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ABSTRACT 

General anesthesia is used in modern surgical practice to achieve low-reactivity 

consciousness, involving analgesia, hypnosis, amnesia, and immobility. Recently, 

studies have revealed a complex correlation between general anesthesia and 

postoperative sleep disturbances. In the days following surgery, patients who have 

undergone anesthesia may experience an increased level of Rapid Eye Movement 

(REM) sleep due to the suppression of REM sleep during anesthesia. Postoperative 

complications, such as delirium, may be caused by these disturbances. In particular, 

anesthesia can exacerbate sleep disorders among vulnerable populations, including 

those with preexisting disabilities. Insomnia, somnolence, appetite loss, and social 

withdrawal can be symptoms of preexisting sleep disorders that can worsen 

postoperative outcomes. There is still considerable uncertainty surrounding the 

relationship between general anesthesia and sleep disturbances. This scoping review 

aims to shed light on the incidence of sleep disturbances following surgical and dental 

anesthesia procedures and investigate the intricate connection between postoperative 

sleep and general anesthesia. A pioneering study in the field of anesthesia and 

perioperative care is embarked upon by exploring this critically important topic. 

Introduction 

eneral anesthesia , a fundamental component of 

modern surgical practice, is a medically induced 

state of reduced consciousness in patients. It 

encompasses various clinical endpoints, including 

hypnosis (a disconnection from surroundings), analgesia 

(pain reduction), amnesia (memory loss), and immobility 

after surgical stimulation [1-2]. However, beyond the 

carefully managed clinical aspects, there exists a 

relatively unexplored dimension the profound impact of 

general anesthesia on sleep [3-5]. 

Recent scientific investigations have started to uncover 

the intricate relationship between general anesthesia and 

sleep, revealing postoperative sleep disturbances [3, 6-9]. 

Patients who undergo surgical or dental procedures under 

general anesthesia may experience disruptions in their 

sleep cycles, characterized by a significant increase in 

rapid eye movement (REM) sleep in the days following 

the procedure. This surge in REM sleep is a result of the 

suppression of REM sleep during the anesthesia itself [1, 

10-12]. 

The consequences of these postoperative sleep 

disturbances go beyond mere discomfort or 

inconvenience [13-14]. They extend into the realm of 

postoperative brain dysfunction, a complex condition 

where sleep disturbances are just one of its many 

manifestations [15-16]. These disturbances have the 

potential to induce postoperative fatigue, contribute to 

metabolic disorders, elevate blood pressure to 

hypertensive levels, and even increase the risk of 

cerebrovascular and cardiovascular diseases. 

Alarmingly, they have also emerged as a significant and 

unsettling risk factor for the development of delirium, a 

condition known for its harmful effects on patient 

outcomes [17-22]. The complexity of this issue is further 
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heightened when considering individuals with 

preexisting disabilities. For these vulnerable populations, 

the impact of general anesthesia-induced sleep 

disturbances can be significantly amplified [23-25]. In 

such cases, the frequency of anesthesia exposure directly 

correlates with a decline in sleep quality [26-28]. 

Interestingly, it is not only the anesthesia itself, but also 

the interaction with preexisting sleep disorders that can 

contribute to severe postoperative consequences [29-31]. 

Noteworthy examples include patients with autism 

spectrum disorder (ASD) and attention-

deficit/hyperactivity disorder (ADHD), who may 

experience ongoing insomnia, loss of appetite, daytime 

sleepiness, and withdrawal from social interactions 

following exposure to anesthesia [32-33]. This 

underscored association between preexisting conditions 

and anesthesia-induced sleep disturbances casts a 

spotlight on the multifaceted nature of this phenomenon 

[34-35]. 

However, amid the significance of these revelations, 

the influence of general anesthesia on sleep disturbances 

remains a contentious and enigmatic territory, 

underscored by the scarcity of rigorous randomized 

clinical trials and empirical research [36-37]. As the 

complexity of this interplay unfolds, this scoping review 

endeavors to illuminate the intricate relationship between 

general anesthesia and postoperative sleep cycles and 

disturbances, drawing from the corpus of existing 

literature. 

In the current discourse surrounding the prevalence of 

sleep disturbances after general anesthesia in the context 

of elective surgery and dental procedures, clarity remains 

elusive. Thus, this study aspires to contribute to the 

resolution of this debate, undertaking a meticulous 

comparison of the incidence of sleep disturbance between 

patients undergoing general anesthesia and those 

subjected to procedures without this anesthesia modality. 

In doing so, it embarks on a pioneering journey: the first 

comprehensive scoping review of this pivotal subject, 

one that holds profound implications for the field of 

anesthesiology and perioperative care. 

Anesthesia and Sleep 

Anesthesia Types and Mechanisms: 

Anesthesia is a medical practice that encompasses a 

range of agents and techniques used to induce a reversible 

state of unconsciousness and insensitivity to pain in 

patients undergoing surgical or medical procedures [38-

39]. The choice of anesthesia type depends on the nature 

and duration of the procedure, patient characteristics, and 

medical considerations. There are several primary types 

of anesthesia, including:  

General Anesthesia: This form induces a deep state of 

unconsciousness and is typically administered 

intravenously or via inhalation [40]. It involves a 

combination of drugs to produce hypnosis 

(unawareness), analgesia (pain relief), amnesia (memory 

loss), and muscle relaxation to prevent movement during 

surgery [41-42]. 

Regional Anesthesia: Regional anesthesia involves the 

administration of anesthetic agents to a specific region of 

the body, blocking sensation in that area while allowing 

the patient to remain conscious. Types of regional 

anesthesia include spinal, epidural, and nerve blocks [43-

44]. 

Local Anesthesia: Local anesthesia is used to numb a 

specific area of the body, typically through the injection 

of anesthetic agents near the targeted site [45-46]. It is 

commonly employed for minor surgical procedures or to 

manage pain in a localized region. 

Each type of anesthesia has its own unique mechanisms 

of action and applications, contributing to the patient's 

overall experience during surgery. 

Sleep Architecture and Stages 

Sleep is a vital physiological function essential for 

promoting overall health and ensuring a state of well-

being [47]. Understanding the intricate architecture and 

stages of sleep is pivotal in comprehending the profound 

impact of sleep on various facets of human physiology 

and psychology. Sleep architecture refers the structural 

organization of sleep cycles, while sleep stages represent 

distinct phases of sleep characterized by specific 

physiological and neurophysiological features [48-49]. 

Sleep is not a monolithic state but rather an orchestrated 

sequence of sleep cycles that repeat throughout the night 

[50]. These sleep cycles typically follow a consistent 

pattern, with each cycle lasting approximately 90 to 120 

minutes [51-52]. During a typical night's sleep, 

individuals undergo multiple cycles, usually four to six 

cycles, although this can vary [53]. 

Sleep is conventionally divided into two main 

categories: Non-Rapid Eye Movement (NREM) sleep 

and Rapid Eye Movement (REM) sleep [54-55]. Each of 

these categories comprises distinct stages characterized 

by specific physiological markers and patterns of brain 

activity [56-57]. 

Non-Rapid Eye Movement (NREM) Sleep 

NREM sleep is often described as the "quiet" or 

"restorative" phase of sleep. It can be further divided into 

three stages [58-59]: 

N1 (Stage 1): This is the transitional stage between 

wakefulness and sleep [60]. During N1, individuals may 

experience drowsiness and a slowing of brain activity. 

Muscle tone decreases, and eye movements are slow. 

This stage typically lasts for a few minutes [61]. 

N2 (Stage 2): N2 represents a deeper stage of NREM 

sleep [62]. It is characterized by a reduction in muscle 

activity, heart rate and body temperature regulation. 
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Sleep spindles (brief bursts of rapid brain activity) and K-

complexes (sharp waveforms) are observed during this 

stage [63]. 

N3 (Stage 3): N3 is the deepest stage of NREM sleep, 

often referred to as slow-wave sleep (SWS) [64]. Brain 

activity slows significantly, and this is the stage where 

restorative processes such as tissue repair, muscle 

growth, and immune system maintenance occur. 

Awakening individuals from N3 sleep poses a significant 

challenge, and upon being roused, they might experience 

a feeling of drowsiness [65-67]. 

Rapid Eye Movement (REM) Sleep 

Rapid Eye Movement (REM) sleep stands as one of the 

most intriguing and enigmatic phases in the complex 

landscape of human slumber [68]. Characterized by its 

namesake rapid eye movements, heightened cerebral 

activity, and remarkably vivid dreams, REM sleep is 

often regarded as the "paradoxical" stage of sleep [69-

70]. It earns this label because, despite the brain's 

heightened activity during this phase, the body's muscles 

are predominantly immobilized, preventing individuals 

from physically enacting the vivid scenarios that unfold 

within their dreams [71]. During REM sleep, the brain 

awakens, embarking on a journey of intense mental 

activity [72]. Dreaming takes center stage, with 

experiences in this stage often proving the most vivid and 

memorable. It is during these moments that fantastical 

narratives, surreal landscapes, and profound emotions 

come to life within the mind's eye [73]. As the brain 

navigates these dreamscapes, the eyes engage in rapid, 

darting movements, a distinctive hallmark of this sleep 

stage [74]. Physiologically, REM sleep is accompanied 

by irregularities in key vital signs [75]. Heart rate and 

respiration become notably erratic, fluctuating in 

response to the dreamer's internal experiences [76]. It is 

within this cognitive whirlwind that crucial mental 

processes take place. REM sleep is intimately linked to 

memory consolidation, contributing to the organization 

and storage of newly acquired information [77]. 

Additionally, it serves as an arena for emotional 

processing, helping individuals grapple with and 

understand the emotional content of their waking lives. 

Furthermore, REM sleep plays a pivotal role in cognitive 

function, aiding in tasks that require creative thinking, 

problem-solving, and learning [78]. The complexities of 

REM sleep continue to captivate researchers and sleep 

scientists, as its role in shaping our cognitive and 

emotional landscapes remains a subject of ongoing 

investigation. 

Sleep Cycle and Clinical Significance 

The sleep cycle encompasses a progression from N1 to 

N2, reaching N3, and eventually entering REM sleep, 

with this cycle repeating multiple times throughout the 

night [79-80]. Circadian rhythms, the body's internal 

biological clocks governing various physiological 

processes over a 24-hour cycle, significantly influence 

sleep architecture and stages, dictating the timing and 

quality of sleep and determining periods of alertness and 

natural sleep onset [81]. This comprehension of sleep 

architecture and stages holds paramount importance in 

the diagnosis and treatment of sleep disorders. Sleep 

studies, such as polysomnography, employ techniques 

like electroencephalography (EEG), electromyography 

(EMG), and electrooculography (EOG) to monitor brain 

activity, muscle tone, and eye movements during sleep, 

facilitating healthcare professionals in assessing sleep 

quality and identifying underlying sleep disorders [82-

83]. In summary, sleep architecture and stages represent 

the intricate organization of sleep cycles, with NREM 

and REM sleep stages playing distinct roles in 

maintaining physical and cognitive health. The 

understanding of these stages is indispensable for 

researchers, clinicians, and individuals alike, as it sheds 

light on the essential functions of sleep and its impact on 

overall well-being. 

Interaction between Anesthesia and Sleep 

Anesthesia, particularly general anesthesia, is 

administered to induce a state of temporary 

unconsciousness during medical procedures [84]. During 

this period of unconsciousness, anesthesia significantly 

disrupts the normal sleep-wake cycle and sleep 

architecture [85]. Key aspects of this interaction include 

the suppression of sleep stages, where anesthesia-induced 

unconsciousness typically resembles a non-physiological 

sleep state, leading to disturbances in the natural sleep 

cycle [86]. Additionally, anesthesia can disrupt circadian 

rhythms, the body's internal biological clocks regulating 

sleep-wake patterns, resulting in changes in the timing 

and quality of sleep in the postoperative period [87]. 

Furthermore, anesthesia may impact sleep architecture, 

potentially leading to fragmented sleep, reduced SWS, 

and changes in REM sleep patterns during the recovery 

phase [88]. 

Conversely, an individual's preoperative sleep quality 

can significantly influence their response to anesthesia 

and the recovery process [89]. Poor preoperative sleep 

quality may render individuals more sensitive to 

anesthetic agents, potentially necessitating adjustments 

in dosage and anesthesia management to achieve the 

desired level of unconsciousness [90]. Sleep disturbances 

following surgery under anesthesia can have implications 

for the postoperative recovery period, contributing to 

increased fatigue, slower healing, and heightened pain 

perception [91-92]. Inadequate sleep before surgery may 

even increase the risk of postoperative delirium, a 

condition characterized by confusion and altered mental 
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states, which can prolong hospital stays and impact 

overall patient well-being [93]. 

Recognizing the interplay between anesthesia and 

sleep, researchers and medical professionals are 

exploring techniques and strategies to minimize the 

disruption of sleep patterns during medical procedures. 

This includes balancing the depth of anesthesia to the 

specific procedure and the patient's sleep patterns to 

minimize disruption to sleep architecture. Optimizing 

recovery conditions by creating postoperative 

environments that promote restorative sleep, including 

reducing noise and disturbances in hospital settings, is 

crucial [94]. Additionally, patient education plays a role, 

as informing patients about the potential impact of 

anesthesia on sleep and providing guidance on strategies 

to improve sleep quality in the postoperative period 

contributes to a more holistic approach to patient care. 

In conclusion, the interaction between anesthesia and 

sleep is a multifaceted phenomenon with implications for 

both the administration of anesthesia and patient 

outcomes. Recognizing this intricate relationship and its 

effects on sleep patterns and recovery is essential for 

healthcare professionals striving to optimize patient care 

and surgical outcomes within the context of anesthesia 

administration. Further research in this field continues to 

refine our understanding of this complex and important 

interplay. 

Anesthetics and Analgesics 

The realm of anesthetics and analgesics within the 

context of sleep interaction is marked by a diverse array 

of pharmacological agents, each exerting unique effects 

on sleep architecture and patterns [95]. Notably, 

intravenous anesthetics such as sodium thiopental and 

propofol have demonstrated the propensity to enhance 

the activity of GABAergic neurons within the 

ventrolateral preoptic nucleus (VLPO) of the 

hypothalamus [95]. This enhancement of GABAergic 

activity results in sedative and hypnotic effects, 

paralleling the mechanisms underlying the induction of 

natural sleep [96]. Propofol, in particular, is 

acknowledged for its rapid onset of action and is widely 

employed for its sleep-promoting properties [97]. 

However, it is noteworthy that even within this category, 

variations exist in their impact on sleep quality, with the 

potential for differences in SWS preservation and REM 

sleep patterns. 

Conversely, the administration of opioids as analgesics 

presents a contrasting facet of anesthetics and analgesics, 

characterized by the propensity to disrupt sleep [98]. 

Opioids are renowned for their pain-relieving properties 

but are concurrently linked to alterations in sleep 

architecture [99]. These alterations manifest as 

reductions in SWS, REM sleep suppression, and frequent 

sleep cycle interruptions [100]. Such disturbances in 

sleep can lead to diminished sleep quality and heightened 

postoperative fatigue. Additionally, volatile general 

anesthetics, including Sevoflurane and isoflurane, have 

been associated with transient sleep disturbances and 

fragmented sleep patterns [9, 101]. Understanding the 

distinctive effects of these pharmacological agents on 

sleep architecture is instrumental in optimizing 

anesthesia regimens, ensuring postoperative sleep 

quality, and ameliorating the potential consequences on 

patient recovery, fatigue mitigation, and the management 

of postoperative delirium risk [102]. 

Postoperative Sleep Disruptions and Primary 

Factors 

Knill et al. report that there is a risk of sleep disturbance 

following general anesthesia, which is characterized by 

an increase in rebound REM sleep. It has also been 

observed that the percentage of REM sleep tends to 

increase after abdominal surgery [103-104]. 

Furthermore, Chung et al. have noted changes in the sleep 

cycle within the first day after general anesthesia in 

patients with obstructive sleep apnea [105]. To counteract 

these disturbances, various measures can be taken, 

including reducing postoperative stress, managing pain 

appropriately, and promoting early return to daily 

activities at home by allowing patients to be discharged 

from the hospital earlier. Studies show that individuals 

undergoing surgery under general anesthesia experience 

reduced sleep efficiency on the initial night following the 

procedure [106-107].  

The initial night following general anesthesia for 

pediatric patients undergoing tonsillectomy is 

characterized by decreased sleep efficiency and REM 

sleep [108]. Additionally, on the third night after surgery, 

there is a rebound in REM sleep due to the significant 

inhibition of REM sleep phases [109]. The choice of 

anesthetic agent used during general anesthesia can also 

impact sleep patterns. In this case, total intravenous 

anesthesia with propofol and remifentanil was utilized. 

While propofol has been found to eliminate REM sleep, 

it does not appear to cause an increased rebound during 

the REM phase. Opioids, on the other hand, can suppress 

slow-wave and REM sleep through the μ receptor [110-

111]. Various factors, such as inflammation, 

environmental factors, and psychological factors, 

contribute to sleep disturbances after general anesthesia 

[112]. Severe pain perception resulting from regional 

wounds, particularly after tooth extraction, is a major risk 

factor for sleep disturbance [113]. However, in tooth 

extraction cases, the impact of pain on sleep disturbance 

is minimal due to the administration of acetaminophen 

during general anesthesia. Insomnia is another factor that 

can decrease sleep efficiency and REM sleep after 

surgery [107]. There is a hypothesis that general 

anesthesia may disrupt postoperative sleep patterns 
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and/or circadian rhythm [114], but the underlying 

mechanisms and potential behavioral changes are not 

fully understood. To understand the clinical relevance of 

postoperative sleep disturbances in individuals with 

Autism Spectrum Disorder (ASD), it may be necessary to 

investigate cognitive function and behavioral science. 

Additionally, there is a need to establish a preventative 

pharmacological protocol for postoperative sleep 

disturbances following general anesthesia. 

Ayuse et al. have proposed that general anesthesia can 

lead to sleep disturbances in the postoperative period 

among patients with disabilities.  They discovered that 

the percentage of deep sleep significantly decreased on 

the first day after surgery, while the percentage of light 

sleep increased. Additionally, they observed that sleep 

cycles were noticeably longer on the first day after 

surgery. These findings suggest that the sleep cycle may 

be affected in patients with disabilities within the initial 

24 hours following general anesthesia [5]. In another 

study, Song et al. found that patients undergoing hip 

fracture surgery experienced greater disruption in their 

circadian rhythm when receiving general anesthesia 

compared to those receiving subarachnoid anesthesia 

[115]. Wang et al. stated that children who underwent 

multiple plastic surgeries between the ages of 6 and 15 

years with repeated exposure to general anesthesia may 

experience poorer sleep quality and a higher likelihood of 

sleep disorders [6]. Additionally, van Zuylen et al. 

concluded that general anesthesia disrupts the circadian 

timing system, as evidenced by a perioperative phase 

advance at the midpoint of sleep [116]. However, some 

studies have opposing results and suggest that general 

anesthesia does not significantly affect sleep quality. In 

fact, Selvadural et al. reported that general anesthesia did 

not lead to disrupted sleep or negative behavioral changes 

in otherwise healthy children undergoing elective low 

complexity surgeries [117]. Tran et al. also indicated that 

no notable variance in sleep disturbance was observed in 

any of the surveys conducted following general 

anesthesia. This conclusion was drawn after analyzing 

anesthesia records and conducting interviews with 

patients [118]. 

Cerebellar malfunction and postoperative sleep 

disturbance 

The cerebellum, traditionally synonymous with motor 

coordination, has increasingly come under scrutiny for its 

involvement in non-motor functions, particularly the 

regulation of sleep-wake cycles [119]. Cerebellar 

dysfunction has the capacity to disrupt these cycles, 

resulting in a spectrum of sleep disturbances, and 

emerging evidence suggests its relevance in the realm of 

postoperative sleep quality after general anesthesia [120]. 

Extensive research has delineated the role of the 

cerebellum in motor processes, procedural memory 

formation, and the temporal prediction of motor actions, 

all of which exhibit intimate connections with the sleep-

wake cycle [121]. Notably, postoperative sleep 

deprivation has been shown to impact the functional link 

between cerebellar nuclei and neocortical regions, 

particularly following tasks involving motor learning 

[121-122]. Sleep patterns undergo significant 

perturbations immediately after surgery, marked by 

reductions in total sleep time, slow-wave sleep (SWS), 

and rapid eye movement (REM) sleep, accompanied by 

heightened sleep arousal times [123]. These disruptions 

can persist for several nights or even weeks post-surgery. 

Moreover, the sustained diminishment of REM sleep has 

been linked to the emergence of REM sleep behavior 

disorder, a condition characterized by the enactment of 

dreams during sleep [124].  

Conversely, cerebellar dysfunction stemming from 

various conditions, including spinocerebellar ataxia and 

cerebellar stroke, has been associated with a litany of 

sleep disturbances, encompassing insomnia, excessive 

daytime sleepiness, and REM behavioral disorders [125]. 

Research has unveiled alterations in sleep architecture, 

including changes in non-rapid eye movement (NREM) 

and REM sleep in patients grappling with cerebellar 

impairments [126]. Plausible mechanisms underpinning 

these effects may involve the influence of cerebellar 

projections on neural circuits governing the sleep-wake 

cycle, the cerebellar cortex, and anterior cerebellar 

nuclei's role in motor control, and potential interactions 

with brainstem systems and intracranial inflammatory 

responses [127]. To sum up, there is substantial evidence 

indicating a high occurrence of sleep disturbances after 

surgery in individuals with cerebellar dysfunction. 

Impaired sleep quality post-surgery significantly affects 

their overall well-being [128]. Consequently, 

forthcoming clinical investigations aim to pinpoint the 

root cause of cerebellar dysfunction prior to surgery to 

prevent sleep disturbances, devise innovative treatment 

approaches for addressing sleep issues, and ultimately 

enhance the quality of life for individuals with cerebellar 

dysfunction. 

Alzheimer's disease (AD) is a leading cause of 

dementia in both old and middle-aged individuals, 

manifesting as memory loss, decreased cognitive ability, 

and loss of fine motor skills [129]. The cerebellum is an 

essential component of neural networks involved not 

only in motor functions, but also in autonomic nervous 

system regulation, emotional processing, and cognitive 

behaviors [130]. Damage to the motor cerebellum can 

result in movement disorders, while lesions in the 

posterior lobe can lead to intellectual and emotional 

sensory disturbances [131]. Furthermore, cerebellar 

dysfunction and sleep disruptions can exacerbate 

neurodegenerative and neuropsychiatric disorders, 

making them significant factors in the progression of AD 
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[132]. Studies have suggested that general anesthesia, 

which induces loss of consciousness, may have 

neurotoxic effects and potentially lead to long-term 

behavioral issues [133]. However, there remains limited 

clinical knowledge regarding the interplay between AD, 

general anesthesia's impact on the cerebellum, and sleep 

quality. Thus, large-scale, multicenter trials are necessary 

to enable early identification and intervention for 

improved postoperative recovery in patients. 

A report indicated that individuals with ASD suffer 

from sleep disorders even in normal living conditions, 

and there is a strong correlation between these sleep 

disorders and self-harming behaviors [134]. We 

hypothesized that the symptoms of daytime insomnia, 

caused by a decrease in overall sleep duration commonly 

experienced by those with ASD, may contribute 

significantly to the disruption of sleep patterns [135]. 

Additionally, sleep efficiency decreases with age [136]. 

Therefore, when working with older ASD patients, it is 

important to consider potential changes in their sleep 

architecture before planning for general anesthesia [137]. 

Previous studies have suggested that minimizing 

agitation and excitement during the recovery period from 

local anesthesia using sedative agents may help reduce 

sleep disturbances after general anesthesia in individuals 

with ASD. It is worth noting that sleep disturbances can 

interact with oral medications such as antiepileptic and/or 

antipsychotic drugs in individuals with ASD. An 

increased risk of sleep disorders associated with elevated 

orexin levels after general anesthesia has also been 

reported [138]. Alongside insomnia treatment, future 

strategies for managing sleep disturbances in ASD 

patients could involve proactive measures to normalize 

orexin levels through the administration of an orexin 

antagonist, such as Suvorexant. Furthermore, 

comprehensive perioperative management, including 

preoperative instructions, hospitalization, and post-

operative follow-up, is essential for ASD patients. 

How to improve sleep disturbance after general 

anesthesia? 

Pharmacological measures 

A recent systematic review found inadequate evidence 

to support the use of pharmacotherapy for improving 

sleep in hospitalized patients [139]. However, certain 

drugs are currently being utilized to enhance sleep in 

postoperative patients. Zolpidem, a short-acting 

nonbenzodiazepine compound of the imidazopyridine 

class, enhances the activity of GABA, an inhibitory 

neurotransmitter, by binding to GABAA receptors at the 

same location as benzodiazepines [139]. In a study with 

a small sample size, Zolpidem given one night before and 

one night after surgery in patients undergoing hip or knee 

replacement improved perceptions of sleep quality and 

fatigue but did not impact sleep architecture [140]. 

Melatonin, which is secreted by the pineal gland and 

regulates circadian rhythms and sleep, has decreased 

levels in surgical and hospitalized patients [141]. A meta-

analysis demonstrated that preoperative melatonin 

reduces anxiety before surgery and performs just as 

effectively as midazolam [142]. In a small study of 

patients undergoing prostatectomy, preoperative 

melatonin improved sleep quality, reduced pain scores 

and tramadol use, but caused sedation during the early 

postoperative period [143]. In patients recovering from 

breast cancer surgery, melatonin administration 

improved sleep quality without significant side effects 

[144].  

Dexmedetomidine, a selective α2 adrenoceptor agonist 

with sedative and analgesic properties [145], exerts its 

sedative effects through a sleep-promoting pathway and 

induces a state similar to N2 sleep [146]. Nighttime 

infusion of a sedative dose of dexmedetomidine in 

mechanically ventilated ICU patients maintained the day-

night sleep cycle and enhanced sleep architecture by 

increasing sleep efficiency and N2 stage [147-148]. In 

non-mechanically ventilated elderly patients admitted to 

the ICU after surgery, a low dose of dexmedetomidine 

infusion during the night (0.1mg/kg/h) extended total 

sleep time, increased N2 sleep (and decreased N1 sleep), 

and improved subjective sleep quality [149]. 

Nonpharmacological measures 

Some strategies that can be implemented to improve the 

sleep quality of patients in the ICU after surgery are as 

follows: utilizing regional anesthesia whenever possible, 

minimizing surgical trauma by opting for laparoscopic 

surgery instead of open abdominal surgery, providing 

multiple forms of pain relief to reduce the need for 

opioids, and eliminating disruptive factors during 

nighttime. According to sleep care guidelines, creating a 

serene and dim setting while minimizing disturbances 

from medical procedures can enhance the quality and 

efficiency of sleep in these patients. Furthermore, a meta-

analysis demonstrated that using ear plugs and eye masks 

can also facilitate better sleep among ICU patients [150-

152]. 

Electroacupuncture has emerged as a promising 

approach in clinical practice. This innovative technology 

has gained popularity in recent years due to its potential 

to regulate neurotransmitter levels within the brain, 

particularly reducing norepinephrine and dopamine 

concentrations, which are known to influence sleep 

patterns [153]. By modulating these neurotransmitters, 

electroacupuncture aims to enhance sleep quality in the 

postoperative period. Additionally, this technique plays a 

role in managing surgical pain, a factor that can 

significantly impact sleep quality after general anesthesia 
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[154]. It achieves pain relief by downregulating immune 

activity through the suppression of substances such as 

substance P (SP), neurokinin-1 (NK-1), and 

cyclooxygenase-1 (COX-1). Simultaneously, it 

upregulates serotonin receptor expression (particularly 5-

HT1AR and 5-HT2AR) and enhances endocannabinoid 

levels, further contributing to improved sleep outcomes 

[155]. While electroacupuncture shows promise in 

mitigating the adverse effects of general anesthesia on 

postoperative sleep, further research is warranted. To 

optimize the effectiveness of electroacupuncture in 

improving sleep quality and managing pain during the 

post-anesthesia recovery phase, it is crucial to conduct 

extensive and multicenter research studies. These studies 

should focus on identifying the most suitable duration, 

frequency, and timing for the application of 

electroacupuncture. This ongoing exploration of 

electroacupuncture's potential underscores the 

importance of innovative approaches in addressing the 

intricate relationship between anesthesia and sleep 

disturbances. 

Conclusions 

Sleep disruptions often occur following surgery, 

particularly major procedures. Factors such as advanced 

age, existing health conditions before surgery, the type of 

anesthesia used, the severity of the surgical trauma, 

postoperative pain, environmental stress, and other 

factors that cause discomfort in patients contribute to 

these disruptions. The development of sleep disturbances 

has negative consequences for postoperative patients, 

including an increased risk of delirium, heightened 

sensitivity to pain, a higher likelihood of experiencing 

cardiovascular events, and a diminished rate of recovery. 

Both non-pharmacological and pharmacological 

approaches can be employed to enhance postoperative 

sleep and may prove beneficial for patients with impaired 

cerebellar or cognitive function, as well as intellectually 

disabled individuals with autism spectrum disorder or 

attention-deficit/hyperactivity disorder. Further research 

is needed to fully understand the long-term effects of 

sleep promotion therapy. 

References 

[1] Thompson J, Moppett I, Wiles M. Smith and 

Aitkenhead's Textbook of Anaesthesia: Elsevier 

Health Sciences; 2019. 

[2] Cascella M. The challenge of accidental awareness 

during general anesthesia. General Anesthesia 

Research. 2020; 1-33. 

[3] Song B, Li Y, Teng X, Li X, Yang Y, Zhu J. 

Comparison of morning and evening operation under 

general anesthesia on intraoperative anesthetic 

requirement, postoperative sleep quality, and pain: a 

randomized controlled trial. Nat Sci Sleep. 2020; 

12:467-75. 

[4] Moody OA, Zhang ER, Vincent KF, Kato R, 

Melonakos ED, Nehs CJ, et al. The neural circuits 

underlying general anesthesia and sleep. Anesth 

Analg. 2021;132(5):1254. 

[5] Ayuse T, Kurata S, Sanuki T, Mishima G, Kiriishi K, 

Kawai M, et al. Effects of general anesthesia on 

postoperative sleep cycles in dentally disabled 

patients. Spec Care Dentist. 2019; 39(1):3-9. 

[6] Wang Y, Liu J, Jin Z, Li W, Wei L, Yang D, et al. 

Effects of multiple exposures to general anesthesia on 

the sleep quality of children after plastic surgery in 

Beijing, China: a cohort study. Sleep Biol Rhythms. 

2022; 20(4):509-19. 

[7] Tai C-Y, Liu H-Y, Cata JP, Dai Y-X, Chen M-H, 

Chen J-T, et al. The Association between General 

Anesthesia and New Postoperative Uses of Sedative–

Hypnotics: A Nationwide Matched Cohort Study. J 

Clin Med. 2022; 11(12):3360. 

[8] Song B, Zhu J. Cerebellar malfunction and 

postoperative sleep disturbances after general 

anesthesia: a narrative review. Sleep Breath. 2022; 

26(1):31-6. 

[9] Luo M, Song B, Zhu J. Sleep disturbances after 

general anesthesia: current perspectives. Front 

Neurol. 2020; 11:629. 

[10] Wardhan R, Fahy BG. Regional anesthesia and acute 

pain management for adult patients with burns. J 

Burn Care Res. 2023;44(4):791-9. 

[11] Chokshi SN, Powell CM, Gavrilova Y, Wolf SE, 

Ozhathil DK. A narrative review of the history of 

burn-related depression and stress reactions. 

Medicina (Mex). 2022; 58(10):1395. 

[12] Carton M, Buggy DJ. Anesthesiology and 

Perioperative Management of Patients Presenting for 

Surgical Excision of Endocrine Tumors. 

Perioperative Care of the Cancer Patient: Elsevier; 

2023. p. 322-33. 

[13] Nabizadeh F. What should we do to reduce the 

complications of Deep brain stimulation in 

Parkinson's disease? Neurology Letters. 2022;1(1):1-

11. 

[14] Colloca L. The Nocebo Effect. Annu Rev Pharmacol 

Toxicol. 2023; 64. 

[15] Yan E, He D, Rajji TK, Chung F. Cognitive 

impairment and its adverse outcomes in older surgical 

patients: an under-recognized problem! Int 

Anesthesiol Clin. 2023; 61(2):23-8. 

[16] Safavynia SA, Goldstein PA, Evered LA. Mitigation 

of perioperative neurocognitive disorders: A holistic 

approach. Front Aging Neurosci. 2022; 14:949148. 

[17] Smith JR, Taylor BJ. Inspiratory muscle weakness in 

cardiovascular diseases: Implications for cardiac 

rehabilitation. Prog Cardiovasc Dis. 2022; 70:49-57. 

[18] Pollak A, Overbeek C, Bottiger B. Anesthesia and 

Hemodynamic Management for Lung 

Transplantation. Textbook of Transplantation and 

Mechanical Support for End‐Stage Heart and Lung 



Archives of Anesthesiology and Critical Care (Spring 2024); 10(2): 176-187. 183 

Disease. 2023:1167-82. 

[19] Pacheco C, Mullen K-A, Coutinho T, Jaffer S, Parry 

M, Van Spall HG, et al. The Canadian Women’s 

Heart Health Alliance Atlas on the epidemiology, 

diagnosis, and management of cardiovascular disease 

in women—chapter 5: sex-and gender-unique 

manifestations of cardiovascular disease. CJC open. 

2022; 4(3):243-62. 

[20] Lasa JJ, Stromberg D, Raju SS, Welch TP. 

Cardiopulmonary Resuscitation in the Patient with 

Congenital Heart Disease. Anesthesia for Congenital 

Heart Disease. 2023; 599-623. 

[21] Faraj CA, Snyder RI, McCutcheon IE. Intracranial 

emergencies in neurosurgical oncology: 

pathophysiology and clinical management. 

Emergency Cancer Care. 2022; 1(1):13. 

[22] Chen B, Luo T, Cai Q, Pan F, Liang D, Hu Y. Effect 

of psychological intervention-assisted comfort 

nursing based on PERMA model on stress and 

psychological changes of patients after breast Cancer 

surgery. Comput Math Methods Med. 2022; 2022. 

[23] Useinovic N, Near M, Cabrera OH, Boscolo A, 

Milosevic A, Harvey R, et al. Neonatal sevoflurane 

exposure induces long-term changes in dendritic 

morphology in juvenile rats and mice. Exp Biol Med. 

2023:15353702231170003. 

[24] Hogarth K, Tarazi D, Maynes JT. The effects of 

general anesthetics on mitochondrial structure and 

function in the developing brain. Front Neurol. 

2023;14. 

[25] Cabrera OH, Useinovic N, Maksimovic S, Near M, 

Quillinan N, Todorovic SM, et al. Neonatal ketamine 

exposure impairs infrapyramidal bundle pruning and 

causes lasting increase in excitatory synaptic 

transmission in hippocampal CA3 neurons. 

Neurobiol Dis. 2022; 175:105923. 

[26] Vacas S, Canales C, Deiner SG, Cole DJ. 

Perioperative brain health in the older adult: a patient 

safety imperative. Anesth Analg. 2022;135(2):316-

28. 

[27] Sui X, Wang Y, Jin M, Li K, Jiang G, Song A, et al. 

The effects of dexmedetomidine for patient-

controlled analgesia on postoperative sleep quality 

and gastrointestinal motility function after surgery: A 

prospective, randomized, double-blind, and 

controlled trial. Front Pharmacol. 2022; 13:990358. 

[28] Fang L, Chen X, Zhang H, Bao X, Duan G, Cao T, et 

al. Laryngeal mask general anaesthesia versus spinal 

anaesthesia for promoting early recovery of cervical 

conisation: A randomised, controlled clinical study. 

Heliyon. 2023; 9(4). 

[29] Rosenberger DC, Segelcke D, Pogatzki-Zahn EM. 

Mechanisms inherent in acute-to-chronic pain after 

surgery - risk, diagnostic, predictive, and prognostic 

factors. Curr Opin Support Palliat Care. 2023; 

17(4):324-337. 

[30] Khatib S, Razvi SS, Shaikh MM, Khan MM. Acute 

Post-operative Pain Management. 2023. 

[31] Bartosiak K, Schwabe M, Lucey B, Lawrie C, 

Barrack R. Sleep disturbances and disorders in 

patients with knee osteoarthritis and total knee 

arthroplasty. J Bone Joint Surg Am. 2022; 

104(21):1946-1955. 

[32] Thom RP, Balaj K, McDougle CJ. Psychiatric 

Comorbidity in Individuals with Autism. Handbook 

of Quality of Life for Individuals with Autism 

Spectrum Disorder: Springer; 2022. p. 59-87. 

[33] Al Lihabi A. A literature review of sleep problems 

and neurodevelopment disorders. Front Psychiatry. 

2023; 14:1122344. 

[34] Ren X, Liu S, Lian C, Li H, Li K, Li L, et al. 

Dysfunction of the glymphatic system as a potential 

mechanism of perioperative neurocognitive 

disorders. Front Aging Neurosci. 2021; 13:659457. 

[35] Lobo FA, Saraiva AP, Nardiello I, Brandão J, Osborn 

IP. Electroencephalogram Monitoring in Anesthesia 

Practice. Current Anesthesiology Reports. 2021; 

11:169-80. 

[36] Wu Y, Wang L, Yang F, Xi W. Neural Circuits for 

Sleep–Wake Regulation. Adv Exp Med Biol. 

2020:91-112. 

[37] Kim BR, Yoon S-H, Lee H-J. Practical strategies for 

the prevention and management of chronic 

postsurgical pain. Korean J Pain. 2023; 36(2):149-62. 

[38] Shanthanna H, Ladha KS, Kehlet H, Joshi GP. 

Perioperative opioid administration: a critical review 

of opioid-free versus opioid-sparing approaches. 

Anesthesiology. 2021; 134(4):645-59. 

[39] Grubb T, Sager J, Gaynor JS, Montgomery E, Parker 

JA, Shafford H, et al. 2020 AAHA anesthesia and 

monitoring guidelines for dogs and cats. J Am Anim 

Hosp Assoc. 2020; 56(2):59-82. 

[40] Sorrenti V, Cecchetto C, Maschietto M, Fortinguerra 

S, Buriani A, Vassanelli S. Understanding the effects 

of anesthesia on cortical electrophysiological 

recordings: a scoping review. Int J Mol Sci. 2021; 

22(3):1286. 

[41] Xia M. Conscious Sedation and Analgesia.  

Anesthesia for Oral and Maxillofacial Surgery: 

Springer. 2023; 91-124. 

[42] Navarro KL, Huss M, Smith JC, Sharp P, Marx JO, 

Pacharinsak C. Mouse anesthesia: the art and science. 

ILAR journal. 2021; 62(1-2):238-73. 

[43] Krishna Prasad GV, Khanna S, Jaishree SV. Review 

of adjuvants to local anesthetics in peripheral nerve 

blocks: Current and future trends. Saudi J Anaesth. 

2020; 14(1):77-84. 

[44] Pincus E. Regional anesthesia: an overview. AORN 

J. 2019; 110(3):263-72. 

[45] Norkus CL. Local Anesthesia. Advanced Monitoring 

and Procedures for Small Animal Emergency and 

Critical Care. 2023; 651-63. 

[46] John RR. Local Anesthesia in Oral and Maxillofacial 

Surgery. Oral and Maxillofacial Surgery for the 

Clinician. 2021; 61-77. 

[47] Vansteenkiste M, Soenens B, Ryan RM. Basic 

psychological needs theory: A conceptual and 

empirical review of key criteria. The Oxford 



184 Tabari et al.: Post-Anesthesia Sleep Disturbances 

handbook of self-determination theory. 2023; 84-123. 

[48] Urtnasan E, Park J-U, Joo EY, Lee K-J. Deep 

convolutional recurrent model for automatic scoring 

sleep stages based on single-lead ECG signal. 

Diagnostics. 2022; 12(5):1235. 

[49] Decat N, Walter J, Koh ZH, Sribanditmongkol P, 

Fulcher BD, Windt JM, et al. Beyond traditional sleep 

scoring: Massive feature extraction and data-driven 

clustering of sleep time series. Sleep Med. 2022; 

98:39-52. 

[50] Muszynski M, Ferguson E, Wissler S, editors. The 

Evolution of Command and Sequencing at JPL: 

Origins and Flight Software Core Lineage. 2023 

IEEE Aerospace Conference; 2023: IEEE. 

[51] Rubin DB, Hosman T, Kelemen JN, Kapitonava A, 

Willett FR, Coughlin BF, et al. Learned motor 

patterns are replayed in human motor cortex during 

sleep. J Neurosci. 2022; 42(25):5007-20. 

[52] Chen H-L, Gao J-X, Chen Y-N, Xie J-F, Xie Y-P, 

Spruyt K, et al. Rapid eye movement sleep during 

early life: A comprehensive narrative review. Int J 

Env Res Public Health. 2022; 19(20):13101. 

[53] Wang W, Yuan RK, Mitchell JF, Zitting K-M, St. 

Hilaire MA, Wyatt JK, et al. Desynchronizing the 

sleep–wake cycle from circadian timing to assess 

their separate contributions to physiology and 

behaviour and to estimate intrinsic circadian period. 

Nat Protoc. 2023; 18(2):579-603. 

[54] Tsunematsu T, Matsumoto S, Merkler M, Sakata S. 

Pontine waves accompanied by short hippocampal 

sharp wave-ripples during non-rapid eye movement 

sleep. Sleep. 2023; 46(9):zsad193. 

[55] Guo D, Thomas RJ, Liu Y, Shea SA, Lu J, Peng C-K. 

Slow wave synchronization and sleep state 

transitions. Scientific Reports. 2022; 12(1):7467. 

[56] Corrales M, Cocanougher BT, Kohn AB, Wittenbach 

JD, Long XS, Lemire A, et al. A single-cell 

transcriptomic atlas of complete insect nervous 

systems across multiple life stages. Neural Dev. 

2022; 17(1):8. 

[57] Bradley C, Nydam AS, Dux PE, Mattingley JB. State-

dependent effects of neural stimulation on brain 

function and cognition. Nat Rev Neurosci. 2022; 

23(8):459-475. 

[58] Morrone CD, Raghuraman R, Hussaini SA, Yu WH. 

Proteostasis failure exacerbates neuronal circuit 

dysfunction and sleep impairments in Alzheimer’s 

disease. Mol Neurodegener. 2023; 18(1):27. 

[59] Baranwal N, Phoebe KY, Siegel NS. Sleep 

physiology, pathophysiology, and sleep hygiene. 

Prog Cardiovasc Dis. 2023; 77:59-69. 

[60] Huang J, Ren L, Zhou X, Yan K. An improved neural 

network based on SENet for sleep stage 

classification. IEEE J Biomed Health Inform. 2022; 

26(10):4948-56. 

[61] Patel AK, Reddy V, Shumway KR, Araujo JF. 

Physiology, sleep stages.  StatPearls [Internet]: 

StatPearls Publishing; 2022. 

[62] Hussain I, Hossain MA, Jany R, Bari MA, Uddin M, 

Kamal ARM, et al. Quantitative evaluation of EEG-

biomarkers for prediction of sleep stages. Sensors. 

2022; 22(8):3079. 

[63] Lane JM, Qian J, Mignot E, Redline S, Scheer FA, 

Saxena R. Genetics of circadian rhythms and sleep in 

human health and disease. Nat Rev Genet. 2023; 

24(1):4-20. 

[64] McConnell BV, Kronberg E, Medenblik LM, 

Kheyfets VO, Ramos AR, Sillau SH, et al. The Rise 

and Fall of Slow Wave Tides: Vacillations in Coupled 

Slow Wave/Spindle Pairing Shift the Composition of 

Slow Wave Activity in Accordance With Depth of 

Sleep. Front Neurosci. 2022; 16:915934. 

[65] Nobari H, Azarian S, Saedmocheshi S, Valdés-

Badilla P, Calvo TG. Narrative review: The role of 

circadian rhythm on sports performance, hormonal 

regulation, immune system function, and injury 

prevention in athletes. Heliyon. 2023. 

[66] Ji S, Xiong M, Chen H, Liu Y, Zhou L, Hong Y, et 

al. Cellular rejuvenation: molecular mechanisms and 

potential therapeutic interventions for diseases. 

Signal Transduct Target Ther. 2023; 8(1):116. 

[67] Irwin MR. Sleep disruption induces activation of 

inflammation and heightens risk for infectious 

disease: Role of impairments in thermoregulation and 

elevated ambient temperature. Temperature. 2023; 

10(2):198-234. 

[68] Kanchi VS. Sleeping to Dream and Dreaming to 

Wake Up!: DK Printworld (P) Ltd; 2022. 

[69] Scarpelli S, Alfonsi V, Gorgoni M, De Gennaro L. 

What about dreams? State of the art and open 

questions. J Sleep Res. 2022;31(4):e13609. 

[70] Baird B, Tononi G, LaBerge S. Lucid dreaming 

occurs in activated rapid eye movement sleep, not a 

mixture of sleep and wakefulness. Sleep. 2022; 

45(4):zsab294. 

[71] Migliaccio GM. The Science of Deep Sleep, Towards 

Success: Unleashing energies in Sports and Life 

thanks to quality sleep: Sport Science Lab srl; 2023. 

[72] van’t Westeinde A, Patel KD. Heartfulness 

meditation: A yogic and neuroscientific perspective. 

Front Psychol. 2022; 13:806131. 

[73] Warman S. 15 The Creative Journey in Coaching 

Supervision. Coaching Supervision: Voices from the 

Americas. 2022. 

[74] Zuberi SM, Wirrell E, Yozawitz E, Wilmshurst JM, 

Specchio N, Riney K, et al. ILAE classification and 

definition of epilepsy syndromes with onset in 

neonates and infants: Position statement by the ILAE 

Task Force on Nosology and Definitions. Epilepsia. 

2022; 63(6):1349-97. 

[75] Kwon HB, Choi SH, Lee D, Son D, Yoon H, Lee MH, 

et al. Attention-Based LSTM for Non-Contact Sleep 

Stage Classification Using IR-UWB Radar. IEEE J 

Biomed Health Inform. 2021; 25(10):3844-3853. 

[76] Ellis LA. Solving the nightmare mystery: The 

autonomic nervous system as missing link in the 

aetiology and treatment of nightmares. Dreaming. 

2023; 33(1):45. 



Archives of Anesthesiology and Critical Care (Spring 2024); 10(2): 176-187. 185 

[77] Whitehurst LN, Subramoniam A, Krystal A, Prather 

AA. Links between the brain and body during sleep: 

Implications for memory processing. Trends 

Neurosci. 2022; 45(3):212-23. 

[78] Guo B, Song Y, Zhao L, Cheng X, Ma H, Qiu X, et 

al. Sleep quality and creativity in Chinese college 

student during the COVID-19 pandemic: The 

mediating role of executive function. Front Public 

Health. 2022; 10:987372. 

[79] Song Y, Lian J, Wang K, Wen J, Luo Y. Changes in 

the cortical network during sleep stage transitions. J 

Neurosci Res. 2023; 101(1):20-33. 

[80] Brancaccio A, Tabarelli D, Bigica M, Baldauf D. 

Cortical source localization of sleep-stage specific 

oscillatory activity. Sci Rep. 2020;10(1):6976. 

[81] Dibner C. The importance of being rhythmic: Living 

in harmony with your body clocks. Acta 

Physiologica. 2020; 228(1):e13281. 

[82] Sharma M, Darji J, Thakrar M, Acharya UR. 

Automated identification of sleep disorders using 

wavelet-based features extracted from 

electrooculogram and electromyogram signals. 

Comput Biol Med. 2022; 143:105224. 

[83] Loh HW, Ooi CP, Vicnesh J, Oh SL, Faust O, 

Gertych A, et al. Automated detection of sleep stages 

using deep learning techniques: A systematic review 

of the last decade (2010–2020). Applied Sciences. 

2020;10(24):8963. 

[84] Abel JH, Badgeley MA, Meschede-Krasa B, 

Schamberg G, Garwood IC, Lecamwasam K, et al. 

Machine learning of EEG spectra classifies 

unconsciousness during GABAergic anesthesia. Plos 

one. 2021;16(5):e0246165. 

[85] Yang Q, Zhou F, Li A, Dong H. Neural substrates for 

the regulation of sleep and general anesthesia. Curr 

Neuropharmacol. 2022; 20(1):72. 

[86] Qunut A, Sadat SA, Trivedi M. ANESTHESIA; 

DYNAMICS OF ITS FUNCTIONING 

INFLAMING SLEEP DISORDERS AND 

NEURODEGENERATIVE TOXICITY. 2022. 

[87] Sarisozen B, Aslan FS, Akyuz E. Effects of melatonin 

on the circadian functions of sleep-wake cycle, 

metabolism, hormonal regulation and immune 

activity: A recent review. Melatonin Research. 

2023;6(3):256-76. 

[88] Rampes S, Ma K, Divecha YA, Alam A, Ma D. 

Postoperative sleep disorders and their potential 

impacts on surgical outcomes. J Biomed Res. 

2020;34(4):271. 

[89] Luo Z-Y, Li L-L, Wang D, Wang H-Y, Pei F-X, Zhou 

Z-K. Preoperative sleep quality affects postoperative 

pain and function after total joint arthroplasty: a 

prospective cohort study. J Orthop Surg Res. 

2019;14(1):1-10. 

[90] Cozowicz C, Memtsoudis SG. Perioperative 

management of the patient with obstructive sleep 

apnea: a narrative review. Anesth Analg. 

2021;132(5):1231-43. 

[91] Silver JK, Santa Mina D, Bates A, Gillis C, Silver 

EM, Hunter TL, et al. Physical and psychological 

health behavior changes during the COVID-19 

pandemic that may inform surgical prehabilitation: a 

narrative review. Curr Anesthesiol Rep. 

2022;12(1):109-24. 

[92] Ghai B, Jafra A, Bhatia N, Chanana N, Bansal D, 

Mehta V. Opioid sparing strategies for perioperative 

pain management other than regional anaesthesia: a 

narrative review. J Anaesthesiol Clin Pharmacol. 

2022; 38(1):3-10. 

[93] Xu Y, Ma Q, Du H, Yang C, Lin G. Postoperative 

delirium in neurosurgical patients: recent insights 

into the pathogenesis. Brain Sci. 2022;12(10):1371. 

[94] LaBuzetta JN, Malhotra A, Zee PC, Maas MB. 

Optimizing sleep and circadian health in the 

NeuroICU. Curr Treat Options Neurol. 2022; 

24(8):309-25. 

[95] Charier D, Court-Fortune I, Pereira B, Molliex S. 

Sleep disturbances and related disordered breathing 

after hip replacement surgery: A randomised 

controlled trial. Anaesth Crit Care Pain Med. 2021; 

40(4):100927. 

[96] Zhu S, Sridhar A, Teng J, Howard RJ, Lindahl E, 

Hibbs RE. Structural and dynamic mechanisms of 

GABAA receptor modulators with opposing 

activities. Nat Commun. 2022; 13(1):4582. 

[97] Song JW, Soh S, Shim J-K. Monitored anesthesia 

care for cardiovascular interventions. Korean Circ J. 

2020; 50(1):1-11. 

[98] Kushikata T, Hirota K, Saito J, Takekawa D. Roles of 

neuropeptide S in anesthesia, analgesia, and sleep. 

Pharmaceuticals. 2021;14(5):483. 

[99] Reid MJ, Dave A, Campbell CM, Haythornthwaite J, 

Finan PH, Smith MT. Increased Pain Sensitivity Is 

Associated with Reduced REM Sleep in Females 

with Temporomandibular Joint Disorder (TMD). The 

Journal of Pain. 2022;23(5):58-9. 

[100] Lateef OM, Akintubosun MO. Sleep and 

reproductive health. J Circadian Rhythms. 2020;18. 

[101] Song B, Luo M, Zhu J. The efficacy of acupuncture 

in postoperative sleep quality: a literature review. 

Sleep Breath. 2021; 25:571-7. 

[102] Shi Y, Sun Q, Wang Y, Chen C, Jin J, Wang W, et al. 

Can dexamethasone improve postoperative sleep and 

postoperative delirium in elderly patients undergoing 

robot-assisted laparoscopic radical prostatectomy? 

Protocol for a prospective, randomized, double-blind, 

controlled study. Trials. 2023; 24(1):1-9. 

[103] Knill RL, Moote CA, Skinner MI, Rose EA. 

Anesthesia with abdominal surgery leads to intense 

REM sleep during the first postoperative week. 

Anesthesiology. 1990; 73(1):52-61. 

[104] Gögenur I. Postoperative circadian disturbances. Dan 

Med Bull. 2010; 57(12):B4205. 

[105] Liu W-T, Wang Y-H, Chang L-T, Wu C-D, Wu D, 

Tsai C-Y, et al. The impacts of ambient relative 

humidity and temperature on supine position-related 

obstructive sleep apnea in adults. Environ Sci Pollut 

Res Int. 2022; 29(33):50755-64. 



186 Tabari et al.: Post-Anesthesia Sleep Disturbances 

[106] Rosenberg-Adamsen S, Kehlet H, Dodds C, 

Rosenberg J. Postoperative sleep disturbances: 

mechanisms and clinical implications. Br J Anaesth. 

1996; 76(4):552-9. 

[107] Gögenur I, Wildschiøtz G, Rosenberg J. Circadian 

distribution of sleep phases after major abdominal 

surgery. Br J Anaesth. 2008; 100(1):45-9. 

[108] Nixon G, Kermack A, McGregor C, Davis G, 

Manoukian J, Brown K, et al. Sleep and breathing on 

the first night after adenotonsillectomy for 

obstructive sleep apnea. Pediatr Pulmonol. 2005; 

39(4):332-8. 

[109] Chen Z-K, Dong H, Liu C-W, Liu W-Y, Zhao Y-N, 

Xu W, et al. A cluster of mesopontine GABAergic 

neurons suppresses REM sleep and curbs cataplexy. 

Cell Discovery. 2022; 8(1):115. 

[110] Wang D, Teichtahl H. Opioids, sleep architecture and 

sleep-disordered breathing. Sleep Med Rev. 

2007;11(1):35-46. 

[111] Cronin A, Keifer J, Baghdoyan H, Lydic R. Opioid 

inhibition of rapid eye movement sleep by a specific 

mu receptor agonist. BJA: Br J Anaesth. 1995; 

74(2):188-92. 

[112] Rozich JJ, Holmer A, Singh S. Effect of lifestyle 

factors on outcomes in patients with inflammatory 

bowel diseases. Am J Gastroenterol. 2020; 

115(6):832-40. 

[113] Mannion A, Leader G. Sleep problems in autism 

spectrum disorder: A literature review. Review 

Journal of Autism and Developmental Disorders. 

2014; 1:101-9. 

[114] Poulsen RC, Warman GR, Sleigh J, Ludin NM, 

Cheeseman JF. How does general anaesthesia affect 

the circadian clock? Sleep Med Rev. 2018; 37:35-44. 

[115] Song Y, Liu Y, Yuan Y, Jia X, Zhang W, Wang G, et 

al. Effects of general versus subarachnoid anaesthesia 

on circadian melatonin rhythm and postoperative 

delirium in elderly patients undergoing hip fracture 

surgery: a prospective cohort clinical trial. 

EBioMedicine. 2021;70. 

[116] van Zuylen M, Meewisse A, Ten Hoope W, Eshuis 

W, Hollmann M, Preckel B, et al. Effects of surgery 

and general anaesthesia on sleep–wake timing: 

CLOCKS observational study. Anaesthesia. 

2022;77(1):73-81. 

[117] Selvadurai S, Maynes JT, McDonnell C, Cushing SL, 

Propst EJ, Lorenzo A, et al. Evaluating the effects of 

general anesthesia on sleep in children undergoing 

elective surgery: an observational case–control study. 

Sleep. 2018; 41(8):zsy094. 

[118] Tran J, Chen J-W, Trapp L, McCormack L. An 

investigation of the long and short term behavioral 

effects of general anesthesia on pediatric dental 

patients with autism. Front Oral Health. 2021; 

2:679946. 

[119] Liu Y, Niu L, Liu X, Cheng C, Le W. Recent progress 

in non-motor features of Parkinson’s disease with a 

focus on circadian rhythm dysregulation. 

Neuroscience bulletin. 2021; 37:1010-24. 

[120] Duffy KA, Trout KL, Gunckle JM, Krantz SM, 

Morris J, Kalish JM. Results from the WAGR 

syndrome patient registry: characterization of WAGR 

spectrum and recommendations for care 

management. Front Pediatr. 2021; 9:1456. 

[121] McAfee SS, Liu Y, Sillitoe RV, Heck DH. Cerebellar 

coordination of neuronal communication in cerebral 

cortex. Front Syst Neurosci. 2022; 15:781527. 

[122] Ohtsuki G, Shishikura M, Ozaki A. Synergistic 

excitability plasticity in cerebellar functioning. FEBS 

J. 2020; 287(21):4557-93. 

[123] Gamble MC, Chuan B, Gallego-Martin T, Shelton 

MA, Puig S, O’Donnell CP, et al. A role for the 

circadian transcription factor NPAS2 in the 

progressive loss of non-rapid eye movement sleep 

and increased arousal during fentanyl withdrawal in 

male mice. Psychopharmacology (Berl). 2022; 

239(10):3185-200. 

[124] Roguski A, Rayment D, Whone AL, Jones MW, 

Rolinski M. A neurologist's guide to REM sleep 

behavior disorder. Front Neurol. 2020; 11:610. 

[125] Allison T, Le Pichon J-B. Neurological 

Manifestations of Systemic Diseases. Pediatric 

Neurology: Clinical Assessment and Management. 

2021:370. 

[126] Sonni A, Schmahmann JD, Spencer R. Sleep 

Disturbances and Their Impact on Cognition in 

Individuals With Pure Cerebellar Disease. 2021. 

[127] Noseda R. Cerebro-Cerebellar Networks in Migraine 

Symptoms and Headache. Front Pain Res 

(Lausanne). 2022; 3:940923. 

[128] Wang J-p, Lu S-f, Guo L-n, Ren C-g, Zhang Z-w. 

Poor preoperative sleep quality is a risk factor for 

severe postoperative pain after breast cancer surgery: 

a prospective cohort study. Medicine (Baltimore). 

2019;98(44). 

[129] Mavroudis I, Petridis F, Kazis D, Njau SN, Costa V, 

Baloyannis SJ. Purkinje cells pathology in 

Alzheimer’s disease. Am J Alzheimers Dis Other 

Demen. 2019; 34(7-8):439-49. 

[130] Schmahmann JD. Emotional disorders and the 

cerebellum: neurobiological substrates, 

neuropsychiatry, and therapeutic implications. Handb 

Clin Neurol. 2021; 183:109-54. 

[131] Schmahmann JD. Ferdinando Rossi Lecture: The 

cerebellar cognitive affective syndrome—

Implications and future directions. Cerebellum. 2023; 

22(5):947-53. 

[132] Bishir M, Bhat A, Essa MM, Ekpo O, Ihunwo AO, 

Veeraraghavan VP, et al. Sleep deprivation and 

neurological disorders. Biomed Res Int. 2020; 2020. 

[133] Rajendram R, Patel VB, Preedy VR. Long-term 

effects of anesthesia on the brain: an update on 

neurotoxicity.  Treatments, Mechanisms, and 

Adverse Reactions of Anesthetics and Analgesics: 

Elsevier; 2022. p. 195-209. 

[134] Goldman SE, Alder ML, Burgess HJ, Corbett BA, 

Hundley R, Wofford D, et al. Characterizing Sleep in 

Adolescents and Adults with Autism Spectrum 



Archives of Anesthesiology and Critical Care (Spring 2024); 10(2): 176-187. 187 

Disorders. J Autism Dev Disord. 2017; 47(6):1682-

95. 

[135] Glickman G. Circadian rhythms and sleep in children 

with autism. Neurosci Biobehav Rev. 2010; 

34(5):755-68. 

[136] Ohayon MM, Carskadon MA, Guilleminault C, 

Vitiello MV. Meta-analysis of quantitative sleep 

parameters from childhood to old age in healthy 

individuals: developing normative sleep values 

across the human lifespan. Sleep. 2004; 27(7):1255-

73. 

[137] Rossi S, Antal A, Bestmann S, Bikson M, Brewer C, 

Brockmöller J, et al. Safety and recommendations for 

TMS use in healthy subjects and patient populations, 

with updates on training, ethical and regulatory 

issues: Expert Guidelines. Clin Neurophysiol. 2021; 

132(1):269-306. 

[138] Brown JD, Winterstein AG. Potential adverse drug 

events and drug–drug interactions with medical and 

consumer cannabidiol (CBD) use. J Clin Med. 2019; 

8(7):989. 

[139] Arbilla S, Depoortere H, George P, Langer SZ. 

Pharmacological profile of the imidazopyridine 

zolpidem at benzodiazepine receptors and 

electrocorticogram in rats. Naunyn Schmiedebergs 

Arch Pharmacol. 1985; 330:248-51. 

[140] Krenk L, Jennum P, Kehlet H. Postoperative sleep 

disturbances after zolpidem treatment in fast-track 

hip and knee replacement. J Clin Sleep Med. 2014; 

10(3):321-6. 

[141] Arendt J. Melatonin, circadian rhythms, and sleep. N 

Engl J Med. 2000; 343(15):1114-6. 

[142] Hansen MV, Halladin NL, Rosenberg J, Gögenur I, 

Møller AM. Melatonin for pre- and postoperative 

anxiety in adults. Cochrane Database Syst Rev. 

2015;2015(4):Cd009861. 

[143] Borazan H, Tuncer S, Yalcin N, Erol A, Otelcioglu S. 

Effects of preoperative oral melatonin medication on 

postoperative analgesia, sleep quality, and sedation in 

patients undergoing elective prostatectomy: a 

randomized clinical trial. J Anesth. 2010;24(2):155-

60. 

[144] Madsen MT, Hansen MV, Andersen LT, Hageman I, 

Rasmussen LS, Bokmand S, et al. Effect of Melatonin 

on Sleep in the Perioperative Period after Breast 

Cancer Surgery: A Randomized, Double-Blind, 

Placebo-Controlled Trial. J Clin Sleep Med. 

2016;12(2):225-33. 

[145] Reardon DP, Anger KE, Adams CD, Szumita PM. 

Role of dexmedetomidine in adults in the intensive 

care unit: an update. Am J Health Syst Pharm. 2013; 

70(9):767-77. 

[146] Nelson LE, Lu J, Guo T, Saper CB, Franks NP, Maze 

M. The alpha2-adrenoceptor agonist 

dexmedetomidine converges on an endogenous 

sleep-promoting pathway to exert its sedative effects. 

Anesthesiology. 2003;98(2):428-36. 

[147] Oto J, Yamamoto K, Koike S, Onodera M, Imanaka 

H, Nishimura M. Sleep quality of mechanically 

ventilated patients sedated with dexmedetomidine. 

Intensive Care Med. 2012; 38:1982-9. 

[148] Alexopoulou C, Kondili E, Diamantaki E, 

Psarologakis C, Kokkini S, Bolaki M, et al. Effects of 

dexmedetomidine on sleep quality in critically ill 

patients: a pilot study. Anesthesiology. 2014; 

121(4):801-7. 

[149] Wu X-H, Cui F, Zhang C, Meng Z-T, Wang D-X, Ma 

J, et al. Low-dose dexmedetomidine improves sleep 

quality pattern in elderly patients after noncardiac 

surgery in the intensive care unit: a pilot randomized 

controlled trial. Anesthesiology. 2016; 125(5):979-

91. 

[150] Smith AE, Heiss K, Childress KJ. Enhanced recovery 

after surgery in pediatric and adolescent gynecology: 

a pilot study. J Pediatr Adolesc Gynecol. 2020; 

33(4):403-9. 

[151] Hu RF, Jiang XY, Chen J, Zeng Z, Chen XY, Li Y, et 

al. Non‐pharmacological interventions for sleep 

promotion in the intensive care unit. Cochrane 

Database of Systematic Reviews. 2015(10). 

[152] Fontana CJ, Pittiglio LI. Sleep deprivation among 

critical care patients. Crit Care Nurs Q. 2010; 

33(1):75-81. 

[153] Chen K-B, Huang Y, Jin X-L, Chen G-F. 

Electroacupuncture or transcutaneous 

electroacupuncture for postoperative ileus after 

abdominal surgery: a systematic review and meta-

analysis. Int J Surg. 2019; 70:93-101. 

[154] Ng SS, Leung WW, Mak TW, Hon SS, Li JC, Wong 

CY, et al. Electroacupuncture reduces duration of 

postoperative ileus after laparoscopic surgery for 

colorectal cancer. Gastroenterology. 2013; 

144(2):307-13. e1. 

[155] Qiao L-n, Wang J-y, Yang Y-s, Chen S-p, Gao Y-h, 

Zhang J-l, et al. Effect of Electroacupuncture 

Intervention on Expression of CGRP, SP, COX-1, 

and PGE2 of Dorsal Portion of the Cervical Spinal 

Cord in Rats with Neck-Incision Pain. Evid Based 

Complement Alternat Med. 2013; 2013:294091.  

 


