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Postoperative sleep disturbance (PSD) is a common complication following surgery. Numerous factors can contribute to PSD, including personal factors, intraoperative factors, postoperative complications and environmental factors. PSD can lead to a range of adverse outcomes, severely impairing patients’ postoperative recovery and long-term prognosis. Esketamine, a non-competitive N-methyl-D-aspartate (NMDA) receptor antagonist and the dextrorotatory isomer of ketamine, which has stronger receptor affinity, more significant analgesic effects and better safety than ketamine. In recent years, in addition to the proven sedative, analgesic and antidepressant properties, emerging evidence highlights that esketamine may improve PSD through a variety of mechanisms, but the existing research results are still controversial. This article reviews the latest research progress of esketamine in improving PSD, and discusses its clinical efficacy and potential mechanism of action, in order to provide theoretical basis and practical guidance for optimizing perioperative anesthesia management and promoting postoperative rehabilitation of patients.
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1 Introduction

Adequate sleep is essential for sustaining various physiological processes, particularly for preserving optimal brain function. Normal sleep pattern is typically categorized into two primary states: non-rapid eye movement (NREM) and rapid eye movement (REM) sleep. The NREM phase is further subdivided into three distinct stages, namely N1, N2, and N3, which account for approximately 5%-10%, 45%-55%, and 15%-25% of the total sleep duration in adults, respectively (1, 2). Notably, the N3 stage is characterized by delta wave activity and is frequently termed slow-wave sleep (SWS) or deep sleep. During the N3 stage, the body’s immune function is enhanced, and cognitive function is supported by clearing waste from the brain (such as β-amyloid (Aβ)) (1, 3). In adults, the REM stage typically represents approximately 20%-25% of the overall sleep duration. REM sleep is involved in the development of the nervous system and the establishment of synaptic connections, and it plays a crucial role in memory consolidation and emotion regulation (4, 5).

Normal sleep consists of multiple periodic cycles, each of about 90 minutes. A typical sleep cycle progresses in sequence through the following stages: N1→N2→N3→N2→REM sleep (2). The aging process significantly influences sleep architecture, characterized by a reduction in total sleep duration, diminished proportions of N3 and REM stages, increased sleep onset latency, higher frequency of nocturnal awakenings, and increased duration of N1 and N2 stages (6). Therefore, elderly patients are more likely to experience sleep problems.

Postoperative sleep disturbance (PSD) is a common complication among patients who undergo surgical procedures. The clinical manifestations of PSD are highly diverse and typically include difficulty falling asleep, early awakenings, increased frequency of awakenings, abnormal dream experience, daytime fatigue and other objective symptoms. Polysomnography (PSG) monitoring showed characteristic changes: sleep fragmentation, reduced total sleep time, and a significant decrease or even complete absence of SWS and REM sleep, particularly on the first night after surgery (7). It is worth noting that PSD is not merely a manifestation of postoperative sleep-wake cycle disruption, but also an important clinical indication of postoperative brain dysfunction. Therefore, it is essential to improve the PSD of patients.

The prevention and treatment of PSD are multifaceted, encompassing both non-pharmacological and pharmacological interventions. Non-pharmacological strategies primarily include environmental optimization (eg, the use of eye masks and earplugs to reduce light and noise interference), psychological and behavioral therapies (eg, relaxation training and music therapy), and traditional Chinese medicine (eg, acupoint stimulation) (8–10). Pharmacological interventions are important for improving PSD, with commonly used medications including melatonin (regulating circadian rhythm), zolpidem (short-acting sedative hypnotic), and dexmedetomidine (selective α2 adrenergic receptor agonist) (11–13). Recently, emerging evidence has highlighted the potential benefits of perioperative ketamine and its dextrorotatory isomer, esketamine, in reducing the incidence of PSD and improving postoperative sleep quality (14, 15). Ketamine, especially esketamine, has become the new focus of PSD intervention research due to its multiple targets of action, which can exert analgesic, antidepressant, anti-inflammatory effects and regulation of circadian rhythm.

Esketamine, as a dextrorotatory isomer of ketamine, has stronger receptor affinity, more significant analgesic effects and better safety than ketamine. This study was conducted as a narrative review of the existing literature, aiming to evaluate the efficacy of esketamine in treating PSD and explore its potential underlying mechanisms, in order to provide theoretical basis for clinical anesthesia management and postoperative rehabilitation. Given the rapid expansion of esketamine research in recent years, we employed a systematic approach to identify and select relevant publications. The detailed methodology content is illustrated in Supplementary File S1.docx.




2 Risk factors and adverse outcomes of postoperative sleep disturbance

The occurrence of PSD involves multiple factors, mainly including: (1) Patient factors: gender, age and other demographic characteristics, preoperative anxiety, depression and pre-existing sleep problems; (2) Intraoperative factors: degree of surgical trauma, intensity of stress response, type and duration of anesthesia; (3) Postoperative complications: pain, postoperative nausea and vomiting (PONV) and ward environment (noise/light interference) (2, 7, 15, 16). These multifactorial etiologies contribute to the high incidence of perioperative sleep problems, with preoperative sleep disturbance affecting up to 60% of surgical patients (17) and PSD occurring in more than 70% of individuals undergoing noncardiac procedures (16).

Notably, the impact of anesthetic drugs on sleep is particularly unique. General anesthesia produces a reversible, controllable state through drug induction, including unconsciousness, amnesia, analgesia, and immobility. Contemporary neuroscience indicates that, although both general anesthesia and natural sleep involve reversible loss of consciousness, there are both overlaps and significant disparities between general anesthesia and physiological sleep in terms of neural circuits and electroencephalogram (EEG) manifestations. Natural sleep is an active, rhythmic and cyclical process dominated by circadian rhythm and homeostasis regulation, which can promote memory formation and consolidation. In contrast, general anesthetics induce unconsciousness by acting simultaneously on multiple cortical and subcortical neural circuits, partially relying on sleep-like oscillations (eg, slow-delta oscillations). Moreover, they directly inhibit cortical neurons and subcortical arousal-promoting neurons, thereby synergistically suppressing arousal. Conversely, activation of these arousal-promoting neurons can facilitate anesthesia emergence. Although some anesthetics can induce slow-delta oscillations similar to NREM sleep, each class of drugs exhibits unique dose-dependent property (18).

PSD can cause a series of adverse outcomes, significantly impairing patients’ postoperative recovery and long-term prognosis. PSD can exacerbate postoperative pain perception (19), increase the risk of cardiovascular and cerebrovascular events (20–22), and is also a risk factor for postoperative delirium (POD) and postoperative cognitive dysfunction (POCD) (23). Additionally, PSD may lead to postoperative fatigue syndrome (POFS) (24) (see Figure 1). These pathophysiological changes not only delay recovery but also prolong hospital stays and increase the health care burden.
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Figure 1 | Risk factors and adverse outcomes of postoperative sleep disturbance.




3 Pharmacological properties of esketamine

Ketamine, a non-competitive N-methyl-D-aspartate (NMDA) receptor antagonist, is a racemic compound comprising equal proportions of R (-)-ketamine and S (+)-ketamine enantiomers. It is primarily used as a narcotic analgesic in clinical practice. The drug exhibits unique physicochemical properties, being both water-soluble and lipid-soluble, which enable its administration via multiple routes, including intravenous, intramuscular, intraosseous, oral and intranasal pathways. Its pharmacokinetic characteristics showed that the elimination rate and distribution volume are mainly influenced by hepatic perfusion (25). Notably, Berman et al. firstly identified that ketamine also has significant antidepressant effects (26), a finding that has greatly expanded its clinical application prospects. Nevertheless, the clinical application of ketamine is constrained by its propensity to induce psychotomimetic adverse effects, such as hallucination, nightmare and restlessness.

Esketamine, the S (+)-enantiomer of racemic ketamine, exerts its pharmacological effects through multiple molecular targets (see Figure 2). The optimal administration method of esketamine for anesthesia and analgesia is intravenous injection, the effect is dose-dependent (27). And the main mechanism by which it produces anesthetic and analgesic effects is its non-competitive antagonism of NMDA receptors. Although esketamine shares similar pharmacodynamic characteristics with ketamine, it exhibits approximately twice the binding affinity for the NMDA receptors compared to the racemate. Consequently, esketamine requires only half the dose of ketamine to achieve comparable anesthetic and analgesic effects.
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Figure 2 | Targets of action of esketamine.

Currently, the product labeling for esketamine still refers to the pharmacokinetic data of racemic ketamine. However, a clinical study conducted in Chinese patients undergoing painless gastroscopy demonstrated that the onset time and the duration of action did not differ significantly between esketamine and ketamine, but the total dose of esketamine required to reach the specified blood concentration is only 65% of ketamine. The mean elimination half-life of esketamine was approximately 4 hours. Notably, esketamine displayed higher clearance rate and shorter recovery time compared to ketamine. Esketamine is metabolized primarily by hepatic microsomal enzymes, yielding S-norketamine as its major active metabolite, which has a mean elimination half-life of approximately 6–10 hours (28). An important pharmacological characteristic of esketamine is that the plasma concentration required for its analgesic effect is significantly lower than that needed for the loss of consciousness (29, 30). This implies that even after the anesthetic effect subsides and the patients regain consciousness, the analgesic effect may still persist for a certain period. This is highly beneficial for postoperative analgesia, as it can provide a certain degree of continuous analgesic effect and reduce the need for other analgesic medications. Furthermore, it may lead to subsequent effects such as potential neuroprotection and antidepressant effects (31).

Although esketamine offers advantages such as stronger affinity, higher clearance rate, and shorter recovery time compared to ketamine, the potential adverse effects after esketamine administration warrant consideration, especially the psychomimetic symptoms. According to a literature review covering the period from 1980 to 2022, esketamine is not devoid of psychomimetic side effects. Esketamine is also associated with dose-dependent psychomimetic adverse effects, such as hallucinations, thought disorganization, depersonalization, derealization, and abnormal dreams. Even at subanesthetic (≤0.5 mg/kg) or low doses (≤0.2 mg/kg), these neuropsychiatric manifestations may occur, though they are generally mild and transient. At higher doses, sedation gradually occurs until loss of consciousness. Compared with racemic ketamine, the psychomimetic effects of esketamine are milder, and the cognitive impairment during recovery is less severe and milder (32).

The mechanism underlying the psychotomimetic adverse effects of esketamine stems from its core pharmacological action as a NMDA receptor antagonist. By blocking NMDA receptors on γ-aminobutyric acid (GABA) inhibitory interneurons, esketamine suppresses the activity of these neurons, leading to the disinhibition and abnormal excitation of downstream glutamatergic pyramidal neurons. This results in a sharp increase in glutamatergic signaling in brain regions such as the prefrontal cortex (PFC) (33). This widespread excitatory disorder further disrupts the dynamic balance between large-scale brain networks, particularly causing disconnections within the default mode network (DMN) and its connections with the salience network (SN) and the executive control network (ECN). This is closely related to abnormal self-perception and the sense of reality disintegration (34). Concurrently, esketamine significantly interferes with the function of the temporoparietal junction (TPJ), a brain region responsible for integrating visual, vestibular, and proprioceptive information. Its dysfunction leads to failure in multisensory integration, directly causing symptoms such as hallucinations, perceptual distortions, and out-of-body experiences (35). Therefore, the psychotomimetic adverse effects of esketamine are not caused by a single mechanism but are the collective result of a series of cascading reactions triggered by its NMDA receptor antagonism, ultimately leading to the dysfunction of multiple brain networks.





4 Esketamine in clinical practice for pain

Building upon its unique pharmacological profile, esketamine has been investigated for several clinical applications beyond anesthesia. An increasing number of clinical studies have confirmed that esketamine not only provides significant analgesic effects (36), but also effectively alleviates negative emotions (31), while significantly enhancing patients’ postoperative recovery quality (37).

The foremost advantage of esketamine is its potent analgesic and opioid-sparing effects. Multiple studies have consistently demonstrated that low-dose esketamine, either as an adjuvant during anesthesia or in patient-controlled intravenous analgesia (PCIA) pumps, significantly reduces postoperative pain scores and reduces the consumption of opioids, especially in cesarean section. Moreover, some studies have shown that perioperative esketamine administration markedly decreases the incidence of PONV (38–40). This beneficial effect may be associated with diminished perioperative opioid utilization and enhanced maintenance of hemodynamic stability.

While numerous studies report significant reductions in pain scores and opioid requirements, others show neutral or negative findings (41, 42). Firstly, this discrepancy can be attributed to several factors, including varying surgical models (major abdominal or superficial surgery), divergent dosing regimens (bolus or continuous infusion), and differences in the timing of administration (pre-incision or intraoperative). Secondly, while esketamine may demonstrate benefits in acute pain control, its long-term effects on preventing chronic postsurgical pain (CPSP) remain inadequately explored (43, 44). Additionally, the concomitant use of other analgesics in multimodal strategies can also obscure its specific contribution (45). Lastly, the contribution of active metabolites like S-norketamine, with its longer half-life and distinct pharmacological activity, to the overall analgesic is often not accounted for in clinical studies (46).

While esketamine holds considerable promise as a multimodal analgesic adjuvant, its application is not without challenges. Future research must prioritize the standardization of dosing, the identification of patient subgroups most likely to benefit, and the rigorous assessment of long-term outcomes to fully define its role in enhanced recovery protocols.




5 Clinical evidence that esketamine improves postoperative sleep disturbance

In recent years, a number of clinical studies have investigated the effects of esketamine on postoperative sleep quality. The results are somewhat inconsistent, but generally indicate that esketamine may improve postoperative sleep quality through multiple mechanisms.



5.1 Effect of esketamine on subjective sleep quality

Accumulating evidence demonstrates that perioperative administration of esketamine significantly reduces the incidence of PSD and enhances patients’ self-reported sleep quality. For instance, Qiu et al. found that in patients undergoing gynecological laparoscopic surgery, intraoperative intravenous infusion of esketamine (0.3 mg/kg/h) significantly lowered the incidence of PSD on the first and third postoperative days, from 44.0% to 22.8% and from 19.8% to 7.6%, respectively (15). In another study involving laparoscopic gastric carcinoma resection, a combined regimen of intravenous esketamine (0.5 mg/kg) after induction and PCIA containing esketamine (1 mg/kg) effectively alleviated postoperative pain, enhanced sleep quality, reduced fatigue, and accelerated patient recovery (47). Research on elderly patients undergoing laparoscopic gastrointestinal tumor surgery revealed that intravenous esketamine (0.25 mg/kg) after induction, combined with continuous intraoperative infusion (0.1 mg/kg/h) improved sleep quality from postoperative day 1 through day 3 (48). Additionally, esketamine has proven effective in enhancing sleep quality for patients undergoing video-assisted thoracoscopic surgery (VATS), whether administered as a single pre-induction intravenous dose (0.5 mg/kg) or as a 24-hour postoperative infusion (1.5 mcg/ml sufentanil combined with 0.75 mcg/ml esketamine) (43, 49). It is worth noting that these studies employed subjective sleep assessment scales, which consistently demonstrating that perioperative administration of esketamine positively impacts patients’ postoperative sleep quality.




5.2 Effect of esketamine on sleep structure

Previous electrophysiological study in rats has shown that intraperitoneal ketamine injection selectively increases slow-wave activity (SWA) in the EEG during NREM sleep and modulates the expression of brain-derived neurotrophic factor (BDNF) in central brain regions (50). BDNF, a neuropeptide abundant in the CNS, is critical for neuroplasticity. In patients with treatment-resistant major depressive disorder (MDD), ketamine infusion has been observed to significantly influence sleep architecture, as indicated by increased total sleep duration, SWS, and REM sleep compared to the baseline. Furthermore, reductions in N1, N2, REM sleep latency, and wake time were noted on the day following ketamine administration (51). A randomized controlled trial (RCT) involving patients undergoing open abdominal gynecological surgery revealed that intraoperative intravenous infusion of esketamine (0.2 mg/kg/h) combined with an additional esketamine (50 mg) added to PCIA significantly increased the proportion of N3 sleep on the first postoperative night, from 8.9% to 15.6%. However, no significant differences were observed between the intervention and control groups in subjective sleep quality scores or other sleep architecture components, including N1, N2, and REM sleep (52).





5.3 Controversy

Although most studies support the positive effect of esketamine on improving postoperative sleep, some studies still yield negative results. For example, one study observed that repeated low-dose intravenous esketamine administration did not enhance sleep quality in elderly patients undergoing total hip or knee arthroplasty (53). Similarly, Sun et al. found that intraoperative esketamine administration failed to improve sleep outcomes in patients undergoing laparoscopic radical resection for colorectal cancer (54).

Existing studies have shown that the effects of perioperative esketamine on postoperative sleep quality are heterogeneous, which may be related to differences in study populations and different dosing regimens (dose/timing). Comprehensive evidence showed that the current clinical studies mainly used intravenous administration, including: intraoperative single administration (0.1-0.5 mg/kg); intraoperative continuous infusion (0.1-0.3 mg/kg/h); postoperative continuous administration (50 mg or 0.5–1 mg/kg combined with opioids). Although the mechanism has not been fully elucidated, existing evidence supports the positive significance of perioperative intravenous esketamine in improving postoperative sleep quality.

While the above clinical evidence suggests that esketamine may be a promising agent for alleviating PSD, it is imperative to acknowledge that the application of esketamine for PSD is strictly off-label. Clinicians and researchers must exercise utmost caution due to several inherent risks. First and most commonly, there are mental related adverse reactions such as nightmares, dizziness, hallucinations and mental confusion (32). Even though these symptoms are mostly temporary, we need to conduct appropriate monitoring to ensure the safety and comfort of the patients. Secondly, esketamine can cause a dose-dependent increase in blood pressure and heart rate (55), which warrants careful consideration in postoperative patients, especially those with cardiovascular instability. Thirdly, the long-term safety of repeated esketamine administration for sleep modulation, particularly in surgical populations, remains largely unexplored. Finally, as a schedule-controlled substance, esketamine carries a risk of misuse and dependence. Its use must be recorded in detail and be restricted to use in supervised medical environments.





6 Possible mechanisms of esketamine improving postoperative sleep quality

The lateral preoptic (LPO) hypothalamus is a core brain region that generates and maintains sleep (including NREM and REM sleep). The excitability of neurons in this brain region is highly dependent on NMDA receptors (particularly the GluN1 subunit). A experiment reported that specifically deleting NMDA receptors in the LPO leads to severe insomnia, indicating that the normal function of NMDA receptors is necessary for maintaining sleep homeostasis (56). Furthermore, recent studies have confirmed that the discharge patterns of dopaminergic neurons in the ventral tegmental area (VTA) play a crucial role in the transition between sleep and wakefulness. One of the key mechanisms of the NMDA receptor antagonist is its action on the GABAergic interneurons in the VTA. Blocking the NMDA receptors on these inhibitory neurons will relieve their inhibition on the dopaminergic neurons, resulting in a sharp increase in dopamine release (57, 58). The surge of dopamine will drive awakening (59). These give rise to a core paradox: How can NMDA receptor antagonists improve sleep?

At present, the specific mechanisms of ketamine and esketamine to improve sleep quality after surgery are unclear. The regulation of sleep-wake states relies on the balance of complex neural networks and neurotransmitter systems within the brain, in which NMDA receptors are widely involved. Some studies indicate that NMDA receptor antagonists can enhance SWA on EEG (60). Esketamine may induce or enhance the recovery of deep sleep, which is similar to physiological SWS in EEG, through its action on NMDA receptors in the cortex and thalamus. In addition, ketamine can also participate in a more extensive regulation of sleep-wake cycle homeostasis by modulating key neuropeptides in the hypothalamic endogenous sleep-wake regulatory system, such as inhibiting the release of the wake-promoting neuropeptide orexin (OX) and potentially promoting the activity of the sleep-promoting neuropeptide melanin-concentrating hormone (MCH) (61).

The effect of esketamine in improving postoperative sleep is not only achieved by directly regulating the sleep-wake center circuit, but may also result from its multiple indirect mechanisms, such as analgesia, anti-depression, anti-inflammation, and regulation of circadian rhythm (see Figure 3).
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Figure 3 | Indirect mechanisms of esketamine in improving postoperative sleep disturbance.



6.1 Analgesia

Patients undergoing surgical treatment often experience varying degrees of pain both before and after surgery. The bidirectional relationship between pain and sleep has been widely acknowledged: pain can disrupt sleep, resulting in prolonged sleep latency and reduced total sleep time; conversely, sleep disturbance is an important predictor of pain (62). Opioids are the most commonly used analgesic drugs. However, long-term or irregular use of opioids can produce related adverse reactions, among which sleep disturbance is one of the adverse reactions of opioid use. Sleep disturbance can lead to decreased pain tolerance and further increase the use of opioids, presenting a vicious cycle (63). In a study of intravenous morphine administration in healthy painless young adults, it was found that intravenous morphine administration at clinical doses altered sleep structure in healthy painless subjects, with decreased SWS and REM sleep, and an increase in N2 on PSG (64). A large amount of evidence indicates that esketamine provides effective analgesic effects, although several studies failed to reach statistical significance. Additionally, the study has also found that intraoperative use of esketamine not only improves postoperative sleep but also reduces postoperative movement pain scores and analgesic drug consumption (15).

The possible mechanisms of esketamine analgesia: (1) NMDA receptors are crucial excitatory glutamate receptors in the central nervous system (CNS) and play a pivotal role in the transmission of nociceptive signals (65). When a noxious stimulus occurs, the presynaptic membrane releases the excitatory neurotransmitter glutamate, which activates the NMDA receptors. This activation triggers a voltage-dependent influx of sodium ions (Na+) and calcium ions (Ca2+) and an efflux of potassium ions (K+), ultimately leading to pain (66). As an NMDA receptor antagonist, esketamine may attenuate glutamate-mediated nociceptive signal transmission by binding to NMDA receptors, thereby preventing glutamate from binding to its receptors and reducing the time and frequency of receptor channel opening. This mechanism helps to alleviate pain. (2) The nitric oxide (NO)/cyclic guanosine 3′,5′-monophosphate (cGMP) signaling pathway has been identified as a critical mediator in the pathogenesis of chronic pain, particularly in inflammatory pain (67). NO is a biological mediator widely involved in pain regulation. The brain is the primary source of NO in the body, and the main stimulus for NO synthesis in the brain is Ca2+ influx through NMDA glutamate receptors. Upon NMDA receptor activation, Ca2+ enters the cell and binds to calmodulin (CaM) to form a Ca2+-CaM complex. This complex can activate neuronal nitric oxide synthase (nNOS) to promote NO production (68). Given that esketamine acts as an NMDA receptor antagonist, it may inhibit NMDA receptor activation, thereby affecting the production of NO and inhibiting inflammatory pain. (3) In addition, esketamine also has a certain binding affinity for opioid receptors (eg, μ- and δ-opioid receptors), which may enhance its analgesic effects by regulating the activity of these receptors (69).




6.2 Antidepressant

Sleep disturbance has long been recognized as a core symptom of depression. However, emerging research has revealed that sleep disturbance not only co-occurs with depressive disorders but also serves as an independent risk factor for their onset. Long-term persistent sleep disturbance can significantly increase the risk of individuals suffering from mental illnesses. As one of the most common mental illnesses, depression has a complex bidirectional relationship with sleep disturbance (70). The antidepressant effects of ketamine represent a major breakthrough in the field of mental health. Unlike conventional antidepressants, ketamine exerts its therapeutic effects within just a few hours and reduces suicidal ideation in the short term (71, 72). Furthermore, clinical investigation has demonstrated ketamine’s efficacy in alleviating insomnia severity among patients with depressive disorders (73). Notably, in 2019, United States Food and Drug Administration (FDA) granted approval for esketamine as a therapeutic intervention for treatment-resistant depression (TRD) (74). As a novel antidepressant, the efficacy of esketamine has been verified across various surgical populations (31, 75–80). Recent research has shown that a single low-dose administration of esketamine (0.2 mg/kg) following childbirth can result in a 75% reduction in major depressive episodes at 42 days postpartum among women experiencing prenatal depression (81). The antidepressant mechanisms of ketamine and esketamine have garnered significant interest in recent years.

The possible antidepressant mechanisms of esketamine: (1) The lateral habenula (LHb) nucleus is a small subcortical nucleus in the brain, which inhibits the activity of reward-related dopaminergic neurons and plays a crucial role in the regulation of negative emotions. Research has shown that the burst-like firing activity of the LHb is closely linked to the development of depression, and this firing pattern is dependent on NMDA receptors. By blocking NMDA receptors, esketamine inhibits the excessive activity of the LHb and modulates its functional connectivity with brain regions associated with the reward system and cognitive control, thereby exerting its rapid antidepressant effects (82). (2) Several studies have highlighted the pivotal involvement of NMDA receptors in the underlying mechanisms of depression. NMDA receptors have multiple subtypes and are widely expressed throughout the CNS. It is notable that the expression of GluN2A and GluN2B subtypes is closely related to the occurrence of depression (83, 84). As NMDA receptor antagonists, ketamine and esketamine may exert rapid antidepressant effects by blocking these receptors. (3) The antidepressant properties of ketamine and esketamine can be explained not only by their direct antagonism of glutamatergic NMDA receptors but also through their selective blockade of NMDA receptors located on GABA inhibitory interneurons. This blockade leads to the disinhibition of pyramidal neurons, enhancing glutamate release. Subsequently, glutamate activates α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors and promotes the secretion of BDNF (85). It has been found that ketamine affects the level of BDNF, and this change is associated with SWS and mood regulation (51). (4) In addition, esketamine exerts antidepressant effects by promoting the activation of the mammalian target of rapamycin (mTOR) signaling pathway in the PFC, increasing synaptic plasticity (86). (5) Moreover, hydroxynorketamine (HNK), a metabolite of ketamine, is also one of the important mechanisms underlying its antidepressant effects (87). Esketamine has been found to have a 10% higher demethylation rate than ketamine (88), which may contribute to its potent antidepressant effects. The antidepressant effects of HNK do not depend on the inhibition of NMDA receptors, but are achieved by enhancing AMPA receptor function. This mechanism further supports the critical position of AMPA receptors in the antidepressant effects of ketamine and esketamine.




6.3 Anti-inflammatory

Surgical trauma, inflammatory response, and postoperative pain are major factors affecting postoperative sleep quality (7). Compared with patients undergoing minimally invasive procedures such as laparoscopic cholecystectomy, those who undergo major abdominal surgery experience more severe circadian rhythm disorders and worse subjective recovery parameters (89). The inflammatory response is the body’s natural defense mechanism against surgical trauma. Extensive surgical trauma or the presence of other influencing factors can trigger a systemic inflammatory response, leading to an imbalance in the level of inflammatory factors. Scientific investigation has established interconnections among inflammatory markers, sleep disruption, and depressive states (90). Specific cytokines, including tumor necrosis factor (TNF) and interleukins (91), which are involved in postoperative inflammatory processes, may contribute to the development of PSD. Experimental evidence indicates that administration of exogenous TNF or interleukin-1 (IL-1) can trigger symptoms similar to sleep deprivation (92, 93), such as excessive somnolence, fatigue, cognitive impairment, and hyperalgesia. These symptoms imply a potentially significant role of these inflammatory mediators in the pathogenesis of PSD. We hypothesized that reducing the release of inflammatory factors could improve sleep disorders and alleviate depressive symptoms. In elderly patients, anesthesia induction using propofol in combination with esketamine demonstrated superior clinical outcomes compared to propofol paired with sufentanil. This approach enhances hemodynamic stability, mitigates surgical stress and inflammatory reactions (as indicated by decreased levels of C-reactive protein (CRP), procalcitonin (PCT), and white blood cell (WBC) counts), reduces anesthesia duration, and promotes the restoration of postoperative cognitive function (94). These effects have been validated in several studies (31, 95–98), indicating that esketamine has potential clinical benefits for its anti-inflammatory effects.

The possible anti-inflammatory mechanisms of esketamine: (1) By inhibiting leukocyte activation, esketamine attenuates the generation of pro-inflammatory cytokines, including tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), and interleukin-8 (IL-8), while enhancing the release of anti-inflammatory cytokines, such as interleukin-4 (IL-4) and interleukin-10 (IL-10). This mechanism consequently reduces inflammation-induced neural damage (99). (2) Lipopolysaccharide (LPS) is an endotoxin that induces significant upregulation of inflammatory mediators, including cytokine production and enhancement of enzyme activity. This process involves several key molecular events, such as the phosphorylation of nuclear factor-κB (NF-κB) and its nuclear translocation, as well as the elevation of Ca2+ level and the phosphorylation of calmodulin-dependent protein kinase II (CaMK II). These molecular events interact and work together to drive the inflammatory process. Like ketamine, esketamine exhibits potential anti-inflammatory properties through antagonism of NMDA receptors, reduction of Ca2+ level, inhibition of CaMK II phosphorylation, and inhibition of NF-κB phosphorylation and nuclear translocation (100). (3) There is a mutually promoting relationship between oxidative stress and inflammation. As a crucial transcriptional regulator of the cellular oxidative stress response, nuclear factor erythroid 2-related factor 2 (Nrf2) modulates the expression of genes responsible for antioxidant and anti-inflammatory activities, playing a key role in safeguarding cells against the detrimental impacts of oxidative stress and inflammatory processes (101). Research has demonstrated that esketamine induces rapid antidepressant effects in adolescent mice exposed to LPS, an effect linked to the stimulation of Nrf2-mediated anti-inflammatory signaling pathways (102).




6.4 Regulation of circadian rhythm

Sleep regulation is governed by two primary systems: the circadian rhythm and homeostasis regulation (103). The circadian rhythm represents the 24-hour cycle of physiological and behavioral variations in organisms, controlled by the circadian clock within the suprachiasmatic nucleus (SCN) of the hypothalamus. In humans, the most prominent circadian rhythm is the alternation between sleep and wakefulness. Circadian rhythm disturbance is closely related to a variety of diseases, such as depression, sleep disorders, and metabolic syndrome. In recent years, studies have found that ketamine and esketamine not only possess analgesic and rapid antidepressant effects but also play a role in regulating circadian rhythm (104, 105).

The possible mechanisms by which esketamine regulates circadian rhythm: (1) In mammals, the core circadian clock genes include period genes (Per1, Per2, Per3), cryptochrome genes (Cry1, Cry2), Bmal genes (Bmal1, Bmal2), and Clock genes (Clock, NPAS2). The Clock: Bmal1 complex serves as a central transcription factor in the mammalian circadian clock, modulating the expression of various clock genes, including Per and Cry. Ketamine has been found to time-dependently alter Clock: Bmal1-mediated transcription, leading to alteration in the expression of multiple clock genes and subsequent changes in circadian rhythm (106). (2) Light signals are conveyed to the SCN via a specialized neural pathway originating from retinal ganglion cells, known as the retinohypothalamic tract (RHT). This afferent pathway mediates the synaptic release of glutamate within the SCN. Subsequent glutamatergic signaling induces significant transcriptional activation of fundamental circadian regulators, particularly the Per1 and Per2 genes, thereby playing a critical role in regulating circadian rhythm (107). As NMDA receptor antagonists, ketamine and esketamine inhibit the transcription of these core clock genes in the SCN by blocking glutamate receptors, ultimately leading to alteration in circadian rhythm. (3) A study has found that the mTOR signaling pathway plays an essential role in the light-mediated regulation of the SCN circadian clock. mTOR affects the phase regulation of the circadian clock and the expression of core clock genes by regulating light-induced protein translation (108). As previously mentioned, ketamine and esketamine activate the mTOR pathway, suggesting that they may alter circadian rhythm by affecting mTOR signaling.





7 Conclusion and future research directions

The decline in postoperative sleep quality is a common complication following surgery, influenced by numerous factors, and it significantly hinders patients’ recovery. Leveraging its unique pharmacological properties, esketamine has demonstrated potential in enhancing postoperative sleep quality, it not only achieves through directly regulating the sleep-wake center circuit, but may also be related to multiple indirect mechanisms such as analgesia, anti-depression, anti-inflammation, and regulation of the circadian rhythm.

In the future, before any potential widespread clinical adoption, several key steps need to be completed. The first and most important step is to conduct large-scale, multicenter RCTs, which are crucial for clearly establishing the efficacy and safety. However, it should be emphasized that the current use of esketamine for the management of PSD is an off-label use. Therefore, clinicians must act with caution, ensure a comprehensive risk-benefit assessment when using it, and obtain full informed consent from patients regarding its experimental nature in this indication. In addition, standardized monitoring guidelines for adverse reactions need to be developed.

Such research will provide a more robust foundation for improving patients’ quality of life after surgery. Concurrently, fundamental research is imperative to delineate the precise molecular mechanisms of esketamine enhancing sleep, to explore potential therapeutic targets, and to offer theoretical support for targeted medication strategies.





Author contributions

QL: Visualization, Conceptualization, Data curation, Resources, Formal analysis, Validation, Project administration, Writing – review & editing, Software, Methodology, Investigation, Writing – original draft. YiL: Methodology, Supervision, Validation, Conceptualization, Writing – review & editing, Investigation. QF: Conceptualization, Writing – review & editing, Supervision, Formal analysis, Visualization. BG: Data curation, Validation, Supervision, Writing – review & editing, Investigation. YaL: Funding acquisition, Visualization, Project administration, Supervision, Investigation, Resources, Validation, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research and/or publication of this article. This review was supported by Gansu Province Joint Research Fund Project[grant number 23JRRA1496], Science and Technology Project of Chengguan District, Lanzhou City[grant number 2022HFSZ0015].





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1612230/full#supplementary-material




References

	 Baranwal N, Yu PK, Siegel NS. Sleep physiology, pathophysiology, and sleep hygiene. Prog Cardiovasc Dis. (2023) 77:59–69. doi: 10.1016/j.pcad.2023.02.005, PMID: 36841492


	 Rampes S, Ma K, Divecha YA, Alam A, Ma D. Postoperative sleep disorders and their potential impacts on surgical outcomes. J BioMed Res. (2019) 34:271–80. doi: 10.7555/JBR.33.20190054, PMID: 32519977


	 Zavecz Z, Shah VD, Murillo OG, Vallat R, Mander BA, Winer JR, et al. NREM sleep as a novel protective cognitive reserve factor in the face of Alzheimer’s disease pathology. BMC Med. (2023) 21:156. doi: 10.1186/s12916-023-02811-z, PMID: 37138290


	 Brodt S, Inostroza M, Niethard N, Born J. Sleep-A brain-state serving systems memory consolidation. Neuron. (2023) 111:1050–75. doi: 10.1016/j.neuron.2023.03.005, PMID: 37023710


	 Goldstein AN, Walker MP. The role of sleep in emotional brain function. Annu Rev Clin Psychol. (2014) 10:679–708. doi: 10.1146/annurev-clinpsy-032813-153716, PMID: 24499013


	 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) 27:1255–73. doi: 10.1093/sleep/27.7.1255, PMID: 15586779


	 Rosenberg-Adamsen S, Kehlet H, Dodds C, Rosenberg J. Postoperative sleep disturbances: mechanisms and clinical implications. Br J Anaesth. (1996) 76:552–9. doi: 10.1093/bja/76.4.552, PMID: 8652329


	 Le Guen M, Nicolas-Robin A, Lebard C, Arnulf I, Langeron O. Earplugs and eye masks vs routine care prevent sleep impairment in post-anaesthesia care unit: a randomized study. Br J Anaesth. (2014) 112:89–95. doi: 10.1093/bja/aet304, PMID: 24172057


	 Hurley-Wallace AL, Bertram W, Johnson E, Wylde V, Whale K. An opportunity to sleep well in hospital: development of a multi-level intervention to improve inpatient sleep (ASLEEP) using behaviour change theories. BMC Psychol. (2024) 12:788. doi: 10.1186/s40359-024-02281-9, PMID: 39731101


	 Wei W, Huang X, Zhu J. Effect of acupoint therapies on postoperative sleep quality: A narrative review. Med Sci Monit. (2023) 29:e938920. doi: 10.12659/MSM.938920, PMID: 36760099


	 Haider MA, Lawrence KW, Christensen T, Schwarzkopf R, Macaulay W, Rozell JC. Does melatonin improve sleep following primary total knee arthroplasty? A randomized, double-blind, placebo-controlled trial. J Arthroplasty. (2024) 39:S154–60. doi: 10.1016/j.arth.2024.02.031, PMID: 38401621


	 Hu X, Huang D, Lin C, Li X, Lu F, Wei W, et al. Zolpidem improves patients’ sleep quality after surgical treatment for infective endocarditis: a prospective observational study. Sleep Breath. (2022) 26:1097–105. doi: 10.1007/s11325-021-02479-w, PMID: 34449017


	 Huang X, Lin D, Sun Y, Wu A, Wei C. Effect of dexmedetomidine on postoperative sleep quality: A systematic review. Drug Des Devel Ther. (2021) 15:2161–70. doi: 10.2147/DDDT.S304162, PMID: 34045850


	 Takahashi S, Kushikata T, Matsuki A. Effects of isoflurane and ketamine on sleep in rabbits. Psychiatry Clin Neurosci. (2001) 55:239–40. doi: 10.1046/j.1440-1819.2001.00840.x, PMID: 11422856


	 Qiu D, Wang XM, Yang JJ, Chen S, Yue CB, Hashimoto K, et al. Effect of intraoperative esketamine infusion on postoperative sleep disturbance after gynecological laparoscopy: A randomized clinical trial. JAMA Netw Open. (2022) 5:e2244514. doi: 10.1001/jamanetworkopen.2022.44514, PMID: 36454569


	 Yang S, Zhang Q, Xu Y, Chen F, Shen F, Zhang Q, et al. Development and validation of nomogram prediction model for postoperative sleep disturbance in patients undergoing non-cardiac surgery: A prospective cohort study. Nat Sci Sleep. (2021) 13:1473–83. doi: 10.2147/NSS.S319339, PMID: 34466046


	 Butris N, Tang E, Pivetta B, He D, Saripella A, Yan E, et al. The prevalence and risk factors of sleep disturbances in surgical patients: A systematic review and meta-analysis. Sleep Med Rev. (2023) 69:101786. doi: 10.1016/j.smrv.2023.101786, PMID: 37121133


	 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) 132:1254–64. doi: 10.1213/ANE.0000000000005361, PMID: 33857967


	 Chouchou F, Khoury S, Chauny JM, Denis R, Lavigne GJ. Postoperative sleep disruptions: a potential catalyst of acute pain? Sleep Med Rev. (2014) 18:273–82. doi: 10.1016/j.smrv.2013.07.002, PMID: 24074687


	 Thurston RC, Chang Y, Kline CE, Swanson LM, El Khoudary SR, Jackson EA, et al. Trajectories of sleep over midlife and incident cardiovascular disease events in the study of women’s health across the nation. Circulation. (2024) 149:545–55. doi: 10.1161/CIRCULATIONAHA.123.066491, PMID: 38284249


	 Karhunen V, Bakker MK, Ruigrok YM, Gill D, Larsson SC. Modifiable risk factors for intracranial aneurysm and aneurysmal subarachnoid hemorrhage: A mendelian randomization study. J Am Heart Assoc. (2021) 10:e022277. doi: 10.1161/JAHA.121.022277, PMID: 34729997


	 Bassetti CLA. Sleep and stroke: A bidirectional relationship with clinical implications. Sleep Med Rev. (2019) 45:127–8. doi: 10.1016/j.smrv.2019.04.005, PMID: 31080163


	 Wang X, Hua D, Tang X, Li S, Sun R, Xie Z, et al. The role of perioperative sleep disturbance in postoperative neurocognitive disorders. Nat Sci Sleep. (2021) 13:1395–410. doi: 10.2147/NSS.S320745, PMID: 34393534


	 Zhao X, Wang T, Sheng G, Tang Y, Shen M, Yang J. The fatigue, sleep and physical activity in postoperative patients with pituitary adenoma: what we can do. Transl Cancer Res. (2020) 9:1779–86. doi: 10.21037/tcr.2020.02.47, PMID: 35117525


	 Gao M, Rejaei D, Liu H. Ketamine use in current clinical practice. Acta Pharmacol Sin. (2016) 37:865–72. doi: 10.1038/aps.2016.5, PMID: 27018176


	 Berman RM, Cappiello A, Anand A, Oren DA, Heninger GR, Charney DS, et al. Antidepressant effects of ketamine in depressed patients. Biol Psychiatry. (2000) 47:351–4. doi: 10.1016/s0006-3223(99)00230-9, PMID: 10686270


	 Trimmel H, Helbok R, Staudinger T, Jaksch W, Messerer B, Schöchl H, et al. S(+)-ketamine: Current trends in emergency and intensive care medicine. Wien Klin Wochenschr. (2018) 130:356–66. doi: 10.1007/s00508-017-1299-3, PMID: 29322377


	 Wang J, Huang J, Yang S, Cui C, Ye L, Wang SY, et al. Pharmacokinetics and safety of esketamine in Chinese patients undergoing painless gastroscopy in comparison with ketamine: A randomized, open-label clinical study. Drug Des Devel Ther. (2019) 13:4135–44. doi: 10.2147/DDDT.S224553, PMID: 31827320


	 Annetta MG, Iemma D, Garisto C, Tafani C, Proietti R. Ketamine: new indications for an old drug. Curr Drug Targets. (2005) 6:789–94. doi: 10.2174/138945005774574533, PMID: 16305457


	 Bornemann-Cimenti H, Wejbora M, Michaeli K, Edler A, Sandner-Kiesling A. The effects of minimal-dose versus low-dose S-ketamine on opioid consumption, hyperalgesia, and postoperative delirium: a triple-blinded, randomized, active- and placebo-controlled clinical trial. Minerva Anestesiol. (2016) 82:1069–76., PMID: 27327855


	 Luo T, Deng Z, Ren Q, Mu F, Zhang Y, Wang H. Effects of esketamine on postoperative negative emotions and early cognitive disorders in patients undergoing non-cardiac thoracic surgery: A randomized controlled trial. J Clin Anesth. (2024) 95:111447. doi: 10.1016/j.jclinane.2024.111447, PMID: 38522144


	 Mion G, Himmelseher S. Esketamine: less drowsiness, more analgesia. Anesth Analg. (2024) 139:78–91. doi: 10.1213/ANE.0000000000006851, PMID: 38295061


	 Moghaddam B, Adams B, Verma A, Daly D. Activation of glutamatergic neurotransmission by ketamine: a novel step in the pathway from NMDA receptor blockade to dopaminergic and cognitive disruptions associated with the prefrontal cortex. J Neurosci. (1997) 17:2921–7. doi: 10.1523/JNEUROSCI.17-08-02921.1997, PMID: 9092613


	 Anticevic A, Corlett PR, Cole MW, Savic A, Gancsos M, Tang Y, et al. N-methyl-D-aspartate receptor antagonist effects on prefrontal cortical connectivity better model early than chronic schizophrenia. Biol Psychiatry. (2015) 77:569–80. doi: 10.1016/j.biopsych.2014.07.022, PMID: 25281999


	 Blanke O, Mohr C, Michel CM, Pascual-Leone A, Brugger P, Seeck M, et al. Linking out-of-body experience and self processing to mental own-body imagery at the temporoparietal junction. J Neurosci. (2005) 25:550–7. doi: 10.1523/JNEUROSCI.2612-04.2005, PMID: 15659590


	 Wang X, Lin C, Lan L, Liu J. Perioperative intravenous S-ketamine for acute postoperative pain in adults: A systematic review and meta-analysis. J Clin Anesth. (2021) 68:110071. doi: 10.1016/j.jclinane.2020.110071, PMID: 33007645


	 Hung KC, Kao CL, Ho CN, Hsing CH, Chang YJ, Wang LK, et al. The impact of perioperative ketamine or esketamine on the subjective quality of recovery after surgery: a meta-analysis of randomised controlled trials. Br J Anaesth. (2024) 132:1293–303. doi: 10.1016/j.bja.2024.03.012, PMID: 38614917


	 Zhao Y, Liu L, Hou Y, Fan J. Effects of esketamine-sufentanil for patient-controlled intravenous analgesia in women following cesarean section: A randomized clinical trial. Front Pharmacol. (2025) 16:1579633. doi: 10.3389/fphar.2025.1579633, PMID: 40297147


	 Zhou F, Ma Q, Meng F, Bao H, Liu W, Zhang G, et al. Esketamine prevents carboprost-induced adverse reactions during cesarean section under combined spinal-epidural anesthesia: a double-blind, randomized trial. BMC Anesthesiol. (2025) 25:345. doi: 10.1186/s12871-025-03173-0, PMID: 40652217


	 Qi Y, Zhou M, Zheng W, Dong Y, Li W, Wang L, et al. Effect of S-ketamine on postoperative nausea and vomiting in patients undergoing video-assisted thoracic surgery: A randomized controlled trial. Drug Des Devel Ther. (2024) 18:1189–98. doi: 10.2147/DDDT.S449705, PMID: 38645990


	 Brinck ECV, Maisniemi K, Kankare J, Tielinen L, Tarkkila P, Kontinen VK. Analgesic effect of intraoperative intravenous S-ketamine in opioid-naïve patients after major lumbar fusion surgery is temporary and not dose-dependent: A randomized, double-blind, placebo-controlled clinical trial. Anesth Analg. (2021) 132:69–79. doi: 10.1213/ANE.0000000000004729, PMID: 32167978


	 Chen Y, Guo Y, Wu H, Tang YJ, Sooranna SR, Zhang L, et al. Perioperative adjunctive esketamine for postpartum depression among women undergoing elective cesarean delivery: A randomized clinical trial. JAMA Netw Open. (2024) 7:e240953. doi: 10.1001/jamanetworkopen.2024.0953, PMID: 38446480


	 Zhou R, Zhang Y, Tang S, Zhang X, Wang Y, Liu Y, et al. A single preoperative dose of S-ketamine has no beneficial effect on chronic postsurgical pain in patients undergoing video-assisted thoracoscopic surgical lung lesion resection: A prospective randomized controlled study. J Cardiothorac Vasc Anesth. (2023) 37:1433–41. doi: 10.1053/j.jvca.2023.02.046, PMID: 37105852


	 Guo H, Zhang X, Wang JG, Kalika P, Ran R, Xie YB. S-ketamine infusion on chronic postoperative pain following breast cancer surgery: A randomized double-blind placebo-controlled trial. Clin Breast Cancer. (2024) 24:e605–12. doi: 10.1016/j.clbc.2024.06.003, PMID: 38918160


	 Jaksch W, Lang S, Reichhalter R, Raab G, Dann K, Fitzal S. Perioperative small-dose S(+)-ketamine has no incremental beneficial effects on postoperative pain when standard-practice opioid infusions are used. Anesth Analg. (2002) 94:981–6. doi: 10.1097/00000539-200204000-00038, PMID: 11916808


	 Sigtermans M, Dahan A, Mooren R, Bauer M, Kest B, Sarton E, et al. S(+)-ketamine effect on experimental pain and cardiac output: a population pharmacokinetic-pharmacodynamic modeling study in healthy volunteers. Anesthesiology. (2009) 111:892–903. doi: 10.1097/ALN.0b013e3181b437b1, PMID: 19741495


	 Lin X, Feng X, Sun L, Wang Y, Wu X, Lu S, et al. Effects of esketamine on postoperative fatigue syndrome in patients after laparoscopic resection of gastric carcinoma: a randomized controlled trial. BMC Anesthesiol. (2024) 24:185. doi: 10.1186/s12871-024-02513-w, PMID: 38789968


	 Jing Z, Han Y, Li Y, Zeng R, Wu J, Wang Y, et al. Effect of subanesthetic dose of esketamine on postoperative pain in elderly patients undergoing laparoscopic gastrointestinal tumor Surgery:A prospective, double-blind, randomized controlled trial. Heliyon. (2024) 10:e27593. doi: 10.1016/j.heliyon.2024.e27593, PMID: 38495154


	 Fu M, Xu R, Chen G, Zheng X, Shu B, Huang H, et al. Postoperative esketamine improves ventilation after video-assisted thoracoscopic lung resection: A double-blinded randomized controlled trial. Heliyon. (2024) 10:e25100. doi: 10.1016/j.heliyon.2024.e25100, PMID: 38322862


	 Feinberg I, Campbell IG. Ketamine administration during waking increases delta EEG intensity in rat sleep. Neuropsychopharmacology. (1993) 9:41–8. doi: 10.1038/npp.1993.41, PMID: 8397722


	 Duncan WC, Sarasso S, Ferrarelli F, Selter J, Riedner BA, Hejazi NS, et al. Concomitant BDNF and sleep slow wave changes indicate ketamine-induced plasticity in major depressive disorder. Int J Neuropsychopharmacol. (2013) 16:301–11. doi: 10.1017/S1461145712000545, PMID: 22676966


	 Zhang T, Song N, Li S, Yu L, Xie Y, Yue Z, et al. S-ketamine improves slow wave sleep and the associated changes in serum protein among gynecological abdominal surgery patients: A randomized controlled trial. Nat Sci Sleep. (2023) 15:903–13. doi: 10.2147/NSS.S430453, PMID: 37954026


	 Ma CB, Zhang CY, Gou CL, Liang ZH, Zhang JX, Xing F, et al. Effect of low-dose esketamine on postoperative delirium in elderly patients undergoing total hip or knee arthroplasty: A randomized controlled trial. Drug Des Devel Ther. (2024) 18:5409–21. doi: 10.2147/DDDT.S477342, PMID: 39624771


	 Sun L, Zhao Y, Li Y, Zhai W, Gao F, Yin Q, et al. Effect of continuous subanesthetic esketamine infusion on postoperative fatigue in patients undergoing laparoscopic radical resection for colorectal cancer: a randomized controlled study. Am J Cancer Res. (2023) 13:2554–63., PMID: 37424809


	 Jansen SC, van Velzen M, Sarton E, Dahan A, Niesters M, van der Schrier R. Acute effects of esketamine on hypoxic ventilatory response, haemodynamics, and brain function in healthy volunteers. Br J Anaesth. (2025) 134:557–63. doi: 10.1016/j.bja.2024.08.040, PMID: 39516125


	 Miracca G, Anuncibay-Soto B, Tossell K, Yustos R, Vyssotski AL, Franks NP, et al. NMDA receptors in the lateral preoptic hypothalamus are essential for sustaining NREM and REM sleep. J Neurosci. (2022) 42:5389–409. doi: 10.1523/JNEUROSCI.0350-21.2022, PMID: 35649726


	 Takahata R, Moghaddam B. Glutamatergic regulation of basal and stimulus-activated dopamine release in the prefrontal cortex. J Neurochem. (1998) 71:1443–9. doi: 10.1046/j.1471-4159.1998.71041443.x, PMID: 9751176


	 Takahata R, Moghaddam B. Target-specific glutamatergic regulation of dopamine neurons in the ventral tegmental area. J Neurochem. (2000) 75:1775–8. doi: 10.1046/j.1471-4159.2000.0751775.x, PMID: 10987862


	 Qu WM, Xu XH, Yan MM, Wang YQ, Urade Y, Huang ZL. Essential role of dopamine D2 receptor in the maintenance of wakefulness, but not in homeostatic regulation of sleep, in mice. J Neurosci. (2010) 30:4382–9. doi: 10.1523/JNEUROSCI.4936-09.2010, PMID: 20335474


	 Akeju O, Song AH, Hamilos AE, Pavone KJ, Flores FJ, Brown EN, et al. Electroencephalogram signatures of ketamine anesthesia-induced unconsciousness. Clin Neurophysiol. (2016) 127:2414–22. doi: 10.1016/j.clinph.2016.03.005, PMID: 27178861


	 Kushikata T, Sawada M, Niwa H, Kudo T, Kudo M, Tonosaki M, et al. Ketamine and propofol have opposite effects on postanesthetic sleep architecture in rats: relevance to the endogenous sleep-wakefulness substances orexin and melanin-concentrating hormone. J Anesth. (2016) 30:437–43. doi: 10.1007/s00540-016-2161-x, PMID: 26984688


	 Sipilä RM, Kalso EA. Sleep well and recover faster with less pain-A narrative review on sleep in the perioperative period. J Clin Med. (2021) 10:2000. doi: 10.3390/jcm10092000, PMID: 34066965


	 Eacret D, Veasey SC, Blendy JA. Bidirectional relationship between opioids and disrupted sleep: putative mechanisms. Mol Pharmacol. (2020) 98:445–53. doi: 10.1124/mol.119.119107, PMID: 32198209


	 Shaw IR, Lavigne G, Mayer P, Choinière M. Acute intravenous administration of morphine perturbs sleep architecture in healthy pain-free young adults: a preliminary study. Sleep. (2005) 28:677–82. doi: 10.1093/sleep/28.6.677, PMID: 16477954


	 Petrenko AB, Yamakura T, Baba H, Shimoji K. The role of N-methyl-D-aspartate (NMDA) receptors in pain: a review. Anesth Analg. (2003) 97:1108–16. doi: 10.1213/01.ANE.0000081061.12235.55, PMID: 14500166


	 Vyklicky V, Korinek M, Smejkalova T, Balik A, Krausova B, Kaniakova M, et al. Structure, function, and pharmacology of NMDA receptor channels. Physiol Res. (2014) 63:S191–203. doi: 10.33549/physiolres.932678, PMID: 24564659


	 Li DY, Gao SJ, Sun J, Zhang LQ, Wu JY, Song FH, et al. Targeting the nitric oxide/cGMP signaling pathway to treat chronic pain. Neural Regener Res. (2023) 18:996–1003. doi: 10.4103/1673-5374.355748, PMID: 36254980


	 Brenman JE, Bredt DS. Synaptic signaling by nitric oxide. Curr Opin Neurobiol. (1997) 7:374–8. doi: 10.1016/s0959-4388(97)80065-7, PMID: 9232800


	 Pacheco Dda F, Romero TR, Duarte ID. Central antinociception induced by ketamine is mediated by endogenous opioids and μ- and δ-opioid receptors. Brain Res. (2014) 1562:69–75. doi: 10.1016/j.brainres.2014.03.026, PMID: 24675031


	 Fang H, Tu S, Sheng J, Shao A. Depression in sleep disturbance: A review on a bidirectional relationship, mechanisms and treatment. J Cell Mol Med. (2019) 23:2324–32. doi: 10.1111/jcmm.14170, PMID: 30734486


	 Zarate CA Jr, Singh JB, Carlson PJ, Brutsche NE, Ameli R, Luckenbaugh DA, et al. A randomized trial of an N-methyl-D-aspartate antagonist in treatment-resistant major depression. Arch Gen Psychiatry. (2006) 63:856–64. doi: 10.1001/archpsyc.63.8.856, PMID: 16894061


	 Witt K, Potts J, Hubers A, Grunebaum MF, Murrough JW, Loo C, et al. Ketamine for suicidal ideation in adults with psychiatric disorders: A systematic review and meta-analysis of treatment trials. Aust N Z J Psychiatry. (2020) 54:29–45. doi: 10.1177/0004867419883341, PMID: 31729893


	 Kwaśny A, Włodarczyk A, Ogonowski D, Cubała WJ. Effect of ketamine on sleep in treatment-resistant depression: A systematic review. Pharm (Basel). (2023) 16:568. doi: 10.3390/ph16040568, PMID: 37111325


	 Kim J, Farchione T, Potter A, Chen Q, Temple R. Esketamine for treatment-resistant depression - first FDA-approved antidepressant in a new class. N Engl J Med. (2019) 381:1–4. doi: 10.1056/NEJMp1903305, PMID: 31116916


	 Wang H, Te R, Zhang J, Su Y, Zhou H, Guo N, et al. Effects of a single subanesthetic dose of esketamine on postoperative subthreshold depressive symptoms in patients undergoing unilateral modified radical mastectomy: a randomised, controlled, double-blind trial. BMC Psychiatry. (2024) 24:315. doi: 10.1186/s12888-024-05753-9, PMID: 38658886


	 Cai J, Chen X, Jin Z, Chi Z, Xiong J. Effects of adjunctive esketamine on depression in elderly patients undergoing hip fracture surgery: a randomized controlled trial. BMC Anesthesiol. (2024) 24:340. doi: 10.1186/s12871-024-02733-0, PMID: 39342105


	 Wang J, Wang Y, Xu X, Peng S, Xu F, Liu P. Use of various doses of S-ketamine in treatment of depression and pain in cervical carcinoma patients with mild/moderate depression after laparoscopic total hysterectomy. Med Sci Monit. (2020) 26:e922028. doi: 10.12659/MSM.922028, PMID: 32565534


	 Liu P, Li P, Li Q, Yan H, Shi X, Liu C, et al. Effect of pretreatment of S-ketamine on postoperative depression for breast cancer patients. J Invest Surg. (2021) 34:883–8. doi: 10.1080/08941939.2019.1710626, PMID: 31948296


	 Gan SL, Long YQ, Wang QY, Feng CD, Lai CX, Liu CT, et al. Effect of esketamine on postoperative depressive symptoms in patients undergoing thoracoscopic lung cancer surgery: A randomized controlled trial. Front Psychiatry. (2023) 14:1128406. doi: 10.3389/fpsyt.2023.1128406, PMID: 37009103


	 Ma S, Dou Y, Wang W, Wei A, Lan M, Liu J, et al. Association between esketamine interventions and postpartum depression and analgesia following cesarean delivery: a systematic review and meta-analysis. Am J Obstet Gynecol MFM. (2024) 6:101241. doi: 10.1016/j.ajogmf.2023.101241, PMID: 38262519


	 Wang S, Deng CM, Zeng Y, Chen XZ, Li AY, Feng SW, et al. Efficacy of a single low dose of esketamine after childbirth for mothers with symptoms of prenatal depression: randomised clinical trial. BMJ. (2024) 385:e078218. doi: 10.1136/bmj-2023-078218, PMID: 38808490


	 Yang Y, Cui Y, Sang K, Dong Y, Ni Z, Ma S, et al. Ketamine blocks bursting in the lateral habenula to rapidly relieve depression. Nature. (2018) 554:317–22. doi: 10.1038/nature25509, PMID: 29446381


	 Boyce-Rustay JM, Holmes A. Genetic inactivation of the NMDA receptor NR2A subunit has anxiolytic- and antidepressant-like effects in mice. Neuropsychopharmacology. (2006) 31:2405–14. doi: 10.1038/sj.npp.1301039, PMID: 16482087


	 Shi X, Zhang Q, Li J, Liu X, Zhang Y, Huang M, et al. Disrupting phosphorylation of Tyr-1070 at GluN2B selectively produces resilience to depression-like behaviors. Cell Rep. (2021) 36:109612. doi: 10.1016/j.celrep.2021.109612, PMID: 34433031


	 Aleksandrova LR, Phillips AG, Wang YT. Antidepressant effects of ketamine and the roles of AMPA glutamate receptors and other mechanisms beyond NMDA receptor antagonism. J Psychiatry Neurosci. (2017) 42:222–9. doi: 10.1503/jpn.160175, PMID: 28234212


	 Li N, Lee B, Liu RJ, Banasr M, Dwyer JM, Iwata M, et al. mTOR-dependent synapse formation underlies the rapid antidepressant effects of NMDA antagonists. Science. (2010) 329:959–64. doi: 10.1126/science.1190287, PMID: 20724638


	 Zanos P, Moaddel R, Morris PJ, Georgiou P, Fischell J, Elmer GI, et al. NMDAR inhibition-independent antidepressant actions of ketamine metabolites. Nature. (2016) 533:481–6. doi: 10.1038/nature17998, PMID: 27144355


	 Kharasch ED, Labroo R. Metabolism of ketamine stereoisomers by human liver microsomes. Anesthesiology. (1992) 77:1201–7. doi: 10.1097/00000542-199212000-00022, PMID: 1466470


	 Gögenur I, Bisgaard T, Burgdorf S, van Someren E, Rosenberg J. Disturbances in the circadian pattern of activity and sleep after laparoscopic versus open abdominal surgery. Surg Endosc. (2009) 23:1026–31. doi: 10.1007/s00464-008-0112-9, PMID: 18830755


	 Yin J, Gong R, Zhang M, Ding L, Shen T, Cai Y, et al. Associations between sleep disturbance, inflammatory markers and depressive symptoms: Mediation analyses in a large NHANES community sample. Prog Neuropsychopharmacol Biol Psychiatry. (2023) 126:110786. doi: 10.1016/j.pnpbp.2023.110786, PMID: 37178815


	 Lin E, Calvano SE, Lowry SF. Inflammatory cytokines and cell response in surgery. Surgery. (2000) 127:117–26. doi: 10.1067/msy.2000.101584, PMID: 10686974


	 Kapsimalis F, Richardson G, Opp MR, Kryger M. Cytokines and normal sleep. Curr Opin Pulm Med. (2005) 11:481–4. doi: 10.1097/01.mcp.0000183062.98665.6b, PMID: 16217172


	 Krueger JM. The role of cytokines in sleep regulation. Curr Pharm Des. (2008) 14:3408–16. doi: 10.2174/138161208786549281, PMID: 19075717


	 Tu W, Yuan H, Zhang S, Lu F, Yin L, Chen C, et al. Influence of anesthetic induction of propofol combined with esketamine on perioperative stress and inflammatory responses and postoperative cognition of elderly surgical patients. Am J Transl Res. (2021) 13:1701–9., PMID: 33841692


	 Han C, Ji H, Guo Y, Fei Y, Wang C, Yuan Y, et al. Effect of subanesthetic dose of esketamine on perioperative neurocognitive disorders in elderly undergoing gastrointestinal surgery: A randomized controlled trial. Drug Des Devel Ther. (2023) 17:863–73. doi: 10.2147/DDDT.S401161, PMID: 36974331


	 Min M, Du C, Chen X, Xin W. Effect of subanesthetic dose of esketamine on postoperative rehabilitation in elderly patients undergoing hip arthroplasty. J Orthop Surg Res. (2023) 18:268. doi: 10.1186/s13018-023-03728-2, PMID: 37009879


	 Liu J, Wang T, Song J, Cao L. Effect of esketamine on postoperative analgesia and postoperative delirium in elderly patients undergoing gastrointestinal surgery. BMC Anesthesiol. (2024) 24:46. doi: 10.1186/s12871-024-02424-w, PMID: 38302882


	 Bi Z, Kong L, Zhao J, Song D, Duan F. Positive effects of low-dose S-ketamine on preventing myocardial injury after thoracoscopic lobectomy in patients aged 70 to 85. BMC Anesthesiol. (2024) 24:103. doi: 10.1186/s12871-024-02491-z, PMID: 38500033


	 Wang CQ, Ye Y, Chen F, Han WC, Sun JM, Lu X, et al. Posttraumatic administration of a sub-anesthetic dose of ketamine exerts neuroprotection via attenuating inflammation and autophagy. Neuroscience. (2017) 343:30–8. doi: 10.1016/j.neuroscience.2016.11.029, PMID: 27916727


	 Lu Y, Ding X, Wu X, Huang S. Ketamine inhibits LPS-mediated BV2 microglial inflammation via NMDA receptor blockage. Fundam Clin Pharmacol. (2020) 34:229–37. doi: 10.1111/fcp.12508, PMID: 31514224


	 Lin L, Wu Q, Lu F, Lei J, Zhou Y, Liu Y, et al. Nrf2 signaling pathway: current status and potential therapeutic targetable role in human cancers. Front Oncol. (2023) 13:1184079. doi: 10.3389/fonc.2023.1184079, PMID: 37810967


	 Ma X, Xue S, Ma H, Saeed S, Zhang Y, Meng Y, et al. Esketamine alleviates LPS-induced depression-like behavior by activating Nrf2-mediated anti-inflammatory response in adolescent mice. Neuroscience. (2025) 567:294–307. doi: 10.1016/j.neuroscience.2024.12.062, PMID: 39755229


	 Telias I, Wilcox ME. Sleep and circadian rhythm in critical illness. Crit Care. (2019) 23:82. doi: 10.1186/s13054-019-2366-0, PMID: 30850003


	 Kohtala S, Alitalo O, Rosenholm M, Rozov S, Rantamäki T. Time is of the essence: Coupling sleep-wake and circadian neurobiology to the antidepressant effects of ketamine. Pharmacol Ther. (2021) 221:107741. doi: 10.1016/j.pharmthera.2020.107741, PMID: 33189715


	 Duncan WC Jr, Slonena E, Hejazi NS, Brutsche N, Yu KC, Park L, et al. Motor-activity markers of circadian timekeeping are related to ketamine’s rapid antidepressant properties. Biol Psychiatry. (2017) 82:361–9. doi: 10.1016/j.biopsych.2017.03.011, PMID: 28457485


	 Bellet MM, Vawter MP, Bunney BG, Bunney WE, Sassone-Corsi P. Ketamine influences CLOCK: BMAL1 function leading to altered circadian gene expression. PLoS One. (2011) 6:e23982. doi: 10.1371/journal.pone.0023982, PMID: 21887357


	 Paul KN, Fukuhara C, Karom M, Tosini G, Albers HE. AMPA/kainate receptor antagonist DNQX blocks the acute increase of Per2 mRNA levels in most but not all areas of the SCN. Brain Res Mol Brain Res. (2005) 139:129–36. doi: 10.1016/j.molbrainres.2005.05.017, PMID: 15963600


	 Cao R, Lee B, Cho HY, Saklayen S, Obrietan K. Photic regulation of the mTOR signaling pathway in the suprachiasmatic circadian clock. Mol Cell Neurosci. (2008) 38:312–24. doi: 10.1016/j.mcn.2008.03.005, PMID: 18468454







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Liu, Liu, Fu, Gao and Liu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fpsyt-16-1612230-g002.jpg
o e

-

y_

NMDA receptors
(non-competitive
antagonism)

» Glutamate release ’
P *BDNF release |

/ - Inhibition of / / \
neurons in the
- lateral habenula
{ Hyperpolarization- \ / Opioid receptors

' activated cydic (agitation)
nucleotide-gated
* 1L receptors

potassium channels | ,"
(antagonism) / * 3 receptors /
/
~ . _,// _— /

. £ P

\ ( Esketamlh /

( Sodium channels } \
(antagonism) ,

4 /\
y \/ \

.o

GAB A receptors
(agitation)

AMPA receptors
(agitation)

\antagomsm) \
)
/





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fpsyt-16-1612230-g003.jpg
Prefrontal cortex






OEBPS/Images/fpsyt-16-1612230-g001.jpg
Intraoperative factors Postoperative complications

*degree of surgical trauma *pain
«intensity of stressresponse *PONV
*type and duration of anesthesia

Personal factors Ward environment factors
e gender °n0i
-age Risk factors .ﬁc;hste

*preoperative anxiety and depression
*pre-existing sleep problems

Postoperative sleep
disturbance
POFS Adverseﬁ wdin
outcomes
POD and POCD cardiovascular and

cerebrovascular events





OEBPS/Images/fpsyt.2025.1612230_cover.jpg
& frontiers | Frontiers in Psychiatry

Esketamine for postoperative sleep
disturbance: clinical evidence, mechanisms,
and future directions





