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BACKGROUND
Dexmedetomidine produces sedation while maintaining a degree of arousability 
and may reduce the duration of mechanical ventilation and delirium among pa-
tients in the intensive care unit (ICU). The use of dexmedetomidine as the sole or 
primary sedative agent in patients undergoing mechanical ventilation has not been 
extensively studied.

METHODS
In an open-label, randomized trial, we enrolled critically ill adults who had been 
undergoing ventilation for less than 12 hours in the ICU and were expected to 
continue to receive ventilatory support for longer than the next calendar day to 
receive dexmedetomidine as the sole or primary sedative or to receive usual care 
(propofol, midazolam, or other sedatives). The target range of sedation-scores on 
the Richmond Agitation and Sedation Scale (which is scored from −5 [unrespon-
sive] to +4 [combative]) was −2 to +1 (lightly sedated to restless). The primary 
outcome was the rate of death from any cause at 90 days.

RESULTS
We enrolled 4000 patients at a median interval of 4.6 hours between eligibility and 
randomization. In a modified intention-to-treat analysis involving 3904 patients, 
the primary outcome event occurred in 566 of 1948 (29.1%) in the dexmedetomi-
dine group and in 569 of 1956 (29.1%) in the usual-care group (adjusted risk dif-
ference, 0.0 percentage points; 95% confidence interval, −2.9 to 2.8). An ancillary 
finding was that to achieve the prescribed level of sedation, patients in the dex-
medetomidine group received supplemental propofol (64% of patients), midazolam 
(3%), or both (7%) during the first 2 days after randomization; in the usual-care 
group, these drugs were administered as primary sedatives in 60%, 12%, and 20% 
of the patients, respectively. Bradycardia and hypotension were more common in 
the dexmedetomidine group.

CONCLUSIONS
Among patients undergoing mechanical ventilation in the ICU, those who received 
early dexmedetomidine for sedation had a rate of death at 90 days similar to that 
in the usual-care group and required supplemental sedatives to achieve the pre-
scribed level of sedation. More adverse events were reported in the dexmedetomi-
dine group than in the usual-care group. (Funded by the National Health and 
Medical Research Council of Australia and others; SPICE III ClinicalTrials.gov 
number, NCT01728558.)

A BS TR AC T

Early Sedation with Dexmedetomidine in 
Critically Ill Patients

Y. Shehabi, B.D. Howe, R. Bellomo, Y.M. Arabi, M. Bailey, F.E. Bass, 
S. Bin Kadiman, C.J. McArthur, L. Murray, M.C. Reade, I.M. Seppelt, J. Takala, 

M.P. Wise, and S.A. Webb, for the ANZICS Clinical Trials Group  
and the SPICE III Investigators*  

Original Article

The New England Journal of Medicine 
Downloaded from nejm.org at SUNY BUFFALO STATE COLLEGE on July 17, 2019. For personal use only. No other uses without permission. 

 Copyright © 2019 Massachusetts Medical Society. All rights reserved. 

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  nejm.org 1

The authors’ full names, academic de-
grees, and affiliations are listed in the 
Appendix. Address reprint requests to 
Dr. Lascarrou at the Service de Médecine 
Intensive Réanimation, Centre Hospital-
ier Universitaire, 30 Blvd. Jean Monnet, 
44093 Nantes CEDEX 1, France, or at 
 jeanbaptiste . lascarrou@  chu-nantes . fr.

*Lists of the investigators in the HYPERION 
trial and the members of the Clinical 
Research in Intensive Care and Sepsis 
(CRICS) Group are provided in the 
 Supplementary Appendix, available at 
NEJM.org.

This article was published on October 2, 
2019, at NEJM.org.

DOI: 10.1056/NEJMoa1906661
Copyright © 2019 Massachusetts Medical Society.

BACKGROUND
Moderate therapeutic hypothermia is currently recommended to improve neuro-
logic outcomes in adults with persistent coma after resuscitated out-of-hospital 
cardiac arrest. However, the effectiveness of moderate therapeutic hypothermia in 
patients with nonshockable rhythms (asystole or pulseless electrical activity) is 
debated.

METHODS
We performed an open-label, randomized, controlled trial comparing moderate 
therapeutic hypothermia (33°C during the first 24 hours) with targeted normother-
mia (37°C) in patients with coma who had been admitted to the intensive care unit 
(ICU) after resuscitation from cardiac arrest with nonshockable rhythm. The pri-
mary outcome was survival with a favorable neurologic outcome, assessed on day 
90 after randomization with the use of the Cerebral Performance Category (CPC) 
scale (which ranges from 1 to 5, with higher scores indicating greater disability). 
We defined a favorable neurologic outcome as a CPC score of 1 or 2. Outcome 
assessment was blinded. Mortality and safety were also assessed.

RESULTS
From January 2014 through January 2018, a total of 584 patients from 25 ICUs 
underwent randomization, and 581 were included in the analysis (3 patients with-
drew consent). On day 90, a total of 29 of 284 patients (10.2%) in the hypothermia 
group were alive with a CPC score of 1 or 2, as compared with 17 of 297 (5.7%) 
in the normothermia group (difference, 4.5 percentage points; 95% confidence 
interval [CI], 0.1 to 8.9; P = 0.04). Mortality at 90 days did not differ significantly 
between the hypothermia group and the normothermia group (81.3% and 83.2%, 
respectively; difference, −1.9 percentage points; 95% CI, −8.0 to 4.3). The incidence 
of prespecified adverse events did not differ significantly between groups.

CONCLUSIONS
Among patients with coma who had been resuscitated from cardiac arrest with 
nonshockable rhythm, moderate therapeutic hypothermia at 33°C for 24 hours led 
to a higher percentage of patients who survived with a favorable neurologic out-
come at day 90 than was observed with targeted normothermia. (Funded by the 
French Ministry of Health and others; HYPERION ClinicalTrials.gov number, 
NCT01994772.)
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IMPORTANCE High-flow nasal oxygen may prevent postextubation respiratory failure in the
intensive care unit (ICU). The combination of high-flow nasal oxygen with noninvasive
ventilation (NIV) may be an optimal strategy of ventilation to avoid reintubation.

OBJECTIVE To determine whether high-flow nasal oxygen with prophylactic NIV applied
immediately after extubation could reduce the rate of reintubation, compared with high-flow
nasal oxygen alone, in patients at high risk of extubation failure in the ICU.

DESIGN, SETTING, AND PARTICIPANTS Multicenter randomized clinical trial conducted from
April 2017 to January 2018 among 641 patients at high risk of extubation failure (ie, older than
65 years or with an underlying cardiac or respiratory disease) at 30 ICUs in France; follow-up
was until April 2018.

INTERVENTIONS Patients were randomly assigned to high-flow nasal oxygen alone (n = 306)
or high-flow nasal oxygen with NIV (n = 342) immediately after extubation.

MAIN OUTCOMES AND MEASURES The primary outcome was the proportion of patients
reintubated at day 7; secondary outcomes included postextubation respiratory failure at day
7, reintubation rates up until ICU discharge, and ICU mortality.

RESULTS Among 648 patients who were randomized (mean [SD] age, 70 [10] years; 219
women [34%]), 641 patients completed the trial. The reintubation rate at day 7 was 11.8%
(95% CI, 8.4%-15.2%) (40/339) with high-flow nasal oxygen and NIV and 18.2% (95% CI,
13.9%-22.6%) (55/302) with high-flow nasal oxygen alone (difference, −6.4% [95% CI,
−12.0% to −0.9%]; P = .02). Among the 11 prespecified secondary outcomes, 6 showed no
significant difference. The proportion of patients with postextubation respiratory failure at
day 7 (21% vs 29%; difference, −8.7% [95% CI, −15.2% to −1.8%]; P = .01) and reintubation
rates up until ICU discharge (12% vs 20%, difference −7.4% [95% CI, −13.2% to −1.8%];
P = .009) were significantly lower with high-flow nasal oxygen and NIV than with high-flow
nasal oxygen alone. ICU mortality rates were not significantly different: 6% with high-flow
nasal oxygen and NIV and 9% with high-flow nasal oxygen alone (difference, −2.4% [95% CI,
−6.7% to 1.7%]; P = .25).

CONCLUSIONS AND RELEVANCE In mechanically ventilated patients at high risk of extubation
failure, the use of high-flow nasal oxygen with NIV immediately after extubation significantly
decreased the risk of reintubation compared with high-flow nasal oxygen alone.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT03121482

JAMA. doi:10.1001/jama.2019.14901
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Les différentes indications de la VNI sont résumées dans le tableau 2.

La VNI peut également être utilisée dans les situations suivantes :
– fibroscopie bronchique chez les patients hypoxémiques (G2+),
– pré-oxygénation avant intubation pour IRA (G2+)

VNI et limitations thérapeutiques.

La VNI peut être réalisée chez des patients pour lesquels la ventilation invasive n’est pas envisagée en raison
du refus du patient ou de son mauvais pronostic (G2+). 

Chez les patients en fin de vie, la VNI ne se conçoit que si elle leur apporte un confort.

Tableau 2 – Niveaux de reccommandation pour les indications de la VNI

Intérêt certain
Il faut faire (G1+)

Intérêt non établi de façon certaine
Il faut probablement faire (G2+)

Décompensation de BPCO
OAP cardiogénique

IRA hypoxémique de l’immunodéprimé
Post-opératoire de chirurgie thoracique 
et abdominale

Stratégie de sevrage de la ventilation invasive 
chez les BPCO

Prévention d’une IRA post extubation

Traumatisme thoracique fermé isolé

Décompensation de maladies neuromusculaires
chroniques et autres IRC restrictives

Mucoviscidose décompensée
Forme apnéisante de la bronchiolite aiguë
Laryngo-trachéomalacie

Aucun avantage démontré
Il ne faut probablement pas faire (G2-)

Pneumopathie hypoxémiante

SDRA

Traitement de l’ IRA post-extubation

Maladies neuromusculaires aiguës réversibles

Situations sans cotation possible Asthme Aigu Grave

Syndrome d’obésité-hypoventilation

Bronchiolite aiguë du nourrisson 
(hors forme apnéisante)

even after controlling for level of severity, which suggests a direct adverse effect of re-intubation itself on
patient outcomes [114].

As re-intubation is associated with increased mortality, any strategy aimed at reducing the rate of
post-extubation respiratory failure and avoiding re-intubation deserves consideration. NIV might be a
means to avoid re-intubation either by treating post-extubation respiratory failure when it develops or
preventing it from developing at all by instituting NIV immediately after extubation. As these are different
questions, they are best considered and discussed separately. For the sake of clarity, post-operative patients
are not considered in this section.

Question 10a: Should NIV be used to prevent respiratory failure post-extubation?
The benefits of early application of NIV soon after extubation have been assessed in unselected patients
(i.e. any patients after planned extubation) and in at-risk patients. For most included studies, at-risk
included patients >65 years or those with underlying cardiac or respiratory disease.

Unselected patients
In 1999, JIANG et al. [115] enrolled 93 consecutive patients following planned (60.2%) or unplanned
(39.8%) extubation, who were randomised either to preventive NIV (treatment group) or standard
treatment (control group). They found no difference in the rate of re-intubation between the two groups.
In the 37 patients in whom extubation was unplanned, the re-intubation rate was 38% compared with 11%
in the 56 patients undergoing planned extubation [115]. More recently, SU et al. [116] enrolled 406
unselected patients extubated after passing a spontaneous breathing trial (SBT). Consistent with the
previous study [115], compared with standard treatment, NIV did not decrease the rate of re-intubation.
ICU mortality also was not significantly different [116]. Overall, in unselected patients post-extubation,
NIV provides no benefit compared with standard oxygen therapy.

At-risk patients
Two multicentre RCTs evaluated whether NIV could prevent re-intubation when applied immediately
after planned extubation to selected patients at high risk of post-extubation respiratory failure [117, 118].
NAVA et al. [117] enrolled 97 patients who were randomised 1 h after extubation, following a successful
SBT, to receive either NIV (minimum 8 h·day–1 for 2 days) or standard treatment (oxygen therapy). NIV
reduced the rate of re-intubation, which resulted in a reduced ICU mortality. FERRER et al. [118]
randomised 162 patients considered to be at risk for extubation failure to either NIV (near-continuously
for 24 h) or oxygen therapy only. NIV decreased the number of patients developing post-extubation
respiratory failure and ICU mortality; however, the rate of re-intubation, ICU and hospital length of stay,
and hospital mortality were not significantly different between the two groups. A post hoc analysis showed
that NIV improved hospital and 90-day survival in the subgroup of patients who developed hypercapnia
during the SBT prior to extubation [118]. Subsequent to these observations, the same authors enrolled a
select group of 106 patients with chronic respiratory disorders developing hypercapnia during the SBT to
investigate the benefits of NIV, as opposed to oxygen therapy alone, after extubation [119]. The rate of
respiratory failure after extubation was lower in the NIV group than in the controls. While ICU and
hospital mortality were not different between the treatment and control groups, the 90-day survival rate
was significantly improved in the NIV group, as opposed to controls.

Two small single-centre trials (40 patients each) also randomised patients to NIV or standard treatment
after planned extubation [120, 121]. KIHLNANI et al. [120] enrolled COPD patients and found no
differences in intubation rate or ICU and hospital lengths of stay. In a small group of patients for whom
the only inclusion criterion was mechanical ventilation for >72 h because of ARF, predominantly
secondary to COPD exacerbations, ORNICO et al. [121] found a reduction in re-intubation and death in the
NIV group.

Recommendations
We suggest that NIV be used to prevent post-extubation respiratory failure in high-risk patients
post-extubation. (Conditional recommendation, low certainty of evidence.)

We suggest that NIV should not be used to prevent post-extubation respiratory failure in non-high-risk
patients. (Conditional recommendation, very low certainty of evidence.)

Justification
See forest plots and the evidence profile in the supplementary material for further details regarding included
evidence. Pooled analysis demonstrated that NIV use led to a decrease in mortality (RR 0.41, 95% CI 0.21–
0.82; moderate certainty) and the need for intubation (RR 0.75, 95% CI 0.49–1.15; low certainty). There are
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some inconsistencies regarding the criteria for considering patients at high risk of extubation failure. Recent
work reports that patients >65 years and with underlying cardiac or respiratory disease are at high risk for
extubation failure with a re-intubation rate >30% if both comorbidities are present and >20% if one of the
two is present [122]. Early NIV after planned extubation decreases both intubation rate and mortality in
patients at high risk of extubation failure. Patients with an unplanned extubation are a higher risk group and
further studies should specifically address the use of NIV in this group.

Question 10b: Should NIV be used in the treatment of respiratory failure that develops
post-extubation?
Following the positive findings of case series and case–control studies, two RCTs compared NIV with
conventional treatment (oxygen therapy) in patients who developed respiratory failure after planned
extubation [123, 124].

KEENAN et al. [123] investigated the role of NIV, compared with standard treatment, to avert re-intubation in 78
patients who developed respiratory distress, defined as tachypnoea and use of respiratory accessory muscles,
within 48 h of extubation. This single-centre RCT did not find any beneficial effect of NIV on re-intubation,
ICU and hospital mortality or length of ICU and hospital stay. In a multicentre RCT, ESTEBAN et al. [124]
enrolled 221 patients with respiratory failure defined by at least two of the following: hypoxaemia, respiratory
acidosis, tachypnoea or respiratory distress within 48 h of extubation; patients were randomised to NIV or
standard treatment. The trial showed no benefit from NIV on re-intubation and ICU length of stay. ICU
mortality was higher in the NIV group, suggesting that it was harmful, probably by delaying intubation. A
meta-analysis performed by LIN et al. [125] in 2014 on these two studies indicates no benefit of NIV compared
with standard treatment with respect to re-intubation rate and mortality.

Recommendation
We suggest that NIV should not be used in the treatment of patients with established post-extubation
respiratory failure. (Conditional recommendation, low certainty of evidence.)

Justification
See forest plots and the evidence profile in the supplementary material for further details regarding
included evidence. Pooled analysis demonstrated that NIV use led to an increase in mortality (RR 1.33,
95% CI 0.83–2.13, low certainty), with an uncertain effect on intubation (RR 1.02, 95% CI 0.83–1.25, low
certainty). The use of NIV to avoid re-intubation in patients with overt respiratory distress and/or
respiratory failure consequent to failed planned extubation is not advisable. However, because of some
limitations in the trials this statement is not definitive. In particular, in the study by ESTEBAN et al. [124],
the use of NIV as rescue therapy had a much higher success rate than in those who received it as initial
treatment, there was a lack of experience of NIV in some participating centres and there was very limited
enrolment rate at some sites. In addition, both the KEENAN et al. [123] and ESTEBAN et al. [124] studies had
few COPD patients (∼10%), so this recommendation may not apply to post-extubation COPD patients
with respiratory failure. Further studies are needed.

Question 11: Should NIV be used to facilitate weaning patients from invasive mechanical
ventilation?
NIV has been shown to be as effective as invasive mechanical ventilation in improving breathing pattern,
reducing inspiratory effort and maintaining adequate gas exchange during the weaning phase in selected
patients intubated and ventilated for hypercapnic ARF [126]. Based on this physiological rationale, NIV
has been utilised in these patients as a means to speed up the weaning process, while avoiding the
side-effects and complications of invasive ventilation.

BURNS et al. [127] identified 16 RCTs enrolling a total of 994 participants, mostly with COPD. Of the 16
studies, nine included only patients with COPD [128–136], six included mixed populations
(predominantly hypercapnic) [137–142] and one small pilot study included only hypoxaemic patients
[143]. Compared with conventional weaning using either a progressive reduction of inspiratory support or
SBTs, NIV was associated with a significant decrease in mortality (RR 0.53, 95% CI 0.36–0.80; 994
patients). The pooled data showed a significant reduction in the proportion of weaning failures with NIV
(RR 0.63, 95% CI 0.42–0.96). There were also significant reductions in ventilator-associated pneumonia
(RR 0.25, 95% CI 0.15–0.43; 953 patients), ICU (mean difference −5.59 days, 95% CI −7.90 to −3.28) and
hospital (mean difference −6.04 days, 95% CI −9.22 to −2.87) length of stay, total duration of mechanical
ventilation (mean difference −5.64 days, 95% CI −9.50 to −1.77), and duration of invasive ventilation
(mean difference −7.44 days, 95% CI −10.34 to −4.55). Weaning time and weaning failure were no
different between NIV and conventional weaning (mean difference −0.25 days, 95% CI −2.06 to 1.56).
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INCLUSION = tout patient intubé > 24h et prêt pour 
EOT après réussite test de sevrage  

EXCLUSION = machine à domicile, CI VNI, maladie 
neuromusculaire, TC, EOT non planifiée, éthique 

RANDOMISATION = par ordinateur, bloc de 4 
patients, ratio 1:1 
Groupe contrôle = Optiflow seul 
Groupe interventionnel = VNI + Optiflow 

STATISTIQUES =  
- 590 patients pour puissance de 80% et différence absolue de 8% sur CJP  
- 650 patients pour exclusions secondaires 
- Analyse en ITT et en aveugle du traitement 
- Modèle de régression logistique multiple/ Stratification selon le centre (patients 
hypercapniques) 
- Analyses en sous groupe selon capnie 

DESIGN = Essai randomisé, en ouvert, multicentrique, 
national 



Selon des critères respiratoire, 
neurologique, hémodynamique 

CJS =  
-  Réintubation à 48, 72h et jusqu’à 

sortie de réa 
-  1 épisode de DRA dans les 7J 

post-EOT 
-  Durée de séjour réa et H 
-  Mortalité à J28 et J90 

Autres =  
-  Temps pour réintubation 
-  Patients avec 1 critère de 

réintubation 
-  Causes des réintubations 
-  VNI en rescue 

GDS à 1h 
En l’absence de signes de DRA, arrêt du traitement à 
48h et relai O2 lunettes 



POPULATION =  
-  Avril 2017-Janvier 2018 
-  + de maladie chronique 

pulmonaire dans groupe VNI, 
reste similaire 

-  5 J de VM avant EOT 
-  Sevrage difficile ou prolongé 

206/641 (32%) 
-  111 patients hypercapniques 

avant EOT 
-  VNI: 22h/48h / Optiflow 42h/

48h 

with a flow of 50 L/min and fraction of inspired oxygen (FIO2)
adjusted to obtain adequate oxygenation, with an oxygen satu-
ration as measured by pulse oximetry (SpO2) of at least 92%.
To provide sufficient humidification, the temperature of the
heated humidifier was set at 37°C as during invasive mechani-
cal ventilation.

Patients assigned to the intervention group (referred to
here as the noninvasive ventilation group) were treated with
high-flow nasal oxygen with noninvasive ventilation. Nonin-
vasive ventilation was initiated immediately after extubation
with a first session of at least 4 hours and minimal duration of
at least 12 hours a day during the 48 hours following extuba-
tion. Continuous application of noninvasive ventilation was
promoted throughout the entire night period. Noninvasive ven-
tilation was carried out with an ICU ventilator with noninva-
sive ventilation mode or dedicated bilevel ventilator in
pressure-support mode with a minimal pressure-support level
of 5 cm H2O targeting a tidal volume around 6 to 8 mL/kg of

predicted body weight, a positive end-expiratory pressure level
between 5 and 10 cm H2O, and a FIO2 adjusted to obtain ad-
equate oxygenation (SpO2 ≥92%). Between noninvasive ven-
tilation sessions, high-flow nasal oxygen was delivered as in
the control group. Blood gases were performed 1 hour after
treatment initiation under high-flow oxygen in the high-flow
nasal oxygen alone group and under noninvasive ventilation
in the noninvasive ventilation group. In the 2 groups, pa-
tients were treated for a minimum of 48 hours. When there
were no signs of respiratory failure 48 hours after extubation,
treatment was stopped and switched to standard oxygen.
According to patient respiratory status, treatment could be con-
tinued until complete respiratory recovery. In case of estab-
lished postextubation respiratory failure, the use of noninva-
sive ventilation was discouraged in accordance with the most
recent international clinical practice guidelines,10 given that
it has no proven benefit17 and can even increase the risk of death
by delaying reintubation.18

Figure 1. Flow of Patients in the HIGH-Wean Trial of High-Flow Nasal Oxygen With or Without Noninvasive
Ventilation

3121 Patients extubated in the 30 participating
intensive care units during the study period
(April 2017-January 2018)

1460 Excluded
927 At low risk of extubation failure
414 Intubated <24 h

18 Minor

101 Under law protection or nonaffiliated
to health system

321 Not included
270 No staff available or logistic issues
51 Declined to participate

969 Eligible for inclusion

692 Excluded
274 Do-not-reintubate order at time of extubation
182 Long-term treatment with noninvasive ventilation

or continuous positive airway pressure at home
119 Unplanned extubation (accidental or self-extubation)
41 Contraindication to noninvasive ventilation
39 Underlying chronic neuromuscular disease
37 Traumatic brain injury

648 Randomized

1661 At high risk of reintubation were extubated
after at least 24 h of mechanical ventilationa

302 Included in the intention-to-treat
analysis and in the 90-d follow-up

339 Included in the intention-to-treat
analysis and in the 90-d follow-up

306 Randomized to receive high-flow
oxygen alone
302 Received intervention as

randomized
4 Did not receive intervention
2 Under law protection
2 Missing data

342 Randomized to receive high-flow
oxygen with noninvasive ventilation
339 Received intervention as

randomized
3 Did not receive intervention
1 Under law protection
1 Died before being extubated
1 Missing data

a Those at high risk of reintubation
were older than 65 years or had
an underlying chronic cardiac
or lung disease.
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RESULTATS DU CJP = 

status in 86 patients (25%), whereas in the high-flow nasal oxy-
gen alone group, high-flow nasal oxygen was continued in 106
patients (35%) (difference, −9.7% [95% CI, −16.8% to −2.6%];
P < .01). Mortality in the ICU, in the hospital, and at day 90 were
not significantly different between groups (Table 2; eFigure in
Supplement 2).

Exploratory Outcomes
One hour after treatment initiation, PaO2:FiO2 was higher with
noninvasive ventilation than with high-flow nasal oxygen alone
(mean [SD], 291 [97] mm Hg vs 254 [113] mm Hg; difference,
37.0 [95% CI, 19.7 to 54.3]; P < .001), whereas the proportion
of patients with hypercapnia did not differ (21% vs 19%, re-
spectively; difference, 1.2% [95% CI, −5.4% to 7.7%]; P = .72).

The median time to reintubation was not significantly dif-
ferent between groups: 33 hours (IQR, 7-81) with noninvasive
ventilation and 39 hours (IQR, 12-67) with high-flow nasal oxy-
gen alone (difference, −5.0 [95% CI, −42.0 to 32.0]; P = .76).

Among the 100 patients who were reintubated in the ICU,
96% met prespecified criteria for reintubation: 95% (39/41) in
the noninvasive ventilation group vs 97% (57/59) in the high-
flow nasal oxygen alone group (difference, −1.5% [95% CI,
−13.0% to 7.4%]; P = .99). The reason for reintubation was se-
vere respiratory failure in 88 patients, neurological failure in 37
patients, hemodynamic failure in 16 patients, and respiratory
or cardiac arrest in 10 patients (eTable 1 in Supplement 2).

Among the 70 patients who had postextubation respira-
tory failure with high-flow nasal oxygen alone, 20 patients
(29%) were treated with noninvasive ventilation as rescue
therapy delivered for a mean (SD) of 7 (6) hours, of which 10
patients (50%) needed reintubation. Results for additional ex-
ploratory outcomes are shown in Table 2.

Subgroup Analysis and Additional Analyses
No significant interaction was noted between PaCO2 at enroll-
ment and treatment group with respect to the primary out-
come (P for interaction = .25). Among the 111 patients with PaCO2

greater than 45 mm Hg before extubation, the reintubation rate
at day 7 was significantly lower with noninvasive ventilation
than with high-flow nasal oxygen alone (8% vs 21%; differ-
ence, −12.9% [95% CI, −27.1% to −0.1%]; P = .049) (Figure 3).
Among the 530 patients with PaCO2 of 45 mm Hg or less, rein-
tubation rates at day 7 were not significantly different be-
tween groups (13% with noninvasive ventilation vs 18% with
high-flow nasal oxygen alone; difference, −5.0% [95% CI, −11.2%
to 1.1%]; P = .10) (eTables 2, 3, and 4 in Supplement 2).

After adjustment for PaCO2 level at enrollment (≤45 or
> 45 mm Hg, stratification randomization variable) and under-
lying chronic lung disease (variable unbalanced between both
groups indicated in Table 1), the odds ratio for reintubation at
day 7 was significantly lower with noninvasive ventilation than
with high-flow nasal oxygen alone (adjusted odds ratio, 0.60
[95% CI, 0.38-0.93]; P = .02). The post hoc analysis showed a
lower reintubation rate with noninvasive ventilation than with
high-flow nasal oxygen alone after adjustment for the hospi-
tal random effect (P = .02 without hospital random effect, and
P = .02 after adjustment for the hospital random effect)
(eTable 5 in Supplement 2).

During the study, there were no severe adverse events at-
tributable to the randomization group.

Discussion
In this multicenter, randomized, open-label trial, high-flow na-
sal oxygen with noninvasive ventilation, compared with high-
flow nasal oxygen alone, decreased the rate of reintubation
within the first 7 days after extubation in the ICU.

This study was designed to assess noninvasive ventila-
tion in a large population of patients who are particularly easy
to identify and extubated daily in the different ICUs. Al-
though noninvasive ventilation may be beneficial on out-
comes of hypercapnic patients,7,8 these patients account for
only about 20% to 30% of patients at high risk of extubation
failure in the ICU.7,19 Patients older than 65 years or with un-
derlying chronic cardiac or respiratory disease are also at high
risk of reintubation20 and could benefit from noninvasive
ventilation.21

To our knowledge, the combination of high-flow nasal oxy-
gen with noninvasive ventilation had not been previously as-
sessed after extubation in the ICU. A preliminary study ob-
served a reintubation rate of 15% at day 7 with noninvasive
ventilation and standard oxygen in exactly the same
population.21 Therefore, the study hypothesized that a new
strategy combining high-flow nasal oxygen with noninvasive
ventilation could further reduce the rate of reintubation,
whereas the estimated rate would exceed 15% in the control
group.13,14 For an overall reintubation rate around 15% in the
ICU,22 an absolute difference of at least 5% (relative reduc-
tion of one-third) would be considered clinically significant and
in the range of previous large multicenter RCTs assessing re-
intubation as the main outcome.13,23 Reintubation rates were

Figure 2. Kaplan-Meier Analysis of Time From Extubation
to Reintubation for the Overall Study Population
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almost exactly the expected rates in the 2 groups (18.2% and
11.8%), reinforcing the external validity of the study.

To date, only 2 RCTs have observed lower reintubation
rates with noninvasive ventilation than with standard
oxygen.5,6 To our knowledge, the present study is the largest
RCT showing a reduced risk of reintubation after extubation
in the ICU with noninvasive ventilation. Unlike a previous RCT

that reported similar reintubation rates between noninvasive
ventilation and high-flow nasal oxygen applied 24 hours af-
ter extubation in nonhypercapnic patients,14 this study com-
bined noninvasive ventilation and high-flow nasal oxygen for
at least 48 hours and treatment was prolonged if necessary. Al-
though the beneficial effects of noninvasive ventilation on oxy-
genation, alveolar ventilation, and work of breathing are well

Table 2. Primary, Secondary, and Exploratory Outcomes

No. (%)

Absolute Difference,
% (95% CI) P Value

High-Flow Nasal
Oxygen Alone
(n = 302)

High-Flow Nasal
Oxygen With NIV
(n = 339)

Primary Outcome

Reintubation at day 7 55 (18) 40 (12) −6.4 (−12.0 to −0.9) .02

Secondary Outcomes

Postextubation respiratory failure at day 7 88 (29) 70 (21) −8.5 (−15.2 to −1.8) .01

Reintubation

At 48 h 36 (12) 24 (7) −4.8 (−9.6 to −0.3) .04

At 72 h 47 (16) 30 (9) −6.7 (−11.9 to −1.7) .009

Up until ICU discharge 59 (20) 41 (12) −7.4 (−13.2 to −1.8) .009

Length of stay, median (IQR), days

In ICU 11 (7 to 19) 12 (7 to 19) 0.5 (−1.6 to 2.6) .55

In hospital 23 (15 to 39) 25 (15 to 42) 2.3 (−1.4 to 6.1) .31

Mortality

In ICU 26 (9) 21 (6) −2.4 (−6.7 to 1.7) .25

In hospital 46 (15) 54 (16) 0.7 (−5.0 to 6.3) .80

At day 28 33 (11) 39 (12) 0.6 (−4.4 to 5.5) .82

At day 90 65 (21) 62 (18) −3.2 (−9.5 to 2.9) .30

Exploratory Outcomes

Patients meeting reintubation criteria
during ICU stay

65 (22) 49 (14) −7.1 (−13.1 to −1.1) .02

Mortality or reintubation in ICU 64 (21) 51 (15) −6.2 (−12.2 to −0.2) .04

Mortality of reintubated patients 21/59 (36) 11/41 (27) −8.8 (−25.7 to 9.9) .35

Abbreviations: ICU, intensive care
unit, IQR, interquartile range;
NIV, noninvasive ventilation.

Figure 3. Kaplan-Meier Analysis of Time From Extubation to Reintubation According to Predefined Strata
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Results in hypercapnic patients with arterial partial pressure of carbon dioxide (PaCO2) greater than 45 mm Hg (A) and in nonhypercapnic patients with PaCO2
of 45 mm Hg or less (B) are shown. The median observation time was 7 days (interquartile range, 7-7) in both treatment groups.
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almost exactly the expected rates in the 2 groups (18.2% and
11.8%), reinforcing the external validity of the study.

To date, only 2 RCTs have observed lower reintubation
rates with noninvasive ventilation than with standard
oxygen.5,6 To our knowledge, the present study is the largest
RCT showing a reduced risk of reintubation after extubation
in the ICU with noninvasive ventilation. Unlike a previous RCT

that reported similar reintubation rates between noninvasive
ventilation and high-flow nasal oxygen applied 24 hours af-
ter extubation in nonhypercapnic patients,14 this study com-
bined noninvasive ventilation and high-flow nasal oxygen for
at least 48 hours and treatment was prolonged if necessary. Al-
though the beneficial effects of noninvasive ventilation on oxy-
genation, alveolar ventilation, and work of breathing are well

Table 2. Primary, Secondary, and Exploratory Outcomes

No. (%)

Absolute Difference,
% (95% CI) P Value

High-Flow Nasal
Oxygen Alone
(n = 302)

High-Flow Nasal
Oxygen With NIV
(n = 339)

Primary Outcome

Reintubation at day 7 55 (18) 40 (12) −6.4 (−12.0 to −0.9) .02

Secondary Outcomes

Postextubation respiratory failure at day 7 88 (29) 70 (21) −8.5 (−15.2 to −1.8) .01

Reintubation

At 48 h 36 (12) 24 (7) −4.8 (−9.6 to −0.3) .04

At 72 h 47 (16) 30 (9) −6.7 (−11.9 to −1.7) .009

Up until ICU discharge 59 (20) 41 (12) −7.4 (−13.2 to −1.8) .009

Length of stay, median (IQR), days

In ICU 11 (7 to 19) 12 (7 to 19) 0.5 (−1.6 to 2.6) .55

In hospital 23 (15 to 39) 25 (15 to 42) 2.3 (−1.4 to 6.1) .31

Mortality

In ICU 26 (9) 21 (6) −2.4 (−6.7 to 1.7) .25

In hospital 46 (15) 54 (16) 0.7 (−5.0 to 6.3) .80

At day 28 33 (11) 39 (12) 0.6 (−4.4 to 5.5) .82

At day 90 65 (21) 62 (18) −3.2 (−9.5 to 2.9) .30

Exploratory Outcomes

Patients meeting reintubation criteria
during ICU stay

65 (22) 49 (14) −7.1 (−13.1 to −1.1) .02

Mortality or reintubation in ICU 64 (21) 51 (15) −6.2 (−12.2 to −0.2) .04

Mortality of reintubated patients 21/59 (36) 11/41 (27) −8.8 (−25.7 to 9.9) .35

Abbreviations: ICU, intensive care
unit, IQR, interquartile range;
NIV, noninvasive ventilation.

Figure 3. Kaplan-Meier Analysis of Time From Extubation to Reintubation According to Predefined Strata
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of 45 mm Hg or less (B) are shown. The median observation time was 7 days (interquartile range, 7-7) in both treatment groups.
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almost exactly the expected rates in the 2 groups (18.2% and
11.8%), reinforcing the external validity of the study.

To date, only 2 RCTs have observed lower reintubation
rates with noninvasive ventilation than with standard
oxygen.5,6 To our knowledge, the present study is the largest
RCT showing a reduced risk of reintubation after extubation
in the ICU with noninvasive ventilation. Unlike a previous RCT

that reported similar reintubation rates between noninvasive
ventilation and high-flow nasal oxygen applied 24 hours af-
ter extubation in nonhypercapnic patients,14 this study com-
bined noninvasive ventilation and high-flow nasal oxygen for
at least 48 hours and treatment was prolonged if necessary. Al-
though the beneficial effects of noninvasive ventilation on oxy-
genation, alveolar ventilation, and work of breathing are well

Table 2. Primary, Secondary, and Exploratory Outcomes

No. (%)

Absolute Difference,
% (95% CI) P Value

High-Flow Nasal
Oxygen Alone
(n = 302)

High-Flow Nasal
Oxygen With NIV
(n = 339)

Primary Outcome

Reintubation at day 7 55 (18) 40 (12) −6.4 (−12.0 to −0.9) .02

Secondary Outcomes

Postextubation respiratory failure at day 7 88 (29) 70 (21) −8.5 (−15.2 to −1.8) .01

Reintubation

At 48 h 36 (12) 24 (7) −4.8 (−9.6 to −0.3) .04

At 72 h 47 (16) 30 (9) −6.7 (−11.9 to −1.7) .009

Up until ICU discharge 59 (20) 41 (12) −7.4 (−13.2 to −1.8) .009

Length of stay, median (IQR), days

In ICU 11 (7 to 19) 12 (7 to 19) 0.5 (−1.6 to 2.6) .55

In hospital 23 (15 to 39) 25 (15 to 42) 2.3 (−1.4 to 6.1) .31

Mortality

In ICU 26 (9) 21 (6) −2.4 (−6.7 to 1.7) .25

In hospital 46 (15) 54 (16) 0.7 (−5.0 to 6.3) .80

At day 28 33 (11) 39 (12) 0.6 (−4.4 to 5.5) .82

At day 90 65 (21) 62 (18) −3.2 (−9.5 to 2.9) .30

Exploratory Outcomes

Patients meeting reintubation criteria
during ICU stay

65 (22) 49 (14) −7.1 (−13.1 to −1.1) .02

Mortality or reintubation in ICU 64 (21) 51 (15) −6.2 (−12.2 to −0.2) .04

Mortality of reintubated patients 21/59 (36) 11/41 (27) −8.8 (−25.7 to 9.9) .35

Abbreviations: ICU, intensive care
unit, IQR, interquartile range;
NIV, noninvasive ventilation.

Figure 3. Kaplan-Meier Analysis of Time From Extubation to Reintubation According to Predefined Strata
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eTable 1. Comparison of Patients Who Met Criteria for Postextubation Respiratory Failure and for 
Reintubation According to Randomization Group 
 

 High-flow nasal 
oxygen alone 

(n=302) 

High-flow nasal 
oxygen with NIV 

(n=339) 

P 
value 

Post-extubation respiratory failure at day 7, No. (%) 88 (29) 70 (21) .02 

- Respiratory rate > 25 breaths per minute, No. (%) 74 (24) 63 (19) .07 

- Clinical signs suggesting respiratory distress, No. (%) 57 (19) 46 (14) .07 

- Respiratory acidosis, No. (%) 21 (7) 18 (5) .38 

- Hypoxemia, No. (%) 52 (17) 36 (11) .02 

Reintubation up until ICU discharge, No. (%) 59 (20) 41 (12) .009 

Criteria for reintubation    

- Severe respiratory failure, No. (%) 46 (15) 42 (12) .30 

Respiratory rate > 35 breaths per minute, No. (%) 34 (11) 32 (9) .45 

Clinical signs suggesting respiratory distress, No. (%) 39 (13) 37 (11) .43 

Respiratory acidosis, No. (%) 12 (4) 9 (3) .35 

Hypoxemia, No. (%) 24 (8) 19 (6) .24 

- Hemodynamic failure, No. (%) 10 (3) 6 (2) .21 

- Neurological failure, No. (%) 18 (6) 19 (6) .85 

- Respiratory or cardiac arrest, No. (%) 7 (2) 3 (1) .20 

Reasons for reintubation    

Cardiogenic pulmonary edema, No. (%) 9 (3) 7 (2) .46 
Upper airway obstruction, No. (%) 6 (2) 6 (2) .84 
Aspiration, No. (%) 1 (0) 2 (1) .99 
Pneumonia, No. (%) 7 (2) 3 (1) .14 
Atelectasis, No. (%) 9 (3) 4 (1) .11 
Pleural effusion, No. (%) 2 (1) 3 (1) .75 
Pneumothorax, No. (%) 1 (0) 2 (1) .99 
Inability to clear secretions, No. (%) 18 (6) 18 (5) .72 
Ineffective cough, No. (%) 12 (4) 9 (3) .35 
Weakness of respiratory muscles, No. (%) 15 (5) 9 (3) .12 
Hypoventilation, No. (%) 0 (0) 2 (1) .50 
Hypercapnic coma, No. (%) 4 (1) 1 (0) .14 
Septic shock, No. (%) 4 (1) 1 (0) .14 
Cardiogenic shock, No. (%) 2 (1) 0 (0) .22 
Hemorrhage, No. (%) 3 (1) 0 (0) .07 
Neurologic event, No. (%) 7 (2) 7 (2) .83 
Surgery, No. (%) 3 (1) 1 (0) .26 

Résultats des CJS et analyses en sous-groupes = 



LES POINTS FORTS =  
-  Validité externe: Population 

fréquente en réanimation, 
mortalité haute 

-  Etude française 
-  En accord avec 

recommandations françaises 
-  Première étude 
-  Cohérence externe 1 
-  Design 
-  Analyse en ITT 
-  Pertinence clinique 

LES POINTS FAIBLES =  
-  Optiflow dans groupe contrôle 

qui prévient réintubation 
référence 2 3 

-  Étude en ouvert: biais 
d’évaluation ? (critère de 
réintubation chez 95 % groupe 
VNI et 97% groupe Optiflow) 

-  Population différente de la 
littérature (en accord avec 
recommandations) 

-  Protocoles de sevrage 
différents selon hôpitaux 

-  VNI en rescue  PERSPECTIVES = 
- Intérêt dans pour d’autres populations? 
Auto-extubation? 

1 Thile AW Am J Respir Crit Care Med 2013 
2 Maggiore SM Am J Respir Crit Care 2014 
3 Hernandez G JAMA 2016 
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BACKGROUND
Moderate therapeutic hypothermia is currently recommended to improve neuro-
logic outcomes in adults with persistent coma after resuscitated out-of-hospital 
cardiac arrest. However, the effectiveness of moderate therapeutic hypothermia in 
patients with nonshockable rhythms (asystole or pulseless electrical activity) is 
debated.

METHODS
We performed an open-label, randomized, controlled trial comparing moderate 
therapeutic hypothermia (33°C during the first 24 hours) with targeted normother-
mia (37°C) in patients with coma who had been admitted to the intensive care unit 
(ICU) after resuscitation from cardiac arrest with nonshockable rhythm. The pri-
mary outcome was survival with a favorable neurologic outcome, assessed on day 
90 after randomization with the use of the Cerebral Performance Category (CPC) 
scale (which ranges from 1 to 5, with higher scores indicating greater disability). 
We defined a favorable neurologic outcome as a CPC score of 1 or 2. Outcome 
assessment was blinded. Mortality and safety were also assessed.

RESULTS
From January 2014 through January 2018, a total of 584 patients from 25 ICUs 
underwent randomization, and 581 were included in the analysis (3 patients with-
drew consent). On day 90, a total of 29 of 284 patients (10.2%) in the hypothermia 
group were alive with a CPC score of 1 or 2, as compared with 17 of 297 (5.7%) 
in the normothermia group (difference, 4.5 percentage points; 95% confidence 
interval [CI], 0.1 to 8.9; P = 0.04). Mortality at 90 days did not differ significantly 
between the hypothermia group and the normothermia group (81.3% and 83.2%, 
respectively; difference, −1.9 percentage points; 95% CI, −8.0 to 4.3). The incidence 
of prespecified adverse events did not differ significantly between groups.

CONCLUSIONS
Among patients with coma who had been resuscitated from cardiac arrest with 
nonshockable rhythm, moderate therapeutic hypothermia at 33°C for 24 hours led 
to a higher percentage of patients who survived with a favorable neurologic out-
come at day 90 than was observed with targeted normothermia. (Funded by the 
French Ministry of Health and others; HYPERION ClinicalTrials.gov number, 
NCT01994772.)
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BACKGROUND
Moderate therapeutic hypothermia is currently recommended to improve neuro-
logic outcomes in adults with persistent coma after resuscitated out-of-hospital 
cardiac arrest. However, the effectiveness of moderate therapeutic hypothermia in 
patients with nonshockable rhythms (asystole or pulseless electrical activity) is 
debated.

METHODS
We performed an open-label, randomized, controlled trial comparing moderate 
therapeutic hypothermia (33°C during the first 24 hours) with targeted normother-
mia (37°C) in patients with coma who had been admitted to the intensive care unit 
(ICU) after resuscitation from cardiac arrest with nonshockable rhythm. The pri-
mary outcome was survival with a favorable neurologic outcome, assessed on day 
90 after randomization with the use of the Cerebral Performance Category (CPC) 
scale (which ranges from 1 to 5, with higher scores indicating greater disability). 
We defined a favorable neurologic outcome as a CPC score of 1 or 2. Outcome 
assessment was blinded. Mortality and safety were also assessed.

RESULTS
From January 2014 through January 2018, a total of 584 patients from 25 ICUs 
underwent randomization, and 581 were included in the analysis (3 patients with-
drew consent). On day 90, a total of 29 of 284 patients (10.2%) in the hypothermia 
group were alive with a CPC score of 1 or 2, as compared with 17 of 297 (5.7%) 
in the normothermia group (difference, 4.5 percentage points; 95% confidence 
interval [CI], 0.1 to 8.9; P = 0.04). Mortality at 90 days did not differ significantly 
between the hypothermia group and the normothermia group (81.3% and 83.2%, 
respectively; difference, −1.9 percentage points; 95% CI, −8.0 to 4.3). The incidence 
of prespecified adverse events did not differ significantly between groups.

CONCLUSIONS
Among patients with coma who had been resuscitated from cardiac arrest with 
nonshockable rhythm, moderate therapeutic hypothermia at 33°C for 24 hours led 
to a higher percentage of patients who survived with a favorable neurologic out-
come at day 90 than was observed with targeted normothermia. (Funded by the 
French Ministry of Health and others; HYPERION ClinicalTrials.gov number, 
NCT01994772.)
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QUESTION: L’hypothermie thérapeutique modérée à 33°C, comparativement à la température 
ciblée (37°C), améliore-t-elle le pronostic neurologique des patients en coma sur arrêt cardiaque 
avec rythme non choquable récupéré? 

ILCOR 2015  

208 J.P. Nolan et al. / Resuscitation 95 (2015) 202–222

outcomes.13,173,175–178 The development of hyperthermia after
a period of mild induced hypothermia (rebound hyperthermia)
is associated with increased mortality and worse neurological
outcome.179–182 There are no randomised controlled trials eval-
uating the effect of treatment of pyrexia (defined as ≥37.6 ◦C)
compared to no temperature control in patients after cardiac arrest
and the elevated temperature may  only be an effect of a more
severely injured brain. Although the effect of elevated temperature
on outcome is not proven, it seems reasonable to treat hyperther-
mia  occurring after cardiac arrest with antipyretics and to consider
active cooling in unconscious patients.

Targeted temperature management
Animal and human data indicate that mild induced hypother-

mia  is neuroprotective and improves outcome after a period of
global cerebral hypoxia-ischaemia.183,184 Cooling suppresses many
of the pathways leading to delayed cell death, including apopto-
sis (programmed cell death). Hypothermia decreases the cerebral
metabolic rate for oxygen (CMRO2) by about 6% for each 1 ◦C
reduction in core temperature and this may  reduce the release of
excitatory amino acids and free radicals.183,185 Hypothermia blocks
the intracellular consequences of excitotoxin exposure (high cal-
cium and glutamate concentrations) and reduces the inflammatory
response associated with the post-cardiac arrest syndrome. How-
ever, in the temperature range 33–36 ◦C, there is no difference in
the inflammatory cytokine response in adult patients according to
a recent study.186

All studies of post-cardiac arrest mild induced hypothermia
have included only patients in coma. One randomised trial and
a pseudo-randomised trial demonstrated improved neurological
outcome at hospital discharge or at 6 months in comatose patients
after out-of-hospital VF cardiac arrest.187,188 Cooling was initiated
within minutes to hours after ROSC and a temperature range of
32–34 ◦C was maintained for 12–24 h.

Three cohort studies including a total of 1034 patients, have
compared mild induced hypothermia (32–34 ◦C) to no temperature
management in OHCA and found no difference in neurolog-
ical outcome (adjusted pooled odds ratio (OR), 0.90 [95% CI
0.45–1.82].189–191 One additional retrospective registry study of
1830 patients documented an increase in poor neurological out-
come among those with nonshockable OHCA treated with mild
induced hypothermia (adjusted OR 1.44 [95% CI 1.039–2.006]).192

There are numerous before and after studies on the implemen-
tation of temperature control after in hospital cardiac arrest but
these data are extremely difficult to interpret because of other
changes in post cardiac arrest care that occurred simultaneously.
One retrospective cohort study of 8316 in-hospital cardiac arrest
(IHCA) patients of any initial rhythm showed no difference in sur-
vival to hospital discharge among those who were treated with
mild induced hypothermia compared with no active temperature
management (OR 0.9, 95% CI 0.65–1.23) but relatively few patients
were treated with mild induced hypothermia.193

In the Targeted Temperature Management (TTM) trial, 950
all-rhythm OHCA patients were randomised to 36 h of temperature
control (comprising 28 h at the target temperature followed by
slow rewarm) at either 33 ◦C or 36 ◦C.31 Strict protocols were fol-
lowed for assessing prognosis and for withdrawal of life-sustaining
treatment (WLST). There was no difference in the primary outcome
– all cause mortality, and neurological outcome at 6 months was
also similar (hazard ratio (HR) for mortality at end of trial 1.06,
95% CI 0.89–1.28; relative risk (RR) for death or poor neurological
outcome at 6 months 1.02, 95% CI 0.88–1.16). Detailed neurological
outcome at 6 months was also similar.22,24 Importantly, patients in
both arms of this trial had their temperature well controlled so that
fever was prevented in both groups. TTM at 33 ◦C was associated

with decreased heart rate, elevated lactate, the need for increased
vasopressor support, and a higher extended cardiovascular SOFA
score compared with TTM at 36 ◦C.101,194 Bradycardia during mild
induced hypothermia may  be beneficial – it is associated with
good neurological outcome among comatose survivors of OHCA,
presumably because autonomic function is preserved.118,119

The optimal duration for mild induced hypothermia and TTM
is unknown although it is currently most commonly used for
24 h. Previous trials treated patients with 12–28 h of targeted tem-
perature management.31,187,188 Two  observational trials found no
difference in mortality or poor neurological outcome with 24 h
compared with 72 h of hypothermia.195,196 The TTM trial provided
strict normothermia (<37.5 ◦C) after hypothermia until 72 h after
ROSC.31

The term targeted temperature management or temperature
control is now preferred over the previous term therapeutic
hypothermia. The Advanced Life Support Task Force of the Interna-
tional Liaison Committee on Resuscitation made several treatment
recommendations on targeted temperature management128 and
these are reflected in these ERC guidelines:

• Maintain a constant, target temperature between 32 ◦C and 36 ◦C
for those patients in whom temperature control is used (strong
recommendation, moderate-quality evidence).

• Whether certain subpopulations of cardiac arrest patients may
benefit from lower (32–34 ◦C) or higher (36 ◦C) temperatures
remains unknown, and further research may  help elucidate this.

• TTM is recommended for adults after OHCA with an initial
shockable rhythm who remain unresponsive after ROSC (strong
recommendation, low-quality evidence).

• TTM is suggested for adults after OHCA with an initial non-
shockable rhythm who remain unresponsive after ROSC (weak
recommendation, very low-quality evidence).

• TTM is suggested for adults after IHCA with any initial rhythm
who  remain unresponsive after ROSC (weak recommendation,
very low-quality evidence).

• If targeted temperature management is used, it is suggested that
the duration is at least 24 h (as undertaken in the two largest
previous RCTs31,187) (weak recommendation, very low-quality
evidence).

It is clear that the optimal target temperature after cardiac arrest
is not known and that more high-quality large trials are needed.197

When to control temperature? Whichever target temperature is
selected, active temperature control is required to achieve and
maintain the temperature in this range. Prior recommendations
suggest that cooling should be initiated as soon as possible after
ROSC, but this recommendation was based only on preclinical data
and rational conjecture.198 Animal data indicate that earlier cooling
after ROSC produces better outcomes.199,200 Observational studies
are confounded by the fact that there is an association between
patients who  cool faster spontaneously and worse neurological
outcome.201–203 It is hypothesised that those with the most severe
neurological injury are more prone to losing their ability to control
body temperature.

Five randomised controlled trials used cold intravenous fluids
after ROSC to induce hypothermia,204–207 one trial used cold
intravenous fluid during resuscitation,208 and one trial used
intra-arrest intranasal cooling.209 The volume of cold fluid ranged
from 20 to 30 ml  kg−1 and up to 2 l, although some patients did not
receive the full amount before arrival at hospital. All seven trials
suffered from the unavoidable lack of blinding of the clinical team,
and three also failed to blind the outcomes assessors. These trials
showed no overall difference in mortality for patients treated with
prehospital cooling (RR, 0.98; 95% CI 0.92–1.04) compared with

Effet neuroprotecteur de l’hypothermie 1 
-  Confirmé pour les arrêts cardiaques avec 

rythme choquable 2 3 avec une bonne 
tolérance 

-  Non retrouvé dans les rythmes non 
choquables 4 5 

-  Multifactoriel: étiologie, témoins, pronostic 
neurologique, traitements  
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agents during TTM at 37°C is therefore restricted, to
shorten the time to awakening.

Shivering and neuromuscular blockade Persistent
shivering is treated according to a previously published
three-step protocol [53] that has been adapted since the
publication of the Bedside Shivering Assessment Score
(BSAS) [54,55]. The goal is to obtain a BSAS ≤1.

– Step 1, single intravenous bolus of a hypnotic agent and
an opioid, in doses equal to the hourly infusion rates of
hypnotic and opioid drugs (i.e., 5-mg intravenous
midazolam bolus if the continuous midazolam infusion
rate was 5 mg/h);

– Step 2, intravenous bolus of a nondepolarizing
neuromuscular blocker (i.e., 10 mg of
cisatracurium);

– and Step 3, continuous infusion of a nondepolarizing
neuromuscular blocker (i.e., cisatracurium in an

initial dose of 10 mg/h), with a BSAS target of ≤1;
during rewarming, the infusion may be stopped when
the core body temperature increases above 35°C.

Concomitant prevention of systemic secondary brain injury
in both groups
Arterial hypotension Hemodynamic evaluations are
conducted to allow blood volume optimization. Hypo-
volemia is managed with crystalloid or colloid infusion,
according to standard practice in the participating ICU.
Subsequent evaluations are performed as dictated by the
course of the hemodynamic parameters. In accordance
with guidelines [10], and in the absence of specific ran-
domized studies, a mean arterial pressure of 65 mmHg
and, if measured, central venous oxygen saturation
(ScvO2) ≥70% are considered reasonable targets [11].
The introduction of vasoactive drug treatment is at the
discretion of the physicians, who follow international
guidelines [10] and local protocols.

Figure 2 Inclusion criteria related to the cardiac arrest and study procedures. CA, cardiac arrest; CCCM, closed chest cardiac massage; ROSC,
return of spontaneous circulation.
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30 could not be contacted, 29 verbally agreed but did
not sign a consent form, 20 declined participation, and
7 did not have their full record available or were not
reviewed by all 3 abstractors, leaving a total study popu-
lation of 131. When the entire hospital record was used
to determine CPC, favorable neurologic outcome (CPC
1 or 2) was recorded in 92% by abstractor 1, 89% by
abstractor 2, and 74% by abstractor 3. A favorable CPC
was recorded in 84% by abstractor 3 when only the dis-
charge summary was used to determine the CPC.
When the entire hospital record was used to deter-

mine CPC, agreement was 96% (kappa = 0.78) between
abstractors 1 and 2, 84% (kappa = 0.49) between
abstractors 2 and 3, 82% (kappa = 0.38) between
abstractors 1 and 3 (Tables 2, 3, 4). The 3-way kappa
score among all abstractors when the entire hospital
chart was used was 0.50. As illustrated by Tables 2, 3,
and 4, the disagreement was predominantly unidirec-
tional. Specifically one reviewer consistently coded unfa-
vorable CPC while the other reviewers coded favorable
CPC, as opposed to the favorable-unfavorable disagree-
ment being equally distributed between the abstractors.
Agreement was 90% (kappa = 0.71) between the dis-
charge summary alone and the entire hospital record
(Table 5).
If the results derived from review of the entire hospital

record are applied to a circumstance where survival to
hospital discharge is 20%, favorable neurologic status
would occur in 18.4% for abstractor 1, 17.8% for
abstractor 2, and 14.8% for abstractor 3. If the results
derived from review of the entire hospital record are

applied to a circumstance where survival to hospital dis-
charge is 30%, favorable neurologic status would occur
in 27.6% for abstractor 1, 26.7% for abstractor 2, and
22.2% for abstractor 3.

Discussion
In this chart review study of survivors of out-of-hospital
ventricular fibrillation cardiac arrest, the use of the CPC
to classify favorable versus unfavorable neurological sta-
tus at hospital discharge produced variable inter- and
intra-reviewer agreement. Agreement ranged from 82%
to 96% (kappa 0.38 to 0.78) with disagreement between
abstractors being largely uni-directional. The CPC deter-
mined from just the discharge summary was more often
favorable than the CPC determined from the entire hos-
pital record. The level of (dis)agreement between abstrac-
tors observed in this study would produce a range in the
proportion coded with favorable neurologic outcome of
22% to 28% if survival to hospital discharge was 30% and
15% to 18% if survival to hospital discharge was 20%
Functional and neurologic status following cardiac

arrest is a more meaningful clinical outcome than sim-
ply hospital survival when trying to judge the effective-
ness of resuscitation care. (11) Indeed newer therapies
such as hypothermia are directed toward brain protec-
tion and recovery. Functional neurologic status consists
of multiple domains including activities of daily living,
cognitive function such as memory and abstract
thought, and emotional health; domains that appear to
change over the months after the arrest. Ideally then
functional and neurologic status would derive from

Table 1 Cerebral Performance Category
1. Good Cerebral Performance (Normal Life) Conscious, alert, able to work and lead a normal life. May have minor psychological or neurologic

deficits (mild dysphasia, nonincapacitating hemiparesis, or minor cranial nerve abnormalities).

2. Moderate Cerebral Disability (Disabled but
Independent)

Conscious. Sufficient cerebral function for part-time work in sheltered environment or independent
activities of daily life (dress, travel by public transportation, food preparation). May have
hemiplegia, seizures, ataxia, dysarthria, dysphasia, or permanent memory or mental changes.

3. Severe Cerebral Disability (Conscious but
Disabled and Dependent)

Conscious; dependent on others for daily support (in an institution or at home with exceptional
family effort). Has at least limited cognition. This category includes a wide range of cerebral
abnormalities, from patients who are ambulatory but have severe memory disturbances or
dementia precluding independent existence to those who are paralyzed and can communicate
only with their eyes, as in the locked-in syndrome.

4. Coma/Vegetative State (Unconscious) Unconscious, unaware of surroundings, no cognition. No verbal or psychologic interaction with
environment.

5. Brain Death (Certified brain dead or dead by
traditional criteria)

Certified brain dead or dead by traditional criteria.

Table 2 CPC scores of abstractors 1 and 2 using complete hospital charts
Abstractor 2 (complete hospital chart) Total

Favorable CPC (1, 2) Unfavorable CPC (3, 4)

Abstractor 1 (complete hospital chart) Favorable CPC (1, 2) 116 5 121

Unfavorable CPC (3, 4) 0 10 10

Total 116 15 131

Ajam et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine 2011, 19:38
http://www.sjtrem.com/content/19/1/38

Page 3 of 5
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comes and sources of follow-up information are 
provided in Table 2, Figure 3, and Table S5. 
There were no significant differences between 
the groups in the proportion of patients who 

had any of the prespecified serious adverse 
events (Table S6). Figure S4 shows the changes 
between day 0 and day 7 in the Sequential Organ 
Failure Assessment (SOFA) score (scores range 

Figure 1. Screening, Randomization, and Follow-up of the Patients.

Scores on the Glasgow Coma Scale range from 3 to 15, with lower scores indicating poorer function. No-flow time 
was defined from collapse to the initiation of cardiopulmonary resuscitation (CPR), and low-flow time as from the 
initiation of CPR to the return of spontaneous circulation. ICU denotes intensive care unit.

584 Underwent randomization

4466 Patients were admitted to ICU
after cardiac arrest

1743 Were excluded
1435 Had shockable rhythm
308 Had Glasgow Coma Scale score >8

2723 Were assessed for eligibility

2139 Did not meet inclusion criteria
506 Had no-flow time >10 min
54 Had low-flow time >60 min

201 Had hemodynamic instability
(defined as receipt of norepi-
nephrine >1 µg/kg/min)

255 Had time from cardiac arrest
to screening >300 min

627 Had moribund condition
12 Had Child–Pugh class C cirrhosis
11 Were <18 yr of age
4 Were pregnant or breast-feeding

93 Were under guardianship
13 Were included in another trial
19 Did not have health insurance
15 Had high risk of bleeding

284 Had logistic reason
45 Had decision not to participate

made by next of kin

287 Were assigned to hypothermia group
287 Received assigned intervention

297 Were assigned to normothermia group
297 Received assigned intervention

3 Were withdrawn by patient
request

1 Was lost to follow-up (classified as 
dead, according to prespecified plan)

36 Stopped intervention prematurely

2 Were lost to follow-up (classified as 
dead, according to prespecified plan)

284 Were included in the analysis 297 Were included in the analysis
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POPULATION = 
-  581 patients inclus du 26/01/2014 au 

12/01/2018 
-  Caractéristiques similaires 
-  Arrêt cardiaque intrahospitalier 27.4%/

extrahospitalier 72.6% 
-  Cause non cardiaque: 2/3 
-  Insuffisance circulatoire aigue 58% 
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confounders, such as bystander resuscitation and 
no-flow duration. Cardiac arrest is a highly hetero-
geneous entity, and many factors may affect the 
efficacy of hypothermia. In a retrospective co-
hort study, the efficacy of hypothermia increased 
with no-flow duration,30 although this result was 
not replicated in a post hoc analysis of the TTM 
trial.31

Moderate therapeutic hypothermia has been 
shown to improve neurologic outcomes in pa-
tients with severe ischemia-reperfusion brain 
injury.32,33 We consequently included patients 
with worse cardiopulmonary-resuscitation charac-
teristics, such as long no-flow and low-flow times 
and high epinephrine doses, as well as a larger 
proportion of patients with circulatory shock 
(58% in our trial vs. 15% in the TTM trial28). 
No-flow and low-flow times are very difficult 
to determine accurately.34 It is possible that a 
global predictor such as the Cardiac Arrest Hos-
pital Prognosis score35 may prove useful in the 
future for constituting uniform patient groups.

Moderate therapeutic hypothermia improved 
the neurologic prognosis but not survival at 90 
days, whereas the opposite has been reported for 
epinephrine.36 The number needed to treat for 
one additional patient to survive with a CPC 
score of 1 or 2 is 22 with hypothermia, as com-
pared with a number needed to treat to prevent 
one death of 15 with bystander CPR37 and 112 
with epinephrine.36

Our trial has several limitations. First, the 
primary outcome was assessed during a tele-
phone interview rather than a face-to-face inter-
view. Second, a substantial proportion of pa-
tients had body temperatures above 38°C, notably 
after the period of targeted temperature man-
agement. We chose 37°C as the target in the 
control group to avoid hyperthermia during the 
period of targeted temperature management.38 
Third, we used targeted temperature manage-
ment for 56 to 64 hours in the hypothermia 
group and for 48 hours in the normothermia 
group to avoid rebound hyperthermia.39 Data to 
indicate that prolonging targeted temperature 
management beyond 48 hours may help to pre-
vent or treat neurologic injuries are limited.15,28 
Fourth, patients with missing data were as-
sumed to have died. However, only three pa-
tients (one in the hypothermia group and two in 
the normothermia group) had missing data. Last, 
the fragility index value of 1 for our trial indi-
cates that an outcome change in a single patient 

would make the difference in the primary out-
come nonsignificant. However, all three patients 
who withdrew consent were in the hypother-
mia group. The point estimate for the absolute 
between-group difference in the frequency of a 
good outcome of 4.5 percentage points (95% CI, 
0.1 to 8.9) in favor of hypothermia as compared 
with the 5.7% frequency with normothermia is 
of clinical importance (which is different from 
statistical significance).40

In conclusion, among patients with coma who 
had been resuscitated from in-hospital or out-of-
hospital cardiac arrest with nonshockable rhythm 
due to cardiac or noncardiac causes, the use of 
moderate therapeutic hypothermia at 33°C led to 
a higher percentage of patients who survived 
with a favorable neurologic outcome at day 90 
than was observed with targeted normothermia.

A data sharing statement provided by the authors is available 
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Figure 3. Distribution of Cerebral Performance Category Scores on Day 90  
after Randomization.

Cerebral Performance Category (CPC) scores range from 1 to 5, with higher 
scores indicating greater disability. Patients who were lost to follow-up 
(one in the hyperthermia group and two in the normothermia group) were 
assigned a score of 5, indicating death. For this trial, a favorable neurologic 
outcome was defined as a CPC score of 1 (good cerebral performance or 
minor disability) or 2 (moderate disability).20 Percentages may not total 100 
because of rounding.
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able rhythm the situation that is most likely to 
benefit from hypothermia.

In our trial, the cardiac arrest occurred out-
side the hospital in approximately three quarters 
of the patients, and the presumed cause of car-
diac arrest was noncardiac in two thirds of the 
patients. In a retrospective registry study involv-
ing patients with out-of-hospital cardiac arrest, 
hypothermia was associated with neurologic out-
comes at hospital discharge that were poorer 
than those associated with no specific tempera-

ture-management strategy.11 Another registry 
study involving patients with in-hospital cardiac 
arrest in any rhythm showed poorer neurologic 
outcomes and survival with hypothermia than 
with no specific temperature-management strat-
egy.10 However, no details were supplied about 
the hypothermia methods, temperatures achieved, 
or temperature management in patients who did 
not receive hypothermia. In addition, although 
propensity-score matching was used, the differ-
ences between the two groups suggest missed 

Outcome
Hypothermia 

(N = 284)
Normothermia 

(N = 297)

Difference 
or Hazard Ratio 

(95% CI)

CPC score of 1 or 2 on day 90 — no. (%) 29 (10.2) 17 (5.7) 4.5 (0.1 to 8.9)†

CPC score distribution on day 90 — no. (%)

CPC score of 1 16 (5.6) 11 (3.7)

CPC score of 2 13 (4.6) 6 (2.0)

CPC score of 3 22 (7.7) 31 (10.4)

CPC score of 4 1 (0.4) 0

CPC score of 5 231 (81.3) 247 (83.2)

Loss to follow-up 1 (0.4) 2 (0.7)

Death by day 90 — no. (%) 231 (81.3) 247 (83.2) −1.9 (−8.0 to 4.4)†

Death in the ICU — no. (%) 222 (78.2) 236 (79.5) 0.93 (0.78 to 1.10)‡

Duration of mechanical ventilation — days

Median 4.5 4.0

Interquartile range 2.0 to 7.0 2.0 to 7.0

Length of stay in ICU — days

Median 4.0 4.0

Interquartile range 2.0 to 7.0 2.0 to 6.0

Survival to ICU discharge — no. (%) 62 (21.8) 61 (20.5) 1.07 (0.75 to 1.52)‡

Duration of mechanical ventilation — days

Median 11.0 10.0

Interquartile range 6.0 to 24.0 4.0 to 27.0

Length of stay in ICU — days

Median 6.0 6.0

Interquartile range 4.0 to 18.0 2.0 to 21.0

Survival to hospital discharge — no. (%) 56 (19.7) 50 (16.8) 1.19 (0.81 to 1.74)‡

*  The primary outcome was survival with a favorable neurologic outcome, assessed on day 90 after randomization with 
the use of the Cerebral Performance Category (CPC) scale. CPC scores range from 1 to 5, with higher scores indicating 
greater disability; a CPC score of 5 indicates death. For this trial, a favorable neurologic outcome was defined as a CPC 
score of 1 (good cerebral performance or minor disability) or 2 (moderate disability).20 Confidence intervals for second-
ary efficacy end points were not adjusted for multiplicity, and therefore inferences drawn from these intervals may not 
be reproducible. ICU denotes intensive care unit.

†  Differences between percentages in the analyses of CPC score of 1 or 2 on day 90 and death by day 90 are shown in 
percentage points.

‡  The hazard ratios were estimated with the use of competing-risk models. Hazard ratios in the analyses of survival to 
ICU or hospital discharge indicate the likelihood of survival to that time point rather than likelihood of death.

Table 2. Neurologic Outcomes and Hospitalization Characteristics.*
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from 0 to 20, with higher scores indicating more 
severe organ dysfunction).

Causes of Death
Of the 581 patients, 478 (82.3%) died during 
follow-up. Table S7 reports the causes of death. 
The most common cause of death was with-
drawal of life support, which occurred in 143 of 
231 patients (61.9%) in the hypothermia group 
and in 161 of 247 patients (65.2%) in the normo-
thermia group. Figure S5 and Table S8 provide 
details about the methods used to assess neuro-
logic prognosis, and Figure S6 shows the time 
from randomization to withdrawal of life support.

Discussion

In this open-label, multicenter, randomized, con-
trolled trial with blinded outcome assessment, 
the targeting of a temperature of 33°C in pa-
tients who had cardiac arrest with nonshockable 
rhythm significantly improved survival with a 
favorable day-90 neurologic outcome as assessed 

with the use of the CPC scale, as compared with 
targeted normothermia. Overall mortality at 90 
days did not differ significantly between the two 
groups. We detected no significant harmful ef-
fects of hypothermia at 33°C as compared with 
targeted normothermia.

Cardiac arrest with nonshockable rhythm 
usually occurs outside the hospital, is often due 
to noncardiac causes, and is associated with a 
poorer neurologic prognosis than cardiac arrest 
with shockable rhythm. In two pioneer trials 
comparing hypothermia with normothermia in 
patients with cardiac arrest with shockable 
rhythm, neurologic outcomes were good in 26% 
and 39% of patients who were treated with nor-
mothermia.26,27 In a post hoc analysis2 of the 
TTM (Target Temperature Management 33°C 
versus 36°C after Out-of-Hospital Cardiac Arrest) 
trial by Nielsen et al.,28 hypothermia did not 
improve survival or neurologic outcomes in the 
group with nonshockable rhythms. Improvements 
in outcomes after cardiac arrest with shockable 
rhythm29 may make cardiac arrest with nonshock-

Figure 2. Mean Body Temperature during the Intervention in the Groups of Patients Who Had Been Randomly Assigned to Hypothermia 
(33°C) or Normothermia (37°C).

I bars indicate ±2 standard deviations; 95% of the recorded values were within the bars. The bars are shown slightly offset at each time 
point for better visibility.
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able rhythm the situation that is most likely to 
benefit from hypothermia.

In our trial, the cardiac arrest occurred out-
side the hospital in approximately three quarters 
of the patients, and the presumed cause of car-
diac arrest was noncardiac in two thirds of the 
patients. In a retrospective registry study involv-
ing patients with out-of-hospital cardiac arrest, 
hypothermia was associated with neurologic out-
comes at hospital discharge that were poorer 
than those associated with no specific tempera-

ture-management strategy.11 Another registry 
study involving patients with in-hospital cardiac 
arrest in any rhythm showed poorer neurologic 
outcomes and survival with hypothermia than 
with no specific temperature-management strat-
egy.10 However, no details were supplied about 
the hypothermia methods, temperatures achieved, 
or temperature management in patients who did 
not receive hypothermia. In addition, although 
propensity-score matching was used, the differ-
ences between the two groups suggest missed 

Outcome
Hypothermia 

(N = 284)
Normothermia 

(N = 297)

Difference 
or Hazard Ratio 

(95% CI)

CPC score of 1 or 2 on day 90 — no. (%) 29 (10.2) 17 (5.7) 4.5 (0.1 to 8.9)†

CPC score distribution on day 90 — no. (%)

CPC score of 1 16 (5.6) 11 (3.7)

CPC score of 2 13 (4.6) 6 (2.0)

CPC score of 3 22 (7.7) 31 (10.4)

CPC score of 4 1 (0.4) 0

CPC score of 5 231 (81.3) 247 (83.2)

Loss to follow-up 1 (0.4) 2 (0.7)

Death by day 90 — no. (%) 231 (81.3) 247 (83.2) −1.9 (−8.0 to 4.4)†

Death in the ICU — no. (%) 222 (78.2) 236 (79.5) 0.93 (0.78 to 1.10)‡

Duration of mechanical ventilation — days

Median 4.5 4.0

Interquartile range 2.0 to 7.0 2.0 to 7.0

Length of stay in ICU — days

Median 4.0 4.0

Interquartile range 2.0 to 7.0 2.0 to 6.0

Survival to ICU discharge — no. (%) 62 (21.8) 61 (20.5) 1.07 (0.75 to 1.52)‡

Duration of mechanical ventilation — days

Median 11.0 10.0

Interquartile range 6.0 to 24.0 4.0 to 27.0

Length of stay in ICU — days

Median 6.0 6.0

Interquartile range 4.0 to 18.0 2.0 to 21.0

Survival to hospital discharge — no. (%) 56 (19.7) 50 (16.8) 1.19 (0.81 to 1.74)‡

*  The primary outcome was survival with a favorable neurologic outcome, assessed on day 90 after randomization with 
the use of the Cerebral Performance Category (CPC) scale. CPC scores range from 1 to 5, with higher scores indicating 
greater disability; a CPC score of 5 indicates death. For this trial, a favorable neurologic outcome was defined as a CPC 
score of 1 (good cerebral performance or minor disability) or 2 (moderate disability).20 Confidence intervals for second-
ary efficacy end points were not adjusted for multiplicity, and therefore inferences drawn from these intervals may not 
be reproducible. ICU denotes intensive care unit.

†  Differences between percentages in the analyses of CPC score of 1 or 2 on day 90 and death by day 90 are shown in 
percentage points.

‡  The hazard ratios were estimated with the use of competing-risk models. Hazard ratios in the analyses of survival to 
ICU or hospital discharge indicate the likelihood of survival to that time point rather than likelihood of death.

Table 2. Neurologic Outcomes and Hospitalization Characteristics.*
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able rhythm the situation that is most likely to 
benefit from hypothermia.

In our trial, the cardiac arrest occurred out-
side the hospital in approximately three quarters 
of the patients, and the presumed cause of car-
diac arrest was noncardiac in two thirds of the 
patients. In a retrospective registry study involv-
ing patients with out-of-hospital cardiac arrest, 
hypothermia was associated with neurologic out-
comes at hospital discharge that were poorer 
than those associated with no specific tempera-

ture-management strategy.11 Another registry 
study involving patients with in-hospital cardiac 
arrest in any rhythm showed poorer neurologic 
outcomes and survival with hypothermia than 
with no specific temperature-management strat-
egy.10 However, no details were supplied about 
the hypothermia methods, temperatures achieved, 
or temperature management in patients who did 
not receive hypothermia. In addition, although 
propensity-score matching was used, the differ-
ences between the two groups suggest missed 

Outcome
Hypothermia 

(N = 284)
Normothermia 

(N = 297)

Difference 
or Hazard Ratio 

(95% CI)

CPC score of 1 or 2 on day 90 — no. (%) 29 (10.2) 17 (5.7) 4.5 (0.1 to 8.9)†

CPC score distribution on day 90 — no. (%)

CPC score of 1 16 (5.6) 11 (3.7)

CPC score of 2 13 (4.6) 6 (2.0)

CPC score of 3 22 (7.7) 31 (10.4)

CPC score of 4 1 (0.4) 0

CPC score of 5 231 (81.3) 247 (83.2)

Loss to follow-up 1 (0.4) 2 (0.7)

Death by day 90 — no. (%) 231 (81.3) 247 (83.2) −1.9 (−8.0 to 4.4)†

Death in the ICU — no. (%) 222 (78.2) 236 (79.5) 0.93 (0.78 to 1.10)‡

Duration of mechanical ventilation — days

Median 4.5 4.0

Interquartile range 2.0 to 7.0 2.0 to 7.0

Length of stay in ICU — days

Median 4.0 4.0

Interquartile range 2.0 to 7.0 2.0 to 6.0

Survival to ICU discharge — no. (%) 62 (21.8) 61 (20.5) 1.07 (0.75 to 1.52)‡

Duration of mechanical ventilation — days

Median 11.0 10.0

Interquartile range 6.0 to 24.0 4.0 to 27.0

Length of stay in ICU — days

Median 6.0 6.0

Interquartile range 4.0 to 18.0 2.0 to 21.0

Survival to hospital discharge — no. (%) 56 (19.7) 50 (16.8) 1.19 (0.81 to 1.74)‡

*  The primary outcome was survival with a favorable neurologic outcome, assessed on day 90 after randomization with 
the use of the Cerebral Performance Category (CPC) scale. CPC scores range from 1 to 5, with higher scores indicating 
greater disability; a CPC score of 5 indicates death. For this trial, a favorable neurologic outcome was defined as a CPC 
score of 1 (good cerebral performance or minor disability) or 2 (moderate disability).20 Confidence intervals for second-
ary efficacy end points were not adjusted for multiplicity, and therefore inferences drawn from these intervals may not 
be reproducible. ICU denotes intensive care unit.

†  Differences between percentages in the analyses of CPC score of 1 or 2 on day 90 and death by day 90 are shown in 
percentage points.

‡  The hazard ratios were estimated with the use of competing-risk models. Hazard ratios in the analyses of survival to 
ICU or hospital discharge indicate the likelihood of survival to that time point rather than likelihood of death.

Table 2. Neurologic Outcomes and Hospitalization Characteristics.*
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Table S3: Reasons for early rewarming in the hypothermia group  
 
Reason for early rewarming  Number of patients (%) 

Total number, 36 
  Hemodynamic instability 11 (30.6) 
  Cardiac arrhythmia  3 (8.3) 
  Suspected  brain death  15 (41.7) 
  Bleeding risk 2 (5.6) 
  Other  5 (13.9) 
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Table S7: Presumed causes of death 
 Hypothermia group 

(n=231) 
Normothermia group 

(n=247) 
Recurrent cardiac arrest, (%) 9 (3.9) 9 (3.6) 
Life-support withdrawal, (%) 143 (61.9) 161 (65.2) 
Multiorgan failure, (%) 30 (12.9) 32 (13.0) 
Refractory shock, (%) 16 (6.9) 10 (4.0) 
Refractory ARDS, (%) 2 (0.9) 0 
Mesenteric ischemia, (%) 2 (0.9) 2 (0.8) 
Brain death, (%) 24 (10.4) 31 (12.6) 
Other, (%) 5 (2.2) 2 (0.8) 
 
ARDS, acute respiratory distress syndrome 
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Table S8: Assessment of neurologic prognosis  
 
 Hypothermia group 

(143 patients who died 
after life-support 

withdrawal) 

Normothermia group 
(161 patients who died 

after life-support 
withdrawal) 

N patients with documented LSW decisions 142 159 
Time from randomization to LSW decision, 
d, median [IQR] 

5 [3 ; 6] 4 [2 ; 6] 

Findings at the time of LSW decisions (n of patients unless stated otherwise) 
Abnormal brainstem reflex 81 80 
Pupillary reflex absent 28 24 
Corneal reflex absent 69 63 
Vestibulo-ocular reflex absent 62 62 
Oculo-cardiac reflex absent 51 47 
Electroencephalogram 
- Burst suppression 
- Status epilepticus 

53 
33 
27 

51 
30 
18 

No early cortical (N20) response 20 15 
Neuron-specific enolase assayed 
- Value, ng/ml, median [IQR] 

29 
132 [74 ; 240] 

34 
129 [61 ; 232] 

Motor response: extension on day 3 24 21 
No motor response on day 3 62 72 
Other 
 
- No improvement during observation period 
- Comorbidity 
- Multiorgan failure 
- Refractory shock 
- Advance directives  
- Status myoclonus 

53 
 

23 
15 
4 
5 
3 
3 

67 
 

26 
27 
1 
3 
4 
6 

 
LSW, life-support withdrawal 

One patient in the hypothermia group and two in the normothermia group were discharged 

alive from the ICU to a ward where they died after life-support withdrawal. Documentation of 

the life-support withdrawal decision-making process was not available for these three 

patients.  

 
 
 
 
 
 
 
 



LES POINTS FORTS =  
-  Cohérence externe? Première étude? 
-  Patients sévères, NF, LF, insuffisance 

circulatoire aigue, Adrénaline -> plus de 
bénéfice à l’hypothermie? 1 2 3 

-  Etude Française, la moitié dans des 
CHU 

-  Design (pas d’aveugle possible) 
-  Aveugle sur évaluation à J90 par 

psychologue entraîné, 1 seul évaluateur 
-  Validité externe: Arrêt cardiaque, 

majorité extra-hospitalier, rythme non 
choquable 

-  Pertinence clinique CJP  

LES POINTS FAIBLES =  
-  Meilleure récupération au delà de 90J? 
-  Protocole de sédation chaque centre 
-  Causes multiples d’arrêt cardiaque, 

intra ou extrahospitalier 
-  Evaluation CJP au téléphone 
-  Patients non aux objectifs de 

température 
-  Données manquantes = patients 

décédés (seulement 3) 
-  3 retraits de consentement dans le 

groupe hypothermie 
-  Différence absolue de 4.5% en faveur 

hypothermie  

PERSPECTIVES =  
- Score CAPH (identification des patients à haut risque de mauvais pronostic)? 
- Phénotypes d’arrêt cardiaque répondeurs à l’hypothermie? 

CONCLUSION: L’hypothermie thérapeutique modérée à 33°C chez les patients avec arrêt cardiaque 
récupéré intra ou extrahospitalier avec rythme non choquable conduit à un meilleur pourcentage de patients 
survivants avec un pronostic neurologique favorable à J90  

1 Dankiewicz J Resuscitation 2012 
2 Mongardon N Ann Intensive Care 2011 
3 Hassager C Lancet 2018 



QUESTION: L’hypothermie thérapeutique modérée à 33°C, comparativement à la température ciblée (37°C), 
améliore-t-elle le pronostic neurologique des patients en coma sur arrêt cardiaque avec rythme non choquable 
récupéré? 

CONCLUSION: L’hypothermie thérapeutique modérée à 33°C chez les patients avec arrêt cardiaque récupéré 
intra ou extrahospitalier avec rythme non choquable conduit à un meilleur pourcentage de patients survivants avec 
un pronostic neurologique favorable à J90  

POPULATION  
Adultes avec arrêt 
cardiaque de toute 
cause intra- ou 
extrahospitalier 
récupéré avec rythme 
cardiaque non 
choquable 
-  2/3 causes non 

cardiaques 
-  58% insuffisance 

circulatoire aigue 

LIEU 
25 
Réanimations 
En France 

CJP 
Pronostic neurologique favorable 
(échelle CPC 1 ou 2) à J90 

PROTOCOLE 
584 patients randomisés 

581 analysés 

 
 
 

 
 
 
 
 
 
 

284 
Hypothermie 
thérapeutique 
modérée 33°C 
pendant 24h 
Puis réchauffement 
lent 
 

297 
Normothermie 
ciblée 37°C 
pendant 48h 

 

RESULTATS 
 
 
 
 

Différence absolue 
4.5 % 

IC 95% (0.1-8.9) 
 

Mortalité à J90 
 

 
 

Différence absolue 
-1.9% IC95% (-8.0-4.3) 

Hypothermie 
29/284  

 
10.2% 

Normothermie 
17/297 

 
5.5% 

81.3% 83.2% 
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BACKGROUND
Dexmedetomidine produces sedation while maintaining a degree of arousability 
and may reduce the duration of mechanical ventilation and delirium among pa-
tients in the intensive care unit (ICU). The use of dexmedetomidine as the sole or 
primary sedative agent in patients undergoing mechanical ventilation has not been 
extensively studied.

METHODS
In an open-label, randomized trial, we enrolled critically ill adults who had been 
undergoing ventilation for less than 12 hours in the ICU and were expected to 
continue to receive ventilatory support for longer than the next calendar day to 
receive dexmedetomidine as the sole or primary sedative or to receive usual care 
(propofol, midazolam, or other sedatives). The target range of sedation-scores on 
the Richmond Agitation and Sedation Scale (which is scored from −5 [unrespon-
sive] to +4 [combative]) was −2 to +1 (lightly sedated to restless). The primary 
outcome was the rate of death from any cause at 90 days.

RESULTS
We enrolled 4000 patients at a median interval of 4.6 hours between eligibility and 
randomization. In a modified intention-to-treat analysis involving 3904 patients, 
the primary outcome event occurred in 566 of 1948 (29.1%) in the dexmedetomi-
dine group and in 569 of 1956 (29.1%) in the usual-care group (adjusted risk dif-
ference, 0.0 percentage points; 95% confidence interval, −2.9 to 2.8). An ancillary 
finding was that to achieve the prescribed level of sedation, patients in the dex-
medetomidine group received supplemental propofol (64% of patients), midazolam 
(3%), or both (7%) during the first 2 days after randomization; in the usual-care 
group, these drugs were administered as primary sedatives in 60%, 12%, and 20% 
of the patients, respectively. Bradycardia and hypotension were more common in 
the dexmedetomidine group.

CONCLUSIONS
Among patients undergoing mechanical ventilation in the ICU, those who received 
early dexmedetomidine for sedation had a rate of death at 90 days similar to that 
in the usual-care group and required supplemental sedatives to achieve the pre-
scribed level of sedation. More adverse events were reported in the dexmedetomi-
dine group than in the usual-care group. (Funded by the National Health and 
Medical Research Council of Australia and others; SPICE III ClinicalTrials.gov 
number, NCT01728558.)
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BACKGROUND
Moderate therapeutic hypothermia is currently recommended to improve neuro-
logic outcomes in adults with persistent coma after resuscitated out-of-hospital 
cardiac arrest. However, the effectiveness of moderate therapeutic hypothermia in 
patients with nonshockable rhythms (asystole or pulseless electrical activity) is 
debated.

METHODS
We performed an open-label, randomized, controlled trial comparing moderate 
therapeutic hypothermia (33°C during the first 24 hours) with targeted normother-
mia (37°C) in patients with coma who had been admitted to the intensive care unit 
(ICU) after resuscitation from cardiac arrest with nonshockable rhythm. The pri-
mary outcome was survival with a favorable neurologic outcome, assessed on day 
90 after randomization with the use of the Cerebral Performance Category (CPC) 
scale (which ranges from 1 to 5, with higher scores indicating greater disability). 
We defined a favorable neurologic outcome as a CPC score of 1 or 2. Outcome 
assessment was blinded. Mortality and safety were also assessed.

RESULTS
From January 2014 through January 2018, a total of 584 patients from 25 ICUs 
underwent randomization, and 581 were included in the analysis (3 patients with-
drew consent). On day 90, a total of 29 of 284 patients (10.2%) in the hypothermia 
group were alive with a CPC score of 1 or 2, as compared with 17 of 297 (5.7%) 
in the normothermia group (difference, 4.5 percentage points; 95% confidence 
interval [CI], 0.1 to 8.9; P = 0.04). Mortality at 90 days did not differ significantly 
between the hypothermia group and the normothermia group (81.3% and 83.2%, 
respectively; difference, −1.9 percentage points; 95% CI, −8.0 to 4.3). The incidence 
of prespecified adverse events did not differ significantly between groups.

CONCLUSIONS
Among patients with coma who had been resuscitated from cardiac arrest with 
nonshockable rhythm, moderate therapeutic hypothermia at 33°C for 24 hours led 
to a higher percentage of patients who survived with a favorable neurologic out-
come at day 90 than was observed with targeted normothermia. (Funded by the 
French Ministry of Health and others; HYPERION ClinicalTrials.gov number, 
NCT01994772.)
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QUESTION: L’utilisation de la DEXMEDETOMIDINE comme première et seule molécule, si possible, 
dans la sédation précoce des patients sous ventilation mécanique réduit-elle la mortalité à J90 
comparativement aux sédations standards? 

Quelle est la meilleure sédation pour les patients de réanimation sous VM? 

PROPOFOL et MIDAZOLAM =  
Augmentation de la neurotransmission 
GABAergique au niveau des synapses inhibitrices 

DEXMEDETOMIDINE = 
Haute affinité pour récepteurs alpha 2 
adrénergiques 

LES + = 
-  Effet sédatif dose dépendant mais 

facilement réveillable 
-  Effet antalgique 1 
-  EOT + rapide 2 6 
-  Augmentation du nombre de jours 

sans coma ou delirium, prévention 
du delirium, diminution de 
l’incidence des delirium agités 2 3 
4 5 6 

-  Pas d’effet dépresseur respiratoire 
7 

-  Diminution de la mortalité 8 

LES - = 
-  Hypotension 
-  Bradycardie  

1 Shehabi Y Anesthesiology 2009 
2 Constantin JM Anaesth Crit Care Pain Med 2016 
3 Riker RR JAMA 2009 
4 Maldonado Psychosomatics 2009 
5 Pandharipande PP JAMA 2007 
6 Reade MC JAMA 2016 
7 Akada Anesth Analg 2008 
8 Kawazoe JAMA 2017 



POPULATION =  
Adultes de réanimation 
sous ventilation 
mécanique 

DESIGN = essai randomisé, contrôlé, en ouvert, de 
supériorité 

INCLUSION =  
-  Durée VM > jour suivant  
-  Sédations de confort et sécurité 

EXCLUSION = 
-  Mineurs 
-  VM en réa > 12 h avant inclusion 
-  TC suspecté ou avéré 

RANDOMISATION =  
-  Ratio 1:1 
-  Groupe DEXMEDETOMIDINE/Groupe sédation 

standard 
-  Taille de blocs variables 
-  Site protégé 
-  Stratification sur centre et présence de sepsis 

LIEU =  
8 pays 
74 réanimations 



CJP = Taux de décès de toute cause à J90  

CJS =  
-  Mortalité à J180 
-  Transfert en soins de suite  
-  Fonction cognitive à J180 (IQCODE) 
-  Qualité de vie (EQ-5D-3L) 
-  Nombre de jours sans coma ni delirium 
-  Nombre de jours sans ventilation à J28 

STATISTIQUES = 
-  Analyse en intention de traiter modifiée (exclusion 

des patients ayant retiré leur consentement ou CJP 
inconnu) 

-  Mortalité estimée 26% 
-  4000 patients nécessaires pour puissance de 90% 

pour détecter une différence absolue de 4.5% 
avec perte de 5% 

-  Analyse intermédiaire à 2000 patients 
-  Multiples modèles utilisés 
-  Stratification sur la présence ou l’absence de sepsis  

PROTOCOLE =  
-  Objectif: sédation légère (RASS -2 à +1)/4h 
-  Delirium: Méthode d’évaluation de la confusion 

pour la réanimation/J 
-  Protocoles locaux de sevrage respiratoire et des 

sédations 

DEXMEDETOMIDINE IV 1μg/kg/h 

Objectif RASS -2 à +1 jusqu’à J28 
REMIFENTANIL et CLONIDINE interdits 

PROPOFOL ALD 
MIDAZOLAM si nécessaire 

SEDATION STANDARD: PROPOFOL, MIDAZOLAM, autres 

DEXDOR rescue 
Antipsychotiques si besoin 
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29502 Patients met ALL inclusion criteria 

  

Figure S2 - Screening, Randomisation and Follow up 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

# Patients can meet more than 1 exclusion criterion 

 

25502 patients were excluded # 

10626 acute primary brain lesion 
5937 intubated >12 hours in an ICU 
1894 admission for drug overdose or burns 
1653 death imminent or no commitment to active treatment 
1270 spinal cord injury 
1037 underlying disease makes 90 day survival unlikely 
865 ongoing neuromuscular blockade 
761 acute fulminant hepatic failure 
739 MAP <50 mmHg after adequate fluids & vasopressors 
428 age <18 years 
419 HR <55 bpm unless treated with β blocker or 
pacemaker absent 
357 receiving full time residential nursing care 
228 pregnant or lactating 
61 Known sensitivity to any of the study medications 
59 previously enrolled 
2211 other: 393 Seizures 
                   360 co-enrolment issues 
                   332 Consultant decision 
                   265 consent issues 
                    

4000 underwent randomization 

1278  

Septic 

723  

Non-septic 

1276  

Septic 

723  

 Non-septic 

53 Excluded from primary analysis 

47 consent withdrawn/refused for all data  

3 refused day 90 data  

3 unknown vital status 

43 Excluded from primary analysis 

35 consent withdrawn/refused for all data 

4 refused day 90 data 

4 unknown vital status 

1948  

Analysed for primary endpoint 

1956  

Analysed for primary endpoint 

2001  
Early Dexmedetomidine Sedation 

1999  
Usual Care 

CARACTERISTIQUES DE LA 
POPULATION =  
-  De 11/2013 à 02/2018 
-  Similaires  
-  Sauf pour administration de 

DEXMEDETOMIDINE pré-
randomisation (> groupe DEX) 
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group difference in the primary outcome accord-
ing to country, overall cause of death, or discharge 
destination (Tables S4, S5, and S6, respectively, 
in the Supplementary Appendix).

The between-group differences for secondary 
outcomes, including 180-day mortality and the 
percentage of institutionally dependent patients 
at 180 days, were not significant. Among the 
patients who were evaluated at 180 days, the 
score on the Short IQCODE questionnaire was 
available for 79.5% of the patients in the dex-
medetomidine group and 81.0% of those in the 
usual-care group. There was no significant dif-
ference in the mean unadjusted IQCODE score of 
3.14 in the dexmedetomidine group and 3.08 in 
the usual-care group in a sensitivity analysis that 
accounted for missing data, nor in the score on 
the EQ-5D-3L questionnaire (Table 2; and Figs. 
S5 and S6, respectively, in the Supplementary 
Appendix). As compared with usual care at day 
28, the median number of days that patients 

were free from coma or delirium and the median 
number of ventilator-free days were both 1 day 
higher in the dexmedetomidine group (Table 2). 
Tertiary outcomes including tracheostomy, re-
intubation, use of restraints, unplanned extuba-
tion, and lengths of stay in both the ICU and 
hospital are shown in Table S7 in the Supple-
mentary Appendix.

Sedation Levels
In the first 2 full days after randomization, the 
percentage of RASS scores in the target range of 
light sedation (−2 to +1) was 56.6% in the dex-
medetomidine group and 51.8% in the usual-care 
group. (The daily percentage of RASS scores in 
the target range is provided in Fig. 1A.) The 
percentage of RASS scores in the deep-sedation 
range (−5 to −3) was 40.0% in the dexmedetomi-
dine group and 45.6% in the usual-care group 
(data not shown). The percentage of patients 
who had an indication for deep sedation as de-

Outcome
Dexmedetomidine  

(N = 1948)
Usual Care 
(N = 1956)

Odds Ratio 
(95% CI)

Adjusted Risk 
Difference 
(95% CI)†

Death from any cause at 90 days: primary 
outcome — no. (%)

566 (29.1) 569 (29.1) 1.00 (0.87 to 1.15) 0.0 (−2.9 to 2.8)

Secondary outcomes

Death at 180 days — no./total no. (%) 609/1935 (31.5) 610/1946 (31.3) 1.01 (0.88 to 1.16) 0.1 (−2.8 to 3.1)

Institutional dependency at 180 days  
— no./total no. (%)

89/1323 (6.7) 94/1337 (7.0) 0.96 (0.73 to 1.27) −0.3 (−2.1 to 1.5)

Mean score on Short IQCODE at 180 days 
(95% CI)‡

3.14 (3.11 to 3.17) 3.08 (3.05 to 3.11) 0.06 (0.02 to 0.11)

Mean score on the EQ-5D-3L question-
naire (95% CI)§

69.8 (68.5 to 71.1) 70.2 (69.0 to 71.5) −0.4 (−2.2 to 1.3)

Median no. of days free from coma  
or delirium (IQR)¶

24.0 (11.0 to 26.0) 23.0 (10.0 to 26.0) 1.0 (0.5 to 1.5)

Median no. of ventilator-free days 
(IQR)¶

23.0 (0.0 to 26.0) 22.0 (0.0 to 25.0) 1.0 (0.4 to 1.6)

*  Data regarding the listed primary and secondary outcomes were censored at 28 days after randomization unless otherwise stated. All tertiary 
outcomes are described in the Supplementary Appendix.

†  Confidence intervals were adjusted for sepsis status but were not adjusted for multiple comparisons.
‡  The Short IQCODE (Informant Questionnaire on Cognitive Decline in the Elderly) is a measure of cognitive function as reported by a close 

friend or relative. The average score on 16 questions is calculated on a scale of 1 to 5, with a score of 3.01 to 3.50 indicating a slight decline 
and a higher score indicating a worse outcome. This score was evaluated in 1054 patients in the dexmedetomidine group and in 1082 in the 
usual-care group.

§  Scores on the European Quality of Life 5-Dimensions 3-Level (EQ-5D-3L) questionnaire range from 0 to 100, with higher scores indicating a 
better quality of life. This score was evaluated in 1144 patients in the dexmedetomidine group and in 1177 in the usual-care group.

¶  The number of days was calculated from the time of randomization to day 28 and was compared by means of quantile regression after ad-
justment for the sepsis stratum. All the deaths that occurred before day 28 were scored as 0 for ventilator-free days but were scored for the 
number of days free from coma or delirium on the basis of the 17,282 assessments made with the Confusion Assessment Method for the 
Intensive Care Unit.

Table 2. Clinical Outcomes.*
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¶ Administered in ICU over study period up to 28 days or ICU discharge. [IQR] denotes Interquartile range  

¶¶ Mean daily dose given is presented in [Figure 1 A-D]. Drugs administered could have been given in 

different combinations.  

* Received at least once for reasons other than intubation 

** Given for per protocol pre-specified clinical indication in DEX arm. Daily treatments are shown in Figure 

S4, Panel A. 

 

 

 

 

 

 

 

 

Table S8:   Post Randomization Sedative, Analgesic and Adjunct Medications 
 

Medication ¶ ¶  
 DEX ¶ 
N=1954 

Usual Care ¶ 
N=1964 

Dexmedetomidine   
     Patients N (%) 1910 (97.8) 226 (11.5) 
     Median duration of infusion [IQR] d 2.56 [1.10 to 5.32] 1.26 [0.67 to 3.29] 
Propofol   
     Patients N (%) 1679 (86.0) 1741 (88.7) 
     Median duration of infusion [IQR] d 1.95 [0.79 to 4.66] 2.67 [1.36 to 5.70] 
Midazolam     
     Patients N (%) 455 (23.3) 794 (40.4) 
     Median duration of infusion [IQR] d 0.50 [0.21 to 1.87] 1.51 [0.67 to 3.17] 
Fentanyl   
     Patients N (%) 1534 (78.5) 1584 (80.7) 
Morphine    

      Patients N (%) 580 (29.7) 613 (31.2) 
Alfentanil    

      Patients N (%) 152 (7.8) 146 (7.4)  
Haloperidol   

      Patients N (%) 236 (12.1) 277 (14.1) 
Neuromuscular blockade (NMB) N (%) *     684 (35.0) 692 (35.3) 
NMB for ≥ 2 consecutive days N (%)   265 (13.6) 278 (14.2) 
Indication for benzodiazepines in DEX arm ** 

Uncontrolled agitation/delirium N (%) 41 (2.1) - 
Concomitant NMB N (%) 102 (5.2) - 
Seizures N (%) 26 (1.3) - 
Palliation N (%)  109 (5.6) - 
Procedural sedation N (%) 138 (7.1) - 

Objectifs de sédation (RASS -2 +1) 
dans les 2 premiers jours = 
-  56.6% Groupe DEX 
-  51.8% Groupe Standard 

RASS -5 -3 = 
-  40.0% Groupe DEX 
-  45.6% Groupe Standard 

Indication médicale de sédation 
profonde 
 
Combinaison des drogues 

ANALYSES EN SOUS GROUPES =  
Hétérogénéité sur l’âge avec effet 
divergent au dessus et au dessous 
de l’âge médian de 63.7 ans 
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below the median of 63.7 years, with lower mor-
tality in older patients and higher mortality in 
younger patients, but the significance of the dif-
ference could not be determined. If this finding 
is confirmed in future trials, it could be due to 
age-related changes in the pharmacokinetics of 
sedatives.37,38

Patients who were treated with dexmedetomi-
dine received additional drugs to achieve the tar-
get level of sedation. The use of multiple agents, 
however, was common in both groups. This may 
reflect sedation requirements during the acute 
phase of a critical illness.

The administration of medications in our 
trial was unblinded. We did not exclude patients 
who required deep sedation, a factor that might 
have influenced the overall RASS scores and the 
need for sedative agents administered after ran-

domization. We did not mandate a daily inter-
ruption in sedation or adherence to a particular 
strategy for managing sedation or delirium in 
the ICU (e.g., the ABCDEF bundle).39,40 In addi-
tion, we did not assess in detail other aspects of 
ICU care (e.g., vasopressor use, administration 
of fluids, or renal-replacement therapy).

In conclusion, among critically ill adults un-
dergoing mechanical ventilation in the ICU, the 
early administration of dexmedetomidine as the 
sole or primary sedative did not result in lower 
90-day mortality than usual care. Dexmedetomi-
dine was insufficient alone or as the primary 
agent to achieve clinically desired target sedation 
levels and was associated with more reported 
adverse events than usual care.

A data sharing statement provided by the authors is available 
with the full text of this article at NEJM.org.

Figure 3. Subgroup Analysis of the Primary Outcome.

The forest plot shows the risk difference for the primary outcome (the rate of death from any cause at 90 days) in six prespecified sub-
groups, as calculated with the use of binomial identity regression. The size of the square representing the risk difference reflects the relative 
number of patients in each subgroup, and the horizontal bars represent the 95% confidence intervals. The diamond indicates the overall 
risk difference, as represented by the dashed vertical line, and the solid vertical line indicates no between-group difference. Heterogeneity 
after adjustment for multiple comparisons was observed only for age, with a divergent effect above and below the median age of the pa-
tients (63.7 years). The median score on the APACHE (Acute Physiology and Chronic Health Evaluation) II was 21 on a scale ranging from 
0 to 71, with higher scores indicating a greater severity of illness. The median ratio of the partial pressure of arterial oxygen to the fraction 
of inspired oxygen (PaO2:FIO2) was 198.

−0.10 0.10−0.05 0.050.00 0.15

Usual Care BetterDexmedetomidine Better

Age
≤Median
>Median 

APACHE II score
≤Median
>Median

Geographic region
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Saudi Arabia

PaO2:FIO2 ratio
≤Median
>Median

Sepsis suspected or proved
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Yes

Admission type
Nonoperative
Operative

Overall

Dexmedetomidine Risk Difference (95% CI)Usual CareSubgroup

4.4 (0.8 to 7.9)  
−4.4 (−8.7 to −0.1)

−1.9 (−5.4 to 1.5)  
1.1 (−3.2 to 5.5)

0.8 (−2.6 to 4.2)
−1.5 (−7.9 to 4.9)  
−3.1 (−12.9 to 6.6)

    1.8 (−11.5 to 15.2)

  0.8 (−3.7 to 5.2)  
−1.6 (−5.7 to 2.5)  

−2.0 (−6.4 to 2.4  )
1.1 (−2.6 to 4.8)

0.8 (−2.6 to 4.3)
−2.3 (−7.2 to 2.7)  
−0.2 (−1.4 to 1.1)  

−0.15

219/976 (22.4)
347/972 (35.7)

177/977 (18.1)
389/971 (40.1)

  330/1250 (26.4)
148/428 (34.6)
  50/171 (29.2)
38/99 (38.4)

303/881 (34.4)
205/848 (24.2)

157/703 (22.3)
  409/1245 (32.9)

  442/1390 (31.8)
124/556 (22.3)

176/975 (18.1)
393/981 (40.1)

  204/1018 (20.0)
365/938 (38.9)

319/1246 (25.6)
155/430 (36.0)
  57/176 (32.4)
  38/104 (36.5)

290/862 (33.6)
230/892 (25.8)

172/706 (24.4)
  397/1250 (31.8)

  430/1389 (31.0)
139/566 (24.6)

no. of patients/total no. (%) percentage points
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Table S9 –Reported Adverse and Serious Adverse Events¥   
 

 DEX 
(N=1954) 

Usual care 
(N=1964) 

P value 

One or more AE during study 188 (9.6%) 35 (1.8%) < 0.0001 

One or more SAE during study 52 (2.7%) 7 (0.4%) < 0.0001 

Adverse Events:    

     Bradycardia 99 (5.1%) 9 (0.5%) < 0.0001 

     Hypotension 52 (2.7%) 10 (0.5%) < 0.0001 

     Other AE 44 (2.3%) 16 (0.8%) < 0.0001 

Serious Adverse Events:    

     Bradycardia 13 (0.70%) 1 (0.05%) 0.001 

     Hypotension 10 (0.50%) 1 (0.05%) 0.006 

     Prolonged sinus pause (Asystole) 14 (0.70%) 2 (0.10%) 0.003 

     Other SAE 16 (0.82%) 3 (0.15%) 0.003 

Uncontrolled agitation during study 44 (2.3%) 77 (3.9%)      0.003 

Protocol deviation during study 360(18.4%) 214 (10.9%) < 0.0001 
¥ Table describes number of patients (%) who experienced each event on one or more occasions. Patients can have 

multiple AEs/SAES. AEs and SAEs were defined in the protocol. Due to the un-blinded study design, events were 

reported by site investigators but not systematically collected in both groups. 

  

Effets secondaires non collectés de manière systématique car pas d’aveugle sur les traitements 
226/1964 (11.5%) Groupe Sédations Standards reçoivent DEX 



LES POINTS FORTS = 
-  Design 
-  Validité externe 
-  Rationnel biologique intéressant 1 2 3 4 

LES POINTS FAIBLES = 
-  Étude en ouvert, biais d’évaluation? 
-  Combinaison de traitements (Obj sédation 

légère/sédation profonde fréquente) 
-  Indication médicale à sédation profonde 

(patients non exclus) 
-  Validité externe: population non française 
-  Pertinence clinique  
-  Protocole de sevrage respiratoire et 

sédation locaux 
-  Pas de demande d’arrêt quotidien des 

sédations ou d’adhésion à un protocole de 
gestion des sédations et delirium en réa 

-  Pas de détail sur les autres aspects de PEC 
(influence sur la mortalité?) 

1 Ren X J Neuroimmune Pharmacol 2016 
2 Si YN Eur Rev Med Pharmacol Sci 2014 
3 Ueki M Anaesthesia 2014 
4 Taniguchi T Crit Care Med 2004 

PERSPECTIVES = 
-  Effet sur population ciblée? Plus âgée? Plus 

sensible au delirium? 
-  Effets expérimentaux  

CONCLUSION = Chez les patients adultes de réanimation sous VM, l’administration précoce de 
DEXMEDETOMIDINE comme la seul ou première molécule ne diminue pas le taux de mortalité à 
J90, est insuffisante seule et est associée à plus d’effets indésirables que les sédations classiques. 



QUESTION: L’utilisation de la DEXMEDETOMIDINE comme première et seule molécule, si possible, dans la sédation 
précoce des patients sous ventilation mécanique réduit-elle la mortalité à J90 comparativement aux sédations 
standards? 

POPULATION   
Adultes de 
réanimation 
-  sous 

ventilation 
mécanique 
(VM > 24h) 

-  avec 
sédations de 
confort 

CJP 
Taux de décès de toute cause à J90  

CONCLUSION: Chez les patients adultes de réanimation sous VM, l’administration précoce de 
DEXMEDETOMIDINE comme la seul ou première molécule ne diminue pas le taux de mortalité à J90, est insuffisante 
seule et est associée à plus d’effets indésirables que les sédations classiques. 

LIEU   
8 pays 
74 réanimations 

PROTOCOLE 
 
 
 
 
 
Objectif: sédation légère RASS -2+1 
REMIFENTANIL et CLONIDINE interdits 
  
 
 
 
 

RESULTATS 
 
DEXMEDETOMIDINE      SEDATION STANDARD 
        566/1948                            569/1956 
 
 
        29.1%                           29.1% 
 

  différence risque ajusté 
0.0% IC95% (-2.9-2.8) 

 
 

Bradycardie et hypotension plus 
fréquentes dans le groupe 
DEXMEDETOMIDINE 

DEXMEDETOMIDINE: 1μg/kg/h, 
MIDAZOLAM et PROPOFOL ALD 

SEDATION STANDARD: DEXMEDETOMIDINE 
en rescue 



CONCLUSION = Chez les patients adultes de réanimation sous VM, l’administration précoce de 
DEXMEDETOMIDINE comme la seul ou première molécule ne diminue pas le taux de mortalité à J90, est insuffisante 
seule et est associée à plus d’effets indésirables que les sédations classiques. 

CONCLUSION: L’hypothermie thérapeutique modérée à 33°C chez les patients avec arrêt cardiaque 
récupéré intra ou extrahospitalier avec rythme non choquable conduit à un meilleur pourcentage de patients 
survivants avec un pronostic neurologique favorable à J90  

-> essais VNI VS Optiflow sur réintubation chez les patients en sepsis, chez obèses, chez BPCO hypercapniques 

-> 1 étude anglaise sur les survivants d’arrêt cardiaque rythme non choquable et leur récupération neurologique 

-> essais sur DEXMEDETOMIDINE et délirium du sujet âge (post opératoire et réanimation) 
-> effets protecteurs myocardiques, rénaux et sur médiateurs de l’inflammation 


