@SCiMedCentral

Journal of Sleep Medicine & Disorders

*Corresponding author
Xiaochen Ji, Hebei Medical University, Shijiazhuang,
Hebei Province, China

Review Article

Systematic Review of Perioperative
Sleep Management in Elderly
Patients and its Relationship with

Submitted: 21 August, 2025
Accepted: 15 September, 2025
Published: 19 September, 2025
ISSN: 2379-0822

Copyright

©2025 Ji X, etal.

OPEN ACCESS

Keywords

* Elderly Patients; Perioperative; Sleep Management;
Postoperative Delirium; Neuropsychiatric Disorders;
Sleep Disorders; Sleep Interventions; Cognitive
Function

Postoperative Delirium

Xiaochen Ji'*, Yabo Wang?, Zhiqiang Niu' and BoYa Zhang?

'Hebei Medical University, Shijiazhuang, Hebei Province, China
’Chengde Medical University, Shuangqiao, Chengde, Hebei, China

Abstract

Perioperative Sleep Disorders (PSD) are prevalent among elderly patients and have been confirmed as independent risk factors for Postoperative Delirium
(POD) and other Perioperative Neuropsychiatric impairments (PND). With the intensifying population aging, effective management of perioperative sleep
issues in this group has become particularly crucial. This systematic review synthesizes recent literature on the epidemiological characteristics, pathophysiological
mechanisms, clinical manifestations, and correlations with postoperative delirium in elderly patients. We focus on analyzing the impact of pharmacological
and non-pharmacological sleep intervention strategies on postoperative delirium incidence. By integrating current clinical trials and basic research findings,
this review aims to explore optimized perioperative sleep management strategies and their potential effects in reducing postoperative delirium, providing

theoretical foundations and practical recommendations for clinical practice.

INTRODUCTION
Postoperative Delirium (POD) is a significant
complication affecting elderly patients, particularly

common after surgery. This acute cognitive impairment
manifests as disorientation, altered consciousness levels,
and disordered thinking, leading to increased morbidity
and mortality rates. Studies indicate that the prevalence of
POD may be alarmingly high reaching up to 80% among
elderly patients undergoing specific surgeries like hip
fracture repair or cardiac procedures [1]. The impact
of POD extends far beyond the postoperative recovery
phase, contributing to prolonged hospital stays, increased
healthcare costs, and long-term cognitive decline.
Consequently, it has become a critical focus in geriatric
surgical care [2]. To improve treatment outcomes for this
vulnerable population, comprehensive understanding of
POD’s multidimensional characteristics encompassing its
risk factors and potential prevention strategies is essential.

Among various identified risk factors, perioperative
sleep disorders have emerged as a significant independent
predictor of Postoperative Cognitive Dysfunction (POD) in
elderly patients. Sleep disturbances are prevalent among
older adults and are exacerbated by factors such as anxiety,

pain, and hospitalization stress [3]. Recent studies indicate
that significant postoperative sleep quality deterioration
may trigger cognitive impairment and increase the
likelihood of POD development [4]. The complex interplay
between sleep disorders and cognitive health underscores
the critical need to prioritize sleep management during
perioperative care. Furthermore, research demonstrates
that interventions to improve sleep quality could reduce
POD risks and enhance overall rehabilitation outcomes [5].

Epidemiological studies indicate that preoperative
sleep disorders in elderly surgical patients may occur at
rates as low as 0% or as high as 91%, while postoperative
sleep disturbances range from 6.7% to 93% [6]. These sleep
issues are often associated with increased pain sensitivity,
heightened anxiety and depression, and impaired cognitive
function. These factors not only prolong recovery time
but also significantly elevate the risk of postoperative
delirium. Therefore, timely identification and proper
management of sleep disorders are crucial for improving
surgical outcomes and reducing delirium incidence. The
causes of perioperative sleep disorders are complex and
multifaceted, including surgical environment, medication
effects, and the patient’s pre-existing psychological state

[7].
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The underlying mechanisms linking sleep disorders and
Postoperative Cognitive Decline (POD) involve multiple
biological pathways. Disrupted sleep patterns may trigger
neuroinflammation and oxidative stress, factors that have
been proven to impair cognitive function [4]. Furthermore,
the glial lymphatic system - responsible for clearing brain
metabolic waste - becomes most active during sleep.
This suggests that poor sleep quality could hinder this
process, ultimately leading to cognitive deterioration [8].
These findings underscore the necessity of implementing
targeted interventions for elderly surgical patients- as
improved sleep quality may play a crucial role in reducing
the incidence of postoperative cognitive decline and
maintaining cognitive health after surgery.

While there is a clear correlation between sleep
disorders and Postoperative Cognitive Dysfunction (POD),
current perioperative care practices often overlook the
critical importance of sleep management. To address
perioperative sleep disorders, establishing standardized
assessment tools and evidence-based interventions has
become imperative. Strategies such as optimizing pain
management, reducing environmental stressors, and
implementing pharmacological or non-pharmacological
sleep aids may yield positive outcomes. As our
understanding of the relationship between sleep and
cognitive health in elderly patients deepens, incorporating
sleep management into perioperative protocols could
provide a significant breakthrough for improving
prognosis in this vulnerable population.

PRIMARY COVERAGE

Epidemiology and Clinical Characteristics of
Perioperative Sleep Disorders in Elderly Patients

Definition and classification of perioperative sleep
disorders: Perioperative sleep disorders encompass
various conditions that may significantly impact
postoperative sleep quality. These disorders manifest
as decreased sleep quality, shortened sleep duration,
and disrupted sleep architecture, specifically including
difficulty falling asleep, frequent awakenings, and
altered sleep phases. Elderly patients exhibit particularly
pronounced sleep quality declines, being more susceptible
to multiple factors that exacerbate perioperative sleep
disturbances. These factors include pre-existing sleep
disorders, psychological stressors, anesthetic effects,
postoperative pain management, and environmental
changes during hospitalization. Research indicates that
elderly patients frequently experience sleep disorders
such as insomnia and obstructive sleep apnea, which not
only prolong recovery time but also increase postoperative

complication risks [9,10]. These disorders can be broadly
categorized into primary sleep disorders (e.g., insomnia
and sleep apnea) and secondary sleep disorders, the latter
potentially caused by medical conditions, medication use,
or surgical procedures themselves. Accurately identifying
common perioperative sleep disorder types is crucial for
developing targeted interventions to improve sleep quality
and ultimately enhance patient outcomes.

Theprevalence ofsleep disordersamongelderly surgical
patients reveals concerning patterns. Research indicates
that insomnia, one of the most common sleep disturbances
affecting this population, is often exacerbated by anxiety
stemming from surgical procedures and postoperative
recovery [11]. Furthermore, Obstructive Sleep Apnea
(0SA) frequently remains undiagnosed in elderly
patients undergoing surgery, leading to postoperative
complications such as delirium and cognitive impairment
[12]. The high incidence of these conditions necessitates
comprehensive perioperative care strategies, including
preoperative sleep disorder screening and personalized
management plans to mitigate their impact. Effective
interventions like cognitive behavioral therapy for
insomnia, pharmacological treatments such as melatonin,
and non-pharmacological measures like environmental
adjustments have all demonstrated efficacy in improving
perioperative sleep quality [13,14]. Notably, sleep
disorders as significant risk factors for adverse surgical
outcomes underscore the importance of multidisciplinary
collaboration involving anesthesiologists, surgeons,
and sleep specialists to optimize perioperative care and
promote rehabilitation.

In conclusion, defining and classifying perioperative
sleep disorders is essential for understanding their
impact on elderly surgical patients. The complex interplay
between various sleep disorders and their contributing
factors underscores the importance of proactive
management strategies during this critical period——
These strategies aim to improve sleep quality, ultimately
enhancing postoperative recovery outcomes.

Perioperativesleepdisordersinelderlypatientsand
their influencing factors: The prevalence of perioperative
sleep disorders in elderly patients is significantly higher,
closely related to multiple factors including surgical type,
anesthesia methods, and perioperative environmental
conditions. Studies indicate that prolonged or invasive
procedures notably impair sleep quality in older adults.
For instance, both procedure duration and anesthesia
administration significantly influence postoperative
sleep outcomes. Compared to regional anesthesia,
general anesthesia demonstrates a higher incidence of
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sleep disturbances due to its longer recovery period and
increased risk of postoperative delirium [15]. Additionally,
common perioperative elements like noise, bright lights,
and frequent medical interventions exacerbate sleep
challenges for this vulnerable population. These factors
compound age-related physiological changes which
alter sleep patterns and worsen existing sleep disorders.
Therefore, comprehensive understanding of these
contributing factors is crucial for developing targeted
interventions to improve sleep quality in elderly patients,
thereby enhancing postoperative recovery outcomes.

Furthermore, age-related physiological changes
and comorbidities significantly impact perioperative
sleep disorders in elderly patients. With advancing age,
individuals often experience altered sleep patterns
characterized by reduced total sleep duration and
increased sleep fragmentation. These changes may be
exacerbated by common age-related conditions such as
heart disease, diabetes, and cognitive impairment [16].
Additionally, psychological factors including chronic pain,
anxiety, and depression further impair postoperative
sleep quality in older adults, increasing risks of
complications like delirium and cognitive dysfunction
[17].The interaction between these physiological changes
and comorbidities underscores the importance of
comprehensive preoperative evaluations which should
assess both sleep quality and address existing sleep issues.
Such proactive preventive measures not only reduce the
risk of postoperative sleep disorders but also facilitate
overall rehabilitation in elderly patients.

In summary, the incidence of perioperative sleep
disorders in elderly patients is influenced by multiple
factors, including surgical type, anesthesia methods,
perioperative environmental stressors, and physiological
changes associated with aging and comorbidities.
Implementing targeted interventions and comprehensive
preoperative evaluations to address these factors
are crucial for improving sleep quality and reducing
postoperative complication risks in this vulnerable
population.

Influence of sleep disorders on postoperative
recovery in elderly patients: Sleep disorders in elderly
patients significantly impair postoperative recovery
through multiple physiological and psychological
mechanisms. The most immediate impact is reduced
immune function which critically affects rehabilitation
outcomes. Research indicates that sleep deprivation
decreases the secretion of immune mediators like
cytokines, weakening the body’s ability to cope with
surgical stress and increasing infection risks [17].

This immune dysregulation may lead to postoperative
complications such as infections and delayed wound
healing, prolonging hospital stays and compromising
overall recovery. Additionally, sleep disorders exacerbate
pain perception, creating additional challenges in
postoperative management. Poor sleep quality interacts
with central nervous system pain pathways, causing
patients with suboptimal sleep to develop hypersensitive
pain responses [15], forming a vicious cycle: intensified
pain triggers sleep disturbances, which worsen the
condition and delay recovery.

Notably, sleep disorder patients often exhibit
mental health changes including cognitive decline and
mood swings. Postoperative delirium, characterized by
disorientation and altered consciousness, is prevalent
among these patients and closely associated with poor
sleep quality [18]. Cognitive impairment in these patients
hinders their participation in rehabilitation activities,
further delaying recovery. The relationship between sleep
disorders and neurocognitive functions is complex, as
poor sleep quality induces neuroinflammation and leads to
accumulation of neurotoxic proteins—substances closely
linked to cognitive decline [19]. Therefore, preoperative
intervention for sleep disorders may be a key strategy
to enhance postoperative recovery outcomes in elderly
patients. Medications such as dexmedetomidine and
dexamethasone have been proven to effectively improve
sleep quality, thereby promoting postoperative recovery
[20,21]. By enhancing sleep quality, these interventions
can boost immune function, reduce pain perception, and
stabilize psychological states, ultimately helping elderly
patients undergoing surgery achieve better rehabilitation
outcomes. Therefore, implementing comprehensive
strategies for managing sleep disorders during the
perioperative period is crucial for optimizing postoperative
recovery and improving quality of life in elderly surgical
patients.

Pathophysiological Mechanism of Postoperative
Delirium and Its Relationship with Sleep Disorders

Definition and clinical manifestations of
postoperative delirium: Postoperative Delirium (POD)
is a significant neurocognitive complication frequently
observed in elderly patients following surgery. This
condition manifests as acute confusion characterized
by fluctuations in attention, cognitive function, and
consciousness levels. Specific clinical symptoms include:
acute cognitive fluctuations, changes in consciousness
levels, and attention deficits. Acute cognitive fluctuations
may present as disorientation, memory impairment, and
information processing difficulties, causing substantial
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distress to both patients and caregivers. The spectrum of
consciousness level variations ranges from hyperactive
states (manifesting as restlessness) to sluggish responses
(presenting as apathy and delayed reactions) [22].
Particularly prominent are attention deficits, where
patients struggle to maintain focus, resulting in impaired
participation in conversations or execution of simple
instructions. These multidimensional manifestations
complicate diagnosis and treatment, as symptoms may be
misdiagnosed as dementia or depression—particularly
prevalent among elderly individuals with pre-existing
cognitive impairments [23].

The incidence of Postoperative Delirium (POD) varies
significantly, influenced by multiple factors including
surgical type, patient age, and pre-existing conditions.
Studies indicate that elderly patients undergoing major
surgeries such as cardiac or orthopedic procedures face
substantially increased risks of POD [24,25]. This condition
carries substantial clinical implications, not only prolonging
hospital stays and driving up medical costs but also
potentially triggering severe complications like cognitive
decline and mortality [26,27]. Its complex pathogenesis
may involve a combination of neuroinflammatory
responses, metabolic disorders, and the effects of
anesthetic medications [28]. Furthermore, postoperative
anemia, dehydration, and specific medication use can all
exacerbate the risk of delirium [29,30].

In clinical practice, Postoperative Delirium (POD)
requires heightened vigilance, particularly among high-
risk populations. Currently, commonly used screening
tools include the Consciousness Assessment Method (CAM)
and Nursing Delirium Screening Scale (Nu-DESC), which
effectively help detect delirium symptoms in surgical
patients [31]. Early detection is crucial as it enables timely
interventions to reduce both the severity and duration
of delirium. Management strategies typically involve
optimizing patient environments, ensuring adequate
hydration and nutritional support, and minimizing the use
of sedatives that may induce cognitive impairment [32]. In
summary, postoperative delirium represents a common
and severe complication in elderly surgical patients,
characterized by acute cognitive disturbances. Therefore,
close monitoring and proactive interventions are essential
to improve patient outcomes.

Central nervous system inflammation and blood-
brain barrier damage: The correlation between
sleep disorders and neuroinflammation is increasingly
recognized as a key factor in the pathogenesis of various
neurological diseases, particularly in elderly patients
with postoperative delirium. Sleep disturbances activate

neuroinflammatory pathways that compromise the
integrity of the Blood-Brain Barrier (BBB). As the central
nervous system’s natural defense against harmful
substances in the bloodstream, the BBB consists of
tightly packed endothelial cells that regulate the passage
of molecules and immune cells. When sleep deprivation
occurs, inflammatory mediators such as cytokines and
chemokines are released, disrupting this protective barrier
and increasing BBB permeability [33,34]. This enhanced
permeability allows peripheral immune cells and pro-
inflammatory cytokines to infiltrate the central nervous
system, exacerbating neuroinflammatory responses and
potentially leading to cognitive dysfunction and delirium
[35,36].

Neuroinflammation is characterized by the activation
of glial cells (particularly microglia), which play a critical
role in immune responses within the central nervous
system. When activated, microglia release various
inflammatory mediators that lead to neuronal damage
and functional impairment [37,38]. The interaction
between sleep disorders and neuroinflammation is
particularly pronounced in elderly populations. Due to
age-related circadian rhythm changes, comorbidities, and
medication effects, they often experience disrupted sleep
patterns [39,40]. Sleep deprivation elevates levels of pro-
inflammatory cytokines such as Interleukin-6 (IL-6), and
Tumor Necrosis Factor-a (TNF-a), which have been proven
closely associated with the pathogenesis of postoperative
delirium [41,42].

Furthermore, the activation of NLRP3
inflammasomes—a key component of innate immune
responses has been shown to be closely associated
with sleep deprivation and neuroinflammation. These
inflammatory bodies promote the release of IL-13 and IL-
18, which further exacerbate the inflammatory response
and lead to compromised Blood-Brain Barrier (BBB)
integrity [43,44]. This neuroinflammatory cascade creates
a vicious cycle: increased BBB permeability allows more
inflammatory mediators to infiltrate the central nervous
system, not only sustaining the inflammatory response but
also potentially accelerating cognitive decline [45,46].

In summary, the relationship between sleep disorders,
neuroinflammation, and Blood-Brain Barrier (BBB)
disruption is complex and multidimensional. Sleep
disturbances activate neuroinflammatory pathways that
compromise BBB integrity, increasing its permeability and
allowing inflammatory mediators to infiltrate the central
nervous system. This process warrants particular attention
in elderly patients, who are more susceptible to cognitive
impairment caused by inflammation. Understanding
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these mechanisms is crucial for developing targeted
interventions aimed at improving sleep quality and
reducing postoperative delirium and other neurocognitive
impairments in this vulnerable population. Future research
should focus on elucidating specific pathways within this
association and exploring potential therapeutic strategies
to enhance sleep quality and mitigate neuroinflammation,
thereby assisting high-risk patients [47,48].

Circadian rhythm disorders and neurotransmitter
imbalance: The circadian rhythm plays a crucial role
in regulating various physiological processes, including
sleep-wake cycles, hormone release, and neurotransmitter
activity. Disruptions in these rhythms can lead to severe
cognitive impairment, particularly evident in elderly
populations already predisposed to neurocognitive
disorders. The interaction between circadian rhythms and
the neurotransmitter system is highly complex, involving
multiple neurochemical pathways that influence cognitive
function. For instance, Dopamine (DA), a neurotransmitter
closely associated with circadian rhythms, is regulated
by the suprachiasmatic nucleus (the brain’s primary
circadian clock——). Studies have shown that circadian
rhythm disorders cause imbalances in dopamine levels,
exacerbating conditions like Parkinson’s disease and mood
disorders, ultimately impairing cognitive abilities [49].
Additionally, research indicates that sleep disturbances
may elevate pro-inflammatory cytokine levels, potentially
triggering neuroinflammation and subsequent cognitive
decline [50]. The relationship between sleep quality and
memory function is particularly pronounced among
older adults: poor sleep quality correlates with declining
performance on memory tests, demonstrating that
disrupted sleep directly damages cognitive processes [51].

Furthermore, the impact of circadian rhythm
disruption on neurotransmitter imbalances extends far
beyond dopamine. For instance, changes in serotonin and
norepinephrine levels are closely associated with sleep
disorders, which further complicate the neurochemical
environment supporting cognitive functions [12]. The
cumulative effects of these neurotransmitter imbalances
may create a vicious cycle: declining cognitive abilities
exacerbate sleep disturbances, forming a feedback
mechanism particularly detrimental to elderly individuals.
Compounding this issue, anesthetics used during surgery
disrupt circadian rhythms, leading to Postoperative
Cognitive Dysfunction (POCD) [52]. The timing and
type of anesthetic administration influence circadian
rhythm recovery, thereby affecting the progression of
postoperative cognitive function restoration [53].

In addition to neurotransmitter imbalances, circadian

rhythm disorders can disrupt the expression of circadian
rhythm genes which are crucial for maintaining the body’s
internal biological clock. For instance, studies have found
that general anesthesia can cause acute suppression of
circadian rhythm gene expression, potentially having
profound long-term impacts on cognitive health in elderly
patients [54]. This disruption interferes with the normal
cyclical release of neurotransmitters, thereby impairing
cognitive abilities such as memory, attention, and executive
functions.

Furthermore, melatonin - a hormone closely associated
with sleep regulation - plays an indispensable role. Its
secretion follows circadian rhythms, and disruptions
to these patterns have been shown to correlate with
increased rates of postoperative delirium and cognitive
impairment in elderly patients [55]. The application of
exogenous melatonin has demonstrated potential in
alleviating certain cognitive impairments, highlighting
the feasibility of therapeutic interventions that improve
cognitive outcomes through circadian rhythm restoration
[56].

In summary, the mechanisms by which circadian
rhythm disorders impair cognitive function exhibit
multidimensional characteristics, involving complex
interactions between circadian rhythms, neurotransmitter
systems, and inflammatory responses. Optimizing sleep
quality and strategically timing anesthetic administration
may prove crucial for improving cognitive performance
in elderly surgical patients. To fully elucidate these
mechanisms and develop effective countermeasures,
sustained research efforts remain essential.

Impaired brain metabolic waste removal function
and abnormal neural network: Sleep deprivation has
been shown to significantly impair the brain’s ability to
clear metabolic waste, leading to the accumulation of
neurotoxic substances and impaired neural connectivity.
The glial lymphatic system, a critical network for brain
waste removal, primarily functions during sleep to
eliminate harmful metabolites closely associated with
neurodegenerative diseases like Alzheimer’s disease,
such as  amyloid plaques and tau proteins [57]. Studies
indicate that sleep deprivation damages glial lymphatic
function, resulting in elevated levels of metabolic waste
in Cerebrospinal Fluid (CSF) and interstitial fluid [58].
For instance, research demonstrates that even a single
night of sleep deprivation causes significant increases in
CSF metabolic waste levels, suggesting that chronic sleep
disorders may progressively worsen neurotoxic substance
accumulation overtime [59]. This impaired waste clearance
capacity poses particular concerns for elderly patients, as
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age-related changes in the glial lymphatic system already
increase their risk of cognitive decline and delirium [60].

Furthermore, multiple studies have confirmed the
correlation between sleep deprivation and neural network
dysfunction. Research indicates that sleep disruption
alters functional connectivity in critical brain networks,
including the Default Mode Network (DMN)which plays
a pivotal role in memory and cognitive processes [61].
This impairment not only reduces cognitive performance
but also exacerbates symptoms of delirium and other
neurocognitive disorders [12]. When sleep is insufficient,
the efficiency of the glial lymphatic system significantly
declines, triggering a series of neurophysiological changes
that ultimately compromise the integrity and connectivity
of the nervous system [62]. Beyond directly impairing
waste removal, sleep deprivation disrupts the expression
and polarization of Aquaporin 4 (AQP4) - a protein
essential for Cerebrospinal Fluid (CSF) system function.
When this critical protein becomes dysfunctional, it
exacerbates the brain’s impaired waste clearance, creating
a vicious cycle that elevates risks of cognitive impairment
and neurodegenerative diseases. These findings carry
profound implications, particularly for elderly patients
undergoing surgery. Their pre-existing sleep disorders
and compromised CSF functions significantly increase
postoperative delirium risks [60].

Existingevidence strongly demonstratesthatsleep plays
a vital role in maintaining brain health, with particularly
significant effects observed in older adults. Strategies
to improve sleep quality not only enhance cognitive
function but also boost the brain’s natural waste removal
mechanisms, thereby reducing risks of neurodegenerative
diseases and postoperative complications. As our
understanding of the cerebrospinal fluid system and its
relationship with sleep deepens, it becomes increasingly
evident that addressing sleep disorders should be a top
priority in geriatric care management, especially for
surgical patients undergoing procedures.

Gut microbiota dysbiosis and neurocognitive
function: The Gut-Brain Axis (GBA) is a complex
communication network connecting the gastrointestinal
tract and central nervous system, regulating physiological
and psychological processes such as sleep regulation and
cognitivefunctions.Recentstudiesrevealthatgutmicrobiota
plays a pivotal role in these interactions, particularly in the
treatment of sleep disorders and postoperative delirium in
elderly patients. Gut microbiota dysbiosis, characterized
by microbial imbalance, has been shown to correlate with
various neurocognitive impairments including delirium,
a condition particularly prevalent during perioperative

periods. Research indicates that changes in gut microbiota
affect the production of neuroactive substances like
Short-Chain Fatty Acids (SCFAs), which are crucial for
regulating neuroinflammation and synaptic plasticity,
both key factors in maintaining cognitive function and
sleep quality [64]. Additionally, gut microbiota influences
the synthesis of neurotransmitters such as serotonin and
dopamine, which play critical roles in emotional regulation
and cognitive activities. When microbial dysbiosis
disrupts these metabolic pathways, it may exacerbate
neuroinflammation and impair cognitive function, thereby
becoming a significant contributing factor to surgical
patients developing delirium [65].

The interaction between sleep disorders and gut
microbiota holds particular significance in postoperative
delirium, as sleep disturbances are prevalent among this
population. Research indicates that sleep deprivation
exacerbates gut microbiota imbalance, triggering
inflammatory cascade reactions that impair cognitive
function [66]. For instance, sleep deprivation alters gut
microbiota composition, which subsequently activates
inflammatory pathways detrimental to brain function.
This bidirectional correlation suggests that restoring gut
microbiota balance through probiotic supplementation
or dietary adjustments may help alleviate sleep disorders
and cognitive decline associated with delirium [67].
Furthermore, a deeper understanding of how gut
microbiota influences sleep and cognitive functions could
pave the way for developing novel therapies targeting the
gut-brain axis, thereby improving prognostic outcomes for
elderly surgical patients.

In conclusion, the gut-brain axis plays a pivotal role
in the interplay between gut microbiota dysbiosis, sleep
disorders, and cognitive decline, particularly in the context
of postoperative delirium. As scientific understanding of
gut health’s critical impact on neurocognitive functions
deepens, future research should focus on elucidating
specific microbial communities involved and their
mechanisms of action. These findings are expected to drive
the development of precision interventions that not only
improve sleep quality but also reduce delirium incidence
while enhancing overall cognitive function in vulnerable
populations such as elderly surgical patients.

Perioperative Sleep Management Strategies and their
Effects on Postoperative Delirium

Pharmacological interventions: Current
management of Postoperative Delirium (POD) in elderly
patients increasingly emphasizes pharmacological

interventions, particularly their effects on sleep quality and
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inflammatory responses. A noteworthy study investigated
the use of dexamethasone during robot-assisted radical
prostatectomy. The results demonstrated that this
corticosteroid alleviates postoperative inflammation,
thereby improving sleep quality and potentially reducing
the risk of delirium [15]. Dexamethasone works by
inhibiting the hypothalamic-pituitary-adrenal axis, a
neural network frequently activated during surgical stress.
By suppressing inflammatory responses, patients may
experience improved sleep patterns after surgery, a critical
factor given the established link between sleep disorders
and increased delirium risks [68]. Additionally, the study
highlighted that intravenous dexamethasone not only
enhances sleep quality but also accelerates postoperative
recovery, indicating its potential as an essential component
of perioperative care for elderly patients undergoing major
surgeries.

In addition to dexamethasone, other medications such
as benzodiazepines, melatonin receptor agonists, and
dexmedetomidine have also been used to evaluate their
therapeutic effects on postoperative sleep disorders and
delirium. While benzodiazepines are widely used due to
their sedative properties, studies have found that these
drugs increase the risk of delirium, particularly in elderly
patients [69]. In contrast, melatonin receptor agonists
show promising potential for improving sleep quality
without the associated risks of benzodiazepines. Research
indicates that melatonin helps regulate circadian rhythm
disruption caused by surgery, potentially reducing the
incidence of Postoperative Daytime Sleepiness (POD) [70].
As a -2 adrenergic receptor agonist, dexmedetomidine
has garnered attention, for its sedative effects and ability to
maintain natural sleep architecture. By alleviating surgical
stress responses, this characteristic may effectively
prevent delirium [48].

However, the use of these medications is not without
risks. Sedatives (particularly in elderly patients) may
cause adverse reactions such as respiratory depression
and prolonged sedation duration, which can impair
postoperative recovery [71]. Therefore, when weighing
the benefits of improved sleep quality against potential
risks of pharmacological interventions, careful evaluation
is essential. Studies indicate that while medications like
dexmedetomidine and melatonin receptor agonists can
improve sleep quality and reduce delirium risk, they
should be used cautiously and personalized adjustments
should be made based on individual patient characteristics
to optimize treatment outcomes [72].

In elderly patients undergoing perioperative care,
integrating pharmacological interventions requires a
comprehensive evaluation of their potential benefits in

improving sleep quality versus associated risks. Ongoing
research on these medications will be crucial for developing
evidence-based guidelines that promote postoperative
recovery while minimizing complications such as delirium.
As our understanding of the mechanisms linking sleep and
delirium deepens, establishing clear clinical protocols has
become imperative. This not only ensures patient safety
but also guarantees effective treatment for this vulnerable
population.

Non-pharmacological interventions: Non-
pharmacological interventions have become essential
strategies for managing Postoperative Delirium (POD) in
elderly patients, particularly during perioperative care.
Environmental regulation plays a crucial role in enhancing
patient comfort and reducing delirium risks. Simple
measures like earplugs and eye masks can effectively
alleviate sensory overload commonly encountered in
hospital environments. Research indicates that using
blackout curtains at night to control lighting while
ensuring adequate daylight exposure during daytime
helps restore circadian rhythms, thereby improving sleep
quality and decreasing postoperative delirium incidence
[73]. Additionally, creating a calming environment
through noise reduction and soothing ambiance promotes
better sleep and accelerates recovery. This environmental
management is especially vital for elderly patients who
are more sensitive to external disturbances and prone
to delirium. By implementing these simple yet effective
strategies, healthcare providers can create rehabilitation-
friendly environments, ultimately achieving superior
surgical outcomes.

Cognitive Behavioral Therapy (CBT) and sleep hygiene
education, as key non-pharmacological interventions,
have demonstrated significant efficacy in preventing
postoperative delirium. CBT helps patients develop
strategies to manage anxiety and stress, known risk
factors for delirium. By guiding patients to maintain
regular sleep patterns, avoid stimulating activities before
bedtime, and create a quiet sleep environment, these
interventions effectively help patients regulate their
sleep cycles [12]. Such measures not only improve sleep
quality but also alleviate preoperative anxiety that may
lead to postoperative complications. Studies show that
patients who consistently follow CBT and sleep hygiene
guidelines exhibit enhanced sleep quality with reduced
delirium incidence, highlighting the crucial role of
psychological support in perioperative care for elderly
patients [74]. Integrating cognitive education strategies
into routine clinical practice allows healthcare providers
to simultaneously address patients’ physical and mental
rehabilitation needs.
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Physical exercise and non-invasive brain stimulation
techniques (such as repetitive transcranial magnetic
stimulation, rTMS), have gained significant attention
as non-pharmacological interventions in preventing
postoperative delirium. Tailoring light exercise regimens
to individual patient needs can enhance blood circulation,
improve emotional well-being, and elevate overall health
status, all crucial factors for reducing delirium risks [75].
Research demonstrates that regular physical activity
effectively improves cognitive function and decreases
postoperative delirium incidence, with systematic
training during the recovery phase showing particularly
strong efficacy. Moreover, rTMS has been validated as
an innovative therapy for cognitive enhancement, with
this non-invasive technology demonstrating notable
improvements in cognitive function and reduced delirium
rates among elderly patients [76].

The application of rTMS in perioperative care offers new
approaches to strengthen cognitive resilience in vulnerable
populations. Collectively, these non-pharmacological
interventions establish a multidimensional delirium
prevention framework, underscoring the necessity
to balance physical function and cognitive health in
geriatric surgical patients. By integrating these strategies
into clinical practice, healthcare providers can not only
significantly improve patient outcomes but also effectively
alleviate the distress caused by postoperative delirium.

Multimodal sleep management strategies: The
integration of pharmacological and non-pharmacological
interventions in multimodal sleep management has
emerged as an effective approach to improve sleep quality
in elderly surgical patients. Given the high prevalence of
Perioperative Sleep Disorders (PSD) among this population,
the synergistic effects of these combined interventions
are particularly crucial, as such disorders significantly
increase the risk of Postoperative Delirium (POD) and
cognitive impairment. Pharmacological interventions such
as dexmedetomidine and melatonin receptor agonists
have been proven to improve sleep quality and reduce POD
incidence [6], working through mechanisms that regulate
sleep architecture and promote sleep onset, thereby
mitigating the negative impact of surgical stress on sleep.
Non-pharmacological strategies like cognitive behavioral
therapy for insomnia, environmental optimization (such as
noise reduction and light intensity control), and cultivation
of sleep hygiene habits have also demonstrated benefits
in enhancing sleep quality. Research indicates that these
non-invasive methods effectively alleviate anxiety and
promote relaxation, key elements for achieving restorative
sleep [12].

The combined application of these strategies not only
improves immediate sleep quality but also facilitates
overall postoperative recovery, as good sleep is closely
associated with reduced pain sensitivity and improved
emotional well-being [6]. However, implementing
multimodal sleep management presents challenges.
Individual patient variations, including existing sleep
disorders, comorbidities, and anesthesia effects,
complicate  personalized intervention approaches.
Additionally, the lack of standardized protocols for
perioperative sleep disorder assessment and management
may hinder the effective implementation of multimodal
interventions [77]. Developing personalized care plans is
crucial, requiring thorough consideration of each patient’s
specific circumstances to maximize the effectiveness of
combined interventions. Future research should focus on
establishing evidence-based guidelines to promote the
integration of multimodal sleep management into routine
perioperative care protocols. This ensures elderly patients
receive comprehensive support during this critical phase,
meeting their sleep needs effectively.

The implementation of perioperative individualized
sleep management presents both opportunities and
challenges. As the academic community increasingly
recognizes the impact of sleep disorders on postoperative
outcomes particularly in elderly patients personalized
interventions for this population have become crucial. This
management model requires comprehensive evaluation of
each patient’s sleep history, underlying conditions, and
potential effects of surgical procedures and anesthesia
on sleep patterns. Such personalized strategies can
identify modifiable risk factors (such as anxiety, pain, and
environmental stressors), and manage them through a
combination of pharmacological and non-pharmacological
interventions [6]. However, practical implementation
of individualized sleep management still faces multiple
challenges.

The primary obstacle lies in the lack of standardized
assessment tools and perioperative sleep quality
monitoring protocols. Differences between subjective
questionnaires and polysomnography-based evaluations
make it difficult to establish a unified intervention
framework [78]. Moreover, the multifactorial nature
of sleep disorders in elderly patients, influenced by
comorbidities such as dementia, depression, and
obstructive sleep apnea, necessitates multidisciplinary
approaches that may not always be feasible in current
clinical settings [79]. Additionally, concerns about potential
side effects and drug interactions often lead physicians to
avoid medication interventions, resulting in inadequate
sleep disorder treatment [80]. Therefore, establishing a
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collaborative medical team involving anesthesiologists,
geriatric specialists, and nursing staff is essential for
developing and implementing effective personalized
sleep management plans. By promoting a collaborative
team model, healthcare professionals can share expertise
and experience, thereby improving the overall quality
of care for elderly surgical patients. In conclusion, while
perioperative individualized sleep management holds
significant potential, overcoming related challenges
requires coordinated efforts from multiple stakeholders:
standardizing assessment protocols, strengthening
interdisciplinary collaboration, and integrating sleep
management into routine perioperative care systems.

Relationship between Intraoperative Pain

Management, Sleep and Delirium

Mechanism of pain’s effect on sleep quality: Acute
pain is a significant disruptor of sleep quality, not only
affecting duration but also altering sleep architecture.
The relationship between pain and sleep is complex and
bidirectional: pain can cause sleep disturbances, while poor
sleep quality may exacerbate pain perception. Acute pain
typically manifests as sudden onset with intense intensity,
triggering physiological and psychological responses that
severely disrupt sleep patterns. For instance, patients
may struggle to fall asleep or maintain sleep due to pain.
This disruption is evident in multiple aspects, including
difficulty falling asleep, frequent awakenings, and reduced
total sleep time [81,82]. Additionally, sleep architecture
undergoes changes with decreased proportions of
restorative deep sleep and Rapid Eye Movement (REM)
sleep, both crucial for physical and mental recovery
[83,84].

Research indicates that acute pain increases the
frequency of arousal during sleep, leading to fragmented
sleep patterns. These disruptions not only reduce overall
sleep quality but also weaken its restorative effects,
creating a vicious cycle where pain and sleep disorders
reinforce each other [85,86]. The neurobiological
mechanism involves activating the body’s stress response
system (including the hypothalamic-pituitary-adrenal
axis), which triggers elevated levels of stress hormones
like cortisol, further impairing sleep quality [87,88].

Furthermore, psychological and emotional factors
associated with pain management may contribute to sleep
disorders. Pain-related anxiety and stress can create a
state of heightened alertness, making it harder for patients
to relax and fall asleep [89,90]. This emotional distress
forms a vicious cycle: poor sleep quality increases pain
sensitivity, which in turn intensifies pain perception,
leading to more sleep issues [91,92].

In clinical practice, improving sleep quality is crucial
for acute pain management, as enhanced sleep quality
significantly promotes pain control and overall recovery.
Interventions such as Insomnia Cognitive Behavioral
Therapy (CBT-I) or pharmacological approaches to
improve sleep quality may positively impact both pain
relief and sleep disorders [93,94]. Furthermore, a deeper
understanding of the complex relationship between
pain and sleep enables healthcare providers to develop
integrated treatment plans addressing both issues
simultaneously, thereby effectively improving patient
outcomes and quality of life [95,96].

Insummary,acute pain profoundly impacts sleep quality
by disrupting sleep architecture and significantly reducing
overall restorative efficiency. Addressing these challenges
is crucial for effective pain management and improving the
quality of life for patients with acute pain. Future research
should continue to explore the mechanisms linking pain
and sleep, while developing evidence-based interventions
to mitigate these adverse effects.

Pain control strategies and their effects on sleep
and cognition: Perioperative pain management is
crucial, particularly for elderly patients, as it significantly
impacts postoperative recovery, sleep quality, and
cognitive function. Recent studies have compared regional
anesthesia techniques such as Psoas Muscle Block (PCB)
with traditional methods in terms of analgesic efficacy
and subsequent effects on sleep and cognition. Research
indicates that PCB technology provides effective pain
relief, potentially reduces opioid dosage, and decreases
systemic opioid-related side effects like drowsiness and
cognitive impairment [97]. In contrast, conventional
anesthesia often over-reliance on opioids may exacerbate
postoperative sleep disorders and induce delirium, a
phenomenon more pronounced in older adults [94].
Clinical evidence shows that PCB technology improves
pain management and enhances postoperative sleep
quality patients receiving this block experience fewer
awakenings and higher sleep efficiency compared to
traditional anesthesia groups [94-98]. Furthermore,
improved sleep quality profoundly affects cognitive
function: multiple studies demonstrate that good sleep
correlates closely with cognitive improvement, suggesting
that effective analgesic strategies like PCB can reduce the
risk of postoperative cognitive impairment [97]. Therefore,
the choice of anesthesia not only impacts immediate pain
control but also has lasting effects on patients’ overall
recovery trajectory, underscoring the necessity of tailoring
anesthesia approaches for elderly populations.

Painmedicationsplayacrucialrolein postoperative pain
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management, but their impact on sleep quality and the risk
of postoperative delirium requires careful consideration,
especially in elderly patients. While opioids effectively
relieve pain, they disrupt sleep architecture, leading to
increased sleep fragmentation and reduced sleep quality
[94]. This disruption may accelerate cognitive decline and
increase the risk of delirium, a common postoperative
complication in older patients [98]. In contrast, non-opioid
analgesics such as acetaminophen and Nonsteroidal Anti-
Inflammatory Drugs (NSAIDs) can adequately control pain
while minimizing adverse effects on sleep and cognition
[97]. Additionally, multimodal analgesia (integrating
different types of analgesic agents) has been proven to
reduce opioid use while enhancing pain relief, thereby
maintaining sleep quality and lowering delirium incidence
[94-98]. The interaction between pain control and sleep
is particularly critical: sleep deprivation exacerbates pain
perception, creating a vicious cycle that impacts recovery
progress and cognitive function [97]. Therefore, clinicians
must strike a balance between effective pain management
and potential cognitive/sleep-related issues caused by
analgesics, advocating personalized treatment plans
that prioritize sleep quality and cognitive health while
providing pain relief for elderly postoperative patients.

Early postoperative activity and its relationship
with sleep recovery: The relationship between early
postoperative activity and sleep recovery remains a key
focus of current research, particularly for elderly patients
who face higher risks of postoperative complications
such as sleep disorders and cognitive decline. Studies
demonstrate that early mobilization significantly enhances
recovery outcomes, with improved sleep quality being
crucial for cognitive rehabilitation. For instance, a survey of
liver resection patients using the Pittsburgh Sleep Quality
Index (PSQI) revealed that those who actively engaged in
early activities showed markedly better sleep quality than
inactive groups [99]. This improvement in sleep quality
is particularly significant. As sleep deprivation not only
exacerbates postoperative pain and increases delirium
risk but also prolongs hospital stays, thereby delaying
recovery. Moreover, early postoperative activity facilitates
rapid gastrointestinal recovery, which not only improves
overall health status but also effectively reduces the
incidence of postoperative complications [69].

The physiological mechanisms behind these benefits
are multifaceted. Postoperative physical activity enhances
blood circulation and triggers endorphin release, which
helps alleviate pain, improve mood, and consequently
promote better sleep quality [100]. Moreover, early
mobilization aids in restoring circadian rhythm disruptions
caused by surgery and anesthesia, thereby optimizing

sleep patterns. For instance, patients undergoing total
knee replacement who participated in early rehabilitation
training not only reported reduced pain levels but also
demonstrated positive outcomes including improved sleep
quality and accelerated functional recovery [101].

Furthermore, the psychological dimension of early
rehabilitation activities should notbe overlooked. Research
indicates that patients who engage in light exercise tend
to better manage their recovery process, effectively
alleviating common postoperative anxiety and depressive
symptoms [102]. This psychological empowerment is
crucial, as mental health is closely linked to sleep quality
and cognitive function. Studies show that patients with
preoperative sleep disorders face higher risks of cognitive
impairment after surgery, highlighting the importance of
considering both physiological and psychological factors
when developing rehabilitation plans [17].

In conclusion, existing evidence demonstrates a
significant correlation between early postoperative activity
and improved sleep quality, which in turn promotes
cognitive function recovery. Implementing structured
early rehabilitation programs during postoperative care,
particularly for elderly patients, can effectively enhance
the effectiveness of rehabilitation. This approach not only
reduces postoperative complication rates but also creates a
holisticrecovery environment that addresses both physical
and mental health needs, ultimately improving patients’
quality of life. Future research should continue exploring
optimal early activity types and intensities tailored to
different surgical populations, aiming to achieve optimal
sleep quality and cognitive function recovery outcomes.

Effects of Perioperative Inflammatory Response on
Sleep and Cognitive Function

Surgical stress and systemic inflammatory
response: Surgical stress represents a significant
physiological  challenge that triggers systemic

inflammatory responses, which may profoundly impact
the Central Nervous System (CNS). Characterized by the
release of various inflammatory mediators including
cytokines, chemokines, and acute phase proteins, this
stress response affects neuronal function and contributes
to postoperative complications such as delirium and
cognitive impairment. For instance, Interleukin-6 (IL-6)
and C-Reactive Protein (CRP), key inflammatory markers,
have been shown to correlate with cognitive deficits
in surgical patients [103,104]. During surgical stress,
activation of the Hypothalamic-Pituitary-Adrenal (HPA)
axis elevates cortisol levels, exacerbating inflammation
and impairing neuroplasticity - factors that collectively
increase the risk of postoperative neuropsychiatric
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disorders [105]. Furthermore, the inflammatory
environment damages the Blood-Brain Barrier (BBB),
allowing pro-inflammatory cytokines to infiltrate the CNS
and intensify neuroinflammation, potentially leading to
long-term cognitive deficits [106,107].

Furthermore, inflammatory mediators exert their
effects through modulation of neuroimmune interactions.
Activated microglia and astrocytes release increased
inflammatory cytokines, creating a vicious cycle of
neuroinflammation [108]. This neuroinflammatory
response may lead to synaptic dysfunction and neuronal
apoptosis, subsequently causing Postoperative Cognitive
Impairment (POCD) and delirium - particularly prevalent
among vulnerable populations such as the elderly
[109,110]. The regulation of these inflammatory responses
through anesthetic techniques (e.g., regional anesthesia
or anti-inflammatory medications) has been proposed
as an effective strategy to mitigate these adverse effects
[111,112].

In conclusion, the systemic inflammatory response
triggered by surgical stress plays a critical role in
central nervous system function and may lead to severe
postoperative complications. A thorough understanding
of the complex relationship between surgical stress,
inflammatory mediators, and central nervous system
prognosis is essential for developing effective strategies
to reduce cognitive impairment and promote patient
recovery. Future research should focus on identifying
biomarkers that predict postoperative cognitive outcomes
and implementing targeted interventions to regulate
perioperative inflammatory responses [113,114].

Mechanism of action of anti-inflammatory drugs
such as dexamethasone: Dexamethasone and other
anti-inflammatory drugs play multiple roles in managing
inflammatory responses and improving sleep quality
during perioperative care for elderly patients. As a
synthetic glucocorticoid, dexamethasone primarily exerts
its effects by inhibiting the Hypothalamic-Pituitary-Adrenal
(HPA) axis, which serves as the key mechanism for stress
response and inflammation regulation. By suppressing this
axis, dexamethasone effectively reduces ACTH secretion,
thereby lowering cortisol levels and helping alleviate
the inflammatory responses commonly associated with
surgical stress. This reduction in inflammation is crucial
because elevated inflammatory markers are closely linked
to postoperative complications such as delirium and
decreased sleep quality, particularly in elderly patients
who are already vulnerable to these conditions [15].

Furthermore, studies have demonstrated that

dexamethasone inhibits the production of pro-
inflammatory cytokines such as Interleukin-6 (IL-6) and
Tumor Necrosis Factor-a (TNF-a). These inflammatory
mediators not only exacerbate inflammation but also
contribute to sleep disturbances [115]. By regulating
these inflammatory pathways, dexamethasone effectively
alleviates inflammation while improving postoperative
sleep quality. The interplay between inflammation and
sleep has been well-documented: elevated levels of
inflammatory cytokines disrupt sleep patterns, whereas
adequate rest is crucial for recovery and cognitive function,
a finding particularly evident in elderly populations [116].

Dexamethasone not only provides anti-inflammatory
benefits but also enhances sleep quality by promoting
postoperative recovery. Studies indicate that patients
receiving dexamethasone therapy demonstrate better
pain management after surgery, which significantly
improves sleep quality [115]. Given that pain is a major
contributor to postoperative sleep disorders, effective
pain relief through dexamethasone helps create a more
conducive environment for restful sleep.Furthermore,
the timing and dosage of dexamethasone administration
are crucial for maximizing its therapeutic benefits while
minimizing potential side effects such as hyperglycemia
and immunosuppression. These adverse effects may
complicate postoperative recovery in elderly patients
[117]. By carefully considering these factors, we can
effectively enhance dexamethasone’s therapeutic efficacy
in reducing inflammation and improving sleep quality,
ultimately achieving better surgical rehabilitation
outcomes.

Overall, the anti-inflammatory mechanism of
dexamethasone highlights its crucial value in perioperative
management of elderly patients. By effectively suppressing
the hypothalamic-pituitary-adrenal axis and reducing
inflammatory cytokine levels, this medication not only
alleviates  surgery-related inflammatory responses
but also significantly improves sleep quality, thereby
facilitating better postoperative recovery outcomes for this
vulnerable population. Future research should continue
exploring optimized strategies for using dexamethasone
and other anti-inflammatory drugs in elderly patients’
sleep management and postoperative delirium prevention.

Interaction  between inflammation, sleep
disorders and delirium: Chronic inflammation has been
increasingly recognized as a significant factor influencing
sleep disorders and cognitive decline, particularly evident
in elderly populations. The interaction between these two
factors is complex: chronic inflammatory states can induce
sleep disturbances, which in turn exacerbate cognitive
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impairment and increase postoperative delirium risks.
Studies indicate that systemic inflammation disrupts
normal sleep patterns, leading to common conditions
like insomnia and obstructive sleep apnea, symptoms
that are especially prevalent among older adults [118].
Inflammation also alters neurotransmitter systems
involved in sleep regulation (such as serotonin and
norepinephrine), thereby reducing both sleep quality and
duration [119]. Notably, sleep deprivation itself triggers
inflammatory responses, creating a vicious cycle: poor
sleep quality worsens inflammation, which subsequently
damages cognitive function and elevates postoperative
delirium risks [12].

Clinical studies have confirmed that elevated levels
of inflammatory markers such as Interleukin-6 (IL-6)
and C-Reactive Protein (CRP) are closely associated with
sleep disorders and cognitive decline [120]. In chronic
sleep-deprived patients, for instance, neuroinflammatory
responses are significantly intensified, a condition directly
linked to memory impairment and attention deficits
[121]. This correlation warrants particular attention
in postoperative care. As surgical stress exacerbates
existing inflammatory states, it substantially increases the
incidence of postoperative delirium [122].

Furthermore, these interactions involve mechanisms
such as Blood-Brain Barrier (BBB) disruption and
alterations in neuroinflammatory pathways. Chronic
inflammation increases BBB permeability, allowing
inflammatory cytokines to enter the central nervous system
and impair neuronal function [123]. This process proves
particularly detrimental for elderly individuals, as aging
brains are inherently more susceptible to inflammatory
damage. The cumulative effects of chronic inflammation
and sleep disorders may lead to neurodegenerative
changes, including the accumulation of amyloid and tau
proteins which are closely associated with Alzheimer’s
disease and other forms of dementia [118].

Therefore, interventions targeting inflammation and
sleep quality may be crucial for delaying cognitive decline
and reducing the risk of delirium in older adults. Strategies
such as cognitive behavioral therapy for insomnia,
pharmacological treatments for sleep disorders, and
anti-inflammatory therapies could help break the vicious
cycle between inflammation and cognitive impairment
[124]. Moreover, lifestyle changes like regular exercise
and dietary adjustments have been proven to effectively
reduce inflammatory levels and improve sleep quality,
further supporting efforts to maintain cognitive health
[119].

In summary, the interplay between chronic
inflammation, sleep disorders, and cognitive impairment
represents a pivotal research focus. This highlights the
critical need for comprehensive management strategies
in elderly populations, particularly during perioperative
care. Understanding these connections enables healthcare
providers to develop targeted interventions that
enhance surgical outcomes for older patients undergoing
procedures.

Assessment and Prediction of Perioperative Sleep
Disorders and Delirium Risk in Elderly Patients

Existing risk assessment tools and their
applicability: In perioperative care for elderly patients,
sleep quality assessment and Postoperative Delirium
(POD) prediction are critical factors influencing patient
outcomes. Multiple evaluation tools have been developed,
with the Pittsburgh Sleep Quality Index (PSQI) being
the most widely used. This scale assesses subjective
sleep quality, time to fall asleep, duration of sleep, sleep
efficiency, sleep disorders, use of sedatives, and daytime
functional impairment. Studies indicate that surgical
patients with poor sleep quality show significantly
increased risks of postoperative delirium, particularly
in older populations [125]. For instance, a meta-analysis
demonstrates a strong correlation between preoperative
sleep disturbances and postoperative delirium incidence,
underscoring the importance of routine sleep assessments
for elderly patients [126].

In addition to sleep quality assessment tools,
researchers have developed various delirium prediction
models to identify high-risk patients for Postoperative
Delirium (POD). These models typically integrate multiple
risk factors such as age, cognitive impairment, and pre-
existing conditions. For instance, the Duke Anesthesia
Resistance Scale (DARS) and Delirium Risk Assessment
Tool (DRAT) have undergone predictive validity validation
in surgical settings. Studies show that DARS demonstrates
significant predictive efficacy in predicting postoperative
delirium among elderly patients with hip fractures,
where higher scores correlate with greater delirium
risks [127]. Similarly, validation of DRAT across different
surgical populations has demonstrated its effectiveness in
identifying patient groups suitable for targeted preventive
measures [128].

Furthermore, machine learning approaches have
emerged as a game-changing solution for predicting
operative time (POD), leveraging electronic health
record data to optimize risk stratification. Cutting-edge
research demonstrates that machine learning models
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outperform traditional logistic regression in surgical
timing predictions, signalling a clinical shift toward more
precise forecasting methods [129]. These advancements
highlight the transformative potential of integrating
machine learning algorithms with existing diagnostic
tools, enabling more accurate identification of high-risk
patient populations.

While existing evaluation tools and predictive
models are now ready for clinical use, their practical
implementation in medical practice remains significantly
limited. Challenges such as insufficient awareness among
healthcare professionals, inadequate training programs,
and the inherent complexity of risk factors have hindered
widespread adoption. More critically, current models face
persistent issues including high bias risks and inadequate
external validation, raising questions about their
applicability across diverse patient populations [130].
Therefore, it is imperative to conduct ongoing research to
refine these tools’ performance, validate their effectiveness
in various surgical scenarios, and establish standardized
perioperative care protocols.

In conclusion, integrating sleep quality assessment
scales with delirium prediction models is crucial for
improving perioperative management of elderly patients.
By identifying high-risk groups for postoperative
complications (POD), healthcare providers can implement
targeted interventions to enhance patient outcomes and
reduce the burden of postoperative complications. Future
researchshould focusonvalidatingthesetools’applicability
across different surgical scenarios and exploring the
potential advantages of combining traditional assessment
methods with advanced predictive analytics.

Biomarkers and neuroimaging to aid prediction:
The correlation between biomarkers and neuroimaging
techniques in predicting postoperative delirium (POD)
in elderly patients has garnered increasing attention,
particularly as inflammatory factors have been identified
as potential mediators. Recent studies indicate that the
Systemic Inflammatory Index (SII) serves as a significant
predictor of postoperative sleep disorders, which are
closely associated with delirium. A prospective cohort
study involving 500 elderly patients undergoing total joint
replacement revealed that those with SII values =500.3
showed a significantly increased risk of postoperative
sleep disorders, with a odds ratio of 3.26 observed in
univariate analysis, a strong association persisting even in
multivariate models [131].

This demonstrates that SII, obtained through routine
blood tests, not only serves as an easily accessible

biomarker but also acts as an economically effective tool
for assessing POD risks, highlighting the importance of
perioperative inflammatory processes. Additionally, the
Neutrophil/Lymphocyte Ratio (NLR) has emerged as a
relevant biomarker, especially in Obstructive Sleep Apnea
(0SA), a known risk factor for perioperative complications.
Research indicates that NLR levels are markedly elevated
in high-risk OSA patients, further confirming the link
between systemic inflammatory responses and surgical
sleep-related complications [132].

Beyond inflammatory biomarkers, neuroimaging
techniques such as functional Magnetic Resonance Imaging
(fMRI) and Electroencephalography (EEG) are crucial for
elucidating the neurobiological mechanisms underlying
Postoperative Delirium (POD). For instance, a study of
surgical aortic valve replacement patients revealed that
specific infarction sites and altered brain connectivity
were associated with increased postoperative delirium
incidence. Notably, patients developing delirium exhibited
larger lesions in critical brain regions like the right
cerebellum and temporal lobe white matter, suggesting
that occult brain damage may significantly contribute to
delirium onset [133]. This underscores the importance
of advanced neuroimaging technologies in detecting
subtle brain changes unobservable through conventional
assessments. Additionally, Non-Dissemination Diffusion
Imaging (NODDI) has been validated for identifying
microstructural brain damage linked to cognitive
impairment and delirium risk. A preoperative diffusion
MRI analysis demonstrated significant differences in
microscopic structural metrics among patients who
later developed postoperative delirium, indicating that
preoperative brain abnormalities may predispose patients
to postoperative cognitive dysfunction [134].

The integration of inflammatory biomarkers with
neuroimaging findings enables a comprehensive
understanding of Postoperative Delirium (POD)
mechanisms in elderly patients. By identifying high-risk
groups through these predictive indicators, targeted
interventions can be implemented to reduce delirium
incidence. For instance, personalized anesthesia
protocols and proactive postoperative care strategies
can be developed by combining individual risk profiles
with inflammatory status and neuroimaging results.
Furthermore, recent studies suggest that neuroprotective
agents may mitigate anesthesia-related neurotoxicity,
underscoring the necessity for longitudinal research
integrating biomarkers and imaging technologies to
improve patient outcomes [135]. Ultimately, collaboration
between clinical practice and scientificresearch in applying
biomarkers and neuroimaging will pave new pathways for
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optimizing predictive models and therapeutic strategies
for postoperative delirium in elderly patients.

Personalized risk management strategies: Given
the high incidence of Postoperative Delirium (POD)
in geriatric surgical patients, developing personalized
sleep management and delirium prevention strategies is
crucial. By comprehensively evaluating multidimensional
risk factors such as preoperative cognitive function,
comorbidities, and sleep quality, tailored intervention
plans can be formulated for each patient. Studies indicate
that preoperative cognitive impairment significantly
increases POD risk, with up to 70% of elderly patients
experiencing POD [1]. Therefore, incorporating cognitive
function assessment into preoperative evaluations helps
identify high-risk groups and enable early intervention.
Notably, sleep disorders have been proven to be a major
contributor to POD, and preoperative interventions can
effectively reduce delirium risks [15].

Non-pharmacological interventions like optimizing
sleep hygiene habits and environmental adjustments serve
as vital components of the delirium prevention system.
For instance, ensuring adequate daylight exposure and
minimizing nighttime disturbancesnotonly improves sleep
quality but also reduces POD incidence [73]. Additionally,
predictive models (such as the Duke Anesthesia Resistance
Scale-DARS) can stratify patients based on their POD
risk, allowing healthcare providers to allocate resources
efficiently and implement targeted preventive measures
[127]. Through interdisciplinary collaboration involving
geriatric medicine specialists, anesthesiologists, and
nursing teams, we can create customized plans combining
pharmacological treatments and non-pharmacological
interventions for each patient. This precision medicine
approach not only enhances care quality but also optimizes
postoperative recovery outcomes, thereby alleviating the
dual pressures of delirium on both patients and healthcare
systems.

Future Research Direction and Clinical Practice
Outlook

Development and application of new sleep
management techniques: In elderly patients, particularly
in perioperative care management, significant progress
has been made in treating sleep disorders through
the development and application of new technologies.
Novel medications like eszopiclone have demonstrated
effectiveness in improving sleep quality and cognitive
function in Alzheimer’s disease patients with sleep
disorders, indicating that pharmacological interventions
may promote postoperative rehabilitation [136].

Additionally, brain stimulation techniques such as
Transcranial Magnetic Stimulation (TMS) are emerging
as novel options for treating sleep disorders. TMS can
regulate sleep-regulating neural circuits to improve sleep
architecture and alleviate insomnia symptoms in older
adults [137]. Digital health tools, particularly smartphone
apps and wearable devices are increasingly popular as
convenient sleep monitoring solutions.

A systematic review highlights that multiple sleep-
related apps assist in diagnosing and managing sleep
disorders (including obstructive sleep apnea), with their
roleinpersonalized sleep managementstrategiesbecoming
increasingly prominent [138]. These applications not only
provide real-time sleep pattern data but also enhance
patient engagement through self-monitoring and feedback
mechanisms, which is crucial for ensuring treatment
adherence. Furthermore, integrating telemedicine into
sleep management allows remote consultations and
follow-ups, enabling healthcare providers to monitor
patient progress more easily and adjust treatment plans
as needed [139]. The combination of these innovative
approaches pharmacology, technology, and telemedicine
promises to improve sleep quality, reduce postoperative
delirium rates in elderly patients, thereby enhancing
overall surgical outcomes and quality of life.

Construction of multi-disciplinary collaboration
mode: The perioperative management of elderly patients
requires establishing a multidisciplinary collaborative
model that integrates the professional expertise of
anesthesiology, neurology, psychiatry, and nursing teams.
This coordinated mechanism is crucial for addressing the
unique challenges faced by this population, particularly in
managing sleep disorders and preventing postoperative
delirium. Anesthesiologists play a pivotal role in developing
personalized anesthesia plans, requiring comprehensive
consideration of patients ‘overall health status,
comorbidities, and potential anesthesia-related risks.
For instance, elderly patients are often more susceptible
to the effects of anesthetic drugs, which may exacerbate
cognitive decline and increase the risk of postoperative
complications (such as delirium) [140]. Neurologists,
through evaluating patients’ baseline cognitive levels and
identifying pre-existing neurological conditions that may
impact postoperative recovery, provide critical guidance
for optimizing anesthesia techniques and postoperative
care protocols. This approach effectively reduces risks and
promotes rehabilitation.

Psychiatrists play a vital role in this healthcare
framework, particularly in addressing psychological
challenges arising from surgical interventions. They can
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identify patients at high risk of anxiety and depression
- emotional factors that may hinder recovery. By
conducting preoperative psychological assessments and
implementing interventions, psychiatrists effectively
alleviate anxiety, thereby enhancing overall treatment
outcomes [141]. Furthermore, the nursing team plays a
central role in monitoring patients’ physical and mental
health throughout the perioperative period. Nurses
often serve as the first line of defense in recognizing
postoperative delirium symptoms and developing
strategies to improve sleep hygiene practices while
reducing environmental stressors - the primary culprits
behind sleep disorders. Specific measures include creating
restorative environments, educating patients and families
about postoperative recovery protocols, and ensuring
proper pain management. All these efforts are crucial for
successful rehabilitation.

Establishing structured communication frameworks
among interdisciplinary teams is crucial to ensure
alignment of objectives and interventions. Regular cross-
disciplinary meetings facilitate the sharing of insights into
patient progress and updates, enabling timely adjustments
to care plans based on actual circumstances. Additionally,
implementing training programs that emphasize teamwork
can further enhance the effectiveness of this model. By
fostering a work environment characterized by mutual
respect and open communication, healthcare professionals
can collaborate more efficiently in addressing the complex
needs of geriatric surgical patients.

In conclusion, establishing a multidisciplinary
collaborative ~ model  integrating  anesthesiology,
neurology, psychiatry, and nursing teams is crucial for
optimizing perioperative management of elderly patients.
This approach not only enhances surgical safety and
effectiveness but also significantly improves patient
experience by addressing both medical and psychological
needs.Withtheintensifyingpopulationagingandincreasing
surgical demands, the importance of such collaborative
models will grow increasingly prominent. This reality calls
for continuous research and development efforts to refine
clinical practices, ultimately delivering superior treatment
outcomes for elderly patients undergoing surgery.

Need for large-scale multicenter clinical trials: The
relationship between perioperative sleep management
and Postoperative Delirium (POD) in elderly patients
highlights the necessity of large-scale multicenter clinical
trials to verify the effectiveness of sleep interventions.
Postoperative delirium, a significant complication
particularly prevalent among older adults, can lead to
cognitive impairment, prolonged hospital stays, and

increased healthcare costs [142]. Identifying effective
strategies to alleviate postoperative delirium is crucial,
as sleep disorders have been confirmed as independent
risk factors for its development [15]. Recent studies
suggest that medications like dexmedetomidine and
dexamethasone may indirectly reduce postoperative
delirium incidence by improving perioperative sleep
quality [15-143]. However, due to limited sample sizes
and single-center designs, small-scale research findings
often lack generalizability and fail to adequately reflect the
diversity of elderly surgical patients. Therefore, conducting
multicenter trials is essential for establishing evidence-
based interventions such as pharmacological treatments
or cognitive behavioral therapies for insomnia, which
can significantly reduce postoperative delirium rates and
improve recovery outcomes.

Beyond verifying the efficacy of sleep interventions,
these large-scale clinical trials will also help explore
multiple factors influencing the relationship between
sleep quality and cognitive outcomes. For instance, the
interactions between preoperative sleep quality, surgical
stress,and postoperative recovery demonstrate complexity
and multifactorial nature. Developing personalized sleep
intervention plans based on baseline characteristics such
as patient age, comorbidities, and existing sleep disorders
can enhance the precision of perioperative care [144].
Furthermore, multicenter studies provide a platform to
evaluate how different surgical approaches affect sleep
quality and cognitive function, thereby offering a more
comprehensive understanding of how surgical stressors
contribute to postoperative cognitive impairment (POD)
across various scenarios.

Furthermore, implementing standardized treatment
protocols across multiple medical centers can effectively
collect high-quality data. This data is crucial for evaluating
the actual effectiveness of sleep interventions on
postoperative recovery days (POD) and other surgical
outcomes. By adopting unified methods for sleep quality
assessment, cognitive function testing, and delirium
incidence statistics, researchers can obtain more reliable
and comparable data results. Given the variations in
perioperative care management and patient prognosis
monitoring among different medical institutions [145],
such standardized protocols become particularly vital.

Ultimately, the findings from these large-scale
multicenter trials hold significant implications for clinical
practice and healthcare policy. Developing evidence-
based perioperative sleep management guidelines not
only enhances postoperative recovery outcomes and
reduces medical costs for elderly patients, but also
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optimizes their rehabilitation protocols. Therefore,
investing in multicenter trials to explore the impact of
sleep interventions on Postoperative Delirium (POD) is
not only essential but also a critical initiative to advance
perioperative medicine and improve care quality for
vulnerable populations [146]. In conclusion, conducting
large-scale multicenter clinical trials is vital to validate
the value of sleep interventions in reducing postoperative
delirium and improving overall surgical outcomes among
elderly patients. This will ultimately foster higher-quality
medical practices and patient-centered care models.

Development and promotion of perioperative sleep
management guidelines: Developing and promoting
perioperative sleep management guidelines is crucial
for addressing the high incidence of postoperative sleep
disorders in elderly patients. These sleep disturbances
may lead to adverse outcomes such as delirium, cognitive
decline, and prolonged recovery periods. Recent studies
have shown significant variations in perioperative sleep
disorder prevalence among elderly surgical patients:
0-91% preoperatively versus 6.7-93% postoperatively [6].
Guidelines should be developed based on comprehensive
understanding of perioperative sleep disorder
epidemiology, integrating subjective assessments (e.g.,
Pittsburgh Sleep Quality Index) with objective monitoring
methods (e.g, polysomnography) to achieve precise
diagnosis and effective management [147]. Additionally,
guidelines must emphasize the importance of establishing
multidisciplinary collaboration mechanisms involving
anesthesiologists, surgeons, nurses, and sleep specialists
to ensure systematic implementation of sleep management
throughout the perioperative period.

Standardized clinical protocolsareessential forreducing
sleep disorder-related risks, which are often exacerbated
by adverse factors such as pain management, anesthesia
administration, and hospital environments [148]. Clinical
guidelines should promote multimodal interventions that
combine pharmacological treatments (e.g., melatonin
and dexmedetomidine) with non-pharmacological
approaches (e.g., cognitive behavioral therapy), along with
environmental adaptations to improve sleep quality [149].
Furthermore, implementing these guidelines requires
establishing a sustained healthcare education system to
ensure medical professionals consistently adhere to best
practice standards in sleep management.

To promote the widespread adoption of these
guidelines, it is crucial to involve all stakeholders including
healthcare professionals, patients, and policymakers in
the development process. This collaborative approach
enables tailored guideline content that addresses the

specific needs of different patient groups while ensuring
practical applicability across various clinical scenarios
[150]. Furthermore, implementing quality improvement
programs and performance evaluation metrics can
effectively monitor guideline implementation and their
impact on patient outcomes, thereby fostering a culture
of accountability and continuous improvement in
perioperative care [6].

In conclusion, developing standardized perioperative
sleep management guidelines is crucial for improving care
quality in geriatric surgical patients. By implementing
systematicclinicalpracticestoaddressthemultidimensional
nature of sleep disorders, these guidelines can not only
significantly enhance postoperative recovery and reduce
complication rates, but ultimately elevate the overall
nursing standards for this vulnerable population. Future
research should focus on refining guideline content based
on the latest evidence and exploring innovative strategies
to optimize perioperative sleep management [151].

BEAR

In conclusion, perioperative sleep disorders serve as
a significant independent risk factor for postoperative
delirium in elderly patients, highlighting the urgent need
to optimize sleep management strategies to alleviate
cognitive impairment following surgery. These sleep
disturbances involve multifaceted factors including
neuroinflammation, compromised blood-brain barrier
function, and circadian rhythm disruptions, with their
complex impact on postoperative delirium being self-
evident. Such intricate causality demands a thorough
understanding of underlying mechanisms to effectively
address and manage perioperative sleep disorders.

Recent studies demonstrate that both pharmacological
treatments and non-pharmacological interventions show
significant efficacy in improving sleep quality and reducing
delirium risks. Medications such as dexamethasone and
dexmedetomidine, when combined with environmental
adjustments and non-pharmacological therapies like
repetitive Transcranial Magnetic Stimulation (rTMS), have
been proven to yield notable results. The key challenge
lies in balancing these diverse approaches to develop
comprehensive management strategies tailored to the
individual needs of elderly patients.

Pain management has emerged as a pivotal factor
in improving sleep quality and preventing delirium.
Extensive research confirms the interplay between pain
and sleep patterns, demonstrating that optimized pain
control significantly enhances sleep quality and reduces
the risk of delirium. Therefore, developing personalized
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multimodal sleep management strategies incorporating
effective pain control is crucial for enhancing treatment
outcomes in elderly surgical patients.

Looking ahead, there is an urgent need to conductlarge-
scale multicenter clinical studies to establish a scientifically
rigorous risk assessment system and comprehensive sleep
management guidelines. Such initiatives will not only
improve perioperative sleep quality for elderly patients but
also effectively reduce postoperative delirium incidence.
Ultimately, enhancing perioperative sleep quality plays a
crucial role in optimizing patient outcomes and ensuring
surgical effectiveness.

In conclusion, while existing research has
conclusively established the critical role of sleep
disorders in postoperative delirium, developing effective
intervention strategies still requires further exploration.
By strengthening collaboration among researchers,
clinicians, and stakeholders, we can not only deepen our
understanding of this complex issue but also implement
evidence-based approaches that prioritize the well-being
of elderly surgical patients. Integrating diverse research
perspectives and findings will be crucial for achieving
balanced sleep management strategies, ultimately
improving postoperative care quality and treatment
outcomes for this vulnerable population.
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