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Sleep in the ICU



Normal sleep and wakefulness

Suprachiasmatic nucleus (SCN) is the master pacemaker of circadian system.
This is responsible for multiple biologic process including hormone regulation.

https://www.news24.com/news24/partnercontent/are-you-an-early-bird-or-a-night-owl-20201029



Sleep in critically ill patients

Pisani and D’Ambroiso. CHEST 2020; 157(4):977-984

Atypical sleep: 85%



Ozsancak et al. Crit Care Clin. 2008;24:517–531



Environmental barriers

• Noise

• Light

• Patient care activities



Noise

• Alarms from ventilators, IV pump, CRRT, and nebulizers.

• The WHO recommendations for hospitals: 30 dB (average) and 40 dB (peak)

• Studies in ICUs: 43~66 dB (average) and 80~90 dB (peak)

• Sound peaks > 80 dB are associated with arousals from sleep.

• However, noise is just one of many sleep-disturbing factors.
• It accounted for only 10~11.5% of arousals, 17% of awakenings, and 8~14% of 

fragmentation (results by PSG).

• A systematic review was not able to quantify the contribution of noise to 
sleep disruption

Pisani and D’Ambroiso. CHEST 2020; 157(4):977-984
Burglund et al. World Health Organization 1999.
Freedman et al. Am J Respir Crit Care Med. 2001;163:451-457



Light

• 100 to 500 lux in office but ~ 1,000 lux in ICUs

• Second only to noise for impacting sleep in the ICU

• Light can affect the circadian rhythm of melatonin, leading to sleep disruption.
• Low morning light levels and delayed peak light (until the late afternoon) may contribute 

the circadian phase delay.

• Studies showed that daytime bright light interventions improved sleep in 
elderly patients in non-ICU patients.

• In a small pilot study, enhanced light exposure (9 am ~ noon) improved 
circadian rhythms of critically ill patients.

Pisani and D’Ambroiso. CHEST 2020; 157(4):977-984
Weinhouse and Schwab. Sleep. 2006;29:707-716.
Gehlbach et al. Am J Respir Crit Care Med. 2018’198:275-278



Patient care activities

• Vital signs, phlebotomy, wound care, imaging, etc.

• 40-60 care interruptions each night.

• But 14% of nocturnal interventions are not time critical.

• Vital signs and phlebotomy can be more disruptive to sleep than noise.

• Consolidation of care activities would reduce the number of interruptions, 
which may depend on ICU staffing.

• However, only 10% of arousals and awakenings were attributable to patient 
care activities.

Gabor et al. Am J Repir Crit Care Med, 2003;167:708-715
Tamburri et al. Am J Crit Care 2004;13:102-112
Olson et al. Am J Crit Care 2001;10:74-78



Treatment-related factors

• Mechanical ventilation

• Medications



Cooper et al. Chest. 2000; 117:809–818



Parthasaranthy et al. Am J Respir Crit Care Med 2002;166:1423–1429

wakefulness

sleep

↑Apnea in PSV
↑ HF in central apnea pts
↑ Sleep fragmentation in PSV

11 critically ill pts



Toublanc et al. Intensive Care Med 2007;33:1148–1154

10 pm – 2 am 2 am – 6 am

20 patients before extubation (ARF on CRF)

↓wakefulness in ACV ↑Stage 3 & 4 in ACV

↑subjective sleep quality in ACV



Bosma et al. Crti Care Med. 2007; 35:1048–1054

A crossover study with 13 pts



Sleep disruption during NIV

Unpublished data from Ozsancak and colleagues.

Ozsancak et al. Crit Care Clin. 2008;24:517–531

Mainly Stage 1 & 2
Paucity of slow wave or REM
Arousals, 23/h



Hence,…

Ozsancak et al. Crit Care Clin. 2008;24:517–531



Medications

• Benzodiazepines (BZD)
• ↑ N1 & N2 sleep and ↓ N3 sleep even in low doses

• Propofol
• ↑ N3 sleep and↓ REM (↓ sleep quality)

• Dexmedetomidine
• ↑N2 sleep and ↓ N1 , a state physiologically similar to natural sleep.

• The light sedation can lead to more fragmentation in a noisy ICU.

• Recommended for overnight sedation but not for inducing sleep.

• Opiates
• At high doses, it contributes to sleep disruption.

• Symptom of OSA may be worsen

• Beta-blockers, anti-asthmatics, and anti-parkinsonian agents.

Pisani and D’Ambroiso. CHEST 2020; 157(4):977-984



Propofol can further worsen sleep quality.

Kondili et al. Intensive Care Med (2012) 38:1640–1646

A crossover RCT with 12 MV pts (Ramsay score 3)

↓REM
No sequential 
progression of sleep 
stage



Huupponen E, et al. Acta Anaesthesiol Scand. 2008 Feb;52(2):289-294.

DMDT: a state resembling physiological S2 sleep

↑ Sleep spindle density and moderate amount of slow wave activity



Alexopoulou C, et al. Anesthesiology. 2014;121:801-807.

13 stable pts with MV in light sedation

↑ Sleep efficacy ↓ Sleep fragmentation↓ N1 and↑ N2 with DMDT



Be careful not to withdraw medication abruptly.

• Withdrawal of opioids, BZDs, nicotine, antidepressants can lead to 
insomnia and sometimes an increase in REM sleep.

• Abrupt cessation of BZDs or opiates, which are REM-suppressing 
drugs, may increase REM sleep disproportionately leading to cardiac 
or respiratory instability

Novak and Shapiro. Drug Saf. 1997;16:133-149



Sleep and delirium

• Their relationship is bidirectional, creating a potentially vicious cycle.
• REM sleep deprivation was associated with an increase in delirium.

• Number of days of delirium was associated with post-discharge sleep disturbance.

• No large, well-conducted studies and previous studies did not control for risk 
factors such as noise, light, and medications.

• However, strong associations between sleep disturbances and occurrence of post-OP
delirium in a systematic review.

• Possible mechanisms
• Abnormalities of functional network connectivity in prefrontal cortical areas

• Circadian/melatonin dysregulation



Knauert et al. J Crit Care. 2018;48:124-129

A retrospective study of 93 critically ill patients with delirium



Trompeo et al. Minerva Anestesil. 2011;77:604-12

29 post-OP patients
Severe REM reduction: < 6% of TST



Interventions

• Non-pharmacologic interventions

• Pharmacologic interventions

• Sleep promotion bundles



Non-pharmacologic intervention

• Control of sound and light (“quiet time at night”)

• Rescheduling of routine patient care (“clustering of care activities”)

• Eye mask and ear plug

• Sleep education

• Treatment of anxiety and promotion of relaxation

• When applicable, adjustment of MV settings

• Massage, VR, warm blanket, music, aromatherapy, acupressure, etc.

“However, complete understanding of preexisting sleep disorder is particularly important”



Hu et al Cochran Database Syst Rev. 2015 Oct 6;2015(10):CD008808

Incidence of delirium 
and confusion

Sleep quality (TST)

Ear plug/eye mask



Obanor et al Crit Care Med. 2021;49:e822-e832 Demoule et al Crit Care 2017;21:284.

↑ N3
↓ Awakening

↑ Richards-
Campbell Sleep 
Questionnaire



Pharmacologic intervention

• Melatonin and Ramelteon (melatonin receptor agonist)

• Analgesics or BZDs

• Dexmedetomidine

• Sedating antihistamines or antipsychotics

“There is no currently recommended pharmacological sleep aid for critically ill patients”

“Analgesics should be used to target pain control rather than sedation or sleep”

“Propofol and BZDs should be avoided because they suppress deep NREM and REM sleep ”



Lewis et al Cochran Database Syst Rev. 2018;5:CD012455.

A systematic review does not support the use of melatonin



Gendolfi et al Crit Care Med 2020; 48:e1286–e1293

A multicenter RCT of 223 adults in ICUs
PO melatonin 10mg/d at 8 pm for seven days

Melatonin concentration

Sleep quality



Antipsychotics

• Haloperidol – D2 receptor antagonist

• Risperidone, olanzapine, quetiapine (5-HT2 receptor inhibition)

• These agents increase TST, N2 sleep

• Haloperidol and olanzapine increase N3 sleep

Pisani and D’Ambroiso. CHEST 2020; 157(4):977-984



Sleep-promoting multicomponent bundle

• A bundle approach is recommended.

• It emphasizes non-pharmacologic interventions

• It discourages the use of sedating drugs.

• But it suggests judicious use of zolpidem or antipsychotics.

Pisani and D’Ambroiso. CHEST 2020; 157(4):977-984



Tonna et al. Chest 2021;160:899-908Kamdar et al. Crit Care Med. 2013; 41:800–809



Devlin et al. Crit Care Med. 2018;46:e825



• Question: How does sleep in critically ill adults differ from normal sleep in healthy adults?

• Question: Is sleep different in critically ill adults if delirium (vs no delirium) is present?

• Question: Is sleep different in critically ill adults who are mechanically ventilated (vs not MV)?

• Question: What is the prevalence of unusual or dissociative sleep patterns in critically ill adults?

• Question: What risk factors that exist before the onset of critical illness affect sleep quality in critically ill adults in the ICU?

• Question: Which ICU-acquired risk factors affect sleep quality in critically ill adults?

• Question: Do sleep and circadian rhythm alterations “during” an ICU admission affect outcomes during and/or after the ICU stay in 
critically ill adults?

• Question: Should physiologic monitoring be routinely used clinically to evaluate sleep in critically ill adults?

• Question: Should assist-control ventilation be used at night (vs pressure support ventilation) to improve sleep in critically ill adults?

• Question: Should an adaptive mode of ventilation be used at night (vs pressure support ventilation) to improve sleep in critically ill 
adults?

• Question: Among critically ill adults requiring NIV, should an NIV-dedicated ventilator (vs a standard ICU ventilator with NIV capacity) 
be used to improve sleep?

• Question: Should aromatherapy, acupressure, or music be used at night (vs not using it) to improve sleep in critically ill adults?

• Question: Should noise and light reduction strategies (vs not using these strategies) be used at night to improve sleep in critically ill 
adults?

• Question: Should a sleep-promoting medication (i.e., melatonin, dexmedetomidine, or propofol) (vs no use of a medication) be used 
to improve sleep in critically ill adults?

• Question: Should a sleep-promoting protocol be used to improve sleep in critically ill adults?

Devlin et al. Crit Care Med. 2018;46:e825

↓ REM, ↑daytime sleep

↓N3, ↓ REM, ↓ sleep quality 

Worsening sleep fragmentation, architecture

Highly variable

Sleep aid, poor sleep

Pain, anxiety, noise, light, medications….

Its association with ICU outcomes is not known

Yes

No recommendation

Either one is okay

No

Yes

No recommendation for melatonin and DMDT, but propofol is not recomended

Yes

No



감사합니다.
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