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Abstract

Anesthesia in older patients is challenging and requires a range of skills in various techniques,
both during surgery and in the post-operative period. Post-operative delirium is one of the
most common cognitive dysfunctions after surgery, and elderly patients are at the highest
risk. The pathophysiology of post-operative delirium remains incompletely understood.
Several mechanisms (vascular, neurodegenerative, neuroimmune, neuroinflammation, drug-
induced, stress-induced, and monoaminergic) have been considered to play a role. The type of
anesthesia—general (gas, total intravenous), regional, or combined—was identified as a predic-
tive factor. However, numerous prospective and retrospective studies have failed to determine
which anesthetic technique is the best for preventing post-operative delirium. The type of
surgery appears to be more critical than the type of anesthesia. However, the development of
post-operative cognitive dysfunction could be linked to the depth of anesthesia. Dexmedeto-
midine displayed promising therapeutic potential for the efficient prevention or treatment of
hyperactive post-operative delirium. The management of hypoactive post-operative delirium
still requires further investigations, particularly in elderly patients.
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1. Definition of the Problem

Currently, more than half a billion people worldwide are older than 65, and, according
to the United Nations, this number is expected to reach one and a half billion by the end of
2050. The number of elderly patients who undergo surgery and anesthesia is also increasing.
Along with the surgery, pre-existing comorbidities put these patients at a particular risk of
developing post-operative cognitive decline (POCD) [1].

Postoperative delirium (POD) is an acute and severe complication, especially in elderly
patients; it typically occurs one to three days after surgery, but it can occur shortly after
the surgery or up to seven days later. A 2020 review by Jin et al. (BJA) reports that
POD affects 20-50% of elderly patients after major surgery, compared to less than 15% in
younger populations [2,3]. Post-operative care may require continued hospitalization in
the intensive care unit (ICU) or geriatric department. In the ICU, the incidence of delirium
in elderly patients may exceed 80%, especially after prolonged mechanical ventilation or
sedation. POD is associated with a 30-day mortality of 7-10%, and, accordingly, the cost of
hospitalization increases three to four times. POD patients are at an increased risk of death:
an 11% increase in the first three months and up to a 17% increase within one year [4].
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Depending on the symptoms, POD can manifest as hyperactive, hypoactive, or mixed.
The hypoactive form is most common, occurring in 40-70% of delirium cases, and it has a
67.6% prevalence in the geriatric population. It is often underdiagnosed due to its subtle
presentation (lethargy, withdrawal). It is associated with higher mortality and worse
outcomes due to delayed recognition, manifested with inactivity, lethargy, drowsiness, and
staring into space. Despite its quiet presentation, the prognostic consequences are poor,
carrying the highest mortality rate among all subtypes of POD, about 40% [5,6].

Hyperactive POD is less common, occurs in 15-25% of cases, and is expressed in
agitation, loss of consciousness, restlessness, confusion, disorientation, hallucination, mem-
ory loss, functional dependence, and impaired cognitive function. The mixed type of
POD represents 15-35% of cases, manifesting as fluctuations between hypoactive and
hyperactive features; it requires more complex treatments than hyperactive or hypoactive
POD alone [7,8].

2. Risk Factors

There are numerous risk factors for POD. Aging, pre-existing cognitive impairment
(such as dementia or mild cognitive impairment), sensory impairments such as hearing or
vision loss, and pre-operative mental health status and cognitive function are especially
critical. In addition, factors such as the type and duration of surgery, the depth and kind of
anesthesia, perioperative blood loss, current medications (including polypharmacy), and
perioperative pain management are key [9].

Furthermore, deep anesthesia, as indicated by a bispectral index (BIS) value less than
35, is associated with a significantly higher incidence of POD than BIS values greater than
50. Aging and comorbidities, such as dementia, cerebrovascular disease, post-transient
ischemic attack (TIA), alcohol and drug dependency, and diabetes mellitus, could strongly
promote the development of POD [10,11]. Age, cognitive decline, and use of opioids were
predictive of POD that was associated with increased length of stay (median 12 vs. 7 days,
p <0.001) and six-month mortality (19% vs. 6% in non-delirious patients, p = 0.02) [11].

Indeed, the risk of developing POD is much higher in patients undergoing non-cardiac
surgery when they reach ages over 65. In patients with baseline cognitive impairment, the
prevalence of POD is also much higher than it is in patients who do not have any deteriora-
tion of cognitive function [12]. The type of surgical intervention significantly influences
POD risk. The risk of POD increases in ascending order: abdominal surgery (10-20%),
cardiothoracic surgery (up to 52%), and femoral fixation (up to 70%) [13]. Not surprisingly,
emergency surgeries carry a significantly higher risk (20-45%) than elective ones (2-3%) [14].
A meta-analysis has shown that age, cognitive impairment, the type and urgency of surgery,
and the depth of anesthesia are the strongest independent predictors of POD [15].

3. POD and Risk of Persistent Post-Operative Cognitive Decline in
the Elderly

POCD refers to persistent deterioration in cognitive performance following surgical
procedures, particularly in elderly patients. It typically affects aspects of memory, attention,
processing speed, and executive function and can present days to weeks after surgery,
sometimes persisting for months or even becoming permanent [16].

Unlike POD, which is acute and fluctuating, POCD is subtle, non-fluctuating, and
often detectable only through formal neuropsychological testing. It is most commonly
observed in patients over 60 and is associated with major surgeries, general anesthesia,
inflammation, and perioperative cerebral hypoperfusion. POCD may lead to reduced
functional independence, increased risk of dementia, and diminished quality of life [16,17].
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POD is a well-established independent risk factor for the development of persistent
POCD in older adults. Multiple cohort studies and prospective trials have demonstrated
that elderly patients who experience POD are significantly more likely to suffer from
long-term cognitive impairments compared to those without POD [17].

Marcantonio et al. [18] found that patients > 70 years who developed POD after
elective non-cardiac surgery had double the risk of cognitive decline at six months com-
pared to delirium-free patients. Inouye et al. demonstrate a strong association between
incident delirium and long-term cognitive decline, persisting up to 36 months postop-
eratively. Saczynski et al. [19] observed that elderly cardiac surgery patients with POD
had significantly lower cognitive performance at one-month and one-year follow-up. The
meta-analysis conducted by Goldberg et al. showed that delirium increases the odds of
long-term cognitive impairment by up to three-fold, especially in patients with pre-existing
cognitive vulnerability [20].

POD is not only a transient complication—it is a powerful predictor of long-term
cognitive decline in the elderly. Prevention and early management of delirium are therefore
critical not just for immediate outcomes, but also for protecting long-term mental health.

4. The Role of the Type of Anesthesia

There are two types of anesthesia: general (inhalational or total intravenous anesthesia
(TIVA)) and regional (RA). In some cases, various types of anesthesia could be combined.
Any anesthesia includes pre-, intra-, and post-operative care, which could contribute to the
development and progression of POD. Each period of perioperative care is coupled with a
higher risk of POD in elderly patients [21].

4.1. Pre-Operative Care

The primary aim of pre-operative care, especially in elderly individuals, is to nor-
malize physiological and biochemical variables, such as blood pressure, heart rate, and
glucose levels. The water and electrolyte balance, as well as the acid-base balance, requires
particular care. In fact, any deviations from homeostasis could increase the risk of POD. For
example, hypovolemia induced by pre-operative fasting may increase the incidence of POD.
Another pre-operative risk factor is associated with premedication, i.e., with anxiolytic and
stress relief drugs [22].

4.2. Intra-Operative Care

An essential question arises regarding anesthesia: can anesthesia change the incidence
of POD? The role of anesthesia in the pathogenesis of postoperative delirium (POD) re-
mains contentious. While some randomized controlled trials and meta-analyses suggest
that regional anesthesia is associated with a reduced incidence of POD compared to general
anesthesia, other large-scale studies, including RCTs such as the RAGA trial, fail to demon-
strate a statistically significant difference between the two modalities. The REGAIN trial
(NEJM, 2021), involving over 1600 elderly patients undergoing hip fracture surgery, found
no significant difference in POD incidence between spinal and general anesthesia. However,
a slight trend favored spinal anesthesia [23]. Similarly, a Cochrane meta-analysis conducted
by Neufeld et al. concluded that the type of anesthesia is not a strong independent predictor
of POD compared with other perioperative factors, such as surgical stress, patient frailty, or
intraoperative hypotension [24].

Regional anesthesia (RA) has significant advantages compared to general anesthesia
(GA). A recent meta-analysis shows that using peripheral nerve blocks or combining
regional with GA reduces POD incidence (RR 0.42-0.46), likely due to markedly lower
postoperative pain and opioid consumption [25,26].
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In turn, general anesthesia is divided into inhalational anesthesia (IA) and total intra-
venous anesthesia (TIVA). There is no substantial evidence regarding the advantages of
TIVA over IA in the development of POD. But some studies demonstrate the benefits of
TIVA compared to GA. Propofol shows greater burst-suppression activity than Desflurane
and Sevoflurane, but it does not correlate with the highest POD risk. A recent clinical trial
showed that Desflurane maintenance has been associated with a 1.8-fold higher risk of
POD development in geriatric patients compared to propofol. Thus, the inherent neuro-
biological and pharmacological characteristics of the specific IA, such as rapid offset and
neuroinflammatory effects, must play an independent role in POD pathogenesis [27,28].
Some studies suggest that TIVA anesthesia may offer theoretical neuroprotective benefits
compared with inhalational agents [29]. Daccache et al. (2025) found that TIVA might
decrease agitation and POCD and increase recovery time [30].

Despite these controversies, today, we certainly know that the depth of anesthesia is
a critical player in the progression of POCD. Now, the depth of anesthesia is difficult to
measure correctly, and the depth of anesthesia plane is associated with an increased risk
of POD. The incidence of POD in patients after anesthesia, with BIS-monitored depth of
anesthesia at 16.7%, was 21.4% in the control group (p = 0.036) [31]. In the trial conducted
by Sieber et al. [26], elderly patients receiving lighter sedation during spinal anesthesia
had a significantly lower POD rate (19%) compared to those under deep sedation (40%).
Similar results have been reported, indicating that BIS-guided anesthesia reduces anesthetic
exposure and decreases the risk of POD by 35%. For every 1000 elderly patients undergoing
major surgery, a BIS value between 40 and 60 prevented 83 patients from developing
delirium [32]. A randomized controlled trial demonstrated that targeting BIS readings of
50 was associated with a decrease in cases of POD compared to BIS 35 (deep anesthesia)
and cognitive impairment at one year [33,34].

5. Assessment Tools for Detecting POD

There are various scores for the assessment POD. The Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition (DSM-5), published by the American Psychiatric
Association, is the gold standard for diagnosing delirium [5]. According to the DSM-5,
delirium is diagnosed when all the following criteria (A-E) are met (disturbance in attention
and awareness, acute onset and fluctuating course, additional cognitive disturbance, not
better explained by pre-existing neurocognitive disorder, evidence of a medical cause) with
sensitivity of 84-100% and specificity of 77-100% [35,36].

Many tools can help detect POD. The leading assessment tool is the Confusion As-
sessment Method for the ICU (CAM-ICU), which demonstrated a sensitivity of ~100%
and specificity of ~98% in the validation study conducted by Ely et al. [37], comparing
CAM-ICU against DSM-1V criteria evaluated by psychiatrists.

Other commonly used diagnostic tools include the Intensive Care Delirium Screening
Checklist (ICDSC), which is particularly effective for detecting hypoactive delirium, and
the Richmond Agitation-Sedation Scale (RASS), which helps assess hyperactive forms of
delirium. The ICDSC is an eight-item checklist that uses long-term observation, with a
typical diagnostic threshold of >2. Chen et al. demonstrate that the ICDSC has a sensitivity
of 0.83 and specificity of 0.87 compared with CAM-ICU, which achieved values of 0.84 and
0.95, respectively [36].

6. Pathogenesis of POD

Delirium can develop at any age, but it is more frequent in the elderly because the
brain’s functional reserve is much lower in older patients than in younger patients. De-
spite decades of research on POCD, its pathophysiology remains unknown. This review
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focuses on multiple POCD mechanisms, the effects of the type of anesthesia, and current
treatments. However, various potential mechanisms for developing POCD exist, including
neuroinflammation, neurodegeneration, neuroimmune response, oxidative stress, drug-
induced effects, vascular involvement, and potential glutamatergic involvement, as shown
in Figure 1 [38,39].
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Figure 1. Pathophysiological mechanisms of post-operative delirium.

6.1. Neurodegeneration

Neurodegeneration plays a key role in the pathogenesis of POD. Structural brain
changes, such as frontal cortex atrophy and Alzheimer’s disease (AD) pathology, increase
vulnerability to cognitive disturbances. Neurotransmitter imbalance, including dopamin-
ergic and cholinergic dysfunction, further impairs neural signaling, contributing to the
development of acute confusion and delirium. These changes may lower the threshold for
POD, particularly in elderly patients with pre-existing neurodegenerative conditions, as
shown in Figure 2.
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Figure 2. Pathophysiological mechanisms of neurodegeneration.

6.1.1. Frontal Cortex Atrophy

Frontal lobe dysfunction is associated with delirium. Notably, the bilateral ventrolateral
frontal, orbitofrontal, and superior frontal cortices are involved in the pathogenesis of POD.
Frontal lobe vulnerability contributes to the low cognitive reserve observed in older adults,
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making them more susceptible to disruptions from systemic stressors, such as surgery,
anesthesia, or inflammation. Furthermore, frontal atrophy correlates with the severity and
duration of delirium, as shown in ICU patients via volumetric MRI and atrophy network
mapping studies [40]. Moreover, POD is followed by increased functional activity in the
prefrontal and posterior cingulate cortex. The prolonged duration of delirium is correlated
with damage to the superior frontal lobe in Intensive Care Unit (ICU) patients [41].

6.1.2. Neurotransmitters’ Involvement in the Pathogenesis of Delirium

Basal forebrain neurons are the leading cholinergic producers of the central nervous
system. Their atrophy could result in cognitive decline. However, the pathogenesis of
psychotic behavior disturbances is associated with dysregulation of the cholinergic system.
Of note, changes in the activity of acetylcholinesterase, butyrylcholinesterase, and choline
acetyltransferase in CSF were seen in patients with POD, indicating central cholinergic
degradation. Unfortunately, clinical studies have not demonstrated a positive effect of
cholinergic inhibitors on POD [42]. The dopaminergic system is also involved in the devel-
opment of POD. Stimulation of the nigrostriatal pathway may lead to the development of
hallucinations [43]. Dopamine is an excitatory neurotransmitter involved in various physi-
ological functions, including motor control, cognition, and the learning process. It is also a
neuromodulator of Long-Term Synaptic Plasticity (LTP) and a leading neurotransmitter of
the reward system. Regarding dopaminergic disruption of mesolimbic and mesocortical
dopaminergic receptors and cognitive dysfunction, dopamine contributes to the appear-
ance of psychosis [44,45]. In turn, it can appear as psychosis. Dopaminergic hyperactivity
in the brain regions is responsible for the development of neuropsychiatric disorders that
may cause symptoms of mania and psychosis. Thus, the involvement of cholinergic and
dopaminergic systems may be critical in POD and warrant further investigation [45,46].

Neurotransmitter dysregulation—especially cholinergic deficiency and dopaminergic
excess—has been strongly implicated in the pathophysiology of POD. Elevated anticholin-
ergic activity and dopaminergic hyperactivity have been independently associated with
delirium [47,48]. This is supported by clinical and biochemical studies, including those
conducted by Plaschke et al. [49], Rossi et al. [50], and Meagher et al. [51].

6.1.3. Alzheimer’s Disease Pathology: Involvement of Protein Tau, Neurofilament Light
Chain, and Amyloid

Protein Tau, neurofilament light chain (NfL), and amyloid f are leading biomarkers
for diagnosing Alzheimer’s disease in its early stages [52]. An increase in plasma Tau levels
is associated with POD and its severity [53]. There is a decrease in CSF amyloid 31-42
in non-demented patients who developed delirium after hip fracture [54]. In turn, the
cytoskeleton is composed of neurofilaments, which maintain the shape, size, and function
of neurons. The elevation in NfL is indicated for axonal damage, which can be measured
for the early recognition of delirium. Plasma NfL levels correlate with POD; patients with
pre-existing neuronal damage are at higher risk of POD. Additionally, a relationship exists
between the concentration of NfL and the severity of POD; pre-operative plasma with
elevated NfL often accompanies severe delirium [55].

6.2. Neuroinflammation

Surgical tissue trauma triggers the release of damage-associated molecular patterns
(DAMPs), which in turn initiate the activation of immune cells. In turn, the activation of
neutrophils and monocytes accelerates the systemic inflammatory response, which targets
the brain and other organs. HMGBI is a prototypical DAMP that is released after surgical
intervention and infection and causes neuroinflammatory responses in trauma. It can be
recognized in plasma within 30 min after surgery. Tumor necrosis factor (TNF) and HMGB1
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subsequently recruit bone-marrow-derived macrophages (BMDMs) into the inflammatory
process. However, HMGBI1 activation of the inflammatory process leads to the release
of proinflammatory cytokines, such as interleukin (IL)-13 and IL-18. The complement
system can be activated by DAMPs, as evidenced by increased C3 in synapses. Some
studies have demonstrated altered C3 concentrations in CSF in delirium patients after hip
fracture. Blood—-brain barrier (BBB) injury is exacerbated by fibrinogen entry, which binds
to complement receptor 3 (CR3) and activates macrophages/resident microglia, leading
to cognitive deficits. Additionally, perivascular fibrinogen deposition was found in the
hippocampus 24 h after surgery [56].

The central neural system (CNS) has immune cells, such as parenchymal (microglia)
and nonparenchymal macrophages, which rapidly activate following brain injury. Proin-
flammatory cytokines are produced by microglia, such as TNF-c, IL-13, IL-6, IL-8, and
IL-12. Microglia can initiate Al astrocytes by activating Clq, IL-1, and TNF, thereby
exacerbating neuroinflammation [57,58].

The involvement of the blood-brain barrier initiates a systemic inflammatory response
triggered by aseptic intervention. It disrupts endothelial cells, increasing BBB perme-
ability to inflammatory cytokines and to peripheral blood macrophages. This starts a
cascade of reactions that leads to neuroinflammation [59]. These inflammatory processes,
in turn, contribute to the generation of reactive oxygen species (ROS), thereby amplifying
oxidative stress.

6.3. Oxidative Stress

Reactive oxygen species (ROS) are free radicals produced by oxygen metabolism in
mitochondria. The increase in ROS results from an imbalance between its overproduc-
tion and the body’s natural ability to eliminate it. In this manner, ROS contributes to
delirium-like behavior following anesthesia and surgery. Brain tissue is highly vulnerable
to oxidative stress due to its high metabolic activity and minimal antioxidative capacity,
which contribute to Ca?* cellular overload, lower levels of cytochrome ¢ oxidase, and
increased release of iron from injured brain cells, potentially driving the production of free
radicals [60]. Moreover, ROS may interact with numerous biological molecules, including
proteins, lipids, and deoxyribonucleic acid (DNA), thereby damaging cell membranes.
This injury leads to protein aggregation, degradation, lipid peroxidation, and direct DNA
damage, ultimately contributing to structural changes and mutations. ROS can open the
mitochondrial permeability transition pore (MPTP), which causes mitochondrial swelling.
Oxidative stress progression may lead to apoptosis and cell death [5,61,62].

6.4. Potential Role of the Glutamatergic System

Glutamate is a non-essential amino acid that acts as a neurotransmitter and accounts
for nearly 60% of all neuro-mediatory excitatory activities contributing to cognition. When
it is dysbalanced, it can promote neurologic and psychiatric disturbances. For example,
cognitive impairment in schizophrenia can be the result of hypo-glutamatergic activity.
In turn, hyperstimulation of glutamate receptors may cause excessive glutamate release,
leading to neuronal death—a phenomenon known as “excitotoxicity” [63]. Sustainable
brain activity in the prefrontal cortex is achieved through a coordinated and dynami-
cally regulated balance between excitatory (mostly glutamatergic) and inhibitory (largely
GABAergic) activities. When it is dysbalanced, it may cause neurodegenerative /psychiatric
disorders and acute cognitive dysfunctions [64,65]. In turn, glutamate secretion may in-
duce extreme neuronal excitability after surgery in mice, leading to neuronal damage and
potentially delirium [64].
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6.5. Vascular Mechanism

Age-related changes in the neurovascular unit impair microvascular circulation, lead-
ing to increased blood-brain barrier permeability, which represents the vascular compo-
nent of POD. Age-related changes in cerebral autoregulation impair the brain’s ability to
maintain consistent perfusion under hemodynamic stress (e.g., during anesthesia or hy-
potension), which contributes to the development of delirium. Intraoperative hypotension,
hypoxia, and anemia reduce cerebral oxygen delivery, particularly in cortical watershed
regions [66,67]. The vascular mechanism of POD highlights the role of cerebral hypop-
erfusion, microvascular ischemia, and blood-brain barrier dysfunction during delirium
development. In particular, in elderly patients undergoing cardiac or vascular procedures,
impaired neurovascular regulation and systemic inflammation increase vulnerability to
acute brain injury.

Delirium after cardiothoracic surgeries requiring cardiopulmonary bypass (CPB),
alongside stroke pathophysiology, reveals the vascular mechanism of POD, based on
microemboli formation [68].

6.6. Drug-Induced Delirium

Numerous reviews suggest that various drugs have a deliriogenic potential, such as
benzodiazepines, tricyclic antidepressants, opioids, and anticholinergics, which results in
the alteration of y-aminobutyric acid, noradrenaline, and decreased cholinergic transmis-
sion, leading to a hyperdopaminergic state [69].

Neurotransmitters play a crucial role in the pathogenesis of delirium. Acetylcholine
is an excitatory neurotransmitter that contributes to various brain functions, including
attention, memory formation, learning, and sleep [70]. Acetylcholine insufficiency can lead
to delirium. Drugs with anticholinergic activity are often prescribed for elderly patients.
Therefore, it may lead to cholinergic insufficiency, which in turn increases the risk of
delirium. The pathogenesis is based on the blockade of M1 postsynaptic receptors, which
are mainly located in the central nervous system (CNS) [71].

Beers Criteria: High-Risk Drugs and Their Influence on Delirium

The American Geriatrics Society (AGS) Beers Criteria identifies medications that are
potentially inappropriate for use in the elderly due to their potential to cause adverse cog-
nitive effects. Several of these drugs are strongly associated with delirium, especially in the
postoperative setting [72]. Many drugs listed in the Beers Criteria are known to induce or
worsen POD by interfering with cholinergic, GABAergic, or dopaminergic systems (Table 1).
Regular medication review and avoidance of these agents—especially in frail or cognitively
impaired elderly patients—are key components of delirium prevention strategies [73].

Table 1. This table outlines the drug classes most commonly associated with a high risk of POD.

Drug Class Drugs Examples Mechanism Delirium Risk
Anticholinergics Dlphenhyd.r ammne, Atrop.me, Blo?k'central High—strong link
Scopolamine, Oxybutynin muscarinic receptors
Benzodiazepines Lorazepam, Diazepam, Potentiate GABA-A — High—especially
P Midazolam CNS depression hypoactive POD
Sedative-hypnotics Zolpidem, Eszopiclone GABAergic sedation Moderate
Meperidine, Morphine, Dopaminergic and

Opioids

Hydromorphone CNS depression High—especially Meperidine
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Table 1. Cont.

Drug Class Drugs Examples Mechanism Delirium Risk
Corticosteroids Prednisone, Dexamethasone Neurostlmu}atory and Moderate
mood-altering effects
Cross BBB — confusion
H2-receptor antagonists Ranitidine, Famotidine (especially in the Moderate

renally impaired)

Antipsychotics
(typical/atypical)

Haloperidol, Risperidone,

. Variable—can cause or treat
Olanzapine

Dopamine blockade

Strong anticholinergic

Tricyclic antidepressants Amitriptyline, Nortriptyline properties High
Antiepileptics Phenytoin, Carbamazepine Altered neurotransmission Moderate
Cyclobenzaprine, . . . . .
Muscle relaxants Methocarbamol Anticholinergic, sedative High

7. Management

The management of POD involves a multimodal strategy that focuses on identifying
and treating underlying causes, minimizing contributing factors, and using pharmacologi-
cal interventions only when necessary. Non-pharmacologic measures are the foundation
of care. Orientation is maintained through the use of clocks, calendars, and regular staff
reorientation. ABCDEF bundle application is used to optimize sensory input by ensuring
patients have their glasses/hearing aids early after surgery. Sleep hygiene is promoted by
minimizing nighttime disruptions, avoiding sedatives like benzodiazepines, and encourag-
ing early mobilization and physical therapy. Additionally, family involvement is allowed
when possible (Figure 3).

Maintaining stable hemodynamics and ventilation parameters intraoperatively is
highly relevant to prevent hypotension and hypocapnia. Mean arterial pressure during
surgery and partial pressure of carbon dioxide are physiologic variables related to POD
because they significantly reduce cerebral blood flow. Duan et al. show that intraoperative
hypotension (MAP < 65 mmHg) for extended durations was significantly associated with in-
creased risk of POD [74]. In addition, Vasunilashorn et al. [75] demonstrated that variability
in blood pressure and CO, levels during surgery was associated with higher rates of POD,
regardless of the type of anesthesia used. All this evidence suggests that maintaining stable
hemodynamic and respiratory parameters is the best means of preventing POD, compared
to lighter anesthesia. Preventative options included abstaining from giving psychotropic
drugs or drugs that influence cognitive function, the existing strong recommendation of
avoiding prolonged fluid fasting of more than 6 h [76]. Bogani et al. showed that ERAS
elements, including liberal fluid intake up to 2 h before surgery, resulted in shorter hospital
stays, fewer complications, and lower POD incidence in elderly cohorts [77].

After ruling out alternative causes or once the patient is clinically stable, pharmaco-
logical treatment may be considered for managing POD. Several medication options exist,
including haloperidol, quetiapine, risperidone, and dexmedetomidine [78]. Haloperidol, a
typical butyrophenone-type antipsychotic, acts by blocking dopamine receptors, which may
lead to increased central acetylcholine levels [79]. It has anti-hallucinatory, anti-delusional,
and anti-agitation effects [80]. Some small studies have shown that early prophylactic
haloperidol administration may reduce the incidence of POD. However, it is not univer-
sally recommended as a first-line agent secondary to its side effect profile, which includes
extrapyramidal symptoms such as acute dystonia and Parkinsonism, hyperthermia, and
the rare but potentially fatal neuroleptic malignant syndrome [81,82].
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Second-generation (atypical) antipsychotics such as quetiapine, olanzapine, and
risperidone are associated with a lower risk of motor side effects due to their greater
affinity for serotonin 5-HT2A receptors in addition to dopamine blockade [83]. In a ran-
domized controlled trial, Grover et al. compared haloperidol and risperidone in delirium
treatment and found both drugs to be equally effective in reducing delirium symptoms.
In contrast, risperidone was associated with fewer extrapyramidal side effects [84], as re-
ported in a Meta-analysis of 17 studies involving 1882 patients. Liu et al. demonstrated that
haloperidol reduced the incidence of POD when used prophylactically in high-risk patients.
Nevertheless, there was no significant improvement in duration or severity once delirium
was established. Therefore, it is not recommended for routine prevention. However, it may
be used cautiously for the treatment of acute agitation [85].
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In the pathogenesis of postoperative delirium (POD), disturbances in cholinergic and
dopaminergic neurotransmission play pivotal roles, with diminished acetylcholine activ-
ity and increased dopamine release contributing to attentional and cognitive disruption.
Several pharmacologic trials have therefore explored strategies targeting these systems:
for example, the use of acetylcholinesterase inhibitors (such as donepezil or rivastigmine)
to boost cholinergic tone and dopamine-D; receptor antagonists (such as haloperidol) to
mitigate excessive dopaminergic signaling. One double-blind randomized controlled trial of
intravenous physostigmine in elective liver surgery found no significant reduction in POD
incidence (20% vs. 15%; p = 0.334) when administered post-induction for 24 h [86]. System-
atic reviews similarly indicate that acetylcholinesterase inhibitors have not demonstrated
consistent benefit in POD prevention (pooled RR =~ 0.95; 95% CI 0.63-1.44) [87]. Neverthe-
less, the dopaminergic hypothesis is supported by clinical practice with D, antagonists in
the treatment of delirium and suggests a promising avenue for future prophylactic trials [88].
Future research should therefore examine combinations of cholinergic enhancement and
dopaminergic modulation, potentially stratified by patient risk profiles and neurotransmitter
biomarker status, to determine whether targeted pharmacologic interventions can reduce
the incidence of POD by restoring neurotransmitter balance.

Role of Dexmedetomidine

Dexmedetomidine is a highly selective op-adrenoceptor agonist used to prevent and
treat POD [89]. By binding «;,-receptors, it suppresses norepinephrine release from the
locus coeruleus via G protein-coupled pathways, reducing adenylyl cyclase activity and
cAMP levels. It also exerts analgesia by blocking pain signals in A- and C-fibers, hy-
perpolarizing the descending noradrenergic spinal pathway, and inhibiting substance
P release [90]. In POD pathophysiology, neuroinflammation drives microglial activation
and proinflammatory cytokine release; dexmedetomidine attenuates this via ap-mediated
suppression of IL-1 and TNF production, thereby preserving neuronal integrity [91,92]. It
further inhibits inflammation in ischemia/reperfusion injury by blocking NF-«B and the
TLR4/NF-«B pathway [93].

Surgical stress can trigger excessive glutamate release, intracellular Ca?* overload, and
ROS overproduction, leading to oxidative neuronal damage. Dexmedetomidine counters
this by decreasing glutamate release and increasing BDNF levels, which support mitochon-
drial stability and reduce oxidative stress—induced neuronal apoptosis [94,95]. Its sedative,
analgesic, anti-inflammatory, antioxidative, and neuroprotective effects are thoroughly doc-
umented. A review conducted by Bargnes et al. reported a 26% reduction in POD incidence
with perioperative dexmedetomidine vs. 13% without it [80]. In a randomized controlled
trial of 700 patients aged > 65, low-dose postoperative dexmedetomidine reduced POD
incidence from 23% to 9% [96]. A systematic review by Fondeur et al. confirmed its effi-
cacy in ICU and elderly surgical populations, especially when given postoperatively [97].
However, Zorrilla-Vaca et al. found that intraoperative dexmedetomidine alone did not
significantly reduce POD compared with placebo [98]. Overall, numerous trials and meta-
analyses confirm that postoperative low-dose infusions of dexmedetomidine significantly
reduce POD risk in the elderly, highlighting its anti-inflammatory and neuroprotective
roles, particularly in ICU settings [99-101].

Dexmedetomidine has shown greater effectiveness in preventing postoperative delir-
ium (POD) when administered during the postoperative period rather than intraoperatively.
Intraoperative administration alone provides only a limited preventive benefit. This may
be because many injurious processes—such as neuroinflammation, mitochondrial dys-
function, microglial activation, and blood-brain barrier (BBB) disruption—begin early
during surgery and persist for hours to days after the operation [102]. Following the
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discussion of dexmedetomidine’s mechanistic effects, it is also essential to consider its
plasma pharmacokinetics. The therapeutic plasma concentration of dexmedetomidine is
approximately 0.2-3.2 ng/mL. Concentrations above 3 ng/mL are more likely to cause
bradycardia, hypotension, and excessive sedation. Given its relatively short distribution
half-life (~6 min) and elimination half-life (~2 h), plasma levels decline rapidly once the
infusion stops. Consequently, the therapeutic effect on POD prevention diminishes quickly
after discontinuation. Continuous or postoperative administration helps maintain effective
concentrations during the critical period when neuroinflammatory and neurodegenerative
processes are most active [103].

Future research on dexmedetomidine for the prevention of postoperative delirium
(POD) should focus on optimizing timing, dosing, and mechanistic understanding. Ex-
tending infusion into the early postoperative period may better cover the window of neu-
roinflammation and BBB disruption. Studies should correlate plasma concentrations with
POD outcomes to define adequate therapeutic levels and explore alternative administration
routes for practicality. Incorporating biomarkers, neuroimaging, and EEG correlates could
clarify how dexmedetomidine’s anti-inflammatory and neuroprotective actions translate
into clinical benefit, guiding more targeted POD prevention strategies [103,104].

In summary, the effectiveness of dexmedetomidine stems from its multiple applica-
tions in the complex pathogenesis of POD. Thus, dexmedetomidine displays promising
therapeutic potential for the efficient prevention or treatment of hyperactive-type POD.
Future studies on pathogenesis and treatment methods must focus on complex investiga-
tions into the link between BBB injury and POCD development, as well as the search for
new neuroprotective strategies. The review was written in a narrative format to cover a
large amount of information and pay attention not only to prevention but also to various
pathophysiological mechanisms, risk factors, assessment tools, etc. The limitation of the
review lies in its narrative format, which addresses many facets but lacks the strengths of
meta-analysis and systematic reviews. Those methods increase statistical power by pooling
data across studies and reveal shared patterns that individual studies may not.

8. Conclusions

This review provides a comprehensive survey of the current knowledge on POD in
elderly patients. The number of elderly patients undergoing surgery and anesthesia is
expected to continue to increase. Along with the surgery, pre-existing comorbidities put
them at a particular risk of developing POD and further POCD. POD remains a significant
and under-recognized complication among elderly patients, being associated with increased
morbidity, prolonged hospital stays, functional decline, and elevated mortality. POD has a
complex, multifactorial pathogenesis that involves neuroinflammation, neurodegeneration,
neuroimmune response, oxidative stress, drug-induced effects, vascular involvement, and
potential glutamatergic involvement. Here, we demonstrated that type of anesthesia, depth
of sedation, and hemodynamic stability can influence POD risk. Management should
be multidisciplinary, with a primary emphasis on prevention through structured non-
pharmacologic interventions, medication review, and optimizing intraoperative parameters.
Pharmacologic treatment—when needed—should be tailored, with antipsychotics and
dexmedetomidine used judiciously based on symptom severity and the patient profile.
Thus, future research is required to explore how non-pharmacological and pharmacological
interventions can be combined to reduce the risk of POD and the severity of cognitive
decline. As the global population ages, reducing the burden of POD must become a
central goal in perioperative geriatric care. Future research should focus on identifying
reliable biomarkers, developing new pharmacological medications, and validating tailored
intraoperative protocols to reduce the incidence of POD.



Int. J. Mol. Sci. 2025, 26, 11314 13 of 17

Author Contributions: All authors contributed to the conceptualization, investigation, writing,
reviewing, and editing of this manuscript. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Zywiel, M.G.; Hurley, R.T.; Perruccio, A.V.; Hancock-Howard, R.L.; Coyte, P.C.; Rampersaud, Y.R. Health economic implications
of perioperative delirium in older patients after surgery for fragile hip fracture. J. Bone Jt. Surg. Am. 2015, 97, 829-836. [CrossRef]

2. Schennig, K.; Deiner, S. Postoperative delirium in the geriatric patient. Anesthesiol. Clin. 2015, 33, 505-51631. [CrossRef]

3.  Fernandez, L.G.; Shan, W.; Terkawi, A.S.; Yerra, S.; Zuo, Z. Surgery May Be a Major Contributor for Postoperative Delirium in
Patients with Elective Thoracic Aortic Aneurysm Procedures. CNS Neurosci. Ther. 2025, 31, e70509. [CrossRef] [PubMed]

4. Sprung, J.; Roberts, R.O.; Weingarten, T.N.; Nunes Cavalcante, A.; Knopman, D.S.; Petersen, R.C.; Hanson, A.C.; Schroeder, D.R.;
Warner, D.O. Postoperative delirium in elderly patients is associated with subsequent cognitive impairment. Br. J. Anaesth. 2017,
119, 316-323. [CrossRef]

5. Maldonado, J.R. Neuropathogenesis of Delirium: Review of Current Etiologic Theories and Common Pathways. Am. J. Geriatr.
Psychiatry 2013, 21, 1190-1222. [CrossRef]

6.  Yang, EM.; Marcantonio, E.R.; Inouye, S.K; Kiely, D.K.; Rudolph, J.L.; Fearing, M.A.; Jones, R.N. Phenomenological subtypes of
delirium in older persons: Patterns, prevalence, and prognosis. Psychosomatics 2022, 63, 120-128. [CrossRef]

7. European Delirium Association; American Delirium Society. The DSM-5 criteria, level of arousal, and delirium diagnosis:
Inclusiveness is safer. BMC Med. 2014, 12, 141. [CrossRef] [PubMed]

8. Jin,Z.;Hu,].; Ma, D. Postoperative delirium: Perioperative assessment, risk reduction, and management. Br. |. Anesth. 2020, 125,
492-504. [CrossRef]

9.  Demeure, M.].; Fain, M.]. The elderly surgical patient and postoperative delirium. J. Am. Coll. Surg. 2006, 203, 752-757, Erratum
in J. Am. Coll. Surg. 2007, 204, 191. [CrossRef] [PubMed]

10.  Short, T.G.; Leslie, K.; Chan, M.T.; Campbell, D.; Frampton, C.; Myles, P. Rationale and Design of the Balanced Anesthesia Study:
A Prospective Randomized Clinical Trial of Two Levels of Anesthetic Depth on Patient Outcome After Major Surgery. Anesth.
Analg. 2015, 121, 357-365. [CrossRef]

11. Raats, ].W.; van Eijsden, W.A.; Crolla, R.M.; Steyerberg, R.M.; van der Laan, L. Risk factors and outcomes for postoperative
delirium after major surgery in elderly patients. PLoS ONE 2015, 10, e0136071. [CrossRef]

12.  Austin, C.A.; O'Gorman, T; Stern, E.; Emmett, D.; Stiirmer, T.; Carson, S.; Busby-Whitehead, J. Association Between Postoperative
Delirium and Long-term Cognitive Function After Major Nonemergent Surgery. JAMA Surg. 2019, 154, 328-334. [CrossRef] [PubMed]

13. Liu, J.; Liu, M.; Li, J.; Rong, J. Clinical risk analysis of postoperative delirium in elderly patients undergoing thoracic and
abdominal surgery: Study protocol of a single-centre observational cohort study. BMJ Open 2022, 12, e062648. [CrossRef]

14. Lee, S.H.; Lim, S.W. Risk factors for postoperative delirium after colorectal surgery: A systematic review and meta-analysis. Intf. J.
Color. Dis. 2020, 35, 433-444. [CrossRef]

15. Wu, H; Yan, S.; Cao, H.; Feng, C.; Zhang, H. Unraveling the impact of frailty on postoperative delirium in elderly surgical
patients: A systematic review and meta-analysis. BMIC Anesthesiol. 2025, 25, 114. [CrossRef]

16. Feinkohl, I; Janke, ].; Slooter, A.J.C.; Winterer, G.; Spies, C.; Pischon, T.; BioCog Consortium. Metabolic syndrome and the
risk of postoperative delirium and postoperative cognitive dysfunction: A multi-centre cohort study. Br. J. Anaesth. 2023, 131,
338-347. [CrossRef]

17.  Migirov, A.; Chahar, P.; Maheshwari, K. Postoperative delirium and neurocognitive disorders. Curr. Opin. Crit. Care 2021, 27,
686—693. [CrossRef]

18.  Marcantonio, E.R.; Flacker, ] M.; Wright, R.J.; Resnick, N.M. Reducing delirium after hip fracture: A randomized trial. ]. Am.
Geriatr. Soc. 2001, 49, 516-522. [CrossRef] [PubMed]

19. Saczynski, ]J.S.; Marcantonio, E.R.; Quach, L.; Fong, T.G.; Gross, A.; Inouye, S.K.; Jones, R.N. Cognitive trajectories after

postoperative delirium. N. Engl. |. Med. 2012, 367, 30-39. [CrossRef]


https://doi.org/10.2106/JBJS.N.00724
https://doi.org/10.1016/j.anclin.2015.05.007
https://doi.org/10.1111/cns.70509
https://www.ncbi.nlm.nih.gov/pubmed/40631355
https://doi.org/10.1093/bja/aex130
https://doi.org/10.1016/j.jagp.2013.09.005
https://doi.org/10.1176/appi.psy.50.3.248
https://doi.org/10.1186/s12916-014-0141-2
https://www.ncbi.nlm.nih.gov/pubmed/25300023
https://doi.org/10.1016/j.bja.2020.06.063
https://doi.org/10.1016/j.jamcollsurg.2006.07.032
https://www.ncbi.nlm.nih.gov/pubmed/17084339
https://doi.org/10.1213/ANE.0000000000000797
https://doi.org/10.1371/journal.pone.0136071
https://doi.org/10.1001/jamasurg.2018.5093
https://www.ncbi.nlm.nih.gov/pubmed/30649138
https://doi.org/10.1136/bmjopen-2022-062648
https://doi.org/10.1007/s00384-019-03498-6
https://doi.org/10.1186/s12871-025-02994-3
https://doi.org/10.1016/j.bja.2023.04.031
https://doi.org/10.1097/MCC.0000000000000882
https://doi.org/10.1046/j.1532-5415.2001.49108.x
https://www.ncbi.nlm.nih.gov/pubmed/11380742
https://doi.org/10.1056/NEJMoa1112923

Int. J. Mol. Sci. 2025, 26, 11314 14 of 17

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Goldberg, T.E.; Chen, C.; Wang, Y.; Jung, E.; Swanson, A.; Ing, C.; Garcia, P.S.; Whittington, R.A.; Moitra, V. Association of
Delirium With Long-term Cognitive Decline: A Meta-analysis. JAMA Neurol. 2020, 77, 1373-1381. [CrossRef] [PubMed]

Jiang, J.L.; Zhang, L.; He, L.L.; Yu, H.; Li, X.F; Dai, S.H.; Yu, H. Volatile Versus Total Intravenous Anesthesia on Postoperative
Delirium in Adult Patients Undergoing Cardiac Valve Surgery: A Randomized Clinical Trial. Anesth. Analg. 2023, 136,
60—-69. [CrossRef] [PubMed]

Vacas, S.; Canales, C.; Deiner, S.G.; Cole, D.J. Perioperative Brain Health in the Older Adult: A Patient Safety Imperative. Anesth.
Analg. 2022, 135, 316-328. [CrossRef]

Neuman, M.D.; Feng, R; Carson, J.L.; Gaskins, L.J.; Dillane, D.; Sessler, D.L; Sieber, F.; Magaziner, J.; Marcantonio, E.R.; Mehta, S.;
et al. Spinal Anesthesia or General Anesthesia for Hip Surgery in Older Adults. N. Engl. |. Med. 2021, 385, 2025-2035. [CrossRef]
Neufeld, K.J.; Yue, J.; Robinson, T.N.; Inouye, S.K.; Needham, D.M. Antipsychotic Medication for Prevention and Treatment of
Delirium in Hospitalized Adults: A Systematic Review and Meta-Analysis. J. Am. Geriatr. Soc. 2016, 64, 705-714, Erratum in J.
Am. Geriatr. Soc. 2016, 64, 2171-2173. [CrossRef]

Mason, S.E.; Noel-Storr, A.; Ritchie, C.W. The Impact of General and Regional Anesthesia on the Incidence of Post-Operative
Cognitive Dysfunction and Delirium: A Systematic Review with Meta-Analysis. J. Alzheimers Dis. 2021, 82, 377-391. [CrossRef]
Sieber, EE.; Zakriya, K.J.; Gottschalk, A.; Blute, M.R.; Lee, H.B.; Rosenberg, P.B.; Mears, S.C. Sedation Depth during Spinal
Anesthesia and the Development of Postoperative Delirium in Elderly Patients Undergoing Hip Fracture Repair. Mayo Clin. Proc.
2019, 94, 2333-2342. [CrossRef]

Shu, L.; Ma, L.; Song, J.; Wang, H.; Wang, Z.; Li, Y. The Effect of Total Intravenous Anaesthesia versus Inhalation Anaesthesia on
Postoperative Cognitive Dysfunction and Delirium: A Systematic Review and Meta-Analysis. J. Clin. Anesth. 2020, 62, 109715.
Sieber, F.E.; Neufeld, K.J.; Gottschalk, A.; Bigelow, G.E.; Oh, E.S.; Rosenberg, P.B.; Mears, S.C. Effect of Desflurane versus Propofol
Anaesthesia on Postoperative Delirium in Older Adults Undergoing Major Noncardiac Surgery: A Randomized Clinical Trial. Br.
J. Anaesth. 2019, 123, 208-215.

Greaves, D.; Psaltis, PJ.; Davis, D.H.J.; Ross, T.].; Ghezzi, E.S.; Lampit, A.; Smith, A.E.; Keage, H.A.D. Risk Factors for Delirium
and Cognitive Decline Following Coronary Artery Bypass Grafting Surgery: A Systematic Review and Meta-Analysis. J. Am.
Heart Assoc. 2020, 9, e017275. [CrossRef]

Daccache, N.; Wu, Y; Jeffries, S.D.; Zako, J.; Harutyunyan, R.; Pelletier, E.D.; Laferriere-Langlois, P., Hemmerling, T.M. Safety and
Recovery Profile of Patients after Inhalational Anaesthesia versus Target-Controlled or Manual Total Intravenous Anaesthesia: A
Systematic Review and Meta-Analysis of Randomised Controlled Trials. Br. |. Anaesth. 2025, 134, 1474-1485. [CrossRef]

Huang, L.; Zhang, Y. The effect of intravenous and inhalation anesthesia in general on the cognition of elderly patients undergoing
non-cardiac surgery: A systematic review and meta-analysis. Front. Med. 2023, 10, 1280013. [CrossRef] [PubMed]

Long, Y.Q.; Xu, Q.Y.;; Zhao, WM,; Shan, X.S.; Yang, H.T.; Zhuang, K; Liu, H.; Ji, EH.; Peng, K. Dexmedetomidine Infusion Versus
Placebo During Light or Deep Anesthesia on Postoperative Delirium in Older Patients Undergoing Major Noncardiac Surgery: A
Pilot Randomized Factorial Trial. Anesth. Analg. 2024, 138, 61-170170. [CrossRef] [PubMed]

Evered, L.A.; Chan, M.T.V; Han, R,; Chu, M.H.M.; Cheng, B.P; Scott, D.A.; Pryor, K.O.; Sessler, D.L; Veselis, R.; Frampton, C.; et al.
Anaesthetic depth and delirium after major surgery: A randomised clinical trial. Br. ]. Anaesth. 2021, 127, 704-712. [CrossRef] [PubMed]
Ling, Y.T.; Guo, Q.Q.; Wang, S.M.; Zhang, L.N.; Chen, ].H.; Liu, Y.; Xuan, RH.; Qu, B,; Liu, L.G.; Wen, Z.S,; et al. Nomogram for
Prediction of Postoperative Delirium after Deep Brain Stimulation of Subthalamic Nucleus in Parkinson’s Disease under General
Anesthesia. Park. Dis. 2022, 2022, 6915627. [CrossRef]

Morandi, A.; McCurley, J.; Vasilevskis, E.E.; Fick, D.M.; Bellelli, G.; Lee, P.; Jackson, ].C.; Shenkin, S.D.; Trabucchi, M.; Schnelle, J.;
et al. Tools to detect delirium superimposed on dementia: A systematic review. J. Am. Geriatr. Soc. 2012, 60, 2005-2013. [CrossRef]
Chen, TJ.; Chung, YW.; Chang, H.R.; Chen, PY,; Wu, C.R.; Hsieh, S.H.; Chiu, H.Y. Diagnostic accuracy of the CAM-ICU and
ICDSC in detecting intensive care unit delirium: A bivariate meta-analysis. Int. ]. Nurs. Stud. 2021, 113, 103782. [CrossRef]

Ely, EW,; Inouye, S.K; Bernard, G.R.; Gordon, S.; Francis, J.; May, L.; Truman, B.; Speroff, T.; Gautam, S.; Margolin, R.; et al.
Delirium in mechanically ventilated patients: Validity and reliability of the confusion assessment method for the intensive care
unit (CAM-ICU). J. Am. Med. Assoc. 2001, 286, 2703-2710. [CrossRef]

Xiao, M.Z; Liu, C.X,; Zhou, L.G.; Yang, Y.; Wang, Y. Postoperative delirium, neuroinflammation, and influencing factors of
postoperative delirium: A review. Medicine 2023, 102, e32991. [CrossRef]

Cerejeira, J.; Lagarto, L.; Mukaetova-Ladinska, E.B. The Immunology of Delirium. Neuroimmunomodulation 2014, 21, 72-78. [CrossRef]
Shanmugam, N.; Verma, R; Sarkar, S.; Khanna, P; Sinha, R.; Kashyap, L.; Shende, D.R.; Ray, B.R.; Anand, R.K.; Maitra, S.; et al.
Functional near-infrared spectroscopy guided mapping of frontal cortex, a novel modality for assessing emergence delirium in
children: A prospective observational study. Pediatr. Anesth. 2023, 33, 844-854. [CrossRef]

Magni, G.; Bilotta, F. Postoperative Cognitive Dysfunction, in Complications. In Neuroanesthesia; Elsevier: Amsterdam, The
Netherlands, 2016.


https://doi.org/10.1001/jamaneurol.2020.2273
https://www.ncbi.nlm.nih.gov/pubmed/32658246
https://doi.org/10.1213/ANE.0000000000006257
https://www.ncbi.nlm.nih.gov/pubmed/36301724
https://doi.org/10.1213/ANE.0000000000006090
https://doi.org/10.1056/NEJMoa2113514
https://doi.org/10.1111/jgs.14076
https://doi.org/10.3233/JAD-2010-101086
https://doi.org/10.4065/mcp.2009.0469
https://doi.org/10.1161/JAHA.120.017275
https://doi.org/10.1016/j.bja.2025.02.007
https://doi.org/10.3389/fmed.2023.1280013
https://www.ncbi.nlm.nih.gov/pubmed/38034539
https://doi.org/10.1213/ANE.0000000000006686
https://www.ncbi.nlm.nih.gov/pubmed/37874773
https://doi.org/10.1016/j.bja.2021.07.021
https://www.ncbi.nlm.nih.gov/pubmed/34465469
https://doi.org/10.1155/2022/6915627
https://doi.org/10.1111/j.1532-5415.2012.04199.x
https://doi.org/10.1016/j.ijnurstu.2020.103782
https://doi.org/10.1001/jama.286.21.2703
https://doi.org/10.1097/MD.0000000000032991
https://doi.org/10.1159/000356526
https://doi.org/10.1111/pan.14708

Int. J. Mol. Sci. 2025, 26, 11314 15 of 17

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.
64.

Zhu, H.; Cong, L.; Chen, Y,; Chen, S.; Chen, L.; Huang, Z.; Zhou, ].; Xiao, ].; Huang, Y.; Su, D. Efficiency of Donepezil in Elderly
Patients Undergoing Orthopaedic Surgery Due to Underlying Post-Operative Cognitive Dysfunction: Study Protocol for a
Multicentre Randomised Controlled Trial. Trials 2021, 22, 688. [CrossRef]

Brummel, N.E.; Hughes, C.G.; McNeil, J.B.; Pandharipande, PP; Thompson, J.L.; Orun, O.M.; Raman, R.; Ware, L.B,;
Bernard, G.R.; Harrison, FE; et al. Systemic inflammation and delirium during critical illness. Intensive Care Med. 2024, 50,
687-696. [CrossRef]

Smith, C.J.; Hodge, D.; Harrison, EE.; Williams Roberson, S. The Pathophysiology and Biomarkers of Delirium. Semin. Neurol.
2024, 44, 720-731. [CrossRef]

Tost, H.; Alam, T.; Meyer-Lindenberg, A. Dopamine and psychosis: Theory, pathomechanisms and intermediate phenotypes.
Neurosci. Biobehav. Rev. 2010, 34, 689-700. [CrossRef]

Bosancic, Z.; Spies, C.D.; Miiller, A.; Winterer, G.; Piper, S.K.; Heinrich, M.; Bio Cog Consortium. Association of cholinesterase
activities and POD in older adult abdominal surgical patients. BVIC Anesthesiol. 2022, 22, 293. [CrossRef] [PubMed]

Fong, T.G.; Tulebaev, S.R.; Inouye, S.K. Delirium in elderly adults: Diagnosis, prevention, and treatment. Nat. Rev. Neurol. 2009, 5,
210-220. [CrossRef] [PubMed]

Ramirez-Bermtdez, J.; Pérez-Neri, I.; Montes, S.; Nente, F; Ramirez-Abascal, M.; Carrillo-Mezo, R.; Pérez-Esparza, R.; Soto-
Hernandez, J.L.; Espinola-Nadurille, M.; Bayliss, L.; et al. Dopaminergic Hyperactivity in Neurological Patients with Delirium.
Arch. Med. Res. 2019, 50, 477-483. [CrossRef] [PubMed]

Plachkhe, K.; Hill, H.; Engelhardt, R.; Thomas, C.; von Haken, R.; Scholz, M.; Kopitz, J.; Bardenheuer, H.J.; Weisbrod, M.;
Weigand, M.A. EEG Changes and Serum Anticholinergic Activity Measured in Patients with Delirium in the Intensive Care Unit.
Anaesthesia 2007, 62, 1217-1223. [CrossRef]

De Rossi, P; Nomura, T.; Andrew, R.J.; Masse, N.Y.; Sampathkumar, V.; Musial, T.F.; Sudwarts, A.; Recupero, A.].; Le Metayer, T.;
Hansen, M.T,; et al. Neuronal BIN1 Regulates Presynaptic Neurotransmitter Release and Memory Consolidation. Cell Rep. 2020,
30, 3520-3535.€7. [CrossRef]

Meagher, D.; Moran, M.; Raju, B.; Leonard, M.; Donnelly, S.; Saunders, ].; Trzepacz, P. A New Data-Based Motor Subtype Schema
for Delirium. J. Neuropsychiatry Clin. Neurosci. 2008, 20, 185-193. [CrossRef]

Reekes, T.H.; Devinney, M.].; Berger, M. Amyloid Beta and Postoperative Delirium: Partners in Crime or Strangers in the Dark?
Br. J. Anaesth. 2023, 131, 205-208. [CrossRef] [PubMed]

Ballweg, T.; White, M.; Parker, M.; Casey, C.; Bo, A.; Farahbakhsh, Z.; Kayser, A.; Blair, A.; Lindroth, H.; Pearce, R.A.; et al.
Association between plasma tau and postoperative delirium incidence and severity: A prospective observational study. Br. ].
Anaesth. 2021, 126, 458-466. [CrossRef]

Idland, A.V.,; Wyller, T.B.; Stoen, R.; Eri, L.M.; Frihagen, F.; Reader, J.; Chaudhry, FA.; Hansson, O.; Zetterberg, H.; Blennow, K,;
et al. Preclinical Amyloid- and Axonal Degeneration Pathology in Delirium. J. Alzheimers Dis. 2017, 55, 371-379. [CrossRef]
Payne, T.; Taylor, ].; Casey, C.; Kunkel, D.; Parker, M.; Blennow, K.; Zetterberg, H.; Pearce, R.A.; Lennertz, R.C.; Sanders, R.D.
Prospective Analysis of Plasma Amyloid Beta and Postoperative Delirium in the Interventions for Postoperative Delirium:
Biomarker-3 Study. Br. J. Anaesth. 2023, 130, 546-556. [CrossRef]

Serna-Rodriguez, M.F,; Bernal-Vega, S.; de la Barquera, J.A.O.; Camacho-Morales, A.; Pérez-Maya, A.A. The Role of Damage-
Associated Molecular Pattern Molecules (DAMPs) and Permeability of the Blood-Brain Barrier in Depression and Neuroinflam-
mation. J. Neuroimmunol. 2022, 371, 577951. [CrossRef]

Plaschke, K.; Hauth, S.; Jansen, C.; Bruckner, T.; Schramm, C.; Karck, M.; Kopitz, J. The Influence of Preoperative Serum
Anticholinergic Activity and Other Risk Factors for Developing Postoperative Cognitive Dysfunction after Cardiac Surgery. J.
Thorac. Cardiovasc. Surg. 2013, 145, 805-811. [CrossRef]

Yang, T.; Velagapudi, R.; Terrando, N. Neuroinflammation after Surgery: From Mechanisms to Therapeutic Targets. Nat. Immunol.
2020, 21, 1319-1326. [CrossRef]

Wilson, J.E.; Mart, M.E; Cunningham, C.; Shehabi, Y.; Girard, T.D.; MacLullich, A.M.].; Slooter, A.].C.; Ely, E.W. Delirium. Nat.
Rev. Dis. Primers 2020, 6, 90. [CrossRef] [PubMed]

Lopez, M.G.; Hughes, C.G.; DeMatteo, A.; O’'Neal, J.B.; McNeil, ].B.; Shotwell, M.S.; Morse, ].; Petracek, M.R,; Shah, A.S.; Brown, N.J.;
et al. Intraoperative Oxidative Damage and Delirium after Cardiac Surgery. Anesthesiology 2020, 132, 551-561. [CrossRef] [PubMed]
Pang, Y.; Li, Y.; Zhang, Y.; Wang, H.; Lang, ].; Han, L.; Liu, H.; Xiong, X.; Gu, L.; Wu, X. Effects of Inflammation and Oxidative
Stress on Postoperative Delirium in Cardiac Surgery. Front. Cardiovasc. Med. 2022, 9, 1049600. [CrossRef]

Rao, VK; Carlson, E.A.; Yan, S.S. Mitochondrial Permeability Transition Pore Is a Potential Drug Target for Neurodegeneration.
Biochim. Biophys. Acta 2014, 1842, 1267-1272. [CrossRef]

Mihaljevi¢, S.; Pavlovi¢, M.; Reiner, K.; Cadi¢, M. Therapeutic Mechanisms of Ketamine. Psychiatr. Danub. 2020, 32, 325-333. [CrossRef]
Li, T.; Lu, Z,; Qin, T,; Liu, L.; Zhang, J. Pathomechanism of postoperative delirium: Systemic inflammatory response and
neuroinflammation following anesthesia/surgery. Neuroscience 2025, 581, 40-49. [CrossRef]


https://doi.org/10.1186/s13063-021-05648-0
https://doi.org/10.1007/s00134-024-07388-6
https://doi.org/10.1055/s-0044-1791666
https://doi.org/10.1016/j.neubiorev.2009.06.005
https://doi.org/10.1186/s12871-022-01826-y
https://www.ncbi.nlm.nih.gov/pubmed/36114455
https://doi.org/10.1038/nrneurol.2009.24
https://www.ncbi.nlm.nih.gov/pubmed/19347026
https://doi.org/10.1016/j.arcmed.2019.11.002
https://www.ncbi.nlm.nih.gov/pubmed/32018069
https://doi.org/10.1111/j.1365-2044.2007.05255.x
https://doi.org/10.1016/j.celrep.2020.02.026
https://doi.org/10.1176/jnp.2008.20.2.185
https://doi.org/10.1016/j.bja.2023.05.009
https://www.ncbi.nlm.nih.gov/pubmed/37330308
https://doi.org/10.1016/j.bja.2020.08.061
https://doi.org/10.3233/JAD-160461
https://doi.org/10.1016/j.bja.2023.01.020
https://doi.org/10.1016/j.jneuroim.2022.577951
https://doi.org/10.1016/j.jtcvs.2012.07.043
https://doi.org/10.1038/s41590-020-00812-1
https://doi.org/10.1038/s41572-020-00223-4
https://www.ncbi.nlm.nih.gov/pubmed/33184265
https://doi.org/10.1097/ALN.0000000000003016
https://www.ncbi.nlm.nih.gov/pubmed/31770146
https://doi.org/10.3389/fcvm.2022.1049600
https://doi.org/10.1016/j.bbadis.2013.09.003
https://doi.org/10.24869/psyd.2020.325
https://doi.org/10.1016/j.neuroscience.2025.06.068

Int. J. Mol. Sci. 2025, 26, 11314 16 of 17

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.
83.

84.

85.

86.

87.

88.

89.

Eltokhi, A.; Santuy, A.; Merchan-Perez, A.; Sprengel, R. Glutamatergic Dysfunction and Synaptic Ultrastructural Alterations
in Schizophrenia and Autism Spectrum Disorder: Evidence from Human and Rodent Studies. Int. J. Mol. Sci. 2020, 22,
59. [CrossRef] [PubMed]

Weidmann, A E.; Proppé, G.B.; Matthiasdéttir, R.; Tadi¢, I.; Gunnarsson, P.S.; Jonsdéttir, F. Medication-induced Causes of Delirium
in Patients with and without Dementia: A Systematic Review of Published Neurology Guidelines. Int. J. Clin. Pharm. 2025, 47,
606—623. [CrossRef]

Meulenbroek, A.L.; van Mil, S.R.; Faes, M.C.; Mattace-Raso, F.U.S.; Fourneau, I.; van der Laan, L. A Systematic Review of
Strategies for Preventing Delirium in Patients Undergoing Vascular Surgery. Ann. Vasc. Surg. 2022, 85, 433-443. [CrossRef]
Siokas, V.; Fleischmann, R.; Feil, K.; Liampas, I.; Kowarik, M.C.; Bai, Y.; Stefanou, M.L; Poli, S.; Ziemann, U.; Dardiotis, E.; et al.
The Role of Vascular Risk Factors in Post-Stroke Delirium: A Systematic Review and Meta-Analysis. J. Clin. Med. 2022, 11,
5835. [CrossRef] [PubMed]

Day, E.; Daly, C. Clinical Management of the Alcohol Withdrawal Syndrome. Addiction 2022, 117, 804-814. [CrossRef] [PubMed]
Lonergan, E.; Luxenberg, J.; Areosa Sastre, A.; Wyller, T.B. Benzodiazepines for Delirium. Cochrane Database Syst. Rev. 2009, 2009,
CD006379. [CrossRef]

Bryczkowski, S.B.; Lopreiato, M.C.; Yonclas, P.P; Sacca, ].J.; Mosenthal, A.C. Risk factors for delirium in older trauma patients
admitted to the surgical intensive care unit. J. Trauma Acute Care Surg. 2014, 77, 944-951. [CrossRef]

Burfeind, K.G.; Tirado Navales, A.A.; Togioka, B.M.; Schenning, K. Prevention of Postoperative Delirium through the Avoidance
of Potentially Inappropriate Medications in a Geriatric Surgical Patient. BM] Case Rep. 2021, 14, €240403. [CrossRef]

American Geriatrics Society Beers Criteria® Update Expert Panel. American Geriatrics Society 2023 Updated AGS Beers Criteria®
for Potentially Inappropriate Medication Use in Older Adults. J. Am. Geriatr. Soc. 2023, 71, 1234-1256. [CrossRef]

Shen, H.; Liu, X.; Wu, L, Jia, J.; Jin, X. Effect of Hospital Elder Life Program on the Incidence of Delirium: A Systematic Review
and Meta-Analysis of Clinical Trials. Geriatr. Nurs. 2024, 56, 225-236. [CrossRef]

Vasunilashorn, S.M.; Fong, T.G.; Albuquerque, A.; Marcantonio, E.R.; Schmitt, EM.; Tommet, D.; Gou, Y.; Travison, T.G.; Jones,
R.N.; Inouye, S.K. Delirium Severity Post-Surgery and Its Relationship with Long-Term Cognitive Decline in a Cohort of Patients
without Dementia. J. Alzheimers Dis. 2018, 61, 347-358. [CrossRef] [PubMed]

Pearse, R.; Rajakulendran, Y. Pre-Operative Fasting and Administration of Regular Medications in Adult Patients Presenting for
Elective Surgery: Has the New Evidence Changed Practice? Eur. |. Anaesthesiol. 1999, 16, 565-568. [CrossRef]

Bogani, G.; Sarpietro, G.; Ferrandina, G.; Gallotta, V.; Di Donato, V.; Ditto, A.; Pinelli, C.; Casarin, J.; Ghezzi, F; Scambia, G.; et al.
Enhanced Recovery after Surgery (ERAS) in Gynecology Oncology. Eur. J. Surg. Oncol. 2021, 47, 952-959. [CrossRef]

Deiner, S.; Luo, X; Lin, H.M.; Sessler, D.I; Saager, L.; Sieber, EE.; Lee, H.B.; Sano, M.; Jankowski, C.; Bergese, S.D.; et al. Intraoperative
Infusion of Dexmedetomidine for Prevention of Postoperative Delirium and Cognitive Dysfunction in Elderly Patients Undergoing
Major Elective Noncardiac Surgery: A Randomized Clinical Trial. JAMA Surg. 2017, 152, €171505. [CrossRef] [PubMed]

Qureshi, O.; Arthur, M.E. Recent Advances in Predicting, Preventing, and Managing Postoperative Delirium. Fac. Rev. 2023, 12,
19. [CrossRef] [PubMed]

Bargnes, V., 3rd; Oliver, B.; Wang, E.; Greenspan, S.; Jin, Z.; Yeung, L; Bergese, S. Taming Postoperative Delirium with Dexmedetomi-
dine: A Review of the Therapeutic Agent’s Neuroprotective Effects Following Surgery. Pharmaceuticals 2023, 16, 1453. [CrossRef]
Mart, ML.E,; Williams Roberson, S.; Salas, B.; Pandharipande, P.P; Ely, E.W. Prevention and Management of Delirium in the
Intensive Care Unit. Semin. Respir. Crit. Care Med. 2021, 42, 112-126. [CrossRef]

Alvarez, G.F; Skowronski, G.A. Remembering the Side Effects of Haloperidol: A Case Report. Crit. Care Resusc. 2003, 5, 266-269. [CrossRef]
Fabrazzo, M.; Cipolla, S.; Camerlengo, A.; Perris, F; Catapano, F. Second-Generation Antipsychotics’ Effectiveness and Tolerability:
A Review of Real-World Studies in Patients with Schizophrenia and Related Disorders. . Clin. Med. 2022, 11, 4530. [CrossRef]
Grover, S.; Kumar, V.; Chakrabarti, S. Comparative Efficacy Study of Haloperidol, Olanzapine, and Risperidone in Delirium. J.
Psychosom. Res. 2011, 71, 277-281. [CrossRef] [PubMed]

Van den Boogaard, M.; Schoonhoven, L.; van Achterberg, T.; van der Hoeven, J.G.; Pickkers, P. Haloperidol Prophylaxis in
Critically Ill Patients with a High Risk for Delirium. Crit. Care 2013, 17, R9. [CrossRef]

Schaller, S.J.; Beltermann, U.; Fingerhut, A.; Gottschalk, A.; von Dossow, V.; Schutz, A.; Roesler, A.; Ihmsen, H.; Padberg, W.;
Wallner, B.; et al. Physostigmine for Prevention of Postoperative Delirium and Long-Term Cognitive Dysfunction in Liver Surgery:
A Double-Blind, Randomised Controlled Trial. Eur. . Anaesthesiol. 2022, 39, 791-801.

Pipek, L.Z.; Pascual, G.S.; Nascimento, R.EV,; Silva, G.D.; Castro, L.H. Acetylcholinesterase Inhibitors for Delirium Prevention: A
Systematic Review and Meta-Analysis. Crit. Care 2013, 17, e2054-e2061. [CrossRef]

Neufeld, K.J.; Thomason, ].W.; Boyd, ].C.; Wu, B.U.; Needham, D.M.; Leoutsakos, ].-M.; Inouye, S.K. Antipsychotic Therapy to
Prevent Delirium in Hospitalized Older Adults: A Meta-Analysis. |. Am. Geriatr. Soc. 2016, 64, 862—-872. [CrossRef]

Zhong, Y,; Ren, Z.; Gao, ].; He, X.; Li, Q. Dexmedetomidine for the prevention of postoperative delirium in patients undergoing
cardiac surgery: A systematic review and meta-analysis with trial sequential analysis. BMC Anesthesiol. 2025, 25, 408. [CrossRef]


https://doi.org/10.3390/ijms22010059
https://www.ncbi.nlm.nih.gov/pubmed/33374598
https://doi.org/10.1007/s11096-024-01861-4
https://doi.org/10.1016/j.avsg.2022.04.005
https://doi.org/10.3390/jcm11195835
https://www.ncbi.nlm.nih.gov/pubmed/36233701
https://doi.org/10.1111/add.15647
https://www.ncbi.nlm.nih.gov/pubmed/34288186
https://doi.org/10.1002/14651858.CD006379.pub3
https://doi.org/10.1097/TA.0000000000000427
https://doi.org/10.1136/bcr-2020-240403
https://doi.org/10.1111/jgs.18372
https://doi.org/10.1016/j.gerinurse.2024.02.017
https://doi.org/10.3233/JAD-170288
https://www.ncbi.nlm.nih.gov/pubmed/29171992
https://doi.org/10.1097/00003643-199908000-00013
https://doi.org/10.1016/j.ejso.2020.10.030
https://doi.org/10.1001/jamasurg.2017.1505
https://www.ncbi.nlm.nih.gov/pubmed/28593326
https://doi.org/10.12703/r/12-19
https://www.ncbi.nlm.nih.gov/pubmed/37529149
https://doi.org/10.3390/ph16101453
https://doi.org/10.1055/s-0040-1710572
https://doi.org/10.1016/s1441-2772(23)00862-1
https://doi.org/10.3390/jcm11154530
https://doi.org/10.1016/j.jpsychores.2011.01.019
https://www.ncbi.nlm.nih.gov/pubmed/21911107
https://doi.org/10.1186/cc11933
https://doi.org/10.1097/CCM.0000000000006786
https://doi.org/10.1111/jgs.14076
https://doi.org/10.1186/s12871-025-03264-y

Int. J. Mol. Sci. 2025, 26, 11314 17 of 17

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Afrati, S.R.; Lianou, I.; Kaspiris, A.; Marougklianis, V.; Kotanidou, A.; Pneumaticos, S.G. Analgesic and Neuroprotective Roles of
Dexmedetomidine in Spine Surgery: A Systematic Review. Diseases 2025, 13, 212. [CrossRef] [PubMed]

Gao, R;; Liang, Y.; Ma, L.; Li, X.; Ma, L.; Wang, D. Dexmedetomidine inhibits neuroinflammation and improves postoperative
cognitive function by regulating the HMGB1/TLR4/NF-«B signaling pathway in aged rats. Neurochem. Res. 2022, 47, 2989-3001.
Zhu, Y,; Liu, Z,; Peng, Y.; Jin, Y.; He, Y. Dexmedetomidine attenuates surgery-induced neuroinflammation and cognitive
dysfunction via ap-adrenergic receptor signaling in aged mice. Front. Pharmacol. 2023, 14, 1123059.

Wu, W,; He, Y;; Lin, D.; Zhang, G.; Zhang, X.; Zhang, N.; Xie, T.; Wei, H. Dexmedetomidine Mitigates Lipopolysaccharide-Induced
Acute Lung Injury by Modulating Heat Shock Protein A12B to Inhibit the Toll-like Receptor 4/Nuclear Factor-Kappa B Signaling
Pathway. Chem. Biol. Interact. 2024, 398, 111112. [CrossRef]

Zhang, W.; Yu, J.; Guo, M,; Ren, B; Tian, Y.; Xu, C.; Feng, Z. Dexmedetomidine Attenuates Glutamate-Induced Cytotoxicity by
Inhibiting the Mitochondrial-Mediated Apoptotic Pathway. Med. Sci. Monit. 2020, 26, €922139. [CrossRef]

Chen, X.; Chen, A.; Wei, J.; Huang, Y.; Deng, ].; Chen, P; Yan, Y; Lin, M.; Zeng, X.; Gong, C.; et al. Dexmedetomidine Alleviates
Cogpnitive Impairment by Promoting Hippocampal Neurogenesis via BDNF/TrkB/CREB Signaling Pathway in Hypoxic-Ischemic
Neonatal Rats. CNS Neurosci. Ther. 2023, 30, €14486. [CrossRef]

Su, X,; Meng, Z.T.; Wu, X.H.; Cui, F; Li, H.L.; Wang, D.X.; Zhu, X.; Zhu, S.N.; Maze, M.; Ma, D. Dexmedetomidine for prevention
of delirium in elderly patients after non-cardiac surgery: A randomised, double-blind, placebo-controlled trial. Lancet 2016, 388,
1893-1902. [CrossRef]

Fondeur, J.; Escudero Mendez, L.; Srinivasan, M.; Hamouda, R.K.; Ambedkar, B.; Arzoun, H.; Sahib, I.; Mohammed, L.
Dexmedetomidine in Prevention of Postoperative Delirium: A Systematic Review. Cureus 2022, 14, €25639. [CrossRef] [PubMed]
Zorrilla-Vaca, A.; Grant, M.C.; Law, M.; Messinger, C.J.; Pelosi, P; Varelmann, D. Dexmedetomidine Improves Pulmonary Outcomes
in Thoracic Surgery under One-Lung Ventilation: A Meta-Analysis. . Clin. Anesth. 2024, 93, 111345. [CrossRef] [PubMed]

Zeng, H.; Li, Z.; He, ].; Fu, W. Dexmedetomidine for the Prevention of Postoperative Delirium in Elderly Patients Undergoing
Noncardiac Surgery: A Meta-Analysis of Randomized Controlled Trials. PLoS ONE 2019, 14, €0218088. [CrossRef]

Fu, Q.; Sandeep, B,; Li, H.; Wang, B.S.; Huang, X. Impact of Perioperative Dexmedetomidine on Postoperative Delirium in Adults
Undergoing Cardiac Surgery: A Comprehensive Bibliometrix and Meta-Analysis. Asian ]. Psychiatry 2025, 108, 104522. [CrossRef]
Meng, C.; Wang, D.; Zhao, Y.; Sun, J.; Miao, G.; Chen, L.; Bai, Y,; Liu, P. Dexmedetomidine for Delirium Prevention in
Adult Patients Following Cardiac Surgery: A Meta-Analysis of Randomized Controlled Trials. J. Cardiothorac. Surg. 2025, 20,
110. [CrossRef] [PubMed]

Li, X-Y; Yang, J.-Y,; Qiu, Y.,; Wang, C.-X,; Wang, X.-D. Dexmedetomidine for Postoperative Delirium in Surgical Patients: A Mini-Review of
Mechanisms, Clinical Evidence, and Practical Implementation. Front. Pharmacol. 2025, 16, 1702862. [CrossRef] [PubMed]

Weerink, M.A; Struys, M.M.R.F,; Hannivoort, L.N.; Barends, C.R.M.; Absalom, A.R.; Colin, P. Clinical Pharmacokinetics and
Pharmacodynamics of Dexmedetomidine. Clin. Pharmacokinet. 2017, 56, 893-913. [CrossRef] [PubMed]

Ma, D.; Li, Y,; Yang, Y,; Xu, E; Guo, Y. Intravenous infusion of dexmedetomidine for prevention of postoperative delirium and
cognitive dysfunction: A meta-analysis of randomized controlled trials. Eur. ]. Med. Res. 2024, 29, 239.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/diseases13070212
https://www.ncbi.nlm.nih.gov/pubmed/40710002
https://doi.org/10.1016/j.cbi.2024.111112
https://doi.org/10.12659/MSM.922139
https://doi.org/10.1111/cns.14486
https://doi.org/10.1016/S0140-6736(16)30580-3
https://doi.org/10.7759/cureus.25639
https://www.ncbi.nlm.nih.gov/pubmed/35812638
https://doi.org/10.1016/j.jclinane.2023.111345
https://www.ncbi.nlm.nih.gov/pubmed/37988813
https://doi.org/10.1371/journal.pone.0218088
https://doi.org/10.1016/j.ajp.2025.104522
https://doi.org/10.1186/s13019-025-03360-7
https://www.ncbi.nlm.nih.gov/pubmed/39891182
https://doi.org/10.3389/fphar.2025.1702862
https://www.ncbi.nlm.nih.gov/pubmed/41142229
https://doi.org/10.1007/s40262-017-0507-7
https://www.ncbi.nlm.nih.gov/pubmed/28105598

	Definition of the Problem 
	Risk Factors 
	POD and Risk of Persistent Post-Operative Cognitive Decline in the Elderly 
	The Role of the Type of Anesthesia 
	Pre-Operative Care 
	Intra-Operative Care 

	Assessment Tools for Detecting POD 
	Pathogenesis of POD 
	Neurodegeneration 
	Frontal Cortex Atrophy 
	Neurotransmitters’ Involvement in the Pathogenesis of Delirium 
	Alzheimer’s Disease Pathology: Involvement of Protein Tau, Neurofilament Light Chain, and Amyloid 

	Neuroinflammation 
	Oxidative Stress 
	Potential Role of the Glutamatergic System 
	Vascular Mechanism 
	Drug-Induced Delirium 

	Management 
	Conclusions 
	References

