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ABSTRACT

Circadian rhythm disruption and sleep-wake disturbances are common yet underrecognized consequences of critical ill-
ness, with important implications for neurological recovery, ventilator liberation, and long-term outcomes after intensive
care unit (ICU) discharge. This general review summarizes current knowledge on how ICU-related pharmacological expo-
sures, mechanical ventilation, and environmental factors interact to induce circadian disruption at behavioral, physiologi-
cal, and molecular levels. Existing evidence indicates that commonly used sedatives acting on GABAergic pathways mark-
edly suppress restorative sleep stages and abolish normal circadian rhythmicity, whereas dexmedetomidine more closely
preserves physiological sleep architecture. In addition, several non-sedative medications frequently administered in the
ICU, including opioids, corticosteroids, and melatonin-based agents, modulate circadian regulation through distinct neu-
roendocrine and respiratory mechanisms. Mechanical ventilation further contributes to sleep fragmentation through pa-
tient-ventilator asynchrony and mode-dependent over-assistance, while experimental studies demonstrate circadian-
dependent vulnerability to ventilator-induced lung injury mediated by core clock genes such as BMAL1. Environmental
factors in the ICU, notably abnormal light-dark exposure, excessive noise, and frequent care activities, disrupt external
zeitgebers and alter melatonin and cortisol secretion. These disturbances may persist after ICU discharge as part of post-
intensive care syndrome (SLEEP-WAKE). Emerging chronobiology-informed strategies, including circadian-preserving
pharmacological approaches, adaptive ventilatory modes, environmental optimization, and targeted chronotherapy, rep-
resent promising directions to improve recovery in critically ill patients.
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RESUME

La perturbation du rythme circadien et les troubles du cycle veille-sommeil constituent des conséquences fréquentes mais
encore sous-reconnues des maladies critiques, avec des implications majeures pour la récupération neurologique, le sev-
rage de la ventilation mécanique et les résultats a long terme apreés la sortie de I'unité de soins intensifs (USI). Cette revue
générale synthétise les connaissances actuelles sur la maniére dont les expositions pharmacologiques propres a 1'USI, la
ventilation mécanique et les facteurs environnementaux interagissent pour induire une désorganisation circadienne aux
niveaux comportemental, physiologique et moléculaire. Les données disponibles indiquent que les sédatifs couramment
utilisés, agissant sur les voies GABAergiques, suppriment fortement les stades de sommeil réparateur et abolissent la ryth-
micité circadienne normale, tandis que la dexmédétomidine préserve davantage 1'architecture physiologique du sommeil.
Par ailleurs, plusieurs médicaments non sédatifs fréquemment administrés en USI, notamment les opioides, les corticosté-
roides et les agents a base de mélatonine, modulent la régulation circadienne par des mécanismes neuroendocriniens et
respiratoires distincts. La ventilation mécanique contribue également a la fragmentation du sommeil par I'asynchronie
patient-ventilateur et une assistance excessive dépendante du mode ventilatoire, tandis que des études expérimentales
montrent une vulnérabilité dépendante du rythme circadien aux lésions pulmonaires induites par la ventilation, médiée
par des genes clés de I'horloge biologique tels que BMALTL. Les facteurs environnementaux en USI, notamment I"exposition
anormale aux cycles lumiére-obscurité, le bruit excessif et la fréquence élevée des soins, perturbent les synchroniseurs ex-
ternes (zeitgebers) et modifient la sécrétion de mélatonine et de cortisol. Ces perturbations peuvent persister apres la sortie
de I'USI dans le cadre du syndrome post-soins intensifs (SLEEP-WAKE). Des stratégies émergentes fondées sur la chrono-
biologie, incluant des approches pharmacologiques respectant le rythme circadien, des modes ventilatoires adaptatifs, 1"op-
timisation de I'environnement et une chronothérapie ciblée, représentent des pistes prometteuses pour améliorer la récupé-
ration des patients en état critique.
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INTRODUCTION

Sleep disturbances are highly prevalent among criti-
cally ill patients and are increasingly recognized as a
major determinant of both short- and long-term out-
comes following intensive care unit (ICU) admission
[1]. Beyond environmental noise and procedural inter-
ruptions, ICU-related sleep disruption reflects pro-
found alterations in circadian regulation, sleep archi-
tecture, and neurophysiological homeostasis. These
disturbances have been consistently associated with
delirium, prolonged mechanical ventilation, and
SLEEP-WAKE, underscoring their clinical relevance
beyond the acute phase of critical illness [2,3].

Despite growing awareness, sleep in the ICU has tradi-
tionally been regarded as an unavoidable consequence
of severe illness rather than a therapeutic target
(Figure 1). In this context, ICU sleep disruption is not
merely a symptom of critical illness, but a modifiable
pathophysiological target. This narrative review syn-
thesizes current evidence on the physiological mecha-
nisms, pharmacological influences, and ventilatory
factors contributing to sleep and circadian disruption
in critically ill patients, while highlighting emerging
chronobiology-informed strategies for clinical practice.
Circadian Rhythms and Critical Illness

Survival among intensive care unit (ICU) patients is no
longer regarded as the sole indicator of therapeutic
success; increasing attention has shifted toward the
quality of functional and psychological recovery fol-
lowing critical illness, collectively referred to as SLEEP
-WAKE. Circadian rhythms are endogenous

regulatory systems with an approximately 24-hour
cycle, coordinating physiological processes, behav-
iors, and metabolism to adapt to environmental light
-dark cycles [4]. This coordinating center, located in
the suprachiasmatic nucleus (SCN) of the hypothala-
mus, functions as a "master clock" that receives light
signals from the retina to synchronize "peripheral
clocks" in organs such as the lungs, liver, heart, and
immune system [4]. Under homeostatic conditions,
circadian rhythms maintain the balance between
sleep and wakefulness through the interaction of the
homeostatic process (Process S) and the circadian
process (Process C) [3] (Figure 2). In the intensive
care unit (ICU), patients confront a condition scien-
tists term "chronodisruption" [5]. This is not merely
sleep deprivation but a total collapse of the endoge-
nous timekeeping system. 24-hour polysomnogra-
phy (PSG) studies demonstrate that ICU sleep archi-
tecture is extremely fragmented, with over 50% of
sleep occurring during daytime hours, and restora-
tive stages such as slow-wave sleep (N3) or REM
sleep are frequently diminished or entirely absent
[6]. This disruption leads to severe biological conse-
quences: impaired immune function, dysregulated
glycemic control via insulin resistance induced by
elevated cortisol, and notably, an increased risk of
delirium—an acute brain failure linked to higher
mortality rates and long-term cognitive impairment
[6].

Pharmacological Determinants of Sleep and Circa-
dian Disruption in the ICU (Figure 3)
Pharmacological agents commonly used in the ICU,

Normal Circadian Regulation
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FIGURE 1. The consequences of circadian rhythms disruption in ICLL
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including sedatives, analgesics, and other neuroactive medical staff [8]. Direct comparative studies have
medications, play a central role in facilitating patient demonstrated that dexmedetomidine increases sleep
comfort and tolerance of life-sustaining interventions efficiency, enhances N2 sleep stages, and preserves a
such as mechanical ventilation. However, accumulat- portion of REM sleep compared to other drug classes
ing evidence indicates that many of these agents exert [9]. More critically, utilizing dexmedetomidine over
heterogeneous —and often adverse—effects on sleep benzodiazepines is associated with a significant re-
architecture and circadian regulation, with important duction in delirium incidence and shorter mechani-
implications for neurological cal ventilation duration [10]. Melatonin receptor ago-
and functional recovery [2,3]. These effects are not uni- nists have been shown to reduce delirium incidence
form and depend on whether agents suppress, mimic, and ICU length of stay without causing respiratory
or attempt to restore physiological sleep-wake regula- depression. Opioids, including fentanyl and mor-
tion. GABA Agonists: Propofol and Benzodiazepines phine, disrupt the sleep-wake cycle primarily
(such as midazolam) function by stimulating gamma- through activation of p-opioid receptors (MORs)
aminobutyric acid (GABA) receptors, inducing a po- within brainstem respiratory centers, such as the pre
tent state of central nervous system depression [1]. Alt- -Botzinger complex, thereby predisposing patients to
hough patients appear to be sleeping, electroencepha- central sleep apnea (CSA). These agents markedly
logram (EEG) recordings reveal a state more akin to reduce restorative sleep stages, including slow-wave
anesthesia than natural sleep. Specifically, these agents sleep (SWS/N3) and rapid eye movement (REM)
severely suppress REM and slow-wave sleep (SWS/ sleep, while concomitantly increasing lighter N2
N3) [1]. A pharmacokinetic study of prolonged sleep. Importantly, a bidirectional and self-
propofol infusion in the ICU found no day-night varia- perpetuating relationship has been described,
tion in metabolic concentrations, and the bispectral whereby opioid-induced sleep disruption exacer-
index (BIS)—a measure of sedation depth—similarly bates pain sensitivity, leading to escalating analgesic
lost its rhythmicity [7]. This implies the drug effective- requirements and further deterioration of sleep qual-
ly erases the day-night boundary within the patient's ity. Beyond sleep disruption, opioids exacerbate cen-
brain. Prolonged propofol infusion abolishes normal tral sleep apnea and upper airway collapsibility,
day-night variability in electroencephalographic and thereby impairing nocturnal respiration and poten-
pharmacodynamic markers, reflecting a loss of circadi- tially complicating liberation from mechanical venti-
an modulation of central nervous system activity [7]. lation in critically ill patients [11].

Dexmedetomidine is a selective a2-adrenergic agonist Exogenous melatonin plays a key role in resynchro-
at the locus coeruleus, functioning by inhibiting nore- nizing the sleep-wake cycle through its direct influ-
pinephrine release, thereby activating natural sleep- ence on the circadian process (Process C).
inducing pathways in the brainstem [8]. Unlike Ramelteon, a selective MT:/MT: melatonin receptor
propofol, dexmedetomidine induces a sedative state agonist, has been shown in clinical trials to signifi-
where patients remain easily rousable to interact with  cantly reduce delirium incidence in ICU patients
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FIGURE 3. Pharmacological treatment impact on circadian rhythms in ICU.

(24.4% versus 46.5% in placebo groups) while shorten-
ing ICU length of stay [12,13]. Importantly, melatonin-
based therapies do not induce respiratory depression
and may confer neuroprotective effects, positioning
them as promising agents within circadian-oriented
therapeutic strategies in critical care [12].
Corticosteroids, such as methylprednisolone and dexa-
methasone, are well-recognized contributors to insom-
nia, affecting approximately 70% of treated patients.
EEG-based studies have demonstrated that high-dose
steroid pulse therapy (SPT) profoundly suppresses
REM sleep, with dramatic reductions in REM duration
(e.g., from 71.2 minutes to 9.4 minutes) [14,15]. Under-
lying mechanisms include disruption of the hypotha-
lamic-pituitary-adrenal (HPA) axis, suppression of
nocturnal melatonin secretion, and sustained hyper-
arousal, collectively increasing the risk of delirium and
persistent sleep disturbances following critical illness
[14].

Ketamine, via NMDA receptor antagonism, induces a
dissociative sedative state characterized by REM sleep
reduction and increased sleep fragmentation, particu-
larly at higher doses [16]. Among antipsychotics, queti-
apine has been associated with improved nocturnal
sleep duration and shorter ICU stays in patients with
hyperactive delirium, outperforming haloperidol in
several comparative studies [17]. Volatile anesthetics
such as isoflurane and sevoflurane, when employed
for ICU sedation, have been shown to facilitate faster

J Fran Vent PulmS 2026;51(17):84-92

awakening and earlier extubation compared with
intravenous sedatives, although the resulting EEG
patterns more closely resemble anesthesia than
physiological sleep [18].

Mechanical Ventilation and Circadian Interaction
The relationship between mechanical ventilation and
circadian rhythms extends beyond sleep fragmenta-
tion caused by physical discomfort, reaching into
molecular mechanisms and pulmonary pathobiology
(Figure 4) [19].

Ventilated patients experience frequent awakenings
due to patient-ventilator asynchrony —a mismatch
between their respiratory effort and the machine's
cycle [20]. Factors such as endotracheal tube discom-
fort, excessive airway pressure, or inappropriate
trigger settings induce brief awakenings, shattering
continuous sleep architecture [21]. The co-
administration of opioids and sedatives to facilitate
ventilator tolerance carries the side effect of increas-
ing central apnea risk and upper airway collapsibil-
ity, particularly in patients with pre-existing obstruc-
tive sleep apnea (OSA) [11].

One of the most significant discoveries in modern
critical care is that the severity of ventilator-induced
lung injury (VILI) fluctuates according to the time of
day [19]. Animal models demonstrate that initiating
mechanical ventilation at "dawn" (the onset of the
rest phase) causes more severe neutrophil infiltra-
tion, increased alveolar permeability, and reduced

VOLUME 17- ISSUE 51 87
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lung compliance compared to initiation at "dusk" [22].
The molecular mechanism underlying this phenome-
non involves the BMALI1 clock gene in myeloid cells.
BMALI1 regulates leukocyte trafficking and inflamma-
tory responses through chemotactic pathways [22].
When this gene is deficient, the rhythmicity of lung
injury vanishes, proving that endogenous molecular
clocks dictate the resilience of lung parenchyma to me-
chanical stretch forces from the ventilator [22]. This has
introduced the concept of '"chronoventilation"—
adjusting mechanical ventilation strategies based on
circadian rhythms to minimize injury [19].

The choice of ventilatory mode further interacts with
circadian physiology by influencing nocturnal respira-
tory drive and sleep stability. Ventilatory strategies
that fail to adapt to circadian reductions in respiratory
demand may result in nocturnal over-assistance, pro-
moting central apnea, sleep fragmentation, and loss of
restorative sleep stages [3,23]. In contrast, patient-
adaptive modes that continuously match ventilatory
support to intrinsic respiratory effort improve patient-
ventilator synchrony and preserve sleep continuity,
particularly during the night [3].

Importantly, the phenomenon of “atypical sleep”,
characterized by the loss of classical EEG markers of
N2 and N3 sleep, is increasingly observed in patients
undergoing prolonged mechanical ventilation [2]. This
pattern reflects profound disruption of sleep regula-
tion and carries significant clinical implications.

The absence of restorative sleep stages, particularly
REM and N3 sleep, has been directly linked to pro-
longed ventilator weaning and a higher risk of failure
during spontaneous breathing trials (SBTs) [2].

The ICU Environment: Disruptors of Temporal Cues
The ICU environment represents a biological para

dox: insufficient light exposure during daytime con-
trasted with excessive illumination at night, com-
bined with persistent background noise [6]. Such
conditions profoundly disrupt external time cues
(zeitgebers) that are essential for circadian entrain-
ment. To illustrate how ICU environmental condi-
tions deviate from established circadian-friendly
standards, Table 1 contrasts recommended thresh-
olds with real-world ICU measurements and their
downstream biological consequences on sleep archi-
tecture and circadian alignment. Collectively, these
deviations underscore the ICU environment as a po-
tent yet modifiable driver of circadian disruption
and sleep fragmentation in critically ill patients.

Environmental Disruptors of Circadian

TABLE1 Entrainment in the ICU

Environmen- Recommend- ICU Reality Biological Con-
tal Factor ed Standard sequence
Night Light <5-10lux 2.4 - 145 lux Melatonin sup-

Mean Noise 30 dBA [6]

Peak Noise <45 dBA

Care Activities Clustering

(6]

53 - 59 dBA Sleep fragmen-
[6] tation [6]

67 - 86 dBA Sympathetic
[6] activation [24]

Every 20-30 Loss of N3, REM
min [5]

pression [6]

Abbreviations: ICU, intensive care unit; N3, slow-wave sleep/

SWS; REM, rapid eye movement

Light is the most powerful zeitgeber (time cue) for
synchronizing circadian rhythms. In the ICU, inade-
quate daytime light exposure fails to promote nor-
mal circa dian alerting signals, while nocturnal
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FIGURE 4. The impact of mechanical ventilation on sleep in ICU patients
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exposure to artificial illumination during routine care
activities suppresses endogenous melatonin secretion
and induces circadian phase delay [6]. Short-
wavelength (blue) light exerts the strongest inhibitory
effect on melatonin release, inducing circadian phase
delay and exacerbating insomnia and sleep-wake mis-
alignment [25].

Excessive environmental noise constitutes another ma-
jor disruptor of circadian organization. Persistent
background noise and intermittent peak sounds not
only provoke repeated arousals but also activate the
sympathetic nervous system, leading to tachycardia,
blood pressure elevation, and impaired cardiovascular
recovery. These effects further destabilize sleep conti-
nuity and circadian rhythmicity [6,24].

Frequent care-related interruptions constitute one of
the most potent yet modifiable sources of sleep frag-
mentation in the ICU. Recurrent nursing and medical
activities prevent the consolidation of restorative sleep
stages, particularly slow-wave and rapid eye move-
ment sleep [2,26]. Sleep-protective care clustering re-
fers to the deliberate grouping of necessary nursing
and medical interventions into predefined time blocks,
thereby creating uninterrupted sleep windows, espe-
cially during nocturnal hours. Studies employing pol-
ysomnography and actigraphy have demonstrated
that care clustering is associated with fewer nocturnal
awakenings, improved sleep efficiency, preservation
of N3 and REM sleep, and a reduced incidence of ICU
delirium [26,27]. Importantly, care clustering does not
imply delaying essential clinical interventions but ra-
ther optimizing their timing to align with patients’
circadian physiology. When integrated with environ-
mental light modulation and noise reduction strate-
gies, care clustering constitutes a central pillar of

chronotherapeutic ICU care [27].

Biomarkers and Molecular Mechanisms of Circadi-
an Disruption

Circadian disruption in the ICU is not merely a sub-
jective sensation but is quantifiable through bi-
omarkers in blood and urine [3]. These biomarkers
provide insight into the severity of chronodisruption
and its systemic consequences (Figure 5).

Melatonin and its wurinary metabolite (6-
sulfatoxymelatonin - aMTé6s) are the gold standards
for assessing circadian rhythms [28]. In ICU patients
with septic shock or respiratory failure, aMT6s levels
are typically profoundly low and lack the nocturnal
peak [29]. Preservation of melatonin rhythmicity has
been associated with improved survival and neuro-
logical outcomes, whereas complete loss of circadian
signaling reflects severe physiological decompensa-
tion [29]. Conversely, mean cortisol levels exceeding
212 ng/mL are closely linked to delirium onset, re-
flecting extreme stress and the loss of hypothalamic-
pituitary-adrenal (HPA) axis control [30].

Peripheral blood mononuclear cells (PBMCs) from
ICU patients show marked alterations in the expres-
sion of core genes such as CLOCK, BMALI1, PER1,
PER2, and CRY1 [31]. This disruption correlates by
over 90% with physiological disturbances like heart
rate and blood pressure fluctuations [32]. A key
mechanism identified is Endoplasmic Reticulum
(ER) stress induced by intermittent hypoxia—a hall-
mark of OSA and mechanical ventilation. ER stress
negatively impacts clock genes, creating a pathologi-
cal spiral that diminishes cellular resilience.
Collectively, these neuroendocrine and molecular
alterations provide a biological substrate linking ICU
-related chronodisruption to subsequent sleep-wake

BIOMARKERS AND MOLECULAR MECHANISMS OF CIRCADIAN DISRUPTION IN THE ICU
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FIGURE 5. Biomarkers of circadian disruption for doing in ICU patients.
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disorders, cognitive impairment, and delayed recovery
after discharge. Persistence of these abnormalities be-
yond the acute phase helps explain the high burden of
post-ICU circadian dysfunction and highlights the ra-
tionale for targeted chronotherapeutic strategies dur-
ing early recovery.

Post-ICU consequences and chronotherapeutic strate-
gies

As patients transition out of the ICU, restoration of
circadian organization often remains incomplete. This
is a core component of sleep-wake, impacting both
physical and mental health [33]. Longitudinal studies
consistently demonstrate a high burden of sleep-wake
disturbances following ICU discharge, with gradual
improvement over time but persistent symptoms in a
substantial subset of survivors [20]. Poor sleep quality
and sleep fragmentation are highly prevalent during
the first months after discharge and may persist be-
yond one year, frequently in association with comor-
bid psychiatric conditions such as depression, anxiety,
or post-traumatic stress disorder[33].

There is a robust correlation between poor sleep in the
first week post-discharge and cognitive decline. Pa-
tients with severe sleep fragmentation (repetitive
awakenings) exhibit lower scores in memory and in-
formation processing tests. These findings suggest that
the early post-discharge period represents a critical
window of opportunity for neuroprotection through
sleep and circadian optimization.

The ICU's impact on circadian rhythms is further com-
plicated in patients with pre-existing chronic respirato-
ry disorders such as asthma, chronic obstructive pul-
monary disease (COPD), or obstructive sleep apnea
(OSA). In asthma and COPD patients, symptoms typi-
cally worsen at night due to natural circadian shifts,
such as decreased cortisol levels and increased para-
sympathetic activity inducing bronchoconstriction. In
the ICU, environmental chronodisruption amplifies
these exacerbations. COPD-OSA patients (overlap syn-
drome) face a higher risk of severe nocturnal hypox-
emia, which exacerbates pulmonary hypertension
(PH) via hypoxic pulmonary vasoconstriction mecha-
nisms. Obstructive sleep apnea (OSA) is a significant
yet frequently overlooked risk factor in the ICU. OSA
patients are prone to upper airway collapse under se-
dation, increasing airway resistance and hindering
ventilator weaning [11]. Implementing continuous pos-
itive airway pressure (CPAP) or mandibular devices
post-extubation is essential to stabilize the sleep-wake
rhythm and prevent residual cardiovascular events. To
accurately assess the recovery of circadian rhythms
following critical illness, a combination of objective
and subjective assessment tools is required. Poly-
somnography (PSG) is considered the gold standard
for determining sleep architecture, including sleep
stage classification and the detection of respiratory
events. However, routine implementation of PSG in
the ICU setting is highly challenging due to the
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complexity of electrode place ment, extensive wiring,
and significant signal interference from life-support
and monitoring devices [34]. Moreover, conventional
sleep scoring criteria are often difficult to apply in
critically ill patients because of atypical electroen-
cephalographic patterns. This limitation arises from
the frequent presence of atypical electroencephalo-
graphic (EEG) patterns, such as the absence of sleep
spindles or K-complexes, which compromises accu-
rate sleep staging [3]. During the post-ICU recovery
phase, actigraphy represents an invaluable assess-
ment tool. Actigraphy involves a wrist-worn device
that continuously records motor activity over ex-
tended periods, allowing estimation of total sleep
time, sleep efficiency, and sleep fragmentation in real
-life environments. When combined with sleep dia-
ries, actigraphy enables clinicians to identify com-
mon circadian rhythm disturbances, such as Delayed
Sleep Phase Syndrome and Irregular Sleep-Wake
Rhythm, which are frequently observed among ICU
survivors [35]. Chronotherapy is emerging as a
promising avenue to shorten treatment duration and
improve post-ICU quality of life [36]. Environmental
chronotherapeutic interventions, including dynamic
light exposure that mimics natural solar cycles, aim
to restore physiological melatonin rhythms and rein-
force circadian entrainment. Multimodal bundles
incorporating nocturnal noise reduction, sleep-
protective clustering of care activities, and minimiza-
tion of alarm burden further enhance sleep continui-
ty and circadian alignment [33,35,37]. Enteral melato-
nin administration (3-10 mg) at 21:00 has demon-
strated efficacy in enhancing sleep efficiency and
lowering delirium risk in weaning patients [38]. Mel-
atonin facilitates not only sleep-wake realignment
but also exerts antioxidant and pulmonary protective
effects, mitigating inflammatory damage within the
ICU [39]. Post-discharge, cognitive behavioral thera-
py for insomnia (CBT-I) and nurse-led collaborative
care have proved effective in improving long-term
sleep scores at 12 months [33]. The use of melatonin
measurement to follow-up the circadian rhythms
and the use of self-administered home sleep testing
to screen sleep-related breathing disorder might be
useful [40,41]. Educating patients on sleep hygiene
and maintaining consistent sleep-wake schedules is
key to "retraining" the damaged biological clock.
Conclusion and Recommendations for Clinical
Practice

Circadian rhythm disruption in critically ill patients
represents a pervasive yet underrecognized patho-
physiological process that extends beyond sleep dep-
rivation to involve neuroendocrine, molecular, and
systemic dysregulation. Accumulating evidence
demonstrates that ICU-related factors—including
pharmacological sedation, mechanical ventilation,
and environmental disturbances—converge to im-
pair circadian organization at behavioral, physiologi
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cal, and cellular levels. These alterations contribute to
delirium, prolonged ventilator dependence, and long-
term cognitive and functional sequelae after ICU dis-
charge. Importantly, circadian disruption is not merely
an epiphenomenon of critical illness but a quantifiable
and potentially modifiable therapeutic target. Bi-
omarkers such as melatonin rhythmicity, cortisol dy-
namics, and clock gene expression provide mechanis-
tic insight into the severity of chronodisruption and
help explain the persistence of sleep-wake disturb-
ances and delayed recovery observed in ICU survi-
vors. Recognition of these biological underpinnings
underscores the need to integrate circadian considera-
tions into routine critical care practice; especially, the
lessons learned from Covid-19 pandemic should be
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