65 (78.3) .58
Appropriate antibiotic regimen, n (%) 296 (97.7) 105 (97.2) .79 81 (97.6) 83 (100) .49
Intubation location, n (%)
MICU 104 (34.3) 30 (27.8) .07 26 (31.3) 24 (28.9) .74
ED 117 (38.6) 38 (35.2) 31 (37.3) 33 (39.8)
General ward 44 (14.5) 20 (18.5) 15 (18.1) 13 (15.7)
SICU 13 (4.3) 7 (6.5) 4 (4.8) 6 (7.2)
Other 25 (8.3) 13 (12) 7 (8.4) 7 (8.4)

Intubation indication, n (%)
Respiratory 233 (76.9) 81 (75) .59 63 (75.9) 62 (74.7) .71
Neurologic 45 (14.9) 17 (15.7) 12 (14.5) 13 (15.7)
Hemodynamic 18 (5.9) 5 (4.6) 7 (8.4) 5 (6)
Other 7 (2.3) 5 (4.6) 1 (1.2) 3 (3.6)

Etomidate dose, mg/kga 0.25 ± 0.1 N/A N/A 0.22 ± 0.08 N/A N/A
Alternative/adjunctive induction agents, n (%)
Midazolam 82 (27.1) 35 (32.4) .29 31 (37.3) 29 (34.9) .59
Propofol 8 (2.6) 20 (18.5) .0001 2 (2.4) 15 (18.1) .001
Ketamine 0 5 (4.6) 0 5 (6) .059
Fentanyl 11 (3.6) 5 (4.6) .001 4 (4.8) 3 (3.6) N .99
Neuromuscular blocker 152 (50.2) 36 (33.3) .77

.003
43 (51.8) 26 (31.3) .007

Baseline MAP, mm Hgb 80 (69-97) 79.5 (68-120) .99 −
0.06

84 (69-101) 81 (69-102) .87 0

STD indicates standardized differences (etomidate − nonetomidate): difference in means or proportions divided by pooled SD; N0.1 chosen as priori to indicate imbalance; GU,
genitourinary; MICU, medical intensive care unit; ED, emergency department; SICU, surgical intensive care unit.

a Data are presented as mean ± SD.
b Data are presented as median (25%-75% interquartile range).

Fig. 2. Vasopressor requirements within 72 hours postinduction.
Fig. 3. Mean arterial pressure before induction agent and up to 72 hours postinduction
agent administration.
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4. Discussion

In this study, we evaluated the effect of etomidate use in patients
with sepsis or severe sepsis and found no differences in vasopressor
use within the 72 hours after administration for intubation.
Furthermore, we found no statistical differences in any secondary

outcomes, including incidence of significant hypotension, ventilator
days, ICU and hospital LOS, and mortality.

The safety of single-bolus etomidate for intubation in septic
patients continues to be debated. Results reported from earlier studies
raised concerns about the potential clinical consequences of the

Table 1
Unmatched and propensity score–matched baseline characteristics

Unmatched cohort Propensity-matched cohort

Etomidate (n = 303) Nonetomidate (n = 108) P STD Etomidate (n = 83) Nonetomidate (n = 83) P STD

Male, n (%) 154 (50.8) 59 (54.6) .49 −
0.08

50 (60.2) 45 (54.2) .43 0.12

Age, ya 59.7 ± 14.6 60.8 ± 19.3 .54 −
0.07

60.8 ± 14.3 59.6 ± 15.6 .61 0.08

Weight, kgb 80 (64.2-101) 83 (71.9-109.8) .12 −
0.19

90.7 ± 26.1 88.2 ± 30.3 .57 0.09

APACHE IIa 21.8 ± 6.6 21.7 ± 6.8 .82 0.03 22 ± 6.3 21.8 ± 6.9 .81 0.04
SOFAa 6.3 ± 2.6 6 ± 2.5 .39 0.1 6.7 ± 2.5 6.3 ± 2.4 .29 0.17
GCSb 13 (9-15) 13 (9-15) .93 −

0.03
13 (9-15) 12 (8-15) .39 0.11

Severe sepsis, n (%) 280 (92.4) 106 (98.1) .032 −
0.24

83 (100) 82 (98.8) N .99 0.16

Source of sepsis, n (%)
Pulmonary 186 (61.4) 54 (50) .08 40 (48.2) 46 (55.4) .21
Gastrointestinal 36 (11.9) 13 (12) 16 (19.3) 10 (12)
Renal/GU 34 (11.2) 15 (13.9) 12 (14.5) 8 (9.6)
Vascular 16 (5.3) 12 (11.1) 7 (8.4) 11 (13.3)
Other 31 (10.2) 14 (13) 8 (9.6) 8 (9.6)

Health care associated, n (%) 221 (72.9) 85 (78.7) .24 62 (74.7) 65 (78.3) .58
Appropriate antibiotic regimen, n (%) 296 (97.7) 105 (97.2) .79 81 (97.6) 83 (100) .49
Intubation location, n (%)
MICU 104 (34.3) 30 (27.8) .07 26 (31.3) 24 (28.9) .74
ED 117 (38.6) 38 (35.2) 31 (37.3) 33 (39.8)
General ward 44 (14.5) 20 (18.5) 15 (18.1) 13 (15.7)
SICU 13 (4.3) 7 (6.5) 4 (4.8) 6 (7.2)
Other 25 (8.3) 13 (12) 7 (8.4) 7 (8.4)

Intubation indication, n (%)
Respiratory 233 (76.9) 81 (75) .59 63 (75.9) 62 (74.7) .71
Neurologic 45 (14.9) 17 (15.7) 12 (14.5) 13 (15.7)
Hemodynamic 18 (5.9) 5 (4.6) 7 (8.4) 5 (6)
Other 7 (2.3) 5 (4.6) 1 (1.2) 3 (3.6)

Etomidate dose, mg/kga 0.25 ± 0.1 N/A N/A 0.22 ± 0.08 N/A N/A
Alternative/adjunctive induction agents, n (%)
Midazolam 82 (27.1) 35 (32.4) .29 31 (37.3) 29 (34.9) .59
Propofol 8 (2.6) 20 (18.5) .0001 2 (2.4) 15 (18.1) .001
Ketamine 0 5 (4.6) 0 5 (6) .059
Fentanyl 11 (3.6) 5 (4.6) .001 4 (4.8) 3 (3.6) N .99
Neuromuscular blocker 152 (50.2) 36 (33.3) .77

.003
43 (51.8) 26 (31.3) .007

Baseline MAP, mm Hgb 80 (69-97) 79.5 (68-120) .99 −
0.06

84 (69-101) 81 (69-102) .87 0

STD indicates standardized differences (etomidate − nonetomidate): difference in means or proportions divided by pooled SD; N0.1 chosen as priori to indicate imbalance; GU,
genitourinary; MICU, medical intensive care unit; ED, emergency department; SICU, surgical intensive care unit.

a Data are presented as mean ± SD.
b Data are presented as median (25%-75% interquartile range).

Fig. 2. Vasopressor requirements within 72 hours postinduction.
Fig. 3. Mean arterial pressure before induction agent and up to 72 hours postinduction
agent administration.
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transient period of etomidate-associated adrenal insufficiency [8-11].
A retrospective cohort study including patients with severe sepsis and
septic shock investigated the association between adrenal dysfunc-
tion and mortality and found that etomidate was associated with an
increasedmortality risk (OR, 1.53; 95% CI, 1.1-2.3), although statistical
significance was lost after adjustment for severity of illness in the
multivariate analysis. In both univariate and multivariate analyses,
vasopressor requirements were also significantly associated with an
increased risk of mortality (OR, 38.5 [95% CI, 20.7-71.7]; OR, 105.8
[95% CI, 25.1-446.9]) [10]. More recently, a meta-analysis of 5
randomized controlled trials evaluated the risk of mortality associated
with etomidate administration in septic patients. In the 865 patients
included, those who received etomidate had a higher rate of mortality
(relative risk, 1.2; 95% CI, 1.02-1.42) [12]. However, in another
retrospective study, the difference in hospital mortality between
severe sepsis and septic shock patients who received etomidate
(43.9%) and those who did not receive etomidate (45.6%, P = .87)
failed to attain significance [13].

It remains unclearwhether significant hemodynamic instability may
result frometomidate-associated adrenal insufficiency and contribute to
the development of adverse clinical outcomes in septic patients. In a
small retrospective cohort study comparing etomidate against metho-
hexital, 61% patients in the methohexital group and 74% patients in the
etomidate group experienced clinical hypotension (P = .53), with 10
patients (43%) in the methohexital group compared with 12 patients
(52%) in the etomidate group requiring a more than 30% increase in
vasopressor dose after intubation [14]. In our study, patients who
received etomidate required median norepinephrine doses 2.6 times
higher (P = .09) than patients who did not receive etomidate, despite
similar rates of clinical hypotension between groups. However, the
clinical significance of this effect was not reflected in a difference in
mortality rates between groups. Our study included patients that were
hemodynamically stable at baseline with median MAPs of 80 mmHg or
higher. Furthermore, of the 25%of patientswithmeasured cortisol levels,
there were no patients who met our definition of adrenal insufficiency.
Patients included in this study may have been less susceptible to the
development of clinically significant adrenal insufficiency and the
subsequent potential for adverse cardiovascular outcomes.

Although several studies have demonstrated adverse outcomes
associated with etomidate use, our study showed no statistical
differences in primary or secondary outcomes. Our results are similar
to previously published studies that showed no harm associated with
etomidate when used for intubation in septic patients. A retrospective
cohort study reported no significant differences in mortality, ICU LOS,
or vasopressor use within 72 hours of intubation in patients with
severe sepsis or septic shock who received etomidate and patients
who did not receive etomidate [7]. A randomized controlled trial by

Jabre et al [15] comparing etomidate against ketamine for induction in
critically ill patients reported a greater proportion of patients with
adrenal insufficiency who received etomidate compared with keta-
mine (OR, 6.7; 95% CI, 3.5-12.7), althoughmortality rates did not differ
significantly (31% [95% CI, 23-39] vs 21% [95% CI, 13-29], respectively;
P = .11). In a subgroup analysis including only septic patients (n =
76), no significant differences in mortality between the groups were
found. Another retrospective study in septic shock patients failed to
show any statistical difference between induction agent (etomidate,
propofol, thiopental, other agent, no agent), vasopressor, inotrope,
steroid use, or mortality [16].

There are inherent limitations associated with a retrospective,
observational study design. We relied on ICD-9 diagnosis codes to
select patients who required mechanical ventilation and who were
diagnosed with sepsis or severe sepsis, which may not have captured
all potentially eligible subjects. The selection of induction agents and
the clinical decision making regarding intubation, extubation, admin-
istration and dose titration of vasopressors, and monitoring were at
the discretion of the physician. Patients who received corticosteroids
postinductionwere not excluded. However, a recent study by Payen et
al [23] analyzed the effects of moderate-dose hydrocortisone on
vasopressor requirements 48 hours postetomidate administration
and found no statistical difference when compared with saline (0.9%
NaCl). Hydrocortisone had no impact on the need for vasopressors but
did decrease the vasopressor dose at a significantly higher rate than
placebo. In our study, 26.5% of patients in the etomidate group
received postintubation corticosteroids compared with 19.3% of
patients who did not receive etomidate.

Our study has several strengths and differs from previous studies
because itwas amulticenter trial and used propensity scorematching to
account for potential confounders, such as severity of illness and
baseline MAP, and minimize bias between the groups. We used a
hemodynamic variable as our primary outcome and only included
patientswith sepsis or severe sepsis. Previous studieswere not designed
to evaluate hemodynamic outcomes, whichwere reported as secondary
or post hoc analyses and included patients who developed septic shock
before receiving etomidate or another induction agent for intubation.

5. Conclusion

In this multicenter, retrospective propensity-matched study, the use
of etomidate for intubation in patients with sepsis or severe sepsis did
not increase vasopressor requirementswithin 72hours after intubation.
Etomidate was not associated with significant differences in duration of
mechanical ventilation, ICU or hospital LOS, or all-cause mortality.
Single-dose etomidate for intubation in patients with sepsis or severe
sepsis should be used judiciously in consideration for the potential

Table 2
Unmatched and propensity-matched outcomes

Unmatched cohort Propensity-matched cohort

Etomidate (n = 303) No etomidate (n = 108) P STD Etomidate (n = 83) No etomidate (n = 83) P STD

Hypotension, n (%) 251 (82.8) 76 (70.4) .006 0.31 63 (75.9) 69 (83.1) .25 0.18
Norepinephrine max dose, μg/kg/mina 0.3 (0.12-0.8) 0.15 (0.09-0.56) .02 0.23 0.42 (0.1-1) 0.16 (0.1-0.6) .09 0.27
Multiple vasopressors, n (%) 41 (13.5) 7 (6.5) .05 0.22 6 (7.2) 5 (6) .76 0.05
Duration of vasopressor, da 2 (0.9-3.3) 1.8 (1-3) .81 −0.37 1.7 (0.9-3) 1.9 (1-3.5) .69 −1.18
Cortisol level measured, n (%) 76 (25.1) 25 (23.1) .69 0.05 21 (25.3) 21 (25.3) N .99 0
Baseline serum cortisol, μg/dLa 22.9 (15.6-36.5) 23.4 (18.4-35.9) .71 0.01 21.6 (16-36.1) 23.2 (18.4-35.9) .65 −0.02
Postintubation corticosteroid use, n (%) 88 (29) 19 (17.6) .02 0.26 22 (26.5) 16 (19.3) .27 0.17
Duration of corticosteroid use, da 4 (1.8-8) 2.2 (1-5) .09 0.15 2.6 (1.2-7.5) 2.2 (0.8-3.2) .49 −0.14
Duration of mechanical ventilation, da 5 (2.2-10) 6 (3-10.8) .27 −0.24 5.4 (2-10.4) 6 (3-10) .38 −0.17
ICU LOS, da 8 (4-13) 9 (5-14.8) .22 −0.16 7 (3.9-13) 9 (5-15) .19 −0.17
Hospital LOS, da 13 (8-21) 13.6 (9-23) .19 −0.16 14 (7-23) 13.5 (9-23) .76 −0.05
All-cause mortality, n (%) 125 (41.3) 42 (38.9) .67 0.05 38 (45.8) 36 (43.4) .76 0.05

Data are presented as mean ± SD.
a Data are presented as median (25%-75% interquartile range).
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transient period of etomidate-associated adrenal insufficiency [8-11].
A retrospective cohort study including patients with severe sepsis and
septic shock investigated the association between adrenal dysfunc-
tion and mortality and found that etomidate was associated with an
increasedmortality risk (OR, 1.53; 95% CI, 1.1-2.3), although statistical
significance was lost after adjustment for severity of illness in the
multivariate analysis. In both univariate and multivariate analyses,
vasopressor requirements were also significantly associated with an
increased risk of mortality (OR, 38.5 [95% CI, 20.7-71.7]; OR, 105.8
[95% CI, 25.1-446.9]) [10]. More recently, a meta-analysis of 5
randomized controlled trials evaluated the risk of mortality associated
with etomidate administration in septic patients. In the 865 patients
included, those who received etomidate had a higher rate of mortality
(relative risk, 1.2; 95% CI, 1.02-1.42) [12]. However, in another
retrospective study, the difference in hospital mortality between
severe sepsis and septic shock patients who received etomidate
(43.9%) and those who did not receive etomidate (45.6%, P = .87)
failed to attain significance [13].

It remains unclearwhether significant hemodynamic instability may
result frometomidate-associated adrenal insufficiency and contribute to
the development of adverse clinical outcomes in septic patients. In a
small retrospective cohort study comparing etomidate against metho-
hexital, 61% patients in the methohexital group and 74% patients in the
etomidate group experienced clinical hypotension (P = .53), with 10
patients (43%) in the methohexital group compared with 12 patients
(52%) in the etomidate group requiring a more than 30% increase in
vasopressor dose after intubation [14]. In our study, patients who
received etomidate required median norepinephrine doses 2.6 times
higher (P = .09) than patients who did not receive etomidate, despite
similar rates of clinical hypotension between groups. However, the
clinical significance of this effect was not reflected in a difference in
mortality rates between groups. Our study included patients that were
hemodynamically stable at baseline with median MAPs of 80 mmHg or
higher. Furthermore, of the 25%of patientswithmeasured cortisol levels,
there were no patients who met our definition of adrenal insufficiency.
Patients included in this study may have been less susceptible to the
development of clinically significant adrenal insufficiency and the
subsequent potential for adverse cardiovascular outcomes.

Although several studies have demonstrated adverse outcomes
associated with etomidate use, our study showed no statistical
differences in primary or secondary outcomes. Our results are similar
to previously published studies that showed no harm associated with
etomidate when used for intubation in septic patients. A retrospective
cohort study reported no significant differences in mortality, ICU LOS,
or vasopressor use within 72 hours of intubation in patients with
severe sepsis or septic shock who received etomidate and patients
who did not receive etomidate [7]. A randomized controlled trial by

Jabre et al [15] comparing etomidate against ketamine for induction in
critically ill patients reported a greater proportion of patients with
adrenal insufficiency who received etomidate compared with keta-
mine (OR, 6.7; 95% CI, 3.5-12.7), althoughmortality rates did not differ
significantly (31% [95% CI, 23-39] vs 21% [95% CI, 13-29], respectively;
P = .11). In a subgroup analysis including only septic patients (n =
76), no significant differences in mortality between the groups were
found. Another retrospective study in septic shock patients failed to
show any statistical difference between induction agent (etomidate,
propofol, thiopental, other agent, no agent), vasopressor, inotrope,
steroid use, or mortality [16].

There are inherent limitations associated with a retrospective,
observational study design. We relied on ICD-9 diagnosis codes to
select patients who required mechanical ventilation and who were
diagnosed with sepsis or severe sepsis, which may not have captured
all potentially eligible subjects. The selection of induction agents and
the clinical decision making regarding intubation, extubation, admin-
istration and dose titration of vasopressors, and monitoring were at
the discretion of the physician. Patients who received corticosteroids
postinductionwere not excluded. However, a recent study by Payen et
al [23] analyzed the effects of moderate-dose hydrocortisone on
vasopressor requirements 48 hours postetomidate administration
and found no statistical difference when compared with saline (0.9%
NaCl). Hydrocortisone had no impact on the need for vasopressors but
did decrease the vasopressor dose at a significantly higher rate than
placebo. In our study, 26.5% of patients in the etomidate group
received postintubation corticosteroids compared with 19.3% of
patients who did not receive etomidate.

Our study has several strengths and differs from previous studies
because itwas amulticenter trial and used propensity scorematching to
account for potential confounders, such as severity of illness and
baseline MAP, and minimize bias between the groups. We used a
hemodynamic variable as our primary outcome and only included
patientswith sepsis or severe sepsis. Previous studieswere not designed
to evaluate hemodynamic outcomes, whichwere reported as secondary
or post hoc analyses and included patients who developed septic shock
before receiving etomidate or another induction agent for intubation.

5. Conclusion

In this multicenter, retrospective propensity-matched study, the use
of etomidate for intubation in patients with sepsis or severe sepsis did
not increase vasopressor requirementswithin 72hours after intubation.
Etomidate was not associated with significant differences in duration of
mechanical ventilation, ICU or hospital LOS, or all-cause mortality.
Single-dose etomidate for intubation in patients with sepsis or severe
sepsis should be used judiciously in consideration for the potential

Table 2
Unmatched and propensity-matched outcomes

Unmatched cohort Propensity-matched cohort

Etomidate (n = 303) No etomidate (n = 108) P STD Etomidate (n = 83) No etomidate (n = 83) P STD

Hypotension, n (%) 251 (82.8) 76 (70.4) .006 0.31 63 (75.9) 69 (83.1) .25 0.18
Norepinephrine max dose, μg/kg/mina 0.3 (0.12-0.8) 0.15 (0.09-0.56) .02 0.23 0.42 (0.1-1) 0.16 (0.1-0.6) .09 0.27
Multiple vasopressors, n (%) 41 (13.5) 7 (6.5) .05 0.22 6 (7.2) 5 (6) .76 0.05
Duration of vasopressor, da 2 (0.9-3.3) 1.8 (1-3) .81 −0.37 1.7 (0.9-3) 1.9 (1-3.5) .69 −1.18
Cortisol level measured, n (%) 76 (25.1) 25 (23.1) .69 0.05 21 (25.3) 21 (25.3) N .99 0
Baseline serum cortisol, μg/dLa 22.9 (15.6-36.5) 23.4 (18.4-35.9) .71 0.01 21.6 (16-36.1) 23.2 (18.4-35.9) .65 −0.02
Postintubation corticosteroid use, n (%) 88 (29) 19 (17.6) .02 0.26 22 (26.5) 16 (19.3) .27 0.17
Duration of corticosteroid use, da 4 (1.8-8) 2.2 (1-5) .09 0.15 2.6 (1.2-7.5) 2.2 (0.8-3.2) .49 −0.14
Duration of mechanical ventilation, da 5 (2.2-10) 6 (3-10.8) .27 −0.24 5.4 (2-10.4) 6 (3-10) .38 −0.17
ICU LOS, da 8 (4-13) 9 (5-14.8) .22 −0.16 7 (3.9-13) 9 (5-15) .19 −0.17
Hospital LOS, da 13 (8-21) 13.6 (9-23) .19 −0.16 14 (7-23) 13.5 (9-23) .76 −0.05
All-cause mortality, n (%) 125 (41.3) 42 (38.9) .67 0.05 38 (45.8) 36 (43.4) .76 0.05

Data are presented as mean ± SD.
a Data are presented as median (25%-75% interquartile range).
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Etomidate versus all other induction agents for endotracheal intubation in critically ill patients

Patient or population: patients with endotracheal intubation in critically ill patients
Settings:
Intervention: etomidate versus all other induction agents

Outcomes Illustrative comparative risks* (95% CI) Relative effect
(95% CI)

No of participants
(studies)

Quality of the evidence
(GRADE)

Comments

Assumed risk Corresponding risk

Control Etomidate versus all
other induction agents

Mortality Study population OR 1.17
(0.86 to 1.6)

772
(6 studies)

⊕⊕⊕⃝

moderate1

296 per 1000 330 per 1000
(265 to 402)

Moderate

241 per 1000 271 per 1000
(214 to 337)

ACTH stimulation test
ACTH stimulation test is
considered positive if the
change in serum cortisol
level was less than 9 µg/
dL (248 nmol/L) after the
administration of 250 µg
of cosyntropin
Follow-up: 24 hours

Study population OR 2.37
(1.61 to 3.47)

519
(3 studies)

⊕⊕⊕⃝

moderate1

228 per 1000 411 per 1000
(322 to 506)

Moderate

167 per 1000 322 per 1000
(244 to 410)
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Random serum cortisol
levels (µg/dL) after re-
ceiving intervention

The mean random serum
cortisol levels (µg/dl) af-
ter receiving intervention
in the control groups was
21 to 28 µg/dL

The mean random serum
cortisol levels (µg/dl) af-
ter receiving intervention
in the intervention groups
was
4.96 lower
(8.06 to 1.86 lower)

105
(3 studies)

⊕⊕⊕⃝

moderate1

Organ system dysfunc-
tion
Sequential Organ Fail-
ure Assessment (SOFA)
Score. Scale from: 1 to
24

The mean organ system
dysfunction in the control
groups was
9.6

The mean organ system
dysfunction in the inter-
vention groups was
0.7 higher
(0.01 to 1.39 higher)

469
(1 study)

⊕⊕⊕⊕

high

ICU length of stay (days) The mean ICU length of
stay (days) in the control
groups was
3 to 22 days

The mean ICU length of
stay (days) in the inter-
vention groups was
1.7 higher
(2 lower to 5.4 higher)

621
(3 studies)

⊕⊕⊕⃝

moderate1

Hospital length of stay
(days)

The mean hospital length
of stay (days) in the con-
trol groups was
6.4 to 10 days

The mean hospital length
of stay (days) in the inter-
vention groups was
2.41 higher
(7.08 lower to 11.91
higher)

152
(2 studies)

⊕⊕⊕⃝

moderate1

Duration of mechanical
ventilation (days)

The mean duration of
mechanical ventilation
(days) in the control
groups was
1.5 to 13 days

The mean duration of
mechanical ventilation
(days) in the intervention
groups was
2.14 higher
(1.67 lower to 5.95
higher)

621
(3 studies)

⊕⊕⊕⃝

moderate1
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 Etomidate et sepsis: le débat 



Ø  Patient à bas risque initial d’insuffisance surrénalienne 
§  Polytraumatisé/choc hémorragique; décompensation cardiaque 
§  Bénéfice des avantages hémodynamiques > risque insuffisance surrénalienne 

 Etomidate: une stratégie d’utilisation? 

Ø  Patient à haut risque d’insuffisance surrénalienne (sepsis) 
§  Envisager en 1ère intention la kétamine 
§  Supplémentation en HSHC surtout au cours des 24 premières heures après 

intubation  

Nestor et al. Am J Emerg Med 2008; 26: 946 



Ø  Prévention de l’hypothermie 
Ø  En période d’instabilité 

§  Peu ou pas d’hypnotique 
§  Faibles dose d’opiacés associés à une myorelaxation 
§  Mélange gazeux air/oxygène 
§  Halogénés non utilisés 

Ø  Etat hémodynamique stabilisé 
§  Utilisation possible des halogénés 

à  Effets vasodilatateurs prévisibles et contrôlables 
§  Titration des halogénés sur indice de profondeur d’anesthésie et  

administration gérée électroniquement 

 Principes de l’entretien de l’anesthésie 



Ø  Principes techniques 

§  Dosage électronique des halogénés 
§  Adaptation électronique du débit d’halogéné 

et du DGF pour réguler la FIO2 et la Fet en 
halogéné 

§  Injection directe des halogénés dans le 
système respiratoire indépendamment du 
débit du DGF 

§  Mélangeurs de gaz frais et d’halogéné en 
parallèle permettant des bolus 

ü  Objectifs  

§  Réduire le délai d’obtention des cibles 

§  Réduire les fluctuations et les surdosages 

§  Réduire la consommation 

Anesthésie Inhalatoire à Objectif de 
Concentration (AINOC)  

Lortat-Jacob et al. Anaesthesia 2009; 64: 1229 



Etomidate 0,3 mg/kg 
Succinylcholine 1mg/kg 

 

Avant incision Après incision 

BIS < 45 BIS > 60 

ê Fet Des 0,2% é Fet Des 0,2% 

BIS/ < 45 BIS > 60 

3 min 3 min 

45<BIS/Entropie<60 

Pas de modification 

ê Ce Rem. de 0,5ng/ml 

BIS <45 BIS>60 

ê Fet Des 0,2% é Fet Des 0,2% 

BIS <45 BIS > 60 

3 min 3 min 

45 < BIS< 60 

Pas de modification 

Rémifentanil: Ce: 2ng/ml 

BIS < 45 BIS > 60 

é Ce Rem. de 0,5ng/ml 

Varvat et al. Ann Fr Anesth Reanim 2009; 28: 634 



< PAS ref -30%   < PAS ref -15%     PAS ref ±15%       > PAS ref +15%    > PAS ref +30% 

Groupe optimisé 
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et impact hémodynamique 

Varvat et al. Ann Fr Anesth Reanim 2009; 28: 634 

Etude pilote chez des patients > 85ans dans le cadre d’une urgence abdominale 



Monitorage:	  	  
Pra0que	  des	  A/R	  pour	  	  

les	  pa0ents	  à	  haut	  risque	  chirurgical	  

use dynamic parameters of fluid responsiveness based
on arterial pressure analysis than ASA respondents. The
way ASA and ESA respondents assess the hemodynamic
effects of a volume expansion is shown in Table 4. Para-
meters considered as the best predictors of fluid respon-
siveness by ASA and ESA respondents are shown in
Table 5.
Respiratory variations in the plethysmographic wave-

form are being used by 25% of ASA and ESA respon-
dents. Respiratory variations in arterial pressure are
eyeballed by 90.3% of ASA respondents compared with
68.0% of ESA respondents (P < 0.001), manually calcu-
lated by 9.7% of ASA respondents and by 20.6% of ESA
respondents, and monitored using specific software by
5.1% of ASA respondents versus 22.9% of ESA respon-
dents (P < 0.001). These parameters are optimized more
than 50% of the time by 31.2% of ASA respondents and
by 28.4% of ESA respondents (P < 0.298).
A significant difference was observed regarding the

type of fluid used by ASA and ESA respondents. Crys-
talloid is the first line therapy used by ASA respondents
while ESA respondents chose starches (Figure 5).
To the question: “Do you believe that your current

hemodynamic management could be improved?” 86.5%
of ASA respondents and 98.1% of ESA respondents (P <
0.001) answered “Yes”.

Discussion
The main finding of this international survey is that
despite evidence showing that CO optimization during
high risk surgery has the potential to improve post-
operative patient outcome, and despite the fact that
nearly all respondents agreed that oxygen delivery is of
major importance for patients undergoing high-risk sur-
gery, only 34% of anesthesiologists in Europe and in the
US monitor CO in this setting. More importantly, even
those who monitor CO rarely use its value for perio-
perative optimization as recommended in recent articles
[6,8]. Interestingly, 86.5% of ASA respondents and
98.1% of ASA respondents believe that their current
hemodynamic management could be improved. The
other findings of this survey point out significant differ-
ences in the choice and interpretation of monitoring
techniques between American and European
anesthesiologists
The role of CO monitoring and optimization in

improving outcome in high-risk surgery is being repeat-
edly demonstrated in recent years [6,7,14]. Yet, as our
study clearly demonstrates, the adoption of this thera-
peutic approach is far from being universal. This is
reflected by the fact that most of the responding centers
do not have clear recommendations or guidelines for
hemodynamic management of high-risk surgery patients
(Figure 1). One of the main reasons for the apparent
reluctance to monitor CO is the belief that in and by
itself CO is not an important parameter, and that the
clinicians may be better off by using other parameters,
like dynamic predictors of fluid responsiveness, as surro-
gates of CO (Table 2) [15]. However, only 24.2% of ASA
respondents and 14.1% of ESA respondents think that
CO monitoring does not provide any additional clini-
cally relevant information for the management of high-
risk surgery patients. A much larger portion of the
respondents, 48.4% of the ASA and 26.8% of the ESA,
do not monitor CO because they feel that available solu-
tions are too invasive. Another explanation for the rela-
tive scarcity of CO monitoring, which was not explored
in our study, is the uncertainty of anesthesiologists
about the value of perioperative optimization in general,
in view of the studies that have shown that fluid restric-
tion might be beneficial for high-risk surgical patients
[16,17].
More than 50% of respondents stated that they are

using dynamic predictors of fluid responsiveness as a
surrogate for CO monitoring. The ability of dynamic
parameters to predict fluid responsiveness accurately
has been extensively demonstrated [18-21]. Indeed,
functional hemodynamic parameters may be helpful in
identifying fluid responders prior to hemodynamic opti-
mization, and, more importantly, identify those patients

Table 1 Hemodynamic monitoring used for the
management of high-risk surgery patients?.

ASA
respondents
(n = 237)

ESA
respondents
(n = 195)

Answer options Response
percent

Response
percent

Invasive arterial pressure 95.4% 89.7%

Central venous pressure 72.6% 83.6%

Non-invasive arterial pressure 51.9% 53.8%

Cardiac output 35.4% 34.9%

Pulmonary capillary wedge
pressure

30.8% 14.4%

Transesophageal
echocardiography

28.3% 19.0%

Systolic pressure variation 20.3% 23.6%

Plethysmographic waveform
variation

17.3% 17.9%

Pulse pressure variation 15.2% 25.6%

Mixed venous saturation (ScvO2) 14.3% 15.9%

Central venous saturation (SvO2) 12.7% 33.3%

Oxygen delivery (DO2) 6.3% 14.4%

Stroke volume variation 6.3% 21.5%

Near infrared spectroscopy 4.6% 5.1%

Global end diastolic volume 2.1% 8.2%

ASA, American society of anesthesiology respondents; ESA, European society
of anaesthesiology respondents.

Cannesson et al. Critical Care 2011, 15:R197
http://ccforum.com/content/15/4/R197

Page 5 of 11

Medicine, Dr. Parker claimed that better methods for
determining cardiac preload and cardiac performance
are badly needed to guide the clinician in the manage-
ment of our critically ill patients, but until these meth-
ods become more widely available we are left with
pressure measurements and clinical judgment [29]. This
seems to still be the case for many anesthesiologists,
even though new technologies and devices, including

those that monitor dynamic predictors of fluid respon-
siveness, are indeed widely available.

Study limitations
The accuracy of our survey can be impacted by ascer-
tainment and non response bias. Our response rate was
relatively small, and the clinicians who responded may
not be representative, which could impact the external

Figure 4 What technique do you use to monitor cardiac output? (Please, mark all that apply).

Table 2 Main reasons for not monitoring cardiac output?
ASA Respondents

(n = 157)
ESA Respondents

(n = 142)

Answer Options Response Percent Response Percent

I use dynamic parameters of fluid responsiveness (Pulse Pressure Variations, Systolic Pressure Variations,
Plethysmographic Waveform Variations) as surrogates for cardiac output monitoring

54.1% 60.6%

Available cardiac output monitoring solutions are too invasive 48.4% 26.8%

Cardiac output monitoring does not provide any additional clinically relevant information in this setting 24.2% 14.1%

I use SvO2 and/or ScVO2 as surrogates for cardiac output monitoring 13.4% 26.1%

Available cardiac output monitoring solutions are unreliable 8.3% 15.5%

ASA, American society of anesthesiology respondents; ESA, European society of anaesthesiology respondents.

Cannesson et al. Critical Care 2011, 15:R197
http://ccforum.com/content/15/4/R197
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Monitorage	  hémodynamique	  u-lisé	   Techniques	  u-lisées	  pour	  la	  mesure	  du	  DC	  

Cannesson et al. Crit Care 2011; 15: R197 



Monitorage:	  	  
A	  adapter	  selon	  le	  niveau	  de	  risque	  

Vincent et al. Crit Care 2015; 19: 224 

measurements of CO and less invasive but also less ac-
curate modalities.
Several questions can be raised when considering choice

of CO monitoring in the perioperative period:

1. Are we ready to accept a less accurate measurement
in order to limit invasiveness? (Figure 1). A less
accurate measurement may be acceptable if the
trend analysis is reliable. Cost may also be an
important issue.

2. Do we need continuous, semi-continuous, or
intermittent measurements? Most complications
after surgery do not have a sudden onset (except
sudden cardiac failure due, for example, to myocardial
infarction or pulmonary embolism) or an obvious
cause (for example, massive bleeding during surgery)
but develop slowly; therefore, semi-continuous or
intermittent measurements may be acceptable.
However, it should be noted that only beat-by-beat
measurement of SV allows assessment of the response
to preload-modifying maneuvers, such as a fluid
challenge or passive leg raising (PLR) test.

3. Are calibrated or uncalibrated systems preferable?
Non-calibrated systems are acceptable for the
operating room (OR) or the post-anesthesia care
unit (PACU) but may not be suitable for more
complex cases, especially in the ICU. In unstable
patients, there is a necessity to ‘re-calibrate’ more
often because of frequent changes in vascular tone
and also because derived variables (for example,
EVLW and GEDV) need to be re-calculated. A
practical option may be to use an uncalibrated
system in the OR/PACU and replace it with a
calibrated system in the ICU.

4. What alarms do we need? A major problem for
patient surveillance by telemetric monitoring is
artifact robustness. Any system with too many false
alarms is prone to failure as personnel become
desensitized.

5. What kind of monitoring for what kind of patient?
This is not a ‘one size fits all’ decision; rather, the
optimal monitoring technique for each patient will
vary depending on the degree of risk and the extent
of the surgical procedure (Figure 2).

Fluid management
Inadequate fluid management may lead to reduced CO
and DO2 to injured tissues, which is associated with an in-
creased incidence of post-operative complications. More-
over, the systemic inflammatory response associated with
tissue injury results in capillary leak and tissue edema.
Fluid restriction and diuresis may decrease edema in pa-
tients with poor ventricular function but may also increase
the incidence of acute kidney injury. Meanwhile, excessive
fluid administration may lead to a range of adverse effects,
including coagulopathy and edema of lungs, gut, and per-
ipheral tissues (Figure 3). Retention of sodium and water
following surgery may reduce fluid requirements. Once
the patient is stabilized, fluids should be given only to cor-
rect deficit or continuing losses. Unfortunately, estimates
of fluid deficit that are based on traditional physiological
parameters, such as heart rate, blood pressure, and cardiac
filling pressures, are not sufficient.

Static indicators of preload

– CVP: Many high-risk surgical patients have a CVC
in place, and a CVC is a requirement for some
devices needing calibration by thermodilution.
Despite its limitations (vide supra), changes in
CVP over time may be helpful to guide fluid

Figure 1 The compromise between accuracy and invasiveness of
monitoring systems. CO, cardiac output; PA, pulmonary artery.

Figure 2 Possible choice of monitoring system in relation to a
patient’s degree of perioperative risk. CO, cardiac output; PAC,
pulmonary artery catheter; PPV, pulse pressure variation; ScvO2,
central venous oxygen saturation.

Vincent et al. Critical Care  (2015) 19:224 Page 6 of 12



Monitorage:	  	  
Le	  DC	  au	  centre	  des	  préoccupa0ons	  

Technique	   Invasif	   Monitorage	  
con-nu	  

VES/
IC	  

VVE/
PVI	  

VPP	  

Swan	  Ganz	   Thermodilu0on	   +	   +	   +	   -‐	   -‐	  

PiCCOplus/EV1000/
LiDCO	  plus	  system	  

Calibra0on	  par	  
thermodilu0on/ligne	  
artérielle	  

+	   +	   +	   +	   +	  

Flotrac	  (Vigileo)/
PulsioFlex/LiDCO	  rapid	  

Ligne	  artérielle	  sans	  
calibra0on	  

+	   +	   +	   +	   +	  

NICOM/ECOM	   Bioréactance/
Bioimpédance	  

-‐	   +	   +	   +	   -‐	  

LiDCO	  system/	  ClearSight	  
device/Cnap	  

PA	  digitale	   -‐	   +	   +/-‐	   +/-‐	   +	  

NICO	  system/DDG-‐30	   Principe	  de	  Fick/Dilu0on	  
transpulmonaire	  du	  vert	  
indocyanine	  

-‐	   +	   -‐	   -‐	   +	  

Masimo	   Plethysmographie	   -‐	   +	   -‐	   +	   -‐	  

CardioQ/CardioQ-‐ODM	   Doppler	   +/-‐	   +	   +	   -‐	   -‐	  



Ø  Disposer dans la mesure du possible d’un système invasif et non invasif  

Ø  Le caractère invasif ou non dépendant du degré d’instabilité 

hémodynamique attendu  

Ø  Préférer le monitorage continu et donc la mesure battement par battement 

permettant d’évaluer au mieux l’impact du remplissage sur le DC 

Ø  Préférer un système avec calibration en cas d’instabilité hémodynamique à 

l’origine de variation fréquente du tonus vasculaire 

Ø  Mise en place d’une stratégie cohérente avec la prise en charge 

postopératoire 

Monitorage:	  	  
Comment	  sélec0onner	  le	  système	  le	  plus	  adéquat?	  



Déficit Excès 

Hypovolémie 
Hypoxie 

Hypervolémie 
Hypoxie 

        Précharge ventriculaire 

VES 

Bellamy et al. Br J Anaesth 2006: 97; 755 
 

Hypoperfusion tissulaire 
Insuffisance rénale 
Fistule anastomotique 
Confusion,AVC 
Ischémie mésentérique 
SDMV 

Oedeme 
Hyperpression 
abdominale 
Insuffisance respiratoire 
Réhabilitation retardée 
Mobilisation retardée 
SDMV 

Monitorage:	  	  
L’enjeu	  du	  Volume	  d’Ejec0on	  Systolique	  



Monitorage:  
Oxygénation tissulaire avec la SvcO2 

Rivers	  et	  al.	  CMAJ	  2005;	  173:	  1054	  

Ø  En peropératoire, SvcO2 moins informative car VO2 basse en lien avec l’anesthésie et la myorelaxation 

Ø  Mais une SvcO2 basse suggère une DC inadéquat 

Ø  Et une SvcO2 très élevée suggère une altération des capacités d’ERO2 et un pronostic sombre 



Ø  Marqueur de gravité des états de choc 
Ø  PROBABLE témoin de métabolisme 

“hypoxique” anaérobie 
Ø  MAIS AUSSI témoin d’une glycolyse aérobie 

accélérée par cytokines et catécholamines ou 
« hyperlactatémie de stress »  

Ø  Due à la fois à : 
§  augmentation de production 
§  diminution de la clairance 

Ø  Normalisation sous TT signe l’accessibilité au 
traitement des mécanismes responsables du 
stress 

DONC marqueur de gravité et de réponse au TT 
 non-spécifique de l’oxygénation/

perfusion tissulaire 

Monitorage:  
Oxygénation tissulaire avec la lactatémie 

RECOMMANDATIONS 
 

Ø  Dosage systématique de la lactatémie 
lorsqu’un choc est suspecté 

Ø  Lactatémie > 2 mmol/l en présence d’un 
choc 

Ø  Répéter les mesures de la lactatémie: 
§  Toutes les 2h au cours des 8 premières 

heures 
§  Puis toutes les 8 à 12 heures ensuite 

Ø  Intérêt de la lactatémie pour évaluer le 
pronostic et guider le traitement 

Cecconi	  et	  al.	  Intensive	  Care	  Med	  2014;	  40:	  1795	  



Stratégie de prise en charge à partir 
du monitorage périopératoire 

Ø  Réactive 
§  Corriger hypotension, tachycardie 

§  Remplissage si suspicion d’hypovolémie avec ìVPP et VVE (PVI) 

§  Identifier la baisse DC et la corriger par remplissage et/ou inotrope 

§  Identifier la baisse de SvcO2 et la corriger par remplissage et/ou inotrope   

Ø  Pro-active 
§  Maintenir PA et FC à des valeurs acceptables 

§  Maximaliser le VES 

§  Maintenir VVP ou VVE à moins de 12% (PVI à moins de 14%) 

§  Maintenir IC ou DO2 au delà du seuil choisi (IC>4.5L/min/m2 et DO2>600 

mL/min/m2) 

§  Maintenir ScvO2>65% 
Vincent et al. Crit Care 2015; 19: 224 



Exemple d’algorithme de prise en charge à 
partir du monitorage périopératoire 

Adapté de Rivers et al. NEJM 2001; 345: 1368 



Optimisation hémodynamique  
des patients à haut risque chirurgical  

et impact sur la morbidité 

Pearse et al. JAMA 2014: 311; 2181 
 



Choix de la catécholamine 

De Backer et al. Crit Care Med 2012; 40: 725 

Méta-‐analyse:	  Dopamine	  vs	  noradrénaline	  chez	  des	  pa0ents	  en	  état	  de	  choc	  

De Backer et al (15) and could not be
analyzed.

DISCUSSION

This systematic review reveals that do-
pamine use in patients with septic shock

is associated with an increased risk of
death compared to norepinephrine use.
Dopamine use was also associated with an
increased risk of development of ar-
rhythmias. Interestingly, these results
are in agreement with a subgroup anal-

ysis of the trial by De Backer et al (15),
which showed an increased risk of
death in patients with cardiogenic
shock who received dopamine com-
pared to those who received norepi-
nephrine.

The results of this meta-analysis are in
agreement with the review by Vasu et al
(17) but differ slightly from those of
Havel et al (18). All trials had a similar
trend in aggregate point of estimate, but
this trend was significant in our trial and
in that by Vasu et al (17) (RR, 1.10; con-
fidence interval, 1.01–1.20) but failed to
reach significance in the trial by Havel et
al (18) (RR, 1.05; confidence interval,
0.97–1.15). Importantly, unlike our anal-
ysis, both these reviews (17, 18) included
patients with types of shock other than
septic shock. Inclusion of patients with
cardiogenic shock, in whom dopamine is
associated with a significant increase in
risk of death (15), may have driven the
results in the analysis by Vasu et al (17).
Although the review by Havel et al (18)
also included patients with cardiogenic
shock, this review was limited by the fact
that these authors incorporated only the
1036 patients with 12-month outcome
data from the trial by De Backer et al (15).

Figure 3. Forest plot of risk ratio (RR) of death (28 days or nearest estimate) in interventional trials.
The p value for aggregate RR of dopamine (dopa) compared to norepinephrine (norepi) in interven-
tional studies was .035. Relative weights of the different trials in the analysis: Martin et al (27) 2%;
Marik et al (30) 1%; Ruokonen et al (29) 1%; Mathur et al (25) 4%; De Backer et al (15) 81%; and Patel
et al (16) 10%. No heterogeneity was observed (p ! .77; I2 ! 0; confidence interval, 0%–25%).

Table 2. Characteristics of interventional studies

Martin
(1993) (27)

Marik
(1994) (30)

Ruokonen
(2003) (29)

Mathur
(2007) (25)

De Backer
(2010) (15)

Patel
(2010) (16)

Dopamine, n 16 10 5 25 542 134
Norepinephrine, n 16 10 5 25 502 118
Exposure time Weaning or dead 3 hrs 3 hrs 6 hrs Maximum 28 days Maximum 28 days
Type of patients Sepsis Sepsis Sepsis Sepsis Sepsisa Sepsis
Mortality rate Hospital Not defined Not defined Not defined 28 dayb 28 day
Cochrane risk of bias in

included studies
Concealment on allocation No Yes No No Yes Yes (odd or even)
Inclusion/exclusion Yes Yes Yes Yes Yes Yes
Patient description No No No No Yes Yes
Similar care Yes Yes No Yes Yes Yes
Blinding of caregivers No No No No Yes No
Blinding of assessors No No No No Yes No
Intention to treat Yes Yes Yes Yes Yes Yes
Free from selective reporting Yes Yes Yes

Risk of bias for secondary
outcomes assessment in
included studies

Adverse events
Defined No No No No No Yes
Assessed No No No No No Yes
Time of assessment No No No No No Yes

Organ function
Defined No No No No Yes Yes
Assessed No No No No Yes Yes
Time of assessment No No No No Yes Yes

aIn this trial, patients with other sources of shock were also included. The intention-to-treat analysis covers the whole population of 1679 patients
included in the trial. The authors extracted data of patients with sepsis only for this analysis. Other trials only included patients with sepsis; bin this trial,
28-day mortality was the primary outcome, intensive care unit, hospital, and 6-month and 12-month mortality were also provided.

728 Crit Care Med 2012 Vol. 40, No. 3

Décès	  à	  28	  jours	   Arythmies	  



Quel objectif de PAM? 
T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 370;17 nejm.org april 24, 20141592

were also higher (between 85 and 90 mm Hg) than 
the predefined target range of 80 to 85 mm Hg. 
Thus, the target between-group difference was 
well maintained. Whether higher achieved mean 
arterial pressures in the two groups influenced 
the results is impossible to ascertain. However, 
given the pragmatic nature of the trial, these 
data were not recorded as protocol violations. 
In addition, the higher mean arterial pressures 
in the two groups may reflect the reluctance of 
some attending physicians to decrease the vaso-
pressor infusion rate when the mean arterial 

pressure is about 70 mm Hg, as recently re-
ported by Pouk kanen et al.19 In that study, pa-
tients spent more than 75% of the time at a 
mean arterial pressure of more than 70 mm Hg. 
Finally, the generalizability of our trial results 
may be limited because of the frequent use of 
glucocorticoids and activated protein C and 
because of the large number of patients who 
were excluded because of the narrow inclusion 
window.

In conclusion, among patients with septic 
shock, 28-day and 90-day mortality did not dif-
fer significantly between those who were treated 
to reach a target mean arterial pressure of 80 to 
85 mm Hg and those who were treated to reach 
a target of 65 to 70 mm Hg.
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Figure 3. Kaplan–Meier Curves for Cumulative Survival.

Data for the survival analysis, which was performed in the intention-to treat 
population, were censored at 90 days. There was no significant difference 
in survival between the high-target group and the low-target group (P = 0.57 
at 28 days; P = 0.74 at 90 days).
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fluid balance, and the fluid balance was lower 
than those reported previously,7,8 possibly be-
cause our population of patients differed from 
those in previous studies or because of more re-
strictive protocols for fluid administration in 
France. In addition, there were no significant 
between-group differences in the overall rates of 
organ dysfunction or death at 90 days. However, 
in patients with a history of chronic arterial hy-
pertension, targeting a mean arterial pressure of 
80 to 85 mm Hg reduced both the incidence of a 
doubling of the blood creatinine level and the 
rate of renal-replacement therapy. There was no 
significant between-group difference in the over-
all rate of serious adverse events, but patients in 
the high-target group had significantly more 
episodes of atrial fibrillation.

No differences in the primary and secondary 
outcomes were observed between the two 
groups. Our study was prospectively powered to 
detect an absolute difference of 10 percentage 
points in the rate of death on the basis of an 
expected rate of 45% in the low-target group, at 
an alpha level of 0.05 and a beta level of 0.20, 
with the use of a two-tailed test. The expected 
overall death rate in our study was consistent 
with the rates among patients with septic shock 
that were reported in previous multicenter trials 
(37%,5 39%,8 47%,4 and 49%6) at the time the 

trial was designed. The absolute reduction of 10 
percentage points in mortality was chosen in 
our study because the trials that were available 
in the literature when the protocol was designed 
in 2008 had tested the hypothesis of absolute 
reductions of 20 percentage points,5 15 percent-
age points,4 and 10 percentage points8 in rates 
of death. Two other trials that were published 
after we started recruiting patients tested the 
hypothesis of an absolute mortality reduction of 
7 percentage points7,15 and 10 percentage points.16 
Hence, the anticipated risk reduction in our 
study was close to the risk reductions tested in 
previous studies. However, our observed rate of 
death at 28 days was lower than the rate in some 
other studies, although it was in line with the 
rate in more recent trials, in which death rates 
ranging from 25 to 57% were reported.7,15 
Nevertheless, the lower-than-expected rate of 
death led to an underpowered study. Therefore, 
we may not have detected differences in the in-
cidence of some adverse events, especially rare 
events such as myocardial infarction.

Septic shock is a major risk factor for atrial 
fibrillation,17 and in our study, atrial fibrillation 
was significantly more common in the high-
target group than in the low-target group. This 
adverse effect might be related to the signifi-
cantly higher doses of catecholamine and the 
longer duration of catecholamine infusions in 
the high-target group. However, given the small 
number of episodes of atrial fibrillation, other 
confounding factors cannot be ruled out. The 
association between atrial fibrillation and septic 
shock should be considered only as a hypothe-
sis-generating concept for future trials.

At randomization, patients were stratified ac-
cording of the presence or absence of chronic 
hypertension. More than 40% of the patients 
reported having a history of chronic hyperten-
sion, which is in line with rates in previous stud-
ies.18 Among patients with chronic hyperten-
sion, a rightward shift of the curve for organ 
pressure-flow autoregulation is expected, which 
means that an increased mean arterial pressure 
could hypothetically result in improved organ 
perfusion11 and, eventually, in improved survival 
rates. No significant differences in adverse effects 
between patients with chronic hypertension and 
those without chronic hypertension were evi-
dent. The results in the subgroup with chronic 
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Figure 2. Mean Arterial Pressure during the 5-Day Study Period.

Mean arterial pressures were significantly lower in the low-target group than 
in the high-target group during the 5 protocol-specified days (P = 0.02 by 
repeated-measures regression analysis), although the values exceeded the 
target values of 80 to 85 mm Hg in the high-target group and 65 to 70 mm Hg 
in the low-target group. The I bars represent 95% confidence intervals.
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2	  niveaux	  d’Objec0f	  PAM	  65-‐70	  mmHg	  vs	  80-‐85	  mmHg	  	  
chez	  des	  pa0ents	  en	  choc	  sep0que	  (n=776)	  

Chez	  l’hypertendu	  chronique:	  diminu-on	  du	  recours	  EER	  avec	  PAM	  entre	  80	  et	  85	  mmHg:	  31,7%	  vs	  42,2%	  	  

RECOMMANDATIONS SUR LA REANIMATION DU CHOC HEMORRAGIQUE 
Il faut probablement tolérer un certain degré d’hypotension artérielle …tant que l’hémostase chirurgicale 
et/ou radio-interventionnelle n’est pas réalisée avec un objectif de PAS entre 80-90 mmHg (ou PAM entre 
60-65 mmHg), en l’absence de TC grave (PAM 80 mmHg), tant que le saignement n’est pas contrôlé 

Duranteau et al. SFAR 2014 



CI de l’utilisation des HEA chez les patients en sepsis sévère 

Perner et al. NEJM 2012; 367: 124 

Starch or Ringer’s Acetate in Severe Sepsis

n engl j med nejm.org 9
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Figure 2. Time to Death and Relative Risk of the Primary Outcome.

Panel A shows the survival curves censored at day 90 for the two intervention groups in the modified intention-to-
treat population. Kaplan–Meier analysis showed that the survival time did not differ significantly between the two 
groups (P = 0.07). Panel B shows relative risks with 95% confidence intervals (CIs) for the primary outcome of death 
or dependence on dialysis at day 90 in the HES 130/0.4 group as compared with the Ringer’s acetate group, among 
all patients and in the two predefined subgroups. Shock at the time of randomization was defined as a mean arteri-
al pressure of less than 70 mm Hg, need for ongoing treatment with vasopressor or inotropic agents, or a plasma 
lactate level of more than 4.0 mmol per liter in the hour before randomization. Acute kidney injury at the time of 
randomization was defined as a renal score on the Sepsis-related Organ Failure Assessment (SOFA) of 2 or higher 
(plasma creatinine level >1.9 mg per deciliter [170 µmol per liter] or urinary output <500 ml) in the 24 hours before 
randomization. The SOFA score includes subscores ranging from 0 to 4 for each of five organ systems (circulation, 
lungs, liver, kidneys, and coagulation), with higher scores indicating more severe organ failure.
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Quel soluté de remplissage? 

EER: 235 of 3352 patients (7.0%) in 
the HES group and 196 of 3375 (5.8%) 
in the saline group (relative risk, 1.21; 
95% CI, 1.00 to 1.45; P=0.04).  
 

Myburgh et al. NEJM 2012; 367: 1901 

Mortalité	  et/ou	  dialysé	  à	  J90	  



Quel soluté de remplissage? 

Patients de réanimation: 
Type de soluté et mortalité 

Cristalloïdes vs HEA (25 études) 
RR : 1.10 (95 % CI 1.02 to 1.19) 

  

Cristalloïdes vs gélatines (11 études) 
 RR : 0.91 (95 % CI 0.49 to 1.72)  

Perel et al. Cochrane Database 2013; 2: CD000567 



Quel soluté de remplissage? 

Van Der Linden et al. Anesth Analg 2013; 116: 35 

Méta-‐analyse	  en	  chirurgie	  (59	  études,	  4529	  pa0ents)	  
HEA	  vs	  Comparateurs	  

Ø  Pas de différence pour les atteintes rénales 
 39 études, 3389 patients 

Ø  Pas plus de saignement 
 38 études, 3280 patients  

Ø  Pas plus de transfusion 
 20 études, 2151 patients; OR pour HEA et transfusion 0.73 [95%CI=0.61-0.87], P=0.0005 

Ø  Pas plus de décès 
 21 études, 1918 patients; OR pour HEA et mortalité = 0.51 [0.24-1.05], P=0.079 



Etude prospective, ouverte randomisée incluant 2857 patients 
Hypovolémie en général (54% de sepsis) 

Annane et al. JAMA 2013; 310: 1809 

p=0,26 

Quel soluté de remplissage? 

Mortalité	  J28	  

Aucune différence des taux d’EER entre les groupes 
 

RECOMMANDATIONS SUR LA REANIMATION DU CHOC HEMORRAGIQUE 
Ø  Il est recommandé d’utiliser en première intention les solutés cristalloïdes lors de la prise en charge 

initiale du patient en choc hémorragique 

Ø  L’utilisation des spécialités à base d’HEA dans le choc hémorragique ne doit s’envisager que lorsque 
l’utilisation des cristalloïdes seuls est jugée insuffisante pour maintenir la volémie et en l’absence de 
leurs contre-indications  

Duranteau et al. SFAR 2014 



Vallet, Lebuffe. Ann Fr Anesth Reanim 2009; 28: 522  

DOCUMENT DE TRAVAIL : CONFIDENTIEL – NE PAS DIFFUSER 

HAS / Service des bonnes pratiques professionnelles / avril 2014 

Figure 1 : Analyse groupée des essais randomisés comparant des stratégies transfusionnelles 
“restrictives”  et  “libérales".  Les  seuils  correspondant à ces termes apparaissent à gauche du 
graphique en regard de chaque étude. 
Les valeurs numériques des seuils indiqués sur le coté gauche de la figure représentent des 
grammes  d’hémoglobine  par  décilitre. 
CGR : concentré de globules rouges 
TAD : transfusion autologue différée 

 
 
Définition des seuils 
“hauts  et  bas”  
employés dans chaque 
étude 
 
 
 
8 vs 2 CGR 
8 vs 9 
9 vs 10 
8 vs 1 CGR puis 10 
8 vs 10 
8 vs 10 
8 vs 10 
7 vs 10 
7 vs 10 
7 vs 9,5 
9 vs TAD systématique 
 

 
 
 

B 

Au cours de la période périopératoire, il est recommandé de privilégier les seuils 
transfusionnels  suivants  d’hémoglobine: 
7 g.dL-1 chez les personnes sans antécédents particuliers; 
10 g.dL-1 chez les personnes ne tolérant pas cliniquement les concentrations 
d’hémoglobine  inférieures  ou  atteintes  d’insuffisance  coronaire  aiguë  ou  d’insuffisance  
cardiaque avérée ou bien encore celles traitées par béta-bloquants. 

 
 
 

AE 
Au cours de la période périopératoire, il est recommandé de privilégier le seuil 
transfusionnel suivant : 
8-9 g.dL-1 chez les personnes ayant des antécédents cardio-vasculaires 

 
 
 

Seuils transfusionnels 

HAS. Recommandation de Bonne Pratique, Transfusion de GR homologues, avril  2014 



Ø  Connaître et identifier sans délai les signes les plus précoces du choc débutant 

Ø  Mise en place simultanée d’une démarche diagnostique et thérapeutique dont la finalité 
est de maintenir l’apport en O2 aux cellules 

 
Ø  Personnalisation de la prise en charge anesthésique selon l’origine de l’urgence 

chirurgicale 
 
Ø  Technique anesthésique simple associée à des moyens de réanimation élaborés 
 
Ø  Rôle essentiel du traitement chirurgical et de l’optimisation hémodynamique précoce sur 

la morbi-mortalité postopératoire 

Conclusions 


