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ABSTRACT

Postoperative cognitive decline (POCD), a concerning consequence of surgery, can significantly impact a patient's
recovery and long-term well-being. This study gives insights into a multifaceted exploration of risk factors associated
with POCD. It meticulously examines pre-operative patient characteristics such as age, educational background, and
the presence of pre-existing cognitive decline. Intra-operative factors under investigation include the complexity and
duration of the surgery, and the specific anesthetic agents employed. The study aims to shed light on the mechanisms
underlying POCD. This comprehensive analysis has the potential to empower healthcare professionals in developing
more targeted preventative measures. By identifying high-risk patients, clinicians can implement pre-operative inter-
ventions like cognitive training or medication adjustments. Additionally, optimizing surgical protocols to minimize
blood flow disruptions and selecting the most neuroprotective anesthetic agents could further mitigate POCD risk.
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INTRODUCTION

Postoperative cognitive dysfunction (POCD) is a
condition characterized by a decline in cognitive
function following surgery, particularly in elderly
patients. The term '"peri-operative neurocognitive
disorders" (PND) aligns with the clinical diagnostic
criteria for neurocognitive impairment outlined in the
Diagnostic and Statistical Manual for Mental Disorders,
fifth edition (DSM-5), replacing the terms "post-operative
delirium" (POD) and "post-operative coma disorder"
(POCD). Although the term PND is increasingly being
used, this study focuses on POCD due to the majority
of scientific data supporting it (1,2). The definitive
difference between POD and POCD remains elusive. It
is suggested that POCD is more appropiate terminology
and concept over the long period, while POD occurs
commonly during the hospital stay (75).

The risk factors for POCD are multifactorial and can be
categorized into patient-related, surgical, and anesthetic
factors. Patient-related risk factors include advanced
age, low educational level, pre-existing cognitive
impairment, alcohol abuse, and severity of coexisting
illness 1,2. Surgical factors such as the type and duration

of surgery, as well as the use of cardiopulmonary bypass,
have been associated with an increased risk of POCD
(3). Additionally, anesthetic factors, including the choice
of anesthetic agents and the depth of anesthesia, have
been implicated in the development of POCD (4).

Furthermore, it is important to consider the impact of
comorbidities such as cerebrovascular and systemic
vascular disease, as well as undiagnosed mild cognitive
dysfunction, which may contribute to the development
of POCD (5). Additionally, genetic factors, such as the
presence of an APOE4 allele, have been suggested to
potentially confer a higher risk for developing POCD
through the mechanism that release inflammatory
mediatros that block nicotine and acetylcholinea
receptors, although there are conflicting reports in
the literature regarding this association (6, 75). The
incidence of POCD varies depending on the population
studied, the definition of POCD used, the timing of
testing, and the choice of control group (7).

Prevention of POCD is crucial, especially in the elderly,
as it is associated with increased mortality, risk of early
workforce exit, and dependence on social security
(8). Therefore, there is a need to improve knowledge
around risk factors, prevention, and management of
postoperative cognitive side effects (9). Additionally, the
identification of high-risk populations for POCD, such
as elderly patients with specific medical conditions, can
aid in reducing long-term postoperative complications
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and improving postoperative quality of life (10). The
purpose of this article is analysis the potential risk factors
that contributes to increased incidence of POCD.

PATHOPHYSIOLOGY OF POCD

The pathologic mechanism of postoperative cognitive
dysfunction (POCD) is not clearly known. However, the
mechanism suggests acomplexand multifactorial process
that involves various neurobiological and inflammatory
pathways. Several studies have highlighted the role of
neuroinflammation as a key hallmark in the development
of neurological complications (11). Inflammation that
leads to the activation of cerebral microglia has been
found to play a pivotal role in the etiology of POCD.
The mechanism by which dexmedetomidine affects
postoperative cognitive impairment has been associated
with glucocorticoid receptors, particularly in the frontal
cortex and hippocampus. Studies have demonstrated
that hippocampal recruitment of bone marrow-derived
macrophages is a necessary mechanism of developing
POCD in mice, indicating the involvement of innate
immune responses in the development of cognitive
dysfunction post-surgery.(12).

Other mechanisms suggest that cholinergic dysfunction
is a risk factor for the development of POCD by
interfering with the resolution of the neuroinflammatory
response (13). Furthermore, it has been suggested that
inhibiting receptor-interacting protein kinase 1 (RIPK1)
limits neuroinflammation and alleviates postoperative
cognitive impairments in aged mice, indicating a
potential therapeutic target for POCD (14). Postoperative
cognitive dysfunction in old mice is associated with
gliosis, beta-amyloid accumulation, and protein
hyperphosphorylation in the hippocampus (15). By
limiting the resolution of neuroinflammatory response
thought to contribute to POCD, cholinergic dysfunction
might lead to longer duration of POCD.

Other sedative agents, such as sevoflurane and
dexmedetomidine, a sedative agent has been investigated
for its effect on POCD, and their has been found to restore
autophagic flux and modulate associated microRNAs and
the cholinergic anti-inflammatory pathway, suggesting
a potential role in mitigating neuroinflammation and
cognitive dysfunction post-surgery (16).

RISK FACTORS

Cardiac surgery

Postoperative cognitive dysfunction (POCD) is a well-
recognized complication following cardiac surgery,
affecting a significant proportion of patients. The
incidence of POCD after cardiac surgery has been
reported to be as high as 25-70%. Factors contributing
to POCD include patient-specific factors, type of
surgery, intraoperative and postoperative factors (17).
It was thought that the process was due to immune

priming, neuroinflammation aggravated by aging,
and atherosclerosis as the main pathophysiology (33).
An International Study of Postoperative Cognitive
Dysfunction (ISPOCD1) found that cognitive dysfunction
was present in 26% of older patients one week after
major noncardiac surgery and in 10% three months after
surgery (21, 22). In patients undergoing cardiac surgery
with cardiopulmonary bypass, POCD has been reported
to be evident in 53% at discharge and remains present
in 36% of patients at 6 weeks after surgery (23).

Several factors have been associated with an increased
risk of POCD following cardiac surgery. These include
the high postoperative temperature after cardiac surgery,
highlighting the importance of avoiding postoperative
hyperthermia (18). Furthermore, a history of alcohol
dependence has been linked to an increased incidence
and severity of POCD in cardiac surgical patients (24).
On the other hand, it was found that in cardiac surgery,
the intraoperative cerebral oximetry values do not show
any significance toward POCD (32).

While there is a high prevalence of POCD after cardiac
surgery, it is important to note that current evidence
exempts cardiac surgery as the primary causes of
cognitive dysfunction (19). The lack of unequivocal
associations between cardiac surgery and postoperative
cognitive dysfunction suggests that cognitive decline
following cardiac surgery may not be solely due to
the surgery itself, but rather due to the progression of
underlying vascular diseases (20).

Exisiting cognitive impairment

The relationship between existing cognitive impairment
and postoperative cognitive dysfunction has been
extensively studied in the literature. Several studies
have consistently demonstrated a significant association
between preoperative cognitive impairment and adverse
postoperative outcomes in elderly surgical patients. It
was found that impaired cognition was associated with
the occurrence of POCD ranging from 2.401 (95% Cl
1.185-4.865, p value= 0.015) to 8.35 (95% CI 4.25-
16.38) (25-28). On the other hand, the association
between lower animal fluency scores and POCD has
an odds ratio of 1.08 (95%Cl 1.01-1.51) for each point
decrease in the number of animals named (29). The
study also revealed that individuals who had POCD had
lower mean preoperative MMSE scores than those who
did not (30). Global cognitive performance, IQCODE
score, and living alone are significantly associated with
long-term cognitive decline after postoperative delirium
in the older adult population (34).

These findings highlight the need for comprehensive
preoperative cognitive screening in older surgical
patients. Moreover, the other implications of preoperative
cognitive impairment is linked to adverse outcomes
such as longer hospital stays and functional decline This
suggests that preoperative cognitive impairment not
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only affects immediate postoperative outcomes but also
has long-term consequences for patients' recovery and
functional status (31).

Duration of surgery

The association between the duration of surgery has
not been studied well. However, several studies have
tried to domenstrate the relationship between a longer
duration of surgery with an increased risk of POCD.
People who develop POCD 3 monts after surgery have
5 minutes longer anesthesia duration (215.0 = 92.8)
compared to those who did not develop POCD (211.5
+ 103.2), with no statistifically significant result (p value
= 0.521) (21). Longer duration of surgery might trigger
more oxidative stress thus leading to more profound
inflammation. However, the sole relationship about the
duration of surgery has not been shown clearly(35,36).

Age

POCD has been a significant concern, particularly in
older patients undergoing surgery. Several risk factors
have been identified in the literature that contribute
to the development of POCD, with age being a
prominent factor (38-40). Older age has consistently
been associated with an increased risk of postoperative
cognitive decline.

Studies have shown that advanced age is a predictor
of cognitive decline after surgery, with up to 65% of
patients aged 65 years and older experiencing delirium
and 10% developing long-term cognitive decline
(37). Additionally, older patients are at higher risk
of preoperative cognitive impairment, which further
elevates their susceptibility to postoperative cognitive
decline (41).

Age-related decline in cerebral and cerebrovascular
function contributes to the high prevalence of
postoperative delirium and cognitive dysfunction in
elderly patients, leading to delays in recovery and
discharge (42). Preoperative cognitive optimization
through activities like brain exercises has shown promise
to reduce the incidence of postoperative delirium in
elderly surgical patients (43).

Although there have been several arguments about the
benefits, monitoring cerebral oxygen saturation was
recommended during surgery, as cerebral desaturation
can lead to early postoperative cognitive decline
and prolonged hospital stays in elderly patients. The
vulnerability of the elderly to postoperative cognitive
decline has raised concerns, with research highlighting
the need to address anesthetic neurotoxicity and its
impact on cognitive function in the elderly population
(44).

Gender
Gender has been identified as a potential risk factor
for postoperative cognitive decline, with some studies

highlighting its impact. While some research suggests
that there are no significant differences in postoperative
cognitive outcomes between men and women (6),
other studies have indicated that the female sex can be
a risk factor for postoperative impairments in specific
cognitive domains (45). In a study with an elderly
population, it was found that females might contribute
as a risk factor for POCD, with age as the dominating
factor contributing to it (47).

Education profile

Lowereducational levels are associated with an increased
risk of postoperative cognitive decline. Individuals with
lower levels of education are more likely to experience
cognitive impairment following surgery compared to
those with higher educational level profiles (48,49).
Some specified that high school education compared to
lower than high school education level does not differ
to the relation with POCD, suggesting that a minimum
high school of education and further/higher education
level is essential to reduce the risk of developing POCD
(50). The incidence of POCD in lower educational
levels might be found until the duration of 3 months
after surgery (21,45). People with Higher educational
levels are associated with a reduced risk of POCD with
RR per education year increment of 0.90 (50).

Mode of anesthesia

There has been no agreement over the results with
some leaning toward general anesthesia and the other
favors spinal anesthesia. Some even found no significant
difference in the occurrence of postoperative delirium
between spinal and general anesthesia in hip fracture
surgery patients, as both contribute to POCD(51). It
was in line with studies that compare spinal and general
anesthesia in elective spine surgery and assessed
postoperative fatigue, cognitive dysfunction, and quality
of life, with no clear superiority between the two
anesthesia types (52).

A retrospective cohort study on elderly patients
undergoing intertrochanteric fracture surgeries and
concluded that general anesthesia with laryngeal mask
airway and nerve block was associated with better
postoperative cognitive function compared to other
anesthesia methods (53). On the other hand, some
suggested that spinal anesthesia may lead to lower
disturbance in cognitive function after surgery than
general anesthesia. (54). It was further elaborated that
combined spinal-epidural anesthesia (CSEA) shows
a better cognitive outcome than general anesthesia in
elderly patients undergoing hip surgery (55).

Agents of aneshtesia

Sevoflurane, a commonly used inhalation anesthetic,
has been a subject of interest concerning its impact on
postoperative cognitive function. Several studies have
investigated the effects of sevoflurane on cognitive
outcomes, shedding light on its potential role as a
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risk factor for postoperative cognitive decline. The
incidence of postoperative cognitive dysfunction was
significantly lower in the sevoflurane group compared
to the total intravenous anesthesia group. Another study
also suggests that sevoflurane-based anesthesia was
associated with better short-term postoperative cognitive
performance than propofol-based anesthesia. This
finding suggests that sevoflurane may have a favorable
impact on postoperative cognitive outcomes compared
to other anesthesia modalities (56,57).

Potential mechanisms underlying sevoflurane-induced
cognitive impairment were demonstrated to correlate
with the inhibition of the mTOR signaling pathway, in
addition to inflammatory reactions caused by sevoflurane
and surgical procedures, which may contribute to
cognitive decline (58). In rats, it was also found that
sevoflurane-induced working memory impairment may
depend on advanced age and anesthetic concentration
and may be related to decreased functional connectivity
between PFC excitatory neurons (60). Moreover, the
neuroprotective effects of certain interventions have
been explored in mitigating sevoflurane-induced
cognitive dysfunction. For example, studies have shown
that honokiol-mediated mitophagy and exogenous
recombinant Hsp70 can ameliorate sevoflurane-induced
cognitive impairment (59). These findings suggest that
targeting specific pathways involved in cognitive function
may offer protective effects against the cognitive decline
associated with sevoflurane anesthesia. Regardless of
the favorable cognitive outcomes and several studies
done on sevoflurane, in clinical practice, there have
been conflicting results on the use of sevoflurane in
correlation with POCD. This variability underscores
the importance of considering individual differences in
response to sevoflurane when evaluating its effects on
postoperative cognitive outcomes.

Studies demonstrated that dexmedetomidine can
effectively reduce the incidence of postoperative
cognitive impairment in patients undergoing coronary
artery bypass grafting. Another study found that the use
of dexmedetomidine has a positive effect on preventing
and reducing the incidence of postoperative cognitive
disturbance (61-63).

Dexmedetomidine may inhibit  hippocampal
inflammation induced by surgical trauma, thereby
improving  postoperative  cognitive  function in
rats. Additionally, the anti-inflammatory effects of
dexmedetomidine relieve cognitive decline by reducing
inflammatory responses (64-66). These findings suggest
that dexmedetomidine's anti-inflammatory properties
may play a crucial role in protecting cognitive
function postoperatively. However, there are still some
conflicting studies showing that dexmetomidine might
not show any effect. This indicates that the effects of
dexmedetomidine on postoperative cognitive function
may vary depending on the specific patient population

or type of surgery.

Research has shown that fentanyl, commonly used
for pain management in surgical settings, can have
implications for cognitive function. While studies
have indicated that POCD is less common found with
fentanyl compared to other opioid agents such as
moprhine and hydromorphone (71). it is important to
note that fentanyl has been associated with immediate
postoperative cognitive dysfunction (72). Furthermore,
the impact of fentanyl on cognitive function extends
beyond the immediate postoperative period. Long-term
use of opioids, including fentanyl, has been associated
with cognitive impairment in patients with chronic
noncancer pain (73). This suggests that the cognitive
effects of fentanyl may persist beyond the acute
postoperative phase.

Chronic exposure to fentanyl can lead to neuronal and
glial alterations, further emphasizing the potential long-
term consequences on cognitive function (74). Other
mechanism for long-term consequences on cognitive
function was elaborated on sensorimotor function,
particularly concerning driving performance (46).

Biomarkers

Biomarkers of neurological damage might have the
ability to predict postoperative cognitive outcomes.
Brain fatty acid binding protein (BFABP), Neuron-specific
enolase (NSE), and astroglial S100 Calcium-binding
proteinb (S100b) are frequently studied with cognitive
decline (67). A co-founding problem is that, while
these biomarkers are released in response to injury, it is
unclear whether they are secreted in reaction to harmful
neuroprotective or neuronal healing processes. A recent
study has shown that BFABP, NSE, and S100b do not
have any correlation with POCD over 3 months after
surgery(68).

Another neuronal cerebrospinal fluid(CSF) biomarker
that has been identified to correlate with POCD is CSF
amyloid B (AB1-42). Some studies have indicated that
low levels of CSF amyloid B (AB1-42) may predict POCD
in the elderly with preexisting Alzheimer’s disease (69).
However, other studies show otherwise, CSF amyloid
B (AB1-42), NSE, total tau (T-tau), and neurofilament
light (NFL) were found to be released after major surgery
indicating neuronal injury, but were not found to have a
long-term association with POCD (70).

PREOPERATIVE COGNITIVE TRAINING

Several studies have explored the potential benefits of
preoperative cognitive training in mitigating the risk of
POCD. Study for a blinded randomized controlled trial
to assess the effects of computerized cognitive training
on cognitive outcomes following coronary artery bypass
grafting surgery highlightthe interestin utilizing cognitive
interventions before surgery to improve postoperative
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cognitive function (76). Other RCT focusing on increasing
preoperative cognitive reserve through cognitive training
to prevent postoperative delirium and cognitive decline
in cardiac surgical patients emphasizing the importance
of implementing structured cognitive training programs
2-3 weeks before surgery to optimize cognitive function
and reduce the risk of postoperative complications (77).
Similar insights are reported in other study with patients
undergoing gastrointestinal surgery (78).

CONCLUSION
Postoperative cognitive dysfunction (POCD) is a
common complication after surgery, affecting a

significant proportion of patients. While the exact
mechanisms underlying POCD remain unclear, several
risk factors have been identified. These factors can be
broadly categorized into patient-related, surgery-related,
and anesthesia-related factors. Patient-related factors
include age, pre-existing cognitive dysfunction, and
education level. Surgery-related factors encompass the
type of surgery, duration of surgery, and other factors.
Anesthesia-related factors include the type and depth of
anesthesia, as well as the use of certain medications.
Understanding these risk factors is crucial for developing
strategies to prevent or mitigate POCD. By identifying
patients at high risk, clinicians can implement preventive
measures such as preoperative cognitive training and
optimization of anesthetic techniques. Further research
is needed to elucidate the pathophysiology of POCD
and develop more effective interventions, including
studies about combination of preventive measures and
cognitive screening as a preventive outcomes for POCD.
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