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Preface

The fields of critical care medicine and sleep medicine were both born in the early 
1950s but have very different origins. Building on lessons learned from earlier 
decades of trauma care during global warfare, the world’s first intensive care unit 
opened in 1953 in Copenhagen as hospital clinicians and administrators sought the 
most efficient setting to manage several hundred polio patients, many of whom 
needed artificial respiration and specialized care. This geographic cohorting of 
acutely ill patients helped launch the field of critical care medicine. While interest 
in sleep and dreams can be traced back thousands of years, it is through the develop-
ment of electroencephalography in the late 1920s, and a number of brilliant scien-
tific observations in subsequent decades, that sleep would transcend its image as a 
passive state pondered by philosophers and written about by poets to become recog-
nized as an essential physiologic state to be studied by scientists. The discovery of 
rapid eye movement sleep in the early 1950’s and the first publication with the terms 
REM and NREM sleep in 1957 by Dement and Kleitman were foundational to the 
field [1].

It wasn’t until the turn of this century, however, that the growing fields of sleep 
and critical care medicine would meet. While observational studies at the end of the 
last century suggested patients slept poorly during critical illness, the significance 
of these findings was not yet realized. Moreover, prior to the 2000s, the more 
severely ill patients admitted to the ICU were deeply sedated in an effort, viewed at 
the time as being compassionate, to relieve stress and pain and facilitate the safe 
delivery of interventions. While deep sedation may have created an illusion of rest-
ful sleep to ICU clinicians and patients’ families, it was masking the physiologic 
and clinical signs of disrupted sleep and potentially contributing to increased delir-
ium, reduced ICU survival, prolonged ICU stays and worse post-ICU cognitive, 
psychologic, and functional outcomes.

Seminal studies by Cooper [2], Freedman [3], and Gabor [4] would serve as an 
epiphany for clinicians and investigators. These researchers discovered patients in 
the ICU had severely fragmented sleep with a relative lack of deep sleep stages. The 
importance of this finding has been bolstered over the past 20 years. Patients able to 
self-report sleep quality frequently complain of poor sleep throughout their ICU 
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stay. The ICU factors that disrupt sleep and alter circadian rhythmicity are now 
well-established and ICU practice guidelines recommend the use of non- 
pharmacologic sleep improvement efforts [5]. However, evidence gaps regarding 
our understanding of the ICU and post-ICU outcomes of disrupted sleep, how to 
evaluate sleep in critically ill patients, the inter-relationship between disrupted sleep 
and delirium, and the interventions that have the greatest impact to improve sleep in 
critically ill adults continue to inspire translational and clinical research efforts.

Over the past 10 years, the number of papers cited in PubMed pertaining to sleep 
in the ICU has increased nearly ten-fold. To paraphrase a quote from the brilliant 
and visionary J. Allan Hobson, ‘we have learned more in the past six years about 
sleep during critical illness then in the preceding six thousand years’.

This book is an homage to the pioneers who laid the foundations for the present 
generation of ICU sleep scientific inquiry. This book also honors those who carry 
the torch, many of whom kindly offered their time and expertise to author chapters 
and who continue to advance the science of sleep and circadian biology as it per-
tains to critical illness recovery. But most of all, this book is dedicated to our ICU 
patients who have suffered and continue to suffer the effects of acute critical illness 
and its aftermath which can have such a profound impact on their quality of life. It 
is also dedicated with gratitude to all those selfless patients and their surrogate deci-
sion makers who consented to their participation in the studies that have helped 
move the field forward.

“The best bridge between despair and hope is a good night’s sleep.”
E. Joseph Cossman, American inventor, businessman, entrepreneur and author
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Characteristics of Sleep in Critically Ill 
Patients: Part I: Sleep Fragmentation 
and Sleep Stage Disruption

Patricia J. Checinski and Paula L. Watson

1  Introduction

Sleep is an essential physiologic function that is severely altered in critically ill 
adults. Poor sleep quality is one of the most common complaints of patients who 
survive their critical illness [1]. Patients’ complaints include trouble initiating and 
maintaining sleep and frequent awakenings with difficulty returning to sleep. These 
sleep disruptions not only lead to emotional distress but may also contribute to cog-
nitive dysfunction, intensive care unit (ICU) delirium, impaired immune function, 
prolonged mechanical ventilation, and cardiac disorders (see chapters “Biologic 
Effects of Disrupted Sleep”, “Sleep Disruption and Its Relationship with Delirium: 
Electroencephalographic Perspectives”, “Sleep Disruption and Its Relationship 
with Delirium: Clinical Perspectives”, “ICU Sleep Disruption and Its Relationship 
to ICU Outcomes” and “Long-Term Outcomes: Sleep in Survivors of Critical 
Illness”). Sleep is regarded as a potentially modifiable risk factor influencing these 
clinical outcomes and sleep promotion is now recognized as an important factor in 
improving the care of critically ill adults [2]. Both subjective measurements, such as 
nurse and patient questionnaires, and objective measurements, such as polysomnog-
raphy (PSG) and actigraphy, have been used to assess sleep quantity and character-
istics in critically ill adults and to determine how sleep in the ICU differs from the 
normal sleep of healthy individuals (see chapter “Methods for Routine Sleep 
Assessment and Monitoring”).
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Sleep investigations of critically ill adults have evaluated heterogenous popula-
tions (e.g., medical vs. surgical, low vs. high severity of illness) and have been 
performed at various stages of hospitalization. While some ICU studies have evalu-
ated patients while they were sedated and mechanically ventilated, others have 
assessed patients supported on non-invasive ventilation as well as those who transi-
tioned through the ICU quickly. Studies which used subjective assessment tools 
have concluded that sleep quality in the ICU is significantly decreased compared 
with what patients consider to be their normal sleep. Patients have reported that 
noise, particularly alarms and staff conversations, are the most disruptive environ-
mental factors (see chapter “Risk Factors for Disrupted Sleep in the ICU”). Studies 
which used objective assessment tools have demonstrated variable total sleep times, 
changes in sleep architecture, severe sleep fragmentation, as well as alterations in 
circadian rhythm (see chapter  “Characteristics of Sleep in Critically Ill Patients. 
Part II: Circadian Rhythm Disruption”).

2  Total Sleep Time

Most ICU sleep studies demonstrate patients have a relatively normal total sleep 
time (TST) over the entire 24-h day, but wide variations exist both within study 
populations and between studies [3–6]. Sleep for these patients is often severely 
fragmented and occurs in short episodes that are distributed throughout the night 
and day. Cooper et al. reported the sleep characteristics of 20 intubated, mechani-
cally ventilated ICU patients and categorized them into three groups—those with 
disrupted sleep (EEG features of both NREM and REM sleep), those with atypical 
sleep (EEG features intermediate between sleep and coma), and those in a coma [3]. 
In both the disrupted sleep and atypical sleep groups, the average TSTs over a 24-h 
period was normal (7 and 10 h, respectively) but there was marked variability in the 
TST among individual patients (Fig. 1).

Across ICU studies evaluating patients with varying frequencies of mechanical 
ventilation (MV) use, there does not appear to be a strong correlation between TST 
and MV use. For example, two ICU PSG studies evaluating primary mechanically 
ventilated adults (91% and 100%, respectively) reported a normal TST, while 
another study evaluating only mechanically ventilated adults showed decreased 
TST [3, 4, 7]. In PSG studies with few mechanically ventilated patients, one study 
(31% MV rate) found patients had a normal TST while another (24% MV rate) 
reported decreased TST [6, 8]. Finally, one study (54% MV rate) failed to find a 
difference in TST based on MV use [5]. Following extubation, the TST also remains 
low and is most reduced in patients who had received continuous sedation during 
the period of intubation. One study found a median TST of only 2.4 (IQR 1.1–4.2) 
hours during 16.7 (IQR 14.9–17.4) hours of PSG assessment in the 24 h after extu-
bation [9].

P. J. Checinski and P. L. Watson
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Fig. 1 24-h hypnograms of ICU patients. Sleep during critical care illness is severely fragmented 
and distributed evenly across 24 h. Oftentimes, a clear circadian rhythm is not seen in these patients 
(Adapted with permission from Cooper AB, Thornley KS, Young GB, Slutsky AS, Stewart TE, 
Hanly PJ.  Sleep in critically ill patients requiring mechanical ventilation. Chest. 
2000;117(3):809–818)

A systematic review of 13 ICU studies employing actigraphy rather than PSG 
reported a mean nocturnal recorded nighttime TST ranging from 4.4 to 7.8 h [10]. 
Over the entire 24-h period, the TST ranged from 7.1 to 12.1 h.

2.1  Challenges with TST Measurement

Important challenges exist with quantifying TST in critically ill adults: As discussed 
in chapter “Atypical Sleep and Pathologic Wakefulness”, awake patients can have 
EEG features of sleep, a phenomenon termed pathologic wakefulness. Several stud-
ies have demonstrated the presence of EEG delta wave activity (characteristic of 
deep, slow wave NREM sleep) in patients who were awake and interactive, a find-
ing which may lead to an erroneous TST measurement [3, 5, 11, 12]. Watson et al. 
studied 37 mechanically ventilated adults in an effort to describe atypical PSG find-
ings and to assist in developing a pilot scoring scheme for sleep in the ICU [12]. Key 

Characteristics of Sleep in Critically Ill Patients: Part I: Sleep Fragmentation and Sleep…
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b
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Fig. 2 (a) Example of pathologic wakefulness. Patient awake and following commands but EEG 
shows large percentage of delta waves consistent with N3 sleep. (b) Comatose patient with EEG 
pattern that would be labeled stage N1 sleep if standard AASM scoring criteria is used. (c) EEG 
from comatose patient showing complete lack of EEG/cortical activity (Adapted with permission 
from Watson PL, Pandharipande P, Gehlbach BK, et  al. Atypical sleep in ventilated patients: 
empirical electroencephalography findings and the path toward revised ICU sleep scoring criteria. 
Crit Care Med. 2013;41(8):1958–1967)

findings include a predominance of theta activity (a frequency usually indicating 
sleep) in patients who were awake and interactive as well as greater than 20% delta 
activity [a frequency seen in SWS (slow wave sleep)] in one patient who was fol-
lowing simple instructions (Fig. 2a). In addition, comatose patients were found to 
have variable EEG patterns ranging from findings consistent with light sleep, stages 
N1 and N2 sleep, (Fig. 2b) to continuous isoelectric activity (Fig. 2c). The lack of 
correlation between EEG and physical exam findings can make the accurate assess-
ment of sleep extremely difficult. A behavioral assessment of patients should there-
fore accompany all EEG recording when TST is being quantified. Continued work 
on developing a schema for scoring of sleep in the critically ill will help with future 
assessments of TST and quantification of time spent in the various sleep stages.

Actigraphy uses gross motor activity as an estimate of sleep and thus is unable to 
distinguish between physiologic sleep and motionless wakefulness. In critically ill 
patients, the use of physical restraints, sedating medications, and the more direct 

P. J. Checinski and P. L. Watson
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effects of their illness may cause a decrease in motor activity making this method of 
sleep measurement less reliable. Interestingly, even ICU patients who are young, 
non-mechanically ventilated, non-sedated, and non-restrained, have been found to 
have decreased activity compared to hospitalized patients not admitted to the ICU 
[13]. Studies comparing actigraphy to PSG, bispectral index (BIS), nurse assess-
ment, and patient assessment have all found that actigraphy overestimates TST 
[14–19].

The variability in TST among adults admitted to the ICU is attributable to differ-
ences in admission diagnoses, severity of illness, use of mechanical ventilation, and 
medication exposure. Critically ill adults often receive sedating medications includ-
ing benzodiazepines, dexmedetomidine, opioids, and propofol. As highlighted in 
chapters “Normal Sleep Compared to Altered Consciousness during Sedation” and 
“Effects of Common ICU Medications on Sleep”, sedation is physiologically differ-
ent from sleep and the use of sedating medications may result in decreased patient 
activity and altered EEG features of sleep that suggest TST is longer than it really 
is [20].

3  Sleep Fragmentation

3.1  Studies Employing Objective Assessment Methods

While the reported ICU TST in the literature varies, adults admitted to the ICU have 
consistently been found to experience significantly fragmented sleep, where sleep is 
distributed across the night and daytime periods, with a large proportion of sleep 
occurring during the day [3–9]. Arousals (an abrupt increase in EEG frequency last-
ing 3–15 s) and awakenings (EEG activation lasting >15 s) frequently occur in the 
ICU. Sleep fragmentation can be extreme; one ICU study found patients experi-
enced 27 arousals per hour and an average duration of continuous sleep of only 
3 min [5]. Patients in another study slept for just an average of 15 min at a time [4]. 
Arousals and awakenings also remain frequent following extubation; one study 
reported 25 events (arousals and awakenings) per hour [9]. Arousal frequency 
increases equally between the day and night [3]. Knauert et al. found similar results 
in patients with atypical sleep, with 32.3 NREM arousals per hour at night and 34.6 
NREM arousals per hour in the daytime [8].

When patients with disrupted sleep were compared with those with atypical 
sleep in one ICU cohort study, both groups were found to have sleep distributed 
throughout the 24 h (disrupted group: 54% daytime and 46% nighttime; atypical 
group: 60% daytime and 40% nighttime) [3]. Figure 1 depicts hypnograms for the 
eight patients in the disrupted sleep group and illustrates the varying degrees of 
sleep fragmentation between individual patients. Freedman et al. reported similar 
findings with 57% of sleep occurring during the day and 43% at night [4]. 
Hypnograms illustrating the sleep distribution of these patients are shown in Fig. 3. 
The increase in daytime sleep has been further documented by several other studies 
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12 PM 12 AM

Time of Day

6 AM6 PM

Fig. 3 Schematic representation of the redistribution of sleep and wake in five subjects over the 
24-h period. Black areas represent episodes of sleep and white areas represent wakefulness. 
(Adapted with permission  from Freedman NS, Gazendam J, Levan L, Pack AI, Schwab 
RJ. Abnormal sleep/wake cycles and the effect of environmental noise on sleep disruption in the 
intensive care unit. Am J Respir Crit Care Med. 2001;163(2):451–457)

[5–7]. The TST, day/night sleep distribution, sleep fragmentation, and sleep stage 
data from several PSG studies are summarized in Table 1.

Studies conducted in the ICU using actigraphy have also demonstrated marked 
sleep fragmentation. In one early study, patients monitored for 72 continuous hours 
were found to sleep for short periods during the day and night with sleep episodes 
lasting up to only 1 h [21]. The authors also reported abnormal melatonin secretion 
patterns  (see chapter “Characteristics of Sleep in Critically Ill Patients.  Part II: 
Circadian Rhythm Disruption”). A study of 16 non-ventilated burn patients demon-
strated marked sleep fragmentation with sleep occurring in short episodes averaging 
only 15.6 min [19]. A systematic review of 13 ICU studies noted mean number of 
nocturnal awakenings ranged from 1.4 to 49 per night [10].

3.2  Studies Employing Subjective Assessment Methods

The Richards Campbell Sleep Questionnaire (RCSQ), specifically developed for 
use in critically ill adults, and shown to moderately correlate with PSG, asks patients 
to self-report their sleep across five domains (i.e., sleep latency, sleep efficiency, 
sleep depth, number of awakenings, and overall sleep quality) using visual analog 

P. J. Checinski and P. L. Watson
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Table 1 Summary of sleep characteristics in critically ill adults [3–9]

Study type of 
sleep (N)

Proportion 
mechanically 
ventilated (%)

Total 
sleep 
time 
(hours) 
[mean 
(SD)]

Distribution 
of total 
sleep time 
between day 
(D) and 
night (N) 
periods (%)

Arousals 
(average 
number 
per/hour) 
[mean 
(SD)]

Awakenings 
(average 
number/hour) 
[mean (SD))

Slow 
wave 
sleep (as 
a % of 
total 
sleep 
time) 
[mean 
(SD)]

Rapid eye 
movement 
sleep REM 
(as a % of 
total sleep 
time) 
[mean 
(SD)]

Cooper 
et al.a 
(disrupted) 
N = 8

100% D: 3.0 
(1.9)
N: 4.0 
(2.9)

54 | 46 – D: 17 (12)
N: 22(25)

D: 15 
(14)
N: 10 
(17)

D: 9 (6)
N: 10 (14)

Cooper et al.
(atypical) 
N = 5

100% D: 6 
(3)
N: 4 
(2)

60 | 40 D: 8 (5)
N: 5 (3)

D: 6 (3)
N: 7 (5)

D: 46 
(47)
N: 45 
(51)

D: 4 (5)
N: 4 (9)

Elliott et al.b

N = 53
54% 5.0 

(2.9–
7.2)

41 | 59 27.0 
(14.0–
37.5)

– 0 (0–1) 0 (0–6)

Freedman 
et al.
N = 17

91%c 8.8 
(5.0)

57 | 43 11.6 + 5.0 – 9 (18) 6 (9)

Friese et al.
N = 16

31% 8.3 
(6.5)

– – 6.2 0.3 
(0.6)

3.3 (6.2)

Gabor et al.
N = 7

100% 6.2 
(2.5)

48 | 52 10.7 (5.9) 10.9 (7.6) 2.7 
(3.3)

14.3 (9.8)

Knauert 
et al.d

(typical) 
N = 14

24%e 6.2 
(1.5)

32 | 68 NREM: 
33.0 
(13.3)
REM: 
18.7 
(16.1)

– 3.9 
(5.9)

12.9 (14.2)

Knauert 
et al.
(atypical) 
N = 9

24%e 4.8 
(3.4)

37 | 63 NREM: 
26.5 (6.0)
REM: 
12.4 (4.9)

– – 6.8 (6.0)

Thille et al.b

N = 52
0% 2.4 

(1.1–
4.2)

– 25 
(13–32)f

25 (13–32)f 17 
(0–66)g

0 (0–8)g

D: daytime monitoring
N: nighttime monitoring
–: data not provided by study for specific outcome
a Study divided patients into two groups (disrupted sleep and atypical sleep) and provided data separately 
for daytime and nighttime monitoring
b Study expressed data values in median and interquartile range rather than mean and standard deviation
c Study initially recruited 22 patients but only 17 had scorable EEG data, this percentage reflects original 
22 patients
d Study evaluated # of arousals between NREM and REM
e Study provided % ventilated for total study group and not for each group, typical and atypical
f Study grouped arousals and awakenings together to express value
g Study provided total amount of time spent in sleep stages rather than % of TST

Characteristics of Sleep in Critically Ill Patients: Part I: Sleep Fragmentation and Sleep…
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scales ranging from 0 to 100 (higher score indicative of better sleep; score of <50 
indicative of poor sleep) [22]. A number of studies have characterized ICU sleep 
using the RCSQ. In one mixed ICU cohort, the median (IQR) RCSQ was found to 
be moderately decreased at 58 (32–70) [5]. Among adults admitted to ICU for at 
least 2 nights, who were not sedated, the mean RCSQ was 45.5 [23]. In another ICU 
cohort, the mean RCSQ for awakenings was 46.4 and sleep quality 45.3; sleep depth 
had the lowest rating of 40.4 [24]. Although RCSQ assessment is both practical and 
inexpensive, a large proportion of ICU patients are unable to self-report their sleep 
quality due to delirium or sedation [22]. While the substitution of RCSQ assess-
ments by nursing has been proposed, agreement between patients and nurses has 
been shown to be poor with nurses tending to overestimate sleep depth and return to 
sleep [25]. Sleep assessment methods are discussed in greater detail in chapter 
“Methods for Routine Sleep Assessment and Monitoring”.

3.3  Causes of Sleep Fragmentation

Arousals and awakenings and sleep fragmentation resulting from it have been linked 
to frequent health care assessments, intensity of room lighting, noise levels, and 
ventilator mode, settings, and asynchrony [26]. A systemic review of 62 studies to 
evaluate risk factors for sleep disruption in critically ill individuals found most 
patients identify multiple variables affecting their sleep quality (see chapter “Risk 
Factors for Disrupted Sleep in the ICU” for a more detailed discussion of risk fac-
tors for sleep disruption) [27]. This review included an analysis of 17 studies that 
reported patient-identified factors and found that the most common causes of sleep 
disruption were anxiety/fear (42%), noise (42%), pain (39%), bed discomfort 
(38%), other discomfort (34%), attachment to a medical device (37%), care activi-
ties (33%), and light (33%). This review also highlighted significant interpatient 
variability in risk factors reported that is likely attributable to the variability in 
methods used between studies. For example, while six studies documented noise as 
an important ICU sleep disruptor, two other studies found no association [4, 5, 
24, 28–31].

The Sleep in Intensive Care Questionnaire (SICQ) is a 7-question survey that 
allows patients to rate their sleep quality and perceived effect of the environment on 
sleep. Using this tool, patients identified noise as being most disturbing, followed 
by nursing interventions, light, diagnostic testing, vital signs, blood draws, and 
administration of medications [5]. However, when PSG was used to investigate 
causes of sleep fragmentation, it was found that only 11.5% of arousals and 17% of 
awakenings were related to environmental noise [4]. Gabor et al. further differenti-
ated which sound level had the most frequent arousals/awakenings and found that 
11.7% occurred at 10  dB while 30.8% occurred at 75  dB and greater [7]. In 
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comparison, patient care interactions disturbed sleep an average of 7.8 times/hour 
of sleep with suctioning causing 62.8% of disruptions.

While it remains unclear if the use of mechanical ventilation itself disrupts sleep 
[27], several studies have evaluated the effect of ventilator modes on sleep quality. 
The use of pressure support (PS) mode is associated with more awakenings and 
arousals than assist-control (AC) mode [32]. However, Cabello et al. found no dif-
ference in fragmentation index or percentage of REM and SWS between patients on 
AC, clinically adjusted PS, and automatically adjusted PS modes [25]. There is a 
strong association between patient-ventilator asynchrony and sleep disruption; 
accordingly, hourly sleep arousals were found to be more frequent with PS ventila-
tion compared to proportional assist ventilation in one study [33].

See chapter “Mechanical Ventilation and Sleep” for an in-depth discussion of 
mechanical ventilation and sleep.

3.4  Sleep and Clinical Outcomes

Sleep deprivation and fragmentation are associated with altered respiratory func-
tion, immune dysfunction and delirium. Only a few studies have evaluated the con-
sequences of sleep on respiratory function. In healthy adults, a single night of sleep 
deprivation reduced respiratory endurance by reducing respiratory motor cortex 
output from the brain [34]. Among patients admitted to the ICU with acute respira-
tory failure and managed with non-invasive ventilation (NIV), the night to day TST 
ratio was significantly lower in those patients failing NIV compared to those who 
had NIV treatment success [35]. NIV failure was also associated with only 25% of 
the time spent in REM compared to the NIV success patients (6 vs. 26 min).

Sleep disruption may increase ICU delirium [36–38]. One early ICU study found 
patients with fewer uninterrupted 75 min sleep cycles, and thus more sleep fragmen-
tation, had greater mental status alteration [37].

Sleep deprivation in healthy individuals has also been shown to adversely affect 
immune function [39]. Even one night of sleep deprivation negatively impacts vac-
cination response [40, 41]. Sleep deprivation has been linked to autonomic nervous 
system dysfunction which may lead to increased cardiac arrythmias [42]. Sleep 
arousals cause transient surges in sympathetic activity, blood pressure, and heart 
rate [43, 44]; sleep deprivation may adversely affect cardiovascular health due to 
increased pro-inflammatory cytokines (e.g., IL-6, TNF-α, CRP) [45].

For a detailed discussion of the myriad consequences of sleep deprivation, see 
chapters “Biologic Effects of Disrupted Sleep”, “Sleep Disruption and Its 
Relationship with Delirium: Electroencephalographic Perspectives”, “Sleep 
Disruption and Its Relationship with Delirium: Clinical Perspectives”, “ICU Sleep 
Disruption and Its Relationship with ICU Outcomes”, and “Long-Term Outcomes: 
Sleep in Survivors of Critical Illness”.
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4  Sleep Stage Disruption

4.1  Summary of PSG Studies

Sleep is divided into three non-rapid eye movement (NREM) stages (N1, N2, and 
N3) and rapid eye movement (REM). Normal sleep is characterized by an orderly 
transition through these stages [i.e., from the lightest (stage N1) to stages N2 and N3 
(also known as SWS)], and REM. Healthy individuals typically cycle through these 
stages 4–5 times a night during sleep. Compared to healthy adults, critically ill 
patients experience frequent sleep disruption, often from fragmentation (see above) 
and thus spend greater time in light sleep (N1 and N2), less time (or no time) in 
deeper, restorative sleep (N3) and REM (Fig. 4) [46].

While N1 sleep accounts for only 5–10% of the TST in healthy adults, it is often 
the predominant sleep stage in critically ill adults [3–5] (Table 1). For example, in 
one ICU PSG study, N1 sleep accounted for 59% of TST; N2, N3 and REM 
accounted for 26%, 9%, and 6%, respectively [4]. Another PSG ICU study that 
dichotomized typical and atypical TST, found that N1 accounted for 22.7% of TST, 
N2 60.4%, N3 3.9%, and REM 12.9% of the TST spent with typical sleep [8]. 
Among TST spent with atypical sleep, REM accounted for only 6.8%. One other 
ICU study found the median time with SWS or REM sleep to both be zero [5]. 
Cooper et al. evaluated the percentages of SWS and REM during daytime and night-
time and found no significant differences [3]. For example, in the disturbed sleep 

a

b

Fig. 4 Sleep in ICU patients is often severely fragmented and characterized by an increase in light 
sleep and a paucity of slow wave and REM sleep. (a) Polysomnography tracing from a critically 
ill, sedated patient demonstrating sleep fragmentation with microarousals noted approximately 
every 10 s. (b) Sleep histogram from the same patient showing a predominance of stage one sleep 
with frequent microarousals. (Adapted  with permission from Weinhouse GL and Watson 
PL. Sedation and sleep disturbances in the ICU. Crit Care Clin 2009 Jul;25(3):539–49)
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group, SWS and REM made up about 15% and 9% TST during the day and 10% 
and 10% TST during the night.

4.2  Causes of Sleep Stage Deprivation

The specific reasons for the reduced time spent in deep sleep in the ICU still remain 
unclear; it is likely to be multifactorial but medications may be a contributing factor. 
As reviewed in chapter “Effects of Common ICU Medications on Sleep”, many 
common ICU medications are associated with reduced SWS and REM sleep. 
Vasopressors, sedatives, and analgesics in particular have this effect [20]. However, 
one ICU study of intubated patients found TST spent in REM was similarly low 
between ICU periods when patients were free of sedatives and opioids compared 
with when they were not [25]. In addition, a study of recently extubated patients free 
of sedatives found TST spent in REM or SWS to be very low [9].

The frequent interruption of the natural progression of sleep leading to sleep 
fragmentation in the ICU patients is an important contributor to the greatly reduced 
time spent in SWS and the sometimes-nonexistent time spent in REM sleep. 
Variability of TST in SWS and REM sleep may depend on when during the noctur-
nal period it is evaluated. One ICU PSG study that divided the nocturnal recording 
into early and late periods found SWS was more likely to occur during the earlier 
nocturnal period and REM sleep in the later nocturnal period [25].

4.3  Consequences of Sleep Stage Deprivation

Among ICU patients who failed a spontaneous breathing trial (SBT), patients with 
no REM sleep (compared with those who had REM) were found to require mechan-
ical ventilation for an additional 2 days [47]. Among recently extubated patients, the 
presence of REM sleep was associated with re-intubation rates significantly lower 
than those without REM sleep [9].

Severe REM reduction (<6% of TST) is also associated with greater incidence of 
ICU delirium [48]. Atypical sleep, marked by loss of K-complexes and sleep spin-
dles (hence loss of N2 sleep), is associated with a greater risk for severe encepha-
lopathy and death [49].

SWS is associated with regulation of inflammation; reductions in SWS may 
therefore reduce the body’s response to sepsis [28].

The impact of sleep deprivation on ICU and post-ICU outcomes are discussed in 
greater detail in chapters “ICU Sleep Disruption and Its Relationship to ICU 
Outcomes” and “Long-Term Outcomes: Sleep in Survivors of Critical Illness”.

Characteristics of Sleep in Critically Ill Patients: Part I: Sleep Fragmentation and Sleep…
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5  Conclusion

In summary, critically ill adults suffer from significant sleep fragmentation and 
sleep stage disruption, marked by frequent arousals and awakenings across both day 
and nighttime periods, that reduce the TST spent in restorative stages SWS and 
REM sleep. In addition to emotional distress, sleep disruption may contribute to 
delirium, prolonged mechanical ventilation, and immune dysfunction. Understanding 
the modifiable risk factors of sleep disruption and promoting sleep improvement 
strategies are crucial to improving ICU care. However, understanding the effects of 
sleep disruption on clinical outcomes is complicated in the ICU by multiple chal-
lenges, particularly in the face of sedative use that affects EEG findings and patient 
movement. Larger controlled studies dedicated to better understanding the effects 
of sleep fragmentation and sleep stage disruption on clinical outcomes of the criti-
cally ill are needed.

Funding/Support Dr. Watson received support from the National Institutes of 
Health (MO1 RR-00095) and the Vanderbilt CTSA grant UL1 RR024975–01 from 
NCRR/NIH.
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Characteristics of Sleep in Critically Ill 
Patients: Part II: Circadian Rhythm 
Disruption

Marie-Anne Melone and Brian K. Gehlbach

1  Introduction

Circadian clocks provide temporal organization to an organism and are ubiquitous 
in nature. The ~24-h rotation of the Earth has been a major evolutionary force on the 
development of intrinsic circadian clocks [1]. Each cell has an endogenous clock, or 
oscillator, with a free-running period of approximately 24 h. To synchronize the 
oscillator with the 24-h rotation of the Earth it is necessary to reset or entrain its 
rhythm using extremal cues. These cues are named zeitgebers (“time-givers”) and 
the most powerful cue for humans is the light/dark cycle.

Primitive non-transcriptional circadian rhythms may have first evolved 2.5 bil-
lion years ago at the time of the Great Oxidation Event to protect the organism from 
reactive oxygen species [2, 3]. Whatever their origin, circadian rhythms have con-
ferred to species the ability to anticipate daily changes. Clock genes are numerous; 
approximately 40% of human genes are under circadian control [4]. Thus, there are 
many 24-h physiological rhythms, including sleep/activity cycles, core body tem-
perature fluctuations, heart rate, hormone levels and metabolism [5, 6]. These circa-
dian rhythms allow organisms to anticipate daily changes and align their activities 
to these changes to confer advantage. Environmental cycles have therefore driven 
the evolution of endogenous clock genes that tune internal physiology to external 
conditions. This chapter, a companion to the chapter “Characteristics of Sleep in 
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Critically Ill Patients. Part I: Sleep Fragmentation and Sleep Stage Disruption” 
(characteristics of sleep fragmentation and disruption) will introduce basic princi-
ples of circadian biology, describe potential circadian disrupters in intensive care 
units, and characterize circadian profiles in critically ill patients.

2  Circadian Timing System Physiology

The basis of the circadian timing system is a molecular mechanism known as the 
transcription-translation feedback loop. Suprachiasmatic nucleus (SCN) neurons 
serve as a master clock to coordinate rhythms at an organismal level. This clock 
interacts in a bidirectional manner with tissue-specific rhythms whose activity can 
be shifted by specific time givers (Fig. 1).

2.1  Molecular Basis

A variety of clock genes maintain circadian rhythms in a constant environment (for 
instance, stable darkness without other zeitgebers). A rhythm represents the ability to 
oscillate. The nature of an oscillation describes a system that tends, in a regular manner, 
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to move away from equilibrium before returning. To achieve this, a process whose prod-
uct feeds back to slow the rate of the process itself is needed. This oscillator mechanism 
is under control of the Transcription-Translation Feedback Loop (TTFL) [7]. The TTFL 
involves clock genes working as activators of transcription then releasing proteins from 
the nucleus to the cytoplasm that negatively regulate their own transcription, leading to a 
negative feedback loop. To date, 6 interlocking TTFLs have been described. During the 
first step, CLOCK–BMAL1 heterodimers induce the expression of PER and CRY which 
inhibit the transcriptional activity of CLOCK–BMAL1 and represses their own expres-
sion. CLOCK–BMAL1 similarly induces the expression of other clock genes that regu-
late BMAL1 expression. This web of interconnected feedback loops constitutes the 
genetic network and allows a robust and precise circadian rhythm to be expressed.

2.2  Central Clock

The master, or central, clock has been localized to the SCN in the hypothalamus [8, 9]. 
The SCN is comprised of neuronal structures located in the anteroventral hypothalamus 
and subdivided in two anatomical parts: the ventral core region above the optic chiasm, 
and the dorsal shell region, which receives input from the core. The SCN receives direct 
input from melanopsin-containing retinal ganglion cells via the retinohypothalamic tract. 
The SCN projects in turn to the brain and hormonal systems thereby enabling the syn-
chronization of other oscillators throughout the brain and body.

The SCN regulates sleep timing via its regulation of melatonin secretion (dis-
cussed below) and via direct projections to sleep regulatory systems such as the 
dorsomedial hypothalamic nucleus [10]. Indeed, Nauta et al. described syndromes 
of prolonged wakefulness with anterior hypothalamic lesions and prolonged sleep 
with posterior hypothalamic lesions [11]. Sleep/wake regulation results from the 
interaction of a circadian alerting process and a homeostatic process that relates 
increasing sleep pressure to increased duration of wakefulness. The nighttime 
reduction in the circadian alerting signal promotes consolidation of sleep. Additional 
evidence of interaction between sleep and circadian rhythms is demonstrated by the 
effect of sleep loss on clock gene expression [12]. SCN fibers also project to the 
pineal gland, where melatonin is synthesized, and to other hypothalamus areas reg-
ulating core body temperature, cortisol, and the autonomic system [8].

To conclude, SCN neuronal activity coordinates the timing of sleep and wake 
rhythms and plays a major role in the regulation and coordination of multiple bio-
logical, immunological, and metabolic functions.

2.3  Entrainment

SCN neurons possess endogenous rhythmicity meaning they oscillate over a period 
of time even in the absence of external influences. In addition, the transplantation of 
these neurons into animals with their own SCN removed restores their circadian 
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rhythms [13]. The master clock has a free-running period in humans of ~24.2 h [14]. 
The central clock therefore needs to be entrained, or synchronized, by external cues 
to fit the 24-h rotation of the Earth. Light is the most powerful cue to entrain the 
SCN, although constant light exposure results in desynchronization of SCN activity 
[15]. The SCN receives photic time of day information from these photoreceptors, 
which express the photopigment melanopsin [16, 17]. Intrinsically photosensitive 
retinal ganglion cell (iPRGC) activity depends on five different influencing factors:

 1. Timing. Exposure to light during the early biological night causes a phase delay, 
thereby preparing the body for a later day. Exposure to light during the late bio-
logical night causes a phase advance, thereby preparing the body for an earlier 
day. In clinical practice light therapy can advance the timing of the sleep/wake 
cycle in patients with Delayed Sleep Phase Syndrome [18].

 2. Dose (intensity). Approximately 7000–13,000 lux is a highly effective circa-
dian zeitgeber. For comparison, spring day light levels may range from 32,000 
to 60,000 lux. But even 80 lux can significantly phase-shift circadian 
clocks [19].

 3. Exposure duration. In drosophila, constant light perturbs degradation of 
PERIOD/TIMELESS (PER/TIM) heterodimeric complexes [20].

 4. Wavelength. Intrinsically photosensitive retinal ganglion cells exhibit maximal 
sensitivity in the blue spectrum, while low-intensity red light does not appear to 
suppress melatonin production [21].

 5. Prior light history. Overall, non-circadian light exposures have the potential to 
modify gene expression patterns, alter melatonin secretion, and disrupt the dura-
tion and timing of sleep [22].

2.4  Peripheral Clocks

Peripheral oscillators are distributed throughout the body in a variety of tissues and 
organs. For instance, hepatocytes have clock genes that continue to oscillate in the 
absence of zeitgebers [23]. Similarly, other parts of the brain sustain circadian 
rhythms independently of the SCN [24]. In SCN-ablated mice, peripheral tissues 
are still rhythmic, but they do not work in a coordinated way, suggesting the SCN is 
a synchronizer [25].

Previously considered to be less important in humans, the timing of food intake 
has, in more recent studies, been found to be a zeitgeber for various peripheral tis-
sues in humans and may play an important role in regulating metabolism. Mistimed 
glucose, corticoids, and insulin may alter Per gene expression in the liver in vivo 
potentially leading to alterations in the immune response, corticosteroid production, 
and metabolism [26, 27]. In addition, peripheral clocks outside of the liver may be 
shifted by restricted feeding [26]. For instance, there is an increase in locomotion, 
corticosterone secretion, body temperature, and several metabolic parameters, in 
anticipation of mealtime in mice models [27].
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Ambient temperature sensation also serves as a cue to coordinate the timing of 
sleep and activity [28]. Even organ-specific microenvironments can have different 
effects on the respective peripheral organ. For instance, hypoxia recently was found 
to shift clock genes expression differently in the liver, lung, and kidney suggesting 
a specific synchronizing effect of exercise on the molecular clockwork of peripheral 
tissues [29]. Moreover, timed exercise can reset the circadian clock in skeletal mus-
cles [30, 31]. Social activity is probably the least powerful zeitgeber. Most non- 
sighted individuals exhibit free-running circadian rhythms despite the presence of 
numerous social cues (employment, family, alarm clocks, guide dogs, etc.).

To summarize, the body is designed to align feeding/fasting, sleep/wake, and 
activity/inactivity cycles to survive in a specific environment. Failure to do so leads 
to adverse health consequences [32, 33] (Fig.  1). Nowadays, light widely used 
throughout 24 h via indoor lights and electronic devices can alter clock gene expres-
sion and melatonin secretion with potential harmful effects on external and internal 
synchronization. Jet lag and shift work are known to desynchronize internal oscilla-
tions and environmental cues leading to metabolic, cardiovascular, neoplastic, and 
mental health disorders [34, 35].

3  Measurement of Circadian Rhythms

Circadian rhythmicity can be evaluated by different biomarkers representing the 
output of the biological clock. The most widely biomarkers used are melatonin, core 
body temperature, and cortisol (Fig. 2).

3.1  Melatonin, 6-Sulfatoxymelatonin Levels

Melatonin is synthesized in the pineal gland in response to regulation by the SCN 
and is primarily secreted at night [36, 37]. Melatonin is primarily metabolized by 
the liver and excreted in urine as 6-sulfatoxymelatonin (6-SMT). Melatonin levels 
can be measured in blood, saliva, and urine. In ICU studies, the urinary metabolite 
of melatonin, 6-SMT, has typically been measured [38], although renal and hepatic 
dysfunction must be considered as potential masking factors in this population. 
Moreover, alterations in the serum melatonin concentration may result from 
decreased melatonin metabolism in the liver from direct suppression of hepatic 
cytochrome activity by proinflammatory cytokines [39]. Alterations in the urinary 
excretion of 6-SMT have been reported in septic intensive care unit patients [40].

The frequency of sampling differs between studies ranging from every 6 h to 
hourly. Some authors have highlighted discrepancies between urine and serum mel-
atonin samples [41, 42] but the effect may have been exaggerated by infrequent 
sampling of urine specimens. Indeed, hourly sampling routines, while labor- 
intensive, are likely to increase the precision of circadian assessments in this patient 
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Fig. 2 Human circadian 
rhythms of the plasma 
melatonin level, core body 
temperature and plasma 
cortisol level [107]

population. Overall, serum samples are likely to be more accurate phase markers 
than urinary 6-SMT but require indwelling catheters for frequent assessment.

In normal subjects, peak serum melatonin levels occur between 1:00 and 
3:00 a.m., with very low levels during the daytime between 10:00 a.m. and 6:00 p.m. 
Overall melatonin secretion gradually declines with age and also varies between 
individuals [43]. Potential melatonin-based analyses include: (1) Total 24-h melato-
nin or 6-SMT excretion. (2) Analysis of individual 24-h temporal profiles. (3) 
Determination of the acrophase (peak value) and nadir of each 24-h profile, along 
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with the rhythm amplitude, defined as 50% of the difference between the values of 
the acrophase and nadir. (4) Determination of DLMO (dim light melatonin onset), 
characterizes the time of the onset of melatonin rise.

3.2  Cortisol Levels

Cortisol is a corticosteroid hormone, synthesized in the zona fasciculata of the adre-
nal cortex in the adrenal gland in response to regulation by the hypothalamic- 
pituitary- adrenal axis with input from the SCN [44]. The secretion of cortisol 
decreases throughout the day, with its nadir occurring approximately 2 h after sleep 
onset and with a sharp increase at the end of the biological night to reach a peak in 
the early morning [45]. Free plasma cortisol levels are the most accurate reflection 
of cortisol activity, but the technique is complex and expensive. Salivary cortisol 
can be assessed as a surrogate of serum free cortisol [46].

Several factors influence the secretion of cortisol, including stress and light, both 
of which stimulate secretion [47]. Sleep onset and deep sleep reduce cortisol 
whereas sleep deprivation increases it [48, 49]. Potential measures include: (1) 
Determination of the nadir and the acrophase. (2) The time of the onset of the rise 
and the timing of the quiescent period. (3) The amplitude of the 24-h rhythm.

3.3  Core Body Temperature

Core body temperature (CBT) displays a circadian rhythm under control of the SCN 
which regulates the hypothalamic preoptic thermoregulatory control center [50]. 
Average CBT is approximately 37.0 °C in healthy subjects, with a nearly 1 °C sinu-
soidal circadian fluctuation and a period of 24  h. CBT nadir typically occurs at 
approximately 4:00 a.m., while peak CBT occurs at the end of the day. Body tem-
perature can be monitored at different sites, either peripherally (oral, axillary, tho-
racic skin surface) or centrally (rectal, esophageal, or intestinal). Central monitoring 
methods are the most accurate to assess the CBT rhythm [51]. CBT oscillations 
generated by the SCN modulate peripheral clock gene expression and act as a cue 
for the entrainment of cell-specific oscillators throughout the body [52]. Conversely, 
the molecular clock is needed for generating CBT rhythms [53]. Additionally, CBT 
oscillations result from multiple processes (metabolism, muscular contraction, dis-
sipation of heat via sweating, blood flow changes in the skin, respiration). As a 
result, CBT dysrhythmias are common in critically ill patients and may reflect not 
only the effect of acute illness, therapeutic interventions, and the ICU environment 
on the central clock, but also masking effects (see below).
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3.4  Actigraphy

Actigraphy uses a 3-axis accelerometer with an algorithm to determine sleep/wake 
state and is validated by the American Academy of Sleep Medicine to diagnosis 
circadian rhythm and sleep-wake disorders [54]. Recently, this technology has been 
studied in the ICU in a prospective observational study of 80 patients that compared 
actigraphy with polysomnography (PSG). The authors reported that actigraphy and 
PSG showed good agreement in determining both total sleep, time (r = 0.873) and 
wakefulness (r  =  0.769), though with actigraphy over-reporting total sleep time. 
Actigraphy demonstrated a moderate level of agreement in identifying awakening 
(r = 0.227) in ventilated patients (specificity 83.7%) [55] (see chapter “Methods for 
Routine Sleep Assessment and Monitoring”).

3.5  Circadian Gene Expression

Accumulating evidence suggests that nearly half of the genome oscillates with a 
circadian rhythm [4]. In human studies, quantitative real-time PCR is frequently 
used to analyze the gene expression of several core “clock genes”—BMAL1, 
CLOCK, PER, and CRY—through the collection of whole blood samples at regular 
intervals.

3.6  Challenges to Assessing CR in Critically Ill Adults

As discussed above, numerous zeitgebers exist not only in the external environment 
but also in the microenvironment of each organ. Light/dark cycles, food availability 
(via food-entrainable oscillators in the gut), physical activity, social interaction, and 
sleep/wake cycles can all be perturbed in the ICU (Fig. 3).

Accurately assaying an individual’s biological clock requires scrupulous man-
agement or accounting of potential masking factors (hepatic or renal dysfunction, 
administration of norepinephrine or other drugs that stimulate melatonin secretion, 
and environmental influences). The results of these studies may also vary because 
of differences in the choice of phase marker or its sampling frequency or differences 
in the ICU environment and illness. Which factors disrupt circadian rhythms in 
ICU? Are some forms of circadian disruption adaptive to the illness? We will review 
in the next section ICU and medical conditions that may affect circadian rhythms 
(Table 1).
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Table 1 Effects of various ICU and medical conditions on clock gene expression and melatonin 
circadian rhythmicity

Circadian 
disrupters Changes Consequences

Chronobiologic 
interventions

Light–dark cycle –  Dim light levels 
[61]

–  Daytime light 
levels range from 
30 to 165 lux

–  Nocturnal light 
levels vary from 
2.4 to 145 lux [89, 
90]

–  Up to 10,000 lux 
during procedures 
(e.g., central line 
insertion) [91]

–  Dim light levels were not 
able to entrain the 
melatonin-based rhythm 
[40]

–  6-SMT acrophase occurs at 
8:30 a.m. (phase delay) as 
compared with between 
midnight and 5:00 a.m. in 
healthy adults [57, 58]

–  Exposure of 400 
to 5000 lux from 
9 a.m. to noon 
reduces phase 
delay in the 
melatonin 
secretion rhythm 
[58]

Fasting/feeding 
cycle

–  Continuous feeding 
for 24 h in 
intubated and 
sedated patients

–  Prolonged fasting 
due to different 
interventions 
(surgery, exams, 
extubating…)

–  Altered gene expression in 
the liver and melatonin 
secretion potentially leading 
to alterations in the immune 
response, corticosteroid 
production, and metabolism 
[62, 63]

–  Reprogramming 
clocks through 
appropriately 
timed feeding 
routines may 
positively impact 
immunity

(continued)
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Table 1 (continued)

Circadian 
disrupters Changes Consequences

Chronobiologic 
interventions

Medications

Catecholamines –  Directly stimulate 
melatonin secretion 
which is under 
sympathetic 
regulation [92]

–  Higher levels of melatonin 
secretion were observed in 
patients receiving 
catecholamines [41]

–  Melatonin 
supplementation 
chapter “Best 
Practices for 
Improving Sleep 
in the ICU. Part 
II: 
Pharmacologic”

Propofol –  Suppresses slow 
wave sleep (SWS) 
[93]

–  Negatively influences clock 
gene expression in the SCN 
master clock [94]

–  Daily sedative 
interruption

Selective 
α-2- adrenergic 
agonists (e.g. 
clonidine, 
dexmedetomidine)

–  Improve sleep 
efficiency

–  Increase stage N2 
sleep [95]

–  Alter ACTH, cortisol, and 
melatonin secretion [96]

Benzodiazepines –  Increase N2 sleep
–  Decrease SWS and 

REM sleep [97]

–  In six healthy volunteers 
receiving a 2-mg of 
alprazolam at 21:00 h, 
suppressed melatonin 
concentrations were found 
throughout the night [98]

Opioids –  Suppress both SWS 
and REM [99]

–  In a recent study, 72 patients 
with sepsis or respiratory 
failure under MV received 
either non-sedation (but 
analgesia by morphine) or 
sedation (propofol, 
midazolam). Melatonin 
levels were suppressed in 
sedated patients when 
compared to non-sedated 
patients [100]
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(continued)

Circadian 
disrupters Changes Consequences

Chronobiologic 
interventions

Sleep disrupters (see chapter “Risk Factors for Disrupted Sleep in the ICU”)

Mechanical 
ventilation

–  see chapter 
“Mechanical 
Ventilation and 
Sleep”

–  Frisk et al. reported 
markedly lower 6-SMT 
excretion with MV 
compared with periods 
without MV [56]

–  Gehlbach et al. found 
significant variability in the 
timing of 6SMTexcretion, 
suggesting that the circadian 
rhythms of critically ill 
patients were “free- 
running”. The loss of normal 
sleep/wake cycles induced 
by either sedation or MV 
may have contributed to 
disruption of the melatonin-
based rhythm [57]

Physical activity –  Drastically reduced 
by physiologic 
stressors and the 
presence of 
indwelling devices 
[66]

–  Half of total sleep 
time occurs during 
the daytime [101]

–  Significant activity 
occurs at night 
[102]

–  Modifies clock gene 
rhythmicity [30, 31, 103]

–  Mobilization, 
although in some 
cases premature 
mobilization may 
be 
counterproductive 
[65, 66]

Table 1 (continued)
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Table 1 (continued)

Circadian 
disrupters Changes Consequences

Chronobiologic 
interventions

Acute and chronic disease

Sepsis –  Acute inflammation 
with high levels of 
proinflammatory 
cytokines

–  Urinary 6-SMT excretion 
exhibited loss of circadian 
rhythmicity with no daytime 
decline in septic patients 
compared to non-septic and 
control patients [104]

–  Lower expression of Cry-1 
and Per-2, are correlated 
with higher levels of TNF-α 
and IL-6, in patients during 
the acute phase of sepsis 
compared to non-septic 
patients [105]

–  Urinary 6-SMT was related to 
severity of illness and 
procalcitonin levels and low 
Bmal1, per2, and cry1 
expression in septic patients 
[83]

– To be determined

Severity of illness –  APACHE III score has been 
found to be significantly 
predictive of circadian 
displacement [74]

–  Acuna et al. also found a 
negative correlation between 
SOFA and melatonin levels 
in septic patients [83]

Chronic diseases –  Neurodegenerative 
or psychiatric 
disorders, jet lag, 
shift work, aging…

–  The presence of any of these 
predisposing factors have the 
potential to magnify the ICU 
environmental impact on 
sleep and circadian 
rhythmicity

4  Circadian Disrupters

4.1  ICU Environment

In general, the light–dark cycle of a typical ICU is weak and phase-delayed when 
compared to the solar cycle. Many studies have reported a phase delay in the mela-
tonin secretion rhythm although the direct relationship between dim ICU light envi-
ronment and circadian “dysrhythms” is difficult to disentangle considering the 
numerous other circadian disrupters (noise, medication, disease) in this setting 
[56–60].
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In one study that measured 24-h light and sound levels in patients’ rooms, the 
authors reported frequent underutilization of available light sources [61]. Behavioral 
interventions using objective measurements to increase daytime light, reduce night-
time noise, and improve circadian alignment should be included in ICU sleep pro-
motion strategies. The encouraging results of a small pilot trial of timed light therapy 
in critically ill patients suggests that at least a portion of the circadian dysrhythms is 
attributable to a nontherapeutic ICU environment where the light/dark cycle is con-
cerned [58]. Confirmation of this result in a larger sample is required (see chapter 
“Best Practices for Improving Sleep in the ICU. Part I: Non-pharmacologic”).

As, discussed above, food is an important zeitgeber and mistimed feeding may 
induce internal desynchrony [23, 26, 62, 63]. Optimizing the timing of feeding in 
relation to the day/night cycle for critically ill patients receiving enteral nutrition 
could potentially resynchronize rhythms. Currently, such evidence is lacking. But 
correction of nutritional dysrhythmias is a promising avenue for investigation that 
may positively impact immunity (see chapter “Best Practices for Improving Sleep 
in the ICU. Part I: Non-pharmacologic”).

Sleep disrupters are numerous in the ICU and are reviewed in chapter “Risk 
Factors for Disrupted Sleep in the ICU” [64]. As discussed above, homeostatic and 
circadian processes work together to coordinate sleep/wake cycles. Therefore, 
sleep-wake disruption can negatively influence circadian rhythmicity. The effects of 
mechanical ventilation (MV) on sleep and circadian rhythmicity are reviewed in 
chapter “Mechanical Ventilation and Sleep”. In general, MV requires high-level 
care, prolonged treatment in a medical facility, and the frequent administration of 
sedation, all with the potential to negatively impact circadian rhythmicity. Indeed, 
numerous medications affect circadian rhythmicity (see chapter “Effects of Common 
ICU Medications on Sleep”).

There is chronobiologic evidence from other populations to suggest that disrup-
tion in physical activity during critical illness may alter circadian rhythmicity [30, 
31]. But it is noteworthy that early mobilization during critical illness, while prom-
ising, has not been definitively proven to improve clinical outcomes [65]. Moreover, 
quiescence during acute critical illness may be protective and attempting to counter 
this response too early could, in theory, be harmful [66].

4.2  Acute and Chronic Disease

In addition to the ICU environment, critical illness itself may lead to disruptions of 
circadian rhythmicity. For instance, the circadian regulation of the inflammatory 
response and immune system has been extensively studied [67]. A bidirectional 
relationship exists between the degree of clock gene expression alteration and the 
degree of inflammation [68–70]. Moreover, findings suggest that infection and pro- 
inflammatory cells induce the production of melatonin, perhaps for protective pur-
poses, and that a failure to do so may be associated with a less effective immune 
response against infection. (Please see chapter “ICU Sleep Disruption and Its 
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Relationship with ICU Outcomes” for additional discussion on the outcomes of 
sleep during sepsis). Neurodegenerative or psychiatric disorders, jet lag, shift work, 
and aging are all associated with circadian disruption [33–35]. The presence of any 
of these predisposing factors have the potential to magnify the ICU environmental 
impact on sleep and circadian rhythmicity.

5  Circadian Rhythms in the Critically Ill

Circadian rhythms in critically ill patients are significantly disturbed due to the ICU 
environment, sleep disruption, and acute and chronic illness. The most frequently 
reported alterations in the biomarkers of circadian rhythmicity (melatonin, CBT, 
cortisol) are a decrease in the amplitude of the circadian rhythm and a phase shift 
in timing.

5.1  Core Body Temperature

Acute illness such as inflammation or brain injury can influence the activity of the 
SCN, which regulates the hypothalamic preoptic thermoregulatory control center, 
leading to CBT dysrhythmia [71–73]. Most studies have reported dispersion of the 
CBT minimum over the entire 24  h whereas in healthy subjects this would be 
expected to occur between 4:00 and 6:00 a.m. [74, 75]. Severity of illness and poor 
prognosis have been associated with temperature curve displacement [74–76]. Paul 
et  al. prospectively measured tympanic temperature hourly in 13 sedated ICU 
patients. They did not find any normal circadian profiles of the temperature curve in 
the overall population, and reported more severe alterations in patients with brain 
injuries [72]. Pina et al. prospectively analyzed hourly CBT and 4-h interval urine 
cortisol and melatonin profiles in eight burn patients. When compared to healthy 
controls, patients demonstrated alterations in circadian rhythms that tended to 
improve with time [77].

5.2  Melatonin

The melatonin secretion pattern has been studied in different groups of critically ill 
patients. The results of these studies vary somewhat depending on the study popula-
tion and the methodology. In general, a disturbed melatonin excretion pattern has 
been consistently reported, with either low levels at different times of day with an 
absence of nocturnal rise, a preserved but dampened rise and delayed phase, or high 
levels of melatonin at all times of the day (see details in Table 1). Collectively, these 
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results suggest an influence on the melatonin-based rhythm by the many disrupters 
in the patient and the ICU itself (encephalopathy, use of mechanical ventilation, 
catecholamine administration, dim lighting, frequent nursing care arousal stimuli, 
nighttime noise pollution, etc.) [41]. In some cases, the utility of melatonin as a 
“hand of the clock” (e.g. phase marker) may be reduced, as with the use of 24-h 
urinary 6SMT profiles in patients with acute kidney injury. The clinical evidence 
regarding melatonin replacement in critically ill adults is reviewed in chapter “Best 
Practices for Improving Sleep in the ICU. Part II: Pharmacologic”.

To conclude, the ICU light/dark cycle may fail to entrain the SCN if daytime 
light is too low, particularly in patients with sedative-induced eye closure. Patients 
may also be subjected to various mistimed zeitgebers that may influence melatonin 
circadian timing.

5.3  Cortisol

Many studies have shown loss of the 24-h circadian profile of cortisol in critically 
ill patients with respiratory failure, trauma, brain or burn injuries [59, 72, 77–79]. 
ACTH secretion also showed altered circadian rhythmicity during the night in a 
study of 40 critically ill patients, with a lower amplitude of rhythm in patients com-
pared to controls [80].

5.4  Genetic Changes

To our knowledge, four studies have evaluated the molecular changes of gene clock 
expression in ICU patients. Coiffard et  al. recently demonstrated that all trauma 
patients had disrupted circadian rhythms of cortisol, cytokines, leukocytes, and 
clock genes [81]. Maas et al. reported changes in clock gene expression in 15 criti-
cally ill patients, including 10 with sepsis and five with intracerebral hemorrhage, 
compared to 11 healthy controls [82]. Additionally, Acuna et al. enrolled 12 healthy 
volunteers, 24 ICU non septic control patients, and 20 septic ICU patients. Levels 
of Bmal1, Clock, and Per2 expression were greater in the non-septic ICU patient 
and healthy volunteers than in septic ICU patients, suggesting that this reduction 
may favor the production of NF-kB dependent inflammatory response in septic 
patients [83]. Diaz et al. concluded that patients staying for a week in ICU exhibited 
altered expression of 4 clock genes (Clock, Bmal1, Cry1, and Per2) showing that the 
loss of circadian rhythmicity occurs at a molecular level [84].

To conclude, these preliminary studies have demonstrated the depth of clock 
gene alteration and their relationship to the inflammatory response in sepsis. 
Whether these alterations are adaptive to the host, and in which clinical contexts 
these alterations are maladaptive, is unclear.
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6  Potential Clinical Consequences

Dysrhythmias that occur in specific populations such as shift workers or sleep 
deprived people are known to be associated with adverse outcomes (e.g., cardiovascu-
lar, metabolic, psychiatric, and oncologic diseases). Loss of rhythmicity may impair 
function: for example, the cardiomyocytes of Bmal1 knockout mice exhibit impaired 
glucose utilization and contractility leading to reduced lifespan [85]. Animal models 
suggest that temporal organization of the immune system results in a more effective 
host response during the active phase when compared to the rest phase [86, 87].

As discussed above, in the population of ICU patients with sepsis, melatonin 
levels and the depth of clock gene alteration were correlated with severity of illness 
and the magnitude of inflammatory response. The highest levels of melatonin were 
seen in recovered septic patients [83]. Moreover, temperature curve displacement 
and cortisol circadian deregulation have been associated with the severity of illness 
and poor prognosis [59, 74]. Evidence of relationship between melatonin dysrhyth-
mia and delirium have been suggested [88].

To summarize, circadian misalignment has the potential to impair recovery from 
critical illness. However, accurately assaying an individual’s biological clock 
requires scrupulous consideration of potential masking factors (hepatic or renal dys-
function, medications that alter melatonin secretion, and environmental influences). 
Whether circadian dysrhythmias directly contribute to morbidity and mortality in 
critically ill patients remains unknown. The correction of iatrogenic circadian dysr-
thyhmias, at least, may be beneficial for patients’ sleep and neurobehavioral perfor-
mance and may improve clinical outcomes. Chapters “Best Practices for Improving 
Sleep in the ICU. Part I: Non-pharmacologic” and “Best Practices for Improving 
Sleep in the ICU. Part II: Pharmacologic” will discuss how interventions focused on 
improving circadian alignment can be employed in the ICU.

7  Conclusion

The circadian timing system regulates and coordinates countless physiological 
rhythms, including sleep/activity cycles, core body temperature fluctuations, endo-
thelial function, hormone levels, and metabolism. The alignment of these internal 
activities with the external environment contributes to the fitness of the organism. In 
contrast, circadian misalignment between master and peripheral clocks and the 
environment leads to adverse health consequences. The ICU environment consists 
of weak and mistimed zeitgebers (light/dark cycles, food availability, physical activ-
ity, social interaction, and sleep/wake cycles) that may result in circadian dysrhyth-
mias that inhibit recovery. Efforts to strengthen day/night routines and enhance 
circadian rhythmicity should be included in ICU sleep promotion strategies. 
Whether certain circadian dysrhythms observed in sepsis and other forms of critical 
illness should be modulated or are, in fact, adaptive, is not known.
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Atypical Sleep and Pathologic Wakefulness

Xavier Drouot

1  Introduction

Sleep in humans can be evaluated by analyzing the electrical activity generated by 
the brain as recorded by electroencephalography (EEG). (Please refer to chapters 
“Characteristics of Sleep in Critically Ill Patients. Part I: Sleep Fragmentation and 
Sleep Stage Disruption” and “Methods for Routine Sleep Assessment and 
Monitoring” for further background on sleep characterization and assessment). In 
their pioneering work, Allen Rechtschaffen and Antony Kales proposed polysom-
nographic criteria to classify different sleep stages [1]. For example, stage 2 sleep is 
defined by the presence of at least one K complex or one sleep spindle present in a 
30-second epoch or in the 3 preceding or next minutes. Sleep in critically ill patients 
has been studied for decades [2–4]; its association with delirium has been an impor-
tant research focus (chapters “Sleep Disruption and Its Relationship with Delirium: 
Electroencephalographic Perspectives” and “Sleep Disruption and Its Relationship 
with Delirium: Clinical Perspectives” review the relationship between sleep disrup-
tion and delirium).

Cooper et al. were the first to report ICU adults having sleep EEG patterns not cor-
responding with Rechtschaffen and Kales classification categories [5] (Table 1). For 
example, stage 2 sleep occurred in only 5 of 26 patients and transitions between stages 
1, 3, 4 and REM sleep occurred without intervening stage 2 sleep. These authors used 
the term “atypical sleep” for the first time, noting ICU adults also displayed abnormal 
features on their awake EEG.  They defined “pathological wakefulness” as EEG 
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Table 1 Comparison between conventional sleep and atypical sleep. Please refer to Drouot’s 
criteria and Watson’s criteria for detailed description [9, 10]

Domain Normal sleep Atypical sleep

Transitions 
sleep-wake

Present, clear Present (Drouot), can be absent (Watson)

N2 figures Present Absent or strongly reduced density
N3 sleep: Delta 
waves

Present Present and normal (Drouot), can be absent 
or abnormal (Watson)

Dynamic of sleep 
depth

Transition from light sleep to 
deep sleep

No transition from light to deep sleep

REM sleep Present Reduced or absent
Arousals Present Present or absent
Sleep cycles Present Absent

epochs where behavioral correlates of wakefulness [e.g., saccadic eye movements and 
sustained electromyography (EMG) activity] coincide with EEG features of slow 
wave sleep (i.e., high amplitude, low-frequency theta waves, 3–7 Hz) not seen in nor-
mal sustained wakefulness [5]. This pioneering work inspired other research teams, 
who also reported unusual EEG features in critically ill adults [6–8].

2  Defining Characteristics

Two different teams have proposed specific rules to identify and characterize atypi-
cal sleep and pathological wakefulness [9, 10].

2.1  Watson’s Criteria

Paula Watson and collaborators examined polysomnographic recordings in 37 
mechanically ventilated patients [9]. They noted frequent atypical polysomno-
graphic findings such as absence of N2 sleep markers, presence of polymorphic 
delta, and burst suppression or isoelectric EEG. These investigators also reported a 
dissociation between the EEG signal and the behavioral state. Such dissociations 
consisted of: (a) abnormally slow EEG frequency in the theta or delta range 
(0.5–7  Hz) (normally generated during sleep) in awake patients and (b) low- 
amplitude, high-frequency beta EEG activity (typically indicative of wakefulness) 
present during coma. For example, awake patients able to interact with nurses were 
noted to predominantly exhibit theta (4–7  Hz) or delta activity (0.5–4  Hz). 
Conversely, alpha activity, an EEG frequency typically seen in the awake state, was 
observed in several unresponsive comatose patients.

These observations led investigators to recommend the abandonment of standard 
sleep scoring criteria in favor of the following proposed modified scoring system: 
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Step 1: Assess the patient for behavioral evidence of wakefulness or sleep. Step 2: 
For patients with behavioral evidence of wakefulness: (a) If the EEG is typical of 
wakefulness, the patient should be scored normal awake or (b) if the EEG is atypi-
cal, the patient should be scored pathological wakefulness. Step 3: For patients who 
are behaviorally sleeping or sedated, scoring is based on PSG features: wake, 
N1-N3, REM if conventional criteria are met, or atypical A1 to A6 if conventional 
features are absent (see [9] for tracing examples).

Interestingly, these authors reported that some patients could have normal sleep 
at any time during the study and a minority could have normal slow wave sleep and 
REM sleep. This underlines the possible co-existence of atypical sleep and normal 
sleep in a patient at different ICU time points [9].

2.2  Drouot’s Criteria

These investigators acknowledged scoring sleep in sedated patients is challenging 
given the influence of sedating medications on the EEG.  Several medications 
employed for sedation trigger delta slow waves that resemble spontaneous slow 
wave sleep [11] (see chapter “Effects of Common ICU Medications on Sleep”). 
Their classification has been built on PSG results from 57 non-sedated and respon-
sive ICU adults.

Atypical sleep using this system is characterized by prolonged periods of con-
tinuous, high amplitude (50–100 μV), irregular delta activity; fast frequencies, rapid 
eye movements and low chin muscle tone are not superimposed and characteristics 
of N2 sleep (K complexes and sleep spindles) are absent. Except for the absence of 
K complex and sleep spindle, atypical sleep was visually identical to slow wave 
sleep. All patients with atypical sleep also exhibited periods highly suggestive of 
wakefulness, with rapid eye movements and sustained chin muscle activity (Fig. 1). 
This last criterion therefore implies some fluctuations between “atypical sleep” and 
“pathological wakefulness”. These fluctuations could be spontaneous or provoked 
and evident at visual inspection. For the novice scorer, it is important to highlight 
that these fluctuations may often be subtle.

Pathological wakefulness was defined by the association of slowed EEG rhythms 
with an altered EEG reactivity to eyes opening. In their study, Drouot et al. found 
peak EEG frequency was significantly lower in pathological wakefulness than in 
normal awake patients (5.8  Hz [5.4–6.5] vs. 8.2  Hz [7.8–8.8], respectively, 
p < 0.0001) (Fig. 2). They evaluated EEG reactivity to eye opening as proxy for 
wakefulness as has previously been done during EEG classification efforts in 
patients with hepatic encephalopathy [12]. Normally, EEG background activity is 
present only with eyes closed and disappears with eye opening. Drouot and his col-
laborators proposed evaluating this EEG reactivity to eye opening and classify it 
into three grades (Fig. 3). They reported background frequency below 7 Hz associ-
ated with altered EEG reactivity (grade 1 or 2) had sensitivity of 100% and 
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Fig. 2 Pathological wakefulness. One epoch (30s) of polysomnography recording showing patho-
logical wakefulness. Note the numerous EEG theta waves (evocative of sleep) and the eye move-
ments and the chin EMG amplitude fluctuations corresponding to movements

Fig. 1 Awakening during atypical sleep. One epoch (30s) of polysomnography recording showing 
atypical sleep (left half) and an awakening (right half) illustrating that transitions between “sleep 
state” and “wake state” are always present in patient with atypical EEG patterns in the Drouot clas-
sification. For all figures: Blue signals are EEG (FP1-A2, C3-A2, O1-A2); red signals are electro-
oculograms and black signal is chin electromyogram

specificity of 97% in detecting pathological wakefulness [10]. Pathological wake-
fulness and atypical sleep were frequently found together in the same patient.
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a

b

Fig. 3 Altered EEG reactivity to eye opening. (a) One epoch (30s) of polysomnography recording 
showing normal EEG reactivity. Note the disappearance of the alpha waves when eyes opened 
(green line). (b) One epoch (30s) of polysomnography recording showing altered EEG reactivity 
to eyes opening. Note that EEG signal change is perceptible at eyes opening, but background EEG 
activity is still visible with eye opened. When EEG reactivity is absent, no EEG changes are visible 
when patient open the eyes (not shown)

2.3  Comparisons Between the Watson and Drouot Criteria

The first difference between the two scoring systems is that for patients receiving 
sedation Watson’s criteria can be used but Drouot’s cannot (Table 2) [9, 10]. The 
second difference relates to fluctuation between the awake (i.e., normal or patho-
logical) and sleep (i.e., normal or atypical) states. In Drouot’s system, the EEG must 
fluctuate between the awake and sleep states given these transitions are a mandatory 
scoring component. In contrast, Watson’s atypical sleep criteria does not require the 
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Table 2 Comparison between Drouot and Watson criteria [9, 10]a

Domain Watson criteria Drouot criteria

Sedation Can evaluate both sedated and 
non-sedated patients

Only can evaluate non-sedated patients

Pathological 
wakefulness 
criteria

Any EEG frequency other than 
alpha or beta with behavioral 
characteristics of wakefulness

Altered EEG reactivity to eyes opening 
(grade 1 or 2) and background EEG 
frequency <7 Hz

Atypical sleep 
criteria

Absence of K complex and 
spindle and presencea of 
polymorphic delta, FIRDA, 
triphasic activity, burst- 
suppression pattern, suppressed 
pattern or isoelectric activity

Absence of K complex and spindle with 
polymorphic delta activity with arousals

Transition 
between 
pathological wake 
and atypical sleep

No criteria
Continuous EEG without 
transitions between two states can 
be scored atypical sleep

Presence of transitions (“arousals” and 
“awakenings”) between pathological 
wake and atypical sleep are mandatory 
(continuous EEG without transition 
between to states cannot be scored 
atypical sleep)

Algorithm

Step 1 Determine if awake or asleep/
coma

Determine if awake or asleep/coma

Step 2 If awake: Assess EEG and search 
for normal (alpha/beta waves) or 
abnormal wake EEG activity 
(theta/delta waves)

When awake: Assess EEG reactivity to 
eyes opening

Step 3 Score using standard criteria or 
atypical sleep At1 to At6

Score atypical sleep or pathological 
wakefulness

a Please refer to Table 1 in Watson [9] for a detailed description. FIRDA: frontal intermittent rhyth-
mic delta activity

occurrence of these transitions as these criteria considers monotonic and continuous 
EEG tracing with burst suppression patterns (At4), suppressed patterns (At5) and 
isoelectric activity (At6). However, whether atypical sleep stages (specifically At4, 
At5 and At6) could be considered as encephalopathy instead of sleep states have 
been debated [9, 13].

In summary, Drouot’s criteria should be used in non-sedated patients given seda-
tion may influence brain functioning during sleep, a condition propitious for patho-
physiological studies or outcome studies. Although Watson’s criteria can be used in 
sedated patients, it is important to keep in mind that sedation might mask or block 
natural sleep brain waves [14].
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3  Monitoring Tools

Polysomnography associated with a behavioral assessment of patients’ responsive-
ness is used to identify atypical sleep and pathological wakefulness (Please see chap-
ters “Characteristics of Sleep in Critically Ill Patients. Part I: Sleep Fragmentation and 
Sleep Stage Disruption” and “Methods for Routine Sleep Assessment and 
Monitoring”). The EEG recording is probably the only reliable tool to assess and 
monitor atypical sleep and pathological wakefulness. Behavioral responsiveness is 
assessed by asking patients to sequentially open and close their eyes while visually 
evaluating EEG reactivity. Under normal conditions, there are clear EEG differences 
between periods when eyes are opened and when they are closed. When the EEG is 
similar between eyes open and closed periods, EEG reactivity is considered to be 
absent. When the difference is partial, EEG reactivity is considered to be altered 
(Fig. 3). Pathological wakefulness can also be detected with spectral EEG analysis 
given EEG recordings have been shown to be different between normal and pathologi-
cal wakefulness periods [10]. The fact that spectral analysis was performed using a 
single EEG channel suggests single channel use may be sufficient to detect pathologi-
cal wakefulness. Similar EEG analysis using more complex algorithms are under 
development to detect sleep and atypical sleep by automation in critically ill patients. 
Once technology is more refined, automated EEG analysis may represent a novel 
sleep evaluation approach in routine ICU practice.

4  Prevalence

The prevalence of atypical sleep and pathological wakefulness is highly variable 
and depends on patient risk factors (see below) and on the awareness of those who 
score the recordings to detect unusual sleep EEG patterns. In sedated or uncon-
scious patients, the prevalence of at least one unusual electroencephalogram pattern 
(pathological wake or atypical sleep) ranges from 60% to 97% [5, 9, 15]. In con-
scious, non-sedated or lightly sedated ICU patients, the prevalence of abnormal 
sleep EEG patterns ranges from 23% to 31% [8, 10, 16–18]. When factors known to 
alter an electroencephalogram (sedation, coma or history of epilepsy, stroke) are 
used as exclusion criteria, the prevalence of atypical sleep is likely to be lower 
(0–19%) [19, 20].
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5  Pathophysiology and Risk Factors

5.1  Pathophysiology

The pathophysiology of atypical sleep is largely unknown, and no studies have 
attempted to clarify its origin. Data can only be inferred from studies reporting 
atypical sleep prevalence in different ICU subpopulations exposed to different 
potential risk factors. Several investigators have reported patients with atypical 
sleep receive more sedation than patients with normal sleep [5, 21]. Thille et al. 
found patients with atypical sleep spent more days under sedation and received a 
higher cumulative dose of midazolam. In the study by Cooper et al., patients with 
atypical sleep were merged with patients in coma; therefore, similar conclusions 
could not be made [5]. In contrast, Knauert et al. found no significant differences in 
narcotics, benzodiazepine and propofol administration in patients with atypical 
sleep compared to patients with normal sleep EEG patterns [17, 20]. Thille et al. 
reported the number of days with sedation was not different in patients with and 
without atypical sleep (p = 0.08) in patients extubated the day before PSG, although 
the study was underpowered to show such a difference [21]. These discrepancies 
may be explained by the variability in the duration of delay between sedation dis-
continuation and PSG assessment. Therefore, it remains unclear if sedation is a 
strong pathophysiological risk factor for atypical sleep.

5.2  Risk Factors

Risk factors are attributes, characteristics or exposures that increase the likelihood 
of a person developing a disease. Several methodological criteria are required to 
make inferences between risk factors and a disease. The study question or hypoth-
esis has to be formulated so that it can be tested using statistical analysis. Patient 
populations (i.e., exposed or control) need to be defined to characterize risk factors 
and indicators of exposure have to be appropriate [22]. There are many risk factors 
for sleep disruption in the ICU (see chapter “Risk Factors for Disrupted Sleep in the 
ICU”). However, only a minority of these have been associated with the presence of 
atypical sleep given the limited number of investigations in this area.

Severity of illness at admission [5, 15] and the increased use of invasive ventila-
tion has been associated with atypical sleep and pathological wakefulness in the 
ICU [15]. Among adults admitted to the ICU with acute respiratory failure and 
treated for ≥2 or more days with non-invasive ventilation, hypercapnia was associ-
ated with atypical sleep [23]. The authors reported a negative correlation between 
spindle density and arterial PCO2; patients with atypical sleep had a lower sleep 
spindle density. In 17 non-sedated, adults admitted to the ICU with a chronic 
obstructive pulmonary disease exacerbation, Boyko and al. reported that 59% of 
patients displayed atypical sleep [24].
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An association between atypical sleep and sepsis has been reported by Freedman 
et al., [16]. Interestingly, in four patients, an EEG pattern evocative of atypical sleep 
and pathological wakefulness appeared in the 8 h prior to the presence of clinical 
signs of sepsis (e.g., fever, hypotension). These data have been replicated in a more 
recent study reporting atypical sleep in 49% of non-sedated patients and ventilated 
patients with severe sepsis [24]. However, further research is required given severe 
sepsis is known to alter brain function and modify the EEG and to trigger sepsis- 
associated encephalopathy [25], a condition sharing EEG features with atypical 
sleep and pathological wakefulness.

Sepsis-associated encephalopathy is associated with non-specific electroenceph-
alographic patterns [25]. Some of these findings are not included in EEG descrip-
tions of atypical sleep, such as seizures or periodic epileptiform discharges. 
However, some EEG patterns associated with sepsis (such as increased theta 
rhythms, predominant delta waves, triphasic waves and suppression of EEG activ-
ity) have been reported in atypical sleep, especially by Watson et al. [9]. In addition, 
sepsis can be associated with a significant drop in the relative peak frequency of the 
alpha band or an intermittent delta activity or an impaired EEG reactivity [26–28] 
which all are patterns included in Drouot’s criteria. Confusion may arise because 
EEG changes in septic encephalopathy might appear before clinical symptoms of 
sepsis [29, 30] but also because alteration of sleep wake cycle are part of the clinical 
symptoms of severe sepsis [31].

Lastly, prolonged sleep deprivation, common in the ICU, by itself can slow down 
background EEG frequency and trigger the appearance of theta waves during wake-
fulness. Sleep loss can alter EEG reactivity to eye opening (with persistence of 
alpha waves in subjects with opened eyes) very similar to what has been noted in 
pathological wakefulness [32, 33]. Sleep after sleep deprivation or sleep occurring 
during prolonged sleep restriction is characterized by decreased spindle [34] and K 
complex densities [35]. The prolonged and severe sleep deprivation experienced by 
ICU patients might be an ingredient leading to atypical sleep and pathological 
wakefulness.

Studies investigating risk factors for atypical sleep are too rare to draw conclu-
sions. Despite most critically ill adults experiencing many risk factors for sleep 
disruption during their ICU stay, a method to characterize these risk factors as they 
pertain to atypical sleep does not exist. Atypical sleep can be thought of as the most 
degraded form of human sleep, a sort of rudimentary sleep pattern where the brain 
is reduced to very basic functioning, devoid of its natural complexity. For instance, 
sleep spindles and K-complexes emerge from the complex interplay between thala-
mus and cortex during sleep [36]. A loss a functional connectivity could lead to 
atypical sleep. Atypical sleep and pathological wake might be a specific brain dys-
function, that could be a sort of “sleep deprivation related encephalopathy”.
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6  Clinical Consequences

It remains uncertain whether atypical sleep is associated with poor outcomes. 
Sedation and sepsis remain important confounding factors for atypical sleep but risk 
factor models incorporating these variables have not been published.

6.1  Respiratory Outcomes

Among ICU patients admitted with hypercapnic acute respiratory failure, the pres-
ence of atypical sleep on ICU day 3 was associated with a longer duration of non- 
invasive ventilation, a need for intubation, or death on ICU day 6 [8]. In this study, 
admission severity of illness and ICU daily severity of illness and respiratory param-
eters on each ICU day of PSG assessment were similar between patients with and 
without atypical sleep. Among patients meeting extubation criteria, the presence of 
atypical sleep was associated with a prolonged weaning period [21]. However, others 
have reported a lack of association between atypical sleep and prolonged weaning 
[37]. One recent study found atypical sleep not to be associated with respiratory fail-
ure after extubation [20]. However, compared to patients with normal sleep EEG pat-
terns, patients with atypical sleep had lower negative airway pressure generated 
against occlusion during the first 0.1 s of spontaneous inspiration (P0.1), suggesting 
that atypical sleep could alter brain ventilatory drive [21]. Atypical sleep is more fre-
quent in patients who are mechanically ventilated but severity of illness, an important 
risk for atypical sleep, is also greater among intubated patients [15].

6.2  Neurologic Outcomes

Delirium is a clinical manifestation of acute encephalopathy; abnormal sleep orga-
nization in this population is prevalent (see chapters “Sleep Disruption and Its 
Relationship with Delirium: Electroencephalographic Perspectives” and “Sleep 
Disruption and Its Relationship with Delirium: Clinical Perspectives”). In one 
cohort of cardiac surgery patients admitted to the ICU, atypical sleep was found to 
be more than four-times greater among those patients who developed postoperative 
delirium [38]. Among patients treated with NIV for hypercapnic respiratory failure, 
delirium occurrence is great among patients where a PSG assessment(s) revealed 
atypical sleep [10]. Other studies have reported an association between atypical 
sleep and neurological status at ICU discharge among patients with encephalopathy 
[39] or head injury [18]. Two studies have reported an association with atypical 
sleep and mortality [40, 41].
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7  Treatment

It is not known if reducing the incidence of atypical sleep will improve ICU out-
comes; no intervention studies designed to reduce atypical sleep have been pub-
lished. Our lack of understanding of the pathophysiology of atypical sleep in the 
ICU currently precludes identifying potential treatment strategies. As knowledge of 
the risk factors for atypical sleep evolve, strategies focused on reducing modifiable 
risk factors should be investigated. For example, sedation reduction and early dis-
continuation, sleep promotion protocols, and early identification of patients at risk 
for atypical sleep may help reduce the occurrence of atypical sleep.

8  Conclusion

Atypical sleep and pathological wakefulness are abnormal forms of sleep and wake-
fulness very frequently observed in critically ill patients, that could be the most 
degraded form of human sleep. In the case of atypical sleep, patients display spe-
cific EEG patterns that can be identified on EEG signals. Specific rules have been 
proposed to score sleep in ICU patients. While the pathophysiology of atypical 
sleep and pathological wakefulness is complex, research efforts are important given 
atypical sleep seems to be associated with poor outcomes. Sleep-promoting strate-
gies should be implemented as early as possible in the ICU stay to prevent the 
occurrence of atypical sleep.
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Normal Sleep Compared to Altered 
Consciousness During Sedation

Florian Beck, Olivia Gosseries, Gerald L. Weinhouse, 
and Vincent Bonhomme

1  Introduction

Sedation is an integral part of intensive care management that is often necessary for 
restoring homeostasis, facilitating mechanical ventilation, protecting the brain, 
ensuring patient comfort, and reducing anxiety [1]. Sedated patients may, at times, 
appear to be asleep and this has led to the common misperception that sleep and 
sedation are equivalent. In fact, patients are often told they will “go to sleep” when 
they are about to be sedated. However, the relationship between sedation and sleep 
is complex.

While both sleep and sedation, when compared to the waking state, share behav-
ioral and physiologic similarities they exhibit distinct electroencephalogram and 
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brain activity changes. Moreover, a patient who is sedated rather than sleeping may 
have very different sleep-related outcomes including their subjective sense of rest-
fulness, recovery of sleep debt, learning and memory, elimination of neuronal waste 
products, immune modulation, protein synthesis, emotional regulation, and endo-
crine regulation. In this chapter, we will review these similarities and differences 
between sleep and sedation in the context of the care of the critically ill (Fig. 1).

2  Phenomenological and Behavioral Changes

Sleep and sedation have distinct phenomenological and behavioral characteristics 
(Table 1); some of which may appear similar under certain conditions. These two 
conditions are best compared across four domains: (1) spontaneous, reflex, or pur-
poseful movements, (2) responses to external stimuli, (3) perception of the external 
environment, and (4) richness of mental content.

Fig. 1 Domains for comparison between sleep and sedation. EEG = electroencephalogram
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Table 1 Comparison of behaviors and neural structures between sedation and sleep stages

Domain Sedation Sleep

Behavior—
Movements

Dose-dependent reduction; not seen 
with KET (abnormal involuntary 
movements occur instead)

NREM: Reduced-none
REM: Almost none

Behavior—Muscle 
tone

Dose-dependent reductions; not seen 
with KET or DEX

NREM: Decreased
REM: Very decreased

Behavior—
Response to stimuli

Dose-dependent reduction; with DEX 
preserved until high doses 
administered

Stage-dependent; lowest during 
N3 NREM
REM: reduced

Behavior—
Perception of 
environment

Dose-dependent reduction
Possible episodes of connected 
consciousness (with or without recall)

Absent, except during lucid 
dreams

Behavior—
Richness of mental 
content

Possible dreams (with or without 
recall); more frequent with DEX and 
KET (distorted)
No memory consolidation with GABA 
agents

Dreaming possible
Dreams most likely recalled if 
during REM
Important role of sleep in 
memory consolidation 
(remembering and forgetting)

Involved neural 
structures

Same for sleep and sedation, including cortex and subcortical sleep-wake 
cycle regulating systems
Most probably dominating bottom-up dynamic for sleep and top-down 
for sedation, (DEX is the exception)

REM = rapid-eye movement sleep; NREM = non rapid-eye movement sleep; N3 NREM = stage 3 
NREM sleep; GABA = mainly acting through a potentiation of γ-amino-butyric acid neurotrans-
mission (propofol, benzodiazepines, barbiturates, and halogenated anesthetics); DEX = dexme-
detomidine; KET = ketamine

Sleep is an actively generated brain function characterized by an organized 
cycling between rapid-eye-movement (REM) and non-REM sleep, as different from 
one another as they are from wakefulness, and governed by circadian and homeo-
static influences. REM and the stages of non- REM sleep are defined according to 
their electroencephalographic (EEG) signature, eye movements (evaluated using 
electrooculogram), and muscle tone (as measured using electromyogram). NREM 
is further divided into three stages from lighter (N1 to N2) to deeper (N3) sleep. In 
contrast, phenomenological changes during sedation are dose-dependent and non-
cyclic. Not all sedative agents produce the same behavioral and phenomenological 
characteristics. For example, the effects of agents acting mainly through the promo-
tion of γ-amino-butyric-acid (GABA) neurotransmission, such as propofol, benzo-
diazepines, barbiturates, and halogenated anesthetics are distinct from agents acting 
on other neurotransmitter systems.

During sleep and sedation, spontaneous movements may be diminished or 
absent. Movement during sleep is stage-dependent; the least amount of movement 
and muscle tone is seen during REM sleep. As GABA-promoting sedative dosing  
increases, spontaneous movements and muscle tone are increasingly suppressed, 
reappearing when medication is decreased or discontinued. However, non- GABA 
sedative agents may preserve muscle tone, and even induce abnormal involuntary 
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non-purposeful movements. For example, dexmedetomidine, an α2- adrenergic ago-
nist, is characterized by preserved muscle tone and spontaneous ventilation. 
Likewise, sedation with ketamine, a N-methyl-D-aspartate (NMDA) glutamate 
receptor antagonist, is frequently associated with involuntary movements of the 
limbs, also with preserved muscle tone and spontaneous ventilation [2].

During sleep, response to external stimuli such as verbal command or gentle 
shaking is stage-dependent with patients in deep (N3) non-REM and REM stage 
sleep being the least responsive. With the exception of dexmedetomidine, as the 
dose of the sedative progressively increases, responsiveness progressively decreases. 
In contrast, patients receiving dexmedetomidine, remain responsive until very high 
doses are infused; this property is a potential advantage over other sedatives in the 
ICU setting given it enables patients to communicate with their medical team and 
families and participate in their own care [3].

A lack of response to external stimulation does not necessarily mean the absence 
of a conscious experience [4]. Both sedation and sleep may be associated with 
internally- generated mental imagery, or dreaming. When occurring in the absence 
of any awareness of the external environment, dreaming is sometimes described as 
disconnected consciousness [5]. During lucid dreaming (dreams where the dreamer 
is aware they are dreaming), however, the ability to communicate with the external 
environment persists [6, 7]. Whatever the conscious experience during sleep or 
sedation, it is not necessarily followed by explicit recall. Internally-generated men-
tal imagery may occur during all sleep stages, but is most likely recalled if occurring 
during REM sleep. In this instance, the purpose of dreaming is thought to be related 
to memory consolidation [8].

Mental imagery during sedation is more frequent with dexmedetomidine and ket-
amine, but may occur with all sedative agents, particularly during emergence from 
sedation after it is weaned. Dreaming during ketamine is intense; hallucinations and 
distorted self-perception are common [9]. Most likely, dreaming during GABAergic 
sedation does not subserve the memory consolidation function of dreaming during 
normal sleep. To the contrary, propofol and benzodiazepines produce anterograde 
amnesia rather than the memory improvements known to occur with sleep.

3  Mechanistic Correlates and Targets

In the healthy awake individual, mental content, cognitive functions, and motor 
behavior are generated by activity within the cerebral cortex. Within the cortex, 
pyramidal neurons operate in a tight balance between excitatory projections from 
subcortical structures and inhibitory projections from interneurons. Complex inter-
actions between brain regions, organized in networks with constantly evolving 
topological properties over space and time, are at the origin of these high-order 
functions. However, this network connectivity is only possible when the cortex has 
a sufficiently high degree of arousal.
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Wakefulness and cortical arousal are promoted by excitatory projections from 
subcortical arousal centers located in the midbrain, pons and hypothalamus. The 
arousal-promoting projections are cholinergic, orexinergic and monoaminergic. 
Cholinergic nuclei are found in both the lateral-dorsal tegmental area (LDT) and the 
pedunculopontine tegmental area (PPT), located in the pons and basal forebrain. 
The orexinergic nuclei are found in the lateral hypothalamus (LH). The monoami-
nergic nuclei encompass several structures including the locus coeruleus (LC—nor-
epinephrine) and dorsal raphe (DR—serotonin) located in the pons, the ventral 
periaqueductal grey area (vPAG—dopamine) and the tuberomamillary nucleus 
(TMN—histamine). Those arousal centers are restrained by inhibitory GABAergic 
and galaninergic projections from the preoptic area (POA) and emerge from the 
ventrolateral preoptic nucleus (VLPO) located in the anterior hypothalamus. Other 
inhibitory projections include the thalamic reticular nucleus (TRN), which regulates 
the output pathways of the thalamus, and the supraoptic nucleus of the hypothala-
mus (SON) [10–13].

The transition from wakefulness to sleep occurs via a “bottom-up” approach 
(i.e., from the subcortical to cortical region) through a series of neurophysiologic 
events influenced by both homeostatic mechanisms and circadian rhythms. The 
VLPO promotes and maintains sleep by sending GABA and galanin-mediated 
inhibitory projections to all major arousal centers. Decreased cortical activation is 
reflected by a reduction in excitatory projections to the cortex, which manifests as a 
lower frequency cortical neuron spontaneous firing. A presumed mechanism for the 
transition from wakefulness to NREM sleep is LC inhibition resulting in reduction 
of norepinephrine which in turn disinhibits the VLPO [14]. LC is extremely active 
during wakefulness and progressively less active during NREM, until REM is 
reached, where it becomes inactive. Other structures, such as the TRN, SON, and 
median preoptic nucleus, are also presumably involved in promoting NREM sleep. 
Deeper NREM stages are associated with higher neuronal hyperpolarization in the 
thalamus and cortex. REM sleep is promoted by different brainstem structures 
including the sublaterodorsal nucleus, ventrolateral periaqueductal grey, giganto-
cellular nucleus and the LH [10, 11, 13].

In contrast to sleep, drug-induced sedation appears to have a partial “top-down” 
(i.e., cortical to subcortical) mechanism of action. This is linked to the biochemical 
targets of the sedative and provides a unique EEG signature. GABA receptors are 
distributed throughout the brain and hence GABA agonist (e.g., barbiturates, benzo-
diazepines, and propofol) exposure results in central nervous system effects that are 
more global and result in multiple behavioral and phenomenological differences 
compared with physiological sleep. The enhanced inhibitory postsynaptic potentials 
(IPSP) of GABAergic sedatives diffusely reduce neurotransmission at the cortical 
level in both the thalamus and brainstem. The primary sites of action for these seda-
tives are the GABAergic postsynaptic connections between the inhibitory interneu-
rons and pyramidal neurons in the cortex, the neurons in the TRN, and the 
GABAergic postsynaptic connections of the VLPO onto the arousal nuclei [10, 
11, 15].
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NMDA antagonists (e.g., ketamine) produce complex changes in neurotransmis-
sion [16]. Ketamine NMDA receptor antagonism indirectly excites neurons by sup-
pressing their inhibition by GABAergic interneurons. This occurs at the level of the 
cortex, the limbic system, and the hippocampus [10, 15]. Through a similar disinhi-
bition mechanism, it also increases release in the brain of dopamine, acetylcholine 
and other amines [17]. As a result, some cortical pyramidal cells are disinhibited, 
with an activation of specific brain regions including the anterior cingulate and 
medial prefrontal cortices while the insula, the hippocampus, and the precuneus, 
and other regions are inhibited [18, 19]. α2-adrenergic agonists such as dexmedeto-
midine are exceptions to the “top-down” pattern of GABA agonists and NMDA 
antagonists. They primarily target the presynaptic α2-receptors on neurons from the 
LC, which results in less norepinephrine release and reduced VLPO inhibition. 
Increased GABAergic and galaninergic VLPO activity consequently inhibits arousal 
centers [10, 14]. Hence, α2-adrenergic agonists initiate sedation through mecha-
nisms that are closely aligned to physiological sleep.

Modulation of neurotransmitters typically active during the waking state will 
impact sedation. For example, nicotinic acetylcholine receptor activation in the 
medial central nucleus of the thalamus weakens the hypnotic state induced by the 
inhaled anesthetic sevoflurane, a potent halogenated anesthetic with mainly 
GABAergic properties [20]. This has also been observed with propofol [21]. 
Likewise, the activation of histamine receptors in the basal forebrain is able to par-
tially reverse a halogenated anesthetic-related hypnotic state [20]. Conversely, anti-
histamines, which are known to have a sedative effect, are sometimes given as a 
premedication before anesthesia.

4  Electroencephalogram Signatures

Sleep and sedation both induce specific neural oscillations that translate into spe-
cific EEG patterns (Table 2). A standard EEG approach or a perturbational transcra-
nial magnetic stimulation with high-density EEG (TMS-EEG) can be used to 
characterize the electrophysiological changes associated with either sleep or seda-
tion. During physiological sleep, the EEG evolves through different phases. The 
EEG pattern of N1 sleep is characterized by decreased β oscillations (13–25 Hz) 
and loss of occipital α oscillations (9–12 Hz) that are associated with relaxed wake-
fulness. During N2, slow δ oscillations (slow <1 Hz, δ: 1–4 Hz), K-complexes and 
sleep spindles (12–16 Hz) appear. K-complexes occur spontaneously as transient 
low frequency oscillations but they can also be evoked by sensory (auditory, somato-
sensory) stimulation. Sleep spindles are transient, present as single events, and are 
often, but not exclusively, associated with the “up” state of a slow wave. They reflect 
rebound bursting in thalamocortical neurons, and are generated in part by the 
TRN. N3 sleep is characterized by even larger slow wave oscillations than in N2. 
These slow waves reflect a toggling state of membrane potentials in cortical and 
thalamic neurons. These neurons switch between an “up” or depolarized state, 
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Table 2 Comparison of electroencephalogram signature and transcranial magnetic stimulation 
changes between sedation and sleep stages

Domain Sedation Sleep

EEG Drug-class specific, dose-dependent, and 
often different from sleep
K-complexes never found
GABA: prevalent β (excitation) at low 
doses; evolution from regular β-γ to 
slow-δ and continuous α, burst- 
suppression at high doses
DEX: resembles NREM sleep
KET fast and irregular slow oscillations, 
high β-low γ

No burst-suppression pattern and γ 
oscillations
N1 NREM: decreased β and loss of 
occipital α
N2 NREM: slow δ, K-complexes, spindles
N3 NREM: largest slow waves
REM: activity approaching the waking 
state, mixed frequencies (propensity for θ 
or γ), PGO waves, no K-complexes or 
sleep spindles

TMS GABA: breakdown of cortical response 
complexity
DEX: increased cortical excitability
KET: preserved cortical response 
complexity

NREM: slow and stereotyped cortical 
response
REM: preserved cortical response 
complexity

REM  =  rapid-eye movement sleep; NREM  =  non rapid-eye movement sleep; N1, N2 and 
N3 = NREM sleep stages; GABA = mainly acting through a potentiation of γ-amino-butyric acid 
neurotransmission (propofol, benzodiazepines, barbiturates, and halogenated anesthetics); 
EEG = electroencephalogram; TMS = Transcranial Magnetic Stimulation; PGO = ponto- geniculate 
occipital; dex = dexmedetomidine; ket = ketamine

interpreted as intense synaptic activity and “down” or hyperpolarized state, reflect-
ing the inactivated period. The alternation between the up and down states generates 
the slow oscillations, for which an unaltered thalamocortical network is required 
[11, 13, 22]. The complexity of the cortical response to TMS, which corresponds 
with the functional differentiation and integration of information by the brain, col-
lapses during NREM sleep [23].

In contrast, REM sleep is characterized by cortical activity that approaches the 
waking state. In this case, the EEG pattern is made of mixed frequencies with a 
propensity for θ (5–8 Hz) or γ (26–80 Hz) oscillations, ponto-geniculate-occipital 
waves (PGO waves or P-waves) and the absence of K-complexes or sleep spindles 
[11, 13, 22]. During REM sleep, the complexity of the cortical response to TMS 
persists [23].

During sedation, EEG changes are drug-class specific, dose-dependent, and 
often different from sleep. Light propofol sedation evolves on the EEG from regular 
β-γ oscillations, larger than during the awake state, to slow-δ oscillations. Typically, 
at a low dose, a paradoxical propofol-induced excitation occurs, where β-oscillations 
are prevalent. As the dose increases, the higher frequency oscillations disappear and 
slow-δ oscillations of greater amplitude in the foreground appear accompanied by 
continuous α oscillations in the frontal region. The presence of such a frontal α pat-
tern does not preclude volitional response to external stimulation [24]. At even 
higher doses, however, a burst suppression pattern (intermittent EEG bursts sepa-
rated by electrical silence and associated with deep coma) appears [15, 25]. Similar 
to deep NREM sleep, propofol administration produces a breakdown of the 
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complexity of the cortical response to TMS [26]. EEG changes associated with the 
administration of halogenated anesthetics, benzodiazepines, and barbiturates 
closely resemble those induced by propofol [27].

Ketamine is associated with an active EEG signature, composed of fast and irreg-
ular slow oscillations. The fast oscillations are located in the high β-low γ frequency 
range [15]. The complexity of the cortical response to TMS is preserved during 
ketamine administration [26]. Dexmedetomidine has also an EEG signature that is 
dose-dependent; however, unlike other sedatives it more closely resembles NREM 
sleep. At low doses, dexmedetomidine induces a combination of slow-δ oscillations 
with spindles in the high α-low β spectrum, lasting 1 or 2 s and closely resembling 
N2 sleep spindles. At higher doses, spindles disappear and the amplitude of the 
slow-δ oscillations strengthen to approximate N3 sleep patterns [15].

In summary, although sleep and sedation may sometimes share similarities in the 
observed EEG changes (such as slow-δ, and α oscillations of high amplitude) dur-
ing their use, none are exactly the same, with the exception of dexmedetomidine and 
N2 sleep. In contrast to sleep, medications used to sedate critically ill patients may 
produce burst suppression and γ oscillations and K-complexes are not observed.

5  Changes in Brain Function

Sleep and sedation are associated with characteristic changes in brain function 
(Table 3). These changes can be assessed non-invasively in humans using several 
functional brain imaging techniques such as positron emission tomography (PET), 
functional magnetic resonance imaging (fMRI), high-density EEG, or TMS-EEG, 
either alone or in combination. In addition to changes in regional brain activity, 
functional brain imaging allows studying connectivity, i.e., communication between 
brain regions. Connectivity can be functional (FC), corresponding to an undirected 
statistical dependency between neurophysiological events within different neural 
populations, or synchrony in activity. Connectivity can also be effective (EC), when 
there exists a causal influence of the activity of one neural population over the activ-
ity of another. Connected brain regions organize into networks, where nodes and 
edges represent collections of brain tissue and their connectivity, respectively. Each 
of these network holds specific high-order brain functions. Some, like resting-state 
networks (RSNs), are active in awake, resting individuals who have their eyes 
closed and their mind is wandering. According to the graph theory, networks display 
several topological properties. The spatio-temporal dynamics of these networks 
continue to evolve over time and space [28]. Newly-appearing brain states, such as 
sleep or medication-associated sedation, are therefore associated with specific net-
work property changes compared to the awake state. Many changes during sleep 
and sedation have yet to be characterized [5].

During sleep, the RSN architecture has been found to be the same as that during 
wakefulness, with no additional sleep-specific RSNs [29]. During NREM sleep, 
whole-brain metabolism and regional brain metabolism in the frontal and parietal 
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Table 3 Comparison of functional domains between sedation and sleep stages

Domain Sedation Sleep

Regional 
brain activity

GABA/DEX: decreased whole- 
brain activity, decreased frontal, 
parietal, thalamic and brain stem 
regional activity
KET: Increased global brain 
activity, increased anterior 
cingulate, frontal, precuneus, 
parietal, and insula regional 
activity, decreased subgenual/
subcallosal (anterior cingulate 
cortex), orbitofrontal and gyrus 
rectus regional activity

NREM: decreased whole-brain activity, 
decreased frontal, parietal, thalamic, and 
brain stem regional activity
REM: higher brainstem, thalamus, 
extra-striate occipital cortex, hippocampus 
and amygdala activity as compared to 
NREM

Functional 
connectivity

Disruption of fronto-parietal 
connectivity and posterior ‘hot 
zone’
GABA: within- and between- 
network disruption in large-scale 
RSNs, thalamo-cortical FC 
disruption in higher-order 
networks, preserved in lower-order 
sensory networks
DEX: similar to GABA and 
NREM, except for preserved FC 
between thalamus, anterior 
cingulate and meso-pontine area
KET: global increase, disruptions 
in all higher-order RSNs except the 
ECN, fronto-parietal disruption, 
preserved in lower-order sensory 
networks

NREM: decreased global FC as NREM 
sleep deepens, higher-order connectivity 
patterns fade out but residual FC in RSNs, 
loss of widespread thalamo-cortical and 
hypothalamo-cortical FC during N1, high 
thalamo-cortical synchrony, hence strong 
thalamo-cortical FC during N2 and N3, 
attenuation of the anti-correlation between 
DMN and DAN, and between DMN and 
ECN
REM: increased activity in the parietal 
posterior ‘hot zone’ during dreaming

Effective 
connectivity

GABA: impaired in large-scale 
networks and in lower-order 
sensory networks, reduced 
amplitude and complexity of long- 
distance cortical communication, 
directionality alteration, inhibition 
of long-latency evoked potentials
DEX: inhibition of long-latency 
evoked potentials, increased 
cortical excitability
KET: disturbed fronto-parietal 
anterior to posterior EC

NREM: progressive breakdown of 
trans-callosal long-range EC, increased 
cortical excitability, absent long-range 
temporal correlation in DMN and DAN 
during N3

(continued)
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Table 3 (continued)

Domain Sedation Sleep

Network 
topology

GABA and DEX: connectivity 
strength reduction in large-scale 
networks, reduced global efficiency, 
increased clustering and 
modularity, reconfiguration of 
global brain network structure, 
disruption of the spatial balance 
between segregation and integration
DEX: reduction in local and global 
large-scale network efficiency
KET: network reorganization

RSN architecture identical to wakefulness
N2 and N3: increased network modularity, 
increased network segregation
NREM: reappearance of DMN nodes

Spatio- 
temporal 
dynamics

GABA and DEX: reduced 
complexity and repertoire of 
possible configurations, deviation 
from the critical point, disruption of 
metastability, disruption of the 
temporal balance between 
segregation and integration

Reduced and more stable repertoire of 
brain states
N2 and N3: less frequent transitions 
between different FC topologies

REM = rapid-eye movement; NREM = non rapid-eye movement; N1, N2 and N3 = NREM sleep 
stages; GABA = mainly acting through a potentiation of γ-amino-butyric acid neurotransmission 
(propofol, benzodiazepines, barbiturates, and halogenated anesthetics); FC = functional connectiv-
ity; DMN = default-mode network; DAN = default attention network; ECN = executive control 
network; EC  =  effective connectivity; RSN  =  resting-state network; dex  =  dexmedetomidine; 
ket = ketamine

areas is reduced. Global FC decreases as NREM sleep deepens, with a loss of the 
widespread thalamo-cortical and hypothalamo-cortical FC during N1. Due to high 
thalamo-cortical synchrony during deeper NREM stages, this loss of widespread 
thalamo-cortical FC no longer exists at those stages [30, 31]. A growing body of 
evidence suggests residual FC during NREM sleep, even if higher-order connectiv-
ity patterns fade out [31, 32]. Indeed, the majority of RSN FC does not merely 
decrease in magnitude, but either reverses and increases in the opposite direction, or 
increases in amplitude. This is consistent with an altered rather than reduced FC 
during NREM sleep [33]. Long-range temporal correlations that are present in some 
RSNs during the waking state, and notably in the default mode network (DMN, 
thought to be responsible for self-awareness and internal thoughts) and the default 
attention network (DAN, responsible for switching attention from one element to 
the other), are diminished or even absent during N3 [34]. During wakefulness, 
DMN anti-correlates with DAN and the executive control network (ECN, respon-
sible for attention to external environment), meaning that when one is active, the 
other is silent. This anti-correlation is attenuated during NREM sleep [30]. A break-
down of trans-callosal and long-range EC is also observed [35]. Another form of EC 
is cortical neurons’ reactivity and response specificity to a stimulation, named corti-
cal excitability, which corresponds to the strength of the response of cortical neu-
rons to the stimulation. An endogenous-like response can be mimicked using TMS 
[36]. Cortical excitability varies across circadian rhythms, and increases during 
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NREM sleep [35], attentional lapses [37], and after sleep deprivation [38]. It reflects 
adequacy of local processing and reactivity of the cortex in time and space.

Compared to wakefulness, the transitions between different FC topologies are 
less frequent during N2 sleep [39]. NREM sleep has therefore a reduced and more 
stable repertoire of brain states [40]. Modularity, a spatial measure of functional 
segregation into networks, increases across the brain with the deepening of NREM 
sleep (stages N2 and N3). FC networks become more segregated during the deepest 
sleep phases [31, 41]. When dreaming during deep NREM sleep, the posterior “hot 
zone”, a parietal hub within the DMN that has an extremely important role in infor-
mation handling and dispatching, increases its activity [42]. During REM sleep, 
regional cerebral blood flow, a surrogate for regional activity, increases in the brain-
stem, the thalamus and the extra-striate occipital cortex that is consistent with PGO 
wave generation. It also increases in the hippocampus and amygdala, probably in 
relation with memory and emotion processes [30]. During REM sleep, the nodes of 
the DMN also reestablish their FC [31].

The effects of sedatives on brain function are predominantly agent-specific and 
dose-dependent. Overall, sedation seems to induce a reduced and more stable rep-
ertoire of brain states [40]. Propofol, the most studied GABAergic sedative in this 
area, produces a dose-dependent decrease in regional brain activity within the fron-
tal cortex, cuneus/precuneus, thalamus, and brain stem [43]. It induces a disruption 
in within- and between-network FC in large-scale RSNs, particularly regarding the 
fronto-parietal connectivity and in the parietal “hot zone” [44–46]. Moreover, it 
disrupts the thalamo-cortical connectivity within higher order networks, while pre-
serving FC within lower-order sensory networks [44]. Impairment in EC is present 
during propofol sedation, not only in large-scale networks, but also in lower-order 
sensory networks [28, 47–52]. Likewise, a reduction in the amplitude and complex-
ity of long-distance cortical communication is observed [26, 52]. An alteration of 
the dynamics and directionality of EC, and a limitation of the connectivity configu-
ration repertoire is also observed [47, 49, 51, 53, 54].

In contrast ketamine increases global and regional brain activity in a dose- 
dependent fashion in the anterior cingulate cortex, frontal lobe, precuneus, parietal 
lobe and insula [55]; activity is reduced in other regions (i.e., subgenual/subcallosal 
part of the anterior cingulate cortex, orbitofrontal cortex and gyrus rectus) [19]. 
Ketamine globally increases FC across the brain [56] leading to network reorgani-
zation and a preserved FC in lower-order sensory networks. However, FC disrup-
tions are observed in all higher-order consciousness networks, except the ECN [2]. 
In addition, the fronto-parietal anterior to posterior EC fields are disturbed [46, 57].

Dexmedetomidine also provokes several FC alterations including within- network 
reductions in thalamic connectivity with higher-order RSNs but with preservation 
of lower-order sensory networks [58]. These observed FC changes resemble deep 
NREM sleep except the FC between the thalamus, the medial anterior cingulate 
cortex and meso-pontine area is better preserved than during sleep or propofol seda-
tion. These regions pertain to the salience network (a collection of regions of the 
brain that select which stimuli require attention and then recruit relevant functional 
networks), and the observed FC preservation may be associated with the ability to 
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awaken dexmedetomidine sedated patients upon stimulation more easily than dur-
ing deep sleep or propofol sedation. Dexmedetomidine also induces a reduction 
in  local and global large-scale network efficiency, and a reduction in large-scale 
network connectivity strength [59]. This agent produces an increase in cortical 
excitability as compared to the wake state, similar to what is observed during sleep 
(see https://www.biorxiv.org, under revision for the British Journal of Anaesthesia).

Finally, a set of functional changes common to all sedatives has been identified. 
Regarding FC and EC, these include reduced complexity and repertoire of possible 
configurations, disruption of fronto-parietal connectivity, and inhibition of long- 
latency evoked potentials. Regarding network structure, there is reduced global effi-
ciency, increased clustering and modularity, disruption of the posterior “hot zone”, 
reconfiguration of global brain network structure, and disruption of the spatial bal-
ance between segregation and integration. Regarding spatio-temporal dynamics, a 
deviation from the critical point (a state characterized by the largest ability to trans-
fer information from one point of the network to the other), a disruption of metasta-
bility (apparently stable state within a dynamical system, where a perturbation can 
lead to an even more stable state), a constrained repertoire of temporal network 
configurations, and a disruption of the temporal balance between segregation and 
integration are observed [28]. These described changes may not apply to ketamine.

These purported comparisons between sleep and sedation in terms of brain func-
tional changes remain preliminary because many connectivity and brain network 
properties have yet to be exhaustively studied, and studies directly comparing sleep 
and sedation remain scarce [5]. It is safe to summarize that during wakefulness the 
brain exhibits rapid, brilliant, and constantly changing configurations. These 
dynamic changes reflect the richness of mental activity. Conversely, the brain tends 
to exhibit more reduced, slower and more organized activity during NREM sleep 
and sedation. However, a lot of research work is still needed to further characterize 
the functional differences between REM, NREM sleep, and sedation, and to better 
define the brain states associated with dreaming, disconnectedness from the envi-
ronment, responsiveness to external stimulation, episodes of conscious awareness 
during sedation, and the capacity of forming memories. The changes in specific 
aspects of brain function are probably more linked to the presence or absence of 
specific phenomenological elements (mental content, memory, perception of the 
environment, etc.) than to sedation or sleep themselves.

6  Sleep Outcomes

There are numerous core physiologic systems that are dependent on sleep for opti-
mal function. It is not well understood whether some of these benefits are also 
gained under sedation (Table 4). For example, the ill-defined, subjective sense of 
restfulness associated with deep natural sleep has not been consistently reported 
after sedation. Studies of the critically ill have yielded poor patient-reported sleep 
with infusions of both propofol and dexmedetomidine. This may be the result of 
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Table 4 Comparison of outcomes between sleep and sedation

Domain Sedation Sleep

Restfulness, recovery sleep, 
and circadian rhythm

Not consistently reported after 
sedation
Propofol and DEX decrease REM 
and N3 sleep
Non-REM sleep debt can be repaid, 
but not REM sleep debt
Alteration of the circadian system 
under sedation

Necessitates deep natural 
sleep

Learning (remembering and 
forgetting)

No sedation is known to improve 
memory
GABA cause anterograde amnesia

Processing of input with 
previous knowledge and 
experience

Glymphatic system May be enabled during infusion of 
sedatives that promote slow-wave 
oscillations (GABA and DEX, but 
not halogenated vapors)

NREM: astrocytes shrink 
to enhance lymphatic flow 
for the removal of waste 
products

Immune modulation, 
protein synthesis, emotional 
regulation, endocrine 
regulation

Not well studied
Confounding effect of critical illness
Effect of length and dose of sedation 
not known

Positive effect

NREM = non rapid-eye movement; GABA = mainly acting through a potentiation of γ-amino- 
butyric acid neurotransmission (propofol, benzodiazepines, barbiturates, and halogenated anes-
thetics); dex = dexmedetomidine

dexmedetomidine potentially still decreasing REM and N3 sleep despite its proven 
effect on improved N2 sleep (see chapter “Effects of Common ICU Medications on 
Sleep”) [60, 61].

Recovery sleep refers to sleep that occurs after a period of sleep loss. Typically, 
over the course of several nights after a period of sleep loss, both REM and N3 
NREM sleep will occur in higher-than-normal percent, suggesting what was lost 
with sleep must be regained. Under the influence of some sedative medications, 
NREM sleep debt can be repaid; however, this does not seem to be the case with 
REM sleep debt [62, 63]. Although the recovery of sleep under homeostatic control 
may occur in part, sedatives also influence the circadian system. (see chapter 
“Effects of Common ICU Medications on Sleep”). A late-afternoon 1-h infusion of 
propofol to simulate outpatient procedural sedation was found to result in delayed 
sleep latency [64].

While learning (both remembering and forgetting) is an essential function of 
sleep, sedatives, as a whole do not improve memory; the anterograde amnesia asso-
ciated with GABAergic agonists like midazolam are well established. Under the 
influence of these sedatives, while information input may occur, the necessary 
brain processing of this input will not occur. Even under light, conscious sedation, 
memory may not be formed. This is in contradistinction to sleep where knowledge 
and experience assimilation will occur. The recall of survivors of a critical illness, 
however, is undoubtedly influenced by more than just the medications they 
received [65].
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One interesting new area of research is of the dependence of the glymphatic 
system on sleep. During deep non-REM sleep, astrocytes shrink to enhance lym-
phatic flow for the removal of waste products such as amyloid protein [66]. This 
system is thought to be important to CNS nutrient delivery, long term cognitive 
function, and CNS drug delivery; dysfunction of this system has been proposed to 
be important to the development of neurodegenerative diseases including dementia 
[67]. In animal models, this function may be enabled during infusion of some seda-
tives, those that promote slow-wave oscillations, including the GABAergic agonists 
and α2-agonists (but not inhalational anesthetics) [68, 69]. While this relationship is 
likely to be dose-dependent, the degree to which this occurs in humans is unknown 
and its mechanism is currently unknown.

The effects of extended infusions of sedating medications in critically ill patients 
on other sleep-dependent functions such as immune modulation, protein synthesis, 
emotional regulation, and endocrine regulation are not well studied for their clinical 
significance. It may be difficult to determine the effects under short-term infusions 
as with procedural sedation, or to separate the effects from those of critical illness 
for those on longer continuous infusions.

7  Conclusions

Despite multiple similarities between sleep and sedation, the altered state of con-
sciousness produced by sedatives is clearly not the same as sleep. The most robust 
argument to assert that sedation is not the same as sleep is that sedatives are associ-
ated with specific EEG patterns that are different from those observed during sleep. 
Among different sedative pharmacologic classes, dexmedetomidine sedation most 
closely resembles sleep although important differences still exist. The use of seda-
tion to treat some critically ill patients may be necessary in the ICU but the physi-
ologic benefits of sleep may not be achieved during sedative infusions; therefore, 
the effects of sedatives on sleep have implications for recovery from critical illness.
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Biologic Effects of Disrupted Sleep

Makayla Cordoza, Christopher W. Jones, and David F. Dinges

1  Introduction

Sleep is a fundamental evolutionary activity that is observed across many animal 
species, especially mammals. A wealth of epidemiological, clinical, and laboratory- 
based evidence supports the importance of sleep as a regulator of homeostatic and 
neurobehavioral functions [1]. For adults, habitual high-quality sleep of 7–9 h per 
24-h day is necessary to maintain health over the lifespan [1]. High quality sleep is 
best characterized as sleep that is continuous, efficient, appropriately timed, and 
adequate in physiologic stages and duration.

Disruption of sleep can negatively affect health and wellbeing. Sleep disruption, 
defined as sleep that is abnormal in duration (i.e., shorter or longer than recom-
mended), timing, continuity, or quality, can occur from a variety of factors (see 
chapter “Risk Factors for Disrupted Sleep in the ICU”) and may be acute or chronic. 
The effects of sleep disruption are extensive, and can adversely impact numerous 
biologic and behavioral systems both acutely (i.e., in the short-term) and chroni-
cally over time. The chronicity and severity of sleep disruption likely contributes to 
increased risk for numerous conditions, such as cardiometabolic disease and inci-
dent dementia [2, 3].

Critically ill adults in the intensive care unit (ICU) are at high risk for sleep dis-
ruption from the ICU environment, medications, and pathophysiologic conditions 
[4]. Extended hospital admissions and long recovery trajectories also increase the 
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risk for prolonged sleep disruption. Given the complex nature of critical illness, few 
studies have examined biologic changes in response to sleep disruption while in the 
ICU. As such, this chapter focuses primarily on established biologic effects of sleep 
disruption in healthy adults, with context for relevance in critically ill populations.

Describing all known biologic consequences of sleep disruption would require 
covering decades of research in a vast scientific field. The interplay between sleep 
and health is complex, and is influenced by a multitude of exogenous and endoge-
nous factors. To frame this substantial field in the context of critical illness, this 
chapter will focus on the short-term, relevant biologic effects of sleep disruption for 
each major body system. It is important to recognize that the sleep-biology relation-
ship is often bidirectional, meaning biologic responses also affect sleep quality. 
Furthermore, the biologic effects of sleep disruption can occur simultaneously, 
often interacting with multiple body systems to produce an overall response. Finally, 
differential vulnerability to the effects of sleep disruption may reflect the extent to 
which underlying biologic effects manifest between individuals [5].

2  Sleep Disruption and Neurobehavioral Functions

Sleep disruption, particularly the loss of sleep, has pronounced impacts on neurobe-
havioral functions, including mood and neurocognition (Table  1) [6–8]. During 
critical illness, the majority of evidence evaluating sleep loss and neurocognitive 
function has been in the context of ICU delirium. Chapters “Sleep Disruption and 
Its Relationship with Delirium: Electroencephalographic Perspectives” and “Sleep 
Disruption and Its Relationship with Delirium: Clinical Perspectives” discuss phys-
iologic and clinical relationships, respectively, between sleep and ICU delirium, and 
thus will not be reviewed in this chapter. Instead, this section focuses on neurobe-
havioral responses to sleep disruption in healthy adults, which likely have relevance 
for patients in the ICU.

2.1  Mood

The relationship between sleep loss and mood is established [9, 10]. However, the 
specific components of mood adversely impacted by sleep loss appear to be a func-
tion of both the nature of the sleep lost (e.g. fragmented vs. restricted) and whether 
sleep is lost acutely (over one or a few days) or chronically (across multiple days or 
longer). For example, several days of restricted sleep largely effects the somatic 
components of mood (i.e., increased fatigue, reduced vigor) [7, 11], rather than the 
affective components of mood (e.g. anxiety, depressive symptoms). In comparison, 
acute sleep loss degrades both somatic and affective mood. Even one night without 
sleep is associated with greater symptoms of anxiety and depression [12, 13]. 
Further, acute sleep loss lowers the threshold of sensitivity to stressful situations, 
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Table 1 General effects of sleep disruption by major body system

Measured outcome Change in response to sleep disruption

Neurobehavioral function

Sleepiness Higher
Fatigue Worse
Vigor Lower
Anxiety Higher
Depression Higher
Emotional regulation Worse
Vigilant attention Worse
Working/declarative memory Worse
Immune function

TNF-α Highera

IL-6 Highera

CRP Highera

Endocrine function

Cortisol Highera

Catecholamines Highera

Glucose Higher
Insulin sensitivity Lower
Cardiovascular function

Heart rate variability Lower
Left atrial function Worse
QT interval Longer
Propensity for arrhythmias Higher
Reactive oxygen species Higher
Endothelial function Worse
Blood pressure Higher
Pulmonary function

Pulmonary functional capacity Worse
Inspiratory endurance Worse
Gastrointestinal function

Ghrelin Higher
Leptin Lower
Caloric intake Higher
Hunger Higher
Musculoskeletal function

Testosterone Lower
Insulin-like growth factor-1 Lower
Growth hormone Lower
Muscle protein synthesis Lower
Bone mineral density Lowera

aGeneral response, although some studies show inconsistent findings related to changes in response 
to sleep loss
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heightening reactivity to negative stimuli (i.e. when sleep deprived, it takes a smaller 
stress stimulus to produce elevated subjective stress, anxiety, and anger responses) 
[14, 15]. Patients in the ICU may therefore experience negative mood states result-
ing from one or more nights of disrupted sleep. This may be especially evident for 
ICU survivors who exhibit both prolonged sleep disruption and psychological con-
ditions, such as anxiety and depression [16, 17]. Sleep recovery, an extended dura-
tion of sleep following partial or total sleep loss, has been shown to alleviate negative 
mood states, restoring mood to basal levels [7, 12]. Thus recovery sleep may be an 
important target in critical illness recovery.

2.2  Vigilant Attention

The most pronounced effect of sleep loss on neurobehavioral alertness is vigilant 
attention [18]. Vigilant attention, a fundamental component of attentional function, 
represents an individual’s ability to respond quickly and accurately to a stimulus, 
such as reacting to a road hazard when driving [19, 20]. Sleep loss, whether through 
acute total deprivation or sustained chronic restriction, produces deficits in vigilant 
attention, including lapses of attention and slower response speeds, that are a func-
tion of the severity and timing of sleep loss (Fig. 1) [8, 18, 21].

The ability of individuals to subjectively self-evaluate neurobehavioral alertness 
is less clear. Subjective assessment of sleepiness and fatigue increase initially when 
sleep is restricted, and then level off across consecutive days of sleep loss; suggest-
ing that subjective sleepiness and vigilant attention are distinct constructs, and/or 
that humans cannot accurately assess their deficits in vigilant attention [8, 22]. In 
the ICU, reduced vigilant attention from sleep loss may manifest as an inability to 
follow directions and keep eyes opened, or as delayed verbal or motor responses. 
These effects may be independent, or concomitant with impairments in attention 
from medications or pathology. When sleep is recovered, deficits in vigilant atten-
tion are usually resolved or attenuated [11, 22].

2.3  Learning and Memory

Sleep also plays an essential role in learning and memory [23], where the loss of 
sleep impairs both working memory, as well as declarative memory through disrupt-
ing memory encoding and consolidation [24, 25]. Critically ill patients experiencing 
acute sleep loss may therefore have difficulty retaining information and effectively 
participating in patient teaching activities. As with vigilant attention, deficits in 
memory performance (e.g. declarative memory) may not be fully restored following 
recovery sleep, at least in the short term [26, 27]. The restorative benefit of high- 
quality sleep on long-term memory and performance is less understood.
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Fig. 1 Responses in vigilant attention to varying doses of daily sleep. PVT = psychomotor vigi-
lance task; TIB = time in bed. Group averages are shown for subjects in the 8 h, 6 h, and 4 h chronic 
sleep period conditions across 14 days, and in the 0 h sleep condition across 3 days. Subjects were 
tested every 2 h each day; data points represent the daily average (07:30–23:30) expressed relative 
to baseline (BL). The y-axis shows PVT performance lapses. Upward corresponds to worse perfor-
mance on the PVT. The curves through the data points represent statistical non-linear model-based 
best-fitting profiles of the response to sleep deprivation for subjects in each of the four experimen-
tal conditions. The mean ± s.e. ranges of neurobehavioral functions for 1 and 2 days of 0 h sleep 
(total sleep deprivation) are shown as light and dark gray bands, respectively, allowing comparison 
of the 3-day total sleep deprivation condition and the 14-day chronic sleep restriction conditions. 
Adapted from: Van Dongen HPA et al. The Cumulative Cost of Additional Wakefulness: Dose-
Response Effects on Neurobehavioral Functions and Sleep Physiology From Chronic Sleep 
Restriction and Total Sleep Deprivation. Sleep. 2003;26:117–126

3  Sleep Disruption and Immune Function

Sleep and the immune system are intimately intertwined through a bidirectional 
cross-talk between the brain and the immune system (Fig. 2) [28–30]. Mediators of 
the immune system (e.g., inflammatory cytokines) are involved in sleep regulation 
and exert influences at sleep onset and throughout the sleep period. Immunologic 
profiles are distinct during each sleep stage (i.e., non-rapid eye movement [REM] 
vs. REM sleep periods) [28, 31, 32]. Among the many inflammatory cytokines 
implicated in sleep regulation, interleukin-1β (IL-1β) and tumor necrosis factor-α 
(TNF-α) are primary contributors to non-REM sleep. Similar to endogenous sleep- 
wake cycles, the immune system exhibits a circadian dynamic where peripheral 
levels of inflammatory cytokines and immune markers display diurnal rhythms 
[30, 33].
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Fig. 2 Putative pathways linking chronic stress or inflammatory exposure to sleep disturbance and 
adverse outcomes. Social–environmental experiences that indicate potential social threat or adver-
sity activate inflammatory activity at low levels, similar to that which occurs in the presence of 
subclinical inflammatory disease or chronic infection. However, when there is sustained engage-
ment of these systems, owing to prolonged experiences of social threat or adversity, or from sub-
clinical inflammatory states, levels of inflammation can further increase in the periphery and in 
areas of the brain that process social experiences. This model proposes that such chronic perceived 
stress, coupled with central inflammation, induces a biphasic shift in the regulation of sleep: ini-
tially, sleep continuity and slow wave sleep (SWS) are increased; later, total sleep time, sleep 
efficiency and SWS are decreased, with increases in rapid eye movement (REM) sleep, which 
together characterize sleep disturbance. This sleep disturbance shifts the transcriptional profile 
towards increased inflammatory activity and decreased antiviral responses. It is hypothesized that 
such an inflammatory transcriptional state might lead to clinical manifestations of inflammatory 
disorders and may also result in poor vaccine responses and increased susceptibility to infectious 
disease. AP-1, activator protein 1; CNS, central nervous system; CRP, C-reactive protein; NF-κB, 
nuclear factor-κB; TH1 cell, T helper 1 cell; TNF, tumor necrosis factor. Reprinted with permission 
from: Irwin, M.R. Sleep and inflammation: partners in sickness and in health. Nat Rev Immunol 
19, 702–715 (2019). https://doi.org/10.1038/s41577- 019- 0190- z

3.1  Cytokine Function

As with other neurobehavioral and biological systems, the impact of sleep loss on 
the immune system is dependent on whether sleep is lost acutely or chronically [34, 
35]. In general, sleep loss is associated with a pro-inflammatory state [29, 36], 
although studies are mixed. For instance, acute total sleep deprivation across mul-
tiple days (i.e., 88 h without sleep) has been shown to elevate plasma levels of sol-
uble TNF-α receptor I and interleukin-6 (IL-6) relative to partial sleep deprivation 
over the same time period [35].

A meta-analysis of sleep disruption and peripheral levels of systemic inflamma-
tion found that sleep disturbance was associated with elevated C-reactive protein 
(CRP) and IL-6, but not TNF-α [34]. Conversely, neither acute sleep deprivation nor 
sleep restriction, produced reliable changes in IL-6, or TNF-α levels, with only a 
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small effect for CRP levels. Reasons for this contrast are unclear, but may represent 
underlying comorbidities in studies of sleep disturbance which usually include a 
wide range of community-based participants, whereas experimental sleep studies 
often only include healthy volunteers. Additionally, inconsistencies in experimental 
findings are also likely due to differences in study design, the tissue type studied, 
time of day effects (i.e., circadian influences), and immune targets. Although data 
relating to specific inflammatory cytokine activity and sleep loss are varied, epide-
miological studies have robustly associated sleep loss with inflammatory-based dis-
eases, such as cardiometabolic disease [2, 37].

3.2  Immunity and Illness Recovery

Sleep in response to acute illness, such as is common in the ICU, is poorly understood. In 
the few studies of sleep following an infectious challenge (e.g. exposure to rhinovirus), 
self-reported sleep duration increased in the immediate days after exposure [38]. 
However, one study assessing physiologic sleep demonstrated mild sleep disruption 
(shorter total sleep time and lower sleep efficiency) during the symptomatic phase of 
rhinovirus [39]. Further, experimental endotoxin exposure has shown a dose-response 
relationship, where mild host defense activation from a low exotoxin dose was associated 
with more non-REM sleep, and the highest endotoxin dose associated with sleep disrup-
tion [40]. Given that critically ill patients often present with a profound acute illness, it is 
likely that their pathophysiology contributes to sleep disruption, and the resulting sleep 
disruption further contributes to existing inflammation associated with their illness.

In relation to the role of sleep in host defense, several studies have shown that 
insufficient sleep is associated with an impaired host response, such as vaccine uptake 
for pathogens like influenza and hepatitis B [29]. For example, in a study of healthy 
subjects, individuals who slept less than 6 h per night on average had a lower second-
ary antibody response to hepatitis B antigen, and were significantly less likely to be 
protected from the virus compared to individuals who slept more than 7 h per night 
[41]. In addition, short sleep duration has been associated with increased risk for sus-
ceptibility to infectious pathogens such as the common cold [42]. The relationship 
between sleep and the immune system is also influenced by the potent anti-inflamma-
tory effects of glucocorticoids. Cortisol (see Sect. 6.4) is tightly related to sleep-wake 
patterns [30], and organismal stress from acute illness can induce glucocorticoid resis-
tance resulting in inhibition of the anti-inflammatory effects of cortisol [36, 43]. 
Overall, patients in the ICU exhibit complex immune profiles resulting from their 
critical illness, and the interaction with sleep is bi- directional. It is evident however 
that sleep plays an important role in immune response in health, and sleep disruption 
likely impairs the ability to respond to acute illness.
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4  Sleep Disruption and Endocrine Function

The endocrine system is comprised of organs and glands that secrete hormones 
regulating metabolism, growth and repair, and maintenance of homeostasis [44]. 
Sleep and circadian rhythms play key roles in numerous signaling pathways con-
trolling hormonal regulation. Indeed, endocrine dysfunction resulting from chronic 
sleep disruption is thought to be a contributing mechanism to the rising prevalence 
of metabolic disorders, such as obesity and diabetes [45, 46]. The endocrine system 
also largely regulates sleep and wake itself (see chapter “Atypical Sleep and 
Pathologic Wakefulness”).

4.1  Hypothalamic-Pituitary-Adrenal Axis

The hypothalamic-pituitary-adrenal axis (HPA) is a primary stress response system 
that both modulates, and is affected by, sleep/wake and circadian rhythmicity [47]. 
Partial and total sleep loss have mixed effects on cortisol (primary end product of 
the HPA axis) patterns that depend on the timing of cortisol measurement and 
experimental model of sleep deprivation. Most studies of partial and total sleep loss 
show higher peripheral levels of cortisol in the afternoon/evening, and lower than 
expected cortisol levels in the morning [48–51]. This pattern reflects a dampening 
of circadian-regulated cortisol decline across the day, resulting in higher overall 
peripheral cortisol levels [52–55].

However, other cortisol patterns have been reported, with some studies showing 
no change, or even a slight decrease in peripheral cortisol levels [56–58]. These 
divergent findings are likely due to differences in study methodology such as length 
of sleep deprivation, the biofluid from which cortisol was measured (e.g. blood, 
urine, or saliva), timing of cortisol measurements, and other study variables (e.g. 
sleep opportunity periods, amount of physical activity, etc.). Importantly though, 
population- based studies have consistently shown that chronic insufficient sleep is 
associated with elevated cortisol levels [59, 60].

Timing, duration, and architectural composition of the sleep period also affects 
HPA axis activity. Inhibition of cortisol release is partially modulated by slow 
wave sleep (SWS) [61]. Frequent arousals from sleep that reduce the amount of 
SWS have been associated with elevated peripheral cortisol levels [62]. Further, a 
circadian misalignment of the sleep period (e.g. sleeping during the day) has also 
been associated with elevated peripheral cortisol levels [63, 64]. Patients in the 
ICU are known to experience fragmented sleep throughout the 24 h day with little 
to no SWS [65]. Thus, the specific sleep lost during critical illness (i.e. loss of deep 
[SWS] sleep) may contribute to the overall stress response and elevated cortisol 
secretion.
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4.2  Catecholamines

Reports on the effect of sleep loss on catecholamine activity are also mixed. Several 
studies report elevated norepinephrine both during and after sleep loss [66–68]. 
Individuals with chronic sleep disturbance, such as insomnia, have also shown ele-
vated nocturnal catecholamine levels [69]. However, some studies have not found 
changes in catecholamine activity with sleep loss [70, 71]. Similar to the inconsis-
tencies seen with cortisol, this likely reflects differences in study methodologies. 
Patterns of elevated catecholamine and cortisol levels, similar to that of sleep loss, 
are also observed during critical illness for conditions such as sepsis [72]. Thus, 
sleep loss may exacerbate the already activated stress response during acute illness.

4.3  Metabolism and Thermoregulation

Sleep disruption affects metabolism (further described in Sect. 6.7) and thermo-
regulation. Acute sleep loss inhibits the normal nocturnal reduction in body tem-
perature [73], which concomitantly is associated with increased thyroid stimulating 
hormone levels, and in some cases also increased free T3 and T4 [71, 74]. Similarly, 
sleep loss inhibits the normal release of growth hormone and testosterone for ana-
bolic activities (see also Sect. 6.8), which are usually secreted most prominently 
during sleep [71, 75–77].

Both laboratory and epidemiologic studies have linked sleep loss and reduced 
insulin sensitivity [43, 51, 71, 78], which is thought to be an important risk factor 
for diabetes and obesity. Numerous studies demonstrate that sleep loss yields a 
lower rate of glucose clearance and an impaired insulin response, resulting in over-
all higher glucose levels and insulin resistance [56, 78, 79]. Similar to cortisol, 
glucose homeostasis is thought to be partly regulated by SWS [79, 80]. Thus, the 
amount of SWS achieved may be an important modulator of glucose activity. Sleep 
disruption, especially fragmented sleep, experienced in the ICU may therefore con-
tribute to existing insulin and glucose dysregulation commonly observed during 
critical illness [81].

Importantly, sleep loss and endocrine function are intertwined in complex, bidi-
rectional pathways. For example, cortisol and catecholamine activity affect glucose 
regulation and metabolism independent of sleep, and cortisol itself is an important 
sleep regulator. The duration and timing of the sleep period also influences endo-
crine regulation, with SWS being an important endocrine modulator. As critically ill 
patients in the ICU often have sleep periods throughout the 24 h day and are known 
to exhibit sleep fragmentation with a lack of adequate SWS [4, 65], it is possible 
that this sleep disruption may contribute to further endocrine dysregulation. 
However, direct effects of sleep disruption on endocrine activity in the ICU have not 
been rigorously evaluated.
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5  Sleep Disruption and Cardiovascular Function

Insufficient and poor quality sleep have been identified as important risk factors for 
cardiovascular disease (Fig. 3) [79, 82]. In fact, a meta-analysis of 5,172,710 sub-
jects across 153 studies showed that short sleep was associated with a 16% higher 
risk for cardiovascular disease compared to normal sleepers [83]. Sleep loss is asso-
ciated with activation of the sympathetic nervous system [79], a key modulator of 
cardiac function. Most studies of sleep loss (either acute, chronic, or fragmented 
sleep) have demonstrated a reduction in overall heart rate variability, indicating a 
sympathovagal shift towards sympathetic predominance (or parasympathetic with-
drawal) with a reduced capacity of the cardiovascular system to respond to stressors 
[79, 84, 85]. A concomitant blunting of baroreflex sensitivity in response to ortho-
static position changes has also been reported [86].

Sleep loss has also been shown to affect cardiac function. Studies of healthy 
volunteers have demonstrated left atrial dysfunction (i.e. a reduction in early dia-
stolic strain rate and reduction in passive emptying) following one night of sleep 
deprivation [87, 88]. Further, acute sleep loss has been associated with lengthening 
of the QT interval [89, 90], and other electrical changes, such as increased p-wave 
dispersion [91] and atrial electromechanical delay [92]. Among hospitalized 
patients, sleep disruption (measured by the frequency of nocturnal overhead emer-
gency announcements causing awakenings from sleep) has been associated with 
increased frequency of ventricular ectopy and occurrence of cardiac arrest [93]. 
Thus, it is plausible that the electromechanical changes resulting from sleep disrup-
tion may promote cardiac dysfunction and development of cardiac arrhythmias, 
which may have serious implications for critically ill patients.
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Fig. 3 Pathophysiological pathways linking short sleep duration and risk of cardiovascular dis-
ease. Short sleep duration induces alterations in several biological processes, such as the auto-
nomic nervous system, inflammation, oxidative stress, and dyslipidaemia. These alterations lead to 
an increase in arterial blood pressure, endothelial dysfunction, diabetes mellitus, and accelerated 
atherosclerosis. NO, nitric oxide. Reprinted with permission from: Tobaldini, E., Fiorelli, E.M., 
Solbiati, M. et al. Short sleep duration and cardiometabolic risk: from pathophysiology to clinical 
evidence. Nat Rev Cardiol 16, 213–224 (2019). https://doi.org/10.1038/s41569- 018- 0109- 6
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One potential pathway through which sleep loss adversely impacts cardiac and 
vascular function is through oxidative stress. High levels of reactive oxygen species, 
indicative of oxidative stress, are known to impair cardiac and vascular function 
[94]. Sleep loss in animal models has been associated with increased oxidative 
stress [95]. Similarly, in humans, myeloperoxidase-modified low-density lipopro-
tein, an enzyme involved in the formation of oxidizing agents, has been shown to be 
elevated following sleep loss [96, 97].

Oxidative stress is postulated to promote endothelial dysfunction through a 
reduction in endothelial-dependent vasodilatation [98–102], and reductions in 
endothelial-dependent microvascular perfusion [85, 103]. Increased endothelin- 1- 
mediated vascular tone following sleep loss has also been reported [104]. These 
alterations in vascular function, in addition to increased catecholamine activity, 
may, at least in part, account for higher blood pressure that is observed following 
sleep loss [105]. Normally during circadian-aligned sleep, blood pressure decreases 
in response to decreased sympathetic and increased parasympathetic activity [106]. 
However, sleep loss is associated with a blunting of this effect [107]. Although sleep 
loss profoundly affects cardiovascular stability, the extent to which these effects 
manifest and contribute to adverse outcomes in the ICU are unknown.

6  Sleep Disruption and Pulmonary Function

There are well established associations between pulmonary function and sleep dis-
orders, such as sleep-related breathing disorders [108, 109]. The singular effects of 
sleep loss on the respiratory system however, are difficult to disentangle. For 
instance, the reductions in alertness and muscle function associated with sleep loss 
subsequently affects respiratory drive and pulmonary capacity. Nevertheless, acute 
sleep loss in healthy adults has been shown to impair pulmonary functional capac-
ity, increase upper airway collapsibility, and reduce inspiratory endurance [110–
115]. Self- reports of dyspnea, specifically air hunger, have also been reported 
following sleep deprivation [110]. For critically ill patients, respiratory complica-
tions resulting from sleep loss may have detrimental consequences for recovery, 
particularly as it relates to weaning from mechanical ventilation and for patients 
with underlying pulmonary comorbidities. In the ICU, several studies have investi-
gated sleep disruption and breathing as it relates to mechanical ventilation, which 
are discussed in detail in chapter “Mechanical Ventilation and Sleep”.

7  Sleep Disruption and Gastrointestinal Function

The gastrointestinal (GI) system is largely hormone and circadian regulated, and 
responsive to external cues such as food intake. Sleep disruption not only disturbs 
GI function through hormonal dysregulation, but also though alterations in meal 
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timing and composition. Sleep disruption can also trigger the release of pro- 
inflammatory cytokines (as discussed in Sect. 6.2), an important mechanism in a 
number of GI disorders such as reflux, inflammatory bowel disease, and liver dys-
function [116–119]. Further, emerging evidence suggests a role for sleep in promot-
ing diversity of the gut microbiome [120].

Appetite and caloric intake are affected by sleep disruption through a number of com-
plex pathways. Sleep loss has been associated with increased levels of the appetite- 
stimulating hormone, ghrelin, and decreased levels of the appetite- suppressing hormone, 
leptin [121–123]. Not only do shorter sleep periods provide more opportunity for food 
intake, but individuals often report greater hunger following sleep loss [123]. Further, 
sleep loss is robustly associated with increased caloric intake, in particular from calorie-
dense foods containing higher amounts of fat and sugar [124, 125]. This increased caloric 
intake tends to exceed the modest increased energy expenditure needed to maintain 
extended wakefulness [126, 127]. Similar patterns of food choices have also been 
observed from changes in sleep timing, such as when following a night shift work sched-
ule, although not always associated with excessive caloric intake [128–130]. Notably, 
simulated night shift schedules with a daytime sleep opportunity have actually been asso-
ciated with a lower 24 h energy expenditure [131].

The choice of food composition and calories consumed is also driven by neu-
robehavioral influences, gut-brain regulation, age, sex, and the environment. The 
profound effects sleep loss has on neurobehavioral functions (see Sect. 6.1) includ-
ing mood, impulse control, and self-regulation, subsequently affect food choice. For 
example, sleep deprivation decreases frontal and insular cortical function that regu-
late appetitive behaviors and increases amygdalar activity, potentially resulting in 
an increased desire for calorie-dense foods [132, 133].

Overall, excessive caloric intake relative to 24 h energy expenditure can lead to a 
gain of free fat mass and contribute to obesity. Epidemiological and laboratory- based 
studies have consistently demonstrated relationships between sleep disruption and 
obesity or obesity-promoting behaviors [46, 134, 135]. In fact, a meta-analysis by 
Cappuccio et al. [136] found that for every 1 h reduction of daily sleep, body mass 
index increased by 0.35 kg/m2. In the ICU, patient’s dietary intake and food choices 
are often controlled, and changes in body weight are not always a result of caloric 
intake. However, it is possible that sleep disruption may further contribute to altera-
tions in caloric demand and GI dysfunction commonly seen during critical illness.

8  Sleep Disruption and Musculoskeletal Function

Sleep loss may increase muscle atrophy and bone loss by disrupting normal patterns 
of hormone secretion. Following sleep loss, serum concentrations of anabolic hor-
mones (e.g. testosterone), insulin, insulin-like growth factor-1, and growth hormone 
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decrease, and catabolic hormones (e.g. cortisol) increase [49, 51, 54, 76, 137]. This 
hormonal profile represents dysregulation of the HPA and hypothalamic–pituitary–
gonadal axes, and is consistent with a catabolic state where protein synthesis is 
reduced and protein degradation is increased. During critical illness, sleep disrup-
tion may therefore contribute to loss of muscle mass and impaired muscle recovery 
[138]. Even short periods of acute sleep loss (e.g. 1 night) are sufficient to induce 
anabolic resistance and promote a pro-catabolic state [139].

An association between sleep disruption and decreased bone mineral density 
(BMD) has been established in both animal and human studies [140–144]. 
Epidemiologic studies have shown both chronic short and long sleep duration, 
abnormal sleep timing (e.g. from nightshift work), and poor sleep quality to be 
associated with decreased BMD, abnormal bone turnover, and osteopenia and 
osteoporosis [142, 143, 145–147]. However, results have been inconsistent, with 
some studies finding no association between various aspects of sleep and bone 
health [142, 143, 148, 149]. These mixed results are likely, in part, due to differ-
ences in the population studied, method of BMD assessment, and inconsistent defi-
nitions of the type of sleep disruption. Regardless, this is an emerging field where 
further investigation is needed.

It is plausible that sleep disruption in the ICU, especially for prolonged critical 
illness, contributes to musculoskeletal impairment. Sleep-related musculoskeletal 
impairment may also play a role in long-term recovery from critical illness, and for 
conditions such post-intensive care syndrome [150]. Survivors of critical illness are 
at risk for developing ICU-acquired weakness [151] and may have decreased BMD 
[152], with evidence of ongoing sleep disruption up to 1 year post-hospitalization 
[16, 153, 154]. However, the extent and duration to which these relationships exist 
across the critical illness trajectory are less clear.

9  Inter-Individual Vulnerability to Sleep Loss

This chapter has described biologic consequences of sleep loss. However, signifi-
cant variations in individual responses to sleep loss exist [155]. For example, some 
individuals display resilience to sleep loss, maintaining neurobehavioral and cogni-
tive function, while others may be especially vulnerable to the effects of sleep loss. 
Further, genetic variation may pre-dispose individuals to shorter sleep durations 
(e.g. less than 6 h per night) with no distinguishable impairments in neurobehavioral 
function [156]. Importantly, the optimal amount of sleep needed for recovery from 
acute illness has not been established. Therefore, although individuals may respond 
differently to sleep loss, promoting high quality sleep in the ICU remains an impor-
tant component of health promotion and recovery.
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10  Conclusion

The biologic consequences of sleep disruption are widespread. With sleep loss 
responses being both integrated and interdependent within individual body sys-
tems, the effects of sleep disruption on biologic systems must be considered 
from both a global and individual body systems approach (Fig. 4). The interde-
pendence of these relationships makes establishing cause and effect associa-
tions challenging, and is further complicated by the often bi-directional 
interactions between sleep and physiologic systems. Nevertheless, it is clear 
that adequate sleep is fundamental to maintain health, and the lack of sufficient, 
high quality, sleep can lead to increased disease risk and poorer overall func-
tioning. Although many of the consequences of sleep disruption have not been 
investigated in critically ill individuals, it is reasonable to consider that patients 
in the ICU who are at high risk for sleep disruption may experience similar 
effects which could negatively impact recovery.

• Irritability
• Cognitive impairment
• Memory lapses or loss

Increased susceptibility
to (viral) infections

Increased risk of metabolic
syndrome and obesity

Increased risk of
atherosclerosis and
hypertension

Increased risk of
diabetes mellitus

Impaired heart-rate
variability and increased
risk of CAD, HF, and
arrhythmia

Fig. 4 General effects of short sleep duration on different organs and systems. Short sleep dura-
tion can affect cognitive function and immune responses, increase the risk of metabolic disorders 
(diabetes mellitus, obesity, and metabolic syndrome), and affect cardiovascular function, with 
accelerated atherosclerosis, increased blood pressure, and increased risk of cardiovascular events. 
CAD, coronary artery disease; HF, heart failure. Reprinted with permission from: Tobaldini, E., 
Fiorelli, E.M., Solbiati, M. et al. Short sleep duration and cardiometabolic risk: from pathophysiol-
ogy to clinical evidence. Nat Rev Cardiol 16, 213–224 (2019). https://doi.org/10.1038/
s41569- 018- 0109- 6
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Risk Factors for Disrupted Sleep 
in the ICU

Kimia Honarmand and Karen J. Bosma

1  Introduction

Sleep disruption is a pervasive and distressing problem for critically ill patients 
[1–3]. Patients in the intensive care unit (ICU) often experience disrupted circadian 
rhythms, sleep fragmentation, decreased slow-wave sleep and almost absent rapid 
eye movement (REM) sleep [4, 5]. Despite the evaluation of multiple different inter-
ventions to improve ICU sleep, many strategies have met with limited success in 
improving patient-perceived sleep quality [6–8]. A failure to understand and recog-
nize underlying factors that disrupt our patients’ sleep is an important contributor to 
the failure of many sleep improvement initiatives. One large ICU cohort study [9] 
found that light, noise, and care activities explain only 30% of sleep fragmentation 
therefore leaving 70% of sleep arousals and awakenings unexplained. It may also 
be that the factors disrupting sleep are so numerous that a single intervention, even 
if multi-faceted, may not be able to reverse all underlying sleep disrupting factors. 
Risk factors for sleep disruption may also vary from night to night. Finally, sleep 
risk factors intrinsic to the patient may not be modifiable. For these reasons, to 
successfully improve sleep in the ICU, it is imperative that we understand as much 
as possible about the predisposing and precipitating factors that disrupt sleep and 
circadian rhythms in our critically ill patients.

This chapter will highlight those factors shown to disrupt sleep in the ICU, pro-
vide an overview of the methodological approaches used to identify and evaluate 
sleep risk factors, and examine the prevalence and impact of patient-reported factors 
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associated with poor sleep. We will also consider risk factors for disrupted sleep in 
special ICU populations, explore inter-patient risk factor variability, and lay foun-
dations for both future research and clinical quality improvement interventions 
focused on improving not only sleep but also discomfort, agitation, and delirium.

2  Characterizing and Identifying Risk Factors 
for Disrupted Sleep

2.1  Risk Factor Characterization

A risk factor is defined as any attribute, characteristic, or exposure that precedes 
and is associated with an increased likelihood of an adverse outcome or event [10]. 
Risk factors may be classified as: (1) a fixed marker i.e., a non-modifiable attribute 
or characteristic (e.g., sex, age), (2) a variable marker i.e., a modifiable variable 
but its modification does not change the risk of the outcome of interest, or (3) a 
causal risk factor i.e., where modification of the variable changes the likelihood of 
the outcome. Predisposing factors are those patient-intrinsic factors that exist prior 
to ICU admission that place patients at risk of poor sleep. Precipitating factors are 
those risk factors that occur in the ICU, and may be related to the ICU environment, 
and/or the physiologic and/or psychologic impact of critical illness. As described 
in chapter “Biologic Effects of Disrupted Sleep”, the complex biological mecha-
nisms of disrupted sleep in the ICU suggests sleep disruption involves an interplay 
between intrinsic (patient-related) and extrinsic (external) factors and that various 
protective factors have an important mitigating effect. As such, identifying risk fac-
tors for sleep disruption in ICU patients is best achieved by reviewing studies hav-
ing diverse designs.

2.2  Risk Factor Identification

2.2.1  Patient Perceived

Various approaches have been used to identify risk factors for disrupted sleep in 
critically ill patients. Some factors are best identified by the patient themselves. 
These descriptive (‘self-report’) studies typically rely on the administration of ques-
tionnaires to determine the proportion of patients who report whether a particular 
factor is perceived by the patient to be either detrimental or beneficial to sleep qual-
ity. Subjective methods that can be used to measure ICU sleep are reviewed in 
chapter “Methods for Routine Sleep Assessment and Monitoring”. In some ‘patient-
reported’ studies, patients are asked in an open-ended fashion to communicate those 
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factors they believed adversely affected their sleep. In others, patients are asked to 
select risk factors from a pre-specified list of factors known to influence sleep; the 
proportion of patients endorsing each risk factor are subsequently reported. And 
still other studies use questionnaires where patients are asked to numerically rate the 
perceived impact of each factor (vs. simply providing a yes or no).

2.2.2  Objective

Other risk factors (e.g., patient characteristics and clinical history, ICU interven-
tions) are best identified using analytical studies, which estimate the strength of 
association between each potential sleep risk factor and sleep quality, usually 
using multivariable methods. Both intrinsic (i.e., patient-related or illness-related) 
and extrinsic (i.e., ICU-acquired) factors for sleep disruption can be considered. 
Sleep quality outcomes can be assessed by either subjective (i.e., patient self-
report instruments) or objective (e.g., polysomnography [PSG], actigraphy, or 
bispectral index [BIS]) measures. Please see “objective sleep assessment” in the 
chapter “Methods for Routine Sleep Assessment and Monitoring”. Based on the 
resulting risk estimate (i.e., association) each potential sleep risk factor will then 
fall into one of three categories: (1) sleep-disruptive, (2) sleep-protective, or (3) 
not associated with a change in sleep. A subset of analytical studies that have uti-
lized PSG have the advantage of providing data on the degree of temporal associa-
tion between a risk factor and arousal or awakening from sleep, allowing for basic 
causal inferences to be made.

2.3  A Systematic Approach to Summarizing the Sleep Risk 
Factor Literature

In the next two sections, we summarize the results of multiple studies that have eval-
uated patient-related, illness-related, and ICU-acquired risk factors for disrupted 
sleep in ICU. Our approach is informed by a systematic review [11] we conducted 
of 63 original ICU studies evaluating potential risk factors for disrupted sleep. To 
synthesize this broad and heterogeneous body of literature, in the updated search 
we completed for this chapter, we categorize studies into: (1) patient-reported stud-
ies where risk factors identified or endorsed by patients as sleep-disruptive were 
reported; (2) impact rating studies where patients ranked various risk factors based 
on their impact on sleep; (3) association studies where the association between 
potential risk factors and measures of sleep was reported (and separated into pre-
morbid, illness-related, and ICU-acquired factors). Of note, these categories were 
not treated as mutually exclusive, as some studies evaluated potential risk factors 
across more than one of these three categories.
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3  Patient-Reported Risk Factors

3.1  Illness-Associated

Critical illness is often associated with debilitating physical and psychological 
sequelae that may adversely impact sleep in ICU. Figure 1 demonstrates the patient- 
reported physiologic (1a) and psychologic (1b) risk factors for sleep disruption in 
this setting. Among the physiologic sequelae of critical illness, patients most fre-
quently endorsed pain [3, 12–16] and discomfort [12–17] as disruptive to their sleep 
among a general cohort of ICU survivors irrespective of their self-reported sleep 
quality. Among patients who reported poor sleep quality in ICU, pain remained the 
most frequently reported risk factor [3, 18, 19]. Among the psychological sequelae, 
anxiety, worry, or stress [3, 12, 13, 15, 16], being in an unfamiliar environment 
[3, 12, 20], and loneliness [3, 21] were frequently reported as contributing to poor 
sleep in ICU. Other patient-reported risk factors related to critical illness are shown 
in Fig. 1.

3.2  ICU-Related

Figure 1c shows the patient-reported risk factors related to the ICU environment and 
therapies. Among these, noise [3, 12–18, 20–24], care activities such as medication 
administration, tests, and procedures [3, 12, 15–17, 20–23, 25], and ambient light 
[12, 14–17, 20, 23] were the most frequently reported ICU-related risk factors for 
sleep disruption. Among patients who reported poor sleep quality in ICU, noise 
remained the most frequently reported risk factor [3, 18, 19, 26].

3.3  Impact/Severity-Rated

Among studies reporting patient ratings of the impact/severity of different factors 
on sleep (Fig. 2), patients rated noise, ambient light, and care activities as the high-
est (most impactful) sleep-disruptive factors. Of note, aggregate patient ratings 
across four studies were relatively low (4 to 4.5 on the 10-point scale questionnaire 
designed by Freedman et al. [27]), suggesting that although patients endorse these 
factors to be sleep-disruptive, patients tend to give only modest attribution to indi-
vidual factors.
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a

b

c

Fig. 1 (a, b, c) Patient-reported risk factors. (a) Frequency of patient-reported physiological risk 
factors. (b) Frequency of patient-reported psychological risk factors. (c) Frequency of patient- 
reported ICU-related risk factors
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Fig. 2 Patient severity/impact rating

4  Patient-Related Risk Factors for Sleep Disruption

4.1  Baseline (Premorbid)

Although patient characteristics and health history factors are non-modifiable in the 
ICU setting, recognizing such risk factors is critical to identifying patients at high 
risk for sleep disruption. The prognostic value of patient-related (premorbid) factors 
are best identified using multivariate association studies (Fig. 3). Here, the balance 
of the evidence suggests that patient demographic characteristics such as age and 
gender are not associated with sleep disruption in ICU. In fact, one study identified 
an age-gender interaction, with older women less likely to experience sleep disrup-
tion [28]. On the other hand, having multiple pre-existing comorbidities [29, 30], 
poor sleep quality prior to hospitalization [28, 31], and possibly the use of sleep 
medications at home (shown in one study [31] but not shown in another study [28]) 
have been associated with sleep disruption and may represent potential prognostic 
indicators to identify patients at high-risk for sleep disruption in ICU.
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Fig. 3 (a, b, c) Statistical or temporal associations. (a) Premorbid risk factors. (b) Illness-related 
risk factors. (c) ICU-related risk factors

4.2  Illness-Associated

Similar to patient-related risk factors, illness-associated variables are generally non- 
modifiable but may help ICU clinicians identify those patients at high-risk for dis-
rupted sleep (Fig. 3b). Neither ICU admission diagnosis [7, 32–34] nor type of surgery 
(for surgical patients) [15, 16] have been shown to be associated with sleep disruption. 
However, the relationship between severity of illness and sleep disruption is less clear. 
While many studies report no association between illness severity score and sleep 
quality [9, 14, 28, 35–39], two studies report that sleep disruption is worse in patients 
who are sicker [29, 34], while two others describe better sleep in patients with higher 
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severity of illness [40, 41]. Length of ICU stay may be considered an indirect metric 
for disease severity (i.e., sicker patients tend to stay in the ICU longer); most studies 
have found no association between ICU length of stay and sleep disruption in ICU [9, 
13, 16, 27, 28, 30, 33, 42]. Sleep may evolve over the course ICU stay: Redeker and 
colleagues found that sleep was highly fragmentated initially after cardiac surgery but 
decreased in the days following [43, 44]. Therefore, study results may vary depending 
on when sleep is assessed during the ICU stay. A high severity of illness score mea-
sured at ICU admission may correlate with a high degree of sleep disruption early in 
the ICU stay but good sleep later in the ICU stay.

Studies have consistently demonstrated an association between the presence and 
severity of delirium and disrupted sleep in ICU (Fig. 3b) [34, 35, 38, 45]. This association 
is clinically important for two reasons: (1) delirium is a ubiquitous complication of criti-
cal illness [46] and (2) delirium is an independent risk factor for adverse short- and long-
term sequelae among ICU survivors [47, 48]. Although the relationship between delirium 
and sleep disruption is likely bi-directional, the degree to which the presence and/ or 
severity of sleep disruption in ICU accounts for the presence and/or severity of delirium 
may have important implications for patient care. In particular, if sleep disruption is at 
least partly causally associated with delirium, preventing and treating sleep disruption 
may be a crucial strategy to reduce the incidence and/or severity of delirium, which 
may lead to improved long- term outcomes among ICU survivors. Given the impor-
tance of this question, two chapters have been dedicated to an in-depth discussion of 
the electrophysiological (chapter “Sleep Disruption and Its Relationship with Delirium: 
Electroencephalographic Perspectives”) and clinical (chapter “Sleep Disruption and Its 
Relationship with Delirium: Clinical Perspectives”) associations between delirium and 
sleep disruption, respectively.

5  ICU-Acquired Risk Factors

ICU-acquired risk factors are arguably the most modifiable risk factors for poor sleep in 
the ICU and recognition and resolution of these factors serve as the foundation for sleep-
improvement efforts in this setting (please see chapter “Best Practices for Improving 
Sleep in the ICU. Part I: Non-pharmacologic”). Figure 3 presents the ICU-acquired risk 
factors, stratified into three categories: (1) the ICU environment, (2) pharmacological 
agents used to treat critical illness and its sequelae, and (3) respiratory therapies.

5.1  ICU Environment

The typical ICU environment is not conducive to sleep promotion. The degree to 
which specific environmental risk factors affect sleep in the ICU is challenging to 
characterize given the potential inter-relationship of factors (e.g., light and noise), 
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the multiple methods by which these factors can be evaluated and the degree by 
which they vary over the course of 24 h and between patients. Studies evaluating 
the potential effect of ambient noise and light in the ICU environment have been 
highly variable in methodological quality and conclusions, with some reporting 
more sleep disruption with higher levels of noise [9, 24, 31, 38, 41, 42, 45, 49, 
50] and illuminance [24] and others reporting no association [noise: 13, 51; light: 
52]. Although nursing care/number of care interventions are commonly believed 
to exacerbate disrupted sleep, the balance of the evidence does not support this 
assumption [15, 25, 36, 40, 53]; making it likely patient care activities account for 
only one of many factors that may disrupt sleep in the ICU. Some potential factors 
that may influence sleep are elusive to identify and/or challenging to measure (e.g., 
activities at other bedsides). Despite these inconsistent results and the methodo-
logic challenges associated with research in this area, patients rate noise, ambient 
light, and care activities as the highest (most impactful) sleep-disruptive factors in 
their subjective experience and thus these factors should still be modified whenever 
possible.

5.2  ICU Medications

As outlined in chapter “Effects of Common ICU Medications on Sleep”, many 
commonly used ICU medications have been shown to disrupt sleep, often in a 
dose- related fashion. When clinically possible, ICU clinicians should consider 
the effect of drugs on sleep when making prescribing decisions. Studies evaluat-
ing the association between different pharmacological agents and sleep disrup-
tion have yielded inconsistent results [Fig. 3c], possibly related to the varying 
measurement tools used to assess sleep quality. The most divergent finding is that 
opioid analgesics are not sleep disruptive [28, 34, 42, 54] and may in fact be sleep 
protective [18], although the effect of opiates on sleep quality likely depends on 
the extent to which pain is contributing to sleep disruption in a particular patient. 
When patients are asked to rate their sleep quality, they may note reduced insom-
nia and sleep latency with opiates and hypnotics, and therefore rank their sleep 
quality higher than with placebo, whereas if sleep is assessed with polysomnogra-
phy, suppression of REM sleep may result in overall worse sleep quality. Studies 
of fair and good methodological quality have shown that hypnotic and sedative 
agents [13, 29], particularly benzodiazepines [28, 34], tend to be sleep disrup-
tive. Dexmedetomidine, known to increase stage N2 and N3 sleep, was not shown 
to influence patient-reported sleep quality in one study (even though it reduced 
incidence of delirium) [8] but was found to be sleep protective by subjective 
(patient-reported) measures in two studies [55, 56]. The chapter “Best Practices 
for Improving Sleep in the ICU. Part II: Pharmacologic” highlights medication-
based strategies shown to improve sleep in the ICU.
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5.3  Ventilatory Support Therapies

Acute respiratory illness is among the most common conditions in the ICU setting 
and management of critically ill patients often involves invasive and non-invasive 
ventilation. Figure 3c outlines the results of studies that have evaluated the associa-
tion between respiratory therapies and sleep disruption in the ICU. Most studies 
have found no association between sleep disruption and invasive [7, 14, 27, 28, 41, 
42] or non-invasive [38] mechanical ventilation. In fact, some studies have reported 
that ventilatory support may be sleep protective compared with spontaneous breath-
ing [38, 51, 52, 57, 58].

Conversely, several studies have found that the mode of invasive ventilation may 
affect sleep disruption occurrence. Current evidence suggests pressure-support ven-
tilation [PSV] may be more sleep disruptive than pressure control ventilation (PCV; 
[59–61]) or proportional assist ventilation (PAV; [62, 63]). In the small number of 
studies evaluating the effect of respiratory parameters on sleep, patient-ventilator 
dysynchrony was associated with sleep disruption by increasing fragmentation index 
[57, 63], with apnea-related arousals and ineffective efforts accounting for 7% and 
8% of the total amount of arousals and awakenings (fragmentation index), respec-
tively [49]. The literature evaluating these respiratory parameters remains limited: 
trials are small and generally have a moderate risk of bias, primarily due to issues 
related to allocation concealment and absence of blinding (generally unavoidable 
in studies comparing different modes of mechanical ventilation). Despite potential 
limitations, these studies often employ continuous measures of respiratory param-
eters and sleep quality (via PSG) and thereby, provide valuable data on potential 
temporal associations between patient-ventilatory dysynchrony and sleep quality. 
The chapter “Mechanical Ventilation and Sleep” provides a comprehensive over-
view of the impact of mechanical ventilation on sleep in ICU.

6  Special Populations

6.1  Neurological Injury

Special challenges exist when identifying risk factors for disrupted sleep in neu-
rologically injured adults (e.g., head trauma, stroke, subarachnoid or intracranial 
hemorrhage). First, the need to frequently clinically assess neurological status, 
sometimes hourly, requires the patient to be woken up from sleep. Second, this 
population often does not have capacity to self-report on their sleep quality, com-
fort/pain, sleep habits, preferences, or those factors keeping them from sleep. Third, 
critically ill neurologic patients often receive short-acting sedatives like propofol, 
known to disrupt sleep. Fourth, the results of polysomnography and EEG-based 
sleep assessments are often uninterpretable based on American Academy of Sleep 
Medicine standard scoring criteria, thus making the objective determination of sleep 
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disrupting risk factors challenging. Finally, the spontaneous or induced hyperventi-
lation that occurs in this population may lead to periodic breathing which has been 
shown to induce sleep fragmentation in non-neurologic populations.

In the acute phase of neurologic injury, essential patient care activities, including 
frequent neurological assessments, must take precedence, even at the expense of 
sleep disruption. However, once the patient has been stabilized, optimizing the envi-
ronment and consolidating patient care activities to promote undisturbed noctur-
nal sleep should be considered. Indeed, in a population of subacute post-traumatic 
coma patients the presence of organized sleep-wake patterns, based on polysom-
nography assessment, and after other variables affecting sleep were considered, was 
highly predictive of a good outcome as measured by the Glasgow Outcome Scale 
(i.e., complete recovery without disability or regaining autonomy despite minor 
neurological deficits) [64]. However, it remains unclear whether sleep promotion 
efforts in this population improves outcomes, given that use of sleep improvement 
bundles have not been well evaluated in neurologic ICUs. Nonetheless, since sleep 
promotion techniques have been shown to reduce days of delirium, and neurologi-
cally injured patients are at high risk of delirium, there is rationale for improving 
sleep when possible in this high-risk population. For a complete review of sleep 
promotion techniques, please see chapters “Best Practices for Improving Sleep in 
the ICU. Part I: Non-pharmacologic” and “Best Practices for Improving Sleep in the 
ICU. Part II: Pharmacologic”.

6.2  Coronavirus Disease 2019

The global pandemic of coronavirus disease 2019 (COVID-19) has presented new 
challenges and risks for sleep disruption in critically ill patients. Compared to 
pre- COVID periods, the general population has been shown to have greater sleep 
disturbances (termed “COVID-somnia” by some sleep neurologists [65]), most 
commonly related to insomnia, night terrors/disturbing dreams, and the misuse of 
sleep medications. An online survey of 5641 adults living in China during the peak 
spread of the coronavirus in February, 2020, reported high rates of clinically sig-
nificant insomnia (20%), stress (16%) and anxiety (18%); insomnia was found to 
increase by 25% from late 2019 [66]. This increased insomnia has been attributable 
to increased Covid-19 infection [67] and greater sleep disturbance during hospi-
talization, particularly if patients relied on hypnotic use to combat insomnia [68]. 
Across six observational studies, the incidence of sleep disturbance in hospitalized 
COVID-19 patients has ranged from 33 to 85%; one study reported 60% of hospital-
ized COVID-19 patients had been taking sleeping pills in the prior 12 months [68].

For patients admitted to the ICU with COVID-19, the fear, anxiety, foreign sur-
roundings, and isolation experienced by most patients due to visitor restrictions 
and the mandatory use of personal protective equipment (PPE) by all clinicians 
may further exacerbate insomnia and loss of circadian rhythm. Although COVID-
related reductions in room entry by ICU clinicians could theoretically promote 
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sleep consolidation, many patients find comfort in knowing their nurse is nearby 
to respond to alarms and help them as needed. Invasively ventilated patients with 
COVID-19 pneumonia and/or ARDS often have a high respiratory drive, neces-
sitating the administration of large amounts of sedatives to ensure lung protective 
ventilation. As highlighted in chapter “Effects of Common ICU Medications on 
Sleep”, benzodiazepines and propofol suppress REM sleep and favor Stage 1 and 
2 sleep over deep Stage 3 sleep. On the flip side, inadequate mechanical support 
for the COVID-19 patient having worsening respiratory failure and the high work 
of breathing that results is also an important risk factor for poor sleep quality. As 
outlined in chapter “Long-Term Outcomes: Sleep in Survivors of Critical Illness”, 
sleep disturbances continue to plague COVID-19 survivors for weeks to months 
post hospital discharge, indicating factors other than just the ICU environment 
affect sleep in this population.

7  Inter-patient Sleep Risk Factor Variability

Tremendous variability exists between individual patients with respect to their 
risk factors for sleep and circadian rhythm disturbance. Patients with poor sleep 
at home [7, 28], using sleep medications to aid sleep at home prior to admission, 
and with higher number of comorbidities [29, 30] are more likely to rate their sleep 
poor relative to their peers in ICU [11]. Furthermore, there is variability in terms of 
what patients find comforting and sleep-inducing versus noxious and sleep-disrupt-
ing, depending on their sleep habits and personal preferences. For example, some 
patients are reassured by hearing nearby voices and footsteps, knowing their nurse 
was close by, while others report overhearing nurses’ conversations as disruptive to 
their sleep [12]. White noise or music may be relaxing to some patients, while oth-
ers prefer silence, or find some genres of music disruptive [69, 70]. Moreover, risk 
factors for sleep disruption may change over time in the ICU, as critical illness dis-
sipates, sedatives are reduced, and patients become more aware and acclimatized to 
their surroundings. Factors they perceived to bother them (and interrupt their sleep) 
on the first day of ICU admission may be no longer relevant on fifth day of ICU 
admission. Finally, polysomnography studies may detect, or patients may recall, 
only the most noxious, proximal factor prompting awakenings from sleep. Removal 
of this factor (e.g., silencing of an alarm) may lead to the emergence of other factors 
that then take precedence as being more noticeably sleep disruptive by the patient 
(e.g., uncomfortable bed or room temperature). One ICU study found that patients 
ranked an average of 11 different factors (among a list of 33 possible factors) as 
being sleep-disruptive during their ICU stay [16]. This suggests that a multitude of 
risk factors disrupt sleep, and that individual patients are likely to differ in the fac-
tors they find most intrusive to sleep.
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8  Risk Reduction and Sleep Improvement

With the large number of premorbid, ICU-acquired or illness-related factors known 
to interrupt sleep, and the inter-patient variability and temporal heterogeneity of 
these factors, it is no wonder that many sleep interventions have had limited impact 
on improving patient-perceived sleep quality. The myriad risk factors, which may 
evolve from night to night, and vary between patients, point to the need for sleep 
promotion interventions to be tailored to individual patient preference and holis-
tic, multi-component bundles (i.e. it is insufficient to provide eye mask and ear 
plugs to patients but leave the room too hot or too cold, or neglect to address the 
patient’s fears and questions before turning out the lights). Please see chapters “Best 
Practices for Improving Sleep in the ICU. Part I: Non-pharmacologic” and “Best 
Practices for Improving Sleep in the ICU. Part II: Pharmacologic” for a detailed 
review of these approaches. Additionally, there is significant overlap between risk 
factors for pain, agitation, delirium, and sleeplessness. When modifiable risk factors 
for sleep disturbance are identified, they should be considered not only for a sleep 
improvement plan but also as part of the patient’s holistic plan to manage pain, 
agitation, delirium, immobility and sleep disruption (PADIS) according to recently 
published guidelines [6]. Indeed, despite not improving sleep quality as measured 
subjectively by validated patient-rated scales, some studies have demonstrated an 
improvement in delirium-free days by use of a sleep improvement bundle [7] or 
nocturnal dexmedetomidine [8]. This may reflect deficiencies and/or imprecision of 
subjective measurement tools more so than inability to improve sleep quality from 
a brain- and cognition-restorative perspective.

9  Research Opportunities and Future Directions

Research opportunities abound to identify and further understand risk factors for 
sleep disruption and the mechanisms by which certain factors impede restorative 
sleep. Table 1 presents several methodological issues pertaining to ICU sleep risk 
factor studies and offers potential solutions on how they can be addressed. Future 
research should seek to identify previously undescribed risk factors, establish cau-
sality and mechanism between potential risk factors and poor sleep, and evaluate the 
impact of risk mitigation techniques on improving not only sleep quality/quantity 
and circadian rhythm but also on potentially related outcomes such as delirium-, 
ventilator- and ICU-free days. Sleep is intricately complex and our tools to measure 
it in ICU are dull; thus, research efforts to evaluate risk of sleep disruption and risk 
reduction techniques will also need to encompass honing of measurement tools, 
or perhaps redefining “good sleep” and “poor sleep” according to its relevance to 
patient-important outcomes. Finally, evaluation of risk factors requires adequately 
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Table 1 Methodological considerations for the design and interpretation of research evaluating 
risk factors for sleep disruption

Potential source 
of bias in risk 
factor studies Bias description

Potential mitigation strategies in study 
design

Risk of bias due to study design
Selection bias Systematic error due to non-random 

sampling. Although unavoidable in 
risk factor studies, this may result in 
a non-representative sample of 
patients, leading to a selection effect

Compare an exposed cohort (those 
with exposure to the potential risk 
factor) and unexposed individuals

Confounding 
bias

Unevaluated variables that influence 
both the potential risk factor and the 
outcome variable may lead to 
spurious associations between the 
risk factor and sleep outcomes

Stratification (reporting of findings 
stratified by patient subgroups) will 
reduce the impact of confounding by 
patient subtype (e.g., stratified 
reporting for medical versus surgical 
ICU patients, older vs. younger 
patients, etc.)
Report multivariable analysis to 
control for potential confounders in 
larger datasets

Recall bias (for 
patient-reported 
studies)

A non-random misclassification bias 
that may arise in patient-reported 
studies

Attempt to evaluate risk factors using 
objective measures whenever possible 
(e.g., sound levels)
If feasible, consider administering 
self-reported sleep assessments as 
close to ICU stay as possible

Risk of bias related to interpretation
Incorrect causal 
inference

Inaccurate conclusions about a causal 
association between a risk factor and 
sleep outcomes based on the presence 
of a statistical association

Avoid drawing conclusions about 
efficacy of interventions from studies 
designed to identify potential risk 
factors
Evaluate the efficacy of risk factor 
reduction/mitigation strategies in 
randomized trials; avoid use of 
observational data to draw 
conclusions about efficacy of 
interventions

Weak 
associations

A small or weak statistical 
association between a risk factor and 
sleep metric does not indicate lack of 
causality but is a consequence of the 
background rate of the outcome in 
the population

Evaluate risk factors in a broad range 
of patients; avoid limiting the sample 
to those with more sleep-disruption in 
order to magnify the association and 
reduce risk of confounding

powered and rigorously designed studies which consider the time-dependency of 
sleep risk factors in the ICU, the inherent intra- and inter-patient variability, and 
covariates of risk depending on patient intrinsic, and/or non-modifiable risk fac-
tors. Although such research is extremely challenging, given the prevalence and 
significance of sleep disruption in the ICU, it behooves us to understand the factors 
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contributing to sleep disruption and mitigate risk with personalized interventions 
tailored to our patients. Indeed, understanding risk factors and improving sleep in 
ICU may have dramatic impact on our patients’ ICU experience, and potentially 
influence ICU and post-ICU outcomes.
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Effects of Common ICU Medications 
on Sleep

Patricia R. Louzon and Mojdeh S. Heavner

1  Introduction

Critically ill patients are usually prescribed many different medications during their 
ICU stay. Commonly administered medications can impact sleep through many dis-
tinct mechanisms. The purpose of this chapter is to review common pathways by 
which ICU medications can impact sleep, including administration-related sleep 
disruption, unintended physiologic effects, complication of underlying comorbid 
conditions, and withdrawal states.

As highlighted in chapter “Risk Factors for Disrupted Sleep in the ICU,” medica-
tions are just one of the many factors known to disrupt sleep in the ICU. For exam-
ple, medication administration during nighttime hours can induce care-related sleep 
disruption. Pharmacotherapy used in critical illness can also have unintended but 
important effects on sleep physiology, which includes direct effects on the central 
nervous system pathways that modulate sleep. As described in chapter “Normal 
Sleep Compared to Altered Consciousness During Sedation,” the altered level of 
consciousness related to sedative agent administration differs both physiologically 
and clinically from normal, restful sleep. However, the sedative agents used to 
induce sedation in the ICU can have direct and distinct effects on stage 1 (N1), stage 
2 (N2), stage 3 (N3)/slow wave sleep (SWS), and rapid eye movement (REM) sleep 
architecture when evaluated using electroencephalogram (EEG) approaches. 
Medications will also directly affect important parameters of sleep quality including 
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sleep efficiency (SE), sleep latency (SL), total sleep time (TST), and wakeful-
ness (W).

Drugs associated with increased delirium can also deleteriously impact sleep 
quality; these mechanisms are described in depth in chapters “Sleep Disruption and 
Its Relationship with Delirium: Electroencephalographic Perspectives” and “Sleep 
Disruption and Its Relationship with Delirium: Clinical Perspectives.” Common 
ICU medications can exacerbate underlying sleep disordered breathing (SDB) such 
as obstructive sleep apnea (OSA), periodic movement disorders (PMD), and para-
somnias, all of which are known to impair sleep quality and quantity. Lastly, with-
drawal states triggered by the abrupt cessation of chronic home therapies that have 
effects in the central nervous system (e.g., antidepressants, anxiolytics, stimulants) 
and drugs of abuse (e.g., alcohol, marijuana, and nicotine) can also complicate sleep 
in the ICU. The effects of commonly used medications in the ICU on sleep will be 
discussed in detail throughout the chapter, including strategies to reduce medication- 
associated sleep disruption in the ICU, current evidence gaps and opportunities for 
future research.

2  Medication Administration and Monitoring-Related 
Sleep Disruption

Medications may disrupt sleep beyond the effects of their known pharmacologic 
properties. Intermittent medication administration during the overnight hours may 
result in iatrogenic awakenings, particularly for medications with shorter half-lives 
that require every 4 to 6 h administration and drugs administered through the oral/
enteral (vs. intravenous) route. The collection of serum drug concentrations for 
therapeutic drug monitoring (e.g., vancomycin) at night may also awaken patients. 
Consideration should be given to the timing of these medications to avoid overnight 
interruptions whenever possible. The administration times of medications sched-
uled every 8, 12 or 24 h should be revised to avoid administration between 10 pm 
and 5 am when possible. For example, a q8h medication scheduled for 6 pm, 2 am, 
and 10 am administration could be revised to 2 pm, 10 pm and 6 am. If this medica-
tion was vancomycin, serum trough concentrations could be drawn before any dose 
on this schedule without awakening the patient. Strategies to proactively optimize 
medication administration timing to promote sleep opportunity include standard-
ization of order sets, intervention during the pharmacist order verification process, 
and protocols that permit retiming of medications by nurses and pharmacists after 
original order entry. Assessment and standardization of medication timing should 
be considered in sleep improvement bundles [1–3].
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Table 1 Common ICU central nervous system medications known to effect sleep

Medication/Medication Class
Sleep Abnormalities
REM SWS SL SE TST W OSA PMD

Gabaminergics

Benzodiazepines ↓ ↓ ↓ ↑ ↓ ↑
Propofol ↓ ↔ ↓ ↔ ↔ ↓
Alpha-2 agonists

Dexmedetomidine ↑ ↓ ↑ ↑
Clonidine ↑↓a ↑ ↔ ↔ ↔
Ketamine ↑↓b ↑↔b ↓↔b

Antidepressants

SSRIs/SNRIs ↓ ↓ ↓ ↓ ↑ ↓ ↑
Tricyclic—sedating ↓ ↓ ↑ ↑ ↓
Tricyclic—non-sedating ↓ ↑ ↓
Trazodone ↑ ↓ ↑ ↓
Mirtazapine ↑ ↑ ↓
Antipsychotics

Typical ↓ ↑ ↓
Atypical ↑ ↓ ↑ ↑ ↓ ↑
Antihistamines ↓
Anticonvulsants

Gabapentin ↑ ↑ ↑ ↓
Phenobarbital ↓ ↓ ↑ ↓ ↑
Phenytoin ↑ ↓
Opioids ↓↔c ↓ ↓ ↑↔c ↑

apotential dose-related effects; bpotential indication-related effects; ceffect observed during initia-
tion phase of methadone but not during maintenance
PMD  =  periodic movement disorders; REM  =  rapid eye movement; SE  =  sleep efficiency; 
SL  =  sleep latency; SSRI  =  selective serotonin reuptake inhibitor; SWS  =  slow wave sleep; 
TST = total sleep time; W = wakefulness

3  Medications that Physiologically Impact Sleep

Medications commonly utilized in the ICU and shown to physiologically impact 
sleep are discussed in detail by class. Table 1 summarizes current data on the effects 
of central nervous system (CNS) agents on sleep architecture and Table  2 sum-
marizes sleep impact from other medication types and drug withdrawal. Figure 1 
summarizes the pharmacodynamic mechanisms and pharmacokinetic properties 
that are involved in medication-related changes to sleep and the interplay of critical 
illness-related factors with these changes [4, 5]. These concepts are also discussed 
throughout as they pertain to specific drugs and drug classes.
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Table 2 Sleep architecture impact of non-central nervous system medications and medication 
withdrawal

Medication/Medication Class
Sleep Abnormalities
REM SWS SL SE TST W OSA PMD

Cardiovascular

Beta-blockers ↓a ↑ ↑
Calcium-channel blockers ↓ ↓
Statinsa ↓ ↓
Vasopressors
Dopamine
Epinephrine
Norepinephrine

↓ ↓

Endocrine

Corticosteroidsb

Dexamethasone
Prednisone

↓ ↑ ↑ ↓ ↓ ↑

Estrogen/progestin ↓
Testosterone ↑ ↑
Thyroid hormone ↓
Pulmonary

β-agonists ↑ ↓
Ipratropium ↑
Nasal steroids ↓
Theophyllineb,c ↓ ↓ ↓ ↑ ↓
Substance withdrawal

Ethanold ↓ ↓ ↓ ↑ ↑
Marijuanac ↑ ↓ ↑ ↓ ↓
Nicotine ↑ ↓
Stimulants ↑ ↓ ↓ ↑ ↑

aimpacted by lipid solubility of agent; bpotential dose-related effects; cdiffers with acute versus 
chronic use; ddiffers between first and second half of night with consumption and withdrawal
PMD  =  periodic movement disorders; REM  =  rapid eye movement; SE  =  sleep efficiency; 
SL = sleep latency; SWS = slow wave sleep; TST = total sleep time; W = wakefulness

3.1  Central Nervous System Agents

Any medication that acts in the central nervous system (CNS) can impact sleep. 
However, the exact mechanisms for many of these effects are still not fully under-
stood, given current gaps in our understanding of sleep physiology, the complex and 
dose-related pharmacologic response to many of these medications, the frequent 
administration of concomitant CNS-active drugs in the ICU, and the implications of 
critical illness disease-related effects on the brain in critical illness.

Although the clinical value of using CNS agents to improve sleep in the ICU will 
be discussed in chapter “Best Practices for Improving Sleep in the ICU. Part II: 
Pharmacologic”, the potential implications of these agents on sleep physiology are 
important given that these drugs are commonly used for other indications in the ICU.
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Fig. 1 Pharmacodynamic mechanisms and pharmacokinetic properties of commonly used drugs 
on sleep in the intensive care unit. Pharmacodynamic mechanisms affect the way by which medi-
cations affect sleep and include direct effects within the central nervous system, indirect effects 
causing or exacerbating a psychological or physical condition known to affect sleep pathway or 
inducing drug or substance withdrawal from the cessation of the agent after intensive care unit 
admission. Pharmacokinetic properties of drugs impacting the effects of medications on sleep 
include lipid solubility and the ability of the drug to enter the central nervous system to cause direct 
pharmacodynamic effects on sleep, affinity for receptors involved in sleep pathways (e.g., adren-
ergic, cholinergic, dopaminergic, noradrenergic, and serotonergic), interactions with other drugs 
prescribed in the ICU or from prior to admission, and interactions between drugs administered and 
either underlying comorbid disease states or changes related to critical illness. CNS = central ner-
vous system

3.1.1  Gabaminergics

While benzodiazepines are not recommended as a first-line sedative in mechanically 
ventilation adults, they are still utilized in the ICU, especially for the management 
of alcohol withdrawal syndrome, seizures, procedural sedation, and to avoid with-
drawal in chronic benzodiazepine users [6]. Patients requiring deep sedation (e.g., 
during neuromuscular blockade therapy) and not able to tolerate propofol may also 
be prescribed benzodiazepines. In general, benzodiazepine exposure increases TST, 
decreases wakefulness, increases stage N1 and N2 sleep and decreases stage N3 and 
REM sleep [7]. The data to support these effects in ICU patients are generally low 
quality but there are robust data across many studies evaluating the effects of sleep 
quality in healthy volunteers [8]. A practical consideration with benzodiazepines 
is that daytime (vs. nighttime) administration may cause daytime somnolence and 
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disrupt circadian rhythms. Depending on the indication for use, daily benzodiaz-
epine therapy should ideally be administered in the evening hours.

SDB may occur with benzodiazepine use in patients with obstructive sleep apnea 
(OSA) without an artificial airway, as benzodiazepines may aggravate upper airway 
obstruction and increase sleep-related hypoventilation. Patients with severe under-
lying OSA, impaired respiratory function, chronic neuromuscular diseases, and the 
elderly are at the greatest risk for benzodiazepine-associated SDB. By increasing 
the arousal threshold, benzodiazepines may have a beneficial effect in patients with 
central sleep apneas [9].

Propofol is a gabaminergic sedative that is recommended for use in mechani-
cally ventilated adults requiring continuous sedation. It is not recommended by 
clinical practice guidelines to improve sleep in the ICU [6]. The effects of pro-
pofol and benzodiazepines on sleep would be expected to be similar given their 
shared gabaminergic mechanism of action. However, a systematic review and 
meta-analysis of four randomized controlled trials comparing the effects of pro-
pofol to placebo on sleep in 149 critically ill adults reported that propofol does 
not affect TST, time spent in stage N1, N2, or N3 sleep, or SE. REM sleep was 
markedly diminished [10]. A trial comparing sleep architecture between criti-
cally ill and normal sleeping, healthy adults found the administration of light 
sedation with either propofol or dexmedetomidine produced sleep that was 
close to normal in most patients.  Propofol and dexmedetomidine produced sim-
ilar effects on sleep, which is surprising given prior evidence suggesting the 
contrary [11].

3.1.2  Alpha-2 Agonists

Dexmedetomidine is an alpha-2-adrenoceptor agonist that is utilized in critically 
ill adults who require continuous sedation [6]. While dexmedetomidine has been 
preferred by many clinicians over propofol to better maintain light sedation and 
reduce delirium, a controlled trial found that time spent at light sedation and days 
without delirium or coma were similar between the dexmedetomidine and propofol 
groups [12]. Dexmedetomidine has been studied in the ICU for its potential sleep-
promoting effects (see chapter “Best Practices for Improving Sleep in the ICU. Part 
II: Pharmacologic”) [13–18]. Since dexmedetomidine is frequently used in the ICU 
for sedation, and not explicitly for sleep, its physiologic effects on sleep are impor-
tant to consider when developing plans for sedation in the ICU. Dexmedetomidine 
produces a sleep-like state (phase N2 sleep) of sedation that can be readily reversed 
with external stimuli and does not cause respiratory depression [19–21]. The admin-
istration of nighttime dexmedetomidine in non-intubated ICU patients is associated 
with increased state N2 (and possibly stage N3) sleep, longer TST, better SE, fewer 
arousals, and less stage N1 sleep [14]. Of note, whether dexmedetomidine improves 
patient-reported sleep quality is unclear, with only one study showing an improve-
ment and at least two others reporting no change [13, 15, 22].
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Clonidine, also an alpha-2-adrenoceptor agonist, does not penetrate the CNS as 
well as dexmedetomidine and thus has less potent sedative effects. It is more often 
used as an antihypertensive. When administered intravenously (not available in the 
USA), clonidine can effectively treat acute agitation, particularly in patients with 
delirium. The effects of clonidine on sleep in ICU patients have not been well- 
studied. When clonidine was administered as a 225 mcg dose to healthy adults, TST, 
SE, or SL remained unchanged, time in stage N3 sleep increased and time spent 
with REM sleep decreased [23]. These findings on REM sleep were confirmed in a 
study using a 100 mcg clonidine dose [24]. Notably, administration of clonidine at 
a very low dose (25 mcg) has been shown to increase REM sleep, suggesting the 
effects of clonidine on REM sleep may be dose-related [25]. An important consid-
eration for alpha-2-agonists, like the gabaminergic sedatives, is the timing of medi-
cation administration and how that relates to timing of normal sleep. Daytime 
administration of clonidine, for example, and the potential implications of daytime 
sleepiness on circadian rhythmicity may be considerable and is worthy of 
future study.

3.1.3  Ketamine

Ketamine works primarily via N-methyl-D-aspartate receptor antagonist activity to 
produce sedative, hypnotic, analgesic, and amnestic properties. It may also directly 
influence CLOCK-BMAL1 complex function, leading to dose-related alterations in 
circadian gene expression [26]. Ketamine administration in rats has been shown to 
inhibit post-anesthetic W that is accompanied by increased stage N1/N2/N3 sleep 
on the first-post-anesthetic day at nighttime but no change in REM sleep [27]. The 
use of ketamine for treatment-resistant depression is associated with increased TST, 
stage N3, and REM sleep, although depression itself is also associated with dis-
rupted sleep [28, 29]. This interplay between depression and sleep is further dis-
cussed in the next section. Pediatric burn patients receiving ketamine for procedural 
sedation were found to have reductions in REM sleep but no change in awakenings, 
W, or TST [30].

3.1.4  Antidepressants

Depression is common in critically ill adults and is associated with reduced REM 
latency, increased REM sleep, decreased stage N3 sleep, and increased awaken-
ings [31]. Antidepressants may both be continued from home therapy and initi-
ated in the ICU. Agents such as trazodone or mirtazapine are sometimes initiated 
to improve sleep and are discussed in more detail in chapter “Best Practices for 
Improving Sleep in the ICU.  Part II: Pharmacologic”. Trazodone increases TST 
and stage N3 sleep and decreases awakenings and SL.  Whether it affects REM 
sleep remains unclear. Mirtazapine has been shown to increase both N3 and REM 
sleep and decrease awakenings and SL. Both drugs may cause significant daytime 

Effects of Common ICU Medications on Sleep



116

somnolence and therefore should be administered in the evening [32]. Sedating tri-
cyclic antidepressants (e.g., amitriptyline) decrease SL, and increase SE; less sedat-
ing secondary amine tricyclics (e.g., desipramine, nortriptyline) have been shown 
to have the opposite sleep architecture effects [32]. Selective serotonin reuptake 
inhibitors (e.g., fluoxetine, citalopram) and selective norepinephrine reuptake inhib-
itors (e.g., venlafaxine, duloxetine) can be both activating and sedating. They can 
suppress REM, increase REM latency, and decrease SWS [31, 32]. Antidepressants 
decrease the risk for SDB by decreasing REM-associated apneas. Antidepressants 
also increase upper airway patency and act as a central respiratory stimulant [33].

3.1.5  Antipsychotics

In the ICU setting, antipsychotics may be continued for the chronic management 
of major psychiatric disorders and also acutely initiated for the treatment of agita-
tion in patients with delirium [6]. Each antipsychotic has unique neurotransmitter 
effects; as a class they antagonize dopamine to varying degrees. Unwanted move-
ment effects (e.g., haloperidol-associated extrapyramidal symptoms) may impact 
sleep quality. Typical antipsychotics (e.g., haloperidol) increase TST, SE, and REM 
latency, decrease stage N2 sleep but do not affect stage N3 sleep. The effects of 
atypical antipsychotics (e.g., olanzapine, quetiapine) on sleep architecture vary. 
Quetiapine is commonly associated with somnolence related to its strong antihis-
tamine activity. When studied for insomnia, it improves both subjective (Pittsburgh 
Sleep Quality Index) and objective sleep quality measures (e.g., increased TST 
and SE; decreased SL) [31]. Olanzapine increases TST, SE, and SL, and N2 stage 
sleep and decreases N1 stage; its effect on N3 stage sleep remain unclear [31, 34]. 
Research regarding the effects of antipsychotics on sleep in the ICU is challenging 
as most patients have disrupted sleep because of an underlying psychiatric disorder 
(including delirium) before antipsychotic initiation. Sleep architecture changes with 
antipsychotics in healthy subjects are distinct from those with schizophrenia. As 
an example, REM sleep is generally not changed with atypical antipsychotics in 
healthy volunteers, but olanzapine and paliperidone have been shown to increase 
REM sleep, and quetiapine to decrease REM sleep in patients with schizophre-
nia [35].

Antipsychotics may exacerbate SDB (specifically OSA). Patients who are male, 
obese, and use antipsychotics chronically are at the greatest risk for experiencing 
these effects [33]. The cause for this independent risk is unclear, especially since the 
effects of these drugs on REM sleep are conflicting.

3.1.6  Antihistamines

Antihistamines are used in the ICU for a variety of indications and frequently self- 
administered by patients at home to initiate sleep. Histamine generally has an excit-
atory effect on target neurons but may also assist in the release of the inhibitory 
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neurotransmitter gamma-aminobutyric acid (GABA). Histamine activity is vital 
at specific circadian phases; reducing neuronal histamine activity can produce 
sleep. Acute blockade of the H1-receptor increases non-REM sleep. The relation-
ship between histamine activity and circadian rhythms is implicated in worsening 
symptoms of asthma and allergic rhinitis at night. Neurons regulating histaminergic 
signaling are increased in the brains of patients with narcolepsy type 1 [36]. First-
generation antihistamines (e.g., diphenhydramine) by being more lipophilic than 
second-generation antihistamines (e.g., cetirizine) have greater CNS penetration 
and are associated with larger sedating effects [36]. Antihistamine activity at the 
H2-receptor is a target for gastric ulcer prophylaxis in the ICU. CNS-related adverse 
effects (e.g., agitation, delirium, confusion, and disturbing dreams) that may inter-
rupt sleep are reported with H2-receptor agonist (e.g., famotidine) use, particularly 
in older adults and patients with reduced renal clearance [37].

3.1.7  Anticonvulsants

Anticonvulsants are also commonly required in the ICU setting for new onset sei-
zure management or prophylaxis. Sleep is often disrupted in patients with noctur-
nally predominant seizures; anticonvulsant therapy may positively impact sleep 
quality. Dose-related somnolence is common with the daytime initiation of the more 
sedating anticonvulsants (e.g., carbamazepine, phenytoin) and will disrupt circadian 
rhythm [38]. However, as therapy continues, these sedating effects, and their effect 
on sleep, will dissipate [7]. Barbiturates (e.g., phenobarbital), used in the ICU to 
treat seizures and acute agitation related to alcohol withdrawal and delirium are 
associated with reduced REM sleep and SL and increased REM latency and N2 
stage sleep. Gabapentin is an anticonvulsant more recently used for management 
of alcohol withdrawal and neuropathic pain. It has not been shown to worsen sleep 
architecture, while increasing REM sleep and decreasing awakenings [7, 38].

3.1.8  Opioids

Opioids are mu-receptor agonists, and are a mainstay for pain management, seda-
tion and ventilator optimization in the ICU [6]. Mu-receptor agonism is associated 
with REM sleep suppression [39]. The key opioid peptides (enkephalins, endor-
phins, and dynorphins) have a vital role in sleep onset and maintenance and influ-
ence the effect of vasopressin in circadian pacemaker activity and rhythms [39]. 
Although opioid-related activation of wake-promoting systems and inhibition of 
sleep-promoting systems in the brain have been observed, studies in healthy volun-
teers have reported conflicting data [40, 41]. Morphine and methadone have both 
been reported to increase stage N2 sleep and decrease stage N3 sleep. It is possible 
that duration of opioid therapy (i.e., acute vs. chronic therapy) or whether the opi-
oid has been stopped and withdrawal is occurring, may affect sleep architecture 
differently [39]. For example, patients taking chronic methadone report poor sleep 
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quality, reduced REM and N3, and increased W during the initiation phase. The N3 
and REM effects tend to normalize during maintenance therapy [41].

Another important sleep-related concern with opioids is the ability to induce 
respiratory pauses, delays in expiration or prolonged expiratory time, irregular/peri-
odic breathing and changes in tidal volume, and exacerbation of underlying 
SDB. [39] Patients at greatest risk for opioid-associated SDB include those with 
moderate-severe OSA, comorbid obesity, chronic lung diseases (e.g., COPD), and 
neuromuscular diseases [9].

3.2  Cardiovascular Agents

Changes in blood pressure and heart rate are a normal part of sleep-wake architec-
ture, changing between each sleep stage. During non-REM sleep, parasympathetic 
tone predominates, leading to a decrease in heart rate, cardiac output, and a 5–15% 
decrease in systemic blood pressure. During REM sleep, fluctuations in sympathetic 
and parasympathetic tone cause greater variability in blood pressure with changes 
as much as 40 mm Hg [42].

Additionally, common underlying cardiac conditions (e.g., heart failure) increase 
the risk for SDB [42]. Any cardiovascular agent having the ability to alter a hemo-
dynamic parameter(s) has the potential to disrupt sleep in the ICU by changing 
normal sleep associated fluctuations.

Beta-blockers
Beta-blockers have been shown to decrease REM sleep, induce nightmares and 
increase W [4, 43–45]. Those agents with the greatest lipid-solubility (and thus 
CNS penetration) (e.g., propranolol, labetalol, metoprolol) are most associated with 
sleep effects [4, 43]. Compared to placebo, metoprolol has been shown to increase 
awakenings and lead to greater wakefulness. [43, 46] ICU caregivers should be 
aware of these potential side effects and use a less lipophilic agent (e.g., atenolol) if 
their patients complain of disturbed sleep.

Statins
Statins, which are associated with potential anti-inflammatory effects, are often 
continued, or initiated in the ICU. Continuation of home statins is associated with 
reduced ICU delirium, an important risk factor for disrupted sleep [47]. Statin use 
has also specifically been associated with insomnia and impaired sleep initiation 
and maintenance, [48, 49] though statin-associated sleep effects may be depen-
dent on the lipophilicity (and thus CNS penetration) of individual agents and the 
resulting neuroinflammatory effect that ensues. For example, use of simvastatin 
(high lipophilicity) is associated with decreased TST and increased awakenings, 
whereas pravastatin (low lipophilicity) has not been shown to affect sleep [50–52]. 
For a patient with potential statin-induced insomnia, a switch to pravastatin may be 
warranted.

P. R. Louzon and M. S. Heavner



119

Other
Limited evidence exists to suggest other cardiovascular medications commonly 
administered in the ICU have sleep effects. In the outpatient setting, calcium- 
channel blockers have been shown to decrease TST and lower SE in patients with 
OSA [53]. Diuretics and angiotensin converting enzyme inhibitors have not been 
shown to affect sleep. Amiodarone use is associated with insomnia and nightmares 
in up to 3% of outpatients [54, 55]. Vasopressors utilized to treat hypotension in 
the ICU have effects on alpha-1 (epinephrine, norepinephrine) or both alpha-1 and 
dopamine receptors (dopamine), as well as modulating melatonin secretion (norepi-
nephrine) that help mediate the arousal state and result in insomnia and decreases 
in REM and SWS [45, 56, 57]. Animal studies demonstrate dopamine transmis-
sion helps control W and SWS and norepinephrine REM sleep regulation [58]. The 
clinical importance of any clinical effect adrenergic vasopressors may have on sleep 
remains unclear.

3.3  Endocrine

Steroids
Despite systemic steroid therapy being frequently utilized in the ICU to treat sep-
tic shock and acute inflammatory pulmonary disorders, the effects of steroids on 
sleep in critically ill adults has not been well researched. High-dose steroid therapy 
increases delirium, an important risk factor for sleep [59]. In chronic steroid users, 
patient reports of insomnia are common and are greater with higher daily doses 
[49, 60]. In outpatients, steroids increase REM latency, W, and the percent of time 
spent in SWS. These effects may be due to the effects of steroids on suprachias-
matic nucleus resulting in altered circadian rhythm and neuroinhibitory pathway 
alterations resulting in hyperarousal [49, 60, 61]. Most data is with dexamethasone, 
which decreases melatonin levels and augments tryptophan uptake [62, 63]. Healthy 
subjects on dexamethasone 3 mg every 8 h (compared to placebo) had increased W, 
longer REM SL, reduced number of REM periods, and decreased SE [61]. Limiting 
steroid duration and utilizing the lowest effective dose may help to mitigate steroid- 
related sleep disturbances in the ICU.

Hormonal Therapy
Hormonal therapy has been shown to impact sleep primarily through its effects on 
SDB [64]. OSA is less prevalent in females than males due to the SDB-lowering 
effects of estrogen and progestin [65]. In comparison, testosterone replacement, 
especially when administered at high doses, worsens OSA [66, 67]. As OSA is 
associated with hypothyroidism, it is possible that treatment with thyroid hormones 
such as levothyroxine may improve OSA, though study results vary from showing 
apnea improvement to no impact on sleep architecture with supraphysiologic doses 
of levothyroxine [33, 68].
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3.4  Pulmonary

Patients with lung diseases (e.g., COPD, asthma) often have poor sleep; chronic 
dyspnea worsens sleep and contributes to OSA [69, 70]. When hypoxemia is treated 
with oxygen, increases in SE and all stages of sleep, including REM, increase [71, 
72]. Medications used to treat lung disease may also affect sleep although it is diffi-
cult to distinguish the effects of medication use on sleep from those of the underlying 
disease-state, improvements of disease state symptoms that improve ability to sleep, 
or impact of individual agents since many are frequently utilized in combination.

Bronchodilators
Beta-agonist-related CNS stimulation may worsen sleep [70]. Salmeterol has been 
shown to improve objective sleep quality, time in deep sleep, and decrease W, [73] 
although at least one study has not shown any sleep architecture changes [69]. 
Clinical impact of beta-agonists on sleep may be related to symptom improvement 
that decreases sleep disruption. Ipratropium, an inhaled anticholinergic, improves 
perceived sleep quality (by visual analogue scale) and increases REM sleep in 
patients with COPD [74].

Other
Limited evidence suggests other pulmonary medications impact sleep architecture 
or SDB. Nasal steroids such as fluticasone and budesonide may decrease OSA by 
decreasing upper airway obstruction during sleep [33, 75, 76]. Theophylline is 
a central stimulating bronchodilator that is still occasionally used in asthma and 
COPD.  Adenosine receptor antagonism increases alertness [77]. While reduced 
REM sleep and TST, increased awakenings, delayed SL, and improvements in OSA 
has been reported in some outpatient theophylline studies [33, 78–80], a lack of 
sleep effects have been reported in others [69, 81, 82]. Differences in study find-
ings may depend on acute versus chronic use, underlying disease state, and the 
formulation and dose used. Acetazolamide is administered for altitude sickness due 
to inhibition of CO2 to carbonic anhydrase. The resulting metabolic acidosis can 
help to stimulate respiration and has been shown to benefit OSA at regular and high 
altitudes [83–85].

3.5  Withdrawal from Chronic Therapies and Substances

When an ICU admission precludes use of a home medication that may positively 
affect sleep (e.g., inabilty to swallow a tablet), sleep may worsen. For example, 
when a medication that suppresses REM sleep (e.g., benzodiazepines, opioids, cor-
ticosteroids, illicit substances) is withdrawn, increased REM sleep, nightmares, and 
potential worsening of SDB such as OSA may be observed [4]. Acuity of illness 
or hospital formularies may lead ICU clinicians to stop chronic home medications 
known to improve sleep parameters, which can lead to both direct sleep impact and 
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rebound effect. Medication reconciliation at the time of ICU admission is an impor-
tant strategy to be able to predict potential withdrawal symptoms and rationalize the 
continuation of chronic home medications, including those focused on improving 
sleep. Introduction of agents such as opioids or benzodiazepine infusions in the ICU 
that are quickly withdrawn may also precipitate withdrawal symptoms that impact 
sleep during the later portion of an ICU stay.

Alcohol
Alcohol results in decreased SL and REM in the first half of the night, which may 
lead to a misconception of improved sleep, though increased REM sleep and night-
mares in second half of night as alcohol is metabolized lead to overall poor sleep 
quality [86–88]. Alcohol use disorder (AUD) is a common cause of chronic insom-
nia. There are positive correlations between AUD scores and subjective association 
of sleep quality, duration, and disturbances [89, 90]. Alcohol ingestion may induce 
SDB even in those without pre-existing sleep apnea or worsen SDB in those with 
diagnosed SDB [33, 91]. Alcohol has been shown to increase periodic movement 
disorders (PMD) on a three-fold basis in women who consume two or more alco-
holic drinks a day [92]. Alcohol withdrawal in the ICU is the most likely presenta-
tion of alcohol-related sleep disturbance, leading to decreased SWS and increased 
REM sleep and nightmares [93]. The impact of alcohol withdrawal on PMD is not 
known. Among AUD treatment medications, one systematic review demonstrated 
that naltrexone may negatively impact sleep by increasing insomnia, whereas acam-
prosate may be beneficial to improve sleep continuity. Both drugs decrease REM 
sleep [90].

Marijuana
Improved sleep may be a goal with marijuana use. While acute or intermittent use 
is associated with shorter SL and a longer sleep duration, chronic use is associated 
with poor sleep, including reduced REM sleep [94–96]. A study of withdrawal of 
marijuana in users with a history of heavy use demonstrated prolonged SL, worse 
SE, lower TST and less SWS, which may last as long as 45 days [97, 98]. These 
symptoms of poor sleep should be expected to occur in the ICU setting during mari-
juana withdrawal, especially in patients with a history of chronic use. Use of other 
formulations of cannabinoids such as cannabidiol (CBD) is increasing in the out-
patient setting as a sleep aide, as early studies suggest potential efficacy to improve 
anxiety and increase TST in higher doses [98]. Impact of withdrawal is not known, 
but chronic use of CBD as a sleep aid could trigger healthcare professional aware-
ness to expect potential sleep disturbances in the ICU resulting from discontinua-
tion of a usual sleep aid.

Stimulants
Stimulants such as caffeine, nicotine, illicit drugs or medications for attention defi-
cit hyperactivity disorder are rarely continued during hospitalization. While cocaine 
and 3,4-methylenedioxymethamphetamine (MDMA/ “Ecstasy”) increase W, sup-
press REM sleep, decrease TST and SE, withdrawal can have an even more pro-
nounced impact on sleep where REM rebound, decreased TST and nightmares are 
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common [95]. The nightmares and delusions that occur during withdrawal may be 
confused with delirium.

Stimulant withdrawal has not been shown to impact SDB, though they may have 
long term improvements on SDB should their use lead to weight loss [33]. Nicotine 
replacement products may help mitigate withdrawal symptoms in appropriate 
patients. ICU patients and their families should be asked about use of stimulants 
prior to ICU admission to aid in recognizing potential impact on sleep and other 
symptoms of withdrawal.

4  Conclusions and Future Directions

Medications commonly used in the ICU can impact sleep through a variety of 
overlapping mechanisms including medication administration-related disruption, 
unintended physiologic effects, complication of underlying comorbid conditions 
or SDB, and withdrawal states. The complex interplay of these mechanisms and 
confounding by indication for the medications being prescribed are challenges to 
identifying direct impact of medications on sleep in this environment. Although 
commonly used ICU medications may have a rational physiologic basis to impact 
sleep, clinical data are often conflicting and generally sparse. This leads to limited 
knowledge of direct patient impact of medications used during ICU care on sleep. 
There are many practical challenges to measuring and reporting sleep character-
istics in the ICU, including time and training difficulties with polysomnography 
measurements that provide the most detailed information on sleep architecture. As 
awareness of ICU sleep disturbances increase, and sleep improvement bundles are 
encouraged, [6] impact of medications on sleep should be considered as part of an 
overall medication evaluation strategy.
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Sleep Disruption and Its Relationship 
with Delirium: Electroencephalographic 
Perspectives

Isabel Okinedo, Patricia S. Andrews, E. Wesley Ely,  
and Shawniqua Williams Roberson

1  Introduction

The cognitive benefits of sleep are most evident when normal sleep is disrupted. The 
neurophysiologic processes underlying these benefits have been the subject of 
investigation for nearly a century. An important tool in this line of investigation is 
electroencephalography (EEG), the recording and interpretation of patterns of elec-
trical signals from the brain. Unique patterns have been identified in EEG signals 
that indicate specific stages of sleep and signify particular interactions among neu-
ronal populations within the brain. Sleep disruption is associated with altered EEG 
dynamics both during wakefulness and in subsequent sleep. Significant sleep dis-
ruption can precipitate delirium, a syndrome of brain dysfunction characterized by 
altered mental status, fluctuating levels of arousal, inattention and disordered 
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thinking. Given that delirium is also characterized by altered physiologic patterns 
on EEG, this modality may provide clues to the mechanistic processes underlying 
the relationship between sleep disruption and delirium. In the present chapter we 
explore this relationship through the lens of EEG. The clinical relationship between 
sleep disruption and delirium is covered in chapter “Sleep Disruption and Its 
Relationship with Delirium: Clinical Perspectives”.

2  The Restorative Neurophysiology of Sleep

Building on the chapter “Characteristics of Sleep in Critically Ill Patients. Part I: 
Sleep Fragmentation and Sleep Stage Disruption”, electroencephalography (EEG) 
consists of the recording and interpretation of time-varying patterns of electrical 
signals from the brain. Identification of these patterns in the brain’s electrical activ-
ity allows one to distinguish sleep states from wakefulness and other states of con-
sciousness (e.g. coma or delirium). Neurophysiologists examine, either by visual 
inspection or by quantitative analysis, the relative contributions to the EEG signal of 
oscillations in specific frequency ranges. The ranges most commonly identifiable on 
scalp EEG in adults are slow oscillations (less than 1 Hz), delta (1–4 Hz), theta 
(4–7 Hz), alpha (7–13 Hz), and beta (13–35 Hz) frequencies. In healthy individuals 
the EEG typically demonstrates alpha activity during wakefulness, theta activity 
during drowsiness, slow oscillations and delta activity during non-rapid eye move-
ment (NREM) sleep and beta activity during rapid eye movement (REM) sleep 
(Fig.  1). Sleep spindles are a defining feature of stage II sleep. These sporadic 
12–15 Hz oscillations have an outline that resembles an old-fashioned sewing spin-
dle (broad in the middle and tapered at either end). They frequently occur in asso-
ciation with K-complexes - brief, high amplitude deflections of about 1 s in duration. 
K-complexes can often be elicited by sudden acoustic stimuli during sleep (K stands 
for “knock”) and likely reflect the integrity of the brain’s ability to ‘filter’ sensory 
stimuli [1, 2].

The oscillatory patterns recorded during sleep EEG are associated with specific 
neurophysiologic activities that support healthy cerebral function. Theta oscilla-
tions in sleep are associated with replaying memories acquired during wakefulness. 
Delta waves drive clearance of the brain’s waste products and may facilitate synap-
tic homeostasis, a mechanism by which the brain is theorized to “reorganize” itself 
to allow for more efficient processing. Sleep spindles are associated with memory 
consolidation and thus likely facilitate learning and cognitive processing. These pat-
terns are postulated to result from interactions between the brain cortex and the 
thalamus, an egg-shaped structure near the center of the brain that largely serves as 
a relay between the brainstem and the cortex. Coordinated oscillations across dispa-
rate brain regions (also known as “functional connectivity”) allow for these regions 
to communicate in support of processes such as memory replay. In the remainder of 
this section we discuss recent work to elucidate the functions supported by these 
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Fig. 1 Selected EEG patterns related to sleep and brain structures involved in their generation. 
Sleep spindles and K complexes [green] indicate stage II sleep and are generated through bidirec-
tional interactions between the thalamus and the cortex. Delta (1–4 Hz) waves [blue] predominate 
in slow-wave sleep and are largely driven by thalamocortical cells, though local cortical regions 
can generate their own intrinsic delta activity. Hippocampal theta (4–7 Hz) activity [purple] is 
characteristically present during REM sleep but may also appear during stages I and II

patterns of electrical activity during sleep. Though much of our knowledge to date 
is informed by animal studies, we focus primarily on oscillatory activity that can be 
measured by scalp EEG in vivo in humans.

2.1  Slow Oscillations and Delta Waves

Slow oscillations reflect neuronal firing patterns that typically fluctuate at less than 
1 Hz and occur synchronously throughout the brain. They are generated by bidirec-
tional interactions between neurons in the thalamus and the brain cortex during 
NREM sleep. Slow oscillations are characterized by alternating UP states (periods 
of increased activity of neurons in the thalamus and primary sensorimotor areas of 
the cortex) and DOWN states (periods of relative quiescence). These rhythms are 
postulated to modulate the brain’s delta wave activity during sleep [3]. They are 
important for sleep-dependent learning and memory processing [4], especially that 
of declarative (fact-based or explicit) and recognition memories [5, 6]. Delta waves, 
also characteristically present in NREM sleep, fluctuate between 1 Hz and 4 Hz in 
regional populations of neurons. Delta waves appear to be generated by intrinsic 
activity in the cortex that is augmented by input from the thalamus [7, 8]. Kim et al. 
[4] used optogenetic silencing of neurons to disrupt delta waves and observed an 
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increase in performance gains on a skill learned prior to sleep. These observations 
suggest that delta waves are important for homeostatic forgetting of memories 
acquired prior to sleep, a function that may support effective memory consolidation 
[9]. Since encoding of information in the brain occurs by sequential replay of neu-
ronal firing patterns [10, 11], memory formation requires strengthening synaptic 
connections among neurons (which require a considerable amount of energy to 
maintain). According to the synaptic homeostasis hypothesis, an important role of 
sleep is to “prune” these connections to allow efficient energy expenditure while 
integrating newly acquired information into the lived experience of the indi-
vidual [9].

In addition to supporting memory consolidation, delta waves drive pulsations of 
cerebrospinal fluid (CSF) in and out of the skull cavity through the fourth ventricle 
during sleep (Fig. 2) [12]. In anesthetized animals, delta activity correlates with an 
influx of CSF alongside perivascular spaces through the glymphatic system [13], a 
paravascular pathway that facilitates clearance of interstitial solutes in the brain 
[14]. Delta waves thus play a role in the homeostatic evacuation of the brain’s waste 
products. This may explain why delta activity reduces buildup of tau protein [15] 
and why suppression of slow-wave activity results in buildup of amyloid beta pro-
tein [16], both markers of age-related dementia. It also may explain why suppres-
sion of delta waves is associated with age-related memory impairment [17].

The improved efficiencies in memory resulting from slow oscillations and delta 
waves may facilitate cognitive performance after sleep. A computational model of 
sleep spindles and slow oscillations with delta waves showed that the latter allow 
competition between memories such that memories with more reinforcement take 
precedence over weaker memories in the memory replay and consolidation process 
[18]. A separate model of sleep-like slow oscillations generated by interactions 
between the thalamus and the cortex showed that these oscillations are beneficial to 
cognitive task performance [19].

2.2  Sleep Spindles and K Complexes

Sleep spindles and K complexes result from a complex interplay among the thala-
mus, the hippocampus and the brain’s cortex [20, 21]. Maingret and colleagues [22] 
examined this phenomenon using intracranial electrodes implanted in a series of 
male Long-Evans rats. The authors used timed electrical stimulation to modulate 
the electrical patterns underlying spindles and the associated delta waves that 
together form K complexes during sleep. Using a spatial memory task before and 
after sleep, they observed that tighter coupling between cortical spindles and hip-
pocampal fast ripples was associated with improvements in memory consolidation. 
Van Schalkwijk and colleagues [23] recorded sleep before and after a procedural 
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Fig. 2 EEG slow-delta waves are coupled to CSF oscillations. (a) Mean amplitude envelope of 
slow-delta EEG, (b) mean derivative of BOLD signals, and (c) mean CSF signal, all locked to the 
peaks of CSF waves during sleep in 13 humans undergoing simultaneous EEG and fMRI during 
NREM sleep. The shaded region represents the standard error across peak-locked trials (n = 123 
peaks). (d) Calculated impulse response of the CSF signal to the EEG envelope shows a time 
course similar to that of previously established hemodynamic models. Shading indicates standard 
deviation across model folds. (e) Diagram of model linking the time course of neural activity to 
CSF flow. Variables include CBF and cerebral blood volume (CBV). With permission from The 
American Association for the Advancement of Science © 2019

memory task in humans and found improved task performance (fewer errors) the 
following day in those whose sleep spindle activity increased after learning the task. 
The authors concluded that spindle activity was important for memory consolida-
tion in this sample. On the other hand, deficits in sleep spindles correlate with 
impaired memory consolidation among patients with schizophrenia [24]. These 
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findings support the theory that sleep spindles are a key mechanism by which sleep 
supports memory consolidation.

2.3  Theta Waves

The hippocampi are a pair of horn-shaped structures in the medial regions of the 
brain bilaterally. The hippocampi are important for memory encoding and retrieval, 
and are postulated to be the primary source of theta (4–7 Hz) activity during NREM 
and REM sleep [25–27]. The hippocampus uses theta oscillations to encode memo-
ries of specific sequences of locations, such as the path an animal might take to find 
food [28] and reactivate when planning to repeat the same sequence [29]. REM 
theta oscillations are also proposed to mediate processing of emotional memories 
by way of coordinated activity between the hippocampus and the cortex [30]. 
Coordinated theta activity between the hippocampus and the ventral striatum, a 
brain structure important to salience, facilitates replay of memories during sleep 
[27, 31]. This ‘memory replay’ phenomenon has been observed in humans and 
rodents, and is postulated to be the first step in the process of sleep-dependent mem-
ory consolidation [32].

2.4  Functional Connectivity Patterns in Normal Sleep

Functional connectivity refers to the degree of covariance between two physiologic 
signals recorded from distinct regions of the brain. Commonly recorded signals 
include electrical fluctuations, as recorded using EEG, and hemodynamic fluctua-
tions, as measured using blood oxygen level dependent (BOLD) fMRI. An observed 
correlation between two signals suggests some form of communication between the 
neuronal populations that generate them, either by causal influence of one popula-
tion over the other, or by virtue of a third party generator that exerts a synchronizing 
influence over both populations simultaneously [33]. The synchronizing population 
may or may not represent part of a “rich club”—a group of highly interconnected 
brain regions that play a key role in global integration of information across the 
entire brain [34]. Measures of instantaneous connectivity across the cerebral cortex 
are lower in slow-wave sleep compared to wakefulness [35, 36]. This phenomenon 
may reflect the corresponding decrease in sensory integration that occurs with 
diminished conscious awareness during sleep [37].

The functional utility of altered connectivity patterns during sleep has been under 
much speculation. During slow wave sleep, sequences of neuronal firing patterns 
observed during wakefulness are spontaneously replayed at an accelerated times-
cale [38]. Berkers et al. trained volunteers on 50 visual stimuli paired with 50 audi-
tory stimuli during wakefulness and monitored the same individuals using EEG and 
fMRI during sleep. When the participants reached slow-wave sleep, the 
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investigators prompted reactivation of memories by replaying the auditory stimuli 
at low volume. They then tested the participants’ memory of the audio-visual pair-
ings after awakening. They found that greater connectivity between stimulus-rele-
vant areas of the cortex and the hippocampus during memory reactivation correlated 
with better performance on the post-sleep memory task [39]. This finding suggests 
dynamic changes in brain connectivity patterns during sleep may support memory 
replay, a key step in sleep-related memory consolidation [5]. Computational models 
suggest the observed changes in connectivity may in turn be driven by theta oscilla-
tions [40], and this is supported by a study of post-sleep recall of vocabulary learned 
prior to sleep [27].

Functional connectivity may also play a role in determining when sleep may be 
disrupted by external sensory stimuli. Bastuji and colleagues [41] used lasers to 
deliver stimuli during slow-wave sleep to 14 individuals undergoing intracranial 
EEG monitoring for epilepsy. They observed a significant increase in the probabil-
ity of awakening when there was enhanced connectivity among areas of the brain 
responsible for sensory processing. This association was maintained independent of 
sleep stage and may explain, in part, the observation that ICU patients exhibit very 
little slow-wave sleep. If the brain’s intrinsic response to sepsis or sedation, for 
example, results in greater connectivity among sensory regions, this may result in 
higher sensitivity to the variety of stimuli in the ICU environment.

3  Neural Dynamics in Sleep Disruption

During and after sleep disruption, there are observable changes in EEG activity pat-
terns. Sleep deprivation disrupts functional connectivity, primarily in the prefrontal 
cortex and related regions. Sleep deprivation was associated with decreased con-
nectivity between left central and right frontocentral regions during wakefulness in 
a series of 18 healthy, right-handed young men [42]. Vermeij and colleagues [43] 
compared high-density resting state EEGs in a series of eight healthy participants 
during a day following normal sleep versus a day following sleep disruption. Using 
a graph theoretical analysis approach, the authors found sleep deprivation to affect 
the EEG in a manner that was topographically specific: a significant decrease in 
prefrontal interconnectedness in the alpha frequency band (typically associated 
with normal wakefulness), and a significant increase in global functional connectiv-
ity in the theta frequency range. The fact that the prefrontal region was the most 
strongly affected, may explain why functions mediated by this region may be most 
impacted by sleep deprivation [43]. Such functions include the process of initiating 
or sustaining any non-reflex response (energization), developing and implementing 
a plan (task setting), periodically checking that one remains on task (monitoring), 
behavioral/emotional regulation, understanding of one’s own thoughts (metacogni-
tion), vigilant attention, working memory, and learning that is dependent on the 
hippocampus [44, 45]. Deficits in functional connectivity of the prefrontal cortex 
due to sleep deprivation may be expected to result in deficits in any or all of these 

Sleep Disruption and Its Relationship with Delirium: Electroencephalographic…



136

executive functions which are some of the defining clinical features of delirium (see 
chapter “Sleep Disruption and Its Relationship with Delirium: Clinical 
Perspectives”).

Aberrant functional connectivity may also be the mechanism by which sleep 
deprivation leads to neuropsychological dysfunction and impairment of fine motor 
control. Decreased connectivity between the prefrontal cortex and the amygdala, an 
almond-shaped region important for processing of fear and other emotions, results 
in impaired emotional regulation in sleep-deprived individuals. In a study of 30 
healthy adult males undergoing 36 h of complete sleep deprivation, alterations in 
connectivity among regions involved in motor regulatory control were associated 
with impaired somatic fine motor function [46]. The same study revealed aberrant 
communication of sensory information in areas responsible for sensory processing. 
Altogether these findings suggest that changes in functional connectivity among 
specific brain networks underlie cognitive and motor deficits after sleep depriva-
tion [46].

EEG activity patterns can be quantified to measure the brain’s response to sleep 
deprivation. Skorucak and colleagues [47] conducted a cross-over study to investi-
gate the response to 7 days of sleep restriction (6 h in bed) versus sleep extension 
(10 h in bed) followed by 40 h of sleep deprivation and 12 h of recovery sleep in 
healthy participants. The investigators used polysomnographic recordings during 
the sleep sessions to examine sleep architecture and slow-wave activity. Sleep depri-
vation resulted in less REM sleep during sleep restriction and greater frontal and 
central slow wave activity during recovery sleep [47, 48].

The recovery period that follows sleep deprivation is more intense than normal 
sleep. Characteristics of this increased intensity include decreased responsiveness 
to the environment, altered EEG properties (specifically increased delta power and 
decreased sleep spindle activity), and increased sleep time. In a study by Mander 
and colleagues [49], 9 healthy adults underwent functional magnetic resonance 
imaging (fMRI) on two occasions: once after 9 h of normal sleep following 38 h of 
being awake, and once after 10 h of recovery sleep, also following 38 hours of being 
awake. It was found that recovery sleep was an average of 111 min longer than 
normal sleep. Recovery sleep also altered markers of prefrontal activation the fol-
lowing day. The increase in delta power during recovery sleep was most prominent 
in the frontal cortex, and task performance increased with recovery sleep. These 
findings reinforce the claim that slow-wave sleep is important for the recovery of 
prefrontal functions (including task performance) that may be lost or diminished 
during sleep deprivation.

4  Neural Dynamics in Delirium

The electrophysiologic characteristics of delirium were first described by Engel and 
Romano in the 1940s [50]. They placed electrodes at the frontal, central and poste-
rior areas of the scalp in 53 patients and grouped recordings into five stages of 
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delirium based on their observations of the patients’ degree of disturbance in aware-
ness. Delirium severity progressively worsened from stage I to stage V. In stages I 
and II (mild to moderate delirium) the authors observed normal waking EEG pat-
terns with increased theta (5–7 Hz) activity. In stages II and III there was a predomi-
nance of low voltage fast (beta) activity. Stages III and IV were characterized by 
prominent delta and theta activity (2–7 Hz oscillations) with very little of the alpha 
(8–13 Hz) activity typically seen in normal wakefulness. In stage IV there were 
periods of regular (monomorphic), high amplitude delta (0.5–3 Hz) waves, at times 
with superimposed low voltage fast beta activity. In the most severe stage of delir-
ium (stage V), the EEG was almost entirely composed of fairly regular, moderately 
high amplitude delta activity (3–7 Hz). Little to no normal alpha or beta activity was 
apparent at this stage.

In the decades since this original investigation, the patterns of activity described 
by Romano and Engel have been observed in groups of patients with specific etiolo-
gies of delirium. Increased irregular theta and delta activity is typically present in 
delirium due to endocrine or metabolic disorders [51]. Repetitive, frontally pre-
dominant delta waves with a characteristic triphasic morphology are historically 
associated with hepatic encephalopathy but have also been observed in renal failure, 
respiratory failure, severe sepsis and medication toxicity [52–54]. Intoxication with 
benzodiazepines or other substances that activate gamma aminobutyric acid 
(GABA) receptors in the brain is associated with increased beta activity, particularly 
in frontal regions [55]. Monomorphic delta waves with overriding beta activity can 
be observed in patients with autoimmune encephalitis [56]. Yet for the most part, 
attempts to obtain diagnostic specificity in regard to delirium etiology have been 
disappointing using conventional analysis techniques [53].

Some investigators have attempted to characterize electroencephalographic pat-
terns in delirium using more computational techniques. Numan and colleagues [57] 
recorded EEGs in 18 patients with postoperative hypoactive delirium and 40 age- 
and sex-matched controls (20 recovering from anesthesia and 20 non-delirious con-
trol patients). In general, EEGs in the delirious patients were similar to those in the 
sedated patients, demonstrating increased delta activity and decreased global func-
tional connectivity in the alpha range compared to non-delirious controls. Compared 
to patients recovering from anesthesia, the EEG in delirious patients exhibited less 
activity in the alpha (8–13 Hz) frequency range. Betweenness centrality, a measure 
of global integration, was also decreased in the alpha range in delirium compared 
with controls and with sedated patients [57].

Importantly, EEG recordings change dynamically. The features we have 
described thus far may fluctuate over time in terms of their relative contributions to 
the overall EEG signal. These fluctuations can reasonably be expected to be even 
more prominent in the case of delirium, which is commonly characterized by 
changes in level of arousal and alertness, and transient phenomena such as halluci-
nations. Van der Kooi and Slooter [58] captured these fluctuations elegantly by mea-
suring the coefficient of variation (CV) of the canonical frequency ranges among 26 
delirious and 28 non-delirious patients after cardiac surgery. Delirium was associ-
ated with increased CV in the alpha (8–13 Hz) range globally, and increased CV in 
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the beta (13–20 Hz) range in the frontal region. Contrary to other frequency ranges, 
CV in the delta (0.5–4 Hz) range was decreased in the delirium group. The mecha-
nisms for this difference are incompletely understood but may relate to post- 
anesthetic sleep intrusions among non-delirious participants that are suppressed in 
delirium. Importantly, alterations in the variability of delta activity not only may 
occur in acute delirium but may give hints to patterns of cognitive impairment long 
after critical illness [59]. Further exploration of these phenomena may provide clues 
to the distinction between the pathological delta activity associated with delirium 
and ‘normal’ delta oscillations contributing to healthy brain activity during sleep.

The EEG patterns classically associated with mild to moderate stages of delirium 
have also been described in mechanically ventilated patients, who commonly expe-
rience severe sleep disruption [60, 61]. Clinical evidence of delirium (as determined 
by Glasgow Coma Scale [62] score less than 15 or a Richmond Agitation-Sedation 
Scale [63] score less than −1 and positive Confusion Assessment Method for the 
ICU) was an exclusion criterion for this study. Yet 16 (28%) of 57 patients demon-
strated periods of high amplitude irregular (polymorphic) delta activity without 
sleep spindles or K complexes, which the authors termed “atypical sleep”. During 
wakefulness, these patients exhibited excessive theta (6  Hz and below) activity, 
which the authors described as “pathologic wakefulness”. The striking similarity 
between these patterns and those classically described by Romano and Engel [50], 
along with the observation that sleep deprived patients are at higher risk of delirium 
[64], raises the possibility that delirium and atypical sleep/pathologic wakefulness 
may reflect two sides of the same coin. Chapter “Atypical Sleep and Pathologic 
Wakefulness” describes these findings in greater detail.

5  Sleep Deprivation: Toward a Hypothesis of Deliriogenesis

The electrophysiologic changes observed in sleep deprivation give a window into 
possible mechanisms by which sleep disruption may precipitate delirium in com-
promised individuals (Table  1). When wakefulness persists and normal NREM 
sleep is not permitted to take place, a lack of slow oscillations and delta waves lead 
to disrupted CSF flow dynamics [12]. This may result in a buildup of the brain’s 
waste products, a consequence that may have effects akin to hepatic or renal com-
promise, wherein systemic toxins are allowed to build up in the bloodstream. In 
such cases patients often experience fluctuations in level of arousal and impaired 
judgment. Decreased waste clearance might be expected to have more pronounced 
acute effects in the context of neurodegenerative diseases, such that this may pref-
erentially affect people already vulnerable because of an underlying condition such 
as dementia [65]. Indeed, accumulation of toxic protein aggregates is a pathological 
hallmark of Alzheimer’s Disease (AD) [66], and patients with AD experience worse 
cognitive decline after an episode of delirium [67].

A lack of coordinated theta waves, delta waves and spindles due to sleep disrup-
tion likely impairs the brain’s ability to process and consolidate memories [3]. 
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Table 1 Summary of EEG features and potentially deliriogenic effects of disruption

Characteristic Condition Function Potential effect of loss

Theta waves REM sleep Memory replay Impaired memory 
consolidation

Slow oscillations Slow wave 
sleep

Coordinate delta waves Impaired memory 
consolidation

Delta waves Slow wave 
sleep

Drive CSF pulsations
Facilitate memory pruning

Waste accumulation
Impaired memory 
consolidation

Spindles NREM sleep Memory reorganization Network disorganization
Impaired learning

Prefrontal 
connectivity

Wakefulness Executive function (e.g. 
planning)
Emotional regulation

Behavioral disturbances

Sensorimotor 
connectivity

REM sleep Memory replay
Memory pruning

Impaired retention of 
information
Perceptual disturbances

Absent or diminished memory consolidation hinders retention of past information 
and, according to prevailing theory of memory consolidation mechanisms, may 
result in a progressively disorganized cortical network. This disorganization is char-
acterized by worsening metabolic inefficiencies, i.e. higher energy requirements 
resulting from un-pruned synapses coupled with inefficient acquisition and storage 
of new information [9, 68]. Deficits in processing of recently acquired information 
and impaired ability to integrate new information may combine to produce an acute 
state of confusion. Thus, although the diagnostic criteria of delirium pivot primarily 
on inattention, when we focus on the genesis of delirium from sleep disruption, 
what we find is a problem that is precipitated by impairments in memory processing 
[69, 70].

As described above, sleep disruption is also associated with diminished connec-
tivity within the prefrontal region and between prefrontal and emotion processing 
centers. These physiologic changes can further exacerbate symptoms of inattention 
and result in impaired emotional control [71] and perceptual distortions [72], effects 
that may underlie the behavioral dysregulation observed in patients with hyperac-
tive delirium.

Disruptions in the brain’s metabolic waste processing, impaired memory pro-
cessing and acquisition, perceptual distortions and executive disinhibition may 
combine to create a syndrome akin to delirium in sleep-deprived individuals (Fig. 3). 
Yet delirium itself may also worsen sleep disruption and exacerbate impairments in 
the associated cognitive processes. In a convenience sample of 12 postoperative 
patients recovering from orthopedic surgery, delirium severity (as measured by the 
revised Delirium Rating Scale [73]) was associated with shorter total sleep time on 
night 1 and increased waking delta power on postoperative day 1, but decreased 
delta power on night 2 after surgery [74]. While delirium is classically associated 
with increased theta and delta activity during wakefulness, there is a lack of the 
organized sleep architecture defining various sleep stages. This may be due to 
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↓ Retention of old information
↓ Integration of new information

↑ Perceptual disturbances
↑ Emotional dysregulation 

Impaired waste clearance
Impaired memory consolidation

Disorganized functional connections

Confusion
Disorganized thinking

Behavioral disturbances

Slow oscillations
Delta waves
Theta waves

Sleep spindles

Pathological delta waves
Pathological theta waves

Fluctuating arousal

Delirium

Atypical Sleep?
Pathologic Wakefulness?

Increasing sleep pressure

Fig. 3 Deliriogenic Potential of Sleep Disruption (A Neurophysiologic Perspective): Lack of the 
normal physiologic activity characterizing sleep leads to 1) disruptions in CSF flow dynamics and 
impaired clearance of the brain’s metabolic waste products, 2) reductions in the normal memory 
consolidation processes that allow for efficient memory processing and efficient acquisition of new 
information, and 3) disorganized connectivity among brain regions responsible for memory pro-
cessing, perception, emotional control and other cognitive functions. These deficits cause a cas-
cade of symptoms that are characterized by pathological neuronal firing patterns (manifest on EEG 
recordings as pathological delta and theta waves) and ultimately, due to increasing sleep pressure, 
lead to characteristic signs of delirium. Atypical sleep and pathological wakefulness, though pres-
ent in non-delirious patients, may represent subsyndromal delirium or EEG harbingers of impend-
ing delirium onset

absence of coordinated slow oscillations modulating cerebral function as observed 
by Dash and Colleagues [3]. Whether the delta and theta waves thus observed is the 
brain’s attempt to ‘catch up’ on homeostatic sleep functions versus an entirely dis-
parate pattern (i.e. driven by unique generators unrelated to sleep homeostasis and 
decoupled from CSF pulse flow dynamics) remains to be elucidated. Nonetheless, 
the bidirectional effect of sleep disruption and delirium may result in a self- 
propelling cycle, with escalating impairments in memory, cognition and metabolic 
waste clearance that become difficult for the brain to regulate without external inter-
ventions (Fig. 3). Such interventions may include reorientation to familiar faces and 
voices, modulation of sensory stimuli and promotion of regular sleep-wake cycles. 
These effects underscore the importance of preserving quality sleep, particularly 
among individuals at higher risk of delirium, and motivate adherence to systematic 
protocols that include optimizing sleep quality to minimize risk of delirium in inpa-
tient settings [75, 76].
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6  Clinical Implications: Sleep in the ICU and Beyond

The propensity for sleep disruption to precipitate or contribute to delirium in at-
risk patients raises the question of how best to ensure optimal sleep quality in the 
ICU.  Though polysomnography (PSG) is the gold standard for monitoring and 
assessing sleep quality, PSG is often impractical in the ICU environment and tradi-
tional scoring criteria do not translate well to this setting [61]. Sleep questionnaires 
are limited by subjectivity and are not suitable for patients with impaired commu-
nication. Accelerometry devices may be hindered by restrictions in spontaneous 
movement due to indwelling catheters or physical injuries. A role can be envi-
sioned for limited-montage EEG as a standardized measurement of sleep in the 
ICU. Attempts have been made to use bispectral index to stage sleep in critically 
ill patients [77], and emerging wearable EEG devices may find utility in this setting 
[78, 79]. Importantly, these will require careful study for optimal implementation 
given the ICU-specific conditions (e.g. sedation, hepatic or renal failure, mechani-
cal ventilation) that frequently influence EEG signals [80, 81]. Chapter “Methods 
for Routine Sleep Assessment and Monitoring” reviews sleep assessment in 
more detail.

While delirium in the ICU confers a dose-dependent increase in the risk of long- 
term cognitive impairment [82] and sleep deprivation is associated with worse cog-
nitive trajectory among the general population [83], little is known about sleep 
disruption and cognitive impairment in the post-ICU period. Between 10 and 61% 
of ICU survivors experience persistent sleep disturbances up to 6 months after criti-
cal illness [84]. Wilcox et al. followed 102 ICU survivors to estimate sleep using 
actigraphy and assess cognition using the Repeatable Battery for the Assessment of 
Neuropsychological Status (RBANS). They found an association between sleep 
fragmentation and cognitive impairment at 7 days after ICU discharge but not at 6- 
or 12-month follow-up [85]. Though EEG features of sleep and wakefulness 
improve simultaneously with improvements in cognitive function during critical 
illness, the timing and trajectory of these changes in the post-ICU period is yet to be 
elucidated [86].

7  Summary and Conclusions

Normal sleep is characterized by a series of neurophysiologic processes that are 
identifiable in EEG activity patterns. Slow oscillations, delta and theta waves, and 
sleep spindles indicate particular types of activity within and between specialized 
structures in the brain. The hippocampus, thalamus, and cerebral cortex play inte-
gral parts in the processes of waste clearance, memory consolidation and cortical 
reorganization during sleep. These functions are important for maintenance of 
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cerebral function and their disruption leads to symptoms and signs consistent with 
delirium, particularly among at-risk individuals. These patterns give insight to 
possible neurophysiologic mechanisms underlying the relationship between sleep 
disruption and delirium. We propose that sleep disruption may be characterized by 
specific alterations in EEG activity patterns that result in inefficient clearance of 
cerebral metabolic waste, impaired memory consolidation and disrupted brain 
connectivity, leading to memory loss, inattention, and difficulty processing new 
information. The physiologic processes underlying delirium may further exacer-
bate sleep disruption, fueling a self-propelling cycle and motivating interventions 
to maintain appropriate sleep hygiene in at-risk populations.

Yet several gaps exist in our understanding of this relationship. Are the delta 
waves of delirium and those of slow-wave sleep borne of the same neural genera-
tors? What of the theta activity that is typically observed in earlier stages of delir-
ium? Does the modulatory effect of slow oscillations remain intact in delirium? And 
fundamentally: does impaired memory consolidation increase risk of delirium inde-
pendent of other functions of sleep? Both sleep disruption and delirium are associ-
ated with long-term cognitive decline and increased risk of dementia [82, 87]. Are 
the neurophysiologic processes linking these conditions also responsible for cogni-
tive aging? Investigations to elucidate these questions will inform development of 
therapeutic interventions and motivate approaches to optimizing the restorative 
functions of sleep.
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Sleep Disruption and Its Relationship 
with Delirium: Clinical Perspectives

Yoanna Skrobik and John W. Devlin

1  Introduction

Delirium, a syndrome characterized by acute alteration in mental status, occurs in 
up to 50% of mechanically ventilated critically ill adults [1, 2] and is an independent 
risk factor for poor ICU and post-ICU outcomes [3]. Delirium reduction has become 
a priority in the care of the critically ill. As detailed in chapters “Characteristics of 
Sleep in Critically Ill Patients. Part I: Sleep Fragmentation and Sleep Stage 
Disruption” and “Characteristics of Sleep in Critically Ill Patients. Part II: Circadian 
Rhythm Disruption” sleep disruption and abnormal sleep architecture are common 
in the ICU. Sleep in patients who are critically ill demonstrates prolonged sleep 
latency, sleep fragmentation, and numerous arousals. These abnormalities are asso-
ciated with important effects on ICU (chapter “ICU Sleep Disruption and Its 
Relationship with ICU Outcomes”) and post-ICU (chapter “Long-Term Outcomes: 
Sleep in Survivors of Critical Illness”) outcomes. While several non-pharmacologi-
cal sleep promotion efforts have been shown to reduce delirium, they have not been 
demonstrated to improve sleep, regardless of whether it is evaluated by objective or 
subjective means (chapter “Best Practices for Improving Sleep in the ICU. Part I: 
Non-pharmacologic”). As outlined in chapter “Best Practices for Improving Sleep 
in the ICU.  Part II: Pharmacologic”, evidence that pharmacologic interventions 
improve sleep is sparse.

Although many clinicians assume poor sleep provokes delirium and delirium 
provokes poor sleep [4], any association between delirium and disrupted sleep in the 
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complex ICU environment remains unclear. Abnormal sleep is present in more than 
one quarter of patients hospitalized in critical care units [5, 6]. Further, since severe 
sleep deprivation in critically ill adults can lead to symptoms of inattention, emo-
tional lability (and thus inappropriateness), and delusional thoughts or hallucina-
tions, the value of psychometric evaluations in the ICU setting remains unclear 
where confounders abound and links between clinical features of sleep deprivation 
and relevant outcomes remain challenging to align [7–9]. Moreover, the mechanical 
ventilator settings known to affect sleep in critically ill adults have not been evalu-
ated for their effect on delirium symptoms (chapter “Mechanical Ventilation and 
Sleep”) [10].

Consideration of the impact of pre-morbid status on outcomes pertinent to ICU 
sleep and delirium remains challenging as the presence of chronic disease, cognitive 
decline and frailty are usually not systematically screened for at the time of ICU 
admission. Baseline frailty increases the delirium risk and is frequent among older 
adults [11–13]. In one recent non-pharmacological delirium prevention interven-
tional RCT, 75% of patients aged 70 or more presented with at least mild baseline 
cognitive deficits despite living autonomously and seemingly without overt cogni-
tive abnormalities prior to hospitalization [14]. The physiologic relationship 
between sleep and delirium in the ICU is reviewed in chapter “Sleep Disruption and 
Its Relationship with Delirium: Electroencephalographic Perspectives”. The objec-
tive of this chapter is to review the clinical relationship between sleep and delirium 
in critically ill adults.

2  Risk Factors

Risk factors for delirium and disrupted sleep before the ICU, at the time of ICU 
admission and during the ICU stay (see also chapter “Risk Factors for Disrupted 
Sleep in the ICU”) are compared in Table 1 [11, 12, 15]. Important challenges 
exist in comparing risk factors for delirium and disrupted sleep given a lack of 
published studies comparing delirium and sleep risk factors in the same cohort of 
patients, the presence of delirium has not been controlled for in ICU sleep risk 
factor studies, and the multiple ways an ICU patient can be deemed to have ‘dis-
rupted sleep”. Moreover, the pathophysiologic mechanisms for some risk factors 
common to both delirium and sleep (e.g., sedative-induced coma) may be differ-
ent (see chapter “Normal Sleep Compared to Altered Consciousness During 
Sedation”).

Several studies have found a relationship between preexisting sleep disorder syn-
dromes and postoperative delirium [16, 17]. Following cardiac surgery, for exam-
ple, sleep disordered breathing risk has been associated with a six-fold increase in 
delirium risk [17]. Circadian misalignment is a known risk factor for delirium [18–
20]. In healthy patients, release of melatonin is highly influenced by sleep-wake 
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Table 1 Comparison of risk factors for delirium and disrupted sleep in critically ill adults

Delirium Disrupted sleep

Before ICU admission

Male gender X X
Older age X X
Reduced cognitive function X
Psychiatric co-morbidity X X
Frailty X
Insomnia X
Obstructive sleep apnea X
Hearing/visual loss X
≥ Moderate alcohol use X X
Functional impairment X
ICU admission

Severity of illness X X
Infection/sepsis X
Sedative-induced coma X X
Urgent ICU admission X X
Pain X X
During ICU admission

Severity of illness X X
Infection/sepsis X X
Sedative-induced coma X X
Medication use/withdrawal X X
Mechanical ventilation/
hypoxia

X X

Immobility X X
Blood transfusion X
Lack of family presence X X
Noise X
Pain X X
Light X

rhythms and zeitbegers such as ambient light, the feeding schedule and social inter-
actions. However, in the ICU setting, lighting is often kept low throughout the day, 
continuous (vs. scheduled) enteral feedings are common and the ability of patients 
to interact with their environment is reduced, particularly when sedatives are used. 
In the face of these reduced zeitgebers, circadian misalignment is common in criti-
cally ill adults (chapter “Characteristics of Sleep in Critically Ill Patients. Part II: 
Circadian Rhythm Disruption”).
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3  Epidemiology and Outcomes

Disrupted sleep and delirium each are associated with negative ICU and post-ICU 
outcomes, many of which are of high concern to patients and their families [1, 3–5, 
15, 21].

3.1  Disrupted Sleep

Sleep is a periodic, reversible state of cognitive and sensory disengagement from 
the external environment. As outlined in chapters “Characteristics of Sleep in 
Critically Ill Patients. Part I: Sleep Fragmentation and Sleep Stage Disruption” and 
“Sleep Disruption and Its Relationship with delirium: Electroencephalographic 
Perspectives”, sleep can be staged using EEG criteria into non-rapid eye movement 
(NREM) [stage 1, stage 2 (light sleep), stage 3 (deep sleep)] and rapid eye move-
ment (REM) phases that are associated with distinct physiologic changes, neuro-
anatomic substrates, and neurochemical correlates.

As reviewed in chapter “Characteristics of Sleep in Critically Ill Patients. Part II: 
Circadian Rhythm Disruption”, sleep and wakefulness are controlled by the circa-
dian regulatory system and by the sleep homeostatic process [19, 20]. The circadian 
timing system is responsible for multiple biologic processes including endocrine 
regulation of hormones including cortisol. Although establishing a circadian rhythm 
pattern of care in the ICU has been proposed as one non- pharmacological approach 
to diminish sleep disruption in the noisy, busy, caregiver-focused critical care envi-
ronment, it may be difficult to operationalize given the 50% of individuals who are 
‘night owls’ rather than ‘morning people’ [22], while most ICUs function with a 
rigid schedule where sleep is expected to start in the evening and care activities 
early in the morning. Beyond physiology, clinical context-dependent symptoms 
including pain and anxiety drive sleep disruption.

3.2  Delirium

Delirium, the phenotypic expression of acute encephalopathy [23], has four cardinal 
features: (1) a disturbed level of consciousness (i.e., a reduced clarity of awareness 
of the environment), with a reduced ability to focus, sustain, or shift attention; and 
(2) either a change in cognition (i.e., memory deficit, disorientation, language dis-
turbance), or the development of a perceptual disturbance (i.e., hallucinations, delu-
sions) [24]. A common misconception is that delirious patients are either 
hallucinating or delusional, but neither of these symptoms is required to make the 
diagnosis.
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Whether the long-term cognitive impairment [25] attributable to ICU delirium is 
related in part to pre-ICU cognitive frailty and severity of illness is challenging to 
analyze. These confounders were not considered in most ICU trials other than those 
permitting cognitive assessments prior to ICU admission [14]. Moreover, although 
frailty is increasingly becoming recognized as the single most important driver of 
overall prognosis beyond severity of illness in the critically ill [13, 26], none of its 
metrics consider functionality beyond autonomy and physical strength. Cognitive 
‘frailty’, therefore’ has not been well- established or linked to delirium. Whether 
frailty in the context of sleep disruption even exists or is linked to predisposition to 
delirium or frailty in other dimensions remains unclear. Even though sleep patterns 
and cognitive patterns change over time, particularly after age 60 for sleep and 45 
for cognition, these observations and studies have not, to our knowledge, been 
duplicated in a critically ill population.

4  Sleep Deprivation and Delirium Symptoms

Sleep deprivation and delirium share many common symptoms (Table 2). Patients 
who experience acute sleep deprivation demonstrate many of the same sequelae of 
delirium including diminished psychomotor performance, short-term memory 
impairment and difficulty with executive functioning [1]. In addition, sleep depriva-
tion leads to mood disturbances including irritability, inattention, disorientation, 
anxiety, depression, and paranoia [21, 26]. One study of young healthy adults dem-
onstrated severe sleep deprivation to be associated with symptoms within 24 h of its 
occurrence including perceptual distortions, visual hallucinations, and changes in 
mood ranging from apathy to disordered thoughts with impairment in attention [27]. 
The marked similarity in symptoms between sleep disruption and delirium have 
prompted experts to draw links between the two and question both the relationship 
and the directionality of this relationship.

The Diagnostic and Statistical Manual of Mental Disorders, fifth edition [24], 
reorganized sleep disorders into three major categories: insomnia, hypersomnia 
and arousal disorders that incorporate 11 different diagnostic groups. Growing evi-
dence has shown that sleep disorders coexist with other medical and psychiatric 
disorders and may not be mutually exclusive. DSM-5 underscores the need for 
independent clinical attention of sleep disorder(s) regardless of other mental or 
medical problems that may be present. DSM-5 also recognizes that coexisting 
medical conditions, mental disorders, and sleep disorders are interactive and bidi-
rectional. Two previous diagnoses have been eliminated: sleep disorder related to 
another mental disorder and sleep disorder related to another medical condition. 
The DSM-5 criteria for delirium shares many of the symptoms of these DSM-5 
sleep disorders.
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Table 2 Common symptoms of sleep deprivation and delirium

Anxiety
Agitation/restlessness
Confusion
Circadian dysregulation: Nighttime wakefulness
Emotional lability
Irritability
Lethargy
Reduced short-term memory
Reduced executive function
Reduced responsiveness
Sympathetic stimulation: Increased heart rate/blood pressure

5  Assessment of Sleep and Delirium

5.1  Sleep

Although a number of different objective and subjective methods to evaluate sleep 
in the ICU exist (chapter “Best Practice for Improving Sleep in the ICU. Part I: Non-
pharmacologic”), limitations exist with each assessment method and thus sleep is 
usually not routinely evaluated in the ICU setting [28]. Patient self-reported sleep 
poses challenges in sedated patients and those who experience moderate to severe 
delirium or have delirium symptoms during the assessment. Beyond scales and 
physiologic measurements, patients report a significant proportion of sleep disrup-
tion as originating from psychological distress, anxiety, fear, and pain. Yet, other 
than pain, these symptoms are not routinely evaluated by bedside clinicians and 
their potential relationship with sleep deprivation may not be considered.

Standard sleep quality assessment from patients and family members at the time 
of ICU admission will identify the 25% of patients who have baseline disrupted 
sleep. Routinely making the patient comfortable, in a familiar sleep position and 
asking about fears and worries may mitigate patient fears and diminish the need for 
sedatives and restraints. Making a more concentrated effort to understand patient 
preferences for comfort and stress reduction to facilitate natural sleep intuitively 
should lead to better quality sleep.

5.2  Delirium

Practice guidelines [12] and care improvement bundles [29] advocate critically ill 
adults be routinely assessed for delirium using validated assessment tools like the 
Confusion Assessment Method for the ICU (CAM-ICU) [30] or the Intensive Care 
Delirium Screening Checklist [31] in an effort to facilitate delirium risk factor 
recognition (and modulation) and non-pharmacologic interventions to reduce its 
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duration. However, the potential benefit from this process assumes ICU clinicians 
are well-trained to evaluate delirium, will document assessment results, are moti-
vated to engage with the rest of the ICU interprofessional team when delirium is 
recognized, and do the hard work in reducing risk factors and implementing non- 
pharmacologic improvement strategies [11, 12]. Regular evaluation of patient 
symptoms in critically ill adults is clearly important. One controlled trial found the 
time from ICU delirium recognition to the initiation of treatment was similar 
between clinicians using the CAM-ICU compared to clinicians who were edu-
cated on the symptoms of delirium and the importance of delirium-related out-
comes [32].

Even twice per day routine screening may miss delirium (and its symptoms) 
when one considers 40% of delirium symptoms occur between midnight and 
6 am, a period when ICU clinicians are infrequently at patients’ bedsides [33]. 
Whether routine screening is necessary if clinicians are interested and engaged in 
evaluating delirium is not clear. Regardless, the recognition and mitigation of 
fear, through patient reassurance, remains an important component of bedside 
care at night in patients unable to sleep. Both authors have witnessed narratives 
from ICU survivors describing how comforting such reassurance can be in foster-
ing hope and stabilizing anxiety. This simple approach has not been studied either 
for its impact in de- escalating anxiety, minimizing sedative use or improving 
outcomes.

6  Patient-Centered Evaluations Linked to Both Sleep 
and Delirium

Below, we wish to highlight the importance of considering such metrics in a broader 
context of humanizing care, both from the patient perspective and from the point of 
view of the caregiver.

Patients report that their loss of a sense of agency was among the most distressful 
parts of their critical illness. Realizing ICUs may be one of the last frontiers of auto-
cratic care, and patients may be positioned in ways deemed ‘safe’ and convenient 
for staff to deliver interventions, patient’s sleep preferences and habits should be 
determined and applied when possible. Unfortunately, no matter how assiduously 
nursing staff record delirium or sleep assessments in the health record, if physicians 
and other ICU caregivers disregard these reports, the value of conducting these 
monitoring efforts becomes diminished to bedside nurses.

Sedation and restraints are administered in the name of safety [34]. Neither 
approach has been shown to reduce risk of invasive ICU-care related instrument 
(endotracheal tube, central line) removal. Both approaches add risk and significant 
disadvantages in terms of patient outcome in association with delirium; the impact 
of sedatives is discussed in detail in the chapter “Effects of Common ICU 
Medications on Sleep.” The impact of restraints on sleep quality has not, to our 
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knowledge, been evaluated. Patients remember being restrained as an unpleasant 
and distressful component of their critical care stay [35].

The rate of clinician burnout was about 50% before the COVID-19 pandemic; it 
is now much higher [36]. Any suggestion of improving care at the bedside that 
incorporates additional measures is likely to be met with the resistance of already 
overstretched or tired staff [37, 38]. Three elements should be considered: (1) it 
should be simple to do and document; (2) the change should make the caregiver feel 
good so they keep doing it beyond ‘data’ supporting it is good for patients, and this 
work should be recognized by other team members; (3) for any sustainability there 
has to be ongoing benchmarking and preferably comparators with other units or 
hospitals to ensure ongoing friendly competition to perform.

7  The Relationship Between Sleep and Delirium Reported 
in ICU Clinical Studies

A number of ICU clinical studies evaluating interventions focused on improving 
sleep in the ICU have reported reduced delirium but no improvement in sleep [39–
42]. For example, one randomized controlled trial (RCT) comparing low-dose noc-
turnal dexmedetomidine to placebo in non-delirious ICU patients reported 
dexmedetomidine significantly reduces delirium occurrence (relative risk 0.44; 
95% CI 0.23 to 0.82) but patient-reported sleep quality was similar between groups 
(mean difference, 0.02; 95% CI 0.42 to 1.92) [42]. In a follow up study, the associa-
tion between morning Leeds Sleep Evaluation Questionnaire (LSEQ) score and 
delirium occurrence in the prior 24 h (retrospective analysis) and the association 
between morning LSEQ score and delirium occurrence in the following 24 h (pre-
dictive analysis) was measured for all 24 h periods where the patient had both a 
delirium and LSEQ assessment and remained free of coma [43]. Using a model that 
accounted for age, severity of illness and dexmedetomidine (vs. placebo) use, the 
LSEQ score had no relationship to subsequent delirium. Similarly, the implementa-
tion of multi-component sleep improvement protocols in critically ill adults have 
reported a reduction in delirium but no change in sleep improvement [44]. For 
example, in one cohort of 300 medical ICU patients [40], implementation of a 
stepped protocol increased ICU days free of delirium and coma by more than half 
but had little effect on patient-perceived sleep.

8  Areas for Future Investigation

The relationship between subjective sleep quality and delirium remains poorly 
explored; multiple investigative challenges exist in critically ill adults. Any study 
addressing whether a link between subjective sleep quality and delirium exists 
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should pair delirium and sleep assessments in individual patients and consider them 
over short time periods given the natural fluctuation of both of these outcomes over 
the course of the ICU stay. In any ICU sleep-delirium cohort study, established 
baseline and daily ICU risk factors know to disrupt sleep (see chapter “Risk Factors 
for Disrupted Sleep in the ICU”), increase delirium, or both must be considered.

9  Conclusions

Delirium and sleep disruption, and the symptoms associated with both, should be 
rigorously evaluated in critically ill adults. Non pharmacologic interventions 
focused on improving sleep should be optimized given their use will reduce delir-
ium. A number of important avenues of research are required to better understand 
the inter-relationship between delirium and sleep in the ICU and those interventions 
best suited to improve both.
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Mechanical Ventilation and Sleep

Lauren E. Estep and Sairam Parthasarathy

1  Introduction

The objective of this chapter is to synthesize the current literature regarding the 
inter-relationship between mechanical ventilation and sleep to help the reader apply 
such knowledge at the bedside and identify future knowledge gaps. Researchers 
have studied the impact of mechanical ventilation on sleep and, conversely, they 
have also studied the potential effects of sleep disturbances on aspects of mechani-
cal ventilation in the critical care setting. Considering the paucity of studies evaluat-
ing the effect of sleep on mechanical ventilation in the critical care setting, we will 
also draw upon robust findings from experimental physiology, where appropriate. 
Such experiments may have involved healthy subjects or participants with respira-
tory disease who are not critically ill, and we will identify the associated caveats and 
cautions pertaining to such extrapolation.
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2  Conceptual Framework

A conceptual framework with the need for mechanical ventilatory assistance as 
being central (Fig. 1; red box) presents the reader with the length and breadth of the 
complexity of the study of sleep and mechanical ventilation. By nature, invasive 
mechanical ventilation through an endotracheal tube is very uncomfortable and the 
attendant noxious stimuli can disturb sleep (Fig. 1; blue box). Other required inva-
sive devices (e.g., nasogastric or urinary catheters, arterial lines, etc.), or the appli-
cation of physical restraints that are placed by virtue of initiating invasive mechanical 
ventilation, can similarly produce discomfort and thereby disrupt sleep. (see chapter 
“Risk Factors for Disrupted Sleep in the ICU”). Moreover, intravenous sedation and 
analgesia that are administered to reduce the discomfort of invasive mechanical 
ventilation, may, in turn, inadvertently alter the very nature of sleep (see chapter 
“Effects of Common ICU Medications on Sleep”). It should be noted here that non-
invasive ventilation approaches such as high flow nasal cannula (HFNC), noninva-
sive intermittent positive pressure ventilation (NIPPV), or nasal continuous positive 
airway pressure (NCPAP) do not necessarily require escalation in administering 
sedatives or analgesics. The lower use of sedative/analgesia during noninvasive ver-
sus invasive ventilation suggests noninvasive ventilation approaches are less nox-
ious than invasive mechanical ventilation, and thus less likely to disrupt sleep, 
despite a lack of empirical evidence directly evaluating the relationship between 
pain/discomfort and sleep in these individuals. Lastly, the administration of supple-
mental oxygen through a face mask or traditional nasal cannula could be used as 
another comparator in being the least intrusive to sleep. However, in the absence of 

Requirements of mechanical ventilation

•    24-hour sedation in early/acute period
•    Sedentary state
•    Lack of exercise
•    Repositioning (Proning and supination)
•    Excessive sleep opportunity
•    Physical restraints

•    Pain
•    Dyspnea
•    Gag reflex; suctioning
•    Patient-ventilator
       dyssynchronny
•    Noise of ventilatory
      assistance and alarms
•    Mask, rain-out,
      Restraints

NOXIOUS STIMULI

Sleep

Acute Respiratory Failure Depressed of Altered
Consciousness

Status
epilepticus

Sedatives
& Analgesics

Supplemental oxygenNoninvasive ventilation

Invasive and non-invasive Instrumentation for monitoring, nutrion, or therapy

Invasive mechanical ventilation

Shock and Altered
Acid-Base States

Respiratory Muscle Activity Derangement of Gas Exchange

Critical Illness

Anti-
epileptics

Fig. 1 A schematic review of variables both directly and indirectly related to mechanical ventila-
tion which can have affects on patients’ ability to sleep. The highlighted yellow boxes represent the 
indications for mechanical ventilation
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randomized controlled trial (RCTs) data, direct comparisons of sleep across the 
spectrum of patients needing invasive mechanical ventilation, noninvasive ventila-
tion, or supplemental oxygen, cannot be made given the confounding influence of 
acuity of underlying illness on sleep quality.

Besides acute respiratory failure, there are other indications for mechanical ven-
tilation that can independently—or together with concomitant medications and 
therapies—adversely affect sleep (Fig.  1; yellow boxes). Altered gas-exchange, 
increased respiratory muscle activity, and other noxious stimuli secondary to mis-
match of ventilator settings and patient demands (patient-ventilator desynchrony) 
may be disruptive to sleep. Such respiratory stimuli incurred by increased respira-
tory muscle activity are more potent in causing arousals than derangements in gas 
exchange (hypoxia or hypercapnia) [1–3]. More directly, the noise of the respiratory 
assistance and associated ventilator alarms in addition to other noise emanating in 
an ICU can adversely impact sleep [4, 5] (see chapter “Risk Factors for Disrupted 
Sleep in the ICU”). Also, suctioning of endotracheal or tracheostomy tubes, nonin-
vasive mask interface, nasal fluids due to the “rain out” from high humidity systems 
used in high flow systems of oxygen delivery are noxious stimuli that disturb 
sleep [6–8].

There are certain requirements that are peculiar to patients receiving mechanical 
ventilation that by virtue of their prima facie nature do not deserve the needed atten-
tion for scientific inquiry. There is an unhealthy level of opportunity for sleep when 
a critically ill patient is recumbent for 24-h a day that inherently works against 7–8 
h of good and well-timed sleep, i.e. good sleep hygiene [9, 10] (see chapter 
“Characteristics of Sleep in Critically Ill Patients. Part II: Circadian Rhythm 
Disruption”). This creates a conundrum for the field of study of sleep during 
mechanical ventilation considering that there are 16 h of the day when the patient is 
being exposed to the afore-mentioned noxious setting without the “cover” of uncon-
sciousness if the goal is to get 8 h of continuous, good quality sleep (Fig. 1; grey 
box). The sedentary nature, at least early in the acute state, combined with the lack 
of exercise can disrupt sleep or is at least not conducive for facilitating sleep onset 
[11]. Moreover, after prolonged periods of mechanical ventilation or in individuals 
who are uncooperative or delirious, the need to apply physical restraints to prevent 
accidental extubation or disconnection from ventilator causes greater distress and 
anxiety that are not conducive for sleep [12, 13] (see chapter “Sleep Disruption and 
Its Relationship with Delirium: Clinical Perspectives”).

3  Epidemiology and Scope of the Problem

The birth of the intensive care unit (ICU) revolved around invasive mechanical ven-
tilation for acute respiratory failure and is therefore highly relevant to the discus-
sions regarding sleep in critically ill patients [14]. Today, treatment of acute 
respiratory failure accounts for more than one-third of ICU admissions globally 
[15]. Among these patients only 35% received invasive mechanical ventilation (as 
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compared with almost all patients two decades ago); two-thirds received other 
forms of respiratory support including noninvasive mechanical ventilation [16]. 
Conceivably, the burden posed by mechanical ventilation on sleep in critically ill 
patients could be posited to have decreased with the sea shift from invasive to non-
invasive mechanical ventilation. Over the past 2 decades, there has also been a 
reduction in the administration of sedatives effected by daily sedation interruptions 
and lighter sedation targets [17]. During the early Coronavirus disease 2019 
(COVID-19) pandemic, however, there was a shift towards early intubation and 
heavier sedation [18], Now, however, the pendulum has swung back with cautionary 
notes against early intubation [19, 20]. With such seesawing trends, with regards to 
invasive versus noninvasive mechanical ventilation, similar swings on the impact to 
sleep in critically ill patients receiving ventilatory assist should be anticipated and 
used to contextualize the findings of a given observational or intervention- 
based study.

Through the remainder of this chapter, we highlight intervention-based studies 
over observational approaches considering the number and complexity of con-
founding variables and the possibility of residual confounding, reverse causation, or 
confounding by indication in observational studies. In the absence of intervention- 
based or experimental data derived from participants who are not critically ill, we 
will highlight the observational studies and the knowledge gaps that needs 
addressing.

4  Modes of Mechanical Ventilation

Mechanical ventilation allows manipulation of various respiratory parameters 
which may affect the quality and continuity of sleep by their effects on patient com-
fort, synchrony with the mechanical breaths, and potentially by their effectiveness 
at managing gas exchange. It is, therefore, not just the mode of ventilation but also 
the skill with which it is adjusted that can relieve dyspnea, dyssynchrony, and 
hypercarbia for example. Investigators have performed RCTs that studied various 
modes of mechanical ventilation with cross over design intended to reduce the 
effects of inter-individual variability [21–28].

4.1  Assist Control Versus Pressure Support

In an early study comparing assist control ventilation (ACV) against pressure sup-
port ventilation (PSV) in patients receiving mechanical ventilation, patients sup-
ported on ACV developed less sleep fragmentation (measured as arousals and 
awakenings per hour of sleep) when compared to when they were receiving PSV 
[21] (see also chapter “Characteristics of Sleep in Critically Ill Patients. Part I: Sleep 
Fragmentation and Sleep Stage Disruption”). The absence of a back-up rate during 
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pressure support combined with an unstable respiratory controller associated with 
congestive heart failure played a mechanistic role in creating central apneas and 
hyperpneas that associated with arousal from sleep. A third arm consisting of pres-
sure support with added dead space elevated the operating partial pressure of CO2 
(PaCO2) above the apnea threshold and reduced the respiratory instability and 
thereby improved sleep when compared to pressure support alone. While there were 
concerns that the presence of central apneas signified excessive support, it should be 
noted that the level of pressure assist was determined during calm wakefulness to 
ensure comparable tidal volume to that set during assist control ventilation. 
Conceivably, the reduction in apnea threshold with sleep onset combined with a 
high loop gain due to underlying heart failure may have played a role in the develop-
ment of respiratory instability and consequent sleep disruption [29].

To address the issue of excessive levels of pressure assist, Toublanc and col-
leagues undertook a study comparing low levels of pressure support versus assist 
control ventilation in patients who were soon to be extubated [22]. In a single night 
RCT with cross over design, they performed polysomnography and found that both 
measured sleep quality (as indicated by greater slow wave sleep) and perceived 
sleep quality was better while receiving assist control ventilation when compared to 
pressure support [22]. In contrast, Cabello and colleagues did not notice differences 
between assist control ventilation, manually adjusted pressure support, and auto-
matically adjusted pressure support ventilation in a 3-arm RCT with cross over 
design [24]. While on average the level of pressure assist delivered in this study was 
lower than that in the study by Parthasarathy and Tobin, they had included con-
scious patients who were free of sedative medications and had been ventilated for 
prolonged periods with only one of the 15 patients having a diagnosis of heart fail-
ure. Conceivably, the concomitant presence of sedative-analgesics and underlying 
heart failure can pose interactive effects by which the mode of ventilation (pressure 
support ventilation) played a deterministic role in sleep and breathing in the criti-
cally ill patients that were studied.

4.2  Proportional Assist Versus Pressure Support

Bosma and colleagues compared proportional assist ventilation versus pressure sup-
port in an RCT with cross-over design. They found that overall sleep quality was 
better during proportional assist ventilation as measured by less sleep fragmentation 
(arousals and awakenings), and greater proportion of time in slow wave and rapid 
eye movement (REM) sleep. Moreover, during pressure support there was greater 
tidal volume and minute ventilation and lower PaCO2 than during proportional 
assist ventilation suggesting that respiratory controller instability may have played 
a role. In keeping with such rationale, patient-ventilator asynchronies per hour were 
greater with pressure support ventilation than during proportional assist ventilation 
and correlated with the number of arousals per hour. Despite ventilator settings 
being set to reduce the inspiratory work (measured as pressure time product per 
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minute) by 50%, these ventilator-related sleep alterations were observed. Such find-
ings suggest that even during modest levels of pressure support ventilation, the 
aforementioned patient-related factors (heart failure or opiate analgesics) or other 
ventilator-related factors can propagate ventilatory instability and consequent sleep 
disruption. One such ventilator-related factor could be the inherent oscillatory 
behavior of pressure support algorithms that are evident in mathematical modeling 
and bench experiments and that may result in substantial variations in tidal volume 
even when patient effort is constant [30, 31]. Another ventilator-related factor may 
be the absence of a back-up rate during pressure support ventilation administered by 
many commercial ventilators that could lead to the development of central apneas 
and consequent apnea ventilation and attendant alarms.

4.3  Pressure Control, Neurally Adjusted Ventilator Assistance, 
or Proportional Assist Plus Versus Pressure Support

Other studies include a RCT comparing pressure control ventilation (with a backup 
rate) versus low-levels of pressure support ventilation (without a backup rate) per-
formed by Andrejak and colleagues in 13 critically ill patients receiving mechanical 
ventilation [27]. In this study, pressure control ventilation was associated with sig-
nificantly better sleep quality and quantity compared to low-levels of pressure sup-
port: sleep efficiency, proportion of time in stage 2 non-REM sleep, slow wave 
sleep, and REM sleep were greater during pressure control ventilation than pressure 
support [3]. In another study performed by Delisle and colleagues, neurally adjusted 
ventilatory assistance (NAVA) was superior to pressure support in a RCT of patients 
undergoing weaning from mechanical ventilation. During the NAVA condition the 
patients were found to spend a greater proportion of time in REM sleep and suffer 
less sleep fragmentation and ineffective breathing efforts [25]. In yet another study, 
Alexopoulou and colleagues compared pressure support versus proportional assist 
ventilation plus (PAV+) using polysomnography [26]. They concluded that even 
though patient-ventilator synchrony was improved on PAV+ (similar to the study by 
Bosma and colleagues), sleep quality was not different between the two modes of 
mechanical ventilation [23, 26].

4.4  Summary

A synthesis of all the studies involving modes of mechanical ventilation that qualified 
as level I according to US Preventive Services Task Force hierarchy of study design 
was performed by Poongkunran and colleagues. In this meta-analysis of 8 RCTs 
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Fig. 2 (a) Forrest plot of studies overall demonstrating that adjusting ventilator mode can improve 
sleep quantity by increasing sleep efficiency [32]. (b) Forrest plot of studies overall demonstrating 
that adjusting ventilator mode can improve sleep quantity by decreasing sleep fragmentation [32]

involving 115 patients, the authors found that changes to modes of mechanical venti-
lation tended to improve sleep quantity by increasing sleep efficiency (Fig. 2a) and 
tended to improve sleep quality by decreasing sleep fragmentation (Fig.  2b) [32]. 
There was significant heterogeneity among these studies [32]. Sensitivity analysis of 
a subgroup of four RCTs revealed that, when compared to spontaneous modes of 
ventilation, timed modes of mechanical ventilation improved sleep quantity (Fig. 3a) 
[32]. However, timed modes of mechanical ventilation did not improve sleep quality 
measured as sleep fragmentation when compared to spontaneous modes of ventilation 
(Fig. 3b) [32]. Such a pooled analysis of the literature suggests that while a back-up 
rate is advantageous to preserving breathing stability and sleep, more adequately pow-
ered RCTs are needed to study the inter- relationship between sleep, modes of ventila-
tion, medications, and patient- related factors (such as loop gain).
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Fig. 3 (a) Forrest plot of subgroup of studies demonstrating that compared with spontaneous 
modes of ventilation, timed modes of ventilation improved sleep efficiency [32]. (b) Forrest plot 
of subgroup of studies demonstrating that timed modes did not improve sleep quality as measured 
by sleep fragmentation when compared with spontaneous modes [32]

5  Effect of Ventilator Management Strategies on Sleep; Low 
Tidal Volume Ventilation

Low tidal volume ventilation (4–6 ml/kg predicted body weight) is advocated for 
patients with acute respiratory distress syndrome (ARDS) and even in patients with-
out ARDS by clinical practice guidelines [33]. Tidal volumes that are too high can 
lead to harm manifesting as alveolar overdistention, ventilator-induced lung injury, 
ventilator non-triggering, and eccentric respiratory muscle injury [34–38]. However, 
when tidal volumes are too low they can cause hypercarbic acidosis, increased work 
of breathing, and patient-ventilator dyssynchrony that create noxious stimuli, which, 
in turn, can disrupt sleep (Fig. 1) [39–41]. Patient-ventilator dyssynchrony can man-
ifest as strenuous inspiratory efforts and double-triggering, either of which can 
paradoxically lead to alveolar overdistention [41–44]. Insufficient tidal volume can 
also cause atelectrauma, increased respiratory rate (stress frequency) and increased 
sedation requirements [45]. Such increased sedation requirements may be in 
response to the mismatch between the respiratory demand of the patient versus the 
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ventilatory assistance delivered by the ventilator and cause discomfort manifesting 
as dyspnea. Reduced flow, tidal volume, or greater trigger sensitivity can lead to 
significant increases in the patients’ inspiratory work of breathing and thereby con-
tribute to dyspnea and consequent sleep disruption [46]. As such the greater seda-
tion requirements given to combat the perception of increased respiratory (elastic 
and resistive) load due to low tidal volume and inspiratory flow rate has been associ-
ated with greater mortality in recent observational studies and reanalysis of prior 
RCTs [47–50]. Although sleep measurements were not performed in any of these 
studies, such a pathobiological state would not be conducive for restorative sleep 
but warrants artificial drug-induced deep sedation that may not mimic the restor-
ative nature of true sleep [51] (see chapter “Normal Sleep Compared to Altered 
Consciousness During Sedation”) and may increase the risk for delirium besides 
increasing length of ICU stay and mortality [52].

6  Effect of Sleep on Noninvasive Mechanical Ventilation 
and Monitoring

Sleep deprivation has systemic effects that may prolong the need for mechanical 
ventilation and length of stay in critical care and result in worse outcomes [53] (see 
also chapter “ICU Sleep Disruption and Its Relationship with ICU Outcomes”). 
However, objective studies that measure the effect of sleep disruption or deprivation 
on length of mechanical ventilation or ICU stay have not been performed. Moreover, 
physiological studies are equivocal with regards to whether sleep deprivation can 
reduce load response measured as hypercapnic ventilatory response [54].

6.1  Monitoring

Sleep disturbances and respiratory instability associated with sleep perturbations 
can impact monitoring in the ICU. For example, the coefficient of variation of end- 
tidal CO2 was ~9% during pressure support and ~5% during assist-control ventila-
tion in one of the studies that measured sleep fragmentation and respiratory variables 
[21]. The end-tidal CO2 can vary by as much as 7 mmHg during sleep versus wake-
fulness, and such a magnitude of difference may impact the ventilator settings 
adopted by healthcare providers. Moreover, in most cases, adjustments to ventilator 
settings are done in the morning rounds during daily sedation interruptions, and the 
provider may not be aware of the impact of such changes on gas exchange and 
patient-ventilator interactions at nighttime especially if the patient were on a spon-
taneous mode of ventilation without a back-up rate. A practical consideration would 
be to adopt a mode of ventilation with a back-up rate when patients are asleep.
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6.2  Noninvasive Ventilation

In a study of 27 hypercapnic patients who required noninvasive ventilation in a 
medical intensive care unit, Roche Campo and colleagues found that patients who 
failed noninvasive ventilation suffered worse sleep with greater disruption of diur-
nal sleep-wake cycles and less nocturnal REM sleep than patients who were suc-
cessfully treated with noninvasive ventilation [55]. Such findings suggest that sleep 
in critically ill patients may be a reflection of the underlying brain dysfunction asso-
ciated with critical illness and may be a prognosticator. In the same study, they 
found that failure of noninvasive ventilation was associated with a greater risk for 
delirium during the ICU stay. There is very little known about the relationship 
between various types of noninvasive ventilation such as NIPPV, HFNC, or CPAP 
and sleep quality in critically ill patients. Despite such noninvasive modalities being 
the most common modes of ventilatory assistance, this area is largely unexplored 
and ripe for future investigation.

7  Conclusion

In sum, sleep in critically ill patients is influenced by mode of mechanical ventila-
tion in critically ill patients. However, this area of study suffers from lack of large 
level 1 adequately powered studies that can address important questions regarding 
whether such modes of mechanical ventilation can affect long- or short-term out-
comes such as sedation requirements, neurocognitive function, ICU length of stay, 
duration of mechanical ventilation, and health-related quality of life upon survivor-
ship. Moreover, there is a paucity of studies in critically ill patients receiving nonin-
vasive ventilation. Nevertheless, practical implications for the ICU provider are that 
there are sleep-related instabilities in breathing control that may be facilitated by 
certain modes of ventilation such as pressure support ventilation without a back-up 
rate and the clinician should be cautious in interpreting respiratory gas exchange 
and setting the ventilator in the context of sleep-wakefulness state of the patient.
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Sleep Disruption and its Relationship 
to ICU Outcomes

Lauren Tobias, Margaret Pisani, and Carolyn D’Ambrosio

1  Introduction

For most ICU patients, critical illness and the ICU environment hinders sleep. 
Bright light at irregular times, loud noise, frequent clinical interventions and the 
state of critical illness contribute to insufficient sleep, sleep fragmentation, circa-
dian rhythm disturbance, and a reduction in slow-wave as compared to lighter-stage 
sleep [1] (see chapter “Risk Factors for Disrupted Sleep in the ICU”). Critically ill 
patients also typically have multiple chronic comorbidities that predispose them to 
sleep disorders at baseline and the ICU experience may exacerbate this risk. 
Disrupted sleep may contribute to worsened neurocognitive, metabolic, cardiovas-
cular, respiratory, and physical outcomes.

Sleep disruption in the ICU is a relatively new field of investigation. In 2018, the 
Society of Critical Care Medicine (SCCM) included sleep disruption in their prac-
tice guidelines for adult ICU patients [2]. Research in this domain must confront a 
challenge common in critically ill patients: demonstrating causality amid a sea of 
potential confounders mediating the relationship between risk factors and outcome. 
ICU patients frequently have complex comorbidities and present with wide-ranging 
disease states with varying prognoses, which makes it difficult to tease apart sleep’s 
unique contribution to critical illness outcomes. Measuring sleep in the ICU is also 
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complicated, requiring equipment that is not standard in most ICUs, assessment of 
a multidimensional variable over a prolonged period, and yielding data that must be 
interpretated by specialially trained staff (eg. polysomnographers) (see chapter 
“Methods for Routine Sleep Assessment and Monitoring”). Interventions aimed at 
improving sleep during critical illness often require multidisciplinary collaboration; 
for example, implementation of a simple nap opportunity requires nurses and other 
staff to reschedule patient care activities such as medication administration, bath-
ing, and transport for tests and imaging studies (see chapter “Best Practice for 
Improving Sleep in the ICU. Part I: Non-pharmacologic”). Finally, researchers must 
confront the lack of a gold standard for “normal” sleep quality in the ICU (see chap-
ter “Normal Sleep Compared to Altered Consciousness During Sedation”). Our tar-
gets for optimal sleep—including duration, timing, and quality—are likely to be 
impacted by underlying disease processes that are pathophysiologically heteroge-
neous (see chapter “Biologic Effects of Disrupted Sleep”).

Given the relatively few studies dedicated to examining sleep in critically ill 
patients, it is logical to generalize from what we have learned about the outcomes 
related to sleep disruption in the population of hospitalized patients at large. In most 
cases, the factors disrupting inpatients’ sleep will only be intensified in the ICU set-
ting, where vital sign monitoring occurs more frequently, blooddraws and imaging 
are obtained more often, and clinical instability necessitates more interruptions dur-
ing times of potential rest. Perhaps the only aspect of sleep that may be superior in 
the ICU is the absence of a roomate, which patients often report to be the most 
important disruptor of sleep [3]. It also may be reasonable to extrapolate findings 
from healthy outpatients subject to acute stressors such as short-term sleep restric-
tion or acute circadian disruption (See chapter “Characteristics of Sleep in Critically 
Ill Patients. Part II: Circadian Rhythm Disruption”). This chapter seeks to summa-
rize what is known about the relationship between sleep and ICU health outcomes 
in critically ill patients. Chapter “Long-Term Outcomes: Sleep in Survivors of 
Critical Illness” reviews the long-term, post-ICU outcomes related to disrupted sleep.

2  Abnormal Sleep and Circadian Rhythms in Critical Illness

As highlighted in chapters “Characteristics of Sleep in Critically Ill Patients. Part I: 
Sleep Fragmentation and Sleep Stage Disruption”, “Characteristics of Sleep in 
Critically Ill Patients. Part II: Circadian Rhythm Disruption”, and “Biologic Effects 
of Disrupted Sleep”, critically ill patients often have frequent arousals and awaken-
ings during overnight sleep and brief naps during the daytime; a single consolidated 
period of sleep at night in the ICU rarely exists [4, 5]. As outlined in chapter 
“Atypical Sleep and Pathologic Wakefulness”, when critically ill patients are able to 
sleep, they spend an inordinate time with “atypical” sleep, wherein the criteria for 
standard sleep stages including the presence of sleep spindles and K complexes are 
not met [1, 6]. For a regular circadian cycle, humans need exposure to certain exter-
nal cues called zeitgebers (ie., light, meals, exercise, environmental temperature 
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changes) (see chapter “Characteristics of Sleep in Critically Ill Patients. Part II: 
Circadian Rhythm Disruption”). Sleep disruption occurs when the circadian cycle 
of critically ill adults is altered by both derangements in these exogenous influences 
as well as endogenous disturbances. Exogenous factors contributing to sleep disrup-
tion in critically ill patients include excessive light, noise, nocturnal nursing inter-
ventions and medication, as described in chapters “Risk Factors for Disrupted Sleep 
in the ICU” and “Effects of Common ICU Medications on Sleep”. Endogenous 
disturbances to the circadian cycle include pre-existing sleep disorders and the 
underlying critical illness, resulting in an abnormal melatonin secretion and often 
delayed circadian phase [7, 8]. Importantly, the loss of normal sleep architecture 
and circadian abnormalities are both markers of poor prognosis in critically ill 
adults. In one study, the degree of circadian disruption was directly related to sever-
ity of illness as measured by the APACHE-III score [9].

3  Association Between Pre-Existing Sleep Disorders 
and ICU Outcomes

Pre-existing sleep disorders likely contribute to poor sleep in critically ill patients. 
At least 10% of US adults are estimated to have some type of sleep disorder [10] and 
these rates are likely higher among hospitalized populations. Up to 40% of hospital-
ized patients are estimated to be at high risk for obstructive sleep apnea (OSA), one 
of the most common sleep disorders in adults [11]. The prevalence of OSA is 
increased in patients with certain comorbidities, such as COPD—a population fre-
quently encountered in the ICU [12]. Patients with COPD also exhibit higher rates 
of insomnia and worse sleep quality during hospitalization [12]. Pre-existing sleep 
disorders may be overlooked at the time of ICU admission; lapses in treatment may 
result. For example, pre-existing OSA is often unrecognized on hospital admission 
and when recognized correct CPAP settings are infrequently prescribed [13]. A 
recent study examining the prevalence of various sleep disorders in patients hospi-
talized for COVID-19 found that OSA was present in 20%, insomnia in 11%, and 
restless leg syndrome (RLS) in 4% [14].

The presence of underlying sleep disorders may affect illness trajectory during 
critical illness. Several retrospective studies of ICU patients have found that OSA 
was independently associated with decreased ICU and hospital mortality, when 
adjusted for severity of illness [15, 16]. However, a recent study of over 5000 ICU 
patients found that pre-existing OSA did not impact ICU or hospital mortality or the 
risk of developing ventilator associated pneumonia, although patients with a body 
mass index (BMI) over 40 kg/m2 had a significantly increased length of ICU stay 
[17]. Most recently, patients with comorbid OSA hospitalized with COVID-19 were 
found to have similar outcomes to non-OSA patients after adjustment for covariates 
[18]. The reason for these disparate findings is unclear but one potential explanation 
is the obesity paradox, which is the observation that elevated body mass index 
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(BMI) exerts protective effect on both ICU and hospital mortality. The presence of 
OSA does appear to confer elevated patient risk in certain populations (e.g., periop-
erative), where undiagnosed OSA is associated with higher postoperative rates of 
respiratory failure, ICU transfer, and cardiovascular complications [19, 20]. Patients 
with obesity hypoventilation syndrome are also at higher risk during hospitaliza-
tion, with longer lengths of ICU admission and increased mortality.

Other sleep disorders commonly seen in hospitalized patients include insomnia, 
RLS, and hypersomnia disorders. These may be pre-existing or acquired. For exam-
ple, RLS may be triggered during a hospitalization by immobility, sleep depriva-
tion, and the use of antiemetics, antihistamines and antipsychotics [21].

4  Immune Function & Inflammation

A significant body of both experimental and clinical evidence supports a bidirec-
tional relationship between immune function and sleep [22]. It is well-recognized 
that poor sleep has a detrimental effect on the immune system, affecting both adap-
tive and innate immunity [23–26]. Most research exploring this association has 
been conducted outside of the critical care setting. However, since critically ill 
patients’ immune function is often compromised, we may reasonably speculate that 
they are particularly vulnerable to the impact of poor sleep on immune function. For 
example, a study of healthy volunteers found that antibody titers following influ-
enza vaccination were more than twice as high in the group permitted a usual night 
of sleep as compared with those restricted to 4 h of sleep per night [27].

One of the mechanisms postulated to link sleep deprivation with adverse out-
comes is increased levels of inflammation. Biochemically, acute and chronic sleep 
loss or sleep fragmentation results in a proinflammatory state with alterations in 
circulating pro- and anti-inflammatory cytokines, soluble receptors, and changes in 
inflammatory signaling pathways and innate immunity. This manifests as increased 
expression of interleukin (IL-1β) and tumor necrosis factor (TNF-α) and activation 
of NF-κB signaling in the brain and elevated circulating proinflammatory cytokine 
levels [28] (also see chapter “Biologic Effects of Disrupted Sleep”).

The pro-inflammatory state associated with critical illness may also plausibly 
promote sleep. In humans, changes in sleep architecture may accompany systemic 
inflammation with increased NREM sleep, increased EEG delta-frequency and 
reduced REM. Research surrounding somnogenic substances in animal models led 
to the discovery that proinflammatory cytokines possess strong sleep-promoting 
activities [28]. Systemic infections, which are common at both the presentation of 
critical illness and also during it, may elicit production of endogenous pyrogens via 
endotoxin or other mechanisms. The effects of endogenous pyrogens on sleep have 
been investigated in several animal models, Table 1 lists the role these cytokines 
play in sleep. Most animal studies have demonstrated that sleep duration increases 
in response to infection. Pathways linking infection to sleep outcomes are likely to 
vary depending upon the specific infectious pathogens (e.g., viral, bacterial, 
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Table 1 Cytokines and neurohumoral regulators of sleep

Effect on NREM Sleep

Interleukin-1 Increases
Interleukin-2 Increases
Interleukin-4 Decreases
Interleukin-6 Increases or decreasesa

Interleukin-10 Decreases
Interleukin-18 Increases
Tumor necrosis factor-α (TNF-α) Increases
Transforming growth factor-β (TGF-β) Decreases
Insulin like growth Factor-1 (IGF-1) Dose dependent

Small dose decreases
High dose increases

Growth hormone releasing hormone (GHRH) Increases
Corticotropin releasing hormone (CRH) Decreases
Nitric oxide (NO) Increases
Ghrelin Increases
Vasoactive Intestinal peptide (VIP) Increases

a May play an important role in sleep regulation during pathologic states
References: [39, 80-83]

parasitic), its impact on immunological production of mediators (e.g., interleukins 
and cytokines), and responses of the neuroendocrine system to the secretion of sub-
stances (e.g., cortisol, epinephrine).

Other mechanisms linking sleep disturbance and adverse ICU outcomes include 
sympathetic activation and neuroendocrine effects. For example, patients whose 
sleep was curtailed to 4 h per night over a period of 6 nights demonstrated increased 
sympathetic activation and higher levels of evening cortisol, as compared with those 
provided a 12-h sleep opportunity [29]. In one healthy volunteer laboratory study, 
experimental sleep restriction resulted in dysregulation of the neuroendocrine con-
trol of appetite and satiety, a potential precursor to hyperglycemia and ultimately 
diabetes [30].

5  Disrupted Sleep and Organ System-Related Outcomes

There is growing evidence that sleep disruption in critically ill patients negatively 
affects both ICU and post-ICU outcomes [31–35] (see also chapter “Long-Term 
Outcomes: Sleep in Survivors of Critical Illness”). One of the first studies to high-
light the importance of circadian alignment for recovery from critical illness was 
conducted in patients who sustained a myocardial infarction; those in sunny rooms 
had a shorter length of stay and lower mortality than those in darker rooms [36]. 
Since that time, subsequent work has demonstrated that chronic sleep deprivation is 
associated with several comorbidities including diabetes [37–39], hypertension 
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[40], heart disease/stroke [41, 42], obesity [43, 44], anxiety/depression, and 
increased mortality risk [38]. The loss of normal sleep architecture is a marker of 
poor prognosis in ICU patients; studies have demonstrated that the absence of sleep 
spindles and K-complexes in patients with respiratory failure, acute encephalopa-
thy, posttraumatic coma and subarachnoid hemorrhage portend a worse prognosis 
[31]. A recent study found that greater circadian rhythm disorganization in critically 
ill patients corresponded to higher severity-of-illness as measured by the Sequential 
Organ Failure Assessment (SOFA) score [45]. Figure  1 proposes a conceptual 
framework linking ICU-related sleep disruption and adverse outcomes.

5.1  Psychiatric and Neurocognitive Outcomes

Delirium is the best studied clinical outcome that has been associated with sleep dis-
ruption in the ICU. Highly prevalent in intensive care units, delirium has become the 
target of much research that seeks to disentangle the shared characteristics between 
sleep disruption and delirium, to clarify bi-directional effects and mechanisms for this 
relationship, and to understand the impact of sleep disorders on outcomes of delirium 
in ICU patients. The relationship between sleep deprivation and delirium is likely 
bidirectional, where sleep deprivation can cause or worsen delirium and the presence 
of delirium can contribute to sleep disturbance resulting in a vicious cycle in critically 
ill patients. Studies of patients subjected to acute sleep deprivation note the presence 
of diminished psychomotor performance, short-term memory impairment and diffi-
culties with executive function, all of which are symptoms associated with delirium 
[46]. A study of healthy subjects demonstrated that severe sleep deprivation led to 
perceptual disturbances, visual hallucinations, impaired attention, disordered thoughts 
and changes in mood that ranged from apathy to aggressive behavior; symptoms 
began as early as 24 h after the onset of sleep deprivation [47]. To date there have not 
been large, well-controlled studies examining the relationship between delirium and 
sleep disturbances. Many of the small studies have not controlled for important risk 
factors for sleep disruption or delirium such as ICU environmental factors (e.g., light 
and noise), in-room interruptions, and concomitant medications [48]. The relationship 
between sleep and delirium is discussed in chapters “Sleep Disruption and Its 
Relationship with Delirium: Electroencephalographic Perspectives” (physiologic per-
spective) and “Sleep Disruption and Its Relationship with Delirium: Clinical 
Perspectives” (clinical perspective).

Sleep disruption also impacts other neurocognitive outcomes beyond delirium. 
Multiple non-ICU studies have documented that acute total sleep deprivation results 
in significant cognitive deficits in terms of reduced cognitive processing speed, 
attention, verbal memory, difficulties with executive function, perceptual distur-
bances and emotional processing [46, 49]. Less extreme short-term sleep restriction 
also has dose-related effects neurocognitive function [50, 51]. Sleep-deprived 
patients may exhibit impaired recall of neutral and positive emotional stimuli; pre-
served recall negative stimuli predominates may precipitate the formation of false 
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Fig. 1 Proposed mechanisms linking ICU sleep disruption adverse ICU outcomes

memories [52, 53]. These factors may compromise ICU experience processing and 
increase the risk for post-traumatic stress symptoms following critical illness [54].

Sleep and its related outcomes are one of the many reasons ICU pain manage-
ment is important. Use of opioids and ketamine are linked to increased delirium. 
The failure to evaluated and treat pain will potentiate sleep disruption and worse 
ICU outcomes [55]. Recent papers demonstrate a protocolized approach to pain 
assessment and treatment in the ICU results in lower opioid use and better pain 

Sleep Disruption and its Relationship to ICU Outcomes



182

control [56]. Non-opioid analgesic strategies (including both non-pharmacologic 
and medication-based) have been shown to reduce ileus and ICU length of stay [57].

5.2  Respiratory Outcomes

While important interactions exist between ICU ventilatory support and sleep (see chap-
ter “Mechanical Ventilation and Sleep”), little data exists regarding the impact of sleep 
deprivation on the respiratory system in critically ill adults. However, there are studies 
which have examined the impact of sleep deprivation or restriction on both healthy sub-
jects and in patients with underlying lung disease.

Healthy participants have increased respiratory muscle fatigue and may have a 
decreased ventilatory response to hypercapnia after 24 h of sleep deprivation. For 
example, a recent study of subjects with healthy diaphragmatic function showed a 
single night of sleep deprivation resulted in a reduction in inspiratory endurance of 
more than half [58] (Fig. 2). Interestingly, while sleep deprivation does not appear 
impair respiratory skeletal muscle function directly it does reduce respiratory motor 
output from the cortex. These alterations to the control of breathing in critically ill 
adults may in turn impact the need for ventilatory support and the ability to wean 
patients from mechanical ventilation [59–61]. Mortality may be increased [62, 63]. 
Increased daytime sleep and reduced REM have been associated with late noninvasive 
ventilation failure [60]. Conversely, mechanical ventilation may impact sleep: several 
studies suggest that patient-ventilator dysynchrony is associated with sleep disruption 
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(see chapter “Mechanical Ventilation and Sleep”). Exacerbations of chronic pulmo-
nary disease make up a significant proportion of ICU admissions; many of these 
patients also have comorbid sleep disorders that may influence prognosis. For instance, 
asthmatic patients with chronic insomnia tend to have poorer asthma control [64].

5.3  Cardiovascular Outcomes

The relationship between sleep disorders and cardiovascular morbidity has been 
extensively researched [65]. Sleep is typically associated with reduced sympathetic 
tone and subsequent reductions in heart rate, blood pressure and arrhythmias [66]. 
Investigators have observed stage-specific effects on heart rate variability, where 
parasympathetic modulation is greatest during NREM sleep and the sympathetic 
response is greatest during REM sleep [67].

Insufficient sleep has been linked to elevated cortisol levels, increased markers of 
sympathetic nervous system activity, increased metabolic rate and endothelial dys-
function [68]. Data from outpatient populations has shown that a chronic sleep deficit 
is associated with increased atrial fibrillation [69] which, in the ICU, is associated 
with a longer duration of ICU stay [70]. In community-based outpatient cohorts, rates 
of nocturnal ventricular arrythmias, sudden cardiac death and implanted defibrillator 
discharge are highest in the early morning hours, which suggests sleep- related fluctua-
tions in autonomic activity are responsible [71, 72]. Circadian misalignment carries 
an increased risk for development of cardiovascular disease [73] and a small study 
showed that chronotherapeutic interventions may decrease cardiac arrhythmias [74].

Whether pre-existing sleep disorders such as OSA effect outcomes from an acute 
hospitalization is unclear. In outpatients, OSA is a well-documented independent risk 
factor for systemic hypertension, stroke, congestive heart failure and coronary artery dis-
ease [75, 76]. However, the use of positive airway pressure (PAP) therapy has not been 
shown to reduce cardiovascular outcomes or death [77]. In hospitalized patients overall, 
evidence is mixed regarding the impact of sleep apnea on short- term cardiovascular out-
comes. For example, one study suggested that detection of OSA, and initiation of CPAP, 
among adults admitted for a heart failure exacerbation was associated with lower read-
mission rates at 6 months [78]. Another large prospective trial, however, found that 
patients admitted with acute coronary syndrome and OSA had similar 3-year outcomes 
to those without OSA, and in those with OSA, CPAP use did not reduce the risk of addi-
tional cardiovascular adverse events [79].

5.4  Metabolic Outcomes

Hyperglycemia in critically patients has been associated with poor clinical out-
comes in epidemiological studies from a variety of patient populations [80]. Sleep 
restriction decreases insulin sensitivity and impairs glucose regulation and may 
thereby mediate the development of hyperglycemia in critically ill patients. In 
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normal, healthy individuals, glucose tolerance varies across the day; plasma glucose 
responses to exogenous glucose is significantly higher in the evening than the morn-
ing and glucose tolerance is at its minimum in the middle of the night [81]. Glucose 
utilization is greatest during wake and lowest during NREM sleep with intermediate 
levels during REM sleep. Several studies have examined the impact of sleep restric-
tion on glucose tolerance and insulin sensitivity [82]. One study in healthy humans 
subject to a 4-h sleep restriction over several nights demonstrated a 25% decrease in 
insulin sensitivity and a 30% decrease in acute insulin response to intravenous glu-
cose [29]. Sleep fragmentation in patients with preserved total sleep time has also 
been associated with decreased insulin sensitivity [83–85]. Circadian misalignment, 
when subjects sleep out of normal circadian phase, has also been associated with an 
increase in glucose levels [86]. One study showed that intermittent gastric feeds 
resulted in lower insulin requirements among critically ill patients [87]. (Also see 
chapter “Biologic Effects of Disrupted Sleep”).

5.5  Renal Function

Acute kidney injury (AKI) is a common consequence of critical illness and portends 
worse ICU outcomes. An emerging literature suggests OSA is a potential risk factor 
for the development and progression of chronic kidney disease, independent of 
other CKD risk factors [88, 89]. One proposed mechanism is that episodes of cyclic 
desaturation in OSA result in renal tissue hypoxia. While data in critically ill adults 
is limited, one retrospective cohort study found that OSA predisposes ICU patients 
to AKI; 57% of patients with pre-existing OSA developed AKI compared to only 
46% when OSA was not present [90].

5.6  Physical Outcomes

The relationship between sleep and physical activity is bidirectional. On one hand, 
sleep deprivation can result in decreased energy and physical performance, a relation-
ship documented in healthy outpatients [91, 92]. The existing physical performance of 
critically ill adults may impact their ability to participate in early mobilization pro-
grams (shown to improve outcome) and successful ventilator weaning trials [93]. On 
the other hand, participation in physical activity may have a salutary effect on sleep by 
strengthening the circadian differentiation between a physically active day and physi-
cally quiescent night. At this point, whether poor ICU sleep hinders early mobilization 
participation is largely speculative; one ICU study failed to find an association between 
sleep quality and willingness to participate in mobility efforts [94]. Future work 
examining the impact of sleep disruption in critical illness on early mobilization, 
physical therapy and functional outcomes is needed.
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6  Outcomes after ICU Discharge

Chapter “Long-Term Outcomes: Sleep in Survivors of Critical Illness” reviews in 
detail how sleep disturbances in the ICU affect post-ICU outcomes. There is a grow-
ing body of data highlighting how Post-Intensive Care Unit Syndrome (PICS) [i.e., 
psychologic (e.g., anxiety, depression, post-traumatic stress disorder), cognitive 
(e.g., persistent delirium and long-term cognitive impairment) and physical func-
tion] can affect post-ICU outcomes [95]. Additionally, there exists an extensive non-
ICU literature on the relationship between sleep duration and quality and depression, 
anxiety, fatigue and stress. Survivors of critical illness often report memories of 
poor sleep during their ICU stay [96]. In addition, delirium in the ICU appears to be 
associated with persistent post-ICU sleep disturbance [35, 97].

7  Areas for Future Research

Most studies to date have focused on how poor sleep impacts shorter-term outcomes 
in the ICU such as development of acute delirium, ICU or hospital length of stay, 
duration of mechanical ventilation, or organ-system-based outcomes such as glu-
cose metabolism or the immune response. The consequences of poor sleep during 
critical illness may extend beyond the acute hospitalization. For example, survivors 
of acute respiratory failure demonstrated greater circadian disruption 3 months after 
discharge than community dwelling adults in one study [98]. Another study found 
that patients who developed insomnia disorder after treatment with extracorporeal 
membrane oxygenation (ECMO) had a 5  year mortality nearly double that of 
patients with pre-ECMO insomnia disorder [99].

Traditional ICU metrics such as ventilator-free days, length of stay, and delirium 
are important and easily measurable. These outcomes may not capture what is most 
important to patient; broader trajectories of recovery following critical illness 
including emotional and physical wellbeing [100]. Post-ICU clinics may be best 
positioned to evaluate these longer-term patient-centered outcomes in future studies.

8  Conclusion

The relationship between sleep and ICU outcomes in critically ill patients is 
impacted by both intrinsic and extrinsic factors. Intrinsic factors include pre- 
existing sleep disorders, psychiatric comorbidity, medical illness, pain/discomfort 
while extrinsic factors include environmental noise and lighting, repetitive clinical 
interventions such as vital sign checks, testing, examinations, and administration 
of medications. Mediated by inflammation, altered immune function, and neuro-
endocrine effects, sleep disturbance in the ICU likely impacts a myriad of out-
comes across different organ systems, and with important implications for patient 
recovery.
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Long-Term Outcomes: Sleep in Survivors 
of Critical Illness

Sharon McKinley, Rosalind Elliott, Wade Stedman, and Julia Pilowsky

1  Introduction

Intensive care units and models for the care of the critically ill evolved from the 
polio epidemic of the mid-twentieth century. Since then, survival rates have 
increased steadily, and the focus on the outcome of mortality has changed to include 
a holistic consideration of the quality of recovery from critical illness. ICU survi-
vorship is of critical importance to most ICU survivors given how much it affects 
important patient determinants of health (including quality of life, happiness and 
economic stability). Therefore, how patients recover from critical illness, and the 
key mechanisms/symptoms that affect this recovery, is a growing area of interest 
and practice for critical care clinicians and researchers. The objectives of this chap-
ter are to outline the key challenges for ICU survivors, the incidence of sleep distur-
bance and the potential causes and recommendations to improve sleep in this 
population.
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2  Recovery from Critical Illness

Recovery from critical illness may present important physical, psychological, cog-
nitive and social challenges to both patients and their families. A frequently used 
term for new or worsening impairments in physical, cognitive, or mental health 
status arising after critical illness and persisting beyond acute care hospitalization 
experienced by ICU survivors is post intensive care syndrome (PICS) [1]. New 
sleep disturbances, or an exacerbation of pre-ICU sleep disorder, are common dur-
ing recovery [2]. A conceptual framework of ICU survivorship incorporating fea-
tures of PICS plus sleep assessment and interventions is presented in Table 1.

2.1  ICU Recovery Frameworks

Various frameworks for intensive care recovery have been published, usually across 
a sequential timeline or pathway of pre-intensive care illness (premorbidity), the 
episode of critical illness (intensive care outcomes), the ward or general hospital 
unit period (hospital outcomes) and the post-hospital discharge period of 3–6 months. 
Frameworks include all aspects of physical health and functioning, psychological 
health and functioning and quality of life. Recommendations are included for 
assessments and individualized care and treatment at each stage and referral to spe-
cialist services when indicated. Some recovery pathways focus on physical disabil-
ity and recovery [3, 4], while others are more focused on cognitive health and 
psychological morbidity (e.g., anxiety and depression) with an emphasis in the 
interrelated benefits for outcomes of critically ill patients [5]. The symptom of 
fatigue is often assessed, as well as post-traumatic stress symptoms (PTSS) [4] and 
delusional memories and hallucinations [5].

These matters were recommended in the 2020 Society of Critical Care Medicine’s 
International Consensus Conference on Prediction and Identification of Long-Term 
Impairments After Critical Illness, but somewhat surprisingly sleep and its assess-
ment was not included [6]. As sleep is important in its own right and known to be 
associated with other impairments seen after critical illness it has been included in 
the present recovery framework. Sleep assessment and its relationship to recovery 
usually is not explicitly proposed for formalised assessment and follow up. In this 
chapter it is proposed that sleep screening, referral for assessment and treatment of 
sleep disorders should be integrated into formalized frameworks to promote recov-
ery from critical illness such as part of specific ICU follow up services (Table 1).

3  Assessment of Sleep during the ICU Recovery Period

Sleep is a complex behavioural and physiological state classically characterised 
by perceptual disengagement, unresponsiveness, postural recumbence, inactiv-
ity, eye closure, reversibility and specific brain waveforms and ocular 
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movements [7]. The restorative outcomes and quality of sleep are highly subjec-
tive. Consequently, the measurement of sleep quality and quantity is compli-
cated even for healthy individuals. In the general population polysomnography 
(PSG) is the gold standard for objective sleep assessment but self-assessment of 
sleep quality is always obtained because sleep is so subjective. The characteris-
tics of sleep measured by PSG in critically ill adults are thoroughly explored in 
chapters “Characteristics of Sleep in Critically Ill Patients. Part I: Sleep 
Fragmentation and Sleep Stage Disruption”, “Atypical Sleep and Pathologic 
Wakefulness” and “Best Practice for Improving Sleep in the ICU. Part I: Non-
pharmacologic”. An alternative objective measure which provides less detailed 
information is actigraphy. Subjective measures include self-administered ques-
tionnaires and sleep logs.

The selection of an objective sleep assessment measure in the post-ICU period is 
dependent on whether a suspected sleep disorder is present. Actigraphy is unable to 
provide estimates of sleep architecture or respiratory function but may be sufficient 
for long term monitoring for circadian and insomnia disorders. As for any individ-
ual, consultation with a sleep medicine specialist is advised if sleep disruption is 
on-going. In this section we review methods for sleep assessment commonly used 
in the post-ICU period. The Chapter “Methods for Routine Sleep Assessment and 
Monitoring” describes methods of sleep measurement during the ICU admission.

3.1  Objective Methods

3.1.1  Polysomnography

Many challenges exist with using PSG during critical illness in the ICU includ-
ing its application and maintenance of the electrode montage and how atypical 
brain wave activity (see chapter “Atypical Sleep and Pathologic Wakefulness”) is 
interpreted. During the post-ICU recovery period, the ICU-specific limitations of 
using PSG are far less of a concern but the ability to accurately capture an abbre-
viated PSG montage in the natural setting in ambulatory patients has its own 
limitations. PSG assessment in a sleep laboratory may be impractical and costly 
and not representative of sleep quality and quantity in the patient’s natural set-
ting. In addition, there are problems with interference and loss of data for unat-
tended PSG recordings. However, an abbreviated unattended PSG recording 
under the direction of a sleep medicine specialist may be the most appropriate 
sleep assessment method when sleep disordered breathing (SDB) is suspected 
and may be useful for diagnosing other sleep disorders. Adequate reliability and 
validity and safety of an abbreviated unattended montage has been established 
for diagnosis of SDB in the absence of significant cardiopulmonary disease or 
respiratory dysfunction [8].
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3.1.2  Actigraphy

Actigraphy devices incorporate either a piezoelectric or a microelectromechanical 
accelerometer and may be worn on the wrist, ankle, or waist and therefore actigra-
phy is a simple, cost-effective method of estimating sleep quality and quantity. 
While actigraphy may be used to monitor rest and activity it does not measure time 
spent in sleep stages and other potentially important metrics. Estimates of some 
sleep parameters, such as total sleep time (TST) and sleep efficiency index (SEI) 
may be obtained, with graphical representations of wakefulness and sleep patterns. 
Circadian rhythm may be estimated using rest/activity algorithms [9], in particular 
inter-daily stability and intra-daily variability [10]. Although actigraphy provides 
limited information and differentiation between sleep and inactivity (a common 
condition during both the ICU and post-ICU recovery periods) it may be useful for 
identifying insomnia and circadian rhythm sleep-wake disorders, insufficient sleep 
syndrome and even SDB if integrated with home sleep apnoea testing (i.e., an inte-
grated portable monitor recording oxygen saturations, expired gas flow and rise and 
fall of the chest wall) [9]. Commercially available fitness trackers such as Fitbit may 
play a role for monitoring trends in sleep quality as well as measuring restoration of 
normal activity for individuals recovering from critical illness [11], but they cannot 
be used to assess specific sleep parameters or to diagnose sleep disorders.

3.2  Subjective Measures

Given sleep quality is inherently subjective, self-assessment (with or without objec-
tive measurement) is considered by sleep medicine experts to be a key component 
of sleep assessment in any population [8]. Subjective assessment and history taking 
are the mainstays for sleep assessment in patients with chronic insomnia [12]. 
Subjective sleep assessment may include both sleep logs and self-administered 
questionnaires.

3.2.1  Sleep Logs

Sleep logs or diaries such as the Consensus Sleep Diary [13] allow individuals to 
record qualitative aspects of their sleep such as ‘bedtime’, sleep quality, night-time 
awakenings and daytime fatigue. They provide useful insights about the primary 
complaint, sleep behaviours, sleep-wake schedule, nocturnal symptoms (particu-
larly if bed partner reports are considered), daytime activities and function and total 
sleep time [14].
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3.2.2  Self-Administered Questionnaires

Sleep quality is a multifaceted construct so it is essential that validated assessment 
instruments are used. There are many self-administered instruments with demon-
strated validity and reliability for assessing sleep including Richards Campbell 
Sleep Questionnaire [RCSQ] [15], numerical rating scale (NRS) [16], Pittsburgh 
Sleep Quality Index [PSQI] [17] and Insomnia Severity Index [ISI] [18]. There are 
no instruments specifically validated for assessing sleep for patients recovering 
from critical illness. The RCSQ is sometimes reported as being used in the intensive 
care patient population but often the authors are referring to interactive and coopera-
tive patients who are extubated and sedation-free.

The selection of self-administered questionnaire depends on the purpose of the 
assessment, the suspected disorder, the cognitive function of the patient and the 
duration of assessment that is required (or possible). For example, instruments such 
as the RCSQ [15] and PSQI [18] are designed to assess the quality and quantity of 
sleep; the RCSQ provides an assessment of sleep domains for the night before while 
the PSQI provides an assessment of sleep domains over the previous month. In addi-
tion, the PSQI incorporates input from a sleeping partner if available. This is par-
ticularly useful if SDB is suspected. However multi-domain instruments like the 
PSQI are too challenging for patients with poor cognitive function; the simpler 
RCSQ [15] or even a one-dimensional scale like the NRS [16] would be advised in 
this situation. Some sleep instruments provide the ability to assess just a few sleep 
domains such as the ISI [18], whereas instruments such as the Functional Outcomes 
of Sleep [19] and the Epworth Sleepiness Scale [ESS] [20] provide information 
about the qualitative effect of sleep quality and quantity on daytime function.

4  Sleep Quality and Quantity during ICU Recovery

While sleep quality and quantity is generally poor throughout recovery, it does tend 
to improve in later recovery stages, with sleep quality and quantity 6 months after 
ICU discharge returning to pre-critical illness levels. The prevalence of post-ICU 
sleep disturbance varies between 20 and 67% and depends predominately on gender 
(female), age, chronic disease (especially respiratory), and pre-illness sleep quality 
[2]. Additionally, sleep quality often fluctuates over the post-ICU recovery period if 
acute exacerbations of chronic diseases occur, and particularly if rehospitalization 
is required. Interestingly a small proportion (10–12%) of patients report poor sleep 
at each time point in the critical illness and recovery assessment period [21]. Tables 
2 and 3 provide summaries of the subjective and objective characteristics of sleep 
during ICU recovery and their potential variation from expected population norms. 
Sleep disturbance may be the result of a breathing disorder, circadian rhythm dis-
ruption or conditioned insomnia and is associated with varying degrees of fragmen-
tation and functional impacts [2, 22].
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Table 3 Summary of objective sleep characteristics (PSG and actigraphy) during recovery: 
potential variation from expected population norm

Early (during 
hospitalisation)

Within 1 month in the 
community

At 6 months in the 
community

TST/SEI Reduced/normal/
prolonged

Reduced/normal Normal

NREM sleep stage 1 
& 2

Prolonged Prolonged Near normal

NREM stage 3 Significantly reduced Reduced Near normal
REM Reduced Reduced Near normal
Fragmentation/
awakenings

Severe Moderate Low

Daytime sleep, % Up to 50% Unknown Unknown

Notes: NREM non-rapid eye movement, REM rapid eye movement, SEI sleep efficiency index

Table 2 Summary of subjective sleep characteristics during recovery: potential variation from 
expected population norm

Early (during 
hospitalisation)

Within 1 month in the 
community

At 6 months in the 
community

Sleep duration Reduced Reduced Sufficient / reduced
Perceived quality Very poor Poor Poor / good
Fragmentation / 
awakenings

Very frequent Frequent Infrequent / frequent

Daytime dysfunction 
e.g., sleepiness

Extensive Moderate Low

4.1  Potential Sleep Disturbances during the ICU 
Recovery Period

A number of different sleep disturbances may occur during the ICU recovery 
period. These disturbances may differ depending on whether the patient 
remains institutionalized (e.g., acute or chronic care) or has transitioned 
to home.

4.1.1  Sleep Disordered Breathing (SDB)

Many patients treated for respiratory failure have concomitant comorbidities 
including SDB [23]. However, new onset SDB has been detected in survivors 
both early and later in recovery and was not found to be related to lung func-
tion [24].
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4.1.2  Circadian Rhythm

As described in chapter “Characteristics of Sleep in Critically Ill Patients. Part II: 
Circadian Rhythm Disruption”, the sleep-wake cycle is partially under the control 
of the circadian rhythm. Environmental cues (zeitgebers) and an internal clock (the 
suprachiasmatic nucleus in the anterior hypothalamus) are key determinants of cir-
cadian entrainment in humans i.e., nocturnal sleep and daytime wakefulness. 
However, during critical illness sleep may be distributed equally across night and 
day [25]. During early critical illness recovery circadian disruption does not appear 
to be overtly evident on actigraphy [26] and has not been subjectively assessed.

4.1.3  Insomnia

Insomnia is the subjective report of difficulty going to sleep, staying asleep or expe-
riencing non-restorative sleep with functional daytime impacts [27]. This appears to 
be the most frequently reported type of sleep disturbance during recovery from criti-
cal illness and is also the most common sleep disorder in the general public. 
Conditioned insomnia (also referred to as psychophysiologic insomnia) may be the 
predominate sub-type in this population. In other words, the condition began after 
treatment in ICU where the patient experienced sleeplessness resulting in a state of 
conditioned arousal [28].

4.2  Sleep while Still Hospitalized but after the ICU

The quality and quantity of sleep early during recovery from critical illness (while 
in the hospital) may show signs of improvement but most often remains unchanged 
from that during the ICU stay with reduced TST and SEI and evidence of significant 
sleep disruption [29]. Likewise, as patients transition to a rehabilitation setting and 
home, TST may be prolonged, normal or reduced, with prolonged stage 1 and 2 
sleep and concomitant reduced slow wave and REM sleep and fragmentation 
observed [24, 26, 30]. Patients self-report slightly improved sleep compared to their 
ICU experiences; however, most still report disrupted, poor quality and low quantity 
sleep [21, 29] and daytime sleepiness [30].

4.3  Sleep after Hospital/Institutional Discharge

The quality and quantity of sleep improves later during ICU recovery as patients 
return home but may not return to the pre-illness quality and quantity for some 
patients. Specifically, PSG and actigraphy data indicates that both TST and SEI, and 
slow wave sleep, are near population norms at 6 months after ICU treatment [22, 
24]. However subjective reports of sleep quality remain below population norms.

Long-Term Outcomes: Sleep in Survivors of Critical Illness



200

5  Factors Associated with Disturbed Sleep during Recovery

Sleep during recovery from critical illness in the post-discharge period, either at 
home or in convalescence care, may be affected by physical, psychological, cogni-
tive and social factors. Many of these are features of the patterns of signs and symp-
toms seen alone or in combination in the constellation known as the post-intensive 
care syndrome (PICS). The associated factors may include pre-existing problems, 
the effects of critical illness and the ICU admission, and post-discharge experiences. 
The evidence about factors associated with post-discharge sleep is limited by few 
small sample sized studies and the inconsistency of methods of sleep assessment, 
which prevent meta-analyses in the systematic reviews that have been performed.

5.1  Prehospital

As described in chapter “Risk Factors for Disrupted Sleep in the ICU”, multiple 
prehospital and ICU factors affect sleep quality in the ICU. Patients who are older 
and female are at greater risk of poor posthospital sleep. Other risk factors for dis-
rupted sleep after discharge are prehospital concurrent disease such as asthma and 
heart failure [31] and the presence of ≥3 chronic diseases such as diabetes, hyper-
tension and heart disease [32]. Prehospital sleeping problems, including clinical 
insomnia at home (ISI), have been retrospectively reported by nearly 20% of ICU 
survivors and found to be independently associated with worse sleep quality six 
months after discharge [21].

5.2  During Critical Illness and Hospitalization

Severity of illness (APACHE II) on admission [22, 32] and sleep quality (RCSQ) 
during the periods of ICU admission and post-ICU hospitalization [21] have been 
shown to be independently associated with sleep disturbances after hospital dis-
charge. In one series of seven patients with acute respiratory distress syndrome 
(ARDS), overnight PSG in a sleep laboratory was used to diagnose new self- 
reported sleeping problems between 22 and 168  months (median 50) after ICU 
discharge [28]. Most (5) had conditioned insomnia, a heightened arousal response 
that the insomniac has become conditioned to associate with poor sleep and trig-
gered by environmental stimuli that become associated with poor sleep during the 
ICU stay. Another patient had parasomnia, typically initiated by stress, and one was 
reported to have mild obstructive sleep apnoea which was diagnosed after discharge 
from hospital [28].
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5.3  After Discharge from Hospital

Several factors affecting sleep present after hospital discharge have commonalities 
with the features of PICS, although sleep does not feature in constellation of symp-
toms described in PICS. Some factors related to the critical illness that necessitated 
intensive care, may potentially affect sleep quality during recovery. Prominent 
amongst these are health-related quality of life and bodily pain. Because of the bidi-
rectional nature of the associations, with health-related quality of life (HRQoL) 
and/or pain simultaneously impairing sleep, and sleep disturbances following on 
from pain and reduced quality of life, the evidence related to these is briefly dis-
cussed here but is described more fully below in the impact on outcomes.

Following discharge from hospital after critical illness, HRQoL has been found 
in several studies when evaluated using either the SF-36 or EuroQol-5D to be asso-
ciated with sleep disturbances [21, 22, 31, 33, 34]. Multivariate analyses controlling 
for potential confounders known to affect sleep, including anxiety and depression, 
found HRQoL to be significantly associated with sleep quality both 3 months [22] 
and 6 months [21] after ICU discharge.

Some investigators have reported a relationship between pain (and its related 
symptoms) and sleep in survivors of critical illness after hospital discharge. A sig-
nificant bivariate relationship between pain and sleep disturbance was found 2 
months after discharge in a small sample of medical ICU patients who had required 
long durations of ventilation [35]. Langerud and colleagues [36] also found chronic, 
post-ICU pain was associated with a greater risk for sleep disturbance three and 
12 months after discharge. Bodily pain on the SF-36 has also been reported to be 
independently associated with post discharge sleep in several other studies [21, 22, 
33, 34].

6  Impact of Disturbed Sleep after Critical Illness 
on Recovery Outcomes

Posthospital sleep disturbances are known to affect the outcomes associated with 
recovery from critical illness. As noted above, there are many features in the pat-
terns of signs and symptoms seen alone or in combination in the constellation 
known as the post-intensive care syndrome (PICS). These factors are often interre-
lated and likely bidirectional. As noted in the prior section, reduced quality of life 
and chronic pain are important risk factors for poor post-ICU sleep. Poor post-ICU 
sleep may also worsen quality of life and increase pain. Disrupted sleep in the post- 
ICU recovery period will also worsen HRQoL and psychological symptoms such as 
those of posttraumatic stress, and may impair cognitive function. A cause-and-effect 
relationship is sometimes claimed, e.g., that observed sleep disturbances affected 
mental health and bodily pain domains [31]. However, the evidence equally could 
support a bidirectional relationship.

Long-Term Outcomes: Sleep in Survivors of Critical Illness
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6.1  Health-Related Quality of Life

Assessment of HRQoL after critical illness and intensive care has mostly been stud-
ied with the SF-36 [37] and the EuroQol-5D (EQ-5D) [38] in combination with a 
range of self-report sleep instruments. Various sleep parameters have been found to 
be independently associated with both global measures and specific domains of 
HRQoL. Solverson and colleagues [22] reported associations between sleep quality 
assessed with the PSQI 3 months after discharge and anxiety (HADS), perceived 
health status, mobility and self-care (EQ-5D), and with the Physical (PCS) and 
Mental composite scores (MCS) of the SF-36). (The composite scores, both PCS and 
MCS, are made up of each of the eight SF-36 subscale scores with the subscale 
scores weighted differently in calculating the total score according to its contribution 
to the two major physical and mental domains). Investigators who used the Basic 
Nordic Sleep Questionnaire (3 items) in former ICU patients at 6 months found cor-
relations with the SF-36 scales for mental health, bodily pain, general health, vitality 
and role limitations due to physical problems. Relationships have also been found 
between sleep assessed at 12 months [34] and 6 months (PSQI) after general ICU 
and the PCS and MCS of the SF-36 [21, 39], and in postoperative coronary artery 
bypass graft patients who had a median stay of 2 days in the ICU [40].

6.2  Psychological Symptoms

Psychological symptoms are commonly observed in critical illness survivors with 
symptoms of anxiety, depression and posttraumatic stress symptoms (PTSS) often 
detected. (Posttraumatic stress symptoms is used to indicate reporting of posttrau-
matic symptoms as distinct from diagnosis of posttraumatic stress disorder—
PTSD). The relationship between mental health symptoms and disordered sleep is 
complex. Up to 40% of the general population who report insomnia have also been 
diagnosed with a psychiatric condition [41], while up to 90% of people with depres-
sion report some type of sleep disturbance [42]. There is substantial overlap between 
disordered sleep and mental health disorders. Critical illness survivors are a unique 
population, but this relationship between mental health symptoms and disordered 
sleep appears to be present.

The association of PTSS and post-discharge sleep in ICU patients has been stud-
ied using the Impact of Events Scale -Revised (IES-R) which assesses the post-
trauma symptoms of intrusion, avoidance and hyperarousal [43]. It was found in 
multivariate analyses that PTS symptoms were related to worse sleep 6 months [33] 
and 12 months [34] after ICU.

In two studies [22, 44] data were collected on anxiety, depression and 
trauma- related symptoms, and on sleep (PSQI or self-report on sleep 
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disturbances) at 3 months after ICU. Anxiety or trauma-related symptoms were 
found to correlate most strongly with poorer quality sleep, but symptoms of 
depression were not associated with sleep disturbances. In a secondary analysis 
of patients enrolled in a rehabilitation study out to 6 months after ICU dis-
charge [33], sleep disturbances were associated with anxiety, stress, and depres-
sion (DASS-21).

The prevalence of mental health symptomatology and sleep disturbances in 
patients with specific physical conditions or comorbidities has also been studied. 
One study [45] performing follow-up of participants with sepsis aftercare reported 
an increase in PTSS in some participants 24 months after ICU discharge. There was 
no commensurate increase in reported sleep disturbances.

7  Strategies for Sleep Promotion during Recovery

As outlined above, the factors related to sleep disturbance post-ICU are multifacto-
rial, change over time, and can persist for 6–12 months after ICU discharge. The 
environment for recovery is varied and can include an existing or new home, a 
rehabilitation facility or a long-term acute care hospital.

Sleep disorders are common in the general population, with more than half 
(59.4%) of adult Australians affected by at least one chronic sleep symptom [46] 
and 14.8% of people have symptoms of chronic insomnia, as classified by the 
International Classification of Sleep Disorders. Almost half (48.8%) report that all 
or most of the time their daily routine does not provide adequate opportunity 
to sleep.

The high prevalence of disordered sleep, heterogeneity of patients and lack of 
data makes a single specific strategy for sleep promotion during ICU recovery dif-
ficult to recommend. However, clinicians should start with some understanding of 
whether the disturbance is pre-existing and/or related to the recent episode of criti-
cal illness.

For sleep disturbance that appears related to the recent critical illness, a multidis-
ciplinary ICU follow-up clinic provides an opportunity and the time required to 
identify new sleep issues. Prior to, or during the clinic visit, a subjective sleep 
screening tool such as the PSQI or ESS (for cognitively impaired patients a unidi-
mensional instrument such as the RCSQ or NRS can be used to assess global sleep 
quality). Other assessment methods, particularly mental health screening tools, can 
help identify factors associated with sleep disturbance. This allows for patients with 
significant symptoms of anxiety, depression and/or PTSS to be identified and 
referred for specialized mental health services in parallel to general sleep recom-
mendations. As sleep affects and is affected by all domains of health a holistic 
approach is advised; see Table 1 for guidance.
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7.1  Assessment and Referral

Pre-existing disordered sleep or chronic insomnia may be best directed to the 
patient’s treating general practitioner or, if known to one, their sleep physician. In 
referring to their treating clinician, referral communication should acknowledge the 
role critical illness can have in precipitating an acute deterioration, as this may not 
be appreciated by all non-ICU clinicians. Patients should also be assessed for sleep- 
altering effects from common medications prescribed in ICU (see chapter “Effects 
of Common ICU Medications on Sleep”). SDB should be treated by a sleep expert, 
but insomnia treatment may be provided by other health professionals such as the 
ICU follow up team or the primary provider. A brief summary of examples of 
insomnia treatments follows.

7.2  Treatment for Chronic Insomnia

Generally, chronic insomnia can be difficult to treat and is often relapsing. However 
reasonable sleep improvements can be expected when non-pharmacological, single 
component treatments such as relaxation therapy and sleep hygiene techniques 
(SHTs) are implemented. More lasting improvements may be achieved with multi-
component treatments such as cognitive behavioral therapy for insomnia (CBT-I). 
The potential harms associated with pharmacological interventions, i.e. sedatives 
and hypnotics, such as dependency, worsening cognitive function and falls particu-
larly in the elderly preclude their use for insomnia. Current recommendation from 
sleep experts is that sedatives and hypnotics should be avoided and prescribed only 
in the short term by sleep experts [47]. Generalized recommendations about phar-
macological treatments are usually not provided by sleep experts, with selection of 
the type and dose of medication based on the individual patient’s needs and health 
status [27].

7.2.1  Single Component Treatments

Relaxation Therapy
Relaxation therapy includes structured exercises to reduce body tension, using tech-
niques such as abdominal breathing, autogenic (desensitization-relaxation) training, 
systematic and progressive muscle relaxation, and mental stimulation e.g., medita-
tion, guided imagery. Specific sleep experts are not required to deliver this safe and 
cost-effective single component treatment. Relaxation therapy is a vital first step in 
assisting ICU survivors experiencing poor quality sleep and may be all that is 
required to enable restorative sleep [47].
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Stimulus Control
This single component treatment has some supporting low level research evidence 
[47] and requires some expertise to deliver (i.e., motivational techniques) but could 
be learned by the ICU clinician. The objective is to reduce conditioned insomnia by 
providing instructions to ameliorate the association between the bed/bedroom and 
wakefulness and re-establish the association of bed/bedroom with sleep and ensure 
a consistent wake-time. Therefore, stimulus control instructions are:

 1. Wake and get up at the same time each morning
 2. Go to bed only when sleepy
 3. When unable to sleep get out of bed
 4. Use the bed/bedroom for sleep and sex only (all reading, TV and social media 

activity should be conducted in other rooms)
 5. Do not nap during the daytime

Sleep Restriction
This technique is designed to enhance the urge to sleep and consolidate sleep by 
constraining time in bed to the patient’s average sleep time [47]. The sleep time is 
often derived from self-administered sleep logs. Initially time in bed is restricted to 
average sleep time and subsequently increased or decreased based on sleep effi-
ciency, until adequate sleep time is achieved. This is typically based on overall sleep 
satisfaction and daytime function. Sleep restriction is best administered by a 
sleep expert.

Sleep Hygiene Techniques (SHTs)
SHTs are a single component treatment focused on educating the patient on creating 
the most conducive ambiance, physical condition, and psychological status for 
sleep. Empirically supported SHTs include instruction on a range of strategies 
which the patient can implement at home. Strategies such as a regular bedtime, 
avoiding screens (e.g., phone and computer screens), avoiding coffee and alcohol 
and minimizing sleep medications are effective and safe to recommend [48]. It is 
recommended that SHTs are not used in isolation but in combination with 
CBT-I [47].

7.2.2  Multicomponent Treatments

Cognitive Behavior Therapy for Insomnia (CBT-I)
CBT-I is a multicomponent evidence-based [49], cost effective [50] approach to 
treat insomnia. The effect can match hypnotic drugs and persist after completion of 
therapy [49]. It is the mainstay for insomnia treatment [47]. For patients living 
remote from a large referral hospital, CBT-I can be as effective when delivered 
online or via telephone [51] and may also be delivered effectively by the primary 
care provider [52].
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CBT-I is generally delivered over 4–10 sessions and includes sleep hygiene edu-
cation, stimulus control, sleep-restriction therapy, relaxation techniques and cogni-
tive therapy. Four or more sessions appears to be more effective than a single 
consultation [53] but even a single session can be powerful and reassuring for 
patients and families in acknowledging any sleep disturbance and normalizing the 
process. This allows the start of a patient-centered approach to sleep education that 
will be critical in recovery. Patients can leave the consult empowered with increased 
knowledge as well as educational material and reliable resources to manage their 
condition.

Brief Therapies for Insomnia (BTIs)
BTIs are an abbreviated version of CBT-I [47]. They usually comprise up to 4 ses-
sions in which the behavioral components of sleep promotion are emphasized. 
Components of BTIs include education about sleep and circadian rhythm, factors 
that influence sleep quality, and behaviors that adversely affect or promote sleep, 
combined with an individualized behavioral prescription based on self-administered 
sleep diaries/logs, comprising stimulus control and sleep restriction therapy. 
Cognitive and relaxation therapies are other key components. Although not as effec-
tive as CBT-I, BTIs may be an achievable component of an ICU follow-up service 
and could be provided as a bridge to CBT-I if access to this is constrained by cost or 
availability.

8  Concluding Remarks and Future Directions

This chapter has presented a summary of the research to date on sleep in survivors 
of critical illness that is broad in its scope though necessarily brief in description. 
The means of assessing sleep, the nature of sleep during recovery and factors asso-
ciated with this and strategies for improving sleep in ICU survivors have benefitted 
from the science and scholarship published to date. Nevertheless, there remains a 
paucity of published sleep research to guide practitioners in the assessment and 
treatment of sleep in ICU survivors. Therefore, in the absence of strong evidence, 
the use of assessment methods (i.e., history taking, screening and sleep assessment 
for the most likely sleep disorder with an abbreviated PSG montage if required) and 
interventions (e.g. CBT-I) used by sleep medicine experts is advised. Pharmacological 
interventions are not generally recommended. It is imperative that this vital aspect 
of health is considered during the holistic follow up of ICU survivors and that 
appropriate care, support and treatment is offered.

Further research to investigate the most appropriate time in the recovery trajec-
tory to screen and assess sleep, assessment methods, the impact of sleep disturbance 
on outcomes and interventions for improvement would be beneficial. For example, 
software on commercially available fitness trackers may be a low cost and burden-
less method of continuously assessing trends in sleep quality and providing an 
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indication of a potential sleep disorder. More scientific information on the sources 
and mechanisms of sleep disturbance during recovery from critical illness, and trial-
ling of novel interventions to improve outcomes will be beneficial for patients and 
their treating practitioners.
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Methods for Routine Sleep Assessment 
and Monitoring

Alexander O. Pile, Erica B. Feldman, Jennifer L. Martin, 
and Biren B. Kamdar

1  Introduction

The role of sleep and sleep disruption in critical illness is an emerging topic of 
interest. While it is widely accepted that sleep is important for recovery from criti-
cal illness, this field is challenged by a lack of effective methods to measure sleep 
in the context of factors such as patient illness, sleep-altering medications, other 
monitoring devices, and staff availability. This chapter reviews methods to evaluate 
sleep in critically ill patients, including polysomnography, bispectral index (BIS), 
actigraphy, questionnaires and novel methods such as commercially available 
smartwatches.
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2  Objective Methods to Measure Sleep

2.1  Polysomnography

Polysomnography (PSG), widely considered the “gold standard” for sleep measure-
ment, involves the objective measurement of physiological and electrical changes 
based on simultaneous electroencephalogram (EEG), electro-oculogram (EOG), 
electrocardiogram (ECG) and electromyogram (EMG) recordings [1]. PSG pro-
vides data on total sleep duration, sleep architecture (sleep stages), and frequency 
and duration of awakenings [1]. Typically, PSG is conducted in a controlled sleep 
laboratory where patients are monitored overnight. In comparison, use of PSG in 
critically ill adults is challenging for a number of reasons including cumbersome 
equipment, high cost, need for close monitoring, patient intolerance, frequent ICU- 
related disruptions, and difficulties with interpretation. As highlighted in chapters 
“Risk Factors for Disrupted Sleep in the ICU”, “Effects of Common ICU Medications 
on Sleep” and “Mechanical Ventilation and Sleep”, critically ill patients often 
receive mechanical ventilation, sedative infusions, steroids, analgesics, and vasoac-
tive medications, all of which can alter signals obtained during PSG recordings [2–6].

2.1.1  Data from ICU Application

As noted in chapter “Characteristics of Sleep in Critically Ill Patients. Part I: Sleep 
Fragmentation and Sleep Stage Disruption”, PSG has been used widely in the ICU 
setting, in particular in seminal studies describing sleep in critically ill patients 
(Fig. 1) [7]. In one observational study involving mechanically ventilated patients, 
PSG was used to demonstrate that patients experience markedly disrupted sleep 
architecture, with skipped stages, reduced rapid eye movement (REM) sleep, and 
frequent daytime and nighttime arousals and awakenings [8]. Additionally, 24-h 
portable PSG recordings revealed sleep architecture disruptions in non-ventilated 
ICU patients similar to those observed in mechanically ventilated patients [1].

Numerous PSG studies have observed that critically ill patients often exhibit 
EEG patterns that are uninterpretable using traditional scoring criteria, due to 
reduced REM, a lack of K complexes and sleep spindles, and a preponderance of 
monomorphic delta and theta waves [8–11]. Using modified EEG cutoffs and auto-
mated spectral analysis, several studies proposed modified ICU-specific sleep scor-
ing strategies [11–14]. One such study noted that critically ill patients who appeared 
awake had PSG patterns suggesting sleep, and vice versa, and proposed a new scor-
ing system that included traditional stages along with pathologic wakefulness and 
six “atypical” designations of non-normal sleep (Fig. 2) [15]. (Chapter “Atypical 
Sleep and Pathologic Wakefulness” provides additional background on atypical 
sleep and pathologic wakefulness). This adapted scoring system has been used in 
various studies, including one investigating the effect of a “quiet routine” interven-
tion that did not yield improvements in patient sleep [16].
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Fig. 1 Polysomnography in one healthy and four critically ill patients. Gray areas represent sleep 
while white areas represent wake. Notable in critically ill patients is the fragmentation and near- 
lack of REM and N3 sleep [7]. From “Sleep and Sleep Disordered Breathing in Hospitalized 
Patients”, by M. P. Knauert, 2014, Semin Respir Crit Care Med, 35(5), 582–92. Copyright 2014 by 
Georg Thieme Verlag KG Stuttgart. Reprinted with permission

In addition to describing sleep rhythms, PSG has also been used to evaluate the 
influence of environmental factors on sleep in the ICU, including unnatural and 
inconsistent levels of light, loud sounds, and patient care interactions [17]. (Chapter 
“Risk Factors for Disrupted Sleep in the ICU” reviews risk factors for disrupted 
sleep). For example, a prospective cohort analysis of 22 ICU patients undergoing 
PSG demonstrated that all patients experienced sleep-wake cycle abnormalities, 
with noise being the primary contributor to about 17% of awakenings [9]. Another 
study comparing PSG in mechanically ventilated and healthy adults exposed to an 
ICU environment demonstrated that 21% of arousals and awakenings were attrib-
uted to sounds exceeding guideline-recommended levels, while 7% were attributed 
to interruptions such as visitations and treatment [18].

2.1.2  Limitations in the ICU

Various ICU-related factors can alter PSG patterns and thus complicate sleep mea-
surement. Commonly used sedatives such as benzodiazepines and propofol are 
associated with changes in EEG amplitude and frequency, and analgesics and anti-
psychotics have been associated with EEG slowing and altered sleep architecture 
[19–21] as described in greater detail in chapter “Effects of Common ICU 
Medications on Sleep”. Illness itself can also alter and complicate PSG interpreta-
tion, specifically common ICU conditions such as encephalopathy, sepsis, and elec-
trolyte derangements [22, 23].
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Fig. 2 Atypical PSG recording from a critically ill patient, scored using modified criteria (At1–6) 
as follows: atypical stage 1 (At1): ≥10% alpha and/or theta activity (arrow) and some delta activity 
(circle), frontal intermittent rhythmic delta activity (FIRDA), and/or triphasic activity; At2: inter-
mittent alpha, beta, or theta complexes (arrow) without polymorphic delta activity; At3: polymor-
phic delta activity without alpha, beta or theta complexes; At4: EEG amplitude <5 μV mixed with 
burst suppression (isoelectric activity); At5: burst suppression patterns similar to At4 with EEG 
amplitude <20 μV; At6: no EEG activity (isoelectric). Last, a sleep stage was proposed to capture 
atypical but pathologic wakefulness, characterized by wakefulness devoid of alpha and beta activ-
ity [15]. From “Atypical Sleep in Ventilated Patients: Empirical Electroencephalography Findings 
and the Path Toward Revised ICU Sleep Scoring Criteria,” by P. L. Watson, 2013, Critical Care 
Medicine, 41(8), 1958–67. Copyright 2013 by the Society of Critical Care Medicine and Lippincott 
Williams. Reprinted with permission

From a usability standpoint, large-scale application of PSG is not feasible due to 
its high cost, cumbersome equipment, and the need for trained personnel for setup 
and interpretation. Consequently, few ICU-based studies have obtained PSG beyond 
24 h [24]. An evaluation of 24-h unattended portable PSG yielded usable data from 
27 of 29 enrolled patients, however nine prematurely discontinued participation 
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while 5 experienced inadvertent removal and dislodged electrodes [25]. Notably, a 
low enrollment rate was observed in the study, with family and staff declining to 
participate, presumably due to perceived invasiveness of PSG and the presence of 
extra monitoring equipment required. In other studies, common reasons for PSG 
discontinuation include electrical or respiratory artifact [8] and device malfunction 
[12]. Given these challenges, the 2018 Clinical Practice Guidelines for the Prevention 
and Management of Pain, Agitation/Sedation, Delirium, Immobility, and Sleep 
Disruption in the ICU (PADIS) do not recommend the routine use of PSG in the 
ICU [25, 26].

2.2  Bispectral Index

Bispectral Index (BIS) poses another option for objective sleep measurement. 
Typically used in the operating room to guide titration of general anesthesia, BIS 
integrates data from EEG electrodes contained within a single forehead sensor to 
generate a value of 0 to 100, with 100 representing maximum wakefulness [27, 28].

2.2.1  Data from ICU Application

BIS has been evaluated in several ICU studies. Using a previously-established BIS 
sleep scoring system (>85 = awake, 60–85 = light sleep, <60 = slow wave sleep, and 
REM scored by combining EMG recordings with BIS) [29], a 2001 study of 27 
minimally sedated ICU patients used BIS to confirm poor sleep in the patients who 
averaged 98 min of sleep across the 10-h recording period [30]. Subsequently, a 
randomized trial of melatonin versus placebo in 24 mechanically ventilated patients 
used BIS to evaluate nighttime sleep quality [31]. Using a BIS cutoff of 80 to repre-
sent sleep, the study found that patients receiving melatonin had a higher sleep 
efficiency, however simultaneous actigraphy, nurse assessment, and Richards 
Campbell Sleep Questionnaire (RCSQ) recordings did not corroborated this result 
[31]. Finally, a cross-sectional study aiming to evaluate BIS for ICU sleep measure-
ment found that 29 critically ill adults experienced an average total nighttime sleep 
duration of 234  min, with 1.7  min of deep sleep [32]. Notably, in these mostly 
awake patients, BIS was limited in its ability to identify lighter stages of sleep, sug-
gesting that BIS was infeasible as a method to estimate ICU sleep [32].

2.2.2  Limitations in the ICU

While BIS is less cumbersome than PSG, it requires an electrode which can easily 
fall off or be removed [27]. Further, patients in the ICU are often sedated, ventilated, 
hemodynamically unstable or cognitively impaired, all of which can affect the EEG 
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data necessary for BIS. As such, several studies involving BIS excluded delirious 
patients [31–33]. While BIS may be more affordable and feasible to use than PSG, it 
shares many of its limitations and unlike PSG is substantially limited in its ability to 
differentiate between sleep stages and light sleep and wakefulness [27, 28]. Robust, 
large-scale studies are required to evaluate BIS as a measure of sleep in the ICU.

2.3  Actigraphy

Actigraphy involves use of an accelerometer to measure physical activity, usually 
by applying a wristwatch-type device on the wrist or ankle [34–36]. Low cost and 
easy to apply, actigraphy rest-activity data have been used for decades to estimate 
sleep [37–43], including in the ICU where it has been shown to be feasible and well 
tolerated for continuous use [31, 34, 36, 44–49].

While actigraphy has been validated against PSG as a measure of sleep in healthy 
outpatients [42, 43], a study of 12 mechanically ventilated hospitalized patients 
revealed that actigraphy overestimated total sleep time and efficiency as compared 
to PSG, with <65% agreement [50].

2.3.1  Data from ICU Application

Despite its potential for sleep misestimation, actigraphy has been used to estimate dif-
ferences in sleep in several ICU-based intervention studies, including those involving 
melatonin [31, 44, 45], valerian acupressure [49], and bright light therapy [51, 52]. 
Actigraphy-based measurements have also been used to describe circadian rest-activ-
ity rhythms in diverse critically ill populations, including sedated and non- sedated 
patients and those in medical, surgical and neurological ICUs [51, 53, 54]. Like stud-
ies involving PSG, most of these studies were small but given its feasibility and low 
cost, large-scale efforts should consider actigraphy as an outcome measure, particu-
larly those involving an intervention to improve sleep-wake or rest-activity rhythms. 
Future studies are warranted to develop ICU-specific algorithms to score sleep using 
actigraphy data.

2.3.2  Limitations in the ICU

As critically ill patients are often inactive, actigraphy interpretation, when scored 
using traditional algorithms, is prone to misclassification of motionless wakefulness 
as sleep [34]. For example, a study of actigraphy feasibility in 35 critically ill 
patients demonstrated that 64% and 83% of 30-second wrist and ankle measure-
ments, respectively, equaled zero, with 72% and 93% scored as “sleep” by a tradi-
tional scoring algorithm (Fig. 3) [34]. Unsurprisingly, patients with higher organ 
failure scores, restraints, or those receiving mechanical ventilation or continuous 
sedation registered more zero-activity epochs and lower non-zero activity levels, 
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rest-activity patterns that could be misclassified as sleep by traditional scoring algo-
rithms [55]. Nevertheless, if not for sleep estimation, wrist actigraphy in the ICU 
can be used to collect large-scale activity measurements.
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Fig. 3 Twenty-four-hour wrist actigraphy in a healthy adult (top panel) as compared to critically 
ill patients in a medical ICU (middle and bottom panels). Notably, the healthy adult exhibits rest- 
activity fluctuations corresponding to circadian sleep-wake cycles, with activity peaks exceeding 
1000 movements per 30-second epoch. Alternatively, aggregate activity data from 35 critically ill 
patients demonstrate near absent rest-activity rhythmicity and activity peaks rarely exceeding 50 
movements per epoch. Displaying critically ill patient activity on a 0 to 1500 scale highlights the 
profound immobility affecting this population [34]. From “Feasibility of Continuous Actigraphy in 
Patients in a Medical Intensive Care Unit,” by B. B. Kamdar, 2017, American Journal of Critical 
Care, 26(4), 329–35. Copyright 2017 by the American Association of Critical-Care Nurses. 
Reprinted with permission
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3  Subjective Methods to Measure Sleep (Table 1)

3.1  Clinician Observation

One 1993 study compared PSG recordings with Sleep Observation Tool (SOT) 
assessments (a clinician-based evaluation of sleep and wake states) in critically ill 
adults [56]. From 1 am to 5 am, every 15 min, fifteen nurses logged whether 21 
patients (all but one mechanically ventilated) who were undergoing PSG were 
“Asleep,” “Awake,” or “Could Not Tell”. Over 272 sleep-wake observations, nurses 
recorded “sleep” accurately 88% of the time (145 of 165 observations) and “awake” 
70% of the time (55 of 79 observations) when compared with PSG [56].

As an alternative to the SOT, other studies have evaluated customized sleep eval-
uation tools. A study involving 12 mechanically ventilated patients compared nurse 
observation, actigraphy and PSG and concluded that nurse assessments were both 
inaccurate and unreliable; however, this study lacked a specific observation proto-
col, with nurses estimating hours slept and number of awakenings at the end of the 
recording period [50]. Another study evaluating PSG versus nurse assessment in 9 
surgical ICU patients, with observations made every 5 min, suggested that nurses 
tend to overestimate sleep time compared to PSG [57]. Hence, while bedside staff 
are capable of logging sleep-wake observations in busy ICU settings, current meth-
ods may be too labor intensive and/or unreliable for widespread use.

3.2  Patient-Perception: Richards-Campbell 
Sleep Questionnaire

The Richards-Campbell Sleep Questionnaire (RCSQ) is the most commonly used 
subjective method of sleep measurement in the ICU setting, and the only one vali-
dated against PSG [58, 59]. The RCSQ is comprised of five items, each on a 0 mm 
to 100 mm visual-analogue scale (VAS), inquiring about sleep depth, onset latency 
(the time spent in bed for sleep before actually falling asleep), number of awaken-
ings, time spent awake, and overall sleep quality, with an average of the five items 
equaling a total sleep score (0 = bad sleep and 100 = good sleep). Several studies 
that used the RCSQ also added a sixth 0 to 100 mm VAS inquiring about perceived 
nighttime ICU noise levels [60–62].

3.2.1 Data from ICU Application

Low cost, feasible to perform by a patient or proxy, and available in multiple lan-
guages [63–67], the RCSQ has been used to measure sleep in many ICU-based 
studies [60, 63, 67–72]. Notably, in a 2008 study involving 104 surgical patients, the 
RCSQ was used to confirm that patients experience suboptimal sleep quality and 
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Table 1 Subjective Methods to Evaluate Sleep in Critically Ill Patients

Instrument 
(Year 
Developed) Rater

Assessment 
Frequency Items

Question 
Topics

Scoring 
Method

ICU 
Validation 
Studies

Key Intervention 
Studies

Sleep 
observation 
tool (SOT) 
(1993) [56]

ICU 
provider

Every 
15 min

1 Sleep 
versus 
wake

3 options: 
“Asleep”, 
“awake” or 
“could not 
tell”

88% and 
70% 
agreement 
recording 
“sleep” 
versus 
“wake” as 
compared 
to PSG

None

Richards-
Campbell 
sleep 
questionnaire 
(RCSQ) 
(2000) [59]

Patienta Daily 5 (or 6) Nighttime 
sleep 
qualityb 
(with 
optional 
perceived 
noise 
rating)

100 mm 
visual-
analog 
scales

Good 
content 
and 
criterion 
validity 
against 
PSG

Multiple quality 
improvement 
efforts, n = 300 
[62], n = 421 
[71], n = 646 [73]

Leeds sleep 
evaluation 
questionnaire 
(LSEQ) 
(1978) [83, 
84]

Patient Daily 10 Nighttime 
sleep 
qualityb

100 mm 
visual-
analog 
scales

None Phase II RCT 
comparing 
nocturnal 
dexmedetomidine 
to placebo [75]

St. Mary’s 
hospital sleep 
questionnaire 
(SMHSQ) 
(1981) [77, 
85]

Patient Daily 14 Nighttime 
sleep 
qualityb

Likert scale 
and free 
response 
questions

None Valerian oil 
acupressure [76]

Verran/
Snyder-
Halpern 
(VSH) Sleep 
Scale (1987) 
[87]

Patient Every 3 
nights

9 to 15 Nighttime 
sleep 
qualityb

100 mm 
visual-
analog 
scales

None Earplugs [88], eye 
masks [79], back 
massages [89], 
aromatherapy 
[80]. music 
therapy [90]

Sleep in the 
ICU 
questionnaire 
(SICUQ) 
(1998) [82]

Patient Periodically 
during or 
after ICU 
stay

27 Sleep 
quality 
during 
entire ICU 
stayb,c

1 (poor) to 
10 
(excellent) 
Likert scale

None Multiple quality 
improvement 
efforts to improve 
ICU sleep [61, 62, 
91]

Numeric 
rating scale 
for sleep 
(NRS-sleep) 
(2019) [98]

Patient Daily 1 Nighttime 
sleep 
qualityb

0 to 10 
Likert scale

Strong 
correlation 
with 
RCSQ in 
defining 
sleep as 
“good”

None

Abbreviations: ICU Intensive Care Unit; PSG Polysomnography; RCT Randomized Controlled Trial
aCan also be performed by proxy (e.g., nurse) rater, however nurse raters have been shown to overestimate 
patient sleep quality [69, 74]
bAddresses various domains of sleep and wake including sleep depth, sleep onset latency, number of awaken-
ings, time spent awake, overall sleep quality, behavior following wakefulness, morning alertness
cAlso addresses specific causes of sleep disruption (i.e., noise, light)
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frequent awakenings in the ICU [69]. On a larger scale, RCSQ scores have been 
used to evaluate the effect of sleep-improvement interventions, including a multi- 
stage intervention involving 300 medical ICU patients [62], a nighttime noise 
reduction intervention involving 421 patients in a mixed medical-surgical ICU [71], 
and a comprehensive sleep-wake promotion intervention involving 646 patients in 
two surgical ICUs [73]. While these interventions did not yield significant pre-post 
RCSQ improvements, the studies confirmed the feasibility of collecting many 
RCSQs on a large scale.

3.2.2 Limitations in the ICU

An overarching limitation of the RCSQ is its feasibility in sedated patients or those 
experiencing cognitive impairments such as delirium or coma. A 2003 study evalu-
ating patient and nurse perceptions of sleep in the ICU found no significant patient- 
nurse differences in RCSQ ratings, suggesting that nurses could act as proxies for 
patients unable to complete the RCSQ [60]. However, more recent studies demon-
strated that nurse-patient interrater reliability on the RCSQ was poor, with nurses 
tending to overestimate patient sleep quality (Fig. 4) [69, 74]. Methodological dif-
ferences may explain these discrepant results, as the former study evaluated 13 
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Fig. 4 Bland-Altman plot depicting Richards-Campbell Sleep Questionnaire (RCSQ) ratings 
from 33 medical ICU (MICU) patients whose nurse proxies completed the questionnaire simulta-
neously as part of an interrater reliability evaluation. The RCSQ is a five-question instrument 
evaluating sleep depth, sleep latency, number of nighttime awakenings, sleep efficiency and sleep 
quality via 100 mm visual-analogue scales, with higher scores representing better sleep quality and 
an average of the 5 items representing overall sleep quality. The linear regression plot and 95% 
confidence interval depicts the difference between nurse and patient scores, demonstrating that 
nurses tended to overestimate patient sleep quality when completed the RCSQ [74]. From “Patient- 
nurse interrater reliability and agreement of the Richards-Campbell sleep questionnaire,” by 
B.  B. Kamdar, 2012, American Journal of Critical Care, 21(4), 261–269. Copyright 2012 by 
American Association of Critical-Care Nurses. Reprinted with permission
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nurse-patient RCSQ pairs in 13 patients and the latter 92 pairs in 33 patients, 
repeated assessments which may have been vulnerable to rater fatigue. Further, the 
latter occurred during an ICU-wide sleep improvement project that may have posi-
tively biased nurses’ perception of their patients’ sleep quality. Hence, while the 
RCSQ is validated, inexpensive and easy to perform, its use is primarily confined to 
awake and alert patients, a shortcoming limiting its ability to evaluate sleep on large, 
diverse populations of critically ill patients.

3.3 Patient-Perception: Other Methods

A variety of other subjective methods of sleep measurement have been used in the 
ICU setting, including the Leeds Sleep Evaluation Questionnaire (LSEQ) [75], St. 
Mary’s Hospital Sleep Questionnaire (SMHSQ) [76, 77], Verran/Snyder-Halpern 
(VSH) Sleep Scale [78–81], and Sleep in the Intensive Care Unit Questionnaire 
[82]. Like the RCSQ, each method affords the ability to measure sleep at a low cost 
and on a large scale while lacking the physiologic, objective data provided by PSG, 
BIS and actigraphy.

3.3.1 Leeds Sleep Evaluation Questionnaire

The Leeds Sleep Evaluation Questionnaire (LSEQ) is a 10-item tool involving 
100 mm visual analogue scales like the RCSQ [83, 84]. Capturing the domains of 
“ease of initiating asleep”, “quality of sleep”, “ease of awaking” and “behavior fol-
lowing wakefulness”, the LSEQ was developed to evaluate patient changes in sleep 
following the receipt of psychoactive drugs. Notably, the LSEQ was used to evalu-
ate nighttime sleep in a recent phase II randomized trial comparing nocturnal dex-
medetomidine to placebo in 100 adults without delirium, demonstrating no 
difference in perceived sleep quality despite a lower incidence of delirium in the 
experimental group [75].

3.3.2 St. Mary’s Hospital Sleep Questionnaire

The St. Mary’s Hospital Sleep Questionnaire (SMHSQ) was developed in London 
in 1981 as a more feasible option than PSG in hospitalized patients [77, 85]. 
Consisting of 14 Likert scale and fill-in-the-blank questions, the SMHSQ addresses 
sleep latency, restlessness, nighttime awakenings, and morning alertness. In the ICU 
setting, the SMHSQ was used to demonstrate improved perceived sleep quality in 
patients receiving acupressure with valerian oil as compared to controls [76]. While 
the SMHSQ can effectively evaluate sleep duration and quality, some questions, 
specifically those inquiring about specific sleep/wake times and sleep duration may 
not be feasible for critically ill patients.
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3.3.3 Verran/Snyder-Halpern Sleep Scale

The Verran/Snyder-Halpern (VSH) Sleep Scale was developed in 1987 to evaluate 
sleep disturbances and effectiveness (such as rest upon awakening and perception of 
sleep quality) in healthy and hospitalized patients [86]. The VSH uses a 100 mm 
visual analogue scale, like the 5-item RCSQ, but includes 9 to 15 items (depending 
on the version) and evaluates sleep three nights, with a 0 to 1500 total score [87]. 
The VSH has been used to evaluate sleep quality improvements in various studies 
[81], including interventions suggesting improved sleep quality when patients wore 
earplugs [88] and/or eye masks [79], received back massages [89] or were exposed 
to aromatherapy [80] or music therapy [90]. Like the RCSQ, the VSH is simple to 
administer, but has yet to be validated in the ICU setting and may be vulnerable to 
recall bias when focusing on the past three nights.

3.3.4 Sleep in the ICU Questionnaire

A 1998 cross-sectional study introduced the Sleep in the Intensive Care Unit 
Questionnaire (SICUQ), a 27-component one-time evaluation of sleep quality, day-
time sleepiness, and causes of wake and arousal over a patient’s entire ICU stay 
[82]. Completion of the SICUQ by 203 patients at discharge from four ICUs con-
firmed that patients experienced poorer sleep than home while in the ICU, with 
more interruptions in the medical ICU than surgical and cardiac ICU settings. The 
SICUQ has been used in quality improvement efforts to assess intervention-related 
differences in sleep quality ratings [61, 62, 91]. While the number of SICUQ com-
ponents render it infeasible for daily use, it provides a valuable source of patient 
feedback when planning efforts to improve sleep disruption in the ICU.

4  Evolving and Future Assessment Methods

Various tools and technologies may gain popularity for sleep measurement in the 
ICU setting. For example, single-use EEG sensors pose a more feasible cost- 
effective option than traditional electrodes, with the advantage of being disposable 
and faster and easier to apply [92]. Other wearable EEG sensors include the Flex- 
printed forehead EEG (fEEGrid), which can yield several hours of recordings [93]. 
While promising, these devices are in the testing phase and have not been validated 
for use in critically ill patients.

In the area of motion-based technologies, the greatest attention has been paid to 
commercial devices manufactured by Apple, FitBit, Samsung, Huawei, and Oura. 
Affordable, equipped with Bluetooth capabilities and physiologic measures such as 
heart rate, and undergoing rapid development and validation by advanced technol-
ogy companies [94], these devices carry tremendous potential as alternatives to tra-
ditional wired actigraphy devices. However, these devices have limited battery life, 
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minimal to no access to raw data and/or ICU-specific sleep scoring algorithms and 
have yet to be rigorously evaluated in the ICU setting. Notably, one study involving 
Fitbit recordings in non-mechanically ventilated and non-delirious critically ill 
adults observed this device was often unable to detect sleep interruptions and sleep 
phases and had poor agreement with the RCSQ [95]. Finally, because the Oura ring 
is made of titanium, it could get stuck on edematous digits, putting patients at risk 
for injury.

As alternatives to wrist- and finger-based measurement, the Nemuri SCAN 
(NSCAN) is an under-mattress pressure sensor that can measure awakenings, 
sleep, body motion, heart rate and respiratory rate [96]. When evaluated against 
PSG and the RCSQ for 24 h in eleven critically ill patients, NSCAN demon-
strated 68% agreement with PSG, with 90% sensitivity and 39% specificity, with 
low specificity likely due to inability to detect motionless wakefulness [96]. 
Alternatively, non- invasive sensors have been evaluated in the ICU setting, spe-
cifically the Microsoft Kinect, a wall sensor and camera-based technology which 
demonstrated strong agreement in measuring patient mobility levels as com-
pared to manual recordings [97]. Though not yet used to measure sleep in criti-
cally ill patients, these technologies carry potential for non-invasive measurement 
in ICU patients, particularly when paired with machine-learning based scoring 
algorithms.

Finally, from a subjective standpoint, to address rater fatigue imposed by repeated 
daily RCSQ measurements, a research group developed a simple 0 to 10 Numeric 
Rating Scale for Sleep (NRS-Sleep), observing a strong RCSQ-NRS correlation 
(r  =  0.88) in 194 ICU patients rating the previous night’s sleep [98]. Moreover, 
using an NRS cutoff >5 to define “good sleep” yielded an area under the ROC curve 
of 0.81, with a sensitivity and specificity of 83% and 79%, respectively. Given its 
convenience and comparability to routine daily assessments (e.g., pain) the NRS 
could be considered for incorporation into daily bedside practice.

5  Conclusion

Measuring sleep in the ICU is a challenge for both clinical and research purposes. 
While PSG has been performed for decades in the ICU setting, it has lost popularity 
due to cost, infeasibility, and challenges with interpretation, and for this reason is 
not recommended for routine use in critically ill patients. As a more promising 
objective measurement option, wrist actigraphy is affordable, feasible for large- 
scale use and can inform intervention efforts, but currently has limited utility in 
mostly inactive patients, especially in the absence of ICU-specific actigraphy sleep- 
wake scoring algorithms. Subjective options such as nurse observation and ques-
tionnaires can inform sleep intervention efforts but lack the ability to detect 
physiologic sleep in critically ill patients. Emerging tools and technologies for sleep 
assessment in the ICU setting may gain popularity but require validation and large- 
scale evaluation.
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To conclude, based on the advantages, disadvantages, time and labor costs of 
each measurement tool, we recommend that small- to medium-sized ICU investiga-
tions and interventions utilize actigraphy but analyze granular (unprocessed) rest- 
activity data until ICU-specific software packages become available. If actigraphy 
is unavailable or infeasible, or large-scale ICU measurement is desired, the RCSQ 
represents a practical and affordable option but carries significant limitations given 
its subjectivity. Nevertheless, to better understand or optimize sleep in critically ill 
patients, providers and investigators are encouraged to select one or multiple mea-
surement tools and should engage interdisciplinary stakeholder teams in the selec-
tion process.
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1  Introduction

Recent advances have expanded our understanding of the importance of restorative 
sleep and maintenance of circadian rhythms in promoting recovery from acute ill-
ness. However, the hospital setting and especially the intensive care unit (ICU) 
remain poorly conducive to achieving adequate sleep for patients. As noted in  chap-
ter “Characteristics of Sleep in Critically Ill Patients. Part I: Sleep Fragmentation 
and Sleep Stage Disruption”, ICU patients have a reduced sleep duration as well as 
significantly impaired sleep quality [1–5]. Furthermore, sleep architecture is 
severely distorted with a reduction or absence of restorative N3 and REM stages, or 
even atypical sleep that is unclassifiable by standard criteria [2, 3, 6] (see chapter 
“Atypical Sleep and Pathologic Wakefulness”).

In addition to disrupted sleep duration and quality, ICU patients are also at risk 
for misaligned or abolished circadian rhythms (chapter “Characteristics of Sleep in 
Critically Ill Patients. Part II: Circadian Rhythm Disruption”). Sleep is best and of 
the highest quality when it occurs at an optimized circadian time [7]; thus, sleep 
promotion must, de facto, include promotion of circadian alignment (Fig.  1). 
Alignment of the circadian system is accomplished via networked signaling between 
external circadian cues (i.e., zeitgebers), the central clock in the suprachiasmatic 
nucleus, and peripheral clocks in nearly all cells of the body. Studies have demon-
strated that ICU patients often have misaligned (usually delayed type) or even 
absent circadian rhythms. This has been described in multiple ICU patient cohorts 
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Fig. 1 Conceptual model depicting primary (1°) and secondary (2°) circadian cues that contribute 
to circadian alignment and sleep optimization

including patients with sepsis, intracerebral hemorrhage, and those requiring 
mechanical ventilation with intravenous sedation [8–13].

As emphasized in  chapters “Mechanical Ventilation and Sleep”, “Sleep 
Disruption and Its Relationship with ICU Outcomes”, and “Long-Term Outcomes–
Sleep in Survivors of Critical Illness”, it is important to acknowledge and address 
sleep and circadian disruption in ICU patients as they are associated with significant 
clinical consequences. Among other outcomes, abnormal sleep architecture has 
been associated with late failure of noninvasive ventilation and prolonged mechani-
cal ventilator weaning [6, 14]. Aside from respiratory effects, sleep deficiency in 
non-critically ill patient populations has been associated with poor glycemic control 
[15], and impaired immunologic function [16, 17]. As highlighted in  chapters 
“Sleep Disruption and Its Relationship with Delirium: Electroencephalographic 
Perspectives” and  “Sleep Disruption and Its Relationship with Delirium: Clinical 
Perspectives”, sleep disruption has also been proposed as a risk factor for delirium 
[18], and, in delirious medical ICU patients, the loss of sleep features (i.e., loss of 
K-complexes) is associated with increased in-hospital mortality [19].

As highlighted in  chapter “Risk Factors for Disrupted Sleep in the ICU”, sleep 
and circadian disruption in the hospital result from multifactorial etiologies and 
include patient characteristics (e.g., psychological distress, discomfort or pain, 
sleep comorbidities, and sleep preferences), environmental factors (e.g., noise, 
light, and interruptions for provision of care), and acute illness and treatment-related 
factors (e.g., severity of illness, medications, mechanical ventilation, immobility 
and continuous feeding) [20, 21]. Each of these impediments to healthy sleep and 
normal circadian rhythms represents a potential therapeutic target, and an opportu-
nity to improve overall and sleep-specific patient outcomes.

Currently, multicomponent non-pharmacologic therapies are guideline- 
recommended as the first-line approach to addressing sleep disruption in the ICU 
[22]. As noted in  chapter “Best Practices for Improving Sleep in the ICU. Part II: 
Pharmacologic”, there is a lack of evidence to support significant clinical benefit 
from sleep-promoting medications, and there are potential harms related to their use 
[22]. Therefore, it is important to be aware of non-pharmacologic interventions that 
may improve patients’ sleep duration and quality, as well as promote circadian 
alignment. These non-pharmacologic interventions aim to improve sleep opportu-
nity by addressing patient characteristics, environmental exposures, and effects 
related to acute illness and medical treatments. Non-pharmacologic interventions 
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also promote maintenance of circadian alignment through the use of circadian cues. 
This chapter will review best practice in non-pharmacologic therapies to improve 
sleep and circadian disruption in ICU patients and highlight emerging strategies that 
hold promise as future interventions.

2  Patient Factors that Disrupt Sleep

Patient characteristics that contribute to poor sleep in the ICU include psychological 
distress, pain or discomfort, sleep comorbidities, and sleep preferences chapter 
“Risk Factors for Disrupted Sleep in the ICU”. Psychological distress is common 
and most frequently refers to anxiety, stress or fear experienced by ICU patients; 
however, patients also report being in an unfamiliar place, loneliness, and lack of 
privacy as sleep disruptors [20]. In one qualitative survey study, more than half of 
patients endorsed psychological issues such as worry about health and uncertainty 
about prognosis as more important than the ICU environment as a sleep disrup-
tor [23].

2.1  Psychologic Distress

Various non-pharmacologic interventions have aimed to improve psychologic dis-
tress. Music therapy, mind-body practices, and other psychological interventions 
have all been attempted with critically ill patients. When studies evaluating these 
interventions have been systematically reviewed, they have been found to be poten-
tially beneficial. However, heterogeneity precluded meta-analysis, many studies 
had high risk of bias, and studies were underpowered to detect clinical effects [24]. 
Among these interventions, music therapy has been reproducibly implemented with 
success. A systematic review of eleven ICU studies demonstrated a consistent asso-
ciation between music therapy and reduced anxiety and stress [25]. In one random-
ized, controlled trial of mechanically ventilated adults, patient-directed music 
therapy was associated with reduced anxiety and sedation intensity compared to 
usual care [26]. Among investigations exploring sleep outcomes directly, one small 
study using polysomnographic data found that music therapy was associated with 
longer stage N3 in the first two hours of nocturnal sleep, though no differences were 
seen in total sleep time or sleep efficiency [27]. Another study reported a greater 
reduction in bispectral index in patients receiving music therapy versus usual care 
[28]; however, the exact relationship between bispectral index and sleep remains 
unclear [29]. Other relaxation techniques have also been studied, including relaxing 
imagery prior to bedtime [30], foot massage or bath [31], and valerian acupressure 
[32]. These interventions have been associated with improved subjective sleep qual-
ity and, in some studies, an increase in total sleep time. Overall quality of evidence 
to support these complementary medicine techniques remains very low.
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2.2  Pain and Discomfort

Physical pain has a bidirectional relationship with sleep in which pain disrupts sleep 
and sleep disruption increases perceived pain [33–35]. Non-pharmacologic 
approaches to reduce pain in hospitalized patients include repositioning the patient, 
adjusting bedding or medical equipment, applying ice or heat packs, and using com-
plementary techniques including massage therapy, hypnosis, acupuncture, and natu-
ral sounds. A recent review of 12 studies evaluating non-pharmacologic pain 
interventions in the ICU found reduction in pain intensity was conferred by hypno-
sis, acupuncture, and natural sounds [36]. It should be acknowledged the evidence 
supporting the use of non-pharmacologic pain reduction strategies in the ICU 
remains limited, and most studies of these interventions did not evaluate sleep- 
specific outcomes. If pharmacologic analgesia is required, providers should con-
sider optimization non-opioid analgesics first. If opioids are required, they should 
be used at the minimum necessary dose and for the shortest duration necessary 
given opioids negatively impact sleep architecture (see  chapter “Effects of Common 
ICU Medications on Sleep”) and increase delirium [22, 37]. Other sources of dis-
comfort such as hunger, thirst, a need to void or defecate, and nausea have also been 
named by patients as sleep disruptors [20] and can be addressed if the care team 
remain vigilant for these needs.

2.3  Sleep History

A lack of attention to patient sleep history and sleep preferences can also contribute 
to sleep deficiency in the ICU. These factors are often overlooked by critical care 
providers and may be easily treated or accommodated to improve patient sleep. For 
example, obstructive sleep apnea (OSA) is common in critically ill elderly patients 
and associated with poor outcomes, yet is under-diagnosed and often goes untreated 
during hospital admissions [38–41]. One hospital study found that positive airway 
pressure therapy was provided to only 5% of patients with a history of OSA [42]. 
Notably, acute sleep deprivation in the ICU can worsen OSA-associated obstruc-
tion, thus forming a vicious cycle of obstruction and sleep disruption [43]. Restless 
legs syndrome, a sensorimotor disorder that affects sleep initiation and mainte-
nance, is often exacerbated or unmasked by factors associated with critical illness 
including blood loss, immobility, sleep deprivation, cessation of therapeutic medi-
cations, or initiation of provoking drugs [44]. Medications that increase the risk of 
restless legs symptoms include antidopaminergic antipsychotics, many classes of 
antidepressants, anti-emetics (i.e., prochlorperazine, metoclopramide), and diphen-
hydramine [45]. Attention to underlying sleep-associated disorders, and providing 
patients with their pre-existing outpatient treatments, should improve sleep duration 
and quality during ICU admission.
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Attending to patients’ sleep preferences in the ICU, including their habitual 
home sleep time, body position, arrangement of bedding, room lighting, and tem-
perature, may improve sleep although rigorous evidence to support these practices 
is lacking. A recent project at the Hospital of the University of Pennsylvania 
piloted the use of asking patients how they wanted their room arranged (e.g., lights 
on or off, blinds up or down) and offering items from a “comfy cart” which 
included a variety of items that patients could use at bedtime (e.g., blankets, tea, 
snacks). This pilot was low cost and associated with patient reported sleep improve-
ment [46].

3  Environmental Factors that Disrupt Sleep

Environmental features of the ICU conflict with sleep opportunity and provide poor 
circadian signaling to ICU patients. Addressing these issues is a promising target for 
non-pharmacologic interventions. Salient disturbances include high sound levels, 
abnormal light exposure, and frequent patient care interactions during the over-
night period.

3.1  Noise

Noise, defined as disturbing sound, is often cited by patients as the most frequent 
cause of disturbed sleep in the ICU sleep [20]. Sound levels in the ICU significantly 
exceed nocturnal limits recommended by the World Health Organization [47]. Staff 
conversations, medical equipment noises, equipment alarms, television sound, tele-
phones, and care processes are the most common sources of noise in this setting. 
ICU polysomnographic studies suggest up to 20% of arousals are attributable to 
ambient noise [48].

3.2  Light

Abnormal light exposure in the ICU is also believed to impact sleep. Studies of the 
relationship between ICU light and sleep are more limited than those evaluating 
sounds and have focused on overnight illumination as a potential source of sleep 
disruption. One environmental survey of 990 ICU patient-nights found that 21% of 
rooms had bright light illumination on and 48% had the television on at a midnight 
timepoint [49]. Despite these findings, overnight studies of ICU light reveal low 
average illuminance (e.g., less than 20 lux) with high variability including several 
light peaks per hour [2, 50–52]. Importantly, these studies have also demonstrated 
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remarkably dim daytime light levels (e.g., less than 100 lux). Bright daytime light is 
a key determinant of circadian entrainment and therefore an important sleep promo-
tion strategy in the ICU [53].

3.3  Bedside Care Interactions

As noted in  chapter “Risk Factors for Disrupted Sleep in the ICU”, ICU patient care 
tasks can be disruptive to sleep. One study of 147 patient-nights found that patients 
had an average of 43 care interactions per overnight period (19:00–7:00) [54]. This 
finding is consistent with other studies showing a high frequency of care interac-
tions, often for non-urgent care [55, 56].

3.4  Multicomponent Sleep Improvement

Methods of controlling the environment, clustering care delivery, or combining ele-
ments of both strategies have been studied to improve sleep in ICU patients [57]. In 
fact, as noted above, multicomponent, sleep promotion bundles are guideline- 
recommended for ICU patients [22].

Mitigation of overnight sound via “quiet time” protocols typically aims to reduce 
staff/visitor talking, minimize or eliminate overhead announcements, adjust patient 
equipment to decrease nuisance alarms, and close the doors to patient rooms [58, 
59]. Clustering care means to move non-urgent care outside of designated protected 
sleep times, as well as to consolidate tasks that are not time-sensitive into fewer 
interruptions. Targets of rescheduling include a broad array of tasks such as routine 
ventilator checks, suctioning, medication administration, diagnostic testing, bath-
ing, linen changes, skin and wound care, routine equipment care such as intravenous 
medication tubing changes, stocking of room supplies, and room cleaning [60].

Quiet time interventions may be effective at reducing environmental distur-
bances. For example, one comprehensive staff educational intervention was found 
to be feasible and effective at reducing the loudest sound peaks (over 80 dBA) [61], 
and a multifaceted sound intervention reported a 10% decrease in noise levels over 
70 dBA [59]. Similarly, a neurocritical care unit “quiet time” protocol from 
02:00–04:00 and 14:00–16:00 effectively decreased sound and light levels during 
these periods and increased the likelihood of patient sleep (based on nurse observa-
tion) [62]. One pilot randomized controlled trial of an ICU sleep promotion protocol 
focused on restricting nonurgent patient care between 00:00–4:00 reduced in-room 
activity by 9 min per hour, increased rest time between care interactions from 26 to 
46 minutes, and reduced average A-weighted sound levels by 2.5 decibels (approach-
ing a difference of one sound doubling) [56]. In contrast to the above studies, Boyko 
et al. report that a structured ICU “quiet time” protocol from 22:00 to 6:00 did not 
alter the unit’s soundscape [63].
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Improvements in sleep-related outcomes due to non-pharmacologic sleep pro-
motion interventions have been more difficult to demonstrate. A multi-compo-
nent protocol that emphasized environmental control but also included earplugs 
(see below) did demonstrate increased delirium/coma-free days despite not 
showing sleep changes [64]. Similarly, a more recent non-pharmacologic multi-
component sleep promotion intervention conducted in surgical ICUs was associ-
ated with a significant reduction in the proportion of days patients experienced 
delirium, but also did not show a change in patient-reported perceived sleep 
quality [65].

3.5  Earplugs and Eye Masks

Earplugs and eye masks have been used alone or as an adjunct to the bundled 
approaches described above. Earplug use has been shown to be feasible and well- 
tolerated by both sedated and non-sedated intensive care unit patients, with an 
estimated mean sound abatement of 10 decibels [66]. One randomized controlled 
trial investigating the use of both earplugs and eye masks in the ICU found patients 
whose earplugs remained appropriately positioned all night experienced an 
increased duration of N3 sleep and had fewer prolonged awakenings; however, 
30% of the patients declined to use earplugs [66]. One other ICU study reported 
earplug and/or eye mask use to be associated with an increased duration of REM, 
N2, and N3 sleep [67]. Meta-analyses suggest earplug and eye mask use in the 
ICU is associated with increased total sleep time and reduced delirium [68, 69]. 
While noise-cancelling headphones are associated with only a mild reduction in 
noise exposure, their use has also been reported to improve patient-reported 
sleep [70].

3.6  Light Interventions

As highlighted in  chapter “Characteristics of Sleep in Critically Ill Patients. Part II: 
Circadian Rhythm Disruption”, entrainment and maintenance of circadian align-
ment depends upon diurnal variation of light, and, as noted in the introduction, sleep 
is of the longest duration and best quality when it is aligned properly with circadian 
phase [7]. Accordingly, increased daytime lighting has been studied as a strategy to 
promote normal circadian alignment and thus improve ICU sleep. Factors influenc-
ing the robustness of circadian entrainment include light intensity, duration, spectra, 
and history [71]. Specifically, daytime light must be of sufficient intensity and dura-
tion and contain high proportions of circadian active wavelengths (e.g., 250 lux for 
several hours with a light source that is similar in spectral composition to natural 
sunlight) [71, 72]. Theses light metrics are not currently being met in most ICUs 
(Fig. 2) [50, 52].
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Fig. 2 24-hour light profile for a single intensive care unit patient. Monitoring period starts in the 
afternoon at 16:00 and continues for 24 hours. Notably, the highest light exposure occurs during 
the 02:00 to 04:00 hours. Maximum daytime light does not exceed an intensity of 50 lux. A normal 
sleep period is indicated below the plot by the labeled rectangle

Cycled lighting and bright daytime light interventions seek to provide patients 
with circadian- appropriate diurnal variation in light exposures and have been shown 
in small ICU studies to improve patient satisfaction with their sleep [73], foster 
earlier postoperative mobility [74], and reduce postoperative delirium [74–76]. A 
pilot randomized controlled trial in critically ill adults with a delayed circadian 
phase found that a timed light intervention was associated with a 3.6-h correction 
towards normal circadian phase at study day 3 (versus study day 1). In contrast, 
usual care patients had an additional 2.4-h circadian delay by study day 3 [77]. 
However, other bright light daytime studies have failed to show benefit. The use of 
high lighting levels in the control group [78] and inappropriate timing, duration, and 
spectra of the light intervention [79] may have accounted for the lack of sleep 
improvement. In sum, control of the disruptive ICU environment is necessary but 
not sufficient for critical illness sleep promotion. The addition of circadian guided 
light therapies is a promising intervention currently under investigation.

4  Acute Illness and Treatment Factors that Disrupt Sleep

As reviewed in  chapters “Risk Factors for Disrupted Sleep in the ICU” and  “Effects 
of Common ICU Medications on Sleep”, there are many factors related to critical 
illness or admission to the ICU that impact sleep and circadian rhythms. Physiologic 
abnormalities related to critical illness can directly alter sleep architecture and cir-
cadian function [5]. Furthermore, ICU patients are often immobile and may require 
various forms of sleep disruptive life-sustaining therapy. These can include invasive 
monitoring, medical support devices, mechanical ventilation, enteral nutrition, and 
a high burden of medications that disrupt sleep architecture. Vis a vis sleep promo-
tion, monitoring and support devices should be optimally positioned for patient 
comfort as noted above under pain and discomfort. For a thorough discussion on the 
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relationship between mechanical ventilation and sleep please refer to chapter 
“Mechanical Ventilation and Sleep”. In this chapter we focus on mitigating sleep 
disruption caused by ICU sedative use, continuous enteral nutrition, and immobility.

4.1  Sedation

An ICU patient who is sedated may not necessarily have good sleep. As reviewed in  
chapters “Normal Sleep Compared to Altered Consciousness During Sedation” and 
“Effects of Common ICU Medications on Sleep”, many sedating medications com-
monly used in the critical care setting can change sleep architecture. Narcotics and 
benzodiazepines suppress Stage REM and NREM 3 sleep [80]. Similarly, propofol 
decreases Stage REM.  In contrast, dexmedetomidine has been associated with 
improved sleep parameters including higher sleep efficiency and reduced sleep 
fragmentation when measured via polysomnography [81]. Pharmacologic strategies 
to promote sleep are discussed in  chapter “Best Practices for Improving Sleep in 
the ICU. Part II: Pharmacologic”. Benzodiazepines and opioids each increase the 
risk for delirium occurrence [37, 82]. Most mechanically ventilated, critically ill 
adults do not require continuous sedation; comfort and safety can often be main-
tained with intermittent analgesia/sedative therapy [83]. To maintain patients at a 
light level of sedation, reduce coma and delirium, facilitate mechanical ventilation 
liberation, and also improve sleep, practice guidelines recommend the use of a 
spontaneous awakening trial or sedation protocolization [22].

4.2  Enteral Nutrition Schedule

Continuous enteral feeding, commonly administered to ICU patients, may worsen 
circadian misalignment. The timing of nutrition provision is an influential zeitgeber, 
particularly for peripheral clocks in the gut, liver, and pancreas. Misalignment of the 
peripheral clocks with the central clock and/or day-night is termed “internal circa-
dian dyssynchrony.” Internal circadian dyssynchrony is associated with circadian 
disruption, poor sleep, and poor glucose tolerance [21, 84, 85]. Thus, optimal feed-
ing would occur during the day in a time-restricted manner. A recent pilot study of 
70 critically ill adults found that implementation of a 12-hour overnight enteral 
nutrition interruption resulted in a nocturnal fasting response that improved meta-
bolic parameters including a reduction in the insulin requirements [86]. One small 
ICU pilot study demonstrated that use of a time-restricted intermittent enteral nutri-
tion schedule is feasible in mechanically ventilated, medically ill, adults [87]. 
Qualitative analysis of the study found total nutritional delivery to be unchanged 
[88]. Time-restricted (daytime) enteral feeding has strong biologic plausibility for 
benefit in ICU patients and is feasible. An ICU randomized controlled trial 
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investigating circadian phase alignment and additional clinical outcomes is ongoing 
(NCT04437264).

4.3  Mobilization

Despite the consequences of immobility and ICU-acquired weakness, critically ill 
adults often remain bed-bound due to the severity of their clinical condition and the 
physical barriers imposed by medical support devices. In healthy individuals, bed 
rest, particularly in the setting of hypoxemia, results in breathing instability during 
sleep and greater time with N1 sleep [89]. Daytime exercise is known to be impor-
tant for the maintenance of circadian alignment and has been shown to increase 
nighttime sleep [90, 91]. Early ICU mobilization is guideline recommended as it 
will increase muscle strength, reduce delirium, and shorten the ICU stay [22]. 
Although a key part of the ABCDEF bundle, many barriers to ICU early mobiliza-
tion exist [92]. In the setting of a bundled sleep promotion intervention, patient 
engagement in physical therapy sessions was associated with reduced incidence of 
delirium and continuous sedation infusions but was not associated with any change 
in patient perception of sleep quality [93]. Further study of early mobility in this 
population and related effects on sleep and circadian outcomes may provide evi-
dence for novel, mobility-related methods to promote sleep in the ICU.

4.4  Naps

Napping (i.e., sleep during daytime hours) is common in critically ill patients. 
Propensity to nap may be affected by several variables, including sedating medica-
tions, residual sleepiness due to poor overnight sleep quality and short nocturnal 
sleep duration, and lack of stimulating daytime activity. Napping reduces homeo-
static sleep drive, and thus may contribute to difficulty achieving nocturnal sleep 
and alterations in sleep architecture. Sleeping during daytime hours may also nega-
tively impact circadian alignment. Naps have been associated with both beneficial 
and detrimental clinical outcomes in healthy adult populations [94]. The impact of 
napping on overall clinical outcomes and on sleep and circadian health in ICU 
patients has not been well-studied. For patients suffering from insomnia, it may be 
reasonable to minimize long duration naps particularly in the later afternoon as this 
may contribute to insufficient sleep drive in the evening. Strategies for achieving 
this could include engaging patients with cognitive stimulation and/or physical 
activity.
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5  Summary of Strategies to Improve ICU Sleep

Non-pharmacologic interventions offer many opportunities for clinicians to make 
practice changes to improve patients’ sleep and circadian health (Table  1, 
Intervention Checklist). Key areas include meeting patient needs, controlling envi-
ronmental disturbances, and modifying treatment- and acute illness-related fac-
tors. Current practice guidelines recommend a sleep-promotion protocol or bundle 
that encompasses many of these domains. Engagement of multidisciplinary care 
team members may increase successful implementation, with recent research sug-
gesting an integral role for pharmacists [95]. The clinical team should optimize 
patient- related sleep impediments, including psychosocial distress and pain. 

Table 1 Checklist for improving sleep and circadian health in the ICU

Patient Factors

Reduce psychological distress, 
pain, and discomfort.

Address pain via repositioning, ice or heat packs, or 
alternative techniques where available.
Address stress and anxiety via communication about medical 
condition, reassurance, or alternative techniques where 
available.
Minimize pharmacologic pain and anxiety therapies as 
possible.
Address toileting needs.

Treat underlying sleep 
disorders.

History of OSA: Continue PAP therapy
History of RLS: Continue outpatient therapy, avoid provoking 
medications

Accommodate habitual sleep 
preferences.

Allow patient’s preferred sleep time, body position, bedding, 
room lighting and temperature as possible.

Environmental factors
Reduce noise stimulus and 
perception.

Decrease volume on medical equipment
Reduce staff/visitor conversation
Close patient room doors
Offer ear plugs, sound-masking headphones

Improve day-night light patters. Daytime: Bright light with goal >250 lux for several hours, 
high proportion of blue light (i.e., mimic sunlight, 
460–480 nm)
Nighttime: Minimize overnight light exposure and variability
Offer eye masks

Reduce overnight care 
interactions.

Cluster urgent care during designated sleep period
Complete non-urgent care outside of designated sleep period

Treatment-related factors
Mitigate medication effects Protocolize sedation interruption

Avoid pharmacologic sleep aids and, if prescribed, discontinue 
prior to ICU discharge.

Optimize mobility Promote early mobilization including rehabilitation and 
physical therapy
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Non- pharmacologic strategies to address these issues include various complemen-
tary medicine interventions and relaxation techniques. Pharmacologic analgesia 
and anxiolysis may be necessary and is discussed elsewhere. Patients’ habitual 
sleep preferences should be elicited and accommodated to the extent possible. A 
sleep disorder history should be taken to inform team members of the need to con-
tinue pre-admission therapies for underlying sleep disorders. Sleep-promoting 
protocols often designate a dedicated nocturnal sleep time. During these specified 
hours, efforts should be made to reduce the presence and perception of environ-
mental disturbances such as noise, light, and patient care interactions. To reduce 
bothersome noises, patient doors should be closed with attention to avoiding staff/
visitor conversations within proximity to the patient. Volumes on medical equip-
ment should be reduced and alarms silenced when possible. Ear plugs and eye 
masks can be offered. Regarding light, bright daytime light and minimal overnight 
light is recommended to promote circadian alignment. Patient care interactions 
should also be minimized during the designated sleep time. Non-urgent care should 
be performed outside of this timeframe, while time-sensitive matters should be 
clustered. The sleep and circadian-related impacts of acute illness and critical care 
therapies should be considered and minimized when possible. Current practice 
guidelines recommend protocolized daily sedation interruptions and using mini-
mal effective doses of such medications. Best practice also includes promoting 
early mobility with physical therapy and rehabilitation, though sleep-related ben-
efits have yet to be demonstrated.

6  Future Directions

Knowledge about effective non-pharmacologic strategies to promote sleep and cir-
cadian alignment in ICU patients continues to expand. Significant challenges must 
be dealt with to facilitate successful advancement of research in this field. Key chal-
lenges include more precisely defining sleep deficiency among patients admitted to 
the ICU and defining reliable, feasible sleep and circadian outcome measures that 
will allow the rigorous testing of sleep promotion interventions. Sleep metrics 
should likely include both subjective measures, such as validated patient-reported 
perceived symptom scales, as well as objective sleep and circadian parameters. 
Additionally, outcomes might be expanded to include relevant critical care patient 
outcomes, such as delirium, length of stay and mortality. Finally, many or most non- 
pharmacologic sleep promotion interventions are complex, multicomponent bun-
dles, therefore advancement of the implementation science required to create and 
sustain such interventions is a key next step in developing and providing evidence 
for non-pharmacologic ICU sleep promotion.
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7  Conclusions

Adequate sleep and maintenance of circadian rhythms are essential, yet often elu-
sive elements in critical illness recovery. Various non-pharmacologic strategies exist 
to address the diverse entities contributing to sleep and circadian disruption in criti-
cally ill patients. These include protocols focused on improving patient factors; 
optimizing the ICU environment to both provide a sleep opportunity and promote 
circadian alignment; and minimizing acute illness and treatment-related sequalae. 
Though existing data is sparse and overall low quality, there is growing evidence 
that these interventions provide subjective improvement in patients’ perception of 
sleep and improve clinically important outcomes such as delirium. Thus, there are 
many steps that critical care providers can take at this time to improve sleep in the 
ICU. Further research is needed to evaluate objective effects of non-pharmacologic 
interventions on sleep and circadian outcomes in the critically ill population, as this 
area shows tremendous potential to provide a wide-reaching benefit to critically ill 
patients.
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Best Practices for Improving Sleep 
in the ICU: Part II: Pharmacologic

Caitlin S. Brown, Alejandro A. Rabinstein, and Gilles L. Fraser

1  Introduction

Sleep disruption in the intensive care unit (ICU) is common with over 60% of criti-
cally ill patients reporting poor sleep during their ICU stay [1, 2]. After appropriate 
implementation of non-pharmacologic strategies, as discussed in chapter “Best 
Practices for Improving Sleep in the ICU. Part I: Non-pharmacologic”, clinicians 
may look to pharmacological strategies to improve sleep in their critically ill patients. 
In this chapter we seek to identify optimal sleep agents in critically ill adults.

1.1  Methodologic Considerations when Evaluating ICU 
Pharmacologic Sleep Agents

Prospective, randomized controlled trials (RCTs) are the preferred approach for 
evaluating the efficacy and safety of pharmacologic sleep agents in the ICU. A num-
ber of methodological factors are important to consider when reviewing published 
RCTs or designing a new trial. Realizing a RCT with high external validity better 
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informs sleep medication prescribing decisions, risk factors for disrupted sleep vary 
considerably (as highlighted in chapter “Risk Factors for Disrupted Sleep in the 
ICU”) between different ICU populations [e.g., medical (vs. surgical), mechanically 
ventilated (vs. non ventilated), higher (vs. lower) severity of illness]. Given the 
potential inter-relationship between sleep quality and delirium (chapters “Sleep 
Disruption and Its Relationship with Delirium: Electrophysiologic Perspectives” 
and “Sleep Disruption and Its Relationship with Delirium: Clinical Perspectives”), 
the way in which delirium is handled in any medication-based, sleep improvement 
RCT is important. If delirium occurrence is a trial outcome, then enrollment of delir-
ium-free patients in the RCT may be important. As noted in chapters “Sleep 
Disruption and Its Relationship with Delirium: Electrophysiologic Perspectives” 
and “Recommended Method(s) for Routine Sleep Assessment and Monitoring”, 
delirium may affect polysomnography (PSG) assessments and the ability of ICU 
patients to self-report their sleep quality. As discussed in chapter “Recommended 
Method(s) for Routine Sleep Assessment and Monitoring”, the ability to rigorously 
assess sleep in the ICU is complex. As a result, trials evaluating sleep- promoting 
agents have used various assessment methods, which further complicate an already 
complex issue. PSG remains the gold standard objective method to evaluate sleep, 
but in an ICU setting, it still may not be feasible to perform, even in the research 
context.

Common ICU medications affect sleep quality (chapter “Effects of Common ICU 
Medications on Sleep”); whether the use of these medications are prospectively con-
trolled for may affect study results. Non-pharmacologic sleep improvement strate-
gies (e.g., noise reduction, light modulation) remain the foundation for sleep 
improvement efforts in the ICU (chapter “Best Practices for Improving Sleep in the 
ICU. Part I: Non-pharmacologic”); their use should be standardized in any medica-
tion trial. Current knowledge of the many ICU (chapter “ICU Sleep Disruption and 
Its Relationship with ICU outcomes”) and post-ICU (chapter “Long-Term Outcomes: 
Sleep in Survivors of Critical Illness”) outcomes affected by disrupted sleep should 
be considered when defining the study outcomes evaluated in any ICU sleep medica-
tion trial. An evaluation of circadian rhythm disruption may be important for specific 
medications (chapter “Characteristics of Sleep in Critically Ill Patients. Part II: 
Circadian Rhythm Disruption”). As reviewed in chapter “Effects of Common ICU 
Medications on Sleep”, medication administration at night may interrupt sleep.

Realizing the neuroactive medications evaluated for ICU sleep improvement 
may have additional pharmacologic properties (e.g., analgesia, anxiety, delirium 
reduction, sedation), this chapter will primarily focus on the pharmacologic prop-
erties of medications postulated to improve sleep and sleep-related outcomes. 
Figure 1 shows proposed pharmacologic targets that will be discussed in this 
chapter.
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Improve Circadian Rhythm
Melatonin Agonists

Induce Sleep
Melatonin Agonists
Dexmedetomidine

Orexin Receptor Antagonists
Antipsychotics

Antidepressants
Non-benzodiazepine hypnotics  

Reduce nocturnal disruption
GABA agonist

Fig. 1 Proposed pharmacologic targets to improve sleep

2  Dexmedetomidine

2.1  Sleep-Related Pharmacology

Dexmedetomidine is a selective α2-adrenergic agonist commonly utilized as a 
sedative and analgesic agent in the ICU [3]. The pharmacology of dexmedetomi-
dine is highlighted in Table 1. Hypotheses for the mechanisms by which dexme-
detomidine may induce sleep are complex. Animal models have shown that 
dexmedetomidine reduces the neuronal firing in the locus coeruleus [4–6]. This 
decrease in adrenergic activity results in initiation and maintenance of a sleep-like 
state [3, 7]. Small studies in healthy humans have shown that dexmedetomidine 
promotes biomimetic non- rapid eye movement (NREM) stages 2 (N2) and 3 (N3) 
sleep [7–9]. The relationship between sleep and altered consciousness under seda-
tion is discussed in greater detail in chapter “Normal Sleep Compared to Altered 
Consciousness During Sedation”. Side effects of dexmedetomidine are related to 
its α2 adrenergic agonism, and include hypotension and bradycardia [3]. 
Additionally, recent reports have shown potential for dexmedetomidine induced-
hyperthermia [10, 11].
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Table 1 Pharmacologic agents studied for their effects on sleep in critically Ill adults

Drug
Mechanism of 
Action for Sleep Dosing Side Effects Considerations

Dexmedetomidine 
[3, 7, 10, 11]

α2 adrenergic 
agonist, 
resulting in 
decreased 
neuron firing

0.2–1.5 
mcg/kg/hr

Hypotension, 
bradycardia, 
fever

Can be used in 
non-mechanically 
ventilated patients

Melatonin [16, 27] MT1 and MT2 
receptor agonist

3–10 mg at 
bedtime

Prolonged 
sleepiness

Metabolized by 
CYP1A2

Ramelteon [19, 20, 
28]

MT1 and MT2 
receptor agonist

8 mg at 
bedtime

Prolonged 
sleepiness

Higher affinity to MT1 
and MT2 receptors 
compared to 
melatonin.
Active metabolite

Propofol [32, 52] GABA agonist 5–50 mcg/
kg/min

Respiratory 
depression, 
hypotension, 
PRIS

Lipid emulsion

Benzodiazepines 
[33, 52]

GABA agonist Varies by 
specific 
medication

Respiratory 
depression

Midazolam: Active 
metabolite renally 
cleared Lorazepam: 
Propylene glycol 
excipient

GABA γ-Aminobutyric acid, PRIS Propofol related infusion syndrome

2.2  Comparative Trials Evaluating a Sleep Outcome

Based on evidence in animals and healthy human subjects, several studies have 
investigated dexmedetomidine for sleep in critically ill adults (Table 2). Oto and 
colleagues evaluated the use of nighttime (2100 to 0600 h) dexmedetomidine in 10 
adults receiving mechanical ventilation and as needed (PRN) midazolam and fen-
tanyl (or morphine) to maintain a Richmond Agitation Sedation Scale (RASS) goal 
of −1 to −4 compared to the daytime (0600 to 2100 h) use of PRN midazolam and 
fentanyl (or morphine) alone. Sleep was monitored continuously for 24 h with PSG 
[12]. In the nighttime (vs. daytime) period median (IQR) total sleep time (TST) 
(i.e., total time spent in any sleep stage) was more than twice as high [4.7 (4.2, 8.1) 
vs 1.7 (0.8, 2.0)] and the Sleep Efficiency (SE) (i.e., TST in proportion to a defined 
period) was nearly five-times higher (11.3% vs. 52.3%). The time spent in each 
stage of sleep was similar between the day and night periods; patients spent no time 
in REM sleep during either period [12]. The study found no statistically significant 
correlations between the dexmedetomidine infusion dose and any of the PSG out-
comes [12]. This investigation was limited by the lack of a control group, no wash-
out period for nocturnal midazolam and fentanyl/morphine use, a small sample size, 
a short 24-h study period, and the lack of protocolization of non-pharmacologic 
sleep interventions. Despite these limitations, this trial supports the hypothesis that 
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dexmedetomidine increases sleep time and efficiency when administered at night to 
critically ill mechanically ventilated adults.

A pilot study by Alexopoulou and colleagues studied 13 adults, mechanically 
ventilated ≥48 h, who were not receiving vasoactive or sedative medications [13]. 
Patients were evaluated with PSG over three consecutive nights (from 2100 h on 
night 1 to 0600 h on day 3). On night 2 each patient was administered dexmedeto-
midine (0.5 mcg/kg bolus × 1 followed by continuous infusion of 0.2 to 0.7 mcg/kg/
hr. titrated to RASS of −1 to −2). PSG data from night 2 (vs night 1 and 3) revealed 
dexmedetomidine to be associated with improved sleep efficiency (P < 0.002), a 
reduced sleep fragmentation index (sum of arousals and awakenings per hour of 
sleep) (P = 0.02), and greater TST (P = 0.03) (Table 2) [13]. Alexopoulou et al. 
attempted to mitigate the potential confounding effects of non-dexmedetomidine 
sedation on their results by ensuring no patients had detectable serum concentra-
tions of benzodiazepines or propofol at the time of enrollment, however 3 of the 13 
patients received opioids for pain during the study period. Patients who received 
antipsychotics during the study period were withdrawn from the study. A major 
limitation of these data is that patients who did not sleep during the night were 
excluded from the analysis. Nonetheless, this small observational study also sup-
ports the conclusion dexmedetomidine may have a role as a sleep-improving agent 
in critically ill adults [13].

In another pilot study, Wu X, et al. randomized 61 adults ≥65 years, admitted to the 
ICU after non-cardiac surgery, who were not requiring mechanical ventilation [14] to 
receive 15 h of a dexmedetomidine 1 mcg/kg/h infusion (from 1700 h the night of 
surgery until the next morning at 0800 h) or placebo. Based on continuous PSG assess-
ment the dexmedetomidine (vs. placebo) groups spent nearly three times as long with 
stage N2 sleep (43.5 vs. 15.8%, P = 0.05) and both greater TST (213 vs 130 min, 
P = 0.03) and sleep efficiency (22.4 vs 15.0%, p = 0.03) [14] (Table 2). In the morning 
after the study infusion was stopped, patients administered dexmedetomidine (vs pla-
cebo) rated their median (IRQ) sleep quality (using an 11 point scale where 0 indicated 
best possible sleep and 10 indicated worst possible sleep) to be better [1 (0,3) vs. 3 
(2,7); P = 0.005] [14]. Hypotension, bradycardia, tachycardia, respiratory depression, 
and desaturations requiring interventions were not different between the two groups 
[14]. Although perioperatively-administered sedatives and analgesics may have influ-
enced ICU sleep, the use of these medications was similar between the two groups. 
Non-pharmacologic interventions to improve sleep were not standardized and the 
number of sleep interruptions was not collected. This study provides hypothesis-gen-
erating findings supporting the usefulness of dexmedetomidine to improve sleep in the 
ICU in older adults after major surgery in the immediate postoperative period.

Lastly, a double-blind, placebo-controlled study by Skrobik and colleagues 
found that nocturnal, continuous, low-dose nocturnal dexmedetomidine in critically 
ill adults free of delirium requiring continuous sedation reduced incident ICU delir-
ium occurrence by 44% (Table  2) [15]. A secondary outcome was sleep quality 
based on daily (09:00 h) administration of the Leeds Sleep Evaluation Questionnaire 
(LSEQ) score by the bedside nurse to patients with a RASS > −1 and who remained 
delirium-free. The average LSEQ score was similar between the dexmedetomidine 
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and placebo groups [15]. Among the 10 individual LSEQ domains, only domain 9 
(degree of tiredness) was significantly improved in the dexmedetomidine (vs pla-
cebo) group (mean difference 2, p < 0.05) [15]. Bradycardia and hypotension was 
similar between the two groups. It remains unclear if reductions in delirium occur-
rence and LSEQ domain 9 observed in the dexmedetomidine group was a result of 
nocturnal dexmedetomidine use or the reduced use of medications known to increase 
delirium and disrupt sleep (e.g., benzodiazepines, propofol).

In conclusion, several small, hypothesis-generating, studies suggest dexmedeto-
midine, particularly when it is administered overnight, may improve sleep in criti-
cally ill adults; however, larger, randomized trials are needed to determine whether 
dexmedetomidine can be routinely used as a sleep aid in critically ill adults.

3  Melatonin Agonists

3.1  Melatonin

3.1.1  Sleep-Related Pharmacology

Melatonin is primarily synthesized and released from the pineal gland, but can also 
be synthesized and released from extrapineal sources, including the gastrointesti-
nal tract [16]. As highlighted in chapter “Characteristics of Sleep in Critically Ill 
Patients. Part II: Circadian Rhythm Disruption”, endogenous melatonin synthesis 
is inhibited by light and enhanced by darkness, emphasizing the potential benefit of 
interventions that modulate light in the ICU to improve sleep (chapter “Best 
Practices for Improving Sleep in the ICU. Part I: Non-pharmacologic”) [16]. The 
suprachiasmatic nucleus of the hypothalamus controls the sleep-wake cycle, and 
activation of the MT1 and MT2 receptors in the suprachiasmatic nucleus decrease 
neuronal firing and lead to sleep-wake cycle phase shifting [17–19]. Ongoing 
research seeks to identify the precise mechanism of MT1 and MT2 receptors and 
their effect on the sleep-wake cycle and different sleep stages [20]. Melatonin, 
when administered as an oral medication, is well tolerated, and side effects, includ-
ing fatigue and daytime sleepiness, are usually minimal [16]. Melatonin should be 
administered approximately one hour before its intended effects. Of note, melato-
nin, as an over-the-counter, non-pharmaceutical product is not regulated by the 
FDA and thus product strength may vary.

3.1.2  Comparative Trials Evaluating a Sleep Outcome

The first placebo-controlled study assessing melatonin in critically ill adults com-
pared sleep duration and awakenings after the administration of 3 mg of controlled 
release melatonin at 22:30 h in 8 critically ill adults with the use of a placebo in 6 
general medical ward patients and found each outcome not to be statistically different 
between the two groups (Table 3) [21]. This investigation was limited by a very small 
sample size (and potential type-II error) and a control group who was not critically ill.
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Table 3 Summary of trials of melatonin agonists for improving sleep

Melatonin

Study
Patient 
population N

Study drug 
& dosing

Results

Outcome
Intervention 
group

Control 
group P value

Shilo 
2000 [21]

Patients in 
pulmonary 
ICU, stable, 
not receiving 
BZD or 
opioids
Control were 
general 
hospital ward 
patients

14 •  3 mg 
controlled 
release 
melatonin 
at 22:00

• Placebo

Duration of 
sleep from 
22:30–06:30 
(h) 
(mean ± SD)

6.3 ± 1.1 7.4 ± 2.1

Sleep 
awakenings 
(n) 
(mean ± SD)

1.4 ± 3.7 1.8 ± 6.3 NS

Ibrahim 
2006 [22]

ICU patients 
with 
tracheostomy 
not receiving 
sedation

32 •  3 mg 
melatonin 
at 22:00 
for at least 
48 h of 
ICU 
discharge

• Placebo

Observed 
sleep at night 
(min)

243.4
(0, 344.1)

240
(75, 331.3)

0.98

Observed 
sleep during 
the day (min)

138.7
(50, 230)

104
(0, 485)

0.42

Bourne 
2008 [24]

ICU patients 
with acute 
respiratory 
failure and 
tracheostomy 
not receiving 
sedation

24 •  10 mg 
melatonin 
at 21:00 
for 4 
nights

• Placebo

SEI—BIS 
(ratio)b

0.39
(0.27, 0.51)

0.26
(0.17, 
0.36)

0.09

SEI—
Actinography 
(ratio)

0.73
(0.53, 0.93)

0.75
(0.67, 
0.83)

0.84

SEI—Nurse 
assessment 
(ratio)c

0.45
(0.26, 0.64)

0.51
(0.35, 
0.68)

0.58

SEI—Patient 
assessment 
(ratio)d

0.41
(0.24, 0.59)

0.50
(0.43, 
0.58)

0.32

(continued)
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Table 3 (continued)

Melatonin

Study
Patient 
population N

Study drug 
& dosing

Results

Outcome
Intervention 
group

Control 
group P value

Gandolfi 
2020 [25]

Adult 
patients with 
at least 1 ICU 
night stay

203 •  10 mg 
melatonin 
at 20:00 
for 7 days

• Placebo

RCSQ overall
(mean ± SD)

69.7 ± 21.2 60.7 ± 26.3 0.029

RCSQ in ICU
(mean ± SD)

69.7 ± 21.4 60.7 ± 26.3 0.027

RCSQ in ICU
Very poor 
sleep 
(0–25 mm),
(n (%))

3(3.1) 14 (14.6) RR 
(95% 
CI)
0.21
(0.06– 
0.72)

RCSQ in ICU
Poor sleep
(26–50 mm),
(n (%))

17 (17.7) 15 (15.6) RR 
(95% 
CI)
1.13
(0.60–
2.14)

RCSQ in ICU
Good sleep
(51–75 mm),
(n (%))

32 (33.3) 34 (35.4) RR 
(95% 
CI)
0.94
(0.64–
1.39)

RCSQ in ICU
Very good 
sleep
(76–
100 mm), (n 
(%))

44 (45.8) 33 (34.4) RR 
(95% 
CI) 1.33
(0.94–
1.89)

Delirium 
(intensive
Care delirium 
screening 
checklist 
(ICDSC)), 
(%)

2.3% 1.7% 0.666

C. S. Brown et al.
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Table 3 (continued)

Melatonin

Study
Patient 
population N

Study drug 
& dosing

Results

Outcome
Intervention 
group

Control 
group P value

Ramelteon

Study Patient 
population

N Study drug 
& dosing

Results

Outcome Intervention 
group

Control 
group

P value

Hatta 
2014 [29]

65 to 
89 years of 
age and 
admitted to 
the hospital 
with medical 
condition

67
(24 
ICU)

•  Ramelteon 
8 mg 
nightly 
until 
delirium 
or 7 days

• Placebo

Awakenings 
per night
(mean (SD))a

1.3 (1.6) 1.6 (1.2) 0.28

Sleep 
duration (h)
(mean (SD))a

6.3 (1.6) 6.3 (1.6) 0.67

Difficulty 
falling asleep 
(n (%))

10 (30) 14 (41) 0.45

Difficulty 
staying asleep 
(n (%))

14 (42) 14 (41) >0.99

Waking too 
early (n (%))

7 (21) 5 (15) 0.54

Poor sleep 
quality (n 
(%))

21 (64) 19 (56) 0.62

Disturbance 
of natural 
sleep-wake 
cycle
(n (%))

7 (21) 3 (9) 0.19

Nishikimi 
2018 [30]

Adults 
(age ≥ 20) 
admitted to 
ICU

88 •  Ramelteon 
8 mg at 
20:00 until 
ICU 
discharge

• Placebo

Awakenings 
per night (n/
night)

0.80 1.31 0.045

Nights 
without 
awakening 
(%)

51 30 0.048

Hours of 
sleep (mean)

7.29 6.78 0.252

h hour, ICU Intensive care unit, NS Not significant, SD Standard Deviation, SEI Sleep efficiency 
index, RCSQ Richards Campbell Sleep Questionnaire, RR Relative risk, BIS Bispectral index
Data represented as median (IQR) unless otherwise specified
aBased on patient report, nursing observations/records, and rater observations
bSleep defined as BIS < 80
cDirect nurse observation using hourly epochs
dRCSQ
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Ibrahim and colleagues conducted a 2006, double-blind, randomized, placebo- 
controlled pilot study in 32 ICU patients with tracheostomy [22]. Sedatives were 
stopped for >12 h in all patients and melatonin 3 mg (or placebo) was administered 
nightly at 22:00 h for a minimum of 48 h. The duration of nurse-observed nighttime 
or daytime sleep was similar between the two groups (Table 3) [22]. Unsurprisingly, 
post-treatment median (IQR) melatonin levels were significantly higher in the mela-
tonin (vs. placebo) group [3543 (1533, 8100) vs. 3 (1.6, 9.3) pg/mL, p < 0.0001] 
[22]. The study did collect median number of nighttime procedures performed in 
each group and while similar between the groups (melatonin 3.7, placebo 4.6) they 
were high. With reduced nighttime procedures/interruptions being an important part 
of ICU sleep improvement bundles [23], non-pharmacologic interventions to 
improve sleep should be optimized in all ICU sleep medication studies (chapter 
“Best Practices for Improving Sleep in the ICU. Part I: Non-pharmacologic”) [22]. 
The investigation had several limitations, most notably that sleep was assessed 
using nursing observation. The results of this trial do not support the routine use of 
melatonin in critically ill patients to improve sleep.

Another small randomized, double-blind placebo-controlled trial by Bourne 
et al. included 24 ICU adults with acute respiratory failure and tracheostomy who 
were not receiving sedation. Patients were randomized to oral melatonin 10 mg or 
placebo at 2100 for four nights [24]. The primary outcome was sleep efficiency 
index (SEI) and was measured using bispectral index (BIS), actigraphy, nurse 
assessment and patient self-assessment. None of the SEI outcomes were different 
between the two groups (Table 3) [24]. Pharmacokinetic monitoring revealed supra-
therapeutic concentrations of melatonin in the morning suggesting a lower night-
time dose in the ICU population may help reduce daytime sleepiness [24]. Like the 
prior study, this investigation also did not find a benefit with the use of melatonin in 
critically ill adults.

A more recent, double-blind, randomized, placebo-controlled trial by Gandolfi 
et al. randomized 203 critically ill adults to receive melatonin 10 mg or placebo at 
20:00 for 7 consecutive nights [25]. Patient-perceived sleep quality as evaluated 
using the validated, 10-domain, 100-point, Richards Campbell Sleep Questionnaire 
(RCSQ) was found to be significantly better in the melatonin (vs. placebo) group 
(69.7 ± 21.2 vs 60.7 ± 26.3; P = 0.029) [25]. The incidence of delirium was similar 
between groups (Table 3) [25]. The study was potentially limited most by patients 
receiving concomitant sedative and/or opioid therapy, which may impact sleep 
although use was similar between the two groups. Melatonin concentrations (col-
lected in 6 melatonin patients and 3 placebo patients) group were significantly 
higher in the melatonin group at 02:00 h, 06:00 h, and 12:00 h [25]. While the study 
was large and thus adequately powered, sleep outcomes were evaluated solely using 
patient self-report (vs. an objective assessment method like PSG or actigraphy). 
Additionally, non-pharmacological interventions were not standardized or mea-
sured. Consistent with the recommendations from the PADIS 2018 guideline panel, 
current evidence does not support the routine use of melatonin in critically ill adults 
to improve sleep [26]. Future randomized controlled trials are required that evaluate 
ICU sleep using objective assessment methods.
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The ideal dose of melatonin that should be used to improve sleep in critically ill 
adults remains unclear. Extensive variation in pharmacokinetic variables exists after 
melatonin administration in the ICU that are probably related to the study popula-
tion, dose, administration route, formulation, and type of blood concentration assay 
used [27]. While melatonin has an average Tmax of 50 min and bioavailability 15%, 
these vary widely in critically ill adults [27]. However, Cmax is increased in patients 
during a fed state (compared to fasting); elimination is decreased in patients with 
liver and kidney injury [27]. The results from the Bourne et al. and Gandolfi et al. 
studies, where 10 mg nighttime dose of melatonin was administered, suggests the 
elevated daytime melatonin concentrations resulting from this dose may worsen 
daytime drowsiness [24, 25]. The effect of end organ dysfunction and gut function 
abnormalities, both common in the ICU, on the pharmacokinetics and pharmacody-
namics of melatonin in this population requires further research.

3.2  Ramelteon

3.2.1  Sleep-Related Pharmacology

Ramelteon is a synthetic melatonin agonist with a similar mechanism of action to 
melatonin (MT1 and MT2 agonist), but with a higher affinity for MT1 and MT2 
receptors (Table 1) [19, 28]. Agonist activity at the MT1 and MT2 receptors leads to 
phase shifting of the circadian clock, though additional research is needed to fully 
understand the role of MT1 and MT2 receptors in sleep [19, 20]. Similar to melato-
nin, ramelteon is well tolerated and side effects are minimal and include daytime 
somnolence, nausea, and fatigue [19].

3.2.2  Comparative Trials Evaluating a Sleep Outcome

The DELIRA-J study group sought to identify if ramelteon improved rates of delir-
ium in a multicenter, rater-blinded, randomized, placebo-controlled trial [29]. 
Hospitalized patients 65–89 years of age (n = 67) were randomized to ramelteon 
8 mg at bedtime or placebo, although only 24 (36%) of the enrolled patients were 
admitted to an ICU [29]. A secondary outcome of this study evaluated sleep metrics 
as measured by patient reports, nursing observations and records, and rater (trained 
site coordinators) observations. No differences between the two groups for any 
sleep-related outcome were found (Table 3) [29]. The specific characteristics of the 
ICU subgroup including mechanical ventilation status and sedatives/analgesic use 
were not reported. Given the small number of ICU patients, and subjective evalua-
tion of sleep, no definitive conclusions can be drawn from this trial.

Nishikimi et al. conducted a single-center, randomized, placebo-controlled trial 
of ramelteon 8 mg or placebo at 20:00 every night until ICU discharge in 88 criti-
cally ill adults admitted to a ten-bed emergency and medical ICU [30]. The primary 
outcome of the study was duration of ICU stay; secondary outcomes included 
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awakenings per night, nights without awakenings and mean hours of sleep in a sub-
set of non-intubated patients. Sleep metrics were evaluated via retrospective chart 
review. While ICU duration was not different between the two groups, the ramelt-
eon (vs. placebo) group experienced fewer awakenings per night (0.80 vs.1.31; 
p  =  0.045) and a higher proportion of nights without awakenings (51 vs. 30%; 
p = 0.048) (Table 3). Mean hours of sleep were similar (7.29 vs 6.78 h; p = 0.252) 
[30]. Important limitations of this study include sleep assessments were only per-
formed in the subset of patients not intubated and was based on retrospective chart 
review. Sedation and analgesic practices were not reported, and it is unclear if this 
could have impacted study results.

Lastly a randomized, double-blind trial evaluated ramelteon versus placebo in 
patients undergoing elective pulmonary thromboendarterectomy. No sleep out-
comes were evaluated, but ramelteon did not reduce delirium incidence (relative 
risk, 0.8; 95% CI, 0.5–1.4; p  =  0.516) or duration of delirium (placebo median 
2 days vs. ramelteon 3 days; p = 0.181) [31].

In summary, there is currently a lack of evidence to support the routine use of 
ramelteon to improve sleep in critically ill adults. While the results from the study 
by Nishikimi et al. suggest that ramelteon may have a potential role as a sleep aid, 
larger and more rigorous studies are needed to confirm these findings.

4  Gabaminergic Agents

4.1  Sleep-Related Pharmacology

Many critically ill mechanically ventilated patients require sedation and analgesia. 
Gabaminergic agents, including propofol and benzodiazepines, are two frequently 
used sedatives that have also been studied for sleep. As described in chapter “Effects 
of Common ICU Medications on Sleep”, both propofol and benzodiazepines poten-
tiate the inhibitory neurotransmitter γ-Aminobutyric acid (GABA) (which has been 
shown to increase NREM, but not REM sleep) (Table 1) [32, 33]. Despite having 
similar mechanism of actions, the pharmacokinetic and pharmacodynamic charac-
teristics of propofol and benzodiazepines differ substantially (e.g., onset, duration 
of action, metabolism, elimination, etc).

4.2  Comparative Trials Evaluating a Sleep Outcome

To study the effects of midazolam and propofol on sleep in the ICU, Treggiari-Venzi 
and colleagues randomized 40 non-intubated ICU patients following trauma, elec-
tive orthopedic, thoracic, or abdominal surgery to midazolam or propofol for 5 
nights from 22:00 to 06:00 [34]. At noon each day patients completed the Hospital 
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Anxiety and Depression Scale (HAD), which also measures quality of sleep, the 
degree of restlessness, dreams or nightmares and memories about the nighttime 
[34]. The study found no differences in quality of sleep between the two groups 
(Table 4). Limitations of this study include a small sample size, being restricted to 
trauma/surgical patients, and lack of placebo control group.

The effectiveness of propofol on sleep was further studied by McLeod and col-
leagues. Twenty-nine ICU patients expected to require sedation for >50 h were ran-
domized to light sedation (Ramsay score 2–3) with propofol and morphine on a 
24-h basis or light sedation during the day and deeper sedation with propofol and 
morphine at night (Ramsay score 4–5 from 22:00–06:00). The presence or absence 
of diurnal sedation was assessed by blinded investigators via visual assessment of 
sedation scores and propofol infusion rates plotted against time on graphs [35]. 
Nine out of 15 patients in the additional night sedation group had diurnal sedation 
compared to three out of 14 patients in the constant light sedation group (Table 4) 
[35]. It is important to note that sedation scales do not measure sleep in critically ill 
patients. This small study provides insights that propofol can be titrated to different 
depths of sedation; but, given the complexity of measuring sleep in the ICU, it does 
not provide evidence that deeper sedation leads to improved sleep.

Kondili and colleagues conducted a randomized crossover physiological study 
and objectively measured sleep with PSG in 13 critically ill mechanically ventilated 
adults not receiving sedation or analgesia [36]. Patients received propofol from 
22:00 to 07:00 targeting a Ramsay score of 3 (patient responds to commands only) 
for one night. The study was protocolized and patients’ sleep efficiency, sleep frag-
mentation, and sleep stage were compared to a night in which they did not receive 
propofol. There were no statistically significant differences between sleep outcomes 
on the nights patients received propofol compared to the nights they did not receive 
propofol, except for a reduction REM sleep associated with propofol administration 
(Table 4) [36]. The strengths of this study include PSG monitoring in patients not 
receiving sedation and analgesia. The results of this small study showed propofol 
did not improve sleep in critically ill patients; however only 13 patients were 
included.

Lastly, a study by Engelmann et al. compared propofol versus flunitrazepam for 
inducing and maintaining sleep in critically ill adults [37]. This randomized, double- 
blind trial included 66 ICU patients without mechanical ventilation or sedation 
admitted to ICU after surgical intervention. Patients were randomized to flunitraz-
epam (0.015 mg/kg bolus over 2 min) or propofol (2 mg/kg/h over 7 h) starting at 
23:00. Sleep was assessed by an amended version of Pittsburgh sleep diary (PghSD) 
and BIS [37]. The results of the PghSD found statistically significant differences 
favoring propofol in regards to the median frequency of awakening (6 vs 3, 
P < 0.001), median duration of awakenings (0 vs. 15 min, p < 0.001), and sleep 
quality (2 vs 3, P < 0.001) (Table 4). There were no statistically significant differ-
ences for sleep duration based on the PghSD. Additionally, median BIS was signifi-
cantly lower in propofol (vs flunitrazepam) group (74.05 vs. 78.7, P  =  0.016). 
Strengths of this study include use of a standardized protocol to decrease interven-
tions and sounds at night and attempts by the investigators to eliminate the 

Best Practices for Improving Sleep in the ICU: Part II: Pharmacologic



264

Ta
bl

e 
4 

Su
m

m
ar

y 
of

 tr
ia

ls
 o

f 
ga

ba
m

in
er

gi
c 

ag
on

is
ts

 f
or

 im
pr

ov
in

g 
sl

ee
p

G
ab

in
er

gi
c 

A
ge

nt
s

St
ud

y
Pa

tie
nt

 
po

pu
la

tio
n

N
St

ud
y 

dr
ug

 &
 d

os
in

g

R
es

ul
ts

O
ut

co
m

e
In

te
rv

en
tio

n 
gr

ou
p

C
on

tr
ol

 g
ro

up
P 

va
lu

e

T
re

gg
ia

ri
-

V
en

zi
 

19
96

 [
34

]

N
on

-i
nt

ub
at

ed
 

IC
U

 p
at

ie
nt

s 
w

ith
 

L
O

S 
≥

 5
 d

ay
s

40
• 

 M
id

az
ol

am
 (

bo
lu

s 
0.

01
–0

.0
7 

m
g/

kg
 &

 
co

nt
in

uo
us

 in
fu

si
on

 0
.0

3–
0.

2 
m

g/
kg

/h
 

fr
om

 2
2:

00
–0

60
0

• 
 Pr

op
of

ol
 b

ol
us

 0
.2

–0
.3

 m
g/

kg
 &

 
co

nt
in

uo
us

 in
fu

si
on

 o
f 

0.
3–

3 
m

g/
kg

/h
 

fr
om

 2
2:

00
–0

6:
00

M
id

az
ol

am
Pr

op
of

ol
Q

ua
lit

y 
of

 s
le

ep
 d

ay
 1

—
H

A
D

 s
co

re
(m

ea
n 

±
 S

D
)

6.
3 

+
 3

.4
6.

5 
±

 3
.3

N
S

Q
ua

lit
y 

of
 s

le
ep

 d
ay

 3
—

H
A

D
 s

co
re

(m
ea

n 
±

 S
D

)
6.

3 
±

 3
.2

6.
6 

±
 2

.9
N

S

Q
ua

lit
y 

of
 s

le
ep

 d
ay

 5
—

H
A

D
 s

co
re

(m
ea

n 
±

 S
D

)
7.

2 
±

 2
.9

7.
2 

±
 2

.3
N

S

M
cL

eo
d 

19
97

 [
35

]
IC

U
 p

at
ie

nt
s 

ex
pe

ct
ed

 to
 

re
qu

ir
e 

se
da

tio
n 

>
50

 h

29
• 

 C
on

st
an

t l
ig

ht
 s

ed
at

io
n 

(m
or

ph
in

e 
an

d 
pr

op
of

ol
) 

fo
r 

R
am

sa
y 

sc
or

e 
of

 2
–3

• 
 C

on
st

an
t l

ig
ht

 s
ed

at
io

n 
(m

or
ph

in
e 

an
d 

pr
op

of
ol

) 
be

tw
ee

n 
06

00
 h

 a
nd

 2
20

0 
h 

an
d 

ad
di

tio
na

l n
ig

ht
 s

ed
at

io
n 

be
tw

ee
n 

22
00

 h
 a

nd
 0

60
0 

h 
fo

r 
go

al
 R

am
sa

y 
sc

or
e 

of
 4

–5

C
on

st
an

t l
ig

ht
 

se
da

tio
n

In
cr

ea
se

d 
ni

gh
t 

se
da

tio
n

Se
da

tio
n 

rh
yt

hm
ic

ity
 (

co
si

no
r 

an
al

ys
is

) 
(r

%
)

8 
(0

–5
6)

27
 (

6–
35

)
p 

<
 0

.0
1

D
iu

rn
al

 s
ed

at
io

n
(n

 (
%

))
3 

(2
1.

4)
9 

(6
0)

C. S. Brown et al.



265

K
on

di
li 

20
12

 [
36

]
IC

U
 p

at
ie

nt
s 

m
ec

ha
ni

ca
lly

 
ve

nt
ila

te
d 

an
d 

no
t r

ec
ei

vi
ng

 
se

da
tio

n 
or

 
an

al
ge

si
a

13
• 

 Pr
op

of
ol

 2
2:

00
 to

 0
7:

00
: B

ol
us

 o
f 

0.
01

–0
.0

5 
m

g/
kg

 f
ol

lo
w

ed
 b

y 
co

nt
in

uo
us

 in
fu

si
on

 to
 g

oa
l R

am
sa

y 
3

• 
 N

o 
pr

op
of

ol

W
ith

  
Pr

op
of

ol
W

ith
ou

t 
Pr

op
of

ol
T

ST
 (

m
in

)
26

0 
(1

13
, 4

17
)

21
4 

(4
0,

 2
85

)
0.

37
SE

I 
(%

)
76

.3
 (

28
.4

, 
96

.9
)

62
.6

 (1
3.

1,
 8

5.
9)

0.
37

St
ag

e 
1 

(%
 T

ST
)

20
.8

 (
5.

6,
 8

0.
6)

30
.7

 (
4.

6,
 6

6.
7)

1.
00

St
ag

e 
2 

(%
 T

ST
)

48
.9

 (
4.

8,
 8

4.
0)

46
.1

 (
3.

0,
 8

0.
4)

0.
66

SW
S 

(%
 T

ST
)

0 
(0

, 5
.8

)
0 

(0
, 0

)
0.

75
R

E
M

 (
%

 T
ST

)
0 

(0
, 0

)
1.

4 
(0

, 1
3.

0)
0.

04
T

SF
I 

(e
ve

nt
s/

ho
ur

)
4.

8 
(1

.3
, 1

4.
6)

8.
1 

(2
.9

, 1
6.

2)
0.

33
St

ag
e 

sh
if

ts
 (

n)
22

 (
11

, 2
8)

21
 (

7,
 4

8)
0.

69
In

te
rs

le
ep

 a
w

ak
e 

(%
 T

ST
)

6.
8 

(1
.2

, 4
3.

5)
11

.4
 (

3.
1,

 4
2.

9)
0.

79
E

ng
el

m
an

 
20

14
 [

37
]

Pa
tie

nt
s 

w
ith

 
su

rg
ic

al
 

in
te

rv
en

tio
n 

ad
m

itt
ed

 to
 

an
es

th
es

io
lo

gi
ca

l 
IC

U
 w

ith
ou

t 
m

ec
ha

ni
ca

l 
ve

nt
ila

tio
n 

or
 

se
da

tio
n

66
• 

 Pr
op

of
ol

 2
 m

g/
kg

/h
r. 

fo
r 

7 
h 

st
ar

tin
g 

at
 

23
:0

0
• 

 Fl
un

itr
az

ep
am

 0
.0

15
 m

g/
kg

 a
t b

ol
us

 
do

se
 a

t 2
3:

00

Pr
op

of
ol

Fl
un

itr
az

ep
am

A
w

ak
en

in
gs

 p
er

 s
le

ep
 d

ia
ry

 (
n)

 a
0

3
<

0.
00

1
D

ur
at

io
n 

of
 a

w
ak

en
in

gs
 p

er
 s

le
ep

 
di

ar
y 

(m
in

s)
a

0
15

<
0.

00
1

To
ta

l s
le

ep
 ti

m
e 

pe
r 

sl
ee

p 
di

ar
y 

(h
)a

6
5

0.
62

3
Sl

ee
p 

qu
al

ity
 p

er
 s

le
ep

 d
ia

ry
a

2
3

<
0.

00
1

Q
ua

lit
y 

of
 f

al
lin

g 
as

le
ep

a
2

2
0.

34
1

B
IS

74
.0

5
78

.7
0.

01
6

h 
ho

ur
, I

C
U

 In
te

ns
iv

e 
ca

re
 u

ni
t, 

N
S 

N
ot

 s
ig

ni
fic

an
t, 

R
E

M
 R

ap
id

 E
ye

 M
ov

em
en

t, 
L

O
S 

L
en

gt
h 

of
 s

ta
y,

 H
A

D
 H

os
pi

ta
l A

nx
ie

ty
 a

nd
 D

ep
re

ss
io

n 
Sc

al
e,

 S
W

S 
Sl

ow
 w

av
e 

sl
ee

p,
 T

ST
 T

ot
al

 s
le

ep
 ti

m
e,

 T
SF

I 
To

ta
l s

le
ep

 f
ra

gm
en

ta
tio

n 
in

de
x,

 P
gh

SD
 P

itt
sb

ur
gh

 S
le

ep
 D

ia
ry

, B
IS

 B
is

pe
ct

ra
l i

nd
ex

A
ll 

re
su

lts
 r

ep
or

te
d 

as
 m

ed
ia

n 
(I

nt
er

qu
ar

til
e 

ra
ng

e 
(I

Q
R

))
 u

nl
es

s 
sp

ec
ifi

ed
)

a A
m

en
de

d 
ve

rs
io

n 
of

 th
e 

Pg
hS

D
Sl

ee
p 

ef
fic

ie
nc

y 
in

de
x:

 P
at

ie
nt

’s
 to

ta
l s

le
ep

 ti
m

e 
ov

er
 th

e 
tim

e 
av

ai
la

bl
e 

fo
r 

sl
ee

p 
(r

at
io

 o
r 

%
)

To
ta

l s
le

ep
 f

ra
gm

en
ta

tio
n 

in
de

x:
 S

um
 o

f 
ar

ou
sa

ls
 a

nd
 a

w
ak

en
in

gs
 p

er
 h

ou
r 

of
 s

le
ep

Best Practices for Improving Sleep in the ICU: Part II: Pharmacologic



266

confounding effects of other sedatives and analgesics. Limitations of this study 
include the different pharmacokinetics of the two agents, and lack of a placebo group.

In conclusion, there is no strong evidence to support the use of gabaminergic 
agents as sleep aids in critically ill adults. The 2018 SCCM guidelines recommend 
against the use of propofol to improve sleep in the ICU [26]. Also, gabaminergic 
agents are respiratory depressants and may not be safe in patients without a secured 
airway, thus limiting their applicability to many ICU adults.

5  Additional Agents: Antipsychotics, Antidepressants, 
and Non-benzodiazepine Hypnotics

Numerous other agents including antipsychotics, antidepressants, and non- 
benzodiazepine hypnotics are also often prescribed as sleep drugs in the ICU. A 
recent study found that approximately 10% of critically ill patients are prescribed a 
new nocturnal neuroactive agent(s) during their ICU stay [38]. Of these agents, 
antipsychotics accounted for 36.7% and antidepressants for 8.6% [38]. Despite 
these agents being prescribed for sleep, literature supporting their efficacy in the 
ICU does not exist.

Chapter “Effects of Common ICU Medications on Sleep (Table 1)” highlights 
the impact of antidepressants and antipsychotics and their effect on sleep. Many 
antidepressants decrease REM sleep and are not routinely recommended as a sleep 
agent unless underlying depression is thought to contribute to altered sleep [39]. In 
spite of these shortcomings, potentially promising sleep alterations have been 
shown for mirtazapine and trazodone (chapter “Effects of Common ICU 
Medications on Sleep”—Table 1). Unfortunately, there is a lack of clinical trials 
evaluating these agents in critically ill adults. A systematic review and meta-anal-
ysis evaluated trazodone compared to placebo in a largely outpatient setting, and 
found trazodone improved perceived sleep quality (mean difference − 0.41, 95% 
CI -0.82 to −0.00, P < 0.05) and decreased night time awakenings (mean differ-
ence − 0.51, 95% CI -0.97 to −0.05, P = 0.03), but there were no differences in 
sleep efficiency (mean difference 0.09, 95% CI -0.19 to 0.38, P > 0.05) [40]. There 
is a paucity of literature evaluating mirtazapine as a sleep agent; however two 
small studies in healthy adults found mirtazapine improved sleep and decreased 
sleep awakenings [41, 42]. However, mirtazapine also led to increased daytime 
drowsiness and slower reaction time [41]. In patients previously on mirtazapine 
and trazodone as outpatients, these agents can be continued or reinitiated in the 
ICU; however in the absence of literature new initiation of these agents is not 
recommended.

Chapter “Effects of Common ICU Medications on Sleep—Table 1” also high-
lights the effects of antipsychotics on sleep. A survey from 2013 found quetiapine 
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to be the most prescribed antipsychotic for sleep and sedation [43]. A small study 
(n = 13) compared quetiapine versus placebo in outpatients and found no improve-
ment in sleep outcomes [44]. However, a study in healthy individuals found that 
quetiapine improved total sleep time and decreased nighttime awakenings, but led 
to increased daytime fatigue [41]. Due to the lack of evidence for benefit and the 
potential for adverse reactions seen in healthy patients and outpatients, quetiapine is 
not routinely recommended as a sleep agent in critically ill adults. If patients require 
atypical antipsychotics for other indications, quetiapine may improve the underly-
ing cause for lack of sleep and could be utilized.

As previously mentioned, there is also a lack of evidence to support the use of 
non-benzodiazepine hypnotics for sleep in critically ill patients. A systematic review 
of treatment of insomnia in the community setting found statistically significant, but 
minimal clinical improvement in sleep with non-benzodiazepine hypnotics com-
pared to placebo (decreased PSG sleep latency by 22 min) [39]. Due to the minimal 
clinical improvement and lack of data in critically ill adults, non-benzodiazepine 
hypnotics are not routinely recommended for use in the ICU.

Newer sleep agents include the orexin receptor antagonists (Suvorexant and 
Lemborexant). These agents work by promoting sleep inhibiting orexin A and B, 
neuropeptides that promote wakefulness [45, 46]. A number of studies have evalu-
ated suvorexant in the treatment of ICU delirium and sleep [45, 47, 48]. Suvorexant 
did not improve sleep parameters in one study [49], but delirium outcomes were 
improved [45, 47, 48]. Suvorexant may be a promising new agent to improve delir-
ium in critically ill patients, and transiently improve their sleep; however adequately 
powered RCTs are needed. An ongoing RCT is comparing placebo vs suvorexant in 
critically ill post coronary artery bypass graft surgery adults. The primary outcome 
is evaluating nighttime wakefulness after persistent sleep onset as determined by 
electroencephalogram (EEG) between placebo and suvorexant [50].

6  Continuation of Sleep Agents from Home

Many patients who are regularly take a sleep agent at home will be admitted to the 
ICU. A survey from 2005–2010 found that 4% of adults over the age of 20 had taken 
a prescription sleep aid in the previous month [51]. Therefore the question often 
arises whether to continue their home sleep agents or hold the medication during the 
ICU stay. In the absence of data for guidance, patient specific factors including need 
for sedation, neurologic exam, risk for medication withdrawal, and patient interac-
tion should be considered when deciding whether to continue a home sleep aid in 
the ICU. 
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7  Recommendations for Best Practices

There is much to learn regarding sleep disturbances, sleep monitoring, and pharma-
cological sleep management in critically ill adults. Many pharmacologic options to 
treat sleep in the ICU seem biologically plausible; however, literature is lacking to 
support the routine use of any agent. Therapeutic and non-pharmacologic interven-
tions should be directed at the cause of sleep disturbances (eg pain, delirium, noise), 
and more research is needed to determine which pharmacological agents actually 
improve sleep in the ICU [26]. Figure 2 shows recommendations for utilization of 
sleep agents in critically ill adults.

Patient with altered sleep

Optimize non-pharmacologic
strategies (Chapter 15) 

Identify and modify (if possible)
causes of sleep disruption   Pain

Agitation (including
hyperactive delirium)  

Withdrawal 

Optimize pain management (prioritize
non-pharmacologic/non-opioid

interventions)  

Evaluate withdrawal of home sleep
agents (e.g. benzodiazepines) or
other prescription/street drugs  

Mechanically ventilated
requiring continuous

sedation 

Nighttime hyperactive delirium
leading to potential patient/staff

harm and interrupted sleep

Quetiapine 25-50 mg at 20:00
or

Haloperidol 2.5-5 mg IV
or

Dexmedetomidine 0.2 –1.5
mcg/kg/hr to light sedation goal¥ 

Optimize nighttime sedation
with dexmedetomidine 0.2–

1.5 mcg/kg/hr to light
sedation goal¥   

InsomniaCircadian rhythm
alterations 

Melatonin at 20:00**
or

Dexmedetomidine 0.2-1.5
mcg/kg/hr to light
sedation goal¥   

Melatonin at 20:00** 

*Recommendations reflect the authors' expert opinion and experience rather than
data. Patient specific factors should be taken into considerations when prescribing agents
**Optimal dose remains unknown. Suggest initiating at 5mg
¥RASS = –2 to 0 or SAS=3 to 4

RASS: Richmond Agitation Sedation Scale
SAS: Sedation Agitation Scale 

Fig. 2 Pharmacologic treatment algorithm for sleep in critically ill adults*
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8  Future Areas of Research

Sleep in critically ill patients is complex. To study the efficacy of pharmacological 
agents for sleep in the ICU we must first determine the optimal way to measure 
sleep. The studies outlined in this chapter highlight the heterogeneity in efficacy 
outcomes for sleep agents. PSG is an objective measure of sleep, and the ideal tool 
to acquire the primary endpoint of future studies. The application of PSG in the ICU 
is not simple, but several pilot studies have demonstrated that it is feasible for 
research purposes. Patient reported sleep quality may be a desirable endpoint, but 
many critically ill patients may be unable to communicate such information reliably 
or at all. As previously mentioned, there are also many confounders to be consid-
ered when studying sleep in the ICU, most notably encephalopathy, sedation and 
analgesia. Future studies should include a rigorous protocol to optimize non- 
pharmacological measures, include a non-pharmacological arm (ideally with 
administration of placebo), and use a double-blind design. Newer sleep-promoting 
agents, such as lemborexant and suvorexant, should be tested more in the ICU set-
ting. Once we learn how best to measure sleep in the ICU and what metrics impact 
outcomes, we can begin to have a better understanding of the role pharmacological 
agents play in promoting sleep in critically ill adults.

9  Conclusion

There is currently a lack of high-quality evidence for the recommendation of sleep 
agents in critically ill adults. Optimization of non-pharmacologic strategies is para-
mount, and addition of pharmacologic strategies should be patient specific and 
weigh the risk versus benefit. Future studies are needed to identify pharmacologic 
treatment strategies as sleep agents in critically ill adults.
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Sleep Considerations in Critically  
Ill Children

Mallory A. Perry and Sapna R. Kudchadkar

1  Introduction

Critical illness can severely disrupt and impact sleep in infants, children, and ado-
lescents during an important phase of human neurodevelopment. In addition to criti-
cal illness itself, the pediatric intensive care unit (PICU) is a unique environment 
that further contributes to sleep architecture dysregulation [1–3]. The PICU special-
izes in the management of critically ill children with both acute and chronic ill-
nesses. The heterogeneity of the PICU patient population is profound in several 
ways; in fact the PICU is the hospital unit with the greatest diversity of patients and 
diagnoses. Aside from diagnoses, heterogeneity in chronological and developmen-
tal age, length of stay, baseline functional status, and genetic and familial influence 
make the PICU population unique [4]. The sleep needs of children constantly 
change, thus a comprehensive understanding of the neurodevelopmental needs of 
children across the age spectrum is vital to understanding the impact of critical ill-
ness and PICU admission on sleep in this setting and the potential long-term impli-
cations of disrupted sleep in this population.

In this chapter, we provide a comprehensive overview of pediatric sleep develop-
ment and the PICU-specific factors which may negatively impact sleep. The specific 
chapter objectives are to provide an in-depth overview of: (1) the neurobiological 
considerations of sleep in the developing child; (2) the appropriate tools for 
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assessing sleep in critically ill children; (3) PICU and patient -specific risk factors 
for poor sleep; and (4) potential strategies to mitigate risk factors for poor sleep in 
an effort to promote sleep restoration,

2  Neurobiological Considerations

To understand and evaluate sleep in children, it is imperative to have an understand-
ing of the underlying neurobiological and neurodevelopmental mechanisms of sleep 
from infancy through adolescence. Throughout this crucial period of development, 
sleep evolves with neurologic maturation [5]. Children’s sleep-wake patterns 
develop and change as they age. Initially, they are reliant on their mother in utero 
and deeply influenced by environmental factors. Sleep is integral to homeostasis 
and normal sleep-wake patterns are essential to critical illness healing given its 
effect on thermoregulation, inflammation, and immunity [6]. The following sections 
provide an overview of circadian rhythm as it applies to children from newborn to 
adolescence, including recommendations for those sleep requirements known to 
promote and optimize health at various ages and developmental stages.

2.1  Circadian Rhythms

Our circadian rhythm (CR) is the endogenously- driven, yet externally influenced 
intrinsic rhythm which cycles over an estimated 24-h period [7]. As outlined in 
chapter “Characteristics of Sleep in Critically Ill Patients. Part II: Circadian Rhythm 
Disruption”, it is influenced by a complex interplay of hormones, intrinsic circuitry, 
temperature and established routines [1, 7]. Of note, the neuroplasticity of children 
throughout their lifespan is a hallmark of pediatric sleep research. In the pediatric 
critical care setting, neuroplasticity has important implications on CR and how both 
clinicians and researchers assess and manage sleep. In order to fully understand the 
impact of critical illness on CR and sleep in children, one must consider all devel-
opmental stages and normal sleep patterns.

A newborn infant’s CR is developed in utero, and through hypothalamic regula-
tion in the suprachiasmatic nuclei (SCN), modulates sleep patterns and acts as the 
central “clock”. The SCN is the master CR pacemaker, regulating melatonin pro-
duction through direct input from the eyes, including light [7–9]. Newborns are 
born with an immature circadian system; their sleep-wake rhythm is weak and 
inherited from the mother’s sleep-wake patterns during pregnancy [10]. Early post-
natal sleep development is affected not only by the mother’s sleep-wake pattern but 
also though light exposure during early development [9, 10]. Postnatally, light is 
detected in the retina and transmitted along the retinohypothalamic tract to the SCN 
[11]. While neonates are born with the overall components of circadian rhythm, it 
remains immature and develops over time.
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There is also a neuroendocrine basis for CR regulation. The endogenous bio-
markers melatonin, cortisol, body temperature, movement, blood pressure, diges-
tion, and consolidated sleep are all a part of the CR [12]. Within the first 2-months 
of postnatal development, CR begins to change and develop. Cortisol and melatonin 
production and increased sleep efficiency begin at approximately 8 weeks of age, 
followed by body temperature rhythm and circadian gene development by 11 weeks 
[11, 12]. Overall, CR becomes more consistent at 3 to 6 months of age. The early 
development of CR highlights the important role of attention to environmental stim-
uli (e.g., light and sound) and how they impact a child’s overall health. Specifically, 
cycled day-night lighting throughout early development, especially in the setting of 
critical illness, is imperative to promote healing [13]. It is important to note, how-
ever, that low light exposure in infancy may be just as deleterious to long-term 
health as high light exposure. Animal studies have shown that low light during 
infancy may lead to long-lasting psychological behaviors including anxiety and 
avoidance behaviors, which are carried into adulthood. The mice in this study also 
experienced stunted growth, which did eventually normalize in adolescence [14]. 
This aligns with a large, international study of infants exposed to low light exposure 
throughout the newborn period, leading to the potential onset of bipolar disorder 
[15]. In addition, prolonged light exposure in mice postnatally demonstrated long-
term effects on peripheral circadian clock genes, affecting heart, lung, and splenic 
function in adulthood. Such changes have been linked to effects on blood pressure, 
inflammation, and dysregulated immune responses in animal studies [16].

Important CR-related mechanisms effect sleep during adolescence and young 
adulthood. Sleep deprivation during adolescence is epidemic; half of American ado-
lescents receive inadequate sleep. Hormonal changes during adolescence may alter 
CR [17]. Timing of sleep development in adolescence is affected by external factors 
such as school and/or work, in addition to intrinsic biological factors including sex 
[17]. While the effect of gonadal sex hormones on sleep throughout adolescence is 
believed to be important, a definitive association between sex hormones and sleep 
has not yet been established. Research demonstrates adolescent biological females 
have a delay in the timing of sleep a year earlier than males, which is in line with 
females’ earlier and younger pubertal onset. Similarly, there is an observed correla-
tion between sleep and secondary sex development between adolescent females and 
males [18–20]. This earlier sleep pattern in females is observed across both cultures 
and different mammalian species [17]. Understanding sex-dependent and hormonal 
changes is vital to understanding the overall development of sleep patterns and CR 
in children and adolescents.

2.2  Sleep Recommendations

American Academy of Pediatrics (AAP) guidelines provide recommendations for 
the number of hours required in children to promote optimal health [21]. Table 1 
outlines the number of recommended hours of sleep at each chronological age to 
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Table 1 Recommended hours of sleep per age of child

Age Recommended hours of sleep (per 24 hours)a

Infants: 4–12 months 12–16
Toddler: 1–2 years 11–14
Preschool: 3–5 years 10–13
School age: 6–12 years 9–12
Adolescent: 13–18 years 8–10

aincludes naps throughout the day

best support neurodevelopment and promote healing. Of note, the AAP does not 
include recommendations for newborns less than 4 months of age, due to the wide 
variability in their sleep patterns (i.e. frequent feedings) and duration and the lim-
ited evidence demonstrating an association between sleep and health outcomes at 
this age. However, the National Science Foundation recommends children less than 
4 months old should sleep between 14–17 h per day [22].

Appropriate sleep has been shown to positively improve attention, behavior, 
learning/memory, emotional regulation, quality of life and mental and physical 
health [21]. Despite the importance of sleep for optimal critical care recovery, sleep 
is often disturbed in the PICU setting: frequent awakenings are common and sleep 
duration is reduced. Disrupted sleep occurs most often during high-stress periods 
when lifesaving interventions are being delivered and painful procedures are 
required.

3  Sleep Assessment

Similar to critically ill adults (please refer to chapter “Methods for Routine Sleep 
Assessment and Monitoring”), the evaluation and study of sleep patterns in the 
PICU setting is important. However, multiple PICU-specific factors affect the ability 
to rigorously evaluate sleep in this setting including the heterogeneity of patient age, 
developmental level, and disease processes present. The following sections propose 
both quantitative and qualitative sleep measures for sleep researchers and ICU clini-
cians interested in investigating the sleep patterns of critically ill children, disruption 
in sleep-wake cycles in the PICU, and their impact on health.

3.1  Quantitive Sleep Assessment

3.1.1  Electroencephalographic (EEG) Monitoring

Polysomnography, the gold standard for sleep assessment which includes EEG, 
electrooculogram (EOG) and electromyography (EMG) is infrequently utilized in 
PICUs due to challenges they bring in patients requiring other invasive devices and 
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the easy displacement of leads. However, EEG monitoring is widely used in the 
PICU to evaluate brain function and recognize seizure occurrence. Pediatric stud-
ies demonstrate EEG sleep slow-wave activity is associated with high levels of 
synaptic density  – a vital component of neurologic maturation [23–25]. While 
EEG sleep monitoring in the PICU is feasible across age groups, and may provide 
insight into sleep-wake patterns, EEG patterns may be confounded by critical ill-
ness, delirium, and the use of sedative medications and neuromuscular blockade. 
These variables can render EEG difficult to interpret [6, 26]. When evaluating 
sleep in the PICU with EEG it is recommended that monitoring occur for at least 
24-h so that all sleep episodes, including naps are captured and sleep-wake patterns 
are temporally characterized [27]. When Kudchadkar et al. [27]. compared sleep 
with EEG between critically ill and healthy children, the critically ill children 
failed to exhibit day- night sleep organization and exhibited decreased slow-wave 
sleep activity-an essential component of neurodevelopment and homeostasis. The 
critically ill children also had reduced rapid eye movement (REM) sleep despite 
REM sleep over the lifespan being at its highest during infancy and early child-
hood [28].

Methods for assessing sleep via EEG are often impractical in critically ill patients 
given normal sleep is hard to differentiate from disorganized sleep in the sedated 
state [29]. Studies of EEG use in the PICU have concluded children receiving con-
tinuous opioid and benzodiazepine infusions experience severe disruptions from 
their baseline normal sleep including decreased variability in slow-wave activity 
[27]. In recent years, goal-driven sedation protocols have been emphasized in PICUs 
to reduce over-sedation, promote sleep architecture and decrease delirium [30, 31]. 
(see also chapters “Effects of Common ICU Medications on Sleep” and “Best 
Practices for Improving Sleep in the ICU. Part I: Non-pharmacologic”).

3.1.2  Actigraphy

Actigraphy, that monitors changes in motion as a surrogate for sleep, is an easily 
accessible quantitative measure that can be rapidly deployed in the PICU. Actigraphy 
is quick and simple to apply/remove and in contrast to EEG does not require spe-
cialized equipment and technicians. Actigraphs can also assess sleep longitudinally 
over several days without interfering with daily ICU care. Actigraphy should be 
placed on either an unrestricted, preferably non-dominant, hand and/or ankle based 
on the child’s age and the bedside team’s clinical judgment. While polysomnogra-
phy is the gold standard for sleep research, actigraphy may be more useful clinically 
in the PICU setting. Though actigraphy is convenient for obtaining sleep data in the 
PICU, it is limited by a lack of standardization. Non-standardized devices, inconsis-
tent reporting, and lack of reference standards for analysis make it difficult to com-
pare results between clinical studies. Actigraphy may overestimate sleep quality in 
critically ill children due to factors including worsening critical illness, immobility/
bedrest, and the use of sedation and/or neuromuscular blockade.
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In otherwise healthy children, activity is consolidated to the waking (daytime) 
hours, therefore the rest-activity cycle often serves as a proxy to assess sleep-wake 
cycles in children. The Daytime Activity Ratio Estimate (DARE) acknowledges this 
principle by utilizing minute level data in critically ill children to calculate the ratio 
between mean daytime (08:00–20:00) activity and the mean 24-h (00:00–24:00) 
activity [6]. DARE is easily obtainable and reproducible, allowing results from vari-
ous studies to be compared and explored. Compared to traditional actigraphy algo-
rithms, it also does not overestimate wake-sleep times. A study by Kudchadkar et al. 
[6]. examined the applicability of actigraphy and DARE analysis in the PICU. Only 
about half (56%) of activity occurred during predefined daytime hours (08:00–20:00) 
confirming a lack of consolidation of the rest-activity cycle. These findings are also 
consistent with those from the adult literature, where rest-activity consolidation 
only occurred in 46.6% of all hospital days [6, 32]. In the DARE-analyzed patients, 
there was also a trend towards sleep improvement after ICU discharge [6, 32].

3.1.3  Melatonin

Alterations of melatonin production may negatively impact sleep in critically ill 
children [33]. Melatonin primarily works to regulate CR that promotes neuroprotec-
tion, antiinflammation and overall immunity via its important antioxidant effects 
[33, 34]. It is endogenously produced via the pineal gland from serotonin, a neu-
rotransmitter hormone responsible for mood stabilization and sleep promotion [35]. 
Melatonin production occurs cyclically; spurred by an endogenous CR clock, which 
is primarily influenced by light/dark cycling throughout a 24-h period [34]. As such, 
melatonin secretion patterns follow a day-night diurnal pattern; melatonin secretion 
is highest during nighttime (i.e., dark) hours, peaks in the middle of the night, and 
is lowest during the waking (i.e., light) hours [36].

While several studies have evaluated melatonin levels in critically ill adults in the 
context of CR, [37–40] research on melatonin levels in pediatric ICU patients 
remains limited. Under normal circumstances, melatonin production in children 
begins around 21:00 and peaks between the hours of 01:00 and 04:00. Baseline 
levels are reached between 06:00 and 09:00, which follows a light/dark pattern. In 
utero, melatonin is produced but decreases with gestational age [41]. Postnatally, 
concentrations of serum melatonin rise in concordance with CR development 4 to 
12 weeks postpartum. Daily and total melatonin levels stabilize throughout child-
hood and nocturnal serum melatonin peaks between the ages of 1 and 3 years [33]. 
In critical illness, several factors may negatively impact diurnal melatonin produc-
tion and secretion (see below).

3.2  Qualitative Sleep Assessment

Qualitative sleep assessment, including patient and/or family assessment of the 
child’s sleep quality, can strengthen the results of quantitative sleep data. Although 
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validated sleep quality scales are available across different age groups, use of these 
scales may not be feasible in children who are sedated or have delirium. As such, a 
proxy may be necessary. These instruments are also useful in assessing baseline 
sleep and post-critical illness sleep once a child’s intensive therapies start to 
de-escalate.

3.2.1  Age-Appropriate Sleep Scales

The characteristics of pediatric sleep scales most frequently used in PICU practice 
are described in Table 2. The scale chosen for use should match the age and devel-
opmental appropriateness of the child being evaluated. These questionnaires can 
also be used at the time of PICU admission to characterize a child’s baseline sleep 

Table 2 Age-appropriate sleep scales for critically Ill children

Scale Age range/Items Domains Language

Children’s Sleep Habits 
Questionnaire (CSHQ, [42])

Parent report
4–10 years  
(school age)
45 items

– Bedtime resistance
– Sleep onset delay
– Sleep duration
– Sleep anxiety
– Night awakenings
– Parasomnias
– Sleep disordered 
breathing
– Daytime sleepiness

– English

Patient Reported Outcomes 
Measurement Information System 
(PROMIS [43])

Self-report
8–17 years
Parent report
5–17 years
Short forms: 4  
and 8 items

– Sleep disturbance
– Sleep impairment

– English

PedsQL Multidimensional 
Fatigue Scale [44]

Self-report
5–7, 8–12, and 
13–18 years
Parent report
2–4 (toddler), 5–7 
(young child) and 
8–18 (adolescent)
18 items

– General fatigue
– Sleep/rest fatigue
– Cognitive fatigue

– English

Brief Infant Sleep Questionnaire 
(BISQ) [45]

Parent report
0–29 months
33 items

– Nocturnal sleep 
duration
– Night awakenings
– Method of falling 
asleep

– English
– Chinese
– Nepali
– Portuguese
– Turkish
– Spanish

(continued)
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Table 2 (continued)

Scale Age range/Items Domains Language

Children’s Sleep Habits 
Questionnaire (CHSQ [46])

Parent report
4–10 years
35 items

– Bedtime resistance
– Sleep onset delay
– Sleep duration
– Sleep anxiety
– Night wakings
– Parasomnias
– Sleep disordered 
breathing
– Daytime sleepiness

– English
– Chinese
– Dutch
– Hebrew
– Portuguese
– Spanish

Paediatric Sleep Questionnaire 
(PSQ [47])

Parent report
2–18 years
22 items

– Sleepiness
– Snoring
– Attention/
hyperactivity

– English
– Portuguese
– Chinese
– Spanish
– Turkish
– Malay

Tayside Children’s Sleep 
Questionnaire (TCSQ [48])

Parent report
1–5 years
10 items

– Initial settling of 
child
– Night-time disruption
– Early morning 
arousal

– English

Key: PedsQL Pediatric Qualify of Life

habits for both clinical and research purposes (i.e. Children’s Sleep Habits 
Questionnaire, Brief Infant Sleep Questionnaire). In contrast, the PROMIS and 
PedsQL scales are typically used in the research setting after PICU discharge.

3.2.2  Sleep Diaries

While EEG and actigraphy can provide quantitative data regarding sleep duration, 
sleep quality is best measured qualitatively. Quantitatively collected sleep data can 
simultaneously complement qualitative sleep data found in sleep diaries. Similar to 
sleep scales, sleep diaries may be best used once PICU care is de-escalated and the 
child has recovered from their imminent life-threatening illness. Parents can serve 
as proxies to compare the baseline sleep habits of their child to those observed dur-
ing and after critical illness. Sleep diaries provide a longitudinal, comprehensive 
assessment of a child’s sleep-wake patterns.

In healthy children and infants, sleep diaries have been used to assess sleep-wake 
patterns. One healthy infant study noted discrepancies between sleep diaries and 
actigraphy measures, which may indicate actigraphy is useful in assessing move-
ment but not sleep patterns [49]. Pediatric sleep researchers and clinicians conclude 
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that subjective sleep diaries and actigraphy may be used in a complementary fash-
ion to estimate sleep start, end, and duration, but may not be beneficial in accurately 
assessing nighttime awakenings [50].

The fragmented sleep patterns of the PICU patient may persist after PICU dis-
charge. Despite the normalization of sleep patterns in the post-PICU period, as indi-
cated by improvements in sleep questionnaires and scales, parents of critically ill 
child survivors often still perceive sleep fragmentation in their child after PICU 
discharge [51, 52].

4  Risk Factors for Poor Sleep

The PICU environment and the therapies delivered in this setting, coupled with a 
child’s critical illness, pose a unique threat to sleep quality and overall circadian 
rhythm. Similar to adults (and as outlined in chapter “Risk Factors for Disrupted 
Sleep in the ICU”), the ICU environment can be stressful and hostile to healthy 
sleep [53]. Figure  1 outlines PICU-specific risk factors for poor sleep. Many of 
these factors are similar to those seen in adult ICUs.

Medical conditions
• Severe sepsis/septic shock
• Hypoxia
• Severe burn injuries
• Pain
• Recent surgery
• Delirium

Intensive Care Therapies 
• Invasive procedures
• Mechanical ventilation
• Urinary catheters
• Monitoring devices (e.g.. intracranial pressure)

• Sedation

Envrionmental factors
• Noise pollution
• Nighttime awakenings
• Nighttime feedings

Psychological/Emotional Factors
• Delirium
• Neurocogntive changes

Poor Sleep and
Impaired

Circadian Rhythm  

Fig. 1 PICU specific risk factors for poor sleep and impaired circadian rhythm
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4.1  Medical Conditions

Critical illness itself poses a threat to sleep in the PICU. Animal studies demonstrate 
conditions leading to organ dysfunction and/or failure increase the risk for worse 
sleep architecture [54]. In particular, sepsis, which leads to overwhelming systemic 
inflammation and often multiorgan failure, is highly associated with sleep disrup-
tion in children [55–58]. Adult studies of sepsis and melatonin levels have found 
that sepsis negatively impacts melatonin production and thereby disrupts CR [59]. 
There are limited PICU-specific studies investigating sepsis and melatonin concen-
trations. One study conducted by Bagci et al. evaluated CR-related outcomes in a 
small cohort (n = 40) of critically ill children, with and without sepsis, and found 
sepsis did not affect nocturnal melatonin serum concentrations [60]. Melatonin has 
immune-related properties including anti-inflammatory and antioxidant effects and 
has been postulated to be a potential sepsis therapy due to its protective effect in 
adults and newborns [61–66]. In addition to sepsis, hypoxia may also perturb CR 
and overall sleep. Hypoxia has been associated with sleep fragmentation and mal-
aise [67],which may also affect sleep architecture in this population.

4.2  Co-Administered Therapies

While nearly all ICU interventions have the potential to negatively-impact sleep and 
CR in the PICU setting, mechanical ventilation (both invasive and non-invasive) is 
of particular interest to disrupted sleep although this relationship is complex (see 
chapter “Mechanical Ventilation and Sleep”) [68–70]. Some children are unable to 
communicate their needs or understand the rationale for interventions that are deliv-
ered. This lack of understanding on the part of critically ill children may necessitate 
use of sedation [2, 71–73]. While sedatives and anxiolytics are often necessary to 
main safety and promote healing, the profiles of sedatives vary in their effects on 
sleep architecture (see chapter “Effects of Common ICU Medications on Sleep”). 
Most commonly, a combination of opioids, benzodiazepines, ketamine, barbitu-
rates, and alpha-2 agonists (e.g., clonidine and dexmedetomidine) are used [2]. 
Additionally, neuromuscular blockade may be used to facilitate ventilator syn-
chrony which may further complicate sleep assessment and restoration [73, 74]. 
PICU-specific studies including the RESTORE (Randomized Evaluation of Sedation 
Titration for Respiratory Failure) clinical trial [31] and the SANDWICH (Sedation 
and Weaning in Children) trial [30] investigated the effects of protocolized sedation 
on mechanical ventilation outcomes. While neither study’s primary endpoint was 
sleep, they confirmed that children requiring mechanical ventilation could be safely 
managed in more awake states with less sedation. As with adults, the reduced use of 
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benzodiazepines, known to potentiate poor sleep architecture and increase ICU 
delirium, is recommended [75].

Other care-related factors, which may impact CR and sleep include continuous 
enteral feeding, patient care activities, and restraints [13, 53, 76, 77]. There is ambi-
guity on how nutrition should be optimally delivered (ie., continuous vs. bolus; 12 h 
vs 24 h) in the pediatric setting despite that the timing and duration of feeding has 
been shown to affect CR in adults (chapter “Best Practice for Improving Sleep in the 
ICU. Part I: Non-pharmacologic”). To preserve sleep in the ICU, it is imperative to 
mimic a child’s pre-PICU routine. While newborns and infants may feed noctur-
nally, toddlers, school-aged children, and adolescents generally do not. Bolus feed-
ing, as opposed to continuous 24-h feeding, is physiologically aligned with 
day-to-day routines and provides the child freedom to move and participate in reha-
bilitation therapies [77]. This is vital considering that early rehabilitation minimizes 
the risk of poor post-PICU outcomes, including delirium, PICU-acquired weakness, 
muscle atrophy, and prolonged PICU length of stay; all while improving functional 
outcomes [78, 79]. Point prevalence studies, however have demonstrated that over-
all, there are inconsistent practices of early mobilization in critically ill children 
[80], illustrating the increased need for standardized programs to promote healing 
through mobilization [76, 80].

In addition to immobility and nutrition, disruptions in sleep-wake patterns with 
patient care activities are also detrimental to CR and sleep. As such, care should be 
clustered at night whenever possible, and similar to nutrition, should be synchro-
nized to the child’s pre-PICU routine (e.g. daily sleep requirements, timing of naps). 
All hands-on care should emulate their routine to provide neurodevelopmental 
appropriate care and restorative healing.

4.3  Environmental Factors

Given the neurobiological influence of day-night light cycling on CR, decreased 
exposure to sunlight during the day with prolonged artificial lighting at night are 
risk factors for CR dysregulation. Sound also plays a crucial role. Noise pollution is 
a serious concern for recovery and has been acknowledged for its negative effects as 
early as the 1800s [81]. In response to the negative effects of high levels of noise on 
restorative healing, the World Health Organization (WHO) introduced guidelines 
for varying industries regarding appropriate noise levels. Specifically in the hospi-
tal, the WHO recommends that overall average noise levels should not exceed 35 
decibels (dB) with a maximum of 40 dB overnight [82]. Specific to the PICU, a 
multi-site study surveyed PICUs’ light and sound levels. Results indicated that, in 
general, PICUs are not conducive to sleep. On average, sound levels always 
exceeded 45 dB, with peaks above 85 dB at all sites [83].
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4.4  Psychological/Emotional Factors

An ICU admission is usually frightening for children given they often cannot ade-
quately express their fear and concerns. In several studies examining sleep in children 
admitted to the PICU with severe burns who frequently experience severe pain, fear 
and anxiety are closely related to poor sleep [84, 85]. Notably, this psychological dis-
tress may last for months after the injury and subsequent PICU discharge. While PICU 
and post-PICU psychological distress is likely greatest in severely burned children, it 
should be considered in all critically ill children. A child’s stress may be increased if 
they witness their family members’ anxiety and stress related to their child’s hospital-
ization. The absence of family at the bedside may also increase patient stress.

5  Sleep Restoration and Promotion

Compared to adults, unique challenges exist with sleep improvement in critically ill 
children. The greater variability in chronological and developmental age of children 
makes sleep promotion protocols difficult to create and enforce. Similar strategies used 
for critically ill adults (see chapters “Best Practices for Improving Sleep in the ICU. Part 
I: Non-pharmacologic” and “Best Practices for Improving Sleep in the ICU. Part II: 
Pharmacologic”) can be employed in in the PICU, as long as they are appropriately 
adapted for age and baseline physical function [86]. PICU Liberation bundles are an 
interdisciplinary collaborative effort created to offset the harmful effects of excessive 
and prolonged sedation, immobilization, sleep disruption, and delirium [86–88]. While 
ICU liberation bundles focus on five distinct elements each of these can be appropriately 
tailored to the PICU setting. The five elements of the ICU Liberation Bundle as pro-
moted by the Society of Critical Care Medicine [89] are as follows:

 – A: Assess, manage and treat pain
 – B: Both spontaneous awakenings and breathing trials
 – C: Choice of sedation and analgesia
 – D: Delirium, assessment, management, and treatment
 – E: Early mobility and exercise
 – F: Family engagement and empowerment

Adherence to the ICU Liberation Bundle may reasonably be expected to improve 
sleep by enforcing better sleep hygiene, stress reduction, and minimizing iatrogenic 
harm [86].

A comprehensive PICU baseline sleep evaluation is vital to emulate the child’s 
home sleep pattern and nonpharmacologic approaches should be prioritized given 
the lack of rigorous data to support the use of pharmacologic sleep improvement 
strategies with melatonin, antipsychotics and antidepressants in critically ill chil-
dren. Table 3 outlines both non-pharmacological and pharmacological approaches 
through which sleep can be optimized in the high-risk PICU population to promote 
CR and overall healing.
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Pharmacological Therapies

• Choice of sedation
   – Sparing use of benzodiazepines as first-line agents
• Sleep aids
   – Melatonin
Non-pharmacological therapies
• Environmental interventions
   – Earplugs
   – Headphone
   – White noise
   – Music
   – Decreased noise/alarms
   – Controlled day/night light cycling

• Behavioral interventions
   – Skin to skin contact
   – Guided imagery
• Physical therapy
   – Early progressive mobility
• Complementary therapies
   – Massage
   – Acupuncture
   – Aromatherapy
   – Modified yoga

Table 3 Pharmacological 
and non-pharmacological 
sleep restoration therapies

6  Conclusion

The PICU environment paired with the developmental changes that occur through-
out childhood and adolescence may lead to disrupted sleep and CR rhythm dysregu-
lation in critically ill children. It is imperative for sleep researchers and clinicians to 
understand the neurobiological considerations of sleep and sleep requirements in 
children and how these needs change throughout the lifespan. Chronological and 
developmental age-appropriate scales for sleep assessment are imperative to use not 
only to quantify sleep, but also to qualitatively assess sleep and its impact on the 
child’s overall function during the PICU stay and beyond. The implementation of 
both quantitative (i.e. melatonin, actigraphy, EEG) and qualitative assessments (i.e. 
sleep diaries) may provide complementary information for researchers and clini-
cians to have comprehensive picture of the child’s sleep and CR. Considering the 
PICU environment is often not conducive to maintaining CR and/or pre-critical ill-
ness sleep patterns, clinicians must be aware of the environmental, intrinsic and 
disease-specific factors which may induce sleep dysfunction and/or CR dysregula-
tion in critically ill children. Once identified, appropriate measures to either main-
tain and/or restore CR and sleep using multimodal approaches  – including 
pharmacologic and nonpharmacological complementary therapies are necessary to 
promote healing.
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1  Introduction

Sleep is critically important to human health. This has been demonstrated in acute, 
sub-acute and chronic sleep deprivation and restriction models [1]. Even short-term 
sleep loss negatively influences cognition [2], alertness [3, 4], mood [5, 6], glucose 
control [7–9], cardiovascular health [10–14], immune system function [15, 16], and 
respiratory physiology [17–20] ( chapter “Biologic Effects of Disrupted Sleep”). 
Moreover, chronic, or habitual short sleep duration and poor sleep quality are asso-
ciated with increased morbidity and mortality and pose global health threats 
[21–24].

This crisis has extended into the hospital and intensive care unit (ICU) but with 
a less proven impact. To date, it has been demonstrated that ICU patients have a 
high prevalence of abnormal sleep features: sleep is short, fragmented, poorly 
timed, and perceived to be of poor quality by patients (chapter “Characteristics of 
Sleep in Critically Ill Patients. Part I: Sleep Fragmentation and Sleep Stage 
Disruption”) [25–28]. Beyond the physiologic consequences of poor sleep, it is a 
major complaint and source of distress among patients that persists even after hos-
pitalization [29]. The severe sleep disruption seen in the ICU is, not surprisingly, 
accompanied by abnormal circadian alignment and amplitude [30, 31]. Because 
sleep is of the longest duration and highest quality when it is aligned with the 
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biologic (i.e., circadian) night, misalignment or loss of circadian rhythm in ICU 
patients will significantly worsen their sleep [32, 33]. Circadian misalignment has 
additional consequences throughout the body as the central clock, peripheral clocks, 
and human behaviors become dyssynchronous, a condition termed internal dyssyn-
chrony (chapter “Characteristics of Sleep in Critically Ill Patients. Part II: Circadian 
Rhythm Disruption”). The consequences of internal dyssynchrony are just starting 
to be understood in non-ICU populations [33, 34].

ICU sleep disruption is likely a complex multi-domain syndrome that changes 
over the trajectory of critical illness and recovery and includes elements of sleep 
duration, timing, architecture, fragmentation, patient perception, and encompasses 
the field of circadian rhythms with both circadian alignment and amplitude being of 
potential importance. Furthermore, there is acknowledgement that sleep derange-
ments in ICU patients are caused by a wide range of heterogeneous factors such as 
patient sleep history, discomfort, anxiety, severity of illness, type of illness, medica-
tions, and environmental conditions and that susceptibility could vary dependent on 
various factors such as age, sex, race and ethnicity [35, 36] (chapter “Risk Factors 
for Disrupted Sleep in the ICU”). It remains unclear how these key biological vari-
ables impact ICU sleep disruption and how ICU sleep disruption varies among dif-
ferent sub-populations [37].

There is expanding interest in investigating and leveraging ICU sleep to improve 
patient outcomes [38], but many unanswered questions exist in the field (chapters 
“ICU Sleep Disruption and Its Relationship with ICU Outcomes” and “Long-Term 
Outcomes: Sleep in Survivors of Critical Illness”). Although recommended by the 
Society of Critical Care Medicine’s Pain, Agitation, Delirium, Immobility, and 
Sleep (PADIS) guideline panel [39], key issues currently preclude the wide-spread 
use of multicomponent ICU sleep promotion interventions in the ICU. Small studies 
and heterogenous study elements (i.e., varied patient populations, sleep measures, 
intervention type, et cetera) have limited the quality of evidence to-date and made 
meta-analysis challenging. However, advances in sleep measurement technology 
and growing interprofessional, multi-site collaboration may help overcome these 
methodological challenges and strengthen the evidence to support use of these pro-
tocols. Herein we will discuss future directions for ICU sleep disruption methods, 
measures, risk factors, interventions, and outcomes. Though much of the discussion 
centers on gaps in research, addressing these gaps is intended to lead directly to 
implementation of sleep promotion strategies at the bedside and thus benefit ICU 
patients.

2  Measures of Sleep in the Intensive Care Unit

The methodological challenges of measuring sleep and circadian rhythms in the 
ICU have posed a major barrier to scientific understanding in this field. The barriers 
include the prolonged duration and intensity of monitoring, need for expert staff to 
apply and maintain equipment and interpret data, high cost, and patient burden and 
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tolerance. These limitations have led to studies with small sample sizes and short 
measurement windows of what is likely a process that evolves from pre-ICU illness 
onset until weeks to months after recovery [29].

2.1  Objective Sleep Measures

As noted in polysomnography (PSG) monitoring in ICU patients remains informa-
tive, but extraordinarily resource intensive [26, 28, 40–44]. Additionally, conven-
tional EEG scoring rules are unreliable in this population [42, 45–48]; although 
alternate rules have been proposed, universal agreement on these scoring methods 
does not exist and significant expertise to apply them to ICU patients is required 
[46, 47] (chapter “Methods for Routine Sleep Assessment and Monitoring”). These 
scoring challenges further intensify PSG resource issues. It is, in fact, critical that 
we delineate the full trajectory of ICU sleep disruption; therefore, longitudinal 
monitoring that is feasible and tolerable is a critical next step in moving ICU sleep 
disruption investigations forward.

Automated EEG algorithms have been studied as a strategy to alleviate PSG- 
related challenges. Although feasible and familiar, the Bispectral Index does not 
provide detailed sleep architecture data [49, 50] and thus its utility is limited. 
However, the concept of automated, real-time algorithms is important, and alterna-
tive EEG algorithms such as spectral power and the odds ratio product have been 
studied in a small number of ICU patients [48, 51, 52]. These techniques are prom-
ising and may provide both research and clinical staff an objective method to evalu-
ate sleep that is both rigorous, feasible, and acceptable to patients. The automated, 
real-time nature of these algorithms will improve study quality and bring us closer 
to longitudinal clinical monitoring of sleep by ICU providers rather than sleep 
experts. This creates an essential bridge between research and clinical measurement 
needs and thus allows widespread implementation of sleep monitoring and promo-
tion. In the future, it may be that sleep can be feasibly monitored in the ICU as a 
standard part of care allowing clinicians to respond in real time when it found to be 
disrupted.

2.2  Measures of Patients’ Sleep Perception

Patients’ perception of sleep, when evaluated using the validated the Richards- 
Campbell Sleep Questionnaire (RCSQ), is an important additional domain of ICU 
sleep disruption over and above objective sleep measurement data [53]. However, 
many critically ill adults cannot participate in sleep questionnaires due to limitations 
in consciousness (e.g., sedation), cognition (e.g., delirium) and communication 
(e.g., intubation) and thus subjective measures of sleep cannot be reliably collected 
for many ICU patients. Nevertheless, if we reframe ICU sleep disruption as a 
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longitudinal syndrome, this low risk, low cost, easy to implement sleep measure 
may be useful in tracking sleep during illness recovery or in patients who are able to 
communicate. Furthermore, the RCSQ could be readily implemented by ICU care 
providers with minimal training and interpreted in real-time to allow for immediate 
response to poor sleep. As noted above, real-time, provider-based (e.g., without spe-
cialized sleep measurement training), bedside monitoring is key to improving ICU 
patient outcomes via sleep promotion.

2.3  Circadian Measures

Measures of circadian alignment and amplitude have also been a challenge in ICU 
patients. Melatonin and its metabolite 6-sulfatoxymelatonin are the gold standard 
indicators of central clock alignment and circadian amplitude; however, in the criti-
cally ill population which has unpredictable alignment, sampling of blood (melato-
nin) or urine (6-sulfatoxymelatonin) to assess circadian phase must be frequent (i.e., 
every 1 or 2 h) and around the clock. This is highly cumbersome and thus limits 
study sample size. Alternative physiologic signals that reflect circadian phase such 
as core body temperature, blood pressure, and heart rate have been used [54–56]; 
among these, heart rate stands out as readily available and continuously monitored 
in essentially all ICU patients. Rapid, automated data management and assessment 
of heart rate could provide metrics of circadian phase that reflect alignment over the 
prior 24-h on a rolling basis. As with automated EEG tools, this would facilitate 
investigation and clinical practices vis a vis the circadian domains of ICU sleep 
disruption.

Novel biomarkers of circadian phase that use RNA expression analysis to esti-
mate melatonin onset have been developed recently in non-critically ill human pop-
ulations and require only 1 or 2 blood samples per 24 h period [57, 58]; however 
preliminary studies suggest that these measures cannot estimate phase in ICU 
patients [59]. Further development of these tools may ultimately allow use in ICU 
patients, but they are less likely to be adopted as standard bedside tools.

2.4  Measurement Conclusions

In summary, limitations in readily available, reliable, and feasible ICU sleep mea-
surement methods have hindered progress in the field. Although we know severe 
sleep and circadian rhythm derangements exist in the ICU, results from ICU studies 
are variable and likely attributable to differing measurement approaches. We do not 
understand the natural history of the ICU sleep disruption, if elements of ICU sleep 
disruption are adaptive, and what aspects of ICU sleep disruption are iatrogenic 
versus inherent to acute illness. Knowledge in these areas would contribute to a 
more robust definition of ICU sleep disruption and allow us to understand which 
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Fig. 1 Model of how improved methodology will promote understanding of intensive care unit 
sleep and circadian disruption, support the development of efficacious and effective interventions 
and lead to improved critical illness outcomes

sleep disruption domains are most closely linked to outcomes and thus intervene in 
a targeted manner. Key future directions are highlighted in Fig. 1.

3  Prevalence and Risk Factors for ICU Sleep Disruption

3.1  Prevalence

Sleep disruption affects most ICU patients [25, 26, 28, 44, 45, 60]. However, the 
downstream consequences of sleep disruption in the ICU need further study. 
Methodologic variability has contributed to crucial gaps in defining both ICU sleep 
disruption and how risk factors, outcomes, and interventions are defined and evalu-
ated. The tremendously high prevalence of sleep disruption in the ICU has also 
fostered debate regarding whether sleep disruption is a de facto problem for all ICU 
patients or for only certain subpopulations.

3.2  Patient Risk Factors

A history of sleep deficiency and use of sleep aids prior to ICU admission are estab-
lished risk factors for poor ICU sleep [39]. Notably, chronic short sleep is a wide-
spread societal health problem, and the use of sleep aids is common in the general 
adult population [61]. Furthermore, formal assessment of sleep comorbidities, sleep 
preferences, sleep schedule and quality are not standard aspects of ICU intake, nor 
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have these elements been commonly included in ICU sleep disruption investiga-
tions. This lack of attention to patient sleep history and sleep preferences has been 
a notable gap within the field. Concerningly, sleep disorders such as obstructive 
sleep apnea [62–64], restless leg syndrome [65], and insomnia [66] are common, 
can be exacerbated during critical illness, and often go both unrecognized and 
untreated during hospitalization. Personalization of sleep promotion, currently 
untested but likely to be highly important, requires engagement with patients to bet-
ter understand individual reasons for sleep disruption (chapter “Best Practices for 
Improving Sleep in the ICU. Part I: Non-pharmacologic”).

Psychologic factors such as pain, anxiety, lack of privacy and loss of patients’ 
preferred sleep routines can also impact sleep in the ICU [37, 67, 68] (chapter “Risk 
Factors for Disrupted Sleep in the ICU”). These risk factors for ICU sleep disrup-
tion are often overlooked by care teams and should be considered and included in 
pharmacologic and non-pharmacologic sleep promotion bundles [68, 69] (chapters 
“Best Practices for Improving Sleep in the ICU. Part I: Non-pharmacologic” and 
“Best Practices for Improving Sleep in the ICU. Part II: Pharmacologic”). Similarly 
physiologic factors such as toileting needs, nausea, cough, and restriction of mobil-
ity [37, 68] can limit sleep and should also be appreciated as potentially modifiable 
risk factors. Patients interviewed about their sleep while admitted to the ICU 
described anxiety over the severity of their illness and an expectation that they be 
closely monitored for safety reasons [67]. Thus, when leaving ICU patients undis-
turbed to provide a period of rest, it is important to reassure patients that they are 
being remotely monitored and provide for basic needs such as toileting.

Severity of illness and mechanical ventilation have each been explored as risk 
factors for ICU sleep disruption; however, studies evaluating either factor have not 
shown a consistent relationship with disrupted sleep (chapter “Risk Factors for 
Disrupted Sleep in the ICU”). These inconsistent findings may relate to variations 
among studies and/or weaknesses in study methodology (e.g., heterogenous study 
populations, varied methods of sleep measurement, varied ventilator modes, small 
sample sizes) [37, 40, 44, 70, 71]. Future work can clarify the importance of puta-
tive risk factors by leveraging new sleep measurement technologies as discussed 
above. It is likely pre-hospital, psychologic, physiologic, illness-related and iatro-
genic factors exist that can be modified, perhaps in a personalized manner, to miti-
gate ICU sleep disruption and improve critical illness outcomes (chapters “ICU 
Sleep Disruption and Its Relationship with ICU Outcomes” and “Long-Term 
Outcomes: Sleep in Survivors of Critical Illness”).

3.3  ICU Environment

The ICU environment has been a major target of ICU sleep disruption investiga-
tions. The environment is a risk factor, a challenge to measure, and a target of inter-
vention. Environmental control interventions do reduce disturbances including 
noise, light, and care interruptions [72–75]. However, key issues remain. Sound in 
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most ICUs continues to exceed all recommendations [76–78], and it is not clear that 
modern buildings can achieve recommended sound levels due to air handlers, medi-
cal devices, monitors, and machine hum [76, 77, 79]. Furthermore, it is unclear 
what elements of sound are most disruptive to sleep (e.g., variability, average, peaks, 
source of sound). Notably, sound peaks account for approximately 20% of sleep 
arousals [80–82] which highlights the importance of sound as an ICU sleep disrup-
tion risk factor, but also highlights that other concomitant factors are contributing to 
arousals.

Light has also been noted to be abnormal in the ICU.  Recent attention has 
focused on the lack of sufficient light during the day [83, 84] which may be as 
important as abnormally high light levels overnight. This shift reflects a growing 
understanding of the significant contribution of circadian processes to ICU sleep 
disruption [85]. Finally, care interruptions, frequent in the ICU [75, 86, 87], are a 
complex source of sleep disruption bringing sound, light, anxiety, and pain into the 
intended sleep period. Although multi-component interventions have addressed 
care interruptions and shown benefits [68, 88], additional research to better under-
stand these interventions on a more granular level is required. Inclusion of the envi-
ronment and care processes remains necessary but not sufficient for ICU sleep 
promotion.

4  Sleep Promotion

4.1  Addressing Patient Risk Factors

As noted above, the ability to initiate or maintain sleep in the ICU is hampered by 
multiple patient factors that are variably addressed in published sleep promotion 
bundles. These factors include, but are not limited to, pre-existing or undiagnosed 
sleep disorders, sleep history, anxiety, pain, and mechanical ventilation (chapters 
“Risk Factors for Disrupted Sleep in the ICU” and  “Effects of Common ICU 
Medications on Sleep”).

It seems clear that patients with pre-existing sleep disorders should generally 
continue their outpatient treatment during hospitalization if a contraindication does 
not exist; however, the benefit of this approach has not been proven. Similarly, while 
the incorporation of patient sleep preferences including timing, bedding, lighting, 
and room temperature is a low-risk intervention that could be considered, evidence 
to support this practice is just emerging [89]. Personalization of ICU sleep promo-
tion is a logical next step in the design of sleep promotion interventions.

Although relaxation techniques (e.g. massage) have been associated with 
improved subjective sleep quality and an increase in total sleep [90–92], a paucity 
of published evidence precluded the 2018 PADIS guidelines from being able to 
make recommendations for their routine use [39]. Music therapy is one of the most 
frequently tested interventions and may be particularly promising. A systemic 
review of eleven studies demonstrated consistent associations between music 
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therapy and reduced anxiety or stress in ICU patients [93]; as with multicomponent 
bundles discussed below, data supporting music’s direct impact on sleep is more 
limited [94, 95]. Additionally, patient musical preferences and expertise in music 
therapy are needed for such interventions to be successful and this may ultimately 
prove a barrier to widespread implementation.

For patients with respiratory failure requiring mechanical ventilation, adjustment 
of ventilator support has been shown to improve sleep in small studies (chapter 
“Mechanical Ventilation and Sleep”). Increased support can improve sleep during 
acute respiratory failure [70, 71]; however, there is a risk of over-assistance which 
can disrupt sleep via hyperventilation and resultant central apneas [44, 96–98]. 
Proportional assist ventilation which delivers pressure proportional to the patient’s 
instantaneous efforts may improve efforts to walk this delicate balance and thus 
improve sleep [40, 99] (See below Respiratory Outcomes).

4.2  Reducing Environmental and Care Interruptions

Control of the ICU environment and ICU care patterns have historically been a 
major focus for ICU sleep promotion interventions. Multicomponent, sleep promo-
tion bundles are guideline recommended for ICU patients [39] and, as noted above, 
interventions have been able to reduce disturbances including noise, light and care 
interruptions [72–75]. Improvements in sleep outcomes have been more difficult to 
demonstrate [100, 101], but this lack of demonstrable change in sleep may be due 
to limitations in sleep measurement and intervention complexity leading to imple-
mentation challenges rather than true lack of effect. Next steps in developing bun-
dled sleep promotion interventions should include the additional elements noted 
above but also may benefit from inclusion of an implementation framework in the 
testing and expanded use of such interventions [68, 102, 103].

More recently circadian principals have been applied to ICU sleep promotion 
interventions; this is a key a step forward in ICU sleep improvement. Light is the 
most influential circadian cue, and circadian entrainment depends on exposure to 
light that has sufficient intensity and duration and has the correct spectral character-
istics (i.e., mimicking natural sunlight) [104, 105]. Though sample sizes are small, 
daytime light interventions have demonstrated improved patient satisfaction with 
their sleep [106], fostered earlier postoperative mobility [107], and reduced postop-
erative delirium [107–109]. Among studies that did not show benefit, abnormally 
high lighting levels in the control group [110] and inappropriate timing, duration, 
and spectral characteristics of the light intervention [111] may have limited find-
ings. These missteps in the design of light interventions highlight the importance of 
understanding the aspects of light that are most impactful on the human circadian 
system [104, 105]. Additionally, comprehensive circadian-related light recommen-
dations are just emerging and will need to be tracked carefully by the ICU sleep 
disruption research community [104, 105]. There are further gaps in investigation of 
non-photic circadian cues notably feeding schedule and exercise (i.e., mobility, 
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physical therapy, and rehabilitation). Time-restricted daytime feeding and increased 
daytime mobility in concert with bright daytime light are likely to improve syn-
chrony among the central clock and peripheral clocks, establish a predictable circa-
dian night, and thus improve sleep [32]; however, this remains to be tested in the 
ICU setting.

4.3  Pharmacologic Interventions

There is no guideline recommended pharmacologic intervention to promote sleep in 
the ICU [39], yet neuroactive medications are prescribed nocturnally to promote 
sleepiness or treat nocturnal agitation at a tremendously high frequency (chapter 
“Best Practices for Improving Sleep in the ICU. Part II: Pharmacologic”). In one 
study, 10% of ICU patients were newly prescribed a scheduled sleep aid and more 
than 80% had this therapy continued beyond the ICU [112]. Melatonin agonists, 
alpha-2- agonists, and orexin antagonists are the most extensively tested agents with 
mixed results regarding whether they improve sleep or reduce delirium [113–116]. 
Though these agents may hold future promise, current studies have small samples, 
have included patients with a relatively low severity of illness (i.e., potentially at 
lower risk for disrupted sleep and/or delirium), and have relied on patient self-
reports to characterize sleep quality. In the future, adequately powered multicenter 
randomized controlled trials involving ICU patients with a higher severity of illness 
and implementing objective sleep measurement methods combined with non- 
pharmacologic sleep promotion interventions are warranted [36]. Furthermore, in 
the vulnerable, often older, ICU population, all sleep aid medications convey risk, 
especially when continued beyond the ICU. Thus, while this may be a future inter-
vention for a select patient group, extreme caution should be taken to minimize the 
dose and duration of their use.

4.4  Treatment Conclusions

ICU sleep disruption has multiple domains and diverse causes. Interventions have 
needed to include multiple components which raise challenges in implementation 
and sustainability of sleep promotion bundles. Furthermore, the call to personalize 
sleep promotion adds another component of complexity to intervention design. To 
effectively test and demonstrate improved outcomes for ICU patients, there needs to 
be a further evolution of bundled approaches to include patient, environmental, and 
acute illness factors linked to ICU sleep disruption. This requires multi-disciplinary 
stakeholder buy-in, monitoring processes, mechanisms to adapt to changes in the 
ICU, and implementation expertise to assure best testing and application of com-
plex sleep promotion protocols. Finally, there needs to be a feasible way forward to 
adopt these interventions across critical care settings and thus provide broad benefit 
for ICU patients.
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The best way forward may be leveraging entities such as the ICU ABCDEF 
bundle [117] which has proven benefit vis a vis delirium reduction and already con-
tains established (e.g., pain and anxiety treatment) and proposed (e.g., early mobili-
zation) elements of sleep promotion interventions. Adding more specific sleep and 
circadian promotion strategies (e.g., environmental control, clustering of care, day-
time bright light) to the existing bundle may be an efficient means of moving ICU 
sleep promotion forward and further improving key, related outcomes such as delir-
ium. Interestingly, the ABCDEF bundle may also promote daytime wake and day-
time function which are likely important components of ICU sleep promotion 
despite limited evidence at this time.

5  Outcomes

Sleep and circadian rhythms play an important role in recovery from injury and ill-
ness. This has been demonstrated in acute, sub-acute and chronic sleep deprivation 
and restriction models [1]. As noted in the opening of this chapter short-term sleep 
loss negatively influences multiple essential organ systems with high relevance to 
critical illness recovery. This includes cognitive [2–6], respiratory [17–20], meta-
bolic (7–9, cardiovascular [10–14], and immune [15, 16] function (chapter “Sleep 
Disruption and Its Relationship with ICU Outcomes”). Furthermore, in line with 
data demonstrating that habitual sleep quality and quantity is linked to mortality in 
the general population [118–120], emerging data suggests that acute sleep and cir-
cadian disruption may be linked to mortality in the ICU as well [55, 121]. As noted 
above, there is also concern that sleep disturbance in the ICU is part of longer-term 
sleep disturbance that starts with the onset of acute illness and continues during 
recovery (chapter “Long-Term Outcomes: Sleep in Survivors of Critical Illness”). 
Therefore, improving or protecting sleep and circadian function throughout the tra-
jectory of critical illness may be beneficial in terms of a long list of critical illness 
outcomes.

5.1  Delirium

For many years, ICU sleep disruption has been hypothesized to be a modifiable risk 
factor for ICU delirium. Indeed, there have been some successes in reducing delir-
ium via sleep promotion interventions [122]; the failure to demonstrate sleep 
improvement in these studies is hypothesized to be most likely due to measurement 
limitations although this remains to be proven. More recently, the relationship 
between sleep deficiency and delirium has been shown to be bidirectional [123, 
124] and there may be synergy in designing interventions that address ICU sleep 
disruption and delirium concurrently (see also chapters “Sleep Disruption and Its 
Relationship with Delirium: Electroencephalographic Perspectives” and “Sleep 
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Disruption and Its Relationship with Delirium: Clinical Perspectives”) as noted in 
the ABCDEF bundle discussion above.

5.2  Respiratory Failure

Improved sleep may also contribute to better respiratory outcomes while decre-
ments in sleep may lead to poor respiratory outcomes. Studies in healthy volun-
teers have shown that sleep deprivation reduces respiratory and peripheral muscle 
endurance [17–20]. Studies have also shown that sleep disturbances are associ-
ated with failure to liberate from non-invasive [42] and invasive mechanical ven-
tilation [125]. Interestingly, a recent study highlighted the relevance of having 
normal wakefulness patterns (closely related to sleep quality and quantity) at the 
time of liberation from mechanical ventilation [126]. Thus, adjusting ventilator 
modes within the constructs of lung protective ventilation strategies may improve 
sleep and respiratory outcomes. However, to date, studies are limited. Multiple 
open and closed loop ventilator modes have been used to achieve sleep relevant 
goals such as ventilator synchrony; however, it remains unclear if there is an 
optimal mode of ventilation vis a vis sleep promotion or if any mode which 
achieves physiologic goals (e.g., ventilator synchrony) is beneficial to sleep. 
Larger studies are needed before these modes can be implemented for sleep 
promotion.

5.3  Other Outcomes

Other outcomes of interest include metabolic, cardiovascular, and immune function. 
Nutritional intake in the setting of sleep deprivation and/or circadian misalignment 
are associated with glucose intolerance, an important critical care issue [7, 127]. 
Similarly, cardiovascular events due to acute sleep deprivation have been suggested 
by studies that show increased arrythmia risk and risk of cardiac death following 
sleep interruption [10, 11, 128]. Studies of immune function and sleep reveal that 
short sleep is associated with a higher risk of clinical illness and decreased vaccine 
response [129, 130]. These outcomes related to sleep and circadian disruption in 
alternate populations remain to be explored in ICU cohorts.

5.4  Long Term Outcomes

Finally, more than half of ICU survivors report sleep disturbance 6 months follow-
ing ICU admission [131]. Given sleep’s close association with the three domains of 
post intensive care syndrome (PICS) [132], cognition [2–4], mood [5, 6], and 
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skeletal muscle strength [133], the interaction of poor sleep and PICS is likely to be 
significant. However, this critically important area remains relatively unexplored 
[134]. As noted above feasible, tolerable, rigorous longitudinal monitoring of sleep 
would be necessary to support such investigation (chapter “Methods for Routine 
Sleep Assessment and Monitoring”).

6  Conclusions

Sleep and circadian rhythm disruption are pervasive in patients admitted to the 
ICU. Risk factors for and causes of ICU sleep and circadian disruption are numer-
ous and include broad categories of patient, environmental, and acute illness fac-
tors. Based on studies in non-critically ill patients, there is tremendous potential 
for sleep promotion to improve critical care outcomes via improvements in cogni-
tive, respiratory, cardiovascular, immune, and metabolic function. Though the lack 
of feasible, tolerable, rigorous objective methods to evaluate ICU sleep has slowed 
research progress, new technologies may soon overcome this barrier. Many unan-
swered questions remain regarding the natural history of sleep and circadian 
rhythm disruption during the acute and recovery phases of critical illness, yet there 
is hope that robust evidence supporting the use of multicomponent sleep promo-
tion interventions is on the horizon. Moreover, well designed research into phar-
macological interventions and long-term outcomes are needed. For more discussion 
on ICU sleep research priorities please refer to a recent research working group 
paper [135] and new sleep funding priorities from the National Institutes of 
Health [136].
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