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ABSTRACT

Introduction

Postoperative Cognitive Dysfunction (POCD) is a significant health complication that affects
mental processes, particularly in elderly patients after surgery. It is characterized by impaired
memory, attention, and executive functions, leading to prolonged hospitalization and increased
mortality. The pathogenesis of POCD involves inflammation in the central nervous system, but
the exact mechanisms remain unclear.

Aim of Study

This study aims to identify and analyze the risk factors and potential markers of POCD,
focusing on preoperative, perioperative, and postoperative factors. The goal of our work is to
increase knowledge about POCD, thereby improving care for patients affected by this disorder.
Materials

The study reviews existing literature on POCD and examines various risk factors, such as age,
comorbidities, education level, and surgical procedures. It also explores potential markers like
inflammatory cytokines and describes hypothetical prevention strategies.

Results

The study highlights that age, diabetes, and certain surgical types of operation are significant
risk factors for POCD. Inflammatory markers like S-100f protein and interleukin-6 can be
associated with POCD. The use of Enhanced Recovery After Surgery (ERAS) protocols and
cognitive interventions shows promise in reducing POCD incidence.

Conclusion

Understanding POCD's risk factors and markers is crucial for developing effective prevention
strategies. Further research is needed to establish a specific approach to POCD.

Keywords: postoperative cognitive disorder, risk factors, potential markers, prevention, age,
cardiac surgery

1. INTRODUCTION

Postoperative Cognitive Disorder (POCD) is a significant health problem. It occurs after
surgical operations, especially in elderly patients. Defined as impaired memory, attention,
planning and decision-making skills. It can lead to serious consequences, such as prolonged
hospitalization [1] and increased mortality [2]. Studies indicate that between 9% and 54% of
elderly patients experience this condition within the first few weeks after surgery, but it can
occur up to 12 months after surgery [3].

A key role in the mechanism of POCD is played by inflammation in the central nervous system,
mediated by various cytokines (such as TNF, IL-1p) [4]. However, the exact mechanisms that
lead to the disruption of synaptic plasticity as a result of inflammation, which is the
neurobiological basis for cognitive decline, are still largely undiscovered.
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Regions of the central nervous system whose disruption is responsible for POCD include the
hippocampus and prefrontal cortex[5].

The diagnosis of POCD is made using neuropsychological tests such as the MMSE (Mental
State Short Evaluation Scale) or MoCA (Montreal Cognitive Function Assessment Scale)
performed after surgery. The ideal scenario would be to do these tests before surgery as well,
for comparison of the aspects being assessed.

To date, no drug treatment regimen or specific technique has been developed to prevent POCD.
The use of dexmedetomidine, cognitive training or physical activity has been raised. The best
known treatment method is still prevention. This can be done by finding patients with risk
factors for this complication and then minimizing them accordingly. The purpose of our work
is to present risk factors and potential markers of POCD.

Understanding the risk factors for POCD is key to improving the care of patients undergoing
surgery and provides an opportunity to introduce appropriate therapy before surgery. In the
following sections, we will provide a detailed breakdown of preoperative, perioperative and
postoperative factors, as well as discuss potential markers of this condition. This knowledge
can contribute to better risk management and more effective prevention of POCD.

2. POCD RISK FACTORS:

In our work, we adopted a division into preoperative, perioperative, and postoperative risk
factors with additional description of potential markers. We also looked at available methods of
preventing POCD.

2.1 PREOPERATIVE FACTORS:

2.1.1 AGE. Aging is associated with neuronal damage, microglia and astrocyte disruption, and
neuroinflammation. These are factors that favor the occurrence of POCD. Another potential
explanation is the increasing risk of diseases with age, such as diabetes, atrial fibrillation and
dementia. Not only the hippocampus and prefrontal cortex play a role in the pathogenesis of
POCD, but also the insula, thalamus, and cerebellum, and inflammation in these regions, may
explain the association between POCD and age. [5] It has been proven that old age affects the
incidence of POCD regardless of the type of treatment. It has not been clearly established above
which age the risk of POCD increases, the numbers mentioned are 60 [6] and 75 [7].

2.1.2 COMORBIDITIES

Comorbidities have been proven to be important in the development of POCD. Diabetes, which
triggers neurodegradation and inflammation in the body, is known as increasing the risk of
POCD. Among patients who had diabetes, the risk of POCD increased commensurate with
poorer HbA1C control[7].

A comparative analysis of three randomized control trials [8] involving more than a thousand
patients estimated the risk of POCD associated with preoperative medical conditions such as
diabetes, hypertension and obesity. Interestingly, only diabetes, regardless of the other
conditions listed, was found to be associated with an increased risk of developing the disorder.
Moreover there is another scientific paper where authors obtained inconclusive results in the
case of coexisting hypertension [9].



The results of one meta-analysis [10] do not provide a clear answer regarding the impact of
neurocognitive impairment on POCD. However, they correlate with a higher incidence of
postoperative delirium, one of the postoperative risk factors for POCD.

It has been reported that inflammation in the central nervous system may be largely responsible
for depression [11]. According to another meta-analysis [12], depression significantly increases
the risk of POCD, which may explain the convergent mechanism of these two disorders .

2.1.3 EDUCATION LEVEL

The relationship between education level and the prevalence of POCD is increasingly
recognized by researchers. Comparing patients of the same age but with different levels of
education, the prevalence of POCD is higher in less educated patients. This difference may be
due to greater cognitive resources in better educated individuals, as well as greater health
awareness and neuroplasticity. Less educated individuals are also at greater risk for
environmental hazards and unhealthy lifestyles [13].

2.1.4 GUT MICROBIOTA

Emerging work examining the correlation between POCD and the gut microbiotain an animal
model. A potential mechanism for POCD is inflammation in the CNS, which may be regulated
through the gut-brain axis. The influence of the gut microbiota on the occurrence of this
phenomenon was investigated. It was noted that patients who developed POCD had poorer
intestinal flora, increased colony counts of Firmicutes bacteria and decreased Proteobacteria
[14].There are also reports suggesting areduction in the incidence of POCD under the influence
of probiotics [15]. These studies unfortunately have some limitations. Namely, they were
conducted on a small group of patients. Further work in this direction is needed.

2.2 PERIOPERATIVE FACTORS:

2.2.1 TYPE OF SURGERY

The incidence of postoperative cognitive dysfunction is strongly associated with the type of
surgery performed. POCD risk and severity rise with the duration and complexity of the surgical
procedure, due to the release of endotoxins and cerebral emboli. Endotoxins stimulate the
release of interleukins, which are responsible for the systemic inflammatory response [16].
Several studies show that POCD is particularly more common in cardiac surgeries [17] and
orthopedic surgeries [18]. Authors suggest that potential mechanisms behind the higher
incidence of POCD in these procedures include the length of the procedure, disturbances in
blood supply to the brain during surgery with ECMO, or the prolonged effects of anesthetic
drugs. A 2024 meta-analysis [19] indicates that patients undergoing cardiac surgery are at
increased risk of mortality. In addition, patients diagnosed with POCD in less than 30 days have
an increased risk of prolonged hospital stay. The results of a study [20] conducted on patients
undergoing abdominal surgery revealed that the incidence of POCD was significantly higher in
the group of patients who underwent laparotomy surgery compared to those who underwent
laparoscopic surgery. This suggests that the use of minimally invasive surgical techniques may
reduce the risk of developing POCD.



2.2.2 TYPE OF ANESTHESIA

A correlation was sought between POCD and the type of anesthesia used. The results obtained
during the meta-analysis showed no difference in the incidence of POCD between general and
regional anesthesia [21]. However, it should be noted that patients were not matched for other
risk factors. Further studies in this direction are needed. Additionally, a clinical trial involving
180 participants [22] was conducted to explore this relationship further. Its main objective was
to evaluate postoperative cognitive function in elderly patients undergoing laparoscopic
inguinal hernia repair in relation to different rates of propofol dosage. Reducing the rate of
intravenous propofol infusion did not reduce the incidence of POCD.

2.2.3 LACK OF MONITORING OF DEPTH OF ANESTHESIA

The depth of sedation can be measured by BIS, or bispectral index. This parameter is formed
from electronically converting the electroencephalograminto a numerical value in the range of
0-100, where 0-40 indicates deep anesthesia and 90-100 indicates wakefulness. The results of
some works show that patients who did not have their depth of sedation monitored were more
likely to develop POCD [23]. These results do not match the meta-analysis, which found no
statistically significant reduction in the incidence of POCD in patients who were monitored
with BIS [24]. Controlling with a bispectral index, may be a potential way to prevent the
occurrence of POCD, and too shallow sedation. Further randomized studies and trials in this
direction are needed.

A randomized clinical control trial [25] emphasized the importance of using other methods to
monitor the depth of anesthesia, such as entropy and SPI- Surgical Plethysmographic Index.
The authors, analyzing 95 patients with traumatic injuries undergoing emergency life-saving
surgery, stressed that these methods can be used to prevent the development of POCD.

2.2.4 METHOD OF SUSTAINING ANESTHESIA

Maintenance of anesthesia, is a step whose goal is to maintain an adequate level of
analgosedation throughout the procedure. A commonly used technique is maintenance with
anesthetic gases such as Sevoflurane, Desflurane. Another method used is maintenance of
anesthesia with propofol, the so-called TIVA (total intravenous anesthesia) method. Sevoflurane
is used as one of the most common anesthetic gases. It has proven effects on inflammation in
the nervous system, changes in neurotransmitters, a decrease in brain-derived neurotrophic
factor, mitochondrial oxidative stress and changes in amyloid  levels. These changes could
potentially predispose to POCD[26].

An analysis of 28 articles comparing the incidence of POCD when anesthesia is maintained
with inhaled anesthetics and with the TIVA method, did not clearly show which method causes
POCD more often. However, the authors emphasize that the quality of the results is low, and
further studies are needed to definitively determine the effect of the type of anesthesia
maintenance on POCD [27].

In a previously cited study [22], the authors suggest that sevoflurane, fentanyl and
norepinephrine may be directly related to the occurrence of POCD within 48 hours after surgery.
Nevertheless, confirmation of this thesis requires a larger group of patients.



2.3 POSTOPERATIVE RISK FACTORS AND POTENTIAL MARKERS:

2.3.1 POSTOPERATIVE RISK FACTORS

Postoperative risk factors are the most difficult to assess, as they cannot be separated from pre-
and perioperative factors. Postoperative risk factors for POCD include conditions such as
postoperative delirium, various types of arrhythmias, including atrial fibrillation, and prolonged
time in the intensive care unit [ 12]. Another paper showed a statistically significant correlation
between POCD, and postoperative infection, subsequent surgery, and respiratory
complications[6].It was shown [6] that early POCD was more likely to occur in patients affected
by postoperative infections and respiratory complications. The authors indicated in their
conclusions that only the risk factor we mentioned earlier, age, posed a risk for late POCD.

2.3.2 POTENTIAL MARKERS OF POC

2.3.2.1 Markers of inflammation

A meta-analysis that considered 13 studies on the correlation between inflammatory markers
and POCD found that S-100p protein and interleukin-6 are significant markers associated with
postoperative cognitive impairment. In the case of neuron-specific enolase, interleukin-1f and
tumor necrosis factor-o, no correlation was found between their elevated levels and a higher
incidence of POCD. Therefore, it is recommended that studies be conducted on a larger group
of patients and that a cutoff point be established above which the risk of POCD significantly
increases|[28].

Data from a meta-analysis by Chunmei Fu et al [29] indicate that elevated levels of CRP, S-
100B and IL-6 are associated with POCD after total hip arthroplasty (THA). According to the
authors, regular monitoring of the levels of these markers may facilitate early identification of
POCD in patients after THA, allowing timely interventions to mitigate cognitive complications.

2.3.2.2 Glial fibrillary acidic protein (GFAP)

Researchers who conducted a retrospective study on 56 patients after CABG surgery came to
the following conclusions:

Postoperative GFAP levels in patients with POCD were significantly higher (12.95 + 7.47)
compared to patients without POCD (3.80 + 2.77), indicating a strong association between
elevated GFAP levels and cognitive impairment after CABG surgery[30]. The concentration of
acidic fibrillary protein, which is found in astrocytes, among other things, appears to be a
promising marker for the presence of POCD; however, it must be kept in mind that its elevation
also occurs with other neurological diseases, which reduces the specificity of this protein as a
marker. Further research is needed toward the use of GFAP as a marker of POCD.

2.3.2.3 Plasma mRNA-221-3p

Researchers from China showed that the relative plasma levels of microRNA-221-3p were 1.78
and 2.73 times higher in the group of patients with POCD compared to the group without the
disorder. The study was conducted 1 day before and 7 days after surgery, respectively. Based
on this, we hypothesized that the relative plasma content of microRNA-221-3p 7 days after
surgery may be an independent risk factor for POCD. However, it should be noted that the study
has some limitations, as all samples came from a single center in China.
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Therefore, further studies in this direction are needed to confirm these results and determine the
role of microRNA-221-3p as a marker for POCD [31].

3. PROTECTION AND PREVENTION STRATEGIES

As mentioned before, currently the best treatment method is considered to be prevention. Most
preventive strategies are linked to the known risk factors that were discussed earlier. Several
authors describe chronic illnesses such as diabetes [ 7] [9] as risk factors of POCD, which might
suggest that management and control of ongoing health conditions plays an important role in
preventing POCD. Choosing a possibly least invasive surgical procedure [20] and most
adequate anesthesia have been described as preventive strategies as well [16]. Moreover, all of
the above aim to minimize inflammation and optimize conditions for early recovery and are
considered as a part of ERAS protocol.

Kotekar et al. point out that Enhanced Recovery After Surgery (ERAS), also referred to as
"accelerated recovery," improves postoperative recovery, minimizes inpatient time and lowers
perioperative complication rates. ERAS protocols, consisting of evidence-based treatment
strategies, aim to reduce surgical stress, enhance postoperative recovery through comprehensive
measures implemented before, during, and after surgery [16]. In a prospective observational
study by Duran et. al, patients managed with the ERAS protocol showed improvement in
cognitive functions, measured by the Mini-Mental Test (MMT). In conclusion, the study
suggests that the ERAS protocol not only reduces complication rates and hospital stay durations
but also enhances early postoperative cognitive recovery [32].

Another interesting course of research was studied in a systematic review by Bowden et al.
(2022) [33]. The aim was to assess postoperative cognitive interventions as a strategy to
enhance cognitive function following surgery. Although the review did not directly evaluate
POCD prevention, it indicated that cognitive interventions showed some efficacy in enhancing
cognitive function after surgery, especially in memory-related aspects. This presents a
promising course for further research and approach to postoperative cognitive disorder.

As mentioned before, several markers of POCD have been investigated, yet none were proven
specific. Identification of potential markers and their correlation with postoperative cognitive
disorder creates a promising course for future prevention strategies and development of
innovative protocols. The case appears to be similar to monitoring anesthetic depth. Monitoring
anesthetic depth using BIS could serve as a strategy for preventing POCD; however, current
research findings are inconclusive, and further exploration of this topic is necessary. It is worth
emphasizing that until further advancements in therapeutic interventions occur, preventive
strategies, early identification, and management of perioperative risk factors appear to be the
most effective approach for addressing POCD. Therefore, further investigation in this area
appears to be indispensable.



4. SUMMARY

Post-operative cognitive impairmentis still a little-studied condition that particularly frequently
affects elderly people undergoing cardiac surgery. More and more attention is being paid to its
incidence and the complications it brings. There are only a few certain risk factors for POCD.
Unfortunately, the others are either insufficiently studied or the results of analyses from
different centers differ. We need extensive multicenter work to be able to state unequivocally
what can be considered determinants of the described disorder. Moreover, markers that could
help estimate the occurrence of this complication are also not clearly defined. The ones we have
listed show promise, but we need more research on their utility. In addition, the availability
and price of some of them is limited in a physician's daily practice. Work on POCD would
definitely be facilitated by a questionnaire to estimate its risk. This would allow efforts to
minimize preoperative risk factors. In addition, increased vigilance would make it possible to
try to eliminate perioperative and postoperative risk factors in advance. POCD 1s a complication
that requires a multispecialty approach, the basis for its control should be a multispecialty
collaboration between geriatricians, anesthesiologists, surgeons and psychiatrists. We hope that
our work will contribute to increased awareness of POCD and provide a better understanding
of the issue.
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