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Adapter le ventilateur 
au patient !



Sédation légère

objectif premier



Si on ne le « Sédate pas »…  
il a mal !



Toute personne a le droit de recevoir des soins visant à soulager 
sa douleur.  

Celle-ci doit être en toute circonstance prévenue, évaluée, prise en 
compte et traitée.  

Les professionnels de santé mettent en oeuvre tous les moyens à leur 
disposition pour assurer à chacun une vie digne jusqu'à la mort.

21 ans de la loi Kouchner
LOI n° 2002-303 du 4 mars 2002 relative aux droits des malades et à la qualité du système de santé (1) 
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illness, extensive surgery, invasive procedures, incisions, pen-
etrating tubes, and catheters are recognized sources of pain, 
pains associated with routine ICU care, such as tracheal suc-
tioning, turning and mobilization, and dressing changes, 
are often underappreciated by caregivers (5). Furthermore, 
immobility generates discomfort from musculoskeletal stiff-
ness and wasting, neuropathies, and pressure ulcers. Pain 
associated with medical comorbidities and chronic pain states 
can be exacerbated by discontinuing regular analgesic medi-
cations as a result of incomplete drug history or concern for 
adverse medication side effects. Ongoing mechanical venti-
lation, sleep deprivation, and delirium further contribute to 
emotional and physical discomfort and heighten the percep-
tion of pain (6).

There are multiple obstacles to the provision of effective 
pain management in the ICU (Table 2) (7). Common provider-
related obstacles result from 1) failure to assess and acknowledge 
the existence of pain, 2) inadequate knowledge of the types and 
appropriate dosages of analgesics, 3) assignment of a low priority 
to pain management, and 4) fear of precipitating opioid addic-
tion. These factors likely contribute to undesirable variation in 
pain management practice; there is considerable evidence that 
medical patients receive less analgesia than do surgical patients 

when undergoing identical procedures (4). Furthermore, medical 
patients are generally less likely to receive analgesia, independent 
of pain scores. Personal and cultural biases and communication 
difficulties between the patient and the healthcare team are addi-
tional provider-related barriers to pain management (8). Among 
the most common heath system–related obstacles are logistical 
hurdles related to timely analgesic administration (e.g., increased 
nursing burdens), inadequate quality improvement monitoring, 
and a lack of accountability for poorly managed pain.

Patient-related factors may also contribute to ineffective 
pain management. The effects of sedation or neurologic com-
promise may prevent verbal, behavioral, or physical expression 
of pain. Furthermore, patients may think that pain should be 
tolerated, feel that requests for pain medications are burden-
some, or experience communication fatigue (9). Contributing 

TABLE 1. Sources of Pain in the ICU

Disease process

 Acute illness

 Trauma

 Surgical incision

 Chronic illness and pain

Invasive therapy

 Presence of endotracheal, nasogastric, and chest tubes

 Invasive monitoring catheters

 Urinary catheter

 Other penetrating drains and catheters

 Immobility

 Ongoing mechanical ventilation

 Insertion and removal of catheters and tubes

Daily care

 Tracheal suctioning

 Turning in bed

 Wound dressing changes

Exacerbating factors

 Altered sensorium or delirium

 Impaired communication

 Sleep deprivation

 Preexisting chronic pain

TABLE 2. Barriers to Effective Pain 
Management in the ICU

Provider

 Knowledge deficits regarding the pathophysiologic effects 
of pain and pain management principles

 Assignment of a low priority to pain management

 Failure to assess and acknowledge the existence of pain

 Failure to evaluate the effect of treatment

 Failure to adjust management in a timely fashion

 Inappropriate attitudes regarding the use of opioids

 Lack of knowledge of the types and appropriate dosages 
of analgesics

 Overconcern about the development of tolerance to 
analgesic medications

 Subconscious reactions to “drug-seeking” behavior

 Personal and cultural biases

 Communication difficulties between the patient and the 
healthcare team

Healthcare system

 Inadequate quality improvement process for pain 
management

 Lack of accountability for unsatisfactory outcomes related 
to poorly managed pain

 Logistical hurdles to timely analgesic administration (e.g., 
increased nursing burdens)

 Underemphasized use of multidisciplinary approaches for 
pain management

Patient

 Inability to report pain

 Feelings that pain should be tolerated or is an inevitable 
part of the disease process

 Fear of the consequences of reporting pain

 Fear of side effects related to analgesic drugs
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control (Fig. 2). An “R” could be added to the ABCDEF 
acronym (Fig.  3) to potentiate the impact of previously 
well proven parts of this bundle [44, 45].

Analgesia
As per recent guidelines, priority should be given to anal-
gesia before sedation, considering an analgesia-first and/
or an exclusive analgesia-based strategy [2]. The most 
commonly used intravenous opioids include hydro-
morphone, fentanyl, sufentanil, remifentanil, and mor-
phine, with caution for the latter in the setting of renal 
impairment. Opioid sparing agents (e.g., gabapentin, 
paracetamol, nefopam, lidocaine, carbamazepine, cloni-
dine, dexmedetomidine, and low-dose ketamine) can be 
employed in a multimodal analgesia approach with the 
additional benefit that some of these drugs have sedative 
properties [48].

Nonsteroidal anti-inflammatory drugs should be used 
with extreme caution in all critically ill patients (with and 
without ARDS) because of the higher risk of side-effects 
in this population, including their immunosuppressive 

and kidney injurious effects. Local and/or regional anes-
thesia should be used when indicated, especially after 
trauma or surgery [72].

Sedation
Sedative choice is dictated by desired depth of sedation, 
need for amnestic effect, and ease of titration. For most 
mechanically ventilated patients, propofol and dexme-
detomidine are ideal agents, with continuous infusion 
midazolam as a second-line alternative. Shortages of 
these agents pose an extreme challenge especially when 
deep sedation is required, such as in the setting of thera-
peutic paralysis [9]. Other benzodiazepines, ketamine, 
phenobarbital, volatile anesthetics (e.g., sevoflurane, 
isoflurane) or even sodium gamma-hydroxy-butyrate 
(GHB, gamma-OH) can also be used to achieve deep 
sedation if needed. When patients do not require deep 
sedation, alternatives include: low dose intermittent 
benzodiazepines to treat anxiety (lorazepam, diazepam, 
clonazepam), antipsychotics (levomepromazine, loxap-
ine, haloperidol, cyamemazine, chlorpromazine, and 

Fig. 3 Updated ABCDEF-R bundle for mechanically ventilated patients, including patients with ARDS, adapted from [42–45]

Analgo-Sédation
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« Tout est poison et rien n'est sans poison; 
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ESPb -Bloc des érecteurs du rachis

Quelles indications cliniques ? 

Douleur chronique

Injection de 20 mL de bupivacaine 0.25% en T5 : 
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Epidural analgesia in the intensive care unit: An observational series
of 121 patients§
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Sophie Kauffmann c, Christian Chartier a, Renaud Guérin a, Etienne Imhoff c,
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1. Introduction

Epidural analgesia (EA) has been mostly investigated for labour
and delivery [1], and for perioperative care after thoracic and major
abdominal surgery, providing the most effective analgesia
[2]. Beyond its analgesic properties, EA effects on the postoperative
neurohumoral stress response, cardiovascular pathophysiology,
and intestinal dysfunction have been the focus of both experimen-
tal and clinical investigations [3–7]. EA may reduce perioperative
morbidity and mortality after major abdominal and thoracic
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A B S T R A C T

Background: Epidural analgesia (EA) has been more investigated during the perioperative period than in
the intensive care unit (ICU) setting. Recent studies support beneficial effects for EA beyond analgesia
itself. However, data on feasibility and safety are still lacking in the ICU. Our goal was to assess the
feasibility and practice of EA in ICU patients.
Methods: Multicentre observational study in 3 ICUs over a 10-month period. Goals were to report the
incidence of EA-related complications and EA duration. All ICU patients receiving EA were included,
whether EA was initiated in the ICU or elsewhere, e.g. in the operating room. Demographics, clinical and
biological data were prospectively recorded. Epidural catheter tips were sent to the microbiology
laboratory for culture.
Results: One hundred and twenty-one patients were included (mean age 60 years), with mean SOFA and
median SAPS II scores of 3.2 and 32, respectively. Reasons for EA initiation included trauma (14%),
postoperative pain management after major surgery (42%), and pancreatitis (31%). No EA-related
neurologic complication was recorded, and one case of epidural abscess is discussed. No other EA-related
infectious complications were observed. Median duration of EA was 11 days. Reasons for EA
discontinuation included efficient analgesia without EA (60%) and accidental catheter removal (17%).
22% of epidural catheter cultures were positive for skin flora bacteria.
Conclusion: EA seems feasible in the ICU. Its apparent safety should be further validated in larger cohorts,
but these preliminary results may stimulate more interest in the assessment of potential benefits
associated with EA in the ICU setting.
! 2015 Société française d’anesthésie et de réanimation (Sfar). Published by Elsevier Masson SAS. All

rights reserved.

§ Trial Registration: clinicaltrials.gov Identifier: NCT01437358.
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Clermont-Ferrand, 1, place Lucie-Aubrac, 63003 Clermont-Ferrand cedex 1, France.
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3.4. Microbiological and sepsis data

Table 3 summarizes baseline patient septic status prior to EA
initiation, the aspect of the EA catheter at EA initiation and
withdrawal, and results of epidural catheter cultures. Epidural
catheter tips were not sent to the laboratory for microbiological
analysis in 21 cases of accidental catheter removal. Epidural
catheter tip cultures were positive for MRSA and Enterobacter
cloacae in two patients otherwise colonized or infected with these
germs.

4. Discussion

To our knowledge, this is the first multicentre study aimed at
specifically and prospectively evaluating EA-associated risks in
121 ICU patients. EA, including its initiation and withdrawal,
epidural catheter placement and removal, can be considered
feasible for anaesthesiologists working in the ICU, including
residents under supervision. EA initiation was rapid and easy in

most cases, even in anaesthetized patients. Despite concerns about
efficacy of EA in critically ill patients, our results suggest evidence
for the safety of EA in the ICU.

First, only rare and moderate adverse events complicated EA
in our cohort. EA initiation and epidural catheter placement
caused hypotension in 10 patients, opioid-related pruritus in one
patient, and transient paraesthesia in 0.8% of awake patients. No
serious neurologic complication, such as spinal or epidural
hematoma, was reported. Nevertheless, epidural catheter place-
ment in anaesthetized patients is still debated, while catheters
were placed in 11 patients with Richmond Agitation Sedation
Scale (RASS) below !1 in our cohort. Although considerable
concern has been expressed about the safety of placing epidural
catheters in anaesthetized patients [27,28], very little evidence is
available to help determine best practice. Although inserting an
epidural catheter in an awake, cooperative patient may be safer,
it seems unwise to insist on awake epidural insertion, as current
opinion does not unequivocally support this view and no trials
exist to guide practice [29–31]. The fact that the patient is
sedated and ventilated may be less important than the skills of
the operator and the observation of the patient after the epidural
has been sited [30]. Furthermore, the need for vasopressors,
anticoagulation and prolonged mechanical ventilation may not
be considered as absolute contraindications to initiating or
maintaining EA [17].

Secondly, long-term EA, as reported for the first time in our
study (median duration 11 days [IQR 8–16], with extreme values
ranging from 3 to 38 days), was only associated with slightly more
frequent adverse epidural abscesses than previously reported in
the literature [18,32]. In our opinion, these safety data in ICU
patients with long-term EA, coupled with a high proportion of
suspected or documented infection prior to EA initiation (30%) in
our study, should be considered as rather reassuring data and may
reinforce results from a previous British survey [17]. Previous
studies found higher rates of epidural abscess and epidural
insertion site infection in postoperative and obstetrical patients
with higher durations of EA. Nevertheless, in those patients,
epidural abscess/hematoma occurred early in the course of EA (1 to
5 days) [32]. We report here one case of epidural abscess within
7 days after initiating EA in a 34-year-old female patient after
trauma. This case led us to reinforce our surveillance policy,
especially when blood cultures are positive with an epidural

Fig. 2. Distribution of patients according to epidural analgesia duration (days).

Table 3
Data on sepsis status and microbiologic cultures for epidural catheters.

Septic status prior to EA initiation, n (%) (95% CI)
SIRS 42 (35) (26–43)
Sepsis 36 (30) (22–38)
Severe sepsis 12 (10) (5–15)
Septic shock 5 (4) (1–8)

Aspect of EA catheter puncture site at removal,
n (%) (95% CI)
Healthy 64 (53) (44–62)
Inflammatory 57 (47) (38–56)
Purulent 0 (0) (0–0)

EA catheter tips sent to microbiology lab,
n (%) (95% CI)
Positive catheter tip culture 100 (83) (76–89)
Germ when positive culture 22 (27) (17–36)

Coagulase-negative staphylococcus 19 (86) (71–100)
Staphylococcus aureus 1 (4.5) (0–14)
Corynebacterium sp. 1 (4.5) (0–14)
Enterobacter cloacae 1 (4.5) (0–14)

n: number of patients; EA: epidural analgesia; CI: confidence interval for
proportions; SIRS: systemic inflammatory response syndrome. Percentages may
be approximate and their total may not equal 100% due to rounding.

M. Jabaudon et al. / Anaesth Crit Care Pain Med 34 (2015) 217–223 221
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Inhaled isoflurane via the anaesthetic conserving device 
versus propofol for sedation of invasively ventilated 
patients in intensive care units in Germany and Slovenia: 
an open-label, phase 3, randomised controlled, 
non-inferiority trial
Andreas Meiser, Thomas Volk, Jan Wallenborn, Ulf Guenther, Tobias Becher, Hendrik Bracht, Konrad Schwarzkopf, Rihard Knafelj, 
Andreas Faltlhauser, Serge C Thal, Jens Soukup, Patrick Kellner, Matthias Drüner, Heike Vogelsang, Martin Bellgardt*, Peter Sackey*, on behalf of 
the Sedaconda study group

Summary
Background Previous studies indicate that isoflurane could be useful for the sedation of patients in the intensive care 
unit (ICU), but prospective studies evaluating isoflurane’s efficacy have been small. The aim of this study was to test 
whether the sedation with isoflurane was non-inferior to sedation with propofol.

Methods This phase 3, randomised, controlled, open-label non-inferiority trial evaluated the efficacy and safety of up 
to 54 h of isoflurane compared with propofol in adults (aged ≥18 years) who were invasively ventilated in ICUs in 
Germany (21 sites) and Slovenia (three sites). Patients were randomly assigned (1:1) to isoflurane inhalation via the 
Sedaconda anaesthetic conserving device (ACD; Sedana Medical AB, Danderyd, Sweden; ACD-L [dead space 100 mL] 
or ACD-S [dead space 50 mL]) or intravenous propofol infusion (20 mg/mL) for 48 h (range 42–54) using permuted 
block randomisation with a centralised electronic randomisation system. The primary endpoint was percentage of 
time in Richmond Agitation–Sedation Scale (RASS) range –1 to –4, assessed in eligible participants with  at least 12 h 
sedation (the per-protocol population), five or more RASS measurements, and no major protocol violations, with a 
non-inferiority margin of 15%. Key secondary endpoints were opioid requirements, spontaneous breathing, time to 
wake-up and extubation, and adverse events. Safety was assessed in all patients who received at least one dose. The 
trial is complete and registered with EudraCT, 2016–004551–67.

Findings Between July 2, 2017, and Jan 12, 2020, 338 patients were enrolled and 301 (89%) were randomly assigned to 
isoflurane (n=150) or propofol (n=151). 146 patients (97%) in each group completed the 24-h follow-up. 146 (97%) patients 
in the isoflurane group and 148 (98%) of patients in the propofol group were included in the per-protocol analysis of 
the primary endpoint. Least-squares mean percentage of time in RASS target range was 90·7% (95% CI 86·8–94·6) 
for isoflurane and 91·1% (87·2–95·1) for propofol. With isoflurane sedation, opioid dose intensity was 29% lower than 
with propofol for the overall sedation period (0·22 [0·12–0·34] vs 0·32 [0·21–0·42] mg/kg per h morphine equivalent 
dose, p=0·0036) and spontaneous breathing was more frequent on day 1 (odds ratio [OR] 1·72 [1·12–2·64], generalised 
mixed linear model p=0·013, with estimated rates of 50% of observations with isoflurane vs 37% with propofol). 
Extubation times were short and median wake-up was significantly faster after isoflurane on day 2 (20 min [IQR 10–30] 
vs 30 min [11–120]; Cox regression p=0·0011). The most common adverse events by treatment group (isoflurane vs 
propofol) were: hypertension (ten [7%] of 150 vs two [1%] of 151), delirium (eight [5%] vs seven [5%]), oliguria (seven [5%] 
vs six [4%]), and atrial fibrillation (five [3%] vs four [3%]).

Interpretation These results support the use of isoflurane in invasively ventilated patients who have a clinical need for 
sedation.

Funding Sedana Medical AB.

Copyright © 2021 Published by Elsevier Ltd. All rights reserved.

Introduction 
Sedation is clinically indicated in a large proportion of 
patients who are invasively ventilated in intensive care 
units (ICUs) for their comfort and safety.1–3 Concerns have 
been raised regarding the use of intravenous sedatives 
and opioids in patients in ICUs, in part due to the 

unpredictable pharmacodynamics and pharmacokinetics 
of these drugs in patients who are critically ill.3 Recog-
nised problems with the commonly used ICU sedatives 
propofol, benzodiazepines, and dexmedetomidine include 
long and unpredictable wake-up times, and the develop-
ment of propofol infusion syndrome, delirium, and 

www.thelancet.com/respiratory   Published online August 26, 2021   https://doi.org/10.1016/S2213-2600(21)00323-4 1

Articles

Lancet Respir Med 2021

Published Online 
August 26, 2021 
https://doi.org/10.1016/
S2213-2600(21)00323-4

See Online/Comment 
https://doi.org/10.1016/
S2213-2600(21)00359-3

*Co-senior authors

Department of 
Anaesthesiology, Intensive 
Care and Pain Therapy, 
Saarland University Medical 
Center and Saarland University 
Faculty of Medicine, Homburg, 
Germany (A Meiser MD, 
Prof T Volk MD); Department of 
Anesthesiology and Intensive 
Care Medicine, Helios Klinikum 
Aue, Aue, Germany 
(J Wallenborn MD); University 
Clinic of Anaesthesiology, 
Intensive Care, Emergency 
Medicine, Pain Therapy, 
Klinikum Oldenburg, 
Oldenburg, Germany 
(U Guenther MD); Department 
of Anesthesiology and 
Intensive Care Medicine, 
University Medical Center 
Schleswig-Holstein, Campus 
Kiel, Kiel, Germany 
(T Becher MD); Department of 
Emergency Medicine, and 
Department of Anesthesiology 
and Intensive Care, University 
Hospital Ulm, Ulm, Germany 
(Prof H Bracht MD); Department 
of Anesthesia and Intensive 
Care, Klinikum Saarbrücken, 
Saarbrücken, Germany 
(K Schwarzkopf MD); University 
Medical Center Ljubljana, 
Ljubljana, Slovenia 
(R Knafelj MD); Medical 
Department, Klinikum Weiden, 
Weiden, Germany 
(A Faltlhauser MD); Helios 
University Hospital Wuppertal, 
University of Witten-Herdecke, 
Department of Anesthesiology, 

Inhaled isoflurane via the anaesthetic conserving device 
versus propofol for sedation of invasively ventilated 
patients in intensive care units in Germany and Slovenia: 
an open-label, phase 3, randomised controlled, 
non-inferiority trial
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Summary
Background Previous studies indicate that isoflurane could be useful for the sedation of patients in the intensive care 
unit (ICU), but prospective studies evaluating isoflurane’s efficacy have been small. The aim of this study was to test 
whether the sedation with isoflurane was non-inferior to sedation with propofol.

Methods This phase 3, randomised, controlled, open-label non-inferiority trial evaluated the efficacy and safety of up 
to 54 h of isoflurane compared with propofol in adults (aged ≥18 years) who were invasively ventilated in ICUs in 
Germany (21 sites) and Slovenia (three sites). Patients were randomly assigned (1:1) to isoflurane inhalation via the 
Sedaconda anaesthetic conserving device (ACD; Sedana Medical AB, Danderyd, Sweden; ACD-L [dead space 100 mL] 
or ACD-S [dead space 50 mL]) or intravenous propofol infusion (20 mg/mL) for 48 h (range 42–54) using permuted 
block randomisation with a centralised electronic randomisation system. The primary endpoint was percentage of 
time in Richmond Agitation–Sedation Scale (RASS) range –1 to –4, assessed in eligible participants with  at least 12 h 
sedation (the per-protocol population), five or more RASS measurements, and no major protocol violations, with a 
non-inferiority margin of 15%. Key secondary endpoints were opioid requirements, spontaneous breathing, time to 
wake-up and extubation, and adverse events. Safety was assessed in all patients who received at least one dose. The 
trial is complete and registered with EudraCT, 2016–004551–67.

Findings Between July 2, 2017, and Jan 12, 2020, 338 patients were enrolled and 301 (89%) were randomly assigned to 
isoflurane (n=150) or propofol (n=151). 146 patients (97%) in each group completed the 24-h follow-up. 146 (97%) patients 
in the isoflurane group and 148 (98%) of patients in the propofol group were included in the per-protocol analysis of 
the primary endpoint. Least-squares mean percentage of time in RASS target range was 90·7% (95% CI 86·8–94·6) 
for isoflurane and 91·1% (87·2–95·1) for propofol. With isoflurane sedation, opioid dose intensity was 29% lower than 
with propofol for the overall sedation period (0·22 [0·12–0·34] vs 0·32 [0·21–0·42] mg/kg per h morphine equivalent 
dose, p=0·0036) and spontaneous breathing was more frequent on day 1 (odds ratio [OR] 1·72 [1·12–2·64], generalised 
mixed linear model p=0·013, with estimated rates of 50% of observations with isoflurane vs 37% with propofol). 
Extubation times were short and median wake-up was significantly faster after isoflurane on day 2 (20 min [IQR 10–30] 
vs 30 min [11–120]; Cox regression p=0·0011). The most common adverse events by treatment group (isoflurane vs 
propofol) were: hypertension (ten [7%] of 150 vs two [1%] of 151), delirium (eight [5%] vs seven [5%]), oliguria (seven [5%] 
vs six [4%]), and atrial fibrillation (five [3%] vs four [3%]).

Interpretation These results support the use of isoflurane in invasively ventilated patients who have a clinical need for 
sedation.

Funding Sedana Medical AB.

Copyright © 2021 Published by Elsevier Ltd. All rights reserved.

Introduction 
Sedation is clinically indicated in a large proportion of 
patients who are invasively ventilated in intensive care 
units (ICUs) for their comfort and safety.1–3 Concerns have 
been raised regarding the use of intravenous sedatives 
and opioids in patients in ICUs, in part due to the 

unpredictable pharmacodynamics and pharmacokinetics 
of these drugs in patients who are critically ill.3 Recog-
nised problems with the commonly used ICU sedatives 
propofol, benzodiazepines, and dexmedetomidine include 
long and unpredictable wake-up times, and the develop-
ment of propofol infusion syndrome, delirium, and 
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invasive ventilation and sedation before the start of study 
sedation. All randomised patients fulfilled the full analysis 
set criteria, hence all randomised patients were in the safety 
and full analysis datasets. Patients in the two treatment 
groups had similar demographic and clinical characteristics 
at baseline (table 1). 

The percentage of time patients spent in the target 
RASS range without rescue sedation (the primary 
endpoint) was similar for the per protocol isoflurane 
(n=146) and propofol (n=148) groups (figure 2); the least 
squares-mean time within the RASS target interval was 
90·7% (95% CI 86·8–94·6) for isoflurane versus 91·1% 
(87·2–95·1) for propofol. Thus, the lower CI for isoflurane 
was well above the non-inferiority margin (15% below 
the least squares mean for propofol; 77·5%). Mean RASS 
scores for each day of the sedation are illustrated in 
the appendix (p 5). Six patients in each group received 
midazolam bolus as rescue medication throughout the 
study.

Table 2 shows a summary of treatment characteristics. 
Data on all sedative treatments in the 30-day follow-up 
after end of study sedation is provided in the appendix 
(p 7). Overall, 49 (40%) of 121 patients treated with 
isoflurane and 19 (15%) of 129 patients treated with pro-
pofol were switched to the other drug (ie, isoflurane to 
propofol and vice versa) during the course of the 30-day 
follow-up, at the treating physician’s discretion.

Opioid dose intensity was significantly lower for 
isoflurane than for propofol on day 1 (least squares-mean 

0·23 [95% CI 0·12–0·33] vs 0·32 [0·22–0·43] mg/kg 
per h morphine equivalent dose, p=0·0032) and for 
the overall sedation period (0·22 [0·12–0·34] vs 0·32 
[0·21–0·42] mg/kg per h morphine equivalent dose, 
p=0·0036). BPS scores were similar between groups and 
remained low throughout the study (figure 3).

For the repeated measurements of spontaneous 
breathing (yes or no) every 4 h, the generalised linear 
mixed model estimated that the rate of spontaneous 
breathing was 50% in the isoflurane group on day 1 of 
sedation versus 37% in the propofol group (odds ratio [OR] 
1·72 [95% CI 1·12–2·64], p=0·013). On day 2, the 
difference between the two treatment groups was not 
statistically significant (61% vs 51%, OR 1·51 [0·88–2·59], 
p=0·131). 

The median time to wake-up on day 1 was 15 min 
(IQR 6–60) in the isoflurane group versus 19 min (10–94) 
in the propofol group (Cox regression adjusted for age, 
BMI, and RASS at sedation stop: p=0·099; log-rank test 
[sensitivity analysis] p=0·51). On day 2, at the end of 
the study treatment, wake-up was significantly faster 
with isoflurane with lower interindividual variability, at 
a median of 20 min (IQR 10–30) versus 30 min (11–120; 
Cox regression: p=0·0011; log rank test [sensitivity 
analysis] p=0·010; figure 4).

Median extubation time at sedation stop was 30 min 
(IQR 10–136) in the isoflurane group (n=60) and 40 min 
(18–125) in the propofol group (n=67). The difference 
between the two treatment groups was not statistically 
significant (Cox regression adjusted for pseudocentre, 
age, and RASS; hazard ratio [HR] 1·29 [95% CI 
0·86–1·93], p=0·212).

Outcomes of safety assessments of laboratory para-
meters, sequential organ failure assessment scores, 
renal function, and vital signs were similar between 
the two treatment groups at baseline and throughout 
the course of the study (appendix p 7). Vasopressors 
were used in similar proportions between the study 
groups; 118 (79%) of 150 patients in the isoflurane 
group and 116 (77%) of 151 in the propofol group 
had vasopressors at baseline. During study sedation, 
126 (84%) of 150 in the isoflurane group and 126 (83%) 
of 151 in the propofol group received vasopressors. 

Figure 2: Proportion of time within sedation target in the per-protocol 
population (primary endpoint)
Sedation target was prespecified as RASS scores between –1 and –4. Dashed line 
indicates non-inferiority cutoff, 15% below propofol least squares-mean. 
RASS=Richmond Agitation–Sedation Scale.
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Age, years 65·8 (11·8) 64·3 (12·9)

Age group

≥18–64 years 68 (45%) 70 (46%)

≥65–84 years 78 (52%) 74 (49%)

≥85 years 4 (3%) 7 (5%)

Sex

Female 46 (31%) 53 (35%)

Male 104 (69%) 98 (65%)

BMI, kg/m² 28·0 (6·0) 28·3 (7·7)

Main reason for ICU admission

Medical 59 (39%) 61 (40%)

Neurosurgical 1 (1%) 1 (1%)

Surgical 86 (57%) 82 (54%)

Trauma 4 (3%) 7 (5%)

Type of admission

Emergency 98 (65%) 98 (65%)

Non-emergency 52 (35%) 53 (35%)

Any infection at admission

Yes 72 (48%) 78 (52%)

No 78 (52%) 73 (48%)

SAPS II score 42·3 (16·9) 43·8 (18·5)

Values are n (%) or mean (SD). BMI=body mass index. ICU=intensive care unit. 
SAPS II=new simplified acute physiology score. 

Table 1: Baseline characeristics
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Discussion 
This is, to our knowledge, the largest prospective, 
random ised, controlled trial of inhaled sedation to date. 
The main findings were that isoflurane, administered via 
the ACD for the sedation of patients in the ICU for up to 
54 h, was efficacious, non-inferior to propofol, and well 
tolerated. Sedation with isoflurane also resulted in a 
higher rate of spontaneous breathing, and a shorter wake-
up time after 48 h of study sedation, compared with 
propofol. These results are in line with findings from 
earlier studies, showing good tolerability and a relatively 
short time to wake-up and cognitive recovery, even after 
several days of sedation.8,15

Inclusion criteria were intended to target patients 
with a clinical need for sedation deeper than RASS 0. 
The target RASS range in the current study was 
comprised of four RASS levels, from RASS –1 to 
RASS –4. This range is one or two steps lower than the 
ranges used in other sedation efficacy studies,1,16 but is 
still clinically relevant given the actual RASS scores in 
recent clinical studies. In a study aiming for early light 
sedation with either dexmedetomidine or usual care 
intravenous sedation, for example, more than 50% of 
patients were considered in clinical need of sedation 
at RASS –3 or deeper in the first days of the study.1 
In another recent study comparing propofol with 
dexmedetomidine in patients with sepsis who were 
mechanically ventilated with primarily lighter sedation 
targets, the median RASS was –2 (IQR –3 to –1) in the 
first days of sedation.2

Wake-up times with isoflurane were shorter than with 
propofol in our study. Furthermore, interindividual 

variation in wake-up times was smaller, implying greater 
predictability with isoflurane than propofol. Extubation 
times favoured isoflurane but these differences were not 
significant. Rapid emergence after inhaled sedation is a 
consistent finding in previous studies,8,10,17 and inter-
individual differences are typically small—a potentially 
valuable feature for planning extubation or reliable 
neurological evaluation.

The findings of this study and earlier studies examining 
wake-up times for isoflurane and for different intra-
venous sedatives after prolonged exposure8,10,17 suggest 
that differences in emergence between isoflurane and 
intravenous sedation might be greater with increasing 
duration of exposure (>24 h).

Opioid dose requirements were lower in the isoflurane 
group than the propofol group, without any indications of 
increased pain. Reduced opioid requirements have also 
been noted in other studies of isoflurane sedation.9,18,19 
Inhaled anaesthetics have antinociceptive effects on the 
spinal cord20 that could explain the reduced opioid need. 
One potential clinical effect of reduced opioid dose is 
a shortened time to wake-up and extubation. Opioids 
decrease intestinal motility, which is a disadvantage in a 
patient population in which paralytic ileus is common. 
Opioids might also contribute to the development of 
delirium21 and, correspondingly, opioid-sparing treatment 
could reduce delirium.22 However, we did not find any 
significant differences in delirium-free days.

Patients receiving isoflurane in this study were more 
likely to show spontaneous breathing activity than those 
receiving propofol; this finding is similar to those of 
other studies.12,18 It is unclear whether this effect is 
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control (Fig. 2). An “R” could be added to the ABCDEF 
acronym (Fig.  3) to potentiate the impact of previously 
well proven parts of this bundle [44, 45].

Analgesia
As per recent guidelines, priority should be given to anal-
gesia before sedation, considering an analgesia-first and/
or an exclusive analgesia-based strategy [2]. The most 
commonly used intravenous opioids include hydro-
morphone, fentanyl, sufentanil, remifentanil, and mor-
phine, with caution for the latter in the setting of renal 
impairment. Opioid sparing agents (e.g., gabapentin, 
paracetamol, nefopam, lidocaine, carbamazepine, cloni-
dine, dexmedetomidine, and low-dose ketamine) can be 
employed in a multimodal analgesia approach with the 
additional benefit that some of these drugs have sedative 
properties [48].

Nonsteroidal anti-inflammatory drugs should be used 
with extreme caution in all critically ill patients (with and 
without ARDS) because of the higher risk of side-effects 
in this population, including their immunosuppressive 

and kidney injurious effects. Local and/or regional anes-
thesia should be used when indicated, especially after 
trauma or surgery [72].

Sedation
Sedative choice is dictated by desired depth of sedation, 
need for amnestic effect, and ease of titration. For most 
mechanically ventilated patients, propofol and dexme-
detomidine are ideal agents, with continuous infusion 
midazolam as a second-line alternative. Shortages of 
these agents pose an extreme challenge especially when 
deep sedation is required, such as in the setting of thera-
peutic paralysis [9]. Other benzodiazepines, ketamine, 
phenobarbital, volatile anesthetics (e.g., sevoflurane, 
isoflurane) or even sodium gamma-hydroxy-butyrate 
(GHB, gamma-OH) can also be used to achieve deep 
sedation if needed. When patients do not require deep 
sedation, alternatives include: low dose intermittent 
benzodiazepines to treat anxiety (lorazepam, diazepam, 
clonazepam), antipsychotics (levomepromazine, loxap-
ine, haloperidol, cyamemazine, chlorpromazine, and 

Fig. 3 Updated ABCDEF-R bundle for mechanically ventilated patients, including patients with ARDS, adapted from [42–45]
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Abstract 
Acute Respiratory Distress Syndrome (ARDS) is one of the most demanding conditions in an Intensive Care Unit 
(ICU). Management of analgesia and sedation in ARDS is particularly challenging. An expert panel was convened to 
produce a “state-of-the-art” article to support clinicians in the optimal management of analgesia/sedation in mechani-
cally ventilated adults with ARDS, including those with COVID-19. Current ICU analgesia/sedation guidelines promote 
analgesia first and minimization of sedation, wakefulness, delirium prevention and early rehabilitation to facilitate ven-
tilator and ICU liberation. However, these strategies cannot always be applied to patients with ARDS who sometimes 
require deep sedation and/or paralysis. Patients with severe ARDS may be under-represented in analgesia/sedation 
studies and currently recommended strategies may not be feasible. With lightened sedation, distress-related symp-
toms (e.g., pain and discomfort, anxiety, dyspnea) and patient-ventilator asynchrony should be systematically assessed 
and managed through interprofessional collaboration, prioritizing analgesia and anxiolysis. Adaptation of ventilator 
settings (e.g., use of a pressure-set mode, spontaneous breathing, sensitive inspiratory trigger) should be systemati-
cally considered before additional medications are administered. Managing the mechanical ventilator is of paramount 
importance to avoid the unnecessary use of deep sedation and/or paralysis. Therefore, applying an “ABCDEF-R” bundle 
(R = Respiratory-drive-control) may be beneficial in ARDS patients. Further studies are needed, especially regarding 
the use and long-term effects of fast-offset drugs (e.g., remifentanil, volatile anesthetics) and the electrophysiological 
assessment of analgesia/sedation (e.g., electroencephalogram devices, heart-rate variability, and video pupillometry). 
This review is particularly relevant during the COVID-19 pandemic given drug shortages and limited ICU-bed capacity.
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Analgosedation Practices and the Impact
of Sedation Depth on Clinical Outcomes
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BACKGROUND: Analgesia and sedation are cornerstone therapies for mechanically ventilated
patients. Despite data showing that early deep sedation in the ICU influences outcome, this
has not been investigated in the ED. Therefore, ED-based sedation practices, and their
influence on outcome, remain incompletely defined. This study’s objectives were to describe
ED sedation practices in mechanically ventilated patients and to test the hypothesis that ED
sedation depth is associated with worse outcomes.

METHODS: This was a cohort study of a prospectively compiled ED registry of adult
mechanically ventilated patients at a single academic medical center. Hospital mortality was
the primary outcome and hospital-, ICU-, and ventilator-free days were secondary outcomes.
A backward stepwise multivariable logistic regression model evaluated the primary outcome
as a function of ED sedation depth. Sedation depth was assessed with the Richmond
Agitation-Sedation Scale (RASS).

RESULTS: Four hundred fourteen patients were studied. In the ED, 354 patients (85.5%)
received fentanyl, 254 (61.3%) received midazolam, and 194 (46.9%) received propofol. Deep
sedation was observed in 244 patients (64.0%). After adjusting for confounders, a deeper ED
RASS was associated with mortality (adjusted OR, 0.77; 95% CI, 0.63-0.94).

CONCLUSIONS: Early deep sedation is common in mechanically ventilated ED patients and is
associated with worse mortality. These data suggest that ED-based sedation is a modifiable
variable that could be targeted to improve outcome. CHEST 2017; 152(5):963-971
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outcomes. Deep sedation in the ED was associated with
worse mortality, greater time on the ventilator, and
increased lengths of stay. This agrees with data on deep
sedation within the first 48 hours of ICU admission but
is the first to investigate the impact of deep sedation in
the immediate postintubation period. We observed what
appears to be incremental improvement in outcome as
sedation depth was lightened (Fig 2), up to a RASS of –2.
Deep sedation also remained associated with mortality
across multiple subgroup analyses. Together, these data
suggest that targeted sedation in the ED should be
investigated further as a means to improve outcome.

Limitations

This is a single-center study and therefore may only
reflect local ED sedation practices. Sedation and
medication data were obtained retrospectively, leaving
the possibility of potential inaccuracies during routine
clinical documentation. This may be especially true for
the cohort of patients intubated outside our facility. As
RASS is highly reproducible during routine care and has
been part of local institutional protocols for years, we
are assured of some face validity in its accuracy. Also,
our subgroup analysis excluding patients not intubated
in our ED was consistent with the primary analysis,
suggesting against any potential confounding due to
medications delivered prior to ED arrival. As a
reflection of a lack of standardization in ED
analgosedation practices, sedation depth was
inconsistently recorded in the ED, necessitating the use
of the first ICU RASS as a surrogate. Given the data
showing the frequency with which deep sedation can
persist for days, we believe it unlikely that sedation

depth changed much during the first 3 hours of ICU
admission.21 Also, there is little literature regarding
whether ED sedation depth is static or dynamic in
nature. It is possible that the documented sedation levels
did not comprehensively capture the full spectrum of
ED sedation levels. Future prospective studies should
rigorously track ED sedation over time. The study
design documents associations and cannot establish
causality. Deep sedation potentially was a marker of
illness severity, clinically warranted or driven by
non-sedation-related factors, such as neurologic status.
Given our exclusion of patients admitted to a neurologic
ICU and those with a primary diagnosis of cardiac
arrest, and our subgroup analysis excluding patients not
administered sedation in the ED, this seems less likely.
Although not always statistically significant, the more
deeply sedated nonsurviving patients received lower
doses of some sedative and analgesic drugs. This
suggests the presence of potential confounders, such as
important patient-level variables (eg, pre-existing
delirium or dementia), or medication-level variables
(eg, drug-drug interactions) that could not be accounted
for in the analysis. As an exploratory cohort study, these
results should be viewed as hypothesis generating for
future prospective investigations.

Conclusions
Deep sedation is common in mechanically ventilated ED
patients and is associated with worse outcome. These
data highlight the importance of the early period of
mechanical ventilation and suggest that ED-based
sedation is a modifiable variable that could be targeted to
improve clinical outcomes.
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Figure 2 – ED Richmond Agitation-Sedation Scale and clinical outcomes. There were improved clinical outcomes associated with incrementally
lighter ED sedation.
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defined as a median RASS of –3 to –5.7 In patients for whom no RASS
was documented in the ED, the first ICU RASS served as a surrogate
for the ED RASS provided that it was measured within the first 3
hours of ICU admission. Use of an early ICU RASS score as a
reliable surrogate for ED RASS is supported by previous data
demonstrating that sedation depth remains relatively static during
the first 24 hours of ICU admission.7

Patients were followed until hospital discharge or death. The primary
outcome was hospital mortality. Secondary outcomes included
ventilator-, hospital-, and ICU-free days. Outcomes were assessed as
a function of ED sedation depth, with the a priori hypothesis being
that deep sedation in the ED is associated with increased mortality,
longer lengths of stay, and greater ventilator duration.

Data Analysis
Descriptive statistics and frequency distributions were used to assess
patient characteristics. Categorical characteristics were compared
using the c2 test. Continuous characteristics were compared using
the independent samples t test or the Mann-Whitney U test.
Normality of the data was assessed by inspection of histograms and
examining skewness and kurtosis.

To test the relationship between ED sedation depth and survival, an
explanatory logistic regression model was constructed to adjust for
potentially confounding covariates. A priori baseline characteristics
with known prognostic significance for the primary outcome were
selected for model inclusion: age, indication for mechanical
ventilation, vasopressor use, and illness severity.14,15 Other clinically
relevant and biologically plausible variables, without missing data
and statistically significant in univariate analysis at a P < .05 level,
were also included in the model (malignancy and dexmedetomidine
use in the ICU). The model was a backward stepwise multivariable
logistic regression model that selected variables for inclusion or

exclusion in a sequential fashion based on a significance level of 0.10
for entry and 0.10 for removal, with the goal of achieving
parsimony. Statistical interactions were assessed. Collinearity
diagnostics (eg, variance inflation factor) were assessed to test the
assumption of no multicollinearity. The model used variables that
were statistically independent of other variables in the model. The
model’s goodness of fit was assessed with the Hosmer-Lemeshow test
and by examining residuals. Adjusted ORs (aORs) and
corresponding 95% CIs are reported for variables in the
multivariable model, adjusted for all variables in the model. All tests
were two-tailed, and a P value < .05 was considered statistically
significant.

To further examine the association between ED sedation depth and
outcome, multiple a priori subgroup analyses were conducted. To
better control for the influence of the indication for mechanical
ventilation, patients with trauma and medical indications for
mechanical ventilation were examined separately. Furthermore, in
patients not receiving analgosedation in the ED, it is possible that
sedation was withheld for clinically indicated reasons (ie, mental
status). To control for potential confounding by indication, a
subgroup analysis excluding patients that did not receive any
sedation in the ED was performed. Three post hoc analyses were
also conducted. Since ED sedation depth could be influenced by
medications received prior to ED arrival, the first was an analysis on
only those patients intubated in the ED. Second, as
dexmedetomidine use in the ICU was associated with lower
mortality in the primary analysis, a subgroup analysis was performed
that excluded patients who received dexmedetomidine in the ICU.
Finally, to investigate whether the administration of midazolam or
propofol influenced outcome, several exploratory logistic regression
models were run that analyzed these agents with the variables
included in the original multivariable model.

Results

Population Description

A total of 1,074 patients were assessed for inclusion and
414 were included in the final study population (Fig 1).
Baseline characteristics are shown in Table 1.

Medications Administered

Three hundred seventeen patients were intubated in the
ED. The majority underwent paralysis for rapid-
sequence intubation with succinylcholine or rocuronium
and induction with etomidate or ketamine (e-Table 1).

Analgesic and sedative drugs administered in the ED are
presented in Table 2. Three hundred fifty-four patients
(85.5%) received fentanyl, 254 (61.4%) received
midazolam, and 194 (46.9%) received propofol.
Excluding induction for intubation, ketamine was
administered to 68 patients (16.4%) and etomidate to
15 (3.6%). Postintubation, an additional dose of
neuromuscular blockade with rocuronium was given
to 20 patients (4.8%). Fifty-nine patients (14.3%)
received no analgesia and 63 (15.2%) received no
sedation while in the ED.

During the first 48 hours of ICU care, 370 patients
(89.4%) received fentanyl, and 259 patients (62.6%) and
212 (51.2%) received propofol and midazolam,
respectively. Dexmedetomidine was used in 131 patients

1,074 Mechanically ventilated
patients assessed for eligibility

414 Patients included in final analysis

Died in Hospital
n = 60

Survived
Hospitalization

n = 354

Excluded from analysis:
Extubated <24 hours
Died in ED
Neurological Injury
Died within 24 hours
Tracheostomy/chronic ventilation
Presented in cardiac arrest
Transfer to another hospital

660
240
142
76
74
59
40
29

Figure 1 – Patient inclusion flow diagram.
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dexmedetomidine in the ICU. This ketamine use rate is
higher than that historically reported in the ICU, and we
are unaware of any direct comparative studies involving
ketamine vs other agents to improve outcome.1Mounting
data suggest that dexmedetomidine use is associated with
a lower incidence of delirium and a shorter duration of
ventilator use compared with benzodiazepines and
propofol.17-19 In our study, it was also associated with a
lower mortality, and its early use in the ICU is currently
being investigated in a multicenter randomized trial.20

However, to our knowledge, there are no ED-based
studies examining this agent.

The limited data on ED sedation for mechanically
ventilated patients has focused on inadequate
postintubation analgosedation, showing that up to
50% of mechanically ventilated ED patients received
inadequate analgesia or sedation.4-6 In the current
study, although the rate was much lower, a significant
minority of patients received no analgesia (14.3%) or
sedation (15.2%) in the ED. However, there are multiple
clinical factors that may influence the decision to
withhold or minimize analgosedation; it is possible that

patients were sedated prior to ED arrival or medications
were withheld for clinical reasons (ie, neurologic
examination). It is also possible that these patients did
not show signs of discomfort clinically; therefore,
withholding analgesia and sedation could have been the
appropriate approach.

Contrary to previous literature, our data highlight the
frequency with which patients are deeply sedated in the
ED (64.0%), with a median RASS of –3.0 (–4.0 to –2.0).
Prior work has shown that early deep sedation during
the first 48 hours of ICU care is common and is a
predictor of death and mechanical ventilation duration.7

Also, there is clear evidence of an excess of oversedation
in the ICU that can extend for days; our data suggest
that the ED may be the genesis of potential sedation
overshoot.21 Although we cannot comment on whether
this sedation depth was clinically warranted in the ED, it
seems unlikely that two-thirds of mechanically
ventilated ED patients would require deep sedation.

Our most significant finding was the association
between deep sedation in the ED and worse clinical

TABLE 3 ] Multivariable Logistic Regression Analysis With Hospital Mortality as the Dependent Variable

Variable aOR 95% CI SE P Value

Age 1.02 0.99-1.04 0.01 .067

Vasopressor infusion 2.6 1.14-5.80 0.42 .023

Malignancy 2.46 1.06-5.70 0.43 .036

ED SOFA 1.16 1.02-1.33 0.07 .027

Reason for mechanical ventilation

COPD 2.22 0.54-9.18 0.72 .270

Sepsis 0.75 0.31-1.81 0.45 .523

Trauma 2.73 1.17-6.40 0.43 .020

ED RASS level 0.77 0.63-0.94 0.10 .010

ICU dexmedetomidine use 0.17 0.06-0.49 0.55 .001

aOR¼adjusted OR. See Table 2 legend for expansion of other abbreviations.

TABLE 2 ] (Continued)

Drug
All Subjects
(N ¼ 414)

Mortality

Nonsurvivors
(n ¼ 60)

Survivors
(n ¼ 354) P Value

Time elapsed from intubation
to analgesia, min

20 (10-50) 27 (9-51) 20 (10-49) .551

ED sedation depth (RASS) –3 (–4 to –2) –4.0 (–4 to –3) –3 (–4 to –2) < .001

Deep sedation in ED,
No. (%)a

244 (64.0) 47 (82.5) 197 (60.8) .002

NA ¼ not available; RASS¼Richmond Agitation-Sedation Scale. Medians and interquartile ranges were determined excluding patients who did not receive
that medication.
aEarly sedation depth data were available for 381 patients. A total of 571 RASS observations were used to determine ED RASS level and sedation
depth.
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BACKGROUND: Analgesia and sedation are cornerstone therapies for mechanically ventilated
patients. Despite data showing that early deep sedation in the ICU influences outcome, this
has not been investigated in the ED. Therefore, ED-based sedation practices, and their
influence on outcome, remain incompletely defined. This study’s objectives were to describe
ED sedation practices in mechanically ventilated patients and to test the hypothesis that ED
sedation depth is associated with worse outcomes.

METHODS: This was a cohort study of a prospectively compiled ED registry of adult
mechanically ventilated patients at a single academic medical center. Hospital mortality was
the primary outcome and hospital-, ICU-, and ventilator-free days were secondary outcomes.
A backward stepwise multivariable logistic regression model evaluated the primary outcome
as a function of ED sedation depth. Sedation depth was assessed with the Richmond
Agitation-Sedation Scale (RASS).

RESULTS: Four hundred fourteen patients were studied. In the ED, 354 patients (85.5%)
received fentanyl, 254 (61.3%) received midazolam, and 194 (46.9%) received propofol. Deep
sedation was observed in 244 patients (64.0%). After adjusting for confounders, a deeper ED
RASS was associated with mortality (adjusted OR, 0.77; 95% CI, 0.63-0.94).

CONCLUSIONS: Early deep sedation is common in mechanically ventilated ED patients and is
associated with worse mortality. These data suggest that ED-based sedation is a modifiable
variable that could be targeted to improve outcome. CHEST 2017; 152(5):963-971
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Volonté de tous

Travail en équipe



CCM 2018

Bundle  
Element

Days eligible Performance 
In the last 24 hours it was documented that the 
patient received:

A All days > 6 pain assessments using a valid and reliable 
instrument (i.e., numeric rating scale, Behavioral Pain 
Scale,(20) or Critical Care Pain Observation Tool(21))

B1 Only days when patient received continuous 
or intermittent sedation

A spontaneous awakening trial (SAT) if receiving 
continuous or intermittent sedative infusions

B2 Only days when patient was on ventilatory 
support

A spontaneous breathing trial (SBT) if receiving 
mechanical ventilation

C All days > 6 agitation-sedation assessments using a valid and 
reliable instrument (i.e., Richmond Agitation-Sedation 
Scale(22) or Sedation-Agitation Scale(23))

D All days > 2 delirium assessments using a valid and reliable 
instrument (i.e., Confusion Assessment Method for the 
ICU(24) or Intensive Care Delirium Screening 
Checklist(25))

E All days Mobility activities that were higher than active range of 
motion (i.e., dangling at edge of bed, standing at side of 
bed, walking to bedside chair, marching in place, 
walking in room or hall)

F Only days when family was present And a family member/significant other was educated on 
the ABCDEF bundle and/or participated in at least one 
of the following: rounds; conference; plan of care; or 
ABCDEF bundle related care.
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Effect of early mobilisation on long-term cognitive 
impairment in critical illness in the USA: a randomised 
controlled trial 
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Summary
Background Patients who have received mechanical ventilation can have prolonged cognitive impairment for which 
there is no known treatment. We aimed to establish whether early mobilisation could reduce the rates of cognitive 
impairment and other aspects of disability 1 year after critical illness.

Methods In this single-centre, parallel, randomised controlled trial, patients admitted to the adult medical-surgical 
intensive-care unit (ICU), at the University of Chicago (IL, USA), were recruited. Inclusion criteria were adult patients 
(aged ≥18 years) who were functionally independent and mechanically ventilated at baseline and within the first 96 h 
of mechanical ventilation, and expected to continue for at least 24 h. Patients were randomly assigned (1:1) via 
computer-generated permuted balanced block randomisation to early physical and occupational therapy (early 
mobilisation) or usual care. An investigator designated each assignment in consecutively numbered, sealed, opaque 
envelopes; they had no further involvement in the trial. Only the assessors were masked to group assignment. The 
primary outcome was cognitive impairment 1 year after hospital discharge, measured with a Montreal Cognitive 
Assessment. Patients were assessed for cognitive impairment, neuromuscular weakness, institution-free days, 
functional independence, and quality of life at hospital discharge and 1 year. Analysis was by intention to treat. This 
trial was registered with ClinicalTrials.gov, number NCT01777035, and is now completed.

Findings Between Aug 11, 2011, and Oct 24, 2019, 1222 patients were screened, 200 were enrolled (usual care n=100, 
intervention n=100), and one patient withdrew from the study in each group; thus 99 patients in each group were 
included in the intention-to-treat analysis (113 [57%] men and 85 [43%] women). 65 (88%) of 74 in the usual care 
group and 62 (89%) of 70 in the intervention group underwent testing for cognitive impairment at 1 year. The rate of 
cognitive impairment at 1 year with early mobilisation was 24% (24 of 99 patients) compared with 43% (43 of 99) with 
usual care (absolute difference –19·2%, 95% CI –32·1 to –6·3%; p=0·0043). Cognitive impairment was lower at 
hospital discharge in the intervention group (53 [54%] 99 patients vs 68 [69%] 99 patients; –15·2%, –28·6 to –1·7; 
p=0·029). At 1 year, the intervention group had fewer ICU-acquired weaknesses (none [0%] of 99 patients vs 14 [14%] 
of 99 patients; –14·1%; –21·0 to –7·3; p=0·0001) and higher physical component scores on quality-of-life testing than 
did the usual care group (median 52·4 [IQR 45·3–56·8] vs median 41·1 [31·8–49·4]; p<0·0001). There was no 
difference in the rates of functional independence (64 [65%] of 99 patients vs 61 [62%] of 99 patients; 3%, 
–10·4 to 16·5%; p=0·66) or mental component scores (median 55·9 [50·2–58·9] vs median 55·2 [49·5–59·7]; p=0·98) 
between the intervention and usual care groups at 1 year. Seven adverse events (haemodynamic changes [n=3], arterial 
catheter removal [n=1], rectal tube dislodgement [n=1], and respiratory distress [n=2]) were reported in six (6%) of 
99 patients in the intervention group and in none of the patients in the usual care group (p=0·029).

Interpretation Early mobilisation might be the first known intervention to improve long-term cognitive impairment 
in ICU survivors after mechanical ventilation. These findings clearly emphasise the importance of avoiding delays in 
initiating mobilisation. However, the increased adverse events in the intervention group warrants further investigation 
to replicate these findings.  

Funding None.

Copyright © 2023 Published by Elsevier Ltd. All rights reserved.

Introduction 
Long-term cognitive impairment affects about half of 
critically ill patients with respiratory failure or shock.1–3 
Although the duration of delirium has been associated 
with long-term cognitive dysfunction,4 it remains unclear 
whether it is a cause of this dysfunction. Pharmacological 

treatments for the prevention5–7 or improvement8,9 of 
delirium have been elusive. By contrast, a non-
pharmacological approach for critically ill patients, 
known as early mobilisation, has been shown to be safe 
and feasible, can shorten the duration of delirium 
by 50%,10 and might prevent long-term cognitive 
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role, mental health, pain, vitality, and general health) on a 
scale of 0–100 with higher scores indicating better health 
status. Quality-of-life scores were transformed to compare 
with population norms in the USA. Norm-based scores of 
50 or more indicate scores at or above population norms 
and scores of less than 40 in the physical and mental 
components defined quality-of-life scores at least 1 SD 
below population norms. At 1 year after hospital discharge, 
patients were also interviewed to prospectively collect data 
on hospital admissions or other facilities (skilled nursing, 
long-term acute care, and rehabilitation facility 
admissions) corroborated by medical records, to calculate 
the number of health care institution-free days, defined as 

days alive spent living at home. Deaths (safety outcome) 
were also assessed using the Social Security Death Index. 
Adverse events were collected in real-time by study 
personnel for the intervention group or by chart review of 
therapy notes for the usual care group. 

Statistical analysis
Previous research shows that about 50% of patients 
mechanically ventilated in the ICU will be cognitively 
impaired at 12 months.1,36 We aimed to reduce the 
proportion of patients with cognitive impairment by 
20 percentage points to 30% in the intervention group at 
1 year. Sample size was estimated using the difference-
in-proportions test for longitudinal data.37 75 participants 
were required per group to detect a true difference of this 
magnitude with 80% power, an α value of 0·05, and an 
intraclass correlation coefficient of 0·6.38 We estimated 
an 18% in-hospital mortality rate in our cohort10 and an 
additional 10·5% death rate by 1 year.25,39,40 With this 
attrition rate, we estimated that we would need to enrol 
200 patients (100 per treatment group).

Usual care group 
(n=99)

Intervention group 
(n=99)

Age, years 54·5 (41·9–64·7) 57·9 (42·3–66·8)

Sex

Female 44 (44%) 41 (41%)

Male 55 (56%) 58 (59%)

Race

African American 72 (73%) 68 (69%)

White, non-Hispanic 21 (21%) 26 (26%)

White, Hispanic 4 (4%) 4 (4%)

Asian 2 (2%) 1 (1%)

Barthel Index Score 100 (100–100) 100 (100–100)

BMI, kg/m² 29·8 (24·2–35·2) 28·2 (23·7–33·1)

Level of education

High school education or 
higher 

91 (92%) 91 (92%)

Less than high school 
education

8 (7%) 8 (7%)

APACHE II score 23 (16–27) 23 (18–29)

Sepsis* 56 (57%) 63 (64%)

Diabetes 26 (26%) 23 (23%)

Primary diagnosis for ICU admission

Acute hypoxaemic respiratory 
failure

35 (35%) 44 (44%)

Acute ventilatory failure 24 (24%) 17 (17%)

Threatened airway 21 (21%) 19 (19%)

Sepsis* 12 (12%) 14 (14%)

Liver failure 3 (3%) 1 (1%)

Gastrointestinal 
haemorrhage

1 (1%) 2 (2%)

Other 3 (3%) 2 (2%)

Data are n (%) or median (IQR). ICU=intensive care unit. *Sepsis includes sepsis 
and septic shock defined using the Sepsis-3 definition.

Table 1: Baseline characteristics 

100 assigned to usual care

23 did not complete MoCA at hospital
discharge

1 withdrew
11 died

5 unable to complete MoCA
6 missing data

77 completed MoCA at hospital discharge 

65 completed MoCA at 1 year*

99 included in intention-to-treat
analysis†

23 did not complete MoCA at 1 year
14 died

6 missing data
3 unable to complete MoCA

1222 patients assessed for eligibility

200 enrolled

200 randomly assigned

1022 excluded 
406 post cardiac arrest 
185 rapidly changing neurological status
207 life expectancy <6 months
105 logistics

74 declined consent
21 fractures or open wounds
11 high intracranial pressure

6 >1 absent limb
6 pregnancy
1 severe chronic pain syndrome

100 assigned to early mobilisation

24 did not complete MoCA at hospital
discharge

1 withdrew
14 died

5 unable to complete MoCA
4 missing data

76 completed MoCA at hospital discharge 

62 completed MoCA at 1 year*

99 included in intention-to-treat
analysis†

23 did not complete MoCA at 1 year
15 died

2 refused MoCA testing
6 missing data

Figure 1: Trial profile
MoCA=Montreal Cognitive Assessment. *Incudes participants who were unable to complete MoCA at hospital 
discharge and those who had missing data at hospital discharge. †The intention-to-treat analysis excludes one 
patient who withdrew. 
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Effect of early mobilisation on long-term cognitive 
impairment in critical illness in the USA: a randomised 
controlled trial 
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Summary
Background Patients who have received mechanical ventilation can have prolonged cognitive impairment for which 
there is no known treatment. We aimed to establish whether early mobilisation could reduce the rates of cognitive 
impairment and other aspects of disability 1 year after critical illness.

Methods In this single-centre, parallel, randomised controlled trial, patients admitted to the adult medical-surgical 
intensive-care unit (ICU), at the University of Chicago (IL, USA), were recruited. Inclusion criteria were adult patients 
(aged ≥18 years) who were functionally independent and mechanically ventilated at baseline and within the first 96 h 
of mechanical ventilation, and expected to continue for at least 24 h. Patients were randomly assigned (1:1) via 
computer-generated permuted balanced block randomisation to early physical and occupational therapy (early 
mobilisation) or usual care. An investigator designated each assignment in consecutively numbered, sealed, opaque 
envelopes; they had no further involvement in the trial. Only the assessors were masked to group assignment. The 
primary outcome was cognitive impairment 1 year after hospital discharge, measured with a Montreal Cognitive 
Assessment. Patients were assessed for cognitive impairment, neuromuscular weakness, institution-free days, 
functional independence, and quality of life at hospital discharge and 1 year. Analysis was by intention to treat. This 
trial was registered with ClinicalTrials.gov, number NCT01777035, and is now completed.

Findings Between Aug 11, 2011, and Oct 24, 2019, 1222 patients were screened, 200 were enrolled (usual care n=100, 
intervention n=100), and one patient withdrew from the study in each group; thus 99 patients in each group were 
included in the intention-to-treat analysis (113 [57%] men and 85 [43%] women). 65 (88%) of 74 in the usual care 
group and 62 (89%) of 70 in the intervention group underwent testing for cognitive impairment at 1 year. The rate of 
cognitive impairment at 1 year with early mobilisation was 24% (24 of 99 patients) compared with 43% (43 of 99) with 
usual care (absolute difference –19·2%, 95% CI –32·1 to –6·3%; p=0·0043). Cognitive impairment was lower at 
hospital discharge in the intervention group (53 [54%] 99 patients vs 68 [69%] 99 patients; –15·2%, –28·6 to –1·7; 
p=0·029). At 1 year, the intervention group had fewer ICU-acquired weaknesses (none [0%] of 99 patients vs 14 [14%] 
of 99 patients; –14·1%; –21·0 to –7·3; p=0·0001) and higher physical component scores on quality-of-life testing than 
did the usual care group (median 52·4 [IQR 45·3–56·8] vs median 41·1 [31·8–49·4]; p<0·0001). There was no 
difference in the rates of functional independence (64 [65%] of 99 patients vs 61 [62%] of 99 patients; 3%, 
–10·4 to 16·5%; p=0·66) or mental component scores (median 55·9 [50·2–58·9] vs median 55·2 [49·5–59·7]; p=0·98) 
between the intervention and usual care groups at 1 year. Seven adverse events (haemodynamic changes [n=3], arterial 
catheter removal [n=1], rectal tube dislodgement [n=1], and respiratory distress [n=2]) were reported in six (6%) of 
99 patients in the intervention group and in none of the patients in the usual care group (p=0·029).

Interpretation Early mobilisation might be the first known intervention to improve long-term cognitive impairment 
in ICU survivors after mechanical ventilation. These findings clearly emphasise the importance of avoiding delays in 
initiating mobilisation. However, the increased adverse events in the intervention group warrants further investigation 
to replicate these findings.  

Funding None.

Copyright © 2023 Published by Elsevier Ltd. All rights reserved.

Introduction 
Long-term cognitive impairment affects about half of 
critically ill patients with respiratory failure or shock.1–3 
Although the duration of delirium has been associated 
with long-term cognitive dysfunction,4 it remains unclear 
whether it is a cause of this dysfunction. Pharmacological 

treatments for the prevention5–7 or improvement8,9 of 
delirium have been elusive. By contrast, a non-
pharmacological approach for critically ill patients, 
known as early mobilisation, has been shown to be safe 
and feasible, can shorten the duration of delirium 
by 50%,10 and might prevent long-term cognitive 
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role, mental health, pain, vitality, and general health) on a 
scale of 0–100 with higher scores indicating better health 
status. Quality-of-life scores were transformed to compare 
with population norms in the USA. Norm-based scores of 
50 or more indicate scores at or above population norms 
and scores of less than 40 in the physical and mental 
components defined quality-of-life scores at least 1 SD 
below population norms. At 1 year after hospital discharge, 
patients were also interviewed to prospectively collect data 
on hospital admissions or other facilities (skilled nursing, 
long-term acute care, and rehabilitation facility 
admissions) corroborated by medical records, to calculate 
the number of health care institution-free days, defined as 

days alive spent living at home. Deaths (safety outcome) 
were also assessed using the Social Security Death Index. 
Adverse events were collected in real-time by study 
personnel for the intervention group or by chart review of 
therapy notes for the usual care group. 

Statistical analysis
Previous research shows that about 50% of patients 
mechanically ventilated in the ICU will be cognitively 
impaired at 12 months.1,36 We aimed to reduce the 
proportion of patients with cognitive impairment by 
20 percentage points to 30% in the intervention group at 
1 year. Sample size was estimated using the difference-
in-proportions test for longitudinal data.37 75 participants 
were required per group to detect a true difference of this 
magnitude with 80% power, an α value of 0·05, and an 
intraclass correlation coefficient of 0·6.38 We estimated 
an 18% in-hospital mortality rate in our cohort10 and an 
additional 10·5% death rate by 1 year.25,39,40 With this 
attrition rate, we estimated that we would need to enrol 
200 patients (100 per treatment group).

Usual care group 
(n=99)

Intervention group 
(n=99)

Age, years 54·5 (41·9–64·7) 57·9 (42·3–66·8)

Sex

Female 44 (44%) 41 (41%)

Male 55 (56%) 58 (59%)

Race

African American 72 (73%) 68 (69%)

White, non-Hispanic 21 (21%) 26 (26%)

White, Hispanic 4 (4%) 4 (4%)

Asian 2 (2%) 1 (1%)

Barthel Index Score 100 (100–100) 100 (100–100)

BMI, kg/m² 29·8 (24·2–35·2) 28·2 (23·7–33·1)

Level of education

High school education or 
higher 

91 (92%) 91 (92%)

Less than high school 
education

8 (7%) 8 (7%)

APACHE II score 23 (16–27) 23 (18–29)

Sepsis* 56 (57%) 63 (64%)

Diabetes 26 (26%) 23 (23%)

Primary diagnosis for ICU admission

Acute hypoxaemic respiratory 
failure

35 (35%) 44 (44%)

Acute ventilatory failure 24 (24%) 17 (17%)

Threatened airway 21 (21%) 19 (19%)

Sepsis* 12 (12%) 14 (14%)

Liver failure 3 (3%) 1 (1%)

Gastrointestinal 
haemorrhage

1 (1%) 2 (2%)

Other 3 (3%) 2 (2%)

Data are n (%) or median (IQR). ICU=intensive care unit. *Sepsis includes sepsis 
and septic shock defined using the Sepsis-3 definition.

Table 1: Baseline characteristics 
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6 missing data
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6 >1 absent limb
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1 severe chronic pain syndrome
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76 completed MoCA at hospital discharge 

62 completed MoCA at 1 year*

99 included in intention-to-treat
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23 did not complete MoCA at 1 year
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Figure 1: Trial profile
MoCA=Montreal Cognitive Assessment. *Incudes participants who were unable to complete MoCA at hospital 
discharge and those who had missing data at hospital discharge. †The intention-to-treat analysis excludes one 
patient who withdrew. 
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All analyses were performed on the basis of an 
intention-to-treat approach. We used the χ² test or 
Fisher’s exact test as appropriate to compare categorical 
outcomes between groups. A Wilcoxon-Mann-Whitney 
two-sample rank-sum test was used to compare 
continuous outcomes. A modified Poisson generalised 
estimating equation model using cluster-robust SEs was 
used to evaluate the average effect of the intervention on 
cognitive impairment.41 To assess the effect of missing 
data, which were unlikely to be missing at random, a 
sensitivity analysis was performed using a pattern 
mixture model.42 In this analysis, we assessed the degree 
to which the time, treatment group, and their interaction 
varied by study completion. In a competing risk analysis, 
the effect of the intervention on cognitive impairment 
with death as a competing risk was estimated using a 
Cox-proportional hazards model.43,44

To evaluate the effect of the intervention on 1-year 
survival after randomisation, we used the Kaplan-Meier 
procedure in this post-hoc analysis to estimate survival 
distributions in each group, with the effect of the 
intervention compared between groups using the 
log-rank test. All reported p values are two-sided and 
were not adjusted for multiple testing. Significant 
differences between groups or across time were reported 
as p value of less than 0·05 or more. We used STATA 
(StataCorp MP, version 17.0). This trial was registered 
with ClinicalTrials.gov, number NCT01777035.

Role of the funding source
There was no funder for this study. 

Results
Between Aug 11, 2011, and Oct 24, 2019, 1222 patients 
were assessed for eligibility, of whom 200 (16·4%) were 
randomly assigned to usual care (n=100) or early 
mobilisation (n=100; figure 1). One patient withdrew 
from each group, thus 99 patients per group were 
included in the intention-to-treat analysis. 11 (11%) of 
99 patients in the usual care group and 14 (14%) of 
99 patients in the intervention group died before 
hospital discharge. Baseline characteristics did not 
significantly differ between groups (table 1; appendix 
p 2). At 1 year, 144 participants were alive (74 [75%] of 
99 in the usual care group, and 70 [71%] of 99 in the 
intervention group; figure 2), of whom 65 (88%) of 74 in 
the usual care group and 62 (89%) of 70 in the 
intervention group underwent follow-up testing for 
cognitive impairment. Three (5%) of 65 patients in the 
usual care group were unable to complete the cognitive 
evaluation due to non-verbal status. Two (3%) of 
62 patients in the intervention group refused to 
complete cognitive testing. Six (6%) patients in each 
group were lost to follow-up. Follow-up rates for 
secondary outcomes, including quality of life, neuro-
muscular, and functional outcomes, were similar and 
are reported in the appendix (p 3).

Patients randomly assigned to the intervention group 
had a median of 1·1 days (IQR 0·8–2·0) from intubation 
to their first therapy session compared with a median of 
4·7 days (3·3–6·8) in the usual care group (p<0·0001; 
table 2). 93 (94%) of 99 patients in the intervention group 
had a therapy session during mechanical ventilation 
within 96 h of mechanical ventilation. Among the 
six patients who did not receive mobilisation during 
mechanical ventilation, the three most common reasons 
for deferring therapy were due to paralysis, hypotension, 
and transition to comfort care. Patients in the intervention 
group had a higher median number of therapy sessions 
while mechanically ventilated, in the ICU, and overall, 
during hospitalisation than the usual care group. Six (6%) 
of 99 patients in the usual care group had therapy occur 
during mechanical ventilation and all were able to at least 
sit at the edge of the bed in the first session. Additionally, 
48 (48%) patients in the usual care group received at least 
one therapy session in the ICU. There was a shorter time 
from intubation to sitting, standing, and walking in the 
intervention group than in the usual care group 
(appendix p 4). The duration of delirium was low overall; 
however, patients in the intervention group had fewer 
median ICU days in delirium than the usual care group 
(table 2). There was no significant difference in ventilator-
free days or duration of ICU or length of hospital stay 
(pre-specified outcomes). More than half (51 [52%] of 99) 
of patients in the intervention group were discharged 
home without any need for additional therapy services 
compared with more than a third (36 [36%] of 99) in the 
usual care group (absolute difference 15·2%, 95% CI 
1·5–28·8; p=0·032).

43 (43%) of 99 patients in the usual care group and 
24 (24%) of 99 in the intervention group had cognitive 
impairments at 1 year (absolute difference –19·2%, 
95% CI –32·1 to –6·3; p=0·0043; table 3). The median 
MoCA score at 1 year was higher in the intervention 
group than in the usual care group (26 [IQR 24–28] vs 
23 [21–26]; p=0·0001). Correspondingly, on hospital 
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Probability of survival from randomisation to 1 year. 
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Summary
Background Patients who have received mechanical ventilation can have prolonged cognitive impairment for which 
there is no known treatment. We aimed to establish whether early mobilisation could reduce the rates of cognitive 
impairment and other aspects of disability 1 year after critical illness.

Methods In this single-centre, parallel, randomised controlled trial, patients admitted to the adult medical-surgical 
intensive-care unit (ICU), at the University of Chicago (IL, USA), were recruited. Inclusion criteria were adult patients 
(aged ≥18 years) who were functionally independent and mechanically ventilated at baseline and within the first 96 h 
of mechanical ventilation, and expected to continue for at least 24 h. Patients were randomly assigned (1:1) via 
computer-generated permuted balanced block randomisation to early physical and occupational therapy (early 
mobilisation) or usual care. An investigator designated each assignment in consecutively numbered, sealed, opaque 
envelopes; they had no further involvement in the trial. Only the assessors were masked to group assignment. The 
primary outcome was cognitive impairment 1 year after hospital discharge, measured with a Montreal Cognitive 
Assessment. Patients were assessed for cognitive impairment, neuromuscular weakness, institution-free days, 
functional independence, and quality of life at hospital discharge and 1 year. Analysis was by intention to treat. This 
trial was registered with ClinicalTrials.gov, number NCT01777035, and is now completed.

Findings Between Aug 11, 2011, and Oct 24, 2019, 1222 patients were screened, 200 were enrolled (usual care n=100, 
intervention n=100), and one patient withdrew from the study in each group; thus 99 patients in each group were 
included in the intention-to-treat analysis (113 [57%] men and 85 [43%] women). 65 (88%) of 74 in the usual care 
group and 62 (89%) of 70 in the intervention group underwent testing for cognitive impairment at 1 year. The rate of 
cognitive impairment at 1 year with early mobilisation was 24% (24 of 99 patients) compared with 43% (43 of 99) with 
usual care (absolute difference –19·2%, 95% CI –32·1 to –6·3%; p=0·0043). Cognitive impairment was lower at 
hospital discharge in the intervention group (53 [54%] 99 patients vs 68 [69%] 99 patients; –15·2%, –28·6 to –1·7; 
p=0·029). At 1 year, the intervention group had fewer ICU-acquired weaknesses (none [0%] of 99 patients vs 14 [14%] 
of 99 patients; –14·1%; –21·0 to –7·3; p=0·0001) and higher physical component scores on quality-of-life testing than 
did the usual care group (median 52·4 [IQR 45·3–56·8] vs median 41·1 [31·8–49·4]; p<0·0001). There was no 
difference in the rates of functional independence (64 [65%] of 99 patients vs 61 [62%] of 99 patients; 3%, 
–10·4 to 16·5%; p=0·66) or mental component scores (median 55·9 [50·2–58·9] vs median 55·2 [49·5–59·7]; p=0·98) 
between the intervention and usual care groups at 1 year. Seven adverse events (haemodynamic changes [n=3], arterial 
catheter removal [n=1], rectal tube dislodgement [n=1], and respiratory distress [n=2]) were reported in six (6%) of 
99 patients in the intervention group and in none of the patients in the usual care group (p=0·029).

Interpretation Early mobilisation might be the first known intervention to improve long-term cognitive impairment 
in ICU survivors after mechanical ventilation. These findings clearly emphasise the importance of avoiding delays in 
initiating mobilisation. However, the increased adverse events in the intervention group warrants further investigation 
to replicate these findings.  

Funding None.

Copyright © 2023 Published by Elsevier Ltd. All rights reserved.

Introduction 
Long-term cognitive impairment affects about half of 
critically ill patients with respiratory failure or shock.1–3 
Although the duration of delirium has been associated 
with long-term cognitive dysfunction,4 it remains unclear 
whether it is a cause of this dysfunction. Pharmacological 

treatments for the prevention5–7 or improvement8,9 of 
delirium have been elusive. By contrast, a non-
pharmacological approach for critically ill patients, 
known as early mobilisation, has been shown to be safe 
and feasible, can shorten the duration of delirium 
by 50%,10 and might prevent long-term cognitive 
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impairment and other aspects of disability 1 year after critical illness.
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intervention n=100), and one patient withdrew from the study in each group; thus 99 patients in each group were 
included in the intention-to-treat analysis (113 [57%] men and 85 [43%] women). 65 (88%) of 74 in the usual care 
group and 62 (89%) of 70 in the intervention group underwent testing for cognitive impairment at 1 year. The rate of 
cognitive impairment at 1 year with early mobilisation was 24% (24 of 99 patients) compared with 43% (43 of 99) with 
usual care (absolute difference –19·2%, 95% CI –32·1 to –6·3%; p=0·0043). Cognitive impairment was lower at 
hospital discharge in the intervention group (53 [54%] 99 patients vs 68 [69%] 99 patients; –15·2%, –28·6 to –1·7; 
p=0·029). At 1 year, the intervention group had fewer ICU-acquired weaknesses (none [0%] of 99 patients vs 14 [14%] 
of 99 patients; –14·1%; –21·0 to –7·3; p=0·0001) and higher physical component scores on quality-of-life testing than 
did the usual care group (median 52·4 [IQR 45·3–56·8] vs median 41·1 [31·8–49·4]; p<0·0001). There was no 
difference in the rates of functional independence (64 [65%] of 99 patients vs 61 [62%] of 99 patients; 3%, 
–10·4 to 16·5%; p=0·66) or mental component scores (median 55·9 [50·2–58·9] vs median 55·2 [49·5–59·7]; p=0·98) 
between the intervention and usual care groups at 1 year. Seven adverse events (haemodynamic changes [n=3], arterial 
catheter removal [n=1], rectal tube dislodgement [n=1], and respiratory distress [n=2]) were reported in six (6%) of 
99 patients in the intervention group and in none of the patients in the usual care group (p=0·029).

Interpretation Early mobilisation might be the first known intervention to improve long-term cognitive impairment 
in ICU survivors after mechanical ventilation. These findings clearly emphasise the importance of avoiding delays in 
initiating mobilisation. However, the increased adverse events in the intervention group warrants further investigation 
to replicate these findings.  
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Long-term cognitive impairment affects about half of 
critically ill patients with respiratory failure or shock.1–3 
Although the duration of delirium has been associated 
with long-term cognitive dysfunction,4 it remains unclear 
whether it is a cause of this dysfunction. Pharmacological 

treatments for the prevention5–7 or improvement8,9 of 
delirium have been elusive. By contrast, a non-
pharmacological approach for critically ill patients, 
known as early mobilisation, has been shown to be safe 
and feasible, can shorten the duration of delirium 
by 50%,10 and might prevent long-term cognitive 
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All analyses were performed on the basis of an 
intention-to-treat approach. We used the χ² test or 
Fisher’s exact test as appropriate to compare categorical 
outcomes between groups. A Wilcoxon-Mann-Whitney 
two-sample rank-sum test was used to compare 
continuous outcomes. A modified Poisson generalised 
estimating equation model using cluster-robust SEs was 
used to evaluate the average effect of the intervention on 
cognitive impairment.41 To assess the effect of missing 
data, which were unlikely to be missing at random, a 
sensitivity analysis was performed using a pattern 
mixture model.42 In this analysis, we assessed the degree 
to which the time, treatment group, and their interaction 
varied by study completion. In a competing risk analysis, 
the effect of the intervention on cognitive impairment 
with death as a competing risk was estimated using a 
Cox-proportional hazards model.43,44

To evaluate the effect of the intervention on 1-year 
survival after randomisation, we used the Kaplan-Meier 
procedure in this post-hoc analysis to estimate survival 
distributions in each group, with the effect of the 
intervention compared between groups using the 
log-rank test. All reported p values are two-sided and 
were not adjusted for multiple testing. Significant 
differences between groups or across time were reported 
as p value of less than 0·05 or more. We used STATA 
(StataCorp MP, version 17.0). This trial was registered 
with ClinicalTrials.gov, number NCT01777035.

Role of the funding source
There was no funder for this study. 

Results
Between Aug 11, 2011, and Oct 24, 2019, 1222 patients 
were assessed for eligibility, of whom 200 (16·4%) were 
randomly assigned to usual care (n=100) or early 
mobilisation (n=100; figure 1). One patient withdrew 
from each group, thus 99 patients per group were 
included in the intention-to-treat analysis. 11 (11%) of 
99 patients in the usual care group and 14 (14%) of 
99 patients in the intervention group died before 
hospital discharge. Baseline characteristics did not 
significantly differ between groups (table 1; appendix 
p 2). At 1 year, 144 participants were alive (74 [75%] of 
99 in the usual care group, and 70 [71%] of 99 in the 
intervention group; figure 2), of whom 65 (88%) of 74 in 
the usual care group and 62 (89%) of 70 in the 
intervention group underwent follow-up testing for 
cognitive impairment. Three (5%) of 65 patients in the 
usual care group were unable to complete the cognitive 
evaluation due to non-verbal status. Two (3%) of 
62 patients in the intervention group refused to 
complete cognitive testing. Six (6%) patients in each 
group were lost to follow-up. Follow-up rates for 
secondary outcomes, including quality of life, neuro-
muscular, and functional outcomes, were similar and 
are reported in the appendix (p 3).

Patients randomly assigned to the intervention group 
had a median of 1·1 days (IQR 0·8–2·0) from intubation 
to their first therapy session compared with a median of 
4·7 days (3·3–6·8) in the usual care group (p<0·0001; 
table 2). 93 (94%) of 99 patients in the intervention group 
had a therapy session during mechanical ventilation 
within 96 h of mechanical ventilation. Among the 
six patients who did not receive mobilisation during 
mechanical ventilation, the three most common reasons 
for deferring therapy were due to paralysis, hypotension, 
and transition to comfort care. Patients in the intervention 
group had a higher median number of therapy sessions 
while mechanically ventilated, in the ICU, and overall, 
during hospitalisation than the usual care group. Six (6%) 
of 99 patients in the usual care group had therapy occur 
during mechanical ventilation and all were able to at least 
sit at the edge of the bed in the first session. Additionally, 
48 (48%) patients in the usual care group received at least 
one therapy session in the ICU. There was a shorter time 
from intubation to sitting, standing, and walking in the 
intervention group than in the usual care group 
(appendix p 4). The duration of delirium was low overall; 
however, patients in the intervention group had fewer 
median ICU days in delirium than the usual care group 
(table 2). There was no significant difference in ventilator-
free days or duration of ICU or length of hospital stay 
(pre-specified outcomes). More than half (51 [52%] of 99) 
of patients in the intervention group were discharged 
home without any need for additional therapy services 
compared with more than a third (36 [36%] of 99) in the 
usual care group (absolute difference 15·2%, 95% CI 
1·5–28·8; p=0·032).

43 (43%) of 99 patients in the usual care group and 
24 (24%) of 99 in the intervention group had cognitive 
impairments at 1 year (absolute difference –19·2%, 
95% CI –32·1 to –6·3; p=0·0043; table 3). The median 
MoCA score at 1 year was higher in the intervention 
group than in the usual care group (26 [IQR 24–28] vs 
23 [21–26]; p=0·0001). Correspondingly, on hospital 
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Figure 2: Kaplan-Meier plot of survival
Probability of survival from randomisation to 1 year. 
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of ICU therapy.14–16 Specifically, Moss and colleagues14 
mobilised patients a median of 8 days after intubation 
and Wright and colleagues16 randomly assigned patients 
to groups on the fourth day of mechanical ventilation 
but delivered physical therapy 3 days later. Despite a 
shorter time to therapy than in these older trials, 
patients in the usual care group still had similar rates of 
cognitive dysfunction at 1 year to patients requiring 
mechanical ventilation as previously described.2,3 This 
finding suggests that the foundation for cognitive 
impairment, similar to physical impairment, is set 
early and requires the intervention to occur during 
mechanical ventilation. Perhaps the early timing of 
mobilisation indirectly affects cognition by sparing 
patients of potentially excessive sedation45 or social 
isolation, due to human interaction and engagement 
within the first 48 h of critical illness.

Although these findings are encouraging, they should 
be met with caution. The single-centre design and small 
sample size of this trial restricts the generalisability of 
our findings and necessitates replication. Future 
investigations should consider the increased risk of 
adverse events in the intervention group. Although this 
observation might be due to undersurveillance of adverse 
events in the control group, the increased mortality, 
although not significant, seen in the intervention group 
and in other trials of early mobilisation12,14,16 should be a 
cause for concern. Future clinical trials investigating the 
early timing of therapy should invest in real-time 
surveillance of adverse events in intervention and usual 
care groups to understand whether there is excess harm. 
Finally, although the cognitive benefits are striking, there 
was no effect of early mobilisation on other important 
outcomes, such as ventilator-free days, length of stay, 
institution-free days, or mental component scores on 
quality-of-life testing. The lack of congruence of the 
benefits of early mobilisation on cognition but not on 
mental component scores could suggest that 
improvements in cognitive scores are not completely 
explained by prevention of psychiatric complications, 
which are known to alter cognition.

A large, multicentre, multinational clinical trial of early 
mobilisation (TEAM study) was unable to show any long-
term benefits of the intervention, including cognitive 
impairment at 6 months.46 Although that clinical trial 
had many strengths, key differences in its implementation 
might explain our disparate findings. First, the time to 
intervention was longer in the TEAM study intervention 
group than in our intervention group (median 3 days 
after randomisation vs median 2·25 h; appendix p 5), 
with a lower proportion of the TEAM intervention group 
ambulated in the ICU (176 [47%] of 371 patients vs 
85 [86%] of 99 patients; appendix p 4). Second, the 
intervention in the TEAM study did not incorporate 
occupational therapy, which might have had some 
cognitive benefits compared with physical therapy alone. 
Third, the follow-up rate was lower for the assessment of 

long-term cognitive impairment in the TEAM study than 
in our study. Last, despite the stated goal to minimise 
sedation, a third to a half of patients in the TEAM study 

Usual care group 
(n=99)

Intervention 
group (n=99)

Absolute difference p value

Primary outcome 

Cognitive impairment at 
1 year

43 (43%) 24 (24%) –19·2%(–32·1 to –6.3) 0·0043

MoCA* score at 1 year 23 (21–26) 26 (24–28) 3 (1 to 4) 0·0001

Hospital discharge outcome

Cognitive impairment 68 (69%) 53 (54%) –15·2% (–28·6 to –1·7) 0·029

MoCA score 20 (16–23) 23 (19–27) 3 (2 to 5) 0·0004

ICU-acquired weakness† 38 (38%) 21 (21%) –17·1% (–29·7 to –4·7) 0·0083

Total MRC score 49 (44–56) 56 (48–60) 7 (1 to 9) 0·0017

Functional independence 46 (47%) 66 (67%) 20·2% (6·7 to 33·7) 0·0041

Quality of life

SF-36 physical component 
score

39·6 (31·8–48·5) 45·7 (29·7–55·6) 4·1 (–0·53 to 8·4) 0·081

Impaired physical health‡ 39 (39%) 29 (29%) –10·1% (–23·3 to 3·1) 0·13

SF-36 mental component 
score

47·6 (38·3–55·3) 53·3 (44·3–57·2) 5·7 (–0·16 to 6·9) 0·061

Impaired mental health 22 (22%) 13 (13%) –9·1% (–19·6% to 1·5) 0·094

1-year follow-up

ICU-acquired weakness 14 (14%) 0 –14·1% (–21·0 to –7·3) 0·0001

Total MRC score 56 (49–60) 58 (56–60) 2 (0 to 4) 0·0073

Functional independence 61 (62%) 64 (65%) 3·0% (–10·4 to 16·5) 0·66

Quality of life

SF-36 physical component 
score

41·1 (31·8–49·4) 52·4 (45·3–56·8) 11·3 (6·3 to 13·8) <0·0001

Impaired physical health 30 (30%) 8 (8%) –22·2% (–32·7 to –11·7) 0·0001

SF-36 mental component 
score

55·2 (49·5–59·7) 55·9 (50·2–58·9) 0·7 (–2·7 to 2·3) 0·98

Impaired mental health 9 (9%) 7 (7%) –2·0% (–9·6 to 5·6) 0·60

Institution-free days 335 (121–356) 338 (111–355) 3 (–8 to 5) 0·88

Data are n (%) or median (IQR), unless otherwise specified. ICU=intensive care unit. MoCA=Montreal Cognitive 
Assessment. MRC=Medical Research Council. SF-36=Medical Outcomes Study Short Form-36 *MoCA score of less than 
26 defined cognitive impairment. †ICU-acquired weakness defined as a combined MRC score of less than 48. ‡At least 
1SD below population norms (ie, <40).  

Table 3: Primary and secondary outcomes 

Usual care 
group (n=99)

Intervention 
group (n=99)

p value

At least one AE due to 
mobilisation

0 (0%) 6 (6%) 0·029

Type of AE

Tachycardia 0 (0%) 2 (2%) 1·00

Hypotension 0 (0%) 1 (1%) 1·00

Tachypnoea 0 (0%) 1 (1%) 1·00

Oxygen desaturation 0 (0%) 1 (1%) 1·00

Arterial catheter removal 0 (0%) 1 (1%) 1·00

Rectal tube removal 0 (0%) 1 (1%) 1·00

Data are n (%). More than one adverse event (AE) occurs in one patient. 

Table 4: Adverse events
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%

%
mean	RASS	
D1-D8	=	-5



A(pain	evaluation)	=	73%	

B	

C(Sedation)	=	98%	
D(delirium)	=	83%	

E	

F

coma/sédation	
profonde

ventilation	mécanique	
invasive

2088	
patients	
69	réas

%

%
RASS	médian	
J1-J8	après	IOT	

=	-5



A(pain	evaluation)	=	73%	

B(stop	sed.+SBT)	<	25%	

C(Sedation)	=	98%	
D(delirium)	=	83%	

E(early	exercice)	=	34%	

F(famille	engagement)	=	8%

coma/sédation	
profonde

ventilation	mécanique	
invasive

2088	
patients	
69	réas

%

%
RASS	médian	
J1-J8	après	IOT	

=	-5

(Avoid	benzo)	=	52%



•

•

•

opioïdes

A(pain	evaluation)	=	73%	

B(stop	sed.+SBT)	<	25%	

C(Sedation)	=	98%	
D(delirium)	=	83%	

E(early	exercice)	=	34%	

F(famille	engagement)	=	8%

(Avoid	benzo)	=	52%
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CARDS	
•	More	Deep	sedation		
•	Higher	doses	of	drugs	
•Higher	mortality	
•	Adjusted	analysis	:	Increased	mortality	related	
to	deep	sedation	not	covid	!



Conclusion



Révolution
en Anesthésie-Réanimation…



Sédation 



La Sédation est un outil2352

control (Fig. 2). An “R” could be added to the ABCDEF 
acronym (Fig.  3) to potentiate the impact of previously 
well proven parts of this bundle [44, 45].

Analgesia
As per recent guidelines, priority should be given to anal-
gesia before sedation, considering an analgesia-first and/
or an exclusive analgesia-based strategy [2]. The most 
commonly used intravenous opioids include hydro-
morphone, fentanyl, sufentanil, remifentanil, and mor-
phine, with caution for the latter in the setting of renal 
impairment. Opioid sparing agents (e.g., gabapentin, 
paracetamol, nefopam, lidocaine, carbamazepine, cloni-
dine, dexmedetomidine, and low-dose ketamine) can be 
employed in a multimodal analgesia approach with the 
additional benefit that some of these drugs have sedative 
properties [48].

Nonsteroidal anti-inflammatory drugs should be used 
with extreme caution in all critically ill patients (with and 
without ARDS) because of the higher risk of side-effects 
in this population, including their immunosuppressive 

and kidney injurious effects. Local and/or regional anes-
thesia should be used when indicated, especially after 
trauma or surgery [72].

Sedation
Sedative choice is dictated by desired depth of sedation, 
need for amnestic effect, and ease of titration. For most 
mechanically ventilated patients, propofol and dexme-
detomidine are ideal agents, with continuous infusion 
midazolam as a second-line alternative. Shortages of 
these agents pose an extreme challenge especially when 
deep sedation is required, such as in the setting of thera-
peutic paralysis [9]. Other benzodiazepines, ketamine, 
phenobarbital, volatile anesthetics (e.g., sevoflurane, 
isoflurane) or even sodium gamma-hydroxy-butyrate 
(GHB, gamma-OH) can also be used to achieve deep 
sedation if needed. When patients do not require deep 
sedation, alternatives include: low dose intermittent 
benzodiazepines to treat anxiety (lorazepam, diazepam, 
clonazepam), antipsychotics (levomepromazine, loxap-
ine, haloperidol, cyamemazine, chlorpromazine, and 

Fig. 3 Updated ABCDEF-R bundle for mechanically ventilated patients, including patients with ARDS, adapted from [42–45]

Sédation 
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