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Abstract: Sleep disorders and circadian dysrhythmias are extremely prevalent in critically
ill patients. Impaired sleep has a variety of etiologies, exhibits a wide range of negative
effects and, moreover, might deteriorate the patient’s prognosis. Despite a number of
scientific findings and increased awareness, the importance of sleep optimization is still
lower on the list of priories in the intensive care unit (ICU). The techniques of measuring and
the evaluation of sleep quantity and quality are a great challenge in the ICU setting. The
subjective and objective tools of sleep validation continue to suffer from deficiencies.
Treatment approaches to improve the critically ill patient’s sleep have focused on nonpharmacologic and pharmacologic strategies with some promising results. But pharmacolo
gical interventions alone could not provide sufficient patient benefit. Being aware and
knowing of sleep problems and the beneficial effect of the necessary therapies in ICU
patients requires greater acceptance. The application of available methods and the develop
ment of new methods to prevent sleep disorders in the ICU offer the potential to improve the
critically ill patient’s outcome.
Keywords: ICU, sleep disorders, circadian rhythms

Introduction

Correspondence: Georg Nilius
KEM, Evang Kliniken Essen-Mitte gGmbH,
Am Deimelsberg 34 a, Essen, 45276,
Germany
Email g.nilius@kem-med.com

As a result of the 24-hour rotation of the Earth, life has evolved between daylight
and a darkness. It has been well known for years that a large number of physiolo
gical processes are bound to a 24-hour circadian rhythm (circa-diem, about a day).1
The circadian processes are characterized by the length and the amplitude of the
cycles. A fully functioning organism requires synchronization between the external
environment, the complex structures of different organs, and the metabolism of
each cell. The light reactive release of melatonin in the suprachiasmatic nucleus
works like a central pacemaker or clock. The basic period of the circadian rhythm is
therefore determined by cells of the suprachiasmatic region.2 In addition, there are
many other central hormonal pacemakers such as cortisol.3 Circadian rhythms are
driven by so-called clock-genes at the cellular level. These biological rhythms must
constantly synchronize with external stimuli like noises, light and especially social
necessities. A recently published review provides insights into the circadian
mechanism in medicine.4 The intrinsic clocks regulate blood pressure and heart
rate variations, hormone levels, coagulation and respiratory and exercise capacity.
Disorders affecting these complex circadian rhythms have serious consequences for
sleep, metabolism, and behavior. We are still in the early state of understanding the
complex connections of somatic processes and circadian rhythms. A recent study in
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cardiac surgery has described the interrelationship between
circadian rhythmicity and the rate of post-operative com
plications. The severity of cardiac ischemia was lower,
when the surgery was scheduled to be performed in the
afternoon. This effect was attributed to a variation in
hypoxia-reoxygenation tolerance through circadian genes
(Rev-Erbaα).5 Such processes are especially prominent
between wakefulness and sleep. There is no doubt, that
sleep is a basic physiological need and, in addition to
a variety of functions, it is also indispensable for the
regeneration and recovery of the body. Numerous studies
have demonstrated that patients in the intensive care unit
(ICU) commonly experience sleep deprivation and sleep
disturbances.6–11 The following review presents the cur
rent state of knowledge on the importance of sleep and
sleep disorders and its management in the ICU. It provides
insights into treatment options to improve our patients’
sleep.

Physiological Sleep
Sleep is defined as a recurrent, reversible neurobehavioral
state of relative perceptual disconnection and insensitivity
to the environment.12 Sufficient and restful sleep is con
sidered a biological function and has the primary purpose
of physical and psychological regeneration.13 The biologi
cal need for sleep is highly variable and depends, among
other things on genetic factors, age and gender. The time
sequence of the sleep–wake cycles is controlled by the
circadian rhythm and homeostatic mechanisms (sleeping
pressure based on the length of wakefulness phases),
which interact. This periodicity is regulated, among other
things, by afferents from the retina and consequently by
the recognition of light and dark. Studies have shown that
the average sleep duration amounts to between 6 and 7
hours, while for older healthy individuals with normal
sleep, a sleep duration of 7–8 hours seems
appropriate.14–16 A recent article demonstrated a J-shaped
association between sleep duration and incidence of cardi
ovascular diseases in adults with minimal risk in the range
of 7–8 hours of sleep per night, and a significant increase
in mortality for less than 6 hours and more than 10
hours.17 The entire process of nocturnal sleep is dynamic
and occurs in several cycles, each comprising of
a sequence of sleep stages. One cycle usually lasts 90±20
minutes. The American Academy of Sleep Medicine
(AASM) basically differentiates between two distinct
sleep phases, the rapid eye movement (REM) sleep
phase, and the NON-REM phase. The latter is further
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divided into three stages: N1 – lightest sleep, transition
from waking to sleep, N2 – light sleep, N3 – deep sleep.
Assessment of the sleep stages require monitoring of cere
bral activity by an electroencephalogram (EEG), eye
movements (electrooculogram [EOG]), and muscle tone
(electromyogram [EMG]). Specific waveforms combined
with muscle tone and eye activity can be evaluated and
represent the sleep stages or wakefulness. As sleep depth
increases, the cerebral waves exhibit reduced frequency
and higher amplitudes. Stage N1 is considered the lightest
sleep or transition from waking to sleep and exhibits alpha
and theta waves in the EEG. Stage N2 is characterized as
sleep onset with visible sleep spindles (bursts of neural
activity in a frequency range of 11–16 Hz) and
K-complexes (short negative high-voltage peaks, followed
by a slower positive complex and a final negative peak).
As a characteristic of stage N3, predominantly delta waves
(high amplitude with a frequency between 0.5 and 4 Hz)
are found in the EEG pattern, plus maximum reduction in
muscle tone during an increasing sleep depth.18 Brief
periods of wakefulness are normal and are often associated
with no remembered positional changes and usually occur
before or after a REM phase. REM EEG patterns resemble
the vigilant wakefulness pattern for the most part, next to
so-called “saw tooth” waves, muscle atonia and random
rapid eye movements. “Normal sleepers” spend about 5%
to 10% of the time in bed (TIB) in wakefulness. In healthy
adults, stage N1 accounts for approximately 5% of the
total sleep time (TST), N2 for 50%, N3 for 12.5% to
20%, and stage R (REM) for approximately 20–25%.19

Methods of Measurement to
Determine Sleep in the Intensive
Care Unit
The methods to determine sleep can be divided into dif
ferent subjective and objective techniques. In general, the
implementation of measurement techniques in the ICU is
much more difficult than in the sleep laboratory or even in
a home environment. The diagnostic process is dependent
on the severity of the patient’s disease, his consciousness,
and the necessary therapeutic and diagnostic
interventions.20,21
To date, polysomnography (PSG) is considered the
gold standard in objective sleep assessment.22 During
PSG, multiparametric biophysiological signals are
recorded under observation of a sleep technician and ana
lyzed integratively. Minimum requirements for a full PSG
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are a 3-leads recording of EEG activity, combined with
EOG, EMG, electrocardiogram (ECG), airflow sensors at
nares and mouth, respiratory effort (chest and abdominal
belt), pulse oximetry and positional measurement. For
many years, the quantitative and qualitative evaluation of
these signals and the assessment of sleep and sleep stages
followed the rules formulated by Rechtschaffen and Kales
(R&K).23 Following repeated criticisms, the scoring rules
were updated by the AASM in 2007.18 The scoring rules
were mainly set up for healthy adults and not for patients
with severe damage of the central nervous system or the
requirement for psychoactive medication. In order to
address these issues, other methods were employed, that
did not require complex measurement techniques but are
still based on the analysis of the EEG, such as the
Bispectral Index (BIS) or the SedLine® Brain Function
Motor. Also, actigraphy measurements of motoric activity
via wrist or ankle band have been established to monitor
patient’s sleep. An up-to-date overview of measurement
methods can be found in the systematic review presented
by Richards.20
Next to the technical procedures, systematic observa
tion methods were developed to evaluate sleep, like the
assessment from nurses and physician staff based on spe
cific patient behavioral activities. These methods are semiobjective, but offer an uncomplicated way to assess sleep
in the ICU. Subjective validation options include, but are
not limited to, the Richards–Campbell Sleep Questionnaire
(RCSQ), the Verran Snyder Harper Sleep Scale (VSH), the
coronary care unit (CCU) questionnaire, the Insomnia
Severity Index (ISI), and the numerical rating scale
(NRS)-Sleep.20,24,25

Critical Evaluation of Measurement
Methods in the ICU
All conclusions regarding quantity and quality of sleep
require a rather thorough analysis. The mere use of stan
dard criteria for the assessment and evaluation of sleep in
critically ill patients is already challenging compared to
the situation in the sleep laboratory. Polysomnographic
recordings show substantially deviating results, influenced
by the typical and partly unavoidable factors of the ICU as
well as the patient’s neuropathologies.26 A PSG recording
in the ICU may provide precise information about sleep
latency, number of sleep stages and duration, but the EEG
recordings can display less K-complexes and sleep
spindles27 and a low amplitude of delta waves, which
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leads to a much lower inter-rater reliability regarding
determination of sleep stages (k=0.19) in intensive care
patients.28 In many cases, classification according to the
AASM criteria is not possible at all. Therefore, atypical
sleep was defined, characterized by atypical EEG patterns
during observed sleep (irregular delta activity and low
EMG activity), and pathological wakefulness character
ized by slow EEG activity during observed
wakefulness.29 Recently established, the Odds Ratio pro
duct (OPR) provides a continuous estimate of the sleep
status as an auxiliary measure of sleep depth and
intensity.30 Considerable further research is still needed
to adequately capture the disturbances (muscle twitching,
effects of drugs, electrical interference, etc.) that can occur
in the ICU with respect to effects on validity and
reliability.
Actigraphy is considered an acceptable method due to
its ease and low cost of use,31 but it commonly over
estimates sleep time, sleep efficiency, and number of awa
kenings compared to a PSG.20,32 A major limit is the
detection of sleep/wake movements, since these are
already reduced in ICU patients independently of sedation.
Observational sleep assessment also entails methodo
logical problems. Frisk et al reported a low diagnostic
discrepancy between patients and nurses in the use of the
RCSQ, and Beecroft et al demonstrated a discrepancy
between the nurses’ elicited sleep assessment and simulta
neous PSG findings.32,33 Edwards and Schuring on the
other hand demonstrated an 81.9% correlation to the
PSG with a 15 min sleep–wake capture interval by
nurses.34 In addition to lack of important sleep parameters
such as sleep latency, arousals, or sleep stages, there is also
significant dependency on the observing personnel.
Intensive training and sensitization of the nursing staff
regarding sleep detection is required. Despite of the pos
sible discrepancy between observer and patient assess
ment, observational methods represent a viable tool in
the ICU.35 Due to cognitive impairment on the patient’s
side, questionnaires for self-monitoring can hardly be
used, especially for critically ill patients in the acute
phase. Moreover, sufficient reliable data are still missing.

Quantity and Quality of Sleep
Disorders in Intensive Care Patients
The studies that investigated the phenomenon of sleep in
the ICU are quite challenging to compare. This is due to
the heterogeneity of the patient groups studied, the
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different measurement methods, but also the lack of
a uniform definition of good or restful sleep. A recent
systematic meta-analysis lists 25 studies in which sleep
was determined by means of PSG, of which, however,
only 13 studies referred to a period of 24h and only 5
studies met the standards of monitored PSG.20
Numerous studies have indicated an altered sleep archi
tecture in critically ill patients in the ICU, with high sleep
fragmentation and impaired sleep latency due to increased
arousals. In addition, an increase in light sleep N1 and N2 as
well as a reduction in slow-wave sleep (SWS)/REM sleep
was demonstrated. Furthermore, a highly abnormal sleep
architecture was recorded by PSG in intensive care
patients.21,26,36 A temporal disorganization of the circadian
rhythmicity and sleep–wake regulation was demonstrated
in mechanically ventilated patients receiving continuous
intravenous sedation.37 The critical illness itself, as well
as the use of sedatives, would seem to contribute to some
degree to these abnormalities.38,39
Using standard R&K sleep assessments, K complexes
or spindles were absent in almost 45% of ICU patients’
PSG recordings. In addition, further variances, for exam
ple in the EEG amplitude, were found, which affect the
classification of sleep stages.20 The team of Drouot came
to the conclusion, that the sleep could not be classified
with the standard criteria in 1/3 of the critically ill patients.
They described an atypical sleep on the basis of the EEG
patterns. This atypical sleep was characterized by pro
longed episodes of high amplitudes (50–100 µV), contin
uous and irregular delta activity without superimposed fast
frequencies or eye movements, and decreased submental
muscle activity.29
Patient-related factors such as anxiety, pain, stress or
disease-related organ dysfunction, in addition to external
disturbing factors from the ward environment, affect not
only sleep quality but also sleep quantity.6,21 There is
a high variability in the findings regarding TST. For exam
ple, one study in critically ill patients demonstrated only 5
hours of sleep per 24 hours, divided into a mean of 38
separate episodes with a median duration of 3 minutes.21
Another study demonstrated mixed results with mean 24-h
TST ranging between 3.2 and 19.4 hours and large intersubject variation with some patients sleeping for only
1 hour.40 Half of the TST in ICU patients was in fact
registered during the daytime. This can be considered
both as a potential consequence of reduced sleep quality
but also as abnormality of the circadian rhythm.
Alterations of this rhythm can lead to disturbances of the
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sleep–wake cycle and consequently hinder the patient’s
recovery through dysregulation of physiological processes.
Systemic inflammation can induce disturbances in the
circadian rhythmicity. In a group of healthy human sub
jects, intravenous administration of endotoxin was able to
generate a misalignment of the central and peripheral
clock through an inflammatory reaction.41
It should be mentioned that a chronopathology can be
acquired additionally or can exist in advance as a result of
the underlying disease, acute symptoms, necessary medi
cation, or pre-existing sleep disorders. The older the
patients, the higher the propensity for sleep disturbances
may be, consecutively associated with a higher risk of
circadian abnormalities in the ICU.42

Consequences of Sleep Deficiency
A frequently underestimated factor for complications in
the ICU are numerous sleep disruptions with resulting
sleep deprivation, sleep deficiency, and abnormal sleep
architecture. Insufficient sleep has been associated with
numerous pathophysiologic mechanisms, circadian dys
rhythmias, an altered sensorium, and as a result may lead
to delayed recovery, prolonged intensive care stay, and,
consecutively, increased mortality.11,43,44 Several studies
reported correlations between sleep disturbances and the
incidence of delirium, a common scenario seen in inten
sive care units. It has been shown, even in healthy sub
jects, that some of the cognitive consequences of sleep
deprivation resemble those of delirium.39 Barr found that
up to 80% of ventilated patients were affected, demonstrat
ing prolonged retention and longer-lasting neurocognitive
impairment.38 In healthy subjects, sleep deprivation causes
a marked reduction in inspiratory endurance. The effect is
probably based less on changes in peripheral musculature
than on a decrease in electrical activity in the motor
cortex.45 Thus, sleep deprivation has a substantial effect
both on respiratory muscles and, consequently, on the
weaning process. From the work of Chen and colleagues
we know, that sleep deprivation can lead to inspiratory
insufficiency even in healthy subjects, who were exposed
to intensifying inspiratory stress exercises.46
In their study, Thille and colleagues presented
a correlation between prolonged weaning in long-term
ventilated patients with atypical sleep patterns compared
to those with regular patterns.47 The SLEEWE study also
demonstrated a correlation between increased proportions
of pathologic wakefulness, as measured by ORP, and
a higher chance of unsuccessful spontaneous breathing
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trials (SBT) and extubation.48 Sleep deprivation seems to
impair not only neurocognition and respiratory muscle
strength but also immune function, resulting in an
increased susceptibility to infections.49 Recurrent lifethreatening infections are often found in long time ICU
patients, considerably impairing the patient's prognosis.
Homeostatic dysregulations are consequences of sleep
impairment that should not be ignored. For example,
Schmid and colleagues demonstrated an increase in thyr
oid, cortisol, and norepinephrine levels. This in turn causes
a decrease in growth hormone and melatonin levels and
a glucose metabolism disorder in the form of insulin
resistance.50 The latter frequently occurs as one of the
comorbidities in critically ill patients anyway, which
means that such a correlation with the resulting increased
hyperglycemia requires greater attention in intensive care
settings. In addition, but not yet sufficiently proven, the
possible lack of nocturnal blood pressure drop impairs the
cardiovascular function and subsequently has negative
effects on a pre-existing heart failure. In summary it can
be stated that sleep deprivation itself is a detrimental
health factor in the ICU with increased morbidity and
mortality rates.51,52

Causes of Sleep Disruption at ICU
To a certain extent, sleep disorders of ICU patients depend
on the disease itself, the respective acute symptoms and
possible preexisting sleep disturbances. Numerous studies
categorize sleep-disrupting causes into environmental and
non-environmental factors or external and internal factors.
External negative influences are considered to be light and
noise exposure, multiple routine care, diagnostic and treat
ment procedures, and lack of orientation guidance.53,54

Noise and Light
The acoustic and visual disturbances originate, for exam
ple, from alarms of the monitoring, perfusion and ventila
tion systems as well as from the personnel itself.55
Dominantly, not only does the intermingled background
noise seem to affect the patients but rather the frequency
and height of the peak volume, which exceeded 85dBA up
to 16 times per hour.56 The 24-h average sound level was
found to be 54.0±2.4dBA with no significant differences
between day and night.57 Next to the patient-involved
noise, the remaining acoustic energy was identified as
57% staff activities, 30% staff conversations, and 13%
operational noise of life-supporting devices.55
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According to the World Health Organization (WHO),
continuous background noise of 30dB and maximum peak
noise levels of 45dB should be avoided during sleep.58
Long-term studies showed almost constant significant
exceedances of these set limits in the ICU.26,59
Intensive care patients are exposed to unnatural light
conditions. During the day, there are considerably lower
light intensities compared to the environment, but constant
light interruptions during the night.60 Light is the key
zeitgeber of the circadian system and influences circadian
rhythms and the numerous biochemical processes such as
melatonin secretion and thus contributes to an optimal
sleep pattern and rapid recovery.61,62
Medical care and procedures significantly affect patient
sleep. Routine procedures such as suctioning, documentation,
taking vital signs, or administering medications amount to an
average of 7.8 per hour.8 A retrospective analysis involving
50 patients in 4 ICU recorded a mean of 42.6 diagnostic or
therapeutic procedures in patients between 7 p.m. to 7 a.m.63
If the consultations on the patients nearby are included, this
disruptive factor increases even more. Surveys among former
ICU patients found that noise and the recurrent consultations
were the leading sources of disturbance.64

Ventilation
Both invasive and noninvasive ventilation (NIV) will
affect the patient’s sleep. Regardless of certain limita
tions arising from a high variance in underlying diseases,
patient groups, and types of ventilation (endotracheal
tube, tracheostomy, mask), there are many hints that
the mode of ventilation will also influence sleep quality
and quantity.65,66 The specific modifications of ventila
tion are subject of several studies, yet only within
a limited patient population.67,68 The results were contra
dictory. Sleep quality was better with assisted controlled
ventilation (ACV) compared to pressure-supported ven
tilation at low pressure rates in patients with acute
respiratory failure. Based on this, it was recommended
that ventilation in this patient group should be ade
quately supported; ventilation with a ventilation pressure
of 6 cm H2O is not sufficient for this purpose. However,
too intensive ventilation causing hypocapnia and subse
quent central sleep apnea resulted in increased arousals
and consequently reduced sleep quality.67
Detected asynchrony between patients and the respira
tor significantly decreased sleep depth and REM sleep, and
led to an increased arousal index with consequently
decreased sleep efficiency.65 Asynchrony can be
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responsible for up to 19% of the patient’s sleep
fragmentation.69 One of the most important determining
factors affecting patient-ventilator synchronization is the
level of sedation. The phenomenon of patient-ventilator
asynchrony due to ineffective trigger efforts and high
leakage is also a prominent impairing factor in NIV
patients.70
In general, adverse asynchrony management can poten
tially affect the weaning process and be associated with
prolonged ICU stay and its potential consequences.
Moreover, subjective deficits in sleep depth, duration,
and quality were noted under pressure controlled ventila
tion with volume presetting in stable patients compared to
no presetting.71 A comparison of pressure controlled ven
tilation with spontaneous triggered ventilation with low
and high backup frequencies demonstrated REM sleep
reduction in the latter and increased awakening under
high backup frequencies. Evidence for a decrease of
sleep quality due to high inspiratory ventilation pressure
levels have not been found.72
Sleep quality was similar on and off the ventilator in
difficult-to-wean patients, but sleep quantity was higher
with mechanical ventilation. Reconnection during the
night may favor sleep efficiency.73
Sedatives such as propofol and benzodiazepines act
through agonism at the GABA receptor. Apart from
prolonging the total sleep time, this has the simultaneous
effect of reducing both deep and REM sleep.74,75 This may
be associated with delirium, resulting in an independent
risk for sleep disturbances.76,77
Commonly used, catecholamines worsen sleep quality
by suppressing the REM phase.78 Similarly, opioids also
reduce N3 and REM sleep. Beta-blockers, also widely
used, suppress REM sleep and can induce nightmares.79
A comparative study of ketamine and haloperidol failed to
show a difference in prevention of cognitive dysfunction
or prevention of postoperative delirium.80

Strategies to Improve Sleep in the
Intensive Care Unit
Physiological sleep is multidimensional and consists of
various factors such as total sleep time, expectations,
environmental awareness, fatigue, and movement. The
clinical relevance of sleep for physiological processes
and consequently for the recovery of patients is well
known. There are numerous pharmacological and nonpharmacological factors causing the occurrence of sleep
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disorders or the progress of existing sleep disorders, with
different effects on the individual critically ill patient. Not
least for this reason, the optimal approach to sleep
improvement involves individual multi-component strate
gies. A variety of non-pharmacological adaptations have
already been comprehensively evaluated and established in
the ICU.

Noise and Light
Promoting sleep–wake rhythms through various day/night
environmental interventions could improve the patients
naturally occurring circadian rhythms and were associated
with a reduction of the prevalence of delirium. Such inter
ventions comprise sufficient daylight, encouragement of
physical and cognitive activities during the day, dimming
the lights, closing curtains, providing eye masks and/or
earplugs and reducing the nursing activities during the
night.81 In addition to the necessary reduction of ambient
noise, especially at night, and the adaptation of daytime
light intensities, another effective and inexpensive
approach is the provision of earplugs and/or eye masks.
Studies have demonstrated improved sleep quality and
a significant reduction of delirium risk with the use of
earplugs or a combination of earplugs and eye masks.82
Yet, contradictory study results are found regarding an
influence on delirium incidence.83,84
Music intervention proved to have a relaxing effect and
resulted in reductive influence on pain and anxiety.
A moderate improvement of sleep quality was found.85
The consecutive reduction of the heart rate possibly relates
to a protective cardiovascular effect.86
Other complementary interventions, such as massages,
relaxation techniques, foot baths, valerian acupressure,
aromatherapy, and the use of sound masking, may have
a benefit on sleep. However, the inconsistent results of the
studies show very little evidence. The leading limiting
factor in the ICU even in these studies remains the existing
clinical heterogeneity to obtain meaningful data or metaanalyses.

Daily Routine
Another essential approach is to plan the daily routine
appropriately by optimizing infrastructural processes of
nursing and medical consultations to assess and document
vital signs, blood draws, and patient care. A survey of ICU
patients by researchers in the Freedman group found these
high-frequency contacts to be significantly more sleepdisturbing than noise.64 Although this high level of
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surveillance implies confidence both for patients and med
ical staff, an additional staff sensitization can be used to
manage the contacts.
Several authors have demonstrated a benefit from main
taining rest periods for noise reduction and more restful
sleep in their studies.87 Moreover, visitors and nursing staff
expressed high satisfaction with this procedure. However, an
improvement in sleep as measured by the RCSQ could not
be proven. Environmental noise and the incidence of delir
ium, on the other hand, were regressive.88

Nutrition
An element that should not be neglected is the appropriate
timing of nutrition. Although the guidelines recommend
initiation of enteral nutrition as quickly as tolerated over
24–48 hours in ICU patients,89 no information is given on
the exact timing of nutritional substitution. It can be
assumed, that daytime nutrition with breaks attenuates
circadian rhythm disturbances compared to continuous 24hour application. A daily mobilization during daytime may
reinforce this potential.
The influence of mechanical ventilation on the quality
of sleep has not yet been clearly demonstrated. However, it
appears that an appropriate ventilation strategy can help to
improve the quality of sleep. It is recommended to estab
lish a personalized synchrony between mechanical ventila
tion and the patient by optimizing the ventilation mode.
Ventilatory support should be constantly customized to
prevent consequences of over-support (eg, diaphragmatic
atrophy, prolonged ICU stay) or hyperventilation (thresh
olds of apnea).90
During the difficult weaning process in tracheotomized
patients, mechanical ventilation was found to significantly
prolong sleep duration with a tendency to increase REM
and deep sleep compared to spontaneous ventilation. The
reduction of work of breathing in this particular patient
group is presumably responsible for these effects.73
Studies in critically ill patients that compared advanced
ventilation modes with conventional modes in terms of
synchronization and consecutive influence on sleep frag
mentation found inconsistent results.91–93
In general, in addition to the ventilation mode, increas
ing attention should be paid to system components such as
volume presets, the ventilatory pressure level, and the
backup frequency. The implementation of invasive as
well as non-invasive ventilation requires intermittent cri
tical re-evaluation to ensure sufficient synchrony.
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Pharmacologic treatment options can be considered
once non-pharmacologic interventions have been fully
resourced. Numerous drugs administered in the ICU can
affect sleep physiology. For example, ketamine, propofol,
benzodiazepines, as well as various antidepressants and
opioids are under continuous investigation for their poten
tial effects on sleep. Consequently, a careful initial review
of the existing medication with possible adaptation should
be performed before starting further pharmacological
interventions to improve sleep.
Circadian rhythm abnormalities induced by the ICU
stay were associated with reduced melatonin levels. With
the administration of 10 mg melatonin, Bourne improved
nocturnal sleep efficiency, measured by bispectral index
(BIS), compared to the placebo group.75 The research
team led by Nishikimi demonstrated a reduction in delir
ium incidence (24.4% from 46.5%) and delirium duration
when Ramelteon® (8 mg/d) was administered.
Furthermore, subjects experienced considerably less awa
kening at night, and neurological or other adverse
effects.94 However, a Cochrane review found insufficient
evidence for the use of melatonin to improve sleep in the
ICU.95
As part of insomnia therapy, low-potency neuroleptics,
antidepressants and benzodiazepines are the medications
of choice. Due to a lack of data, no statement can be made
regarding the sleep-promoting effect of these substances in
intensive care patients, especially in those with complex
organ damage. However, it is important to address the
possible adverse effects, especially anticholinergic side
effects, and the great potential of cardiac arrhythmias.
The effect of dexmedetomidine, a selective alpha-2
agonist, was studied in intensive care patients. Its imple
mentation was associated with the hope of improving the
side effects of analgesia on delirium development and
circulatory depression. Compared to propofol and benzo
diazepines, dexmedetomidine prolonged N2 and N3 sleep
phases as well as total sleep time and improved subjective
sleep quality in pilot studies.96 Some evidence for
a decrease in postoperative delirium in elderly patients
has also been reported.97 However, a large multi-center
study demonstrated no relevant advantages in either total
prognosis or delirium rates compared to propofol and
midazolam.98 No lower mortality or delirium rates were
seen with dexmedetomidine compared to propofol in
a very recent study in mechanically ventilated patients
with sepsis and mild sedation.99 This study reported rele
vant cognitive dysfunction in about 25% of the surviving
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patients with a mean age of 60 years, which was not
influenced by the selection of the sedative.
In recent years, it has been shown that deep sedation of
patients often unnecessarily prolongs invasive ventilation
and can be associated with decreased in-hospital survival
and also 2-year post follow-up.100,101 Clinical approaches
of daily sedation breaks in combination with close mon
itoring of sedation depth were beneficial in terms of dura
tion of ventilation and ICU stay.102–104
Overall, a low level of sedating medications ought to
be titrated in addition to a close monitoring based on
standardized criteria with, for example, sedation protocols,
RASS scores, and daily spontaneous awakening trials
(SAT), as far as clinically practicable.102
However, complete avoidance of sedation in critically
ill and mechanically ventilated patients does not improve
prognosis.105 An adequate analgesia and sedation, depend
ing on clinical necessity, as well as close monitoring are
therefore part of the basic therapeutic procedures in criti
cally ill patients.

The ABCDEF(G) Bundle
Various components were combined in a multidimensional
and interprofessional bundle of actions with regards to hos
pital survival and delirium and coma-free days. The bundle
consists of coordinated awakening and spontaneous breath
ing coordination and choice of drugs (ABC), delirium
screening (D), early mobilization (E), and family engage
ment (F). It has been shown, that this bundle can successfully
be implemented in the intensive care unit, and was associated
with improved survival outcome, reduced time on ventilation
and coma and delirium frequency.106,107 Whether this bundle
may also improve sleep quality has not been investigated in
the present studies.
Adding the letter “G” for “good sleep” or “generating
night sleep” to this bundle for the detection, management
and prevention of potential sleep disturbances could repre
sent another interdisciplinary intervention approach in the
daily ICU routine. As a consequence, an additional
improvement of patient outcome could be expected.
Sleep-promoting actions must be multidimensional and
should aim at re-establishing and maintaining the day/
night or circadian rhythms. After the improvement of
sleep hygiene and the elimination of potential disturbing
factors, the next actions should be built up individually
and in a multicomponent way. Ultimately, the entire inten
sive care process must be aligned with the demands of the
circadian rhythm. Whether and which pharmacological
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approaches are helpful has not yet been sufficiently
investigated.

Sleep Disturbances After ICU
Treatment
Survivors of complex intensive care treatment, such as
after acute respiratory distress syndrome (ARDS), require
long periods of time to return to near-normal life or show
significant limitations in quality of life and general vitality
even after 5 years have passed.108 In this context, sleep
problems are reported very frequently.109
Finally, a systematic review on the incidence of sleep
disturbances after acute hospitalization due to lifethreatening diseases showed a prevalence to sleep distur
bances ranging from 55% to 66.7% in the first month after
discharge, and still 10% to 60% after more than 6
months.110 The frequency and severity of sleep disturbances
depends on pre-existing comorbidities and sleep disorders,
but also on in-hospital factors such as the severity of the
acute illness, the extent of sleep disturbance during inten
sive care, pain and sleep medication during intensive care,
and the extent of acute stress symptoms. Sleep disturbances
seem to have an unfavorable effect on the extent of qualityof-life impairments and psychological comorbidities.
Treatment options have barely been reported to date.

Summary
Circadian dysrhythmias are extremely prevalent in ICU
patients. The quantitatively and qualitatively impaired
sleep has a variety of etiologies, exhibits a wide range of
negative effects and, moreover, might deteriorate the
patient’s prognosis. Still, little is known about the complex
underlying interactions and effects of the pathophysiologi
cal, pathopsychological, pharmacological, and environ
mental elements that contribute to the disturbances of
sleep and circadian rhythm in ICU patients. Despite
a number of scientific findings and increased awareness,
the importance of sleep optimization is still lower on the
list of the ICU priorities due to the other leading critical
patient conditions.
Moreover, the measurement techniques and the evalua
tion of sleep quantity and quality represent more than
a challenge for the responsible intensive care team. The
subjective and objective tools of sleep validation continue
to have deficiencies in the ICU setting. Sufficient
resources and reliable assessment criteria of sleep macroand microarchitecture are also missing.
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Treatment approaches to improve the critically ill
patient’s sleep have focused on non-pharmacologic and
pharmacologic strategies with some promising results.
Yet, just pharmacological interventions alone could not
provide sufficient patient benefit.
Being aware and knowing of sleep problems and the
beneficial effect of the necessary therapies in intensive
care patients requires greater acceptance.
The detection, management, and prevention of sleep
disorders and circadian dysrhythmias would ideally be
incorporated into daily interdisciplinary rounds.
Continued large multi-center studies are required to
develop and implement multidisciplinary strategies for
more sophisticated sleep assessment in the ICU, and the
implementation of standardized environmental condi
tions. The application of available methods and the
development of new methods to prevent sleep disorders
in the ICU offer the potential to improve the critically
ill patient’s outcome.
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