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Abstract

Postoperative cognitive dysfunction (POCD) and postoperative delirium (POD) represent major
neurocognitive complications affecting surgical patients across all ages, with particular prevalence in older
populations. This comprehensive review examines POCD from an integrated surgical-psychiatric perspective,
addressing the complex pathophysiological mechanisms, diagnostic considerations, risk stratification, and
clinical outcomes. Current evidence demonstrates that POCD affects 17-43% of surgical patients
postoperatively, with incidence decreasing over time. POCD occurring within 30 days of surgery is associated
with increased mortality (relative risk 2.04 for cardiac surgery, 1.84 for noncardiac surgery), prolonged
hospitalization, and enhanced dementia risk. The pathophysiology involves multiple interconnected
mechanisms including neuroinflammation, blood-brain barrier dysfunction, anesthetic-related effects, and
neuroimmune signaling. Key psychiatric comorbidities including preoperative depression, anxiety, and
cognitive impairment significantly augment POCD risk. Early identification using validated risk prediction
tools such as the PIPRA algorithm, combined with appropriate preoperative psychiatric assessment and
perioperative optimization, may improve outcomes. This review synthesizes recent evidence to provide
clinicians with a framework for understanding POCD as a complex neurocognitive syndrome requiring
integrated surgical-psychiatric management.

|I. INTRODUCTION

Postoperative cognitive dysfunction (POCD), now recognized as a component of perioperative neurocognitive disorders
(PND), represents a major yet understudied complication of surgery and anesthesia.[1,2] POCD manifests as a subtle
decline in cognitive performance following surgical procedures, potentially lasting from days to months. In clinical
practice, POCD must be distinguished from acute postoperative delirium (POD), though they share common
pathophysiological mechanisms and frequently overlap.[1,2,3]

The significance of POCD extends beyond the acute postoperative period. Recent evidence demonstrates that early
recognition and appropriate management of perioperative neurocognitive disorders have substantial implications for long-
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term patient outcomes, including dementia risk and mortality.[2,4,5] Despite its prevalence and clinical consequences,
POCD remains inadequately recognized in many surgical settings, and no FDA -approved pharmacological interventions
currently exist for prevention or treatment.

Historically, POCD was considered a complication specific to cardiac surgery patients exposed to cardiopulmonary
bypass. Contemporary research has firmly established that POCD occurs with similar frequency following both cardiac
and noncardiac surgical procedures,[7,8] suggesting underlying mechanisms not exclusively related to extracorporeal
circulation. This realization has prompted extensive investigation into fundamental neuobiological processes disrupted
during the perioperative period.

The interface between surgical intervention, anesthetic agents, and psychiatric comorbidities presents a complex clinical
scenario that demands integrated understanding from both surgical and psychiatric perspectives. Preoperative
psychological conditions such as depression, anxiety, and cognitive impairment substantially increase POCD risk,[9,10]
while perioperative neuroinflammation and blood-brain barrier dysfunction emerge as central pathophysiological
mechanisms.[6,11]

This comprehensive review synthesizes current evidence regarding POCD from an integrated surgical-psychiatric
perspective, examining epidemiology, pathophysiology, risk factors, diagnostic approaches, clinical outcomes, and
evidence-based management strategies.

Il. EPIDEMIOLOGY AND DEFINITIONS

Terminology and Nomenclature

The terminology surrounding cognitive dysfunction after surgery has evolved significantly. In 2018, the International
Perioperative Neurotoxicity Working Group established updated nomenclature to address inconsistencies in earlier
literature. The current classification distinguishes between:

Postoperative Delirium (POD): An acute alteration in mental status occurring in the immediate postoperative period,
characterized by disturbances in attention, awareness, and consciousness according to DSM-5 criteria.[3,13] POD
typically emerges within 1-3 days after surgery, though onset can be delayed.

Delayed Neurocognitive Recovery (ANCR): A more subtle cognitive impairment identified within 30 days of surgery,
representing a transition state between POD and persistent POCD.

Postoperative Cognitive Dysfunction (POCD): Cognitive decline persisting beyond 30 days postoperatively, sometimes
extending to several months.[1,12] POCD involves impairment in specific cognitive domains including memory, attention,
executive function, and information processing speed.

This distinction between timing of onset and duration has important implications for understanding underlying
mechanisms and predicting long-term outcomes.

Incidence and Prevalence

The reported incidence of POCD varies substantially depending on patient population, surgical procedure type, cognitive
assessment timing, and diagnostic criteria employed. Meta-analytic synthesis indicates that POCD occurs in
approximately 17-43% of surgical patients when assessed in the immediate postoperative period (within 7 days).[14,15]
When assessment is delayed to 3 months postoperatively, incidence typically declines to 3—34.2%, reflecting the tendency
of many cases to resolve with time.[14,15]

In older adult populations, the incidence of acute POD is substantially higher, ranging from 10-60% depending on surgical
type, with cardiac surgery patients experiencing rates of 26-53%.[2,3,16] Noncardiac surgery in older patients produces
POD rates of 3-33%. The discrepancy between POD and POCD incidence suggests that while acute delirium resolves in
most patients, a subset experiences longer-lasting cognitive impairment.

The prevalence of POCD is particularly concerning when considered in the context of an aging surgical population. In
the United States, approximately one-third of all operating room procedures are performed on adults over 65 years. With
an increasingly elderly population expected to undergo surgical intervention, the absolute number of patients experiencing
POCD will likely increase substantially.
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1. PATHOPHYSIOLOGY

Overview of Mechanisms

The pathophysiology of POCD involves complex interactions between multiple biological systems disrupted during the
perioperative period. Rather than a single mechanism, POCD likely results from convergence of patient-related factors,
anesthetic effects, surgical trauma, and systemic inflammatory responses.[6,11,19]

Neuroinflammation as a Central Mechanism

Mounting evidence establishes neuroinflammation as a critical mechanism underlying perioperative neurocognitive
dysfunction.[6,11,19] Surgery triggers a profound inflammatory response characterized by elevation of circulating
cytokines including tumor necrosis factor-alpha (TNF-a), interleukin-1 beta (IL-1B), and interleukin-6 (IL-6).[6,11]

These peripherally produced proinflammatory mediators can access the central nervous system through multiple pathways,
including direct migration across a disrupted blood-brain barrier and indirect signaling through perivascular macrophages
and microglia.[6,11] Within the brain, these inflammatory signals activate resident immune cells, particularly microglia,
which assume an activated pro-inflammatory state characterized by enhanced cytokine production.[6,11,19]

Elevated cerebrospinal fluid (CSF) IL-6 has been found to predict cognitive decline following coronary artery bypass
grafting, while CSF and plasma inflammatory markers including C-reactive protein and IL-1f correlate with cognitive
dysfunction after cardiac surgery. These associations extend beyond cardiac procedures; significant pro- and anti-
inflammatory markers are detectable in plasma and CSF of older adults after knee and hip replacement surgery.[6,11]

The inflammatory environment in the brain may contribute to cognitive dysfunction through multiple mechanisms
including impaired synaptic plasticity, disrupted neuroglial communication, complement-mediated synaptic pruning, and
altered neurotransmitter homeostasis.[6,19] Astrocyte activation, occurring postoperatively in animal models of major
surgery, contributes to disruption of neuroglial metabolic coupling and subsequent neuronal dysfunction.[6,19]

Blood-Brain Barrier Dysfunction

Recent research has identified blood-brain barrier (BBB) dysfunction as a proximal mechanism directly associated with
postoperative delirium in humans.[6,21] In a cohort of 207 older surgical patients, preoperative to 24-hour postoperative
change in cerebrospinal fluid-to-plasma albumin ratio (CPAR)—a marker of BBB integrity—was independently
associated with delirium occurrence.

An increase of 1 in CPAR change was associated with increased odds of postoperative delirium (odds ratio 1.30, 95% CI
1.03—-1.63). Remarkably, this association persisted independent of baseline cognitive function and surgery type,
suggesting BBB dysfunction plays a direct pathogenic role. Furthermore, greater postoperative BBB dysfunction was
associated with a dose-dependent increase in hospital length of stay, suggesting broader implications for postoperative
recovery beyond delirium itself.

The mechanism by which BBB disruption contributes to delirium likely involves uncontrolled entry of peripheral
inflammatory molecules and leukocytes into the brain parenchyma.[6,21] These inflammatory mediators expose neurons
and glia to excessive cytokine signaling, potentially impairing synaptic function through effects on synaptic plasticity
mechanisms.

Biomarkers of Neuronal Injury

Emerging biomarker evidence demonstrates that surgery and anesthesia trigger measurable neuronal injury detectable in
blood and cerebrospinal fluid.[6,19,22] Plasma neurofilament light and tau—key biomarkers of neuronal injury—increase
significantly following anesthesia and surgery, suggesting direct damage to the neuronal cytoskeleton and intracellular
protein aggregation pathways.[6,22]

Alzheimer's disease-related biomarkers show postoperative alterations, with lower cerebrospinal fluid f-amyloid protein-
to-tau ratios associated with perioperative neurocognitive disorder development.[6,19] These findings suggest a potential
trajectory toward dementia following surgical stress and anesthesia exposure, though temporal relationships and causality
require further investigation.[6,19,22]

Changes in Alzheimer's disease biomarkers and astroglial cell integrity markers, along with evidence of BBB opening,
have been documented in CSF of patients after hip arthroplasty.[6,19] Intriguingly, while surgery modifies these
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Alzheimer's disease biomarkers, positron emission tomography imaging of B-amyloid protein plaque deposition showed
limited association with cognitive deficits 6 weeks after cardiac surgery,[6,19] suggesting that biomarker changes may
not directly translate to measurable cognitive impairment in all cases.

Anesthetic Agent Effects

The selection of anesthetic agents significantly influences POCD risk in older adults undergoing noncardiac surgery. A
network meta-analysis of 34 randomized controlled trials involving 4314 elderly noncardiac surgical patients compared
various anesthetic approaches in their capacity to reduce POCD incidence.

Sufentanil demonstrated the lowest POCD incidence (6.3%), followed by midazolam (11.3%) and dexmedetomidine
(12.9%). In contrast, desflurane (28.3%), sevoflurane (24.0%), and placebo/control (27.7%) were associated with highest
POCD rates. Pairwise and network meta-analysis demonstrated that dexmedetomidine significantly reduced POCD
incidence compared with placebo and sevoflurane.

The mechanistic basis for these differences involves complex effects on gamma-aminobutyric acid (GABA) receptors,
N-methyl-D-aspartate (NMDA) receptor antagonism, and modulation of inflammatory signaling. GABA levels may drop
abruptly with discontinuation of postoperative sedation, potentially contributing to POCD. Dexmedetomidine's
neuroprotective effects include inhibition of proinflammatory cytokine release (IL-6, TNF-a)) and activation of cholinergic
anti-inflammatory pathways.

In contrast, sevoflurane inhalation leads to hippocampal microglia activation and POCD development through activation
of S100AS8 protein-mediated Toll-like receptor 4 pathway signaling, resulting in enhanced inflammatory factor expression.

Preexisting Cognitive Status and Reserve

Baseline cognitive function profoundly influences susceptibility to perioperative neurocognitive decline.[6,21,24,25]
Patients with preexisting cognitive impairment, including mild cognitive impairment and dementia, face substantially
elevated risk of POD and POCD.[16,17,24,25]

The concept of cognitive reserve—encompassing educational attainment, occupational complexity, and lifetime cognitive
engagement—may explain variable resilience to perioperative insults. Advanced age combined with preexisting cognitive
decline represents a particularly vulnerable phenotype, with evidence suggesting a two-hit model whereby both
predisposing cognitive impairment and precipitating perioperative factors combine to produce neurocognitive dysfunction.

V. RISK FACTORS AND RISK STRATIFICATION

Preoperative Risk Factors

Demographic and Cognitive Factors: Advanced age represents the most consistently identified risk factor across all
surgical populations. For each year of increasing age, odds of POD increase by 6% (OR 1.06, 95% CI 1.04—1.08). Patients
over 65 years demonstrate substantially elevated risk (OR 3.21, 95% CI 1.94-5.29).

Preoperative cognitive impairment, including mild cognitive impairment defined as Montreal Cognitive Assessment score
<26 or Mini-Mental State Examination score <25, demonstrates robust association with POD (OR 5.40, 95% CI 2.68—
10.89).

Psychiatric Comorbidities: Preoperative depression represents one of the strongest psychiatric risk factors, associated
with tripled odds of POD (OR 3.29, 95% CI 2.18-4.96) in cardiac surgery patients. This substantial risk underscores the
importance of psychiatric screening before elective procedures.

Preoperative anxiety demonstrates less consistent associations with POD across studies. Meta-analytic synthesis of 11
studies found that preoperative anxiety measured using dichotomized Hospital Anxiety and Depression Scale (HADS-A)
scores was associated with POD (OR 2.17, 95% CI 1.01-4.68), while analysis using continuous anxiety measurements
revealed no significant association (OR 0.99, 95% CI 0.93—1.05). This inconsistency suggests that measurement method
and conceptualization of anxiety substantially influence observed associations.

Cardiovascular and Metabolic Factors: Elevated blood glucose and insulin resistance emerge as modifiable risk factors.
Diabetes mellitus is associated with increased POD risk (OR 1.61, 95% CI 1.40-1.84) in cardiac surgery patients.
Hypertension shows a complex relationship, with initial analysis suggesting no significant association; however, post-hoc
analysis excluding an outlier study identified hypertension as a significant risk factor (OR 1.31, 95% CI 1.12—1.55).
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Left ventricular ejection fraction (LVEF) serves as a protective factor, with each percentage increase in LVEF associated
with reduced POD risk (OR 0.97, 95% CI 0.95-0.99). In contrast, New York Heart Association functional class III or IV
predicts elevated POD risk (OR 1.89, 95% CI 1.51-2.37), reflecting the influence of overall cardiac dysfunction on
perioperative stress tolerance.

Vascular Disease: Carotid artery stenosis independently increases POD risk (OR 1.72, 95% CI 1.37-2.16) in cardiac
surgery patients. This association likely reflects compromised cerebral perfusion reserve and vulnerability to perioperative
hemodynamic perturbations.

Medications: Perioperative benzodiazepine use is associated with significantly elevated POD risk. Meta-analysis of six
observational studies found that perioperative benzodiazepine use was associated with higher odds of postoperative
delirium (OR 2.93, 95% CI 1.96-4.36). This association contrasts sharply with benzodiazepine use in anxiolytic
premedication, despite their common application for anxiety reduction.[26,27] The apparent paradox—that anxiolytic
medication intended to reduce anxiety may increase delirium risk—suggests that the mechanism of anxiety reduction
versus delirium prevention may involve distinct neural processes.

Intraoperative and Postoperative Risk Factors

Surgical Factors: Extended duration of mechanical ventilation independently predicts POD, with each additional hour
associated with 11% increased odds (OR 1.11, 95% CI 1.02—1.21). Similarly, prolonged intensive care unit stay predicts
POD, with each additional day associated with 40% increased odds (OR 1.40, 95% CI 1.00-1.94).

Aortic cross-clamp time shows borderline significance, with each additional minute increasing POD odds by 1% (OR
1.01, 95% CI 1.00-1.02), though this failed to reach statistical significance in combined analysis (p = 0.06).

Frailty and Comprehensive Geriatric Assessment

Frailty—a biologic syndrome characterized by decreased homeostatic reserve and diminished resistance to stressors—
represents a powerful predictor of postoperative complications including delirium.[18,25] Approximately 1 in 6
community-dwelling individuals over 60 years of age are frail, representing a substantial portion of surgical populations.

Between 35-41% of preoperative patients demonstrate frailty when systematically assessed, and frail patients experience
substantially elevated adverse outcomes including higher complication rates (3—4 times greater odds), longer
hospitalization, increased discharge to postacute care facilities, and higher 30-day mortality.[18,25] Frailty assessment
tools predictive of poor postoperative outcomes include the modified Frailty Index (mFI-11), Clinical Frailty Scale (CFS),
Physical Frailty Phenotype (PFP), and Risk Analysis Index-Clinical (RAI-C).

Comprehensive geriatric assessment (CGA)—an interdisciplinary evaluation encompassing physical, functional,
cognitive, environmental, and social domains—facilitates identification of modifiable risk factors amenable to
preoperative intervention. Recent initiatives utilizing frailty screening followed by CGA demonstrate efficacy in reducing
perioperative mortality and optimizing outcomes in high-risk populations.

Validated Risk Prediction Tools

The PIPRA (Pre-Interventional Preventive Risk Assessment) algorithm represents a recently developed and clinically
validated tool for POD risk prediction. This algorithm incorporates age, body mass index, American Society of
Anesthesiologists (ASA) score, history of delirium, cognitive impairment, concurrent medications, optional C-reactive
protein (CRP), surgical risk category, and whether the procedure involves laparotomy or thoracotomy.

In internal validation, PIPRA achieved an area under the receiver operating characteristic curve (AUC) of 0.80 (95% CI
0.77-0.82) with CRP and 0.79 (95% CI 0.77-0.82) without CRP. External validation in 359 patients yielded an AUC of
0.74 (95% CI 0.68-0.80). The algorithm has achieved European conformity certification and is available for clinical use
at http://pipra.ch/, providing a practical tool for preoperative POD risk stratification.

V. CLINICAL OUTCOMES ASSOCIATED WITH POCD

Mortality

The association between POCD and mortality represents one of the most clinically significant findings regarding long-
term sequelae of perioperative neurocognitive dysfunction. A meta-analysis of 20 studies examining POCD outcomes
demonstrated differential mortality risk by timing of POCD assessment relative to surgery.
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In cardiac surgery patients, pooled analysis showed that POCD—regardless of whether assessed within 30 days or beyond
30 days postoperatively—was associated with increased risk of death (RR 2.04, 95% CI 1.18-3.50), with no heterogeneity
among studies (I> = 0%). This consistent association across timing of assessment suggests that POCD detection at any
point postoperatively may carry prognostic significance.

For noncardiac surgical patients, the overall pooled estimate did not demonstrate significant mortality difference, though
sensitivity analysis revealed associations with intermediate-term mortality (RR 1.84, 95% CI 1.26-2.71) among patients
who developed POCD within 30 days postoperatively and were followed for up to 1 year. This suggests that temporal
dynamics of POCD development influence its association with mortality, with early-onset cognitive dysfunction carrying
greater prognostic weight.

Hospitalization Duration

Patients who developed POCD within 30 days of surgery experienced significantly prolonged hospitalization. Following
cardiac surgery, POCD was associated with mean prolonged stay of 1.37 days (95% CI 0.35-2.39). After noncardiac
surgery, the prolongation was more substantial at 1.94 days (95% CI 0.48-3.40).

Notably, for POCD assessed beyond 30 days postoperatively, prolonged length of stay was not evident, suggesting that
transient early cognitive dysfunction may be the primary driver of extended hospitalization rather than persistent longer-
term cognitive impairment. This temporal pattern aligns with clinical experience wherein acute delirium typically prompts
extended hospitalization for investigation and management, while later cognitive decline occurs in already-discharged
patients.

Functional Outcomes and Dementia Risk

Unexpectedly, meta-analysis found no significant association between POCD and postoperative functional decline when
standardized functional instruments were employed. This counterintuitive finding suggests that early POCD detected
through neuropsychological testing may not always translate into measurable disability in activities of daily living, at
least in the short term.

However, the relationship between perioperative delirium and long-term dementia risk represents a critical concern. A
retrospective cohort study in a large health network demonstrated that an episode of delirium in surgical inpatients over
age 50 was associated with a 13.9-fold increased risk of new dementia diagnosis in the year following surgery, after
adjusting for baseline characteristics.

A meta-analysis examining this relationship found that delirium was significantly associated with long-term cognitive
decline in both surgical and non-surgical patients, suggesting that the acute perioperative neurocognitive insult may
contribute to accelerated cognitive aging and enhanced dementia risk.

VI. DIAGNOSTIC APPROACH

Preoperative Assessment

Cognitive Screening: The 5th International Perioperative Neurotoxicity Working Group recommends that all patients
above 65 years should be informed about perioperative neurocognitive disorder risk and undergo baseline cognitive
testing before surgery. Practical screening instruments include the Montreal Cognitive Assessment (MoCA), which
requires approximately 10 minutes, or the Mini-Cog, a 2.5-minute assessment combining 3-word recall and clock
drawing.[24,25]

Psychiatric Evaluation: Systematic preoperative psychiatric assessment should be performed, particularly in high-risk
patients. Screening should encompass depressive symptoms (assessed via Patient Health Questionnaire-9 or Hospital
Anxiety and Depression Scale depression subscale), anxiety (HADS-A or Spielberger State-Trait Anxiety Inventory), and
cognitive status. Patients identified with significant psychiatric comorbidity warrant consideration for preoperative
psychiatric consultation and optimization of psychotropic medications.

Frailty Assessment: Implementation of validated frailty assessment tools facilitates identification of patients at highest
risk. Tools requiring minimal time (approximately 10 minutes) include the mFI-11, CFS, RAI-C, and FRAIL scale, which
can be completed without requiring physical performance measures. Tools incorporating physical assessment (PFP, DAI)
require additional time but provide comprehensive phenotyping.
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Postoperative Assessment

Delirium Screening: Systematic POD screening should occur at minimum daily (preferably twice daily) during
hospitalization. Validated assessment tools include the Confusion Assessment Method (CAM), CAM-ICU for
mechanically ventilated patients, 3-Minute Diagnostic CAM (3D-CAM), Intensive Care Delirium Screening Checklist
(ICDSC), and 4AT instrument.[3,16] Chart review supplementation identifies cases missed by bedside assessment, as up
to two-thirds of delirium cases are initially unrecognized by clinical staff.

Cognitive Testing: Standardized neuropsychological test batteries serve as the gold standard for POCD diagnosis and
quantification. Comprehensive batteries assess multiple cognitive domains including attention-concentration, verbal
memory (structured and unstructured), visuospatial memory, and executive function.[6,21] Testing should ideally occur
preoperatively and at specified postoperative intervals (commonly 7 days, 90 days, and 1 year).

VII. INTEGRATED MANAGEMENT APPROACH

Preoperative Optimization

Psychiatric Treatment: Patients identified with significant depression warrant consideration for antidepressant initiation,
with selective serotonin reuptake inhibitors preferred due to favorable side effect profiles and drug interaction
considerations. Anxiety requiring treatment should be managed through non-pharmacological approaches (cognitive-
behavioral therapy, mindfulness-based stress reduction) rather than benzodiazepines, given the increased delirium risk
associated with perioperative benzodiazepine use.

Cognitive Prehabilitation: Evidence regarding cognitive training before surgery remains limited; however, engagement
in cognitively stimulating activities may promote cognitive reserve. Correction of modifiable cognitive risk factors—
including treatment of sleep disorders, optimization of vascular risk factors, and management of conditions affecting
cerebral perfusion—represents reasonable practice.

Anesthetic Selection: For older adults undergoing noncardiac surgery, selection of dexmedetomidine or sufentanil appears
beneficial for POCD reduction compared with volatile anesthetics like sevoflurane. Consultation with anesthesiology
regarding optimal anesthetic regimen for individual patients represents appropriate practice, particularly in high-risk
populations.

Frailty-Directed Interventions: For frail patients, preoperative optimization of comorbidities (diabetes, hypertension,
congestive heart failure), nutritional assessment, and physical therapy evaluation facilitate postoperative recovery.
Discussion of goals of care, postoperative expectations, and realistic functional recovery trajectories with patients and
families helps align expectations with likely outcomes.

Perioperative Strategies

Non-pharmacological Approaches: Minimization of modifiable perioperative stressors—including attention to sleep-
wake cycle maintenance, early mobilization, cognitive stimulation, reorientation, and family engagement—reduces
delirium incidence. Cognitive-behavioral therapy delivered perioperatively reduces perioperative anxiety and
demonstrates potential for POCD reduction.

Preoperative mindfulness meditation and meditation for perioperative pain and anxiety show promise in reducing
perioperative psychological distress, though longer-term cognitive outcomes require further study.

Pharmacological Interventions: Currently, no established pharmacological agents prevent POCD; however, optimization
of perioperative medications warrants attention. Avoidance of benzodiazepines for anxiety management and careful
selection of sedative agents (favoring dexmedetomidine when sedation required) aligns with POCD reduction
goals.[23,27]

Postoperative Monitoring and Management

Delirium Recognition and Intervention: Prompt recognition of POD through systematic screening enables rapid
intervention. Non-pharmacological approaches including reorientation, sleep-wake cycle support, early mobilization,
family involvement, and correction of modifiable precipitants (infection, pain, hypoxemia, metabolic derangement) form
the foundation of delirium management.
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Psychiatric Consultation: Consultation with psychiatry should be considered for patients with persistent delirium despite
correction of apparent precipitants, particularly when psychotic features or severe behavioral disturbance complicates
management.

Cognitive Recovery Support: Family education regarding expected cognitive recovery trajectories, engagement in
cognitively stimulating activities during hospitalization, and structured follow-up enable assessment of recovery progress.

VIIl.  UNRESOLVED QUESTIONS AND FUTURE DIRECTIONS

Several critical gaps in understanding POCD pathophysiology and management persist. The relative contributions of
neuroinflammation, BBB dysfunction, anesthetic effects, and patient factors remain incompletely characterized.
Biomarker-guided risk stratification and prognostication require further development and clinical validation.

Interventional trials specifically targeting postoperative neuroinflammation—including trials of anti-inflammatory agents,
specialized pro-resolving mediators derived from omega-3 fatty acids, and neuroimmunological modulation strategies—
merit investigation.[6,19] The potential for bioelectronic approaches (vagal stimulation) to modulate perioperative
neuroinflammation represents an emerging frontier.[6,19]

The relationship between POD and longer-term POCD and dementia risk remains incompletely understood. Prospective
studies tracking cognitive trajectories and neuroimaging evolution following perioperative delirium would clarify whether
delirium represents a causal precursor to dementia or a marker of underlying vulnerability.

Development and refinement of practical cognitive assessment strategies suitable for routine clinical use—bridging the
gap between comprehensive neuropsychological batteries and brief screening instruments—would facilitate broader
implementation of postoperative cognitive monitoring.

1 X. CONCLUSION

Postoperative cognitive dysfunction represents a complex neurocognitive syndrome emerging from convergence of
patient vulnerability, perioperative stress, anesthetic effects, and neurobiological responses to surgical trauma. The
pathophysiology involves interconnected mechanisms including neuroinflammation, blood-brain barrier dysfunction,
neurovascular coupling disruption, and impaired synaptic plasticity.

The clinical significance of POCD extends well beyond the immediate postoperative period, with associations to increased
mortality, prolonged hospitalization, dementia risk acceleration, and reduced quality of life. Psychiatric comorbidities
including depression, anxiety, and cognitive impairment substantially magnify POCD risk, underscoring the critical
importance of integrated surgical-psychiatric evaluation and management.

Emerging tools for preoperative risk stratification such as the PIPRA algorithm, combined with comprehensive geriatric
and psychiatric assessment, enable identification of high-risk patients suitable for targeted perioperative interventions.
Selection of anesthetic agents with favorable neurocognitive profiles (dexmedetomidine, sufentanil), avoidance of
benzodiazepines, and implementation of systematic non-pharmacological delirium prevention strategies represent
practical approaches to risk mitigation.

Future progress in POCD prevention and management requires continued mechanistic investigation, development of more
refined biomarkers and neuroimaging approaches, and pragmatic clinical trials testing mechanistically-targeted
interventions. Integration of expertise across anesthesiology, surgery, geriatric medicine, and psychiatry provides the
optimal framework for addressing this complex complication and protecting our aging surgical population from
postoperative neurocognitive decline.
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