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Evolution of sedation in the ICU

2013 Clinical practice guidelines for the management of pain, 
agitation, and delirium in adult patients in the intensive care unit

2018 Clinical Practice Guidelines for the Prevention and 
Management of Pain, Agitation/Sedation, Delirium, Immobility, 
and Sleep Disruption in Adult Patients in the ICU



N Engl J Med. 2014 Jan 30;370(5):444-54. 

ICU triad



• Neural pathway that regulates the sleep–wake cycle

• Ascending reticular activating system (ARAS)

• Basal forebrain and lateral hypothalamus areas

• Ventrolateral preoptic nucleus (VLPO) in the anterior hypothalamus→ sleep onset
Intensive Care Med. 2009 May;35(5):781-95. 

Sleep–wake-cycle: Flip-flop switch mechanism

inhibit VLPO neurons 

VLPO nucleus is On during sleepARAS is On during wakefulness

inhibit ARAS neurons



• Circadian rhythms
• Regulation: suprachiasmatic nucleus (SCN), anterior hypothalamus

• Input: retinal ganglion cells, pineal gland, and ARAS

• Melatonin: maintenance of circadian rhythms and sleep–wake cycles

• SCN
• light and dark environmental stimuli through the retina

• regulates the secretion of melatonin

Intensive Care Med. 2009 May;35(5):781-95. 

Sleep–wake-cycle: Circadian rhythms



• Hypotheses of delirium mechanisms
(1) imbalance in neurotransmitters 

(2) abnormal tryptophan metabolism → hyperactive or hypoactive delirium

(3) ischemic damage or acute inflammation→ diffuse brain injury

Intensive Care Med. 2009 May;35(5):781-95. 

Delirium



• Similar mechanisms between sleep deprivation and delirium
• imbalances in neurotransmitters 

• alteration of melatonin production

• Benzodiazepines and opioids 
• SWS ↓, REM sleep ↓, Delirium ↑

• Sudden discontinuation
• Benzodiazepine withdrawal

• GABA activity ↓ → hyperactive delirium, REM rebound

• Opioid withdrawal

• alterations in sleep architecture, REM rebound

Intensive Care Med. 2009 May;35(5):781-95. 

Sleep deprivation and delirium



• January ~ September 2004

• ALI or ARDS with MV in SICU (n=29)

• Delirium assessment with CAM-ICU

• REM reduction: <6% of TST↓

• Severe REM reduction: >6% of TST↓

• In critically ill patients

• fragmentation of sleep↑

• arousals and awakenings↑

• REM sleep↓

• Delirium is a risk factors of severe REM sleep reduction

Minerva Anestesiol. 2011 Jun;77(6):604-12.

Sleep and delirium



• 1996 ~ 2003

• major elective or urgent thoracic surgery operations (n=432)

• Postoperative delirium: 23 patients (5.32%) between postoperative days 2 to 12 

• Sleep deprivation is a risk factors of postoperative delirium

Ann Thorac Surg. 2005 Mar;79(3):1004-9. 

Sleep and delirium



Delirium assessment

J Neurocrit Care 2015;8(2):39-45
JAMA. 2001 Dec 5;286(21):2703-10. 

Some domains can be difficult to assess or can be misinterpreted Developed to identify delirium in MV and non-ventilated ICU patients

ICDSC CAM-ICU



J Neurocrit Care 2015;8(2):39-45

Assessment of the sedation level

Sedation-Agitation Scale Richmond Agitation–Sedation Scale (RASS)

arousal state, cognitive function, response sustainability 



• Challenging

• No widely accepted gold standard

• medications, organ dysfunction, and critical illness 
itself can affect sleep classification and quantification

Crit Care Explor. 2022 Feb 7;4(2):e0628.

Measuring Sleep in the ICU



• Gold standard for sleep evaluation in noncritically ill patients

Semin Respir Crit Care Med 2019;40:614–628.

Polysomnography (PSG) 

Normal adult hypnogram

REM: rapid eye movement 
NREM: non-rapid eye movement 
• N1, N2, and N3/slow wave sleep (SWS)

• Inaccurate in critically ill patients
• Expensive, labor intensive, often poorly tolerated by patients
• Interfere with beside care
• Recording at least 24 hours



Intensive Care Med. 2009 May;35(5):781-95. 

Polysomnography (PSG) 



• Critically ill ICU patients

• deranged sleep

• atypical EEG patterns ~85%

• no clearly assignable traditional sleep stage

Semin Respir Crit Care Med 2019;40:614–628.
Sleep Med. 2012 Jan;13(1):7-14. 

Polysomnography (PSG) 

↑ ↓



• Abnormal sleep patterns

• behaviorally awake, but dissociative EEG (theta and delta waves)

• Coma, but EEG with beta and alpha waves

• Pathologic wakefulness

• Atypical sleep: NREM sleep without spindles or K complexes 

Crit Care Explor. 2022 Feb 7;4(2):e0628.

Sleep alterations in critical illness

low frequencies: sleep

Sleep EEG waves

higher frequencies: wakefulness

Sleep spindles and K-complexes: 
during N2, cognitive functions



• Prospective physiological study (n=45)

• PSG: after the first SBT failure

• Altered sleep (atypical sleep or absence of REM sleep): weaning duration ↑ 

Eur Respir J. 2018 Apr 19;51(4):1702465. 

Impact of sleep alterations



• Single-Channel Electroencephalogram

• Multichannel Electrophysiologic Devices

Crit Care Explor. 2022 Feb 7;4(2):e0628.
Semin Respir Crit Care Med 2019;40:614–628.

Partial PSG and Bispectral index (BIS)

Single channel EEG monitoring in MV patient 

• Processed Electroencephalogram 

• EEG-derived parameter to monitor the hypnotic effects 

• Usually in OR, monitoring of depth of sedation

• not validated for sleep measurement in critically ill patients



• Small noninvasive device

• Wristwatch-like accelerometer → continuously measures 
spontaneous limb activity/movement

• Limited use in critically ill patients

• activity levels are impacted by sedation, weakness, 
delirium, bathing, myopathy

J. Clin. Med. 2023, 12(3), 1182;

Actigraphy



• Richards Campbell Sleep Questionnaire (RCSQ): by patients 

• use in awake, alert, and responsive patients

• Sleep Observation Tool (SOT): by nurse

• conducted in awake, low severity of illness ICU patients 

• Easy to complete, low cost, feasible for large-scale use

• Limited reliability due to 

• recall bias

• altered patient cognition

• rater fatigue

• inability to capture daytime sleep

Crit Care Explor. 2022 Feb 7;4(2):e0628.

Questionnaires



• Two forces control the sleep-wake cycle

• 1) Homeostatic drive

• 2) Circadian rhythms

• Maintained circadian rhythm, but later sleep onset

• Total sleep time (TST): normal

• Sleep efficiency↓, fragmentation (disruption) ↑

• Light sleep >>> deep NREM, REM sleep

Crit Care Explor. 2022 Feb 7;4(2):e0628.

Sleep alterations in critical illness



Semin Respir Crit Care Med 2019;40:614–628.

Causes and consequences of sleep disturbance in the ICU 



• Abnormal light levels

• dim light during the day

• bright light at night

• Nocturnal light levels <20 lux

• high-lux light exposure↑ → sleep fragmentation

J Crit Care. 2017 Aug;40:11-14.
J Caring Sci. 2012 Aug 25;1(3):135-43.

Light in the ICU

Light Exposure in the ICU 

improved subjective sleep with the use of eye masks in cardiac ICU



• WHO recommendations: continuous background sound < 30 dB, peak nocturnal sounds < 40 dB

• ventilator (51 dB), suction (53 dB), syringe pump alarms (63 dB)

• Sound attenuation in the ICU

(1) behavioral interventions: minimizing conversations, reducing unnecessary alarms

(2) sound masking: white noise

(3) sound blocking: earplugs

Semin Respir Crit Care Med 2019;40:614–628.

Sound in the ICU



• Behavior-based sound reduction: staff education, education with sound monitoring, education with 
environmental modifications

Physiol Meas. 2016 Jul;37(7):1041-55.

Sound in the ICU

During night-time, significant decrease in 50 dB threshold overruns  

Door side Window side



• MV patients receiving midazolam (n=22)

• MV patients: abnormal sleep architecture

• DSI increased SWS and REM sleep

Anaesth Intensive Care. 2011 May;39(3):392-400.

Daily sedative interruption and sleep 

Daily sedative interruption

Continuous midazolam infusion



• Phase 1: before protocol implementation (3-month)

• Phase 2: post–protocol implementation (3-month)

J Crit Care. 2016 Feb;31(1):206-11.

Nonpharmacologic protocol to prevent delirium

Nonpharmacologic delirium prevention protocol reduce the risk of development of delirium



Ann Transl Med. 2023 Jun 30;11(9):319. 

Bundled Interventions enhancing circadian rhythms



• Systematic review and meta-analysis or 15 RCTs (n=5041)

• ~August 2022

• Sleep interventions: pharmacologic, nonpharmacologic, or mixed interventions

J Crit Care. 2023 Dec;78:154342. 

Sleep interventions and delirium in critically ill patients

Sleep interventions on the incidence of ICU delirium



• Disrupted sleep in MV

• ↑1 and 2 NREM, ↓SWS, ↓REM sleep, sleep fragmentation

• lower melatonin secretion, alarms, patient–ventilator asynchrony

• Uncomfortable modes and/or inadequate settings with under- or over-assistance

Intensive Care Med (2016) 42:531–541

MV and sleep in the ICU

highly fragmented 
30 % of sleep occurring during the day 

Healthy vs. MV weaning phase

Optimizing ventilator settings to prevent nocturnal sleep disruptions 
• work of breathing↓
• gas exchange↑→ respiratory drive ↓
• anxiety and dyspnea↓ (during spontaneous breathing)



• Prospective randomized cross-over study 

• acute on chronic respiratory failure (n=20)

• ACV (VT 10 ml/kg, RR 12 bpm) vs. low PSV (6 cmH2O) 
on sleep quality

• Patients

• enrolled at the end of the weaning period

• planned extubation

• No sedative, narcotic, analeptic drugs

Intensive Care Med. 2007 Jul;33(7):1148-1154.

Sleep quality: ACV vs. PSV

Study protocol



• ACV: better sleep quality than those recorded during PSV

Intensive Care Med. 2007 Jul;33(7):1148-1154.

Sleep quality: ACV vs. PSV

No significant differences 

Wakefulness: ~40% of the night
↑1 and 2 NREM sleep
↓3 and 4 NREM sleep, REM sleep

Global sleep quality 

ACV group (*p < 0.05)
• ↓wakefulness 
• ↑1 and 2 NREM

During the first 4-h 

During the second 4-h 

ACV group (*p < 0.05)
• ↑stages 3 and 4 NREM



• Prospective randomized cross-over study 

• acute on chronic respiratory failure (n=26)

• PCV (Pins 20 cmH2O, RR 12 bpm) vs. low PSV (6 cmH2O) 

• Patients: severe COPD

Respir Med. 2013 Apr;107(4):534-41.

Sleep quality: PCV vs. PSV

Comparison of quantity of sleep stages

Wakefulness: 37.7±24.7% (PCV) vs. 58.3±28.8% (PSV)

Quantity of stage 3 and 4 NREM sleep

Nocturnal respiratory muscles rest 
→ improve sleep during PCV



• Mismatch between patient respiratory drive and level of assistance

→patient-ventilator asynchronies → Quality of sleep ↓

• Neurally adjusted ventilatory assist (NAVA)

• delivers a pressure that is proportional to the electrical activity of the diaphragm

• Prospective comparative crossover study

• NAVA vs. PSV

• Patients (n=14)

• No sedation and opiate analgesia

• PSV mode (FIO2 < 60%, PEEP = 5 cmH2O)

• SpO2 ≥ 90%

• NAVA: improves the quality of sleep

• ↑slow-wave sleep and REM 

• ↓fragmentation

Ann Intensive Care. 2011 Sep 28;1(1):42.

Sleep quality: NAVA vs. PSV



• Effect of PSV on sleep in the ICU

• Level of pressure support should be set according to the patient’s demand

• Underassistance→ increase patient effort

• hyperventilation→ central apnea

Intensive Care Med. 2016 Apr;42(4):531-541. 

MV on sleep in the ICU



N Engl J Med. 2010 Dec 30;363(27):2638-50. 

Sedatives

1. Hypotension 
2. Hypertriglyceridemia
3. Propofol-related 
infusion syndrome (PRIS)

1. Bradycardia
2. Hypotension

✓ Anticonvulsant effects

Dexmedetomidine
• selective α2-agonist
• inhibits NE release (NE: causing GABA output)
• regulates arousal by inhibiting cholinergic neurotransmission



JAMA. 2007 Dec 12;298(22):2644-53.

Dexmedetomidine vs BZD for delirium

MENDS trial

• Dexmedetomidine ± fentanyl (n=52) vs. Lorazepam ± fentanyl (n=51): ~extubation or ~120 hours 

➢ Dexmedetomidine: delirium-free and coma-free days ↓, being at the target RASS score ↑

Percentage of patients within 1 point of the RASS



JAMA 2009;301:489-99

Dexmedetomidine vs BZD for delirium

SEDCOM trial

• Dexmedetomidine (n=244) vs. Midazolam (n=122)

• MV patients (target RASS score −2 to +1)

➢ No difference in time at targeted sedation level , delirium↓, time to extubation↓, bradycardia↑



N Engl J Med. 2019 Jun 27;380(26):2506-2517.

Dexmedetomidine vs usual care for delirium

SPICE III trial

• MV patients (target RASS score: −2 to +1)

• Dexmedetomidine vs. Usual Care (propofol, midazolam, or other)

➢ No difference in 90-day mortality

➢ DEX: higher number of days free from coma or delirium, and ventilator-free days



N Engl J Med. 2021 Apr 15;384(15):1424-1436. 

Dexmedetomidine vs propofol for delirium

MENDS2 trial

• MV patients with sepsis (target RASS score −2 to 0)

• Dexmedetomidine vs. Propofol: No differences

Telephone Interview for Cognitive Status questionnaire (TICS-T)
range from 0 to 100, lower scores: worse cognition

➢ Similar safety end points



Intensive Care Med. 2022 Jul;48(7):811-840.

Dexmedetomidine

• Systematic review and meta-analysis of 77 RCTs (n=11,997)

• Dexmedetomidine vs other sedatives 

Dexmedetomidine
➢ Delirium, RR 0.67 (0.55 to 0.81) 
➢ MV duration: MD -1.8 h (-2.89 to -0.71)
➢ ICU LOS: MD -0.32 days (-0.42 to -0.22)
➢ Bradycardia: RR 2.39 (1.82 to 3.13)
➢ Hypotension: RR 1.32 (1.07 to 1.63)



Semin Respir Crit Care Med 2019;40:614–628.

Pharmacologic interventions to promote sleep 

Medication Mechanism of action Side effects Sleep effects

Dexmedetomidine a2-agonist Bradycardia, hypotension ↑N2 with sleep spindles,
?↑N3/SWS, ↓REM, ↑SE, ↓SL

Propofol GABA receptor agonist Bradycardia, hypotension, propofol infusi
on syndrome, respiratory depression

↓REM, ↓SL, ↑TST, ↓W

Benzodiazepines GABA receptor agonist Dependency, delirium-inducing, dizziness, 
hypotension, withdrawal

↓N3, ↓REM, ↓SL, ↑TST, ↓W

Melatonin and mela
tonin R agonists

Melatonin 1 and 2 receptor 
agonist

Dizziness, hallucinations, nausea, vivid dr
eams

↑SE, ↓SL, ↑TST

SE, sleep efficiency; SL, sleep latency; TST, total sleep time; W, wake



• Dexmedetomidine on sleep quality in MV patients (n=13)

• RASS −1 to −2

Anesthesiology. 2014 Oct;121(4):801-7.

Dexmedetomidine and sleep quality

9:00 PM    6:00 AM                     9:00 PM    6:00 AM                        9:00 PM    6:00 AM 

2nd

Sleep efficiency↑ Sleep fragmentation index ↓

𝑇𝑜𝑡𝑎𝑙 𝑠𝑙𝑒𝑒𝑝 𝑡𝑖𝑚𝑒

𝑇𝑜𝑡𝑎𝑙 𝑟𝑒𝑐𝑜𝑟𝑑𝑖𝑛𝑔 𝑡𝑖𝑚𝑒



• Dexmedetomidine during the night

• sleep efficiency and stage 2↑

• shifting sleep mainly to the night

• no positive effect on restorative and REM sleep

Anesthesiology. 2014 Oct;121(4):801-7.

Dexmedetomidine and sleep quality



• Phase II, double-blind RCT, 2013 ~ 2016

• nocturnal dexmedetomidine vs. placebo (D5W)

• Patients  (n=100): currents sedatives (midazolam, lorazepam, or propofol)

• 9:30 PM: dexmedetomidine at 0.2~0.7 mg/kg/h (Targeted RASS of -1)

• 6:00 AM: d/c dexmedetomidine → adjusted nonstudy sedatives

Am J Respir Crit Care Med. 2018 May 1;197(9):1147-1156.

Dexmedetomidine and sleep quality

Dexmedetomidine group: greater proportion of nights at an RASS = -1 Time to the first occurrence of delirium during ICU stay

Nocturnal low-dose dexmedetomidine
• delirium↓
• sleep quality: unchanged



• Meta-analysis of 15 RCTs, ~ August 27,2020

• Patients: after cardiac surgery (n=2813)

• Primary endpoint: incidence of postoperative delirium after cardiac surgery during hospital stay

• Dexmedetomidine

• ↓ postoperative delirium compared to other sedatives and opioids after cardiac surgery

BMC Anesthesiol. 2021 May 18;21(1):153. 

Dexmedetomidine and postoperative delirium 



• Double-blind RCT (n=331)

• January 2019 to July 2021

• Patients: elective cardiac surgery (≥ 65 years)

• Dexmedetomidine after surgery: 8 pm to 8 am, in ICU or ~ 7 days

• Primary outcome

• occurrence of PoD within the 7 days after surgery

• Incidence of PoD : 12.6% vs. 12.4% (p=0.97)

• Overnight dexmedetomidine after elective cardiac surgery 

• did not decrease postoperative delirium

• Better sleep quality

• More hypotensive events

Crit Care. 2024 Feb 29;28(1):64. 

Dexmedetomidine and postoperative delirium 



• Randomized crossover physiological study

• 2009 ~ 2011

• MV, hemodynamically stable (n=13)

• 2 consecutive nights (10:00 p.m. ~ 7:00 a.m.)

• propofol infusion target Ramsay scale 3

Intensive Care Med. 2012 Oct;38(10):1640-6. 

Propofol and sleep quality

Sleep architecture

• Sleep efficiency: not different
• Propofol: abolished the REM sleep (p = 0.04)

• Propofol decreased REM, compared with patients who did not 
receive propofol



Darkness stimulates the pineal gland →melatonin → sleep initiation & maintenance ↑ 

• Double-blind RCT (n=203)

• Oral melatonin (10mg) or placebo, ~ 7 nights

• Sleep quality: RCSQ

• Melatonin serum peak levels at 2 am 

Crit Care Med. 2020 Dec;48(12):e1286-e1293.

Melatonin and sleep quality

Melatonin: better sleep quality in the ICU



• Multicenter RCT (n=67)

• September 1, 2011 ~ October 31, 2012

• Patients: 65 ~ 89 years, admitted to ICU

• Oral ramelteon vs placebo for 7 days

• Primary outcome: incidence of delirium

• Ramelteon: lower risk of delirium (3% vs 32%; P = 0.003)

JAMA Psychiatry. 2014 Apr;71(4):397-403.

Melatonin agonists and delirium 

Time to development of delirium
• Ramelteon: 6.94 (95% CI, 6.82-7.06) days
• Placebo 5.74 (5.05-6.42) days



• Single-center RCT

• Patients: admitted to EICU or MICU (n=88)

• May 2015 ~ April 2017

• Ramelteon vs placebo, ~ ICU discharge

• Primary endpoint: duration of ICU stay

• Ramelteon decreases in the occurrence rate 
of delirium in patients admitted to the ICU

Crit Care Med. 2018 Jul;46(7):1099-1105.

Melatonin agonists and delirium 



• Systematic review and meta-analysis, ~May 7, 2020 

• 14 RCTs of melatonin/ramelteon (n=1712)

• Primary outcome: delirium incidence

J Psychiatr Res. 2021 Jan;133:181-190. 

Melatonin for delirium prevention

Reduction in delirium in hospitalized patients 

this effect seems confined to surgical and ICU patients



• Double-blind, RCT

• Patients: requiring ICU admission (n=841)

• ~14 nights or ICU discharge

• 4 mg melatonin or placebo at 21:00

• Primary outcome: proportion of delirium-free assessments 
(marker of delirium prevalence)

• No significant difference 

• average proportion of delirium-free assessments per patient

• quantity or quality of sleep

Intensive Care Med. 2022 Apr;48(4):414-425. 

Melatonin agonists 

melatonin (light green)
placebo (dark green)

Melatonin Control P-value

RCSQ questionnaire (daily in ICU)1

Number of patient with data 373 366

- Sleep latency 5.4 ± 2.5 5.2 ± 2.5 0.250

- Awakenings 5.6 ± 2.6 5.7 ± 2.5 0.903

- Return to sleep 5.6 ± 2.6 5.6 ± 2.4 0.993

- Sleep quality 5.9 ± 2.6 5.8 ± 2.6 0.803

- Sleep depth 5.6 ± 2.7 5.5 ± 2.5 0.432

- Sleep hours 5.5 ± 2.4 5.3 ± 2.2 0.218

Little’s Questionnaire2

Quality of sleep in ICU

- Very poor 76 (19.5%) 71 (18.4%) 0.805

- Poor 91 (23.4%) 87 (22.5%) -

- Good 66 (17.0%) 71 (18.4%) -

- Very good 21 (5.4%) 17 (4.4%) -

- Excellent 9 (2.3%) 9 (2.3%) -

- Don’t remember 55 (14.1%) 53 (13.7%)

- Missing 71 (18.3%) 78 (20.2%)

Quantity of sleep in ICU

- Very poor 71 (18.3%) 74 (19.2%) 0.498

- Poor 91 (23.4%) 91 (23.6%) -

- Good 68 (17.5%) 66 (17.1%) -

- Very good 20 (5.1%) 14 (3.6%) -

- Excellent 8 (2.1%) 8 (2.1%) -

- Don’t remember 59 (15.2%) 54 (14.0%)

- Missing 72 (18.5%) 79 (20.5%)

Est. hours of sleep in ICU, mean ± sd2 3.8 ± 2.9 3.9 ± 3.4 0.975

Sleep quality and quantity experience in ICU



• Sleep deprivation is associated with delirium and agitation

• Sleep measurement in the ICU: Challenging, No widely accepted gold standard

• Critically ill ICU patients

• Sleep efficiency↓, fragmentation (disruption) ↑

• Light sleep ↑, deep NREM, REM sleep ↓

• Bundled intervention for sleep promotion: pharmacologic and non-pharmacologic

• Ventilators and Sleep

• optimizing ventilator settings is crucial

• Ventilators modes at night: PCV or ACV > PSV

• Effect of dexmedetomidine and melatonin agonist on the risk of delirium: controversial

Take home message
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