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Abstract: Background: Postoperative Cognitive Dysfunction (POCD) is a significant and common complication following
surgical procedures, particularly in the elderly population. It is characterized by a decline in cognitive domains such as
memory, attention, and executive function, persisting for weeks or months after surgery. The role of anaesthesia in the
pathogenesis of POCD remains a subject of intense research and debate, involving a complex interplay of pharmacological,
inflammatory, and patient-specific factors. Objectives: This paper aims to comprehensively review the current evidence
regarding the impact of different aesthetic techniques and agents on the incidence and severity of POCD in elderly patients. We
will explore proposed mechanisms, risk factors, and potential preventive strategies. Methods: A narrative review of the
literature was conducted using databases such as PubMed, Scopus, and Cochrane Library, focusing on clinical trials, meta-
analyses, and review articles published between 2000 and 2023. Results: Evidence suggests that no single anaesthetic agent is
definitively superior in preventing POCD. However, anaesthetic management strategies appear to be influential. Key factors
include the depth of anaesthesia, the use of multimodal analgesia to minimize opioid consumption, and the potential
neuroprotective benefits of regional anaesthesia techniques. The pathophysiology is multifactorial, with neuroinflammation,
neuronal apoptosis, and disruption of neurotransmitter systems (particularly cholinergic) playing central roles. Patient-related
factors, such as pre-existing cognitive impairment, advanced age, and comorbidities, are the strongest predictors of POCD.
Conclusions: Anaesthesia contributes to POCD through direct and indirect mechanisms. A tailored, geriatric-focused
anaesthetic plan that emphasizes hemodynamic stability, minimal sedative exposure, and aggressive management of
perioperative inflammation may help mitigate the risk of POCD in vulnerable elderly patients. Future research should focus on
biomarkers for early detection and novel neuroprotective adjuvant therapies.
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INTRODUCTION

The global population is aging, leading to an increasing number of elderly patients undergoing surgical
procedures. While surgery can be life-saving or quality-of-life improving, it is not without risks.
Postoperative Cognitive Dysfunction (POCD) has emerged as a major complication, affecting an estimated
10-50% of elderly patients at hospital discharge, with persistent deficits in 10-30% at three to six months’

post-surgery [1].
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POCD is distinct from delirium, which is an acute, fluctuating disturbance in attention and awareness.
POCD is a subtler, long-term decline in neurocognitive performance, diagnosed through
neuropsychological testing that demonstrates a decline from preoperative baselines in domains like
memory, executive function, and processing speed [2]. This condition is associated with prolonged
hospitalization, increased mortality, loss of independence, and significant caregiver burden [3].

The ethology of POCD is multifactorial, with contributions from the surgical stress response, perioperative
inflammation, micro emboli, and anaesthesia. This paper will focus specifically on the impact of
anaesthesia, examining the evidence for different anaesthetic agents and techniques, exploring the
underlying pathophysiological mechanisms, and discussing strategies for risk mitigation in the geriatric
population.

PATHOPHYSIOLOGY: HOW ANAESTHESIA MAY CONTRIBUTE TO POCD

The mechanisms by which anaesthesia may contribute to POCD are complex and interrelated.

Direct Neurotoxicity and Apoptosis in vitro and in vivo studies have shown that certain anaesthetic agents,

particularly GABA-agonists (e.g., protocol, benzodiazepines) and NMDA-antagonists (e.g., ketamine), can
trigger widespread apoptosis (programmed cell death) in the developing brain [4]. While the mature brain
is more resilient, the aged brain with reduced cognitive reserve may be vulnerable to similar, albeit subtler,

toxic effects. This is exacerbated by the fact that many anaesthetics inhibit mitochondrial function, leading

to energy failure and oxidative stress.

Neuroinflammation Surgery itself is a potent trigger of a systemic inflammatory response, releasing
cytokines like IL-1B, IL-6, and TNF-o. Anaesthesia can modulate this response. These circulating
cytokines can breach the compromised blood-brain barrier in the elderly, activating the brain's resident
immune cells, microglia. Activated microglia perpetuate a neuroinflammatory cascade that can disrupt
synaptic plasticity, inhibit neurogenesis in the hippocampus (a key region for memory), and ultimately lead
to neuronal dysfunction and death [5].

Cholinergic System Dysfunction The cholinergic system is critical for attention, learning, and memory.
Both inhalational and intravenous anaesthetics have been shown to suppress acetylcholine release in the
brain. This "cholinergic deficiency” mirrors changes seen in Alzheimer's disease and may be a key
mechanism underlying the attentional and memory deficits observed in POCD [6].

Amyloid genesis and Tau Hyper Phosphorylation Some preclinical studies suggest that anaesthetic
exposure can promote the aggregation of amyloid-p peptides and the hyper phosphorylation of tau protein,
the hallmarks of Alzheimer's disease pathology [7]. This has led to the hypothesis that anaesthesia and
surgery may act as an "insult" that unmasks or accelerates a pre-existing neurodegenerative process.

COMPARATIVE IMPACT OF ANAESTHETIC AGENTS AND TECHNIQUES

General Anaesthesia (GA) vs. Regional Anaesthesia (RA) The long-standing question of whether regional
anaesthesia (spinal, epidural, peripheral nerve blocks) is superior to general anaesthesia in preventing
POCD remains unresolved. While RA avoids the direct cerebral effects of general anaesthetics, large
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randomized controlled trials (RCTs), such as the REGA and MOSAICS trials, have not shown a significant
difference in long-term POCD rates [8, 9]. The benefit of RA may lie in its ability to reduce the overall
burden of anaesthesia, provide superior analgesia, and mitigate the surgical stress response, rather than in

the complete avoidance of GA.

Intravenous vs. Inhalational Anaesthesia The comparison between Total Intravenous Anaesthesia (TIVA)
with propofol and inhalational anaesthesia with volatile agents (e.g., sevoflurane, desflurane) has yielded
conflicting results. Some meta-analyses suggest a potential minor benefit for propofol in preserving early
cognitive function, possibly due to its anti-inflammatory and antioxidant properties [10]. However, other
large studies have found no significant difference. The choice between TIVA and volatile anaesthesia is
often based on factors other than cognitive outcome, such as the risk of postoperative nausea and vomiting
or the presence of malignant hyperthermia susceptibility.

Specific Agents

Dexmedetomidine: This alpha-2 agonist has garnered interest for its potential neuroprotective properties.
It provides sedation without significant respiratory depression and has been shown to attenuate the
neuroinflammatory response and reduce perioperative opioid requirements, potentially lowering POCD risk

[11].

Ketamine: A low-dose ketamine infusion is a double-edged sword. Its NMDA-antagonist properties may
provide pre-emptive analgesia and reduce opioid use, but its psych mimetic effects and potential for
neurotoxicity raise concerns about its role in POCD.

Benzodiazepines: Premedication with benzodiazepines, particularly in the elderly, is strongly associated
with an increased risk of both delirium and POCD and is generally avoided in modern geriatric anaesthesia
practice [12].

Table 1: Summary of Anaesthetic Agents and Their Proposed Impact on POCD Risk

Anaesthetic Agent / Proposed Mechanism Potential Impact on Clinical Notes
Technique Related to POCD POCD Risk
Volatile Anaesthetics - Enhanced amyloid-3 Neutral to Potential Conflicting evidence;
(Sevoflurane, aggregation Increase depth of anaesthesia
Desflurane) - Neuroinflammation (BIS monitoring) may
- Cholinergic be more critical than the
suppression agent itself.
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Propofol (TIVA) - Anti-inflammatory Neutral to Potential May offer a slight early
effects Decrease (short-term) benefit over volatiles,
- Antioxidant properties but long-term difference
- Direct neurotoxicity at is unproven.
high doses
Dexmedetomidine - Neuroinflammation Potential Decrease Promising adjuvant;
attenuation often used in ICU

- Opioid-sparing effect sedation and as an

- Preservation of sleep intraoperative infusion.

architecture
Ketamine - NMDA antagonism Uncertain / Context- Low-dose infusion may
(neurotoxicity) Dependent be beneficial for

analgesia; higher doses

- Opioid-sparing and
may be detrimental.

anti-hyperalgesia effects
- Psychomimetic effects

Benzodiazepines - Potent GABA-agonism Clear Increase Avoid premedication in
(prolonged sedation) the elderly.
- Cholinergic
suppression
Regional Anaesthesia | - Avoids direct cerebral | Neutral for long-term Benefits likely due to

effects of general POCD (vs. GA); superior pain control
Decrease in Delirium and reduced systemic
medication, not merely

avoidance of GA.

(Neuraxial, PNB)
anaesthesia

- Superior analgesia
- Reduced opioid use

RISK FACTORS AND PREVENTION STRATEGIES

The development of POCD is less about the specific anaesthetic and more about the interaction between

the anaesthetic management and the patient's baseline vulnerability.

Table 2: Risk Factors for POCD in Elderly Patients

Category Specific Risk Factor Rationale
Reduced cognitive reserve,
Patient-Specific Advanced Age (>70 years) increased blood-brain barrier
permeability, comorbidities.
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Pre-existing Cognitive Impairment / Mild
Cognitive Impairment (MCI)

Lower baseline brain resilience;
surgery or anaesthesia may
unmask or accelerate decline.

Low Educational Level

Correlates with reduced cognitive

IeServe.

Comorbidities (e.g., Hypertension,
Diabetes, Cardiovascular Disease)

Pre-existing cerebrovascular
disease and endothelial

dysfunction.

Surgery-Specific

Major Surgery (e.g., Cardiac, Major

Greater surgical trauma, more

pronounced inflammatory

Orthopaedic) response, and risk of
microemboli.
Inability to optimize patient
Emergency Surgery

condition preoperatively.

Prolonged Duration of Surgery

Longer exposure to anaesthesia
and surgical stress.

Anaesthesia-Specific

Deep Anaesthesia (Low BIS values)

Associated with increased
mortality and potentially POCD;
careful titration is essential.

Intraoperative Hypotension

May cause cerebral

hypoperfusion and ischemic
njury.

Use of Anticholinergic Drugs

Exacerbates cholinergic
deficiency.

High-dose Opioid Administration

Contributes to sedation,
respiratory depression, and sleep-
cycle disruption.

Postoperative

Delirium

A strong predictor for subsequent
long-term cognitive decline.

Prevention and Mitigation Strategies:

Preoperative: Comprehensive geriatric assessment (CGA), cognitive screening, and optimization of
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comorbidities.

Intraoperative:

EEG-guided Anaesthesia: Titrating anaesthetic depth to avoid burst suppression and excessively deep
planes.

Multimodal Analgesia: Utilizing regional techniques, NSAIDs, acetaminophen, and gabapentinoids to

minimize opioid use.

Hemodynamic Stability: Meticulous blood pressure management to ensure cerebral perfusion.

Agent Selection: Avoiding benzodiazepines; considering dexmedetomidine or propofol-based techniques.
Postoperative: Aggressive management of pain, delirium, sleep disturbances, and early mobilization.

DISCUSSION AND FUTURE DIRECTIONS

The evidence clearly indicates that anaesthesia plays a contributory, though not solitary, role in the
development of POCD. The impact is most significant in a vulnerable, aging brain already burdened by
reduced reserve and subclinical pathology. The "one-size-fits-all" approach to anaesthesia is obsolete in
geriatric care. The focus has shifted towards a holistic, perioperative medicine model that aims to protect
the brain through every phase of care.

Future research must move beyond the simplistic "GA vs. RA" or "TIVA vs. Volatile" debates. Key areas

for investigation include:

1. Biomarkers: Identifying blood or CSF biomarkers (e.g., neurofilament light, tau, GFAP) that can predict
susceptibility to POCD or diagnose it objectively.

2 . Advanced Neuromonitoring: Using tools like cerebral oximetry (NIRS) to individualize cerebral
perfusion targets.

3 . Novel Therapeutics: Testing drugs with anti-inflammatory or neuroprotective properties (e.g.,
melatonin, statins, specific cytokine inhibitors) as adjuvants to anaesthesia.

4 . Long-term Outcomes: Conducting longer follow-up studies to determine if POCD is a transient
phenomenon or a permanent step towards major neurocognitive disorder.

CONCLUSION

Postoperative Cognitive Dysfunction is a serious threat to the independence and well-being of elderly
surgical patients. Anaesthesia contributes to its pathogenesis through a web of direct neurotoxic,
inflammatory, and neurotransmitter-mediated mechanisms. While no anaesthetic technique is proven to be
completely protective, a thoughtful, patient-centred approach that minimizes physiological insults is
paramount. This includes avoiding deep anaesthesia, maintaining hemodynamic stability, leveraging
regional analgesia, and employing a multimodal analgesic strategy. By integrating brain health into the core
of perioperative care, anaesthesiologists can play a crucial role in improving not just surgical survival, but
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also long-term cognitive outcomes for the growing elderly surgical population.
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