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Sleep Neurobiology and
the Critical Care
Environment

Anne M. Fink, PhD, RN

Topic Sleep in the intensive care unit can be poorly consolidated and highly fragmented. This review
examines the neurobiology of normal and abnormal sleep, with a focus on the changes that occur in the
intensive care unit environment.

CrinicAL RELEVANCE Patients in the intensive care unit demonstrate a lack of rapid-eye-movement sleep
and an inability to effectively transition from light to deep stages of sleep. These abnormalities can
adversely affect hemodynamic parameters and physiological and psychological outcomes.

Purrost To describe the brain mechanisms and electroencephalographic characteristics of wakefulness
and the different stages of sleep. This review also describes how sleep can be altered by hospitalization in
the intensive care unit and how nurses can design interventions that improve sleep and outcomes.
ConTENT COvERED The review examines sleep mechanisms, including brain electrical activity, regulatory
centers in the brain, and circadian and diurnal patterns of sleep and hemodynamic function. Nursing
interventions for specific patient risk factors in the intensive care unit are proposed. (Critical Care Nurse.
2020; 40[4]:e1-e6)

bnormal sleep complicates the recovery of patients hospitalized in intensive care units (ICUs).

When researchers analyzed electroencephalogram (EEG) recordings, patients were found to sleep

for approximately 5 to 9 hours a day in the ICU."* Total sleep duration of patients in the ICU,
according to these studies, was similar to reported sleep duration in healthy populations, but the studies
in ICU patients demonstrated evidence of pathological EEG characteristics during sleep."** The consen-
sus among studies was that ICU sleep was highly fragmented. The researchers found EEG evidence of fre-
quent arousals from sleep, a lack of rapid eye movement (REM) sleep, and an inability to transition effectively
from the light stages of non-REM sleep (N1 and N2) to the deep stage (N3).2*® These sleep abnormalities
can negatively impact physical and psychological health. This review describes the neurobiology of abnor-
mal sleep in patients in the ICU. The purpose of this review is to assist nurses in identifying high-risk patients
who require interventions to reduce ICU-induced sleep dysfunction.
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Figure Electroencephalogram recordings of
brain patterns during wakefulness and sleep.?

Abbreviation: REM, rapid eye movement.

Sleep Consolidation, Transitions, and
Neural Activity

Consolidated sleep occurs during a prolonged, unin-
terrupted period of sleep and demonstrates cyclical tran-
sitions among the sleep stages. Factors related to the ICU
and illness can impair the ability to consolidate sleep,
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resulting in frequent awakenings and restless, nonre-
storative sleep.” The EEG activities characterizing each
behavioral state are illustrated in the Figure. Rhythmic
oscillations in neural activity in the cortex are fast
(approximately 14-30 Hz) when patients are alert. As a
patient begins to fall asleep, the frequency of oscillations
slows, transitioning the brain through a relaxed state
(alpha rhythm, 9-13 Hz) to a light sleep stage (N1, char-
acterized by theta rhythm, 4-8 Hz). Electroencephalo-
gram activity shifts toward a higher-amplitude and
lower-frequency pattern as the depth of sleep increases.
An EEG pattern characterized by a cortical wave fre-
quency of less than 4 Hz (defined as delta waves) is
indicative of the deepest stage of sleep (N3), also called
slow-wave sleep.” The normal sleep transition pattern
begins with a gradual transitioning from N1 to N2 to
N3; these periods of non-REM sleep alternate cyclically
with shorter bouts of REM sleep. Rapid-eye-movement
sleep is characterized by a low-amplitude, high-frequency
EEG pattern accompanied by muscle atonia and rapid
movements of the eyes."

Neurons in the basal forebrain, thalamus, hypothala-
mus, and pons control brain activity during sleep and
wakefulness.'**? These networks are regulated by neu-
rotransmitters including y-aminobutyric acid (GABA),
glutamate, orexin, and acetylcholine.” Basal forebrain
GABAergic neurons fire preferentially during non-REM
sleep, and GABAergic projections arising from the ven-
trolateral preoptic area of the hypothalamus inhibit wake-
promoting hypothalamic and pontine nuclei when the
patient falls asleep. Populations of cholinergic neurons
in the basal forebrain and pons are active during REM
sleep and during wakefulness. Glutamatergic neurons in
the lateral hypothalamus, which also release orexin,
become active as the patient awakens."

Changes in Non-REM and REM Sleep in
the ICU

The progression of non-REM sleep is characterized
by 2 distinct EEG waveforms: K-complexes (brief peaks
in brain activity) and sleep spindles (bursts of oscillatory
activity). K-complexes are generated in the cerebral cor-
tex, and sleep spindles are generated by the reticular
nucleus of the thalamus.** K-complexes and sleep spin-
dles mark the transition from N1 to N2 sleep and sup-
press activation of the cortical networks involved in
alertness. K-complexes and sleep spindles have been
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proposed to play a role in memory consolidation and
information processing."*'* Researchers who examined
the EEG characteristics of patients in the ICU during
non-REM sleep reported that patients in the ICU may
not demonstrate K-complexes and sleep spindles, and
they found that the absence of K-complexes and sleep
spindles was associated with an elevated mortality risk.*
The inability to produce these EEG features could indi-
cate dysfunction of the corticothalamic networks that
generate these rhythms, which may be caused by brain
injuries or the effects of ICU therapies and medications.

The EEG characteristics of REM sleep are generated
by neurons in the pons, mainly the pontine tegmentum
and locus coeruleus.” Unlike N3 sleep, which is charac-
terized by slow, synchronized EEG oscillations, REM sleep
involves low-amplitude, fast, and desynchronized EEG
activity. Periods of REM sleep can involve surges of sym-
pathetic activity that cause increases in blood pressure.’
Electroencephalogram activities demonstrate a circadian
pattern—REM sleep, for example, increases as nighttime
sleep progresses, and REM sleep bouts are longest during
the end of the sleep period (usually in the early morning
hours). Although the physiological significance of REM
sleep has not been fully defined, available data suggest
that REM sleep may be important for a variety of func-
tions, including metabolism, memory consolidation,
immune function, and tissue repair.*'>!° Several studies
indicate that patients in the ICU have reduced REM
sleep time, and a complete absence of REM sleep has
been associated with mechanical ventilation, sedation,
and administration of neuromuscular blocking agents.*®
Benzodiazepines and opioids are also known to suppress
REM sleep.”

Circadian Rhythms, Sleep Stage
Transition Structure, and Hemodynamic
Instability

Cardiovascular regulatory centers in the medulla
receive signals from the hypothalamic and pontine sleep-
wake regulatory networks."” Medullary neurons that
augment blood pressure are inhibited during non-REM
sleep, and as a result, sympathetic innervation of the
heart and blood vessels reaches the lowest levels during
N3 sleep.'*'® The propensity for N3 sleep typically
increases during the night, and in most individuals
blood pressure exhibits a circadian rhythm with the
highest values during the day and the lowest levels
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during the night. Circadian (24-hour) and diurnal (light/
dark) patterns in sleep and hemodynamic parameters
are regulated by a group of light-sensitive neurons, the
suprachiasmatic nuclei, found above the optic chiasma
of the hypothalamus.” Exposure to artificial light and
irregular sleep schedules in the ICU can alter activity of
the suprachiasmatic nuclei.”

There is considerable interest in understanding how
sleep and circadian patterns influence ICU outcomes.
Defining the interactions among control centers in the
brain that regulate sleep, circadian rhythms, and cardio-
respiratory function is necessary for understanding why
the early morning hours may be a high-risk time for life-
threatening events in hospitalized patients.** Animal

model find-

ingssug-  The absence of sleep spindles and
gestthat ~ K-complexes is associated with mortality.
the timing

and structure of sleep may influence the stability of car-
diovascular and respiratory parameters. For example, in
1 study, animals demonstrated 24-hour rhythms in the
propensity for sleep apnea; sleep apnea was most severe
when the animals had frequent sleep stage transitions and
awakenings from sleep.” In another study, animals devel-
oped hypertension when they were deprived of REM sleep.**
In humans, the early morning hours are normally
associated with an increase in the number of transitions
among N1, N2, N3, REM sleep, and wakefulness. Periods
of REM sleep also tend to be more frequent and longer
during the early morning hours. Hemodynamic variability
is greater during REM sleep than during non-REM sleep.’
Intensive care unit environments can alter circadian
rhythms, especially when the brightness of artificial light-
ing is not adjusted to mimic natural day and night periods.
Although the physiological mechanisms remain to be
determined, it is possible that circadian mechanisms regu-
lating sleep stage transitions, particularly those involving
REM sleep, affect hemodynamic stability in the ICU setting.
In many ICUs, laboratory and diagnostic testing,
wound care, and bathing are scheduled between 12 am
and 4 AM, a period when the circadian drive for sleep
is elevated. Knauert et al* examined the effects of reduc-
ing nonurgent bedside care between 12 AM and 4 Am.
Patients were randomized to a usual-care group or a
group with reduced interruptions during this time. The
researchers did not record EEGs and therefore could not
make conclusions about how the protocol affected sleep
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Table 1 Nursing considerations for identifying and improving disordered sleep in the ICU

Patient risk factor

Associated sleep dysfunction

Nursing intervention

Daytime sleep and
nighttime wakefulness

A misaligned circadian rhythm results in
fragmented, poorly consolidated sleep.

Mimic natural light-dark periods in the ICU when
possible.

Mechanical ventilation
and sedation

ICU therapies contribute to an impaired
ability to obtain REM sleep and to
transition effectively from light to deep
non-REM sleep.

Prioritize management of respiratory conditions to
facilitate decreasing or discontinuing therapies that
alter EEG phenomena.

Preexisting sleep
disorders such as sleep
apnea

Intermittent hypoxia fragments sleep and
causes frequent awakenings. Blood
pressure may become chronically
elevated during sleep and wakefulness.

Monitor for and treat sleep apnea in spontaneously
breathing patients with continuous positive airway
pressure.

Treatment-resistant
hypertension or
hypotension

Hemodynamic patterns may be influenced
by abnormalities in non-REM or REM
sleep.

Consider sleep dysfunction as a possible contributor
to hemodynamic disorders.

Schedule patient care to allow consolidated periods
of sleep during the night when possible.

Insomnia and anxiety
related to the
hospitalization

Long sleep latency (ie, prolonged time
spent attempting to fall asleep)
increases anxiety.

Ask patients directly about sources of anxiety that
are hindering sleep.

Provide psychosocial support and comfort measures
(eg, eye masks, earplugs) tailored to the patient’s
needs to enhance the ability to fall and stay asleep.

Signs of delirium or
posttraumatic stress

Sleep deprivation and abnormal EEG
characteristics of sleep and wakefulness
can cause confusion and emotional

Remove environmental stimuli contributing to
confusion or stress (eg, turn off television).
Schedule care to promote sleep during the night

distress.

Abbreviations: EEG, electroencephalogram; ICU, intensive care unit; REM, rapid eye movement.

when possible.
Teach patients/families strategies for promoting
consolidated sleep after ICU discharge.

architecture, but comparisons of the usual-care and
intervention groups revealed that the latter group had
approximately 20 more minutes per hour of uninter-
rupted time to rest.”> Demoule et al*® tested the hypothe-
sis that using earplugs and an eye mask could improve
sleep in the ICU. Patients underwent EEG monitoring.
Earplug and eye mask use were associated with a signifi-
cant reduction in the number of awakenings from sleep
and a trend toward an increased percentage of deep sleep

(N3). The
The early morning hours may be a high-  study also
risk time for life-threatening events. found that

30% of

patients did not tolerate wearing these devices, however,
suggesting that earplugs and an eye mask may be a use-
ful intervention for only a subset of patients.*® To date,
no studies have been designed to examine whether
reducing sleep interruptions alters hemodynamic activi-
ties or long-term outcomes in ICU patients. Sleep and
circadian factors also have not yet been investigated for
potential effects on the optimal dosing of vasoactive
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medications administered in the ICU. These areas are
important topics for future research in the ICU.

Nursing Interventions

Table 1 summarizes patients’ risk factors for disor-
dered sleep and proposes nursing interventions. The
Clinical Practice Guidelines for the Prevention and Man-
agement of Pain, Agitation/Sedation, Delirium, Immo-
bility, and Sleep Disruption in Adult Patients in the ICU
do not recommend routinely using EEG monitoring in
ICUs to quantify sleep. However, the 2018 guidelines
emphasize the importance of developing new sleep
hygiene interventions.”” Even without EEG monitoring,
nurses can recognize the behavioral and hemodynamic
characteristics of healthy and unhealthy sleep. Studies
about sleep in the ICU have focused mainly on initiatives
for reducing noise and dimming lights, but these inter-
ventions do not fully address the challenges patients have
when sleeping in the ICU. Anxiety was highlighted as a
key theme in a qualitative study about ICU sleep,”® and
patients with the highest risk factors for dysfunctional
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Table 2 “Intensive Care Unit,” by Adrien
Stoutenburg?®

In one corner of the ward

somebody was eating a raw chicken.

The cheerful nurses did not see.

With the tube down my throat

| could not tell them.

Nor did they notice the horror show

on the TV set suspended over my windowless bed.
The screen was dead

but a torn face was clear.

| did not see my own

in a mirror for weeks.

When it happened,

when | dared to face my face
after the ravaging,

it was not mine

but something whittled, honed down
to a sly resemblance.

It, even the mirror, the pale room,
the oxygen tank

neat and black as a bomb

in its portable crate—

all was hallucination.

But the bloody rooster,

the stray pieces of bodies

slung into dreamless nooks,

the white-haired doll whimpering
on a gift counter—

those were real.

| keep living there.
Foolish. I am home. Half safe.
Reprinted with permission of Johns Hopkins University Press. Stoutenburg,

Adrien. Edited by David R. Slavitt. “Intensive Care Unit.” Land of Superior Mirages:
New and Selected Poems. p. 16. © 1986 Johns Hopkins University Press.

sleep (eg, patients who are receiving mechanical ventila-
tion, are sedated, or are cognitively impaired) have been
largely unable to describe their ICU experiences. The rela-
tionship between delirium and poor sleep, for instance,
is understudied, especially with respect to long-term health
consequences. As an example, in her poem “Intensive
Care Unit,” Adrien Stoutenburg® depicted her experi-
ence with disordered sleep and wakefulness (Table 2). In
the ICU a “windowless bed” and “dreamless nooks”
haunted her, but the most striking aspect of her poem is
that the ICU environment affected her even after she
returned home.* The poet described a phenomenon
consistent with research about posttraumatic stress after
ICU discharge.*** Posttraumatic stress may be particularly
prevalent when patients have traumatic injuries and pro-
longed hospital stays.

www.ccnonline.org

Summary

Intensive care unit therapies and environmental fac-
tors have an important influence on the neurobiology
and perceptions of sleep. Simply increasing patients’
sleep time may not restore the characteristics of normal
sleep, especially when ICU therapies, anxiety, and post-
traumatic stress are affecting the ability to rest. In these
cases, nursing interventions that more directly address
the physiological and psychological factors altering sleep
are necessary. Sleep is a critical, and often overlooked,
factor affecting outcomes in the ICU. CCN
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See also

To learn more about sleep in the critical care setting, read “Factors
Influencing Patients’ Sleep in the Intensive Care Unit: Perceptions of
Patients and Clinical Staft” by Ding et al in the American Journal of
Critical Care, 2017;26(4):278-286. Available at www.ajcconline.org.

References

1. Friese RS, Diaz-Arrastia R, McBride D, Frankel H, Gentilello LM. Quality
and quantity of sleep in the surgical intensive care unit: are our patients
sleeping? / Trauma. 2007;63(6):1210-1214.

2. Freedman NS, Gazendam J, Levan L, Pack AI, Schwab R]. 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.

3. Huttmann SE, Wilms K, Hamm C, Magnet FS, Windisch W, Storre JH.
Assessment of sleep in patients receiving invasive mechanical ventilation
in a specialized weaning unit. Lung. 2017;195(3):361-369.

4. Boyko Y, Toft P, @rding H, Lauridsen JT, Nikolic M, Jennum P. Atypical
sleep in critically ill patients on mechanical ventilation is associated with
increased mortality. Sleep Breath. 2019;23(1):379-388.

5. Hardin KA, Seyal M, Stewart T, Bonekat HW. Sleep in critically ill chem-
ically paralyzed patients requiring mechanical ventilation. Chest. 2006;129
(6):1468-1477.

6. Cooper AB, Thornley KS, Young GB, Slutsky AS, Stewart TE, Hanly PJ.
Sleep in critically ill patients requiring mechanical ventilation [published
correction appears in Chest. 2001;119(3):993]. Chest. 2000;117(3):809-818.

7. Delaney L], Van Haren F, Lopez V. Sleeping on a problem: the impact of
sleep disturbance on intensive care patients - a clinical review. Ann Inten-
sive Care. 2015;5:3.

8. Stangor C, Walinga J. Introduction to Psychology - 1st Canadian Edition.
BCcampus; 2014. Accessed April 21, 2020. https://opentextbc.ca/
introductiontopsychology/

9. Medic G, Wille M, Hemels ME. Short- and long-term health consequences
of sleep disruption. Nat Sci Sleep. 2017;9:151-161.

10. Fink AM, Bronas UG, Calik MW. Autonomic regulation during sleep and
wakefulness: a review with implications for defining the pathophysiol-
ogy of neurological disorders. Clin Auton Res. 2018;28(6):509-518.

11. Saper CB, Fuller PM, Pedersen NP, Lu J, Scammell TE. Sleep state switch-
ing. Neuron. 2010;68(6):1023-1042.

12. Saper CB, Fuller PM. Wake-sleep circuitry: an overview. Curr Opin Neu-
robiol. 2017;44:186-192.

13. De Gennaro L, Ferrara M. Sleep spindles: an overview. Sleep Med Rev. 2003;
7(5):423-440.

14. Andrillon T, Nir Y, Staba R], et al. Sleep spindles in humans: insights from
intracranial EEG and unit recordings. / Neurosci. 2011;31(49):17821- 17834.

15. Luppi PH, Clément O, Sapin E, et al. The neuronal network responsible
for paradoxical sleep and its dysfunctions causing narcolepsy and rapid
eye movement (REM) behavior disorder. Sleep Med Rev. 2011;15(3):
153-163.

16. Brown RE, Basheer R, McKenna JT, Strecker RE, McCarley RW. Control
of sleep and wakefulness. Physiol Rev. 2012;92(3):1087-1187.

17. Weinhouse GL, Schwab R]. Sleep in the critically ill patient. Sleep. 2006;
29(5):707-716.

18. Jafari B. Sleep architecture and blood pressure. Sleep Med Clin. 2017;12(2):
161-166.

CriticalCareNurse Vol 40, No. 4, AUGUST 2020 €D

202 udy 2} U0 158N AQ Jpd°L8/9 | YOE L/18//0p/Pd-8[0IIE/SUIUOUID/WIOD IBYDIBA|IS ZE-UDEE]/:d}jY WOl papeojumoq



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Mithani S, Fink AM. Mathematical models of sleep and circadian rhythms:
a case for using the 2-process model in neuroscience nursing. / Neuro-
sci Nurs. 2019;51(1):48-53.

Douma LG, Gumz ML. Circadian clock-mediated regulation of blood
pressure. Free Radic Biol Med. 2018;119:108-114.

Elliot WJ. Cyclic and circadian variations in cardiovascular events. Am J
Hypertens. 2001;14(9 pt 2):291S-295S.

Martino TA, Sole MJ. Molecular time: an often overlooked dimension to
cardiovascular disease. Circ Res. 2009;105(11):1047-1061.

Fink AM, Topchiy I, Ragozzino M, et al. Brown Norway and Zucker Lean
rats demonstrate circadian variation in ventilation and sleep apnea. Sleep.
2014;37(4):715-721.

Jiang ], Gan Z, Li Y, et al. REM sleep deprivation induces endothelial
dysfunction and hypertension in middle-aged rats: roles of the eNOS/
NO/cGMP pathway and supplementation with L-arginine. PLoS One.
2017;12(8):20182746. doi:10.1371/journal.pone.0182746

Knauert MP, Pisani M, Redeker N, et al. Pilot study: an intensive care
unit sleep promotion protocol. BMJ Open Respir Res. 2019;6(1):e000411.
doi:10.1136/bmjresp-2019-000411

Demoule A, Carreira S, Lavault S, et al. Impact of earplugs and eye mask
on sleep in critically ill patients: a prospective randomized study. Crit Care.
2017;21(1):284.

Devlin JW, Skrobik Y, Gélinas C, et al. Clinical practice guidelines for the
prevention and management of pain, agitation/sedation, delirium, immo-
bility, and sleep disruption in adult patients in the ICU. Crit Care Med. 2018;
46(9):e825-e873. doi:10.1097/CCM.0000000000003299

Ding Q, Redeker NS, Pisani MA, Yaggi HK, Knauert MP. Factors influenc-
ing patients’ sleep in the intensive care unit: perceptions of patients and
clinical staff. Am J Crit Care. 2017;26(4):278-286.

Stoutenburg A. Intensive care unit. In: Slavitt DR, ed. Land of Superior
Mirages: New and Selected Poems. Johns Hopkins University Press; 1986:16.
Warlan H, Howland L. Posttraumatic stress syndrome associated with
stays in the intensive care unit: importance of nurses’ involvement. Crit
Care Nurse. 2015;35(3):44-54.

Wade D, Hardy R, Howell D, Mythen M. Identifying clinical and acute
psychological risk factors for PTSD after critical care: a systematic review.
Minerva Anestesiol. 2013;79(8):944-963.

€0 CriticalCareNurse Vol 40, No. 4, AUGUST 2020

www.ccnonline.org

20z Iy /| U0 1s9nB Aq 3pd° L 8/9LH0E L/L9/t/0t/3Pd-0I0ILE/SUIIUOUOD/WO0D" IBYDISA|IS ZB-UdBE]/:IY WO PAPEOjUMOQ



