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Summary 
Impairment of higher mental functions can complicate the course of the postoperative period even after 

short and minimally invasive, including laparoscopic, surgical procedures. Postoperative cognitive dysfunction 
significantly challenges patients’ quality of life, negating real success of surgical intervention and anesthetic 
support. In some cases, early postoperative cognitive dysfunction may be one of the main predictors of per-
sistent cognitive impairment. 

The purpose of the review. To contemplate etiology, pathogenesis and the current perspective of postop-
erative cognitive dysfunction. 

We analyzed 96 publications in various databases (PubMed, Medline, RSCI and others), including 67 papers 
published over the past 5 years. 

The review provides an overview of current definitions and classification of postoperative cognitive dys-
function, data on the prevalence, polyethyology and risk factors, potential impact of the type of anesthesia 
and surgical intervention on the development of postoperative cognitive dysfunction. Various pathogenetic 
mechanisms of higher mental functions impairment alongside with available effective pharmacotherapies to 
correct them were considered.  

Conclusion. Numerous adverse factors of the perioperative period, such as neurotoxic effects of general 
anesthetics, neuroinflammation in response to operational stress and surgical trauma, impaired autoregulation 
of the cerebral blood flow, imperfect oxygen homeostasis, interactions of neurotransmitter, etc., can potentially 
cause postoperative cognitive dysfunction. Further deeper insights into etiology and pathogenesis of early 
postoperative cognitive dysfunction are relevant and necessary to improve prevention strategies and identify 
most effective pharmacotherapies to correct such disorders. 
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Introduction 
Ensuring patient comfort in the perioperative 

period is a major challenge for modern anesthesia 
care [1, 2]. This issue has been interpreted in a 
broad sense, ranging from the elimination of emo-
tional lability and anxiety in the preoperative period, 
adequate anesthetic support during surgery, effective 
postoperative anesthesia with early patient activation, 
avoidance of postoperative nausea and vomiting, 
muscle tremor, excessive sedation, to the prevention 
and elimination of cognitive dysfunction [3, 4]. 

Disorders of higher mental activity and devel-
opment of postoperative cognitive dysfunction 
(POCD) significantly worsen the quality of life and 
negate the success of both the performed surgical 
intervention and the anesthetic aid. Disorders of 
higher mental functions (HMF) can complicate the 
postoperative period even after minimally invasive 
and short-term surgical procedures, including la-
paroscopic surgery. Several studies [5, 6] have shown 
that early POCD is one of the main predictors of 
persistent cognitive dysfunction. 

Aim of the review. To discuss the ethology, 
pathogenesis, and current status of postoperative 
cognitive dysfunction. 

Definition and Classification 
In the postoperative period, patients who have 

undergone anesthesia and surgery may develop a 
variety of cognitive impairments ranging from POCD 
to delirium. Postoperative delirium can be defined 
as an acute confusion that may manifest as impaired 
consciousness, cognitive dysfunction, or changes 
in perception and behavior. 

The duration of postoperative delirium can 
vary from a few hours to several days and should 
be distinguished from dementia and postoperative 
cognitive impairment [7]. 

According to L. S. Rasmussen (2001), postop-
erative cognitive dysfunction is a disorder that de-
velops in the early and persists into the late post-
operative period, manifesting as impaired memory, 
reasoning, language, and other higher cortical func-
tions, and can be confirmed by neuropsychological 
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testing (NPT) as a decrease of at least 20% (or 
±1SD) in postoperative scores compared to preop-
erative scores [8]. 

Currently, according to the definition of the 
International Working Party for Nomenclature of 
Perioperative Cognitive Disorders proposed at the 
16th World Congress of Anaesthesiologists (Hong 
Kong, 2016) and subsequently endorsed in Geneva 
(Euroanaesthesia 2017), POCD is defined as cases 
in which the difference in NPT is at least ±1.96 SD 
from baseline values based on at least two tests 
from a battery of 5–10 tests [9]. 

Until recently, POCD was classified according 
to the duration of clinical manifestations as 

— acute or short-term type (acute postoperative 
cognitive dysfunction or short-term cognitive dis-
turbance) lasting up to 1 week after surgery; 

— intermediate postoperative cognitive dys-
function lasting up to 3 months after hospital dis-
charge; 

— long-term cognitive decline or prolonged 
postoperative cognitive dysfunction with cognitive 
impairment lasting 1–2 years or longer. 

Postoperative cognitive dysfunction can man-
ifest as impaired memory and attention, speech, 
spatial and temporal orientation, counting, ability 
to think abstractly, development or worsening of 
depression, and can vary in severity [10, 11]. 

Mild cognitive impairment refers to minor 
changes in daily activities, primarily related to im-
paired memorization of new material. These «sub-
jective» cognitive impairments do not significantly 
interfere with a person's daily life and may not be 
detected by tests because the parameters analyzed 
are within or slightly off the statistical average for 
the age group. Mild cognitive impairment is only 
perceived by the patient when he or she notices a 
deterioration in memory or responsiveness com-
pared to his or her individual standard [12–14]. 

Gradually, with age, memory and thinking 
become weaker, and it becomes more difficult 
to focus attention and choose the right words. 
These changes are associated with natural aging 
and the development of moderate cognitive im-
pairment. In some cases, they exceed the age-
specific reference but do not reach the severe 
level of dementia. Self-referral to a doctor is one 
of the subjective criteria for distinguishing mod-
erate cognitive impairment from mild dementia. 
When dementia develops, the patient is usually 
brought to the doctor by relatives. Moderate cog-
nitive impairment significantly interferes with 
daily activities and memory is retained only for 
well-learned or personal information. The term 
«moderate cognitive impairment» has been in-
cluded in ICD-10 as an independent entity. Ac-
cording to the ICD-10 recommendations, this 
diagnosis corresponds to: 

— impaired memory, attention, or learning; 
— increased fatigue with mental work; 
— memory and other higher brain function 

abnormalities not associated with dementia or 
delirium; 

— organic nature of the above disorders. 
Moderate cognitive impairment occurs in 

11–17% of older adults and is considered by neu-
rologists to fall between the normal aging process 
and severe dementia. In many patients (up to 85%) 
with moderate cognitive impairment, memory im-
pairment is the hallmark, but impairment of multiple 
cognitive functions (thinking, attention, language) 
can also be detected. 

Moderate cognitive impairment is not a disease 
entity, but rather a syndrome. It may be due to 
different causes or a combination of them (age-re-
lated changes, neuronal death, vascular problems, 
metabolic disorders). Therefore, when a syndrome 
of moderate cognitive impairment appears, a thor-
ough clinical and functional examination should 
be performed to identify its possible cause. 

About half of patients complaining of memory 
disturbance have no evidence of cognitive impair-
ment. The most common cause of symptoms without 
objective confirmation are emotional disorders such 
as increased anxiety or low mood, including de-
pression [15, 16]. 

In severe cognitive impairment, patients are 
unable to remember new information or reproduce 
previously learned material.  POCD may be reversible 
in some patients, and many authors consider the 
relationship between severe POCD and the devel-
opment of dementia [17]. 

Dementia refers to the most severe cognitive 
impairment that results in an inability to function 
in daily life, is not associated with disorders of con-
sciousness, and has a progressive course. Dementia 
is more common in the elderly, affecting at least 
5% of people over the age of 65. Dementia manifests 
itself simultaneously in several cognitive areas, such 
as thinking, memory, attention, and language. Even 
in its early stages, the impairment is significant 
enough to adversely affect both daily life and work 
activities. 

According to modern nomenclature, early 
POCD can be diagnosed from the 7th postoperative 
day. Cognitive impairment that persists up to 
3 months after surgery (previously defined as «in-
termediate POCD») is referred to as delayed neu-
rocognitive recovery [18]. 

Epidemiology 
The first studies on the epidemiology of POCD 

were performed in 1955, when P. Bedford published 
in the Lancet data from a retrospective analysis of 
the postoperative period of 1193 elderly patients 
who underwent surgery under general anesthesia. 
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Cognitive impairment of varying severity was ob-
served in approximately 10% of patients [19]. 

Similar data were obtained in a randomized 
study of the International Study of Post-Operative 
Cognitive Dysfunction (ISPOCD 1, 1998), which 
showed the persistence of cognitive deficit in 9.9% 
of patients during 3 months postoperatively. In 
older patients (over 75 years), persistent POCD was 
found in 14% of cases [20]. 

According to the results of the international 
multicenter study ISPOCD 2 (2000), the incidence of 
early POCD after non-cardiac surgery under general 
anesthesia was 19.2% in middle-aged patients 
(40–60 years old) and 21.4% in elderly patients, while 
the incidence of persistent POCD reached 6.2% [21]. 

In a study by T. Monk et al. [22], 1064 patients 
of different ages undergoing non-cardiac surgery 
were analyzed. NPT was performed preoperatively, 
at hospital discharge (4–10 days), and 3 months 
postoperatively according to the ISPOCD study 
methodology. In young patients (18–39 years) POCD 
was observed in 36.6% at hospital discharge and in 
5.7% 3 months after surgery, in middle-aged patients 
(40–59 years) short-term POCD was observed in 
30.4% of cases, intermediate POCD in 5.6%, while 
in elderly patients (60 years and older) the frequency 
of short-term and intermediate POCD was 41.4 and 
12.7%, respectively. The authors paid special attention 
to the significant relationship between the history of 
POCD and patient survival: if the NPT indicated 
POCD both at hospital discharge and 3 months after 
surgery, mortality during the first year after surgery 
was significantly higher than without POCD at all 
study stages (10.6% vs. 2.1%, P = 0.02) (class of rec-
ommendations IIa, level of evidence B). The risk of 
persistence of POCD in the late postoperative period 
was higher in patients over 60 years of age, with a low 
level of education, and with a history of stroke [23]. 

A recent systematic review analyzed 7 papers 
with data from neuropsychological testing of 2796 
patients. Tests were performed 7 days postoperatively, 
3 months later, and in the long term (12–60 months). 
Early POCD developed in different categories of 
patients with a frequency ranging from 17% to 56% 
and a tendency to resolve later (3–34.2%). Risk 
factors for POCD were old age, insulin resistance 
and low educational level. The type of surgical pro-
cedure performed and anesthesia used did not 
affect the incidence of cognitive impairment [24]. 
In a randomized controlled trial of 60 elderly patients 
over 60 years of age undergoing knee replacement 
surgery under general anesthesia, the incidence of 
early POCD was 20% [25]. 

Etiology 
Nowadays, POCD is considered to be multifac-

torial, with the main causes of HMF impairment 
being both anesthesia-related and patient-specific 

(including the nature of the surgery or mental/medical 
status) [26, 27]. In a review by N. Patel et al. [28] 
based on 130 randomized clinical trials, the major 
causes of POCD included anesthesia (15 studies), 
blood pressure variations (5), cerebral autoregulation 
disorders (4), systemic inflammatory response (26), 
hypothermia and rewarming (19 and 6, respectively). 
Other predictors of POCD include early age (less than 
3 years) [29] and old age (more than 60 years), male 
sex, low level of education, baseline cognitive deficit, 
history of anxiety and depressive disorders, neuro-
logical diseases, especially of vascular etiology [30]. 

From the perspective of evidence-based med-
icine (recommendation class II, level of evidence 
A, B), the third trimester of pregnancy, alcoholism, 
genetic predisposition (epsilon 4 allele of apolipopro-
tein E) are also considered predictors of impaired 
postoperative HMF [31]. The incidence and severity 
of POCD are influenced by the duration and fre-
quency of general anesthesia, especially when its 
duration exceeds 3.5–4 hours [32–34]. A meta-
analysis of 21 randomized clinical trials by S. E. Ma-
son et al. convincingly (OR = 1.34; 95% CI: 0.93–1.95) 
demonstrated an association between POCD and 
type of anesthesia. General anesthesia significantly 
increases the risk of cognitive decline compared to 
regional (or combined) anesthesia [35, 36]. The risk 
of developing cognitive impairment is significantly 
increased during carotid artery reconstruction, car-
diac surgery [37], especially with the use of car-
diopulmonary bypass. Studies by T. V. Klyp [38, 39] 
show the development of neurocognitive disorders 
of varying severity in 30–70% of patients after cardiac 
surgery. 

Pathogenesis 
Until the end of the last century, anesthetic 

neurotoxicity was considered the main element in 
the pathogenesis of brain damage. At the same 
time, it was noted that POCD occurs much more 
frequently in the elderly (over 60 years of age) than 
in younger patients and in children under 3 years 
of age. However, a large number of studies have 
shown that the neurotoxic effects of general anes-
thetic drugs are most severe in children, especially 
in the younger age group. The adverse effects of 
general anesthesia on brain structures in school-
aged children result in impaired neuropsychological 
development both in the postoperative period and 
in the long term [40]. The pooled hazard ratio (HR) 
for children undergoing their first anesthesia before 
the age of four is 1.25 (95% CI: 1.13–1.38; 
P < 0.001) [41]. In 2016, the FDA indicated the po-
tential risk of POCD with surgery lasting more than 
3 hours or multiple anesthetics in children younger 
than 3 years and in women in the third trimester of 
pregnancy [42]. Recent studies have not shown a 
significant decrease in the incidence of POCD with 
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the use of modern anesthetics (sevoflurane, des-
flurane, etc.), which, according to most au-
thors  [43–45], have cerebro- and neuroprotective 
properties that outweigh possible neurotoxic effects, 
compared with the previous generation of anesthetics, 
as well as with the use of neuroaxial techniques. 

Currently, the mechanism of postoperative dis-
orders of HMF is considered to be multifactorial [46], 
developing under the influence of numerous unfa-
vorable factors of the entire perioperative period [47]. 
The pathogenesis of POCD is based on a complex of 
pathophysiological changes in the central nervous 
system (CNS). The CNS structures where general 
anesthesia-induced neurodamage develops include 
medial septal nucleus, reticular formation, thalamic 
nuclei, hippocampus, neocortex (frontal, parietal, 
temporal, and occipital lobes), hypothalamus [48]. 

General anesthesia is accompanied by increased 
permeability of mitochondrial membranes, leading 
to their dysfunction, disturbs calcium homeostasis 
in neurons and inhibits energy processes [49]. 
Sevoflurane and isoflurane inhalation anesthetics 
can induce neuronal apoptosis due to caspase ac-
tivation and aggregation toxicity of β-amyloid pep-
tides [50]. General anesthesia for more than 1 hour 
causes hyperphosphorylation of tau protein, a major 
internal neuronal membrane protein, which directly 
induces brain cell death [51]. This pattern has been 
attributed to propofol and dexmedetomedine, which 
cause increased tau protein phosphorylation in the 
murine hippocampus in vitro [52]. In view of the 
above, the choice of anesthetic should clearly be 
aimed at minimizing its neurotoxicity. For this pur-
pose, a comparative evaluation of different anesthetic 
techniques should be performed. 

A meta-analysis of 15 randomized clinical 
trials (RCTs) involving 1854 elderly noncardiac pa-
tients showed that the incidence of early POCD 
was significantly lower after propofol anesthesia 
than after inhalational anesthesia (RR = 0.37; 95% 
CI: 0.15–0.88; P = 0.025), and NPT scores were sig-
nificantly higher after propofol anesthesia than 
after inhalational anesthesia (SMD = 0.59; 95% CI: 
0.07–1.11, P = 0.026)  [53]. At the same time, in a 
meta-analysis of 28 RCTs with 4507 randomized 
participants over 60 years of age undergoing similar 
surgical procedures as in the previous study, there 
was no conclusive evidence of a benefit of propo-
fol-based total intravenous anesthesia for reducing 
POCD (SMD = –0.52; 95% CI: 0.31–0.87) compared 
with inhalational anesthesia [54, 55]. 

In a Russian prospective randomized 
study (N=40) of carotid endarterectomy, cognitive 
decline of 2 or more MoCA (Montreal Cognitive 
Dysfunction Scale) points was observed in 55% 
(day 1) and 35% (day 5) of patients in the total in-
travenous propofol anesthesia group, which was 
significantly higher than in the sevoflurane inhalation 

anesthesia group, where the incidence of POCD 
was significantly lower (35% on day 1 and 5% on 
day 5) [56]. 

A meta-analysis of the use of ketamine as an 
adjunct to general anesthesia in 3 RCTs showed a 
lower risk of POCD (OR = 0.34; 95% CI: 0.15–0.73) 
compared with propofol-based total intravenous 
anesthesia [57]. A meta-analysis of 26 RCTs showed 
that the perioperative use of dexmedetomidine sig-
nificantly reduced the incidence of POCD (OR = 0.59; 
95% CI: 0.45–2.95) and improved neuropsychological 
test scores (MMSE) (SMD = 1.74; 95% CI: 0.43–3.05) 
compared to groups without its use [58]. 

A number of studies have examined the rela-
tionship between the incidence of POCD and the 
depth of hypnosis [59]. In a meta-analysis of 10 
RCTs including 3142 patients, the incidence of 
POCD was significantly lower in the shallow anes-
thesia group than in the deep anesthesia group on 
day 1 (RR = 0.14; 95% CI: 0.04–0.45; P > 0.10) and 
3 months after surgery (RR = 0.72; 95% CI: 0.54–0.96; 
P > 0.10) [60].  The opposite results were found in 
another RCT. In 66 elderly patients who underwent 
total knee replacement surgery under general anes-
thesia, the incidence of early POCD on postoperative 
day 7 was 20% with a bispectral index (BIS) of 
40–50, whereas in the comparison group with a BIS 
of 55–65, the incidence was only 3.3% [61]. At the 
same time, a meta-analysis of 4 studies showed no 
significant correlation of POCD incidence between 
low and high BIS groups (R = 0.84; 95% CI: 0.21–3.45; 
P > 0.05) [62]. 

Some studies have analyzed the association 
of POCD with the quality of antinociceptive pro-
tection achieved during surgery. Antinociceptive 
failure leads to overexcitation and depletion of 
the energy balance of cortical and subcortical 
neurons responsible for an adequate level of con-
sciousness [63, 64]. 

Intraoperative awakening may play a signifi-
cant role in the development of postoperative cog-
nitive dysfunction, which could significantly worsen 
patients' quality of life in the long term after 
surgery. Possible residual effects of components 
of general anesthesia, primarily anesthetics and 
their biotransformation products, on the CNS have 
been studied [65]. 

Studies on the effect of general anesthesia on 
HMF are intriguing. First of all, this concerns modern 
neuroaxial techniques, because in any variant of 
their use (alone or as a component of antinociceptive 
protection in combined anesthesia or for postop-
erative prolonged epidural analgesia), the doses of 
systemic drugs are significantly reduced. For example, 
seven RCTs involving 1,031 patients showed that 
the incidence of POCD was significantly lower in 
patients who received regional anesthesia than in 
those who received general anesthesia on days 1 
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and 3 after surgery (P < 0.05). However, no significant 
differences were found between the two types of 
anesthesia on day 7 and 3 months after surgery 
(P > 0.05) [66–68]. 

In a multicenter, randomized trial of patients 
over 60 years of age undergoing major noncardiac 
surgery, a significant reduction in POCD was found 
when neuroaxial anesthesia was used during the 
first week after surgery compared with general anes-
thesia. The advantages of epidural and spinal anal-
gesia include adequate antinociceptive effect, re-
duced dose of general anesthetics, prevention of 
postoperative complications (cardiovascular, pul-
monary, renal, thromboembolic, infectious), which 
both improve surgical treatment outcomes and 
contribute to the prevention of POCD and better 
quality of life of patients [69]. 

Recently, the role of neuroinflammation in the 
mechanisms of adverse effects of surgery on mental 
status has been increasingly recognized. It is caused 
by a systemic inflammatory response to surgical 
stress, inadequate postoperative anesthesia, invasive 
procedures, and drug therapy. The inflammatory 
response is accompanied by the release of potent 
pro-inflammatory cytokines such as interleukin-6 
(IL-6) and tumor necrosis factor-α (TNF-α) into the 
systemic circulation. They disrupt the integrity of 
the blood-brain barrier, promote the migration of 
macrophages and activated leukocytes into brain 
tissue, which is associated with the activation of 
microglia and astrocytes, resulting in the initiation 
of neuroinflammation with impaired neuronal func-
tion and the development of cognitive disor-
ders  [70–73]. This theory is supported by a meta-
analysis of 13 studies showing an association between 
POCD and IL-6 and protein S-100, a marker of 
brain damage [74, 75]. In another meta-analysis of 
15 RCTs involving 1854 elderly non-cardiac patients, 
IL-6 (SMD = –2.027; 95% CI: –3.748 to –0.307; P = 0.021) 
and TNF-α (SMD = –0.68; 95% CI: –0.93 to –0.43; 
P < 0.001) levels were significantly lower after propofol 
anesthesia than after inhalational anesthesia [76]. 

The use of dexmedetomidine contributed to 
the reduction in levels of key proinflammatory cy-
tokines. A meta-analysis of 26 RCTs showed that 
perioperative use of dexmedetomidine significantly 
reduced IL-6 (SMD = –1.31; 95% CI: –1.87 to –0.75; 
P < 0.001) and TNF-α (SMD = –2.14; 95% CI: –3.14 
to –1.14; P < 0.001) levels compared with the control 
group without its use [77]. 

Regarding the efficacy of clinical use of drugs 
with selective action on different brain structures, 
which refers to different neuroprotective agents, 
we did not find convincing evidence-based studies 
in the databases (PubMed, Medline). The results of 
some studies are of some practical interest and 
promising for the application and correction of 
HMF disorders caused by anesthesia and surgery. 

First of all, this is true for cholinergic precursors 
(citicoline, gliatilin). The cholinergic system closely 
interacts with the dopaminergic and GABAergic 
systems in the CNS, providing and maintaining op-
timal levels of cognitive function, and its dysfunction 
plays a role in the development of POCD [78]. 

 Citicoline is one of the few neuroprotectants 
with proven clinical efficacy that has been included 
in the European clinical guidelines for the treatment 
of ischemic stroke. A double-blind, placebo-con-
trolled study was conducted to evaluate the efficacy 
of cerebral neuroprotection with citicoline during 
surgical procedures under general anesthesia. Neu-
ropsychological testing on day 1 after surgery 
revealed POCD in 50% of patients in the comparison 
group, while cognitive impairment was observed 
in only 20% of patients in the main group (P < 0.05). 
On day 3 after surgery, long-term memory scores 
(according to the results of the 10-word memory test) 
were 56% better in the majority of patients in the 
study group than in the control group (P < 0.05) [79]. 

Some clinical experience is available with 
cytoflavin, a neurotropic antioxidant with metabolic 
activity. In an RCT of 60 operated school-aged chil-
dren, the incidence of POCD in the cytoflavin group 
was 6.67% on day 1 of the postoperative period 
and 3.33% on day 7. In the group without cytoflavin, 
POCD developed in 13.79% and 27.59% of cases, 
respectively. The use of intraoperative metabolism-
directed cerebral protection during total intravenous 
anesthesia based on propofol and fentanyl reduced 
the incidence of POCD in school-aged children by 
8 times (P < 0.01) [40, 41].    

Regarding the possible role of Cellex, a neu-
roprotectant with pronounced neuroplasticity, in 
the correction of early POCD, there are successful 
results of its use in patients with various neurological 
disorders [80, 81]. 

A possible imbalance of neurotransmitter 
(adrenergic, cholinergic, NMDA and GABAergic) in-
teractions in the CNS, accumulation of excitatory 
mediators such as dopamine, seems interesting and 
promising [82]. Disturbed neurotransmitter inter-
actions between dopamine and acetylcholine may 
cause dissociation of excitation-inhibition in the 
CNS. Altered production of key neurotransmitters 
can result from impaired delivery of neurotransmitter 
precursor amino acids to the brain. This can occur 
when the ratio of aromatic to non-aromatic amino 
acids in the blood changes, causing excitotoxicity 
of monoaminergic regulation [83]. The development 
of neurotransmitter disorders may potentiate the 
pharmacological neurotoxicity of general anesthetics.  
In some cases, this can lead to a a deficit of cholinergic 
activity with the development of central anticholin-
ergic syndrome, which is a specific complication of 
general anesthesia, manifested by abnormal awak-
ening with its slowing or severe psychomotor agitation 
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or intense muscle tremor, the pathogenesis of which 
is based on an acute deficit of central cholinergic 
activity. Anticholinergic drugs used in anesthesiology 
and intensive care mostly show selective antagonism 
against muscarinic receptors (atropine, scopolamine), 
but some have a mixed mechanism of action (anti-
histamines, antipsychotics, tricyclic antidepressants), 
while others reduce acetylcholine secretion (opiates, 
benzodiazepines, clonidine) [84, 85]. 

Surgical injury has recently been found to be 
capable of provoking a disturbance of iron home-
ostasis with its accumulation in the brain, mainly 
in the hippocampus. Such processes lead to cognitive 
impairment because excessive iron causes oxidative 
stress and impaired mitochondrial function. In ad-
dition, glucose metabolism is impaired and ATP 
production is reduced due to downregulation of 
key enzyme genes and protein synthesis, which 
can induce neuronal apoptosis [86]. 

POCD can develop as a result of the deleterious 
effects of both general (hypoxemia, reduced circu-
lation) and local (decreased cerebral blood flow, its 
redistribution) hypoxia. For optimal transport and 
consumption of O₂ by neurons, an optimal cerebral 
perfusion should be maintained [87, 88]. The leading 
role in its maintenance belongs to cerebral perfusion 
pressure, the value of which is directly proportional 
to mean arterial pressure and inversely proportional 
to intracranial pressure. The latter tends to increase 
more frequently in severe neurosurgical situations 
and has a significant impact on cerebral blood flow 
much less frequently in routine surgical practice. 
Recently, several studies have addressed the impact 
of systemic blood pressure on cerebral perfusion 
and consequently on the development of POCD. A 
meta-analysis of 24 RCTs including 4317 patients 
(mean age 63 years) showed that hypertension was 
not significantly associated with the risk of POCD 
(OR = 1.01; 95% CI: 0.93 to 1.09; P = 0.82), although 
in 8 studies with participation of more than 75% of 
men, a 27% association of hypertension with in-
creased risk of POCD was found (OR = 1.27; 95% 
CI: 1.07 to 1.49; P = 0.005) [89]. Another RCT included 
360 patients in the low target blood pressure (BP) 
group and 341 participants in the high target BP 
group. The results showed no significant difference 
in the incidence of POCD between the groups 
(RR = 1.26; 95% CI: 0.76–2.08; P = 0.37) [90].  Three 
RCTs including 731 patients compared the mainte-
nance of low systolic blood pressure (SBP) 
(< 80 mm Hg) and high SBP (> 80 mm Hg) during 
coronary artery bypass grafting.  POCD developed 
in 6.4% of all cases. Maintaining low SBP did not 
reduce the incidence of POCD (95% CI: 0.277–3.688; 

Z = 0.018; P = 0.986). Shorter cardiopulmonary bypass 
time reduced the incidence of POCD regardless of 
target BP (95% CI: –0.949 or –0.089; P = 0.017) [91, 92]. 

Cerebral saturation monitoring, along with 
maintaining optimal cerebral perfusion, may also 
help reduce the incidence of cognitive decline. A 
randomized trial of 192 elderly patients in the main 
group and 138 in the control group after abdominal 
surgery showed that cerebral saturation monitoring 
contributed to a significant (P = 0.020) reduction in 
the incidence of early POCD [93, 94]. 

Obesity and its comorbidities are becoming 
an increasingly pressing public health issue. Often, 
these patients undergo surgery under general anes-
thesia and are thought to be at high risk for devel-
oping HMF disorders. The available studies have 
not convincingly confirmed this hypothesis. A meta-
analysis of 1432 patients over 60 years of age with a 
body mass index > 30 kg/m² versus �30 kg/m² 
showed a non-significantly higher risk of POCD 
(OR  =  1.27; 95% CI: 0.95 to 1.70; P =  0.10) [95].  
In 17 studies with 2725 patients (mean age 67 years), 
there was no association between hypercholes-
terolemia and the risk of POCD (OR = 0.93; 95% CI: 
0.80–1.08; P = 0.34). Preoperative statin use was as-
sociated with a reduced risk of POCD in eight studies 
(RR = 0.81; 95% CI: 0.67–0.98; P = 0.03), but data on 
duration of treatment were lacking [96]. 

Conclusion 
Postoperative cognitive dysfunction is currently 

an urgent clinical and social challenge. Its prevention 
and treatment are complicated by the multiple 
adverse perioperative factors that underlie its devel-
opment. Neurotoxic effects of general anesthetics, 
systemic inflammatory response with subsequent 
neuroinflammation after surgical stress and trauma, 
impaired autoregulation of cerebral blood flow due 
to intraoperative hypotension, abnormal blood-brain 
barrier permeability as a result of reperfusion injury 
after major cardiac surgery and vascular interventions, 
disorders of metal metabolism in the brain, oxygen 
deficiency in the brain, and imbalance of peripheral 
nervous system mediators play a role in the devel-
opment of disorders of higher mental functions. 

The solution of this problem, which is crucial 
for the quality of life of surgical patients, lies in 
further improvement of anesthesiological support 
of surgical interventions, implementation of ad-
vanced monitoring methods in anesthesiological 
practice and thorough study of POCD pathogenesis, 
which will allow to determine the spectrum of effec-
tive drugs for adequate correction of postoperative 
disorders of higher mental functions. 
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