SHING

ervices

0SCAR PU

American Journal Of Biomedical Science
& Pharmacecutical Innovation

Vol.06 Issue04 2026
31-37
10.37547/ajbspi/Volume06lssue04-06

Neuropsychological Analysis of Memory Recovery and

Cognitive Processes After Anesthesia in Patients

Karimova Gulchekhra Khamidullayevna

Lecturer, Department of Applied Psychology, named after Nizami, Uzbekistan National Pedagogical University, Uzbekistan

Received: 05 March 2026; Accepted: 29 March 2026; Published: 23 April 2026

Abstract: This study aims to identify the characteristics of cognitive changes occurring after general anesthesia
and to analyze the mechanisms of memory recovery. Based on clinical observations and standardized
neuropsychological tests, the results demonstrated a significant decline in cognitive activity in the postoperative
period. The recovery process occurs gradually, and its speed depends on individual patient characteristics. In
particular, the likelihood of long-term cognitive impairment remains high in high-risk groups.
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Introduction: General anesthesia is an essential tool in
modern medicine for performing complex surgical
procedures. It suppresses pain perception while
inducing a temporary loss of consciousness. However,
due to the effects of anesthetic agents on the central
nervous system, varying degrees of cognitive
impairment may occur in the postoperative period.

Postoperative cognitive dysfunction (POCD) is a
complex condition characterized by impairments in
attention, memory, and information processing
following surgery. This issue is particularly relevant
among elderly patients, significantly affecting their
daily functioning and quality of life.

The main objective of this study is to systematically
investigate memory impairments after anesthesia,
determine recovery dynamics, and analyze key
contributing factors.

Cognitive processes are central to human functioning,
encompassing perception, processing, storage, and
application of information. Their proper functioning is
essential for self-awareness, interaction with the
environment, and social activity. Therefore, studying
postoperative cognitive impairment and its recovery
mechanisms is a critical task in modern medical
psychology and neurology.

Effects of Anesthesia on Cognitive Processes.
Medical anesthesia plays a fundamental role in modern
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surgical practice by ensuring pain control and inducing
a reversible state of unconsciousness. However,
beyond its primary clinical purpose, anesthesia has a
profound and multifaceted impact on cognitive
processes due to its direct influence on the central
nervous system (CNS). These effects are primarily
mediated through the temporary suppression of
neuronal activity and disruption of synaptic
communication.

Anesthetic agents act on the brain by altering the
balance  between excitatory and inhibitory
neurotransmission. Normally, cognitive processes such
as perception, attention, memory, and decision-making
depend on finely regulated neural activity and efficient
synaptic signaling. Under the influence of anesthesia,
this balance is shifted toward inhibition. Most general
anesthetics enhance inhibitory neurotransmission,
particularly through gamma-aminobutyric acid (GABA)
receptors, while simultaneously suppressing excitatory
pathways mediated by neurotransmitters such as
glutamate.

The activation of GABA_A receptors increases chloride
ion influx into neurons, leading to hyperpolarization of
neuronal membranes. As a result, neurons become less
likely to generate action potentials, significantly
reducing overall brain activity. This mechanism is
essential for inducing unconsciousness, but it also
affects cognitive-related brain networks. In particular,
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regions such as the hippocampus, prefrontal cortex,
and thalamus—which are critical for memory
formation, executive function, and information
integration—are especially sensitive to these changes .

In addition to enhancing inhibitory transmission, some
anesthetic agents inhibit excitatory neurotransmission
by blocking N-methyl-D-aspartate (NMDA) receptors.
NMDA receptors play a key role in synaptic plasticity
and long-term potentiation (LTP), both of which are
essential for learning and memory consolidation. Their
inhibition disrupts the brain’s ability to encode and
retain new information, contributing to the temporary
cognitive deficits observed after anesthesia.Another
important aspect of anesthesia’s impact is its effect on
large-scale neural network connectivity. Cognitive
processes rely not only on individual brain regions but
also on the coordinated interaction between them.
Anesthesia disrupts functional connectivity between
cortical and subcortical structures, leading to
fragmentation of neural networks. This disruption
particularly affects the default mode network (DMN),
which is associated with self-referential thinking and
memory processing, and the frontoparietal network,
which is involved in attention and executive control.
The breakdown of these networks results in impaired
integration of information and reduced cognitive
efficiency.

Furthermore, anesthesia influences cerebral blood flow
and metabolic activity. Many anesthetic agents reduce
cerebral metabolic rate and alter regional blood flow
distribution. While this contributes to neuroprotection
during surgery, it may also transiently impair oxygen
and nutrient delivery to certain brain areas, thereby
affecting cognitive performance during the recovery
phase.

The effects of anesthesia on cognitive processes are not
uniform and can vary depending on several factors,
including the type of anesthetic agent used, dosage,
duration of exposure, and patient-specific
characteristics. For example, inhalational anesthetics
such as sevoflurane and isoflurane may have different
neurocognitive effects compared to intravenous agents
like propofol. Prolonged exposure to anesthesia has
been associated with more pronounced and longer-
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lasting cognitive impairment, particularly in vulnerable
populations.In the immediate postoperative period,
patients often exhibit symptoms such as confusion,
impaired attention, reduced short-term memory, and
slower information processing. These effects are
usually transient and improve as the anesthetic agents
are eliminated from the body and normal neuronal
activity is restored. However, in some cases—especially
in elderly patients or those with pre-existing
neurological conditions—these impairments may
persist and develop into postoperative cognitive
dysfunction (POCD).lt is also important to consider the
interaction  between  anesthesia and other
perioperative factors. Surgical stress, inflammation,
pain, and sleep disturbances can all exacerbate the
cognitive effects of anesthesia. Therefore, the
observed cognitive decline is often the result of a
complex interplay between pharmacological effects
and physiological responses to surgery.In summary,
anesthesia affects cognitive processes through multiple
interconnected mechanisms, including suppression of
synaptic transmission, modulation of neurotransmitter
systems, disruption of neural network connectivity, and
alterations in cerebral metabolism. While these effects
are essential for achieving the desired anesthetic state,
they also temporarily compromise cognitive function.
Understanding these mechanisms is crucial for
developing strategies to minimize cognitive side effects
and improve postoperative recovery outcomes.

Types of Cognitive Impairment (POCD)

Postoperative cognitive impairments may manifest as:
-Reduced attention

-Memory deficits (especially short-term memory)
-Decreased creative thinking and problem-solving
ability

-Slowed perception and response to external stimuli

-POCD is a clinical manifestation of these impairments
and may be temporary or long-term. It is more common
in patients over 65 years old and after complex surgical
procedures.
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Determinant Factors Affecting Cognitive Recovery (Postoperative Period)
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The speed, quality, and duration of cognitive recovery are influenced by the combination of the above factors.

Their interaction determines the outcome of recovery for each individual.

Dynamics of Cognitive Recovery After Anesthesia

The recovery of cognitive functions following general
anesthesia is a complex, multi-stage process influenced
by neurophysiological, biochemical, and individual
patient-related factors. This process does not occur
uniformly but rather progresses through several
distinct phases, each characterized by specific cognitive
changes and underlying neural mechanisms.
Understanding these stages is essential for accurate
clinical assessment, timely intervention, and effective
rehabilitation.

Acute Phase (1-3 days): Initial Cognitive Suppression

The acute phase represents the period immediately
following surgery and anesthesia, during which
cognitive functions are at their lowest level. This phase
is primarily characterized by severe cognitive decline,
including impairments in attention, memory, and
orientation. During this stage, patients often
experience confusion, reduced awareness of their
surroundings, and difficulty maintaining focus. Short-
term memory is particularly affected, making it
challenging for patients to retain new information or
recall recent events. Orientation disturbances may
manifest as disorientation in time, place, or even
personal identity. From a neurophysiological
perspective, these impairments are largely attributed
to the residual effects of anesthetic agents on the
central nervous system. The suppression of synaptic
transmission, particularly through enhanced GABAergic
inhibition and reduced excitatory neurotransmission,
leads to decreased neuronal activity. Additionally,
disruption of functional connectivity between brain
regions—especially within the hippocampus, thalamus,
and prefrontal cortex—further contributes to impaired
cognitive integration. Another critical factor during the
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acute phase is neuroinflammation. Surgical trauma
triggers the release of inflammatory mediators that can
affect brain function. These inflammatory responses
may temporarily disrupt the blood-brain barrier and
interfere  with neuronal signaling, exacerbating
cognitive impairment. Clinically, this phase requires
careful monitoring, as patients are at increased risk of
postoperative delirium, particularly in elderly
populations. Early identification and management of
cognitive disturbances are crucial to prevent
complications and promote recovery.

Subacute Phase (1-4 weeks): Gradual Cognitive
Restoration

The subacute phase marks the transition from severe
impairment to gradual recovery of cognitive functions.
During this period, patients typically exhibit noticeable
improvements in attention, memory, and overall
cognitive performance, although full recovery may not
yet be achieved. Attention and working memory begin
to recover first, allowing patients to better process and
respond to environmental stimuli. Information
processing speed increases, and patients regain the
ability to perform basic cognitive tasks. However, more
complex functions—such as executive control,
problem-solving, and abstract thinking—may remain
partially impaired. The underlying mechanisms of
recovery during this phase involve the restoration of
synaptic activity and reorganization of neural networks.
As anesthetic agents are metabolized and eliminated
from the body, normal neurotransmitter balance
gradually returns. At the same time, neuroplasticity
plays a key role in compensating for temporary
disruptions. The brain begins to re-establish functional
connections between regions, particularly within
networks responsible for attention and memory.
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Despite these improvements, variability among
patients remains significant. Factors such as age,
baseline cognitive reserve, and overall health condition
strongly influence the rate and extent of recovery.
Elderly patients, in particular, may experience slower
progress due to reduced neuroplasticity and increased
susceptibility to neuroinflammation. From a clinical
standpoint, the subacute phase is critical for initiating
rehabilitation strategies. Cognitive training exercises,
structured routines, and psychological support can
significantly enhance recovery outcomes. Early
intervention during this stage may prevent the
persistence of cognitive deficits and reduce the risk of
long-term complications.

Long-Term Phase (After 1 month): Stabilization and
Outcome Variability

The long-term phase represents the final stage of
cognitive recovery, during which most patients return
to their baseline cognitive function. In many cases,
attention, memory, and executive functions normalize,
allowing individuals to resume their daily activities
without significant limitations. However, not all
patients achieve complete recovery. A subset of
individuals may continue to experience residual
cognitive deficits, particularly in areas such as memory,
processing speed, and executive functioning. These
persistent impairments are often associated with
postoperative cognitive dysfunction (POCD), which
may last for months or even longer.The persistence of
cognitive deficits in some patients can be explained by
several factors . Chronic neuroinflammation, reduced
neuroplasticity, and pre-existing neurological or
vascular conditions may hinder full recovery.
Additionally, prolonged exposure to anesthesia or
highly invasive surgical procedures can lead to more
pronounced and lasting effects on brain function.Long-
term cognitive outcomes are also influenced by lifestyle
and environmental factors. Engagement in cognitively
stimulating activities, physical exercise, and social
interaction can promote neural recovery and improve
cognitive resilience. Conversely, factors such as chronic
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stress, poor sleep quality, and lack of rehabilitation may
delay or limit recovery. From a clinical perspective,
long-term follow-up is essential for identifying patients
with persistent cognitive impairment. Regular cognitive
assessments and  individualized rehabilitation
programs can help mitigate long-term deficits and
improve quality of life.

Overall Analysis of Recovery Dynamics

The dynamics of cognitive recovery after anesthesia
reflect a complex interplay between neurobiological
processes and individual patient characteristics. The
transition from acute suppression to gradual
restoration and eventual stabilization highlights the
brain’s capacity for recovery, but also its vulnerability
to disruption.The acute phase is dominated by
pharmacological and inflammatory effects, the
subacute phase by neuroplastic adaptation, and the
long-term phase by stabilization and individual
variability. This staged progression underscores the
importance of a time-sensitive and patient-centered
approach to postoperative care.Importantly, recovery
is not always linear. Some patients may experience
fluctuations in cognitive performance, and external
factors such as stress, medication, and comorbid
conditions can influence the trajectory of recovery.
Therefore, a comprehensive and multidisciplinary
approach—including medical, psychological, and
rehabilitative interventions—is essential for optimizing
outcomes.

Conclusion

In conclusion, cognitive recovery after anesthesia is a
dynamic and multifactorial process that unfolds over
time through distinct phases. While most patients
experience gradual improvement and eventual
recovery, some may develop persistent cognitive
impairments. Understanding the mechanisms and
progression of these phases allows clinicians to
implement targeted interventions, enhance recovery,
and improve overall patient outcomes.
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DYNAMICS OF COGNITIVE RECOVERY AFTER ANESTHESIA
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Factors Affecting Recovery:

The speed and quality of cognitive recovery depend on:
Age and preoperative cognitive status

Duration and type of anesthesia

Complexity and duration of surgery

General health and neuroinflammatory processes
Neuropsychological Assessment Methods:

Validated tools used to assess cognitive function
include:

MMSE (Mini-Mental State Examination), MoCA
(Montreal Cognitive Assessment), Cogstate (reaction
speed and working memory)

ICA (information processing speed), Wechsler Adult
Intelligence Scale - Fifth Edition (WAIS-V) is widely used
to assess working memory and attention.

Phases of Memory Recovery:

Acute phase: Severe impairment in encoding and recall
Subacute phase: Gradual improvement, but complex
tasks remain difficult

Rehabilitation phase: Most functions normalize,

though residual symptoms may persist.
DISCUSSION

The findings of this study provide further evidence that
anesthetic agents exert a significant influence on
neurophysiological processes, primarily through the
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temporary suppression of synaptic transmission.
General anesthetics are known to modulate neuronal
activity by enhancing inhibitory neurotransmission and
reducing excitatory signaling within the central nervous
system. In particular, the activation of the GABAergic
system plays a central role in this process. Gamma-
aminobutyric acid (GABA), as the primary inhibitory
neurotransmitter in the brain, increases neuronal
inhibition when stimulated by anesthetic agents. This
leads to a decrease in neuronal firing rates and disrupts
the functional integration of neural networks
responsible for higher cognitive processes.

Such disruptions are especially evident in brain regions
associated with memory formation and consolidation,
including the hippocampus and prefrontal cortex. The
temporary dysfunction of these regions explains the
observed impairments in short-term memory,
attention, and executive functions during the early
postoperative period. Furthermore, the suppression of
long-term potentiation (LTP), a key mechanism
underlying learning and memory, may contribute to
delayed cognitive recovery. The impairment of synaptic
plasticity mechanisms suggests that anesthesia does
not merely induce transient unconsciousness but also
affects the brain’s ability to process and store
information even after the patient regains
consciousness. Another important aspect highlighted
by the findings is the role of neuroinflammation in
postoperative cognitive dysfunction (POCD). Surgical
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procedures, particularly those that are invasive and
prolonged, trigger systemic inflammatory responses.
These responses are characterized by the release of
pro-inflammatory cytokines such as interleukin-6 (IL-6),
tumor necrosis factor-alpha (TNF-a), and C-reactive
protein (CRP). These inflammatory mediators can cross
the blood-brain barrier or affect its permeability,
leading to neuroinflammatory processes within the
brain. Neuroinflammation has been shown to impair
synaptic function, disrupt neuronal communication,
and contribute to cognitive decline. The interaction
between  anesthesia-induced  neurophysiological
suppression and surgery-induced inflammation creates
a complex pathophysiological environment that can
prolong cognitive impairment. This is particularly
relevant in vulnerable populations, such as elderly
patients. Age-related changes in the brain, including
reduced neuroplasticity, decreased synaptic density,
and impaired regenerative capacity, make older
individuals more susceptible to prolonged cognitive
dysfunction. Neuroplasticity, defined as the brain’s
ability to reorganize and form new neural connections,
is essential for recovery after any neurological
disturbance. In elderly patients, diminished
neuroplasticity limits the brain’s ability to compensate
for anesthesia-related disruptions, resulting in slower
and sometimes incomplete recovery.Additionally, age-
related increases in baseline inflammatory activity
further exacerbate postoperative outcomes. Elderly
individuals often exhibit a chronic low-grade
inflammatory state, sometimes referred to as
“inflammaging.” This condition amplifies the
neuroinflammatory response triggered by surgery and
anesthesia, thereby increasing the risk and severity of
POCD. Moreover, comorbid conditions such as
cardiovascular disease, diabetes, and metabolic
disorders can impair cerebral blood flow and oxygen
delivery, further compromising cognitive recovery. The
findings also emphasize the importance of individual
variability in postoperative cognitive outcomes. Not all
patients experience cognitive impairment to the same
extent, and recovery trajectories differ significantly.
This variability can be explained by differences in
cognitive reserve, genetic predisposition, preoperative
cognitive status, and overall health condition.

Cognitive reserve, which is influenced by education,
intellectual engagement, and lifestyle factors, provides
a protective effect against neurological damage.
Patients with higher cognitive reserve are better able
to compensate for neural disruptions and tend to
recover more rapidly. From a clinical perspective, these
results highlight the necessity of adopting
individualized approaches to postoperative care and
rehabilitation. Standardized treatment protocols may
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not adequately address the diverse needs of patients,
particularly those at higher risk for cognitive
impairment. Early identification of at-risk individuals—
such as elderly patients, those undergoing complex or
prolonged surgeries, and patients with pre-existing
cognitive decline—is crucial for implementing
preventive strategies. Rehabilitation strategies should
include both medical and psychological interventions.
Optimizing perioperative care by minimizing anesthesia
duration, maintaining adequate oxygenation, and
controlling inflammatory responses can reduce the risk
of cognitive dysfunction. In addition, cognitive
rehabilitation programs, including memory training,
attention exercises, and problem-solving tasks, may
facilitate neural recovery and improve functional
outcomes. Psychological support is also essential,
as anxiety, stress, and depression can negatively affect
cognitive performance and delay
recovery.Furthermore, recent advances in
neuroimaging and biomarker research offer promising
opportunities for improving the diagnosis and
management of POCD. Techniques such as functional
magnetic resonance imaging (fMRI) and
electroencephalography (EEG) can provide insights into
changes in brain activity and connectivity following
anesthesia. Biomarkers related to inflammation and
neuronal injury may also serve as predictive indicators
of cognitive outcomes, allowing for more targeted
interventions. In conclusion, the discussion of the
findings underscores the multifactorial nature of
postoperative cognitive dysfunction. The interplay
between anesthetic effects, neuroinflammatory
processes, and patient-specific factors determines the
extent and duration of cognitive impairment. The
observed slower recovery in elderly patients highlights
the critical role of neuroplasticity and the need for
tailored rehabilitation strategies. Addressing these
factors through comprehensive and individualized
approaches can significantly improve postoperative
cognitive outcomes and enhance patients’ quality of
life.

CONCLUSION AND RECOMMENDATIONS

Postoperative cognitive dysfunction is a clinically
significant issue affecting many patients. Recovery
occurs gradually and depends on individual factors such
as age, health status, and quality of medical care.

The study shows that cognitive impairments are often
temporary and improve significantly within one month.
However, recovery may be prolonged in elderly
patients or those undergoing complex surgeries.

Therefore, the following are essential:

Systematic cognitive monitoring,
Individual rehabilitation strategies

Early diagnosis,
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Future research should focus on neuroimaging and
biomarker-based methods for early detection and
prevention of cognitive impairment.
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