
Posthypoxic encephalopathy is a complex of neuro-

logical and mental disorders that occur after exposure to

hypoxia of varying duration and severity caused by distur-

bances of pulmonary ventilation, circulation and tissue

metabolism, by endogenous intoxication, etc. [1]

Hypoxic mechanisms are triggered and realized in

many pathological conditions of various genesis – acute

cardiac and pulmonary insufficiency of different etiolo-

gy, severe trauma, thermal and toxic brain damage,

metabolic disorders. The urgency of posthypoxic

encephalopathy in patients undergoing cardiac surgery is

due to persisting high frequency of cerebral complica-

tions, age-related decline in patients' ability to withstand

operative stress, lack of comprehensive practical recom-

mendations for prevention of brain damage.

Factors that play a role in developing neurological

complications can be divided into preoperative, operation-

related and postoperative.

P r e o p e r a t i v e  r i s k  f a c t o r s
Age is noted by researchers as one of the most signif-

icant risk factors for cerebral complications, associated

with a higher incidence of stroke and postoperative cogni-

tive dysfunction [2]. Increased risk of cerebral complica-

tions in patients of older age groups is mainly explained by

the presence of concomitant diseases, changes in the phar-

macokinetic characteristics of drugs used by elderly

patients, and their interaction with preparations for gener-

al anesthesia [3].

Sex. Despite a variety of strategies undertaken with

a protective goal during aortocoronary bypass surgery,

women have a higher risk of stroke and death in the early

postoperative period compared with men [4]. This may be

due to a relatively higher incidence of chronic heart fail-

ure and diabetes, and to the fact that women need cardio-

surgical interventions at an older age than men, when the

protective function of female sex hormones is reduced. As
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the research shows, women having specific anatomical

features of the coronary arteries and the shunting vein,

particularly, thinness and looseness of the vascular wall,

often need an emergency surgery, which also affects the

incidence of neurological complications [5]. Men have a

higher risk of developing postoperative delirium, due to

alcohol and psychotropic substances abuse [6].

Concomitant diseases. In 1999, researchers from

Papworth Hospital (Cambridge, UK) proposed the

EuroScore scale for risk assessment in cardiac surgery,

including not only the type of intervention, but also the

concomitant diseases [7]. Each factor associated with an

increase in mortality in heart operations is assessed in

points, and their total score is a risk indicator according

to EuroScore. The parameters taken into account

include: age, female sex, somatic diseases (chronic lung

diseases, septic endocarditis, pulmonary hypertension),

laboratory indicators (elevated serum creatinine level),

additional indications for surgery (emergency surgery,

critical condition of the patient before intervention,

manipulations on the thoracic aorta), characteristics of

the functional reserve of the myocardium (cardiac surgery

and a history of myocardial infarction, left ventricular

dysfunction, unstable angina, postinfarction rupture of

the interventricular septum). It also takes into account

the presence or absence of lesions of the extracardiac

arteries, signs of a previous brain injury with a severe neu-

rologic deficit. In addition, it is possible to assess the like-

lihood of the lethal outcome on the basis of logistic analy-

sis. The frequency of cerebral complications has been

shown to have a strong correlation with the result of

EuroScore in patients who underwent surgery under con-

ditions of artificial circulation [8].

Level of education and cognitive functions before sur-

gery. A high level of education in most cases serves as a

factor that reduces the likelihood of postoperative cogni-

tive dysfunction. This fact can be explained by the con-

cept of "cognitive reserve". According to this concept,

intellectual load during life, the character of profession-

al and leisure activities affect the congenital structural

and functional characteristics of the brain, increasing the

number of synaptic contacts and forming a buffer func-

tion, thereby increasing the ability to withstand damag-

ing effects [9]. Patients with an initially low level of cog-

nitive function, along with older patients, demonstrated

the development of postoperative cognitive dysfunction

significantly more frequently, which was accompanied by

detection of ischemic foci by neuroimaging [10].

Atherosclerotic lesions of the aorta are associated

with a higher risk of stroke. Given the need for cannula-

tion of the aorta during cardiac surgery and the possibil-

ity of damaging the atherosclerotic plaque with a subse-

quent episode of embolism, the risk of cerebral compli-

cation increases. Thus, in order to prevent episodes of

embolism, it is necessary to search for the least affected

part of the aorta, which is effectively accomplished by

applying additional examination techniques, the most

sensitive of which is intraoperative ultrasound aortic

aeration [11].

Morphofunctional changes in the heart, such as left ven-

tricular ejection fraction less than 50%, a high degree of

dilatation and remodeling of the ventricular cavity are pre-

dictors of the development of cardiovascular and cerebral

complications. Indeed, a decrease in the level of blood sup-

ply to the brain due to cardiac dysfunction leads to low

resistance to stress in hypoxic conditions [12].

Depression. Depressive disorders are observed in

approximately 20% of patients after coronary artery

bypass surgery. Anxious and depressive disorders increase

the asthenia of patients, negatively affect the quality of

life, the effectiveness of rehabilitation measures in the

postoperative period, and also increase the risk of long-

term cognitive decline [13].

F a c t o r s  a s s o c i a t e d  w i t h  t h e  o p e r a t i o n
Type and duration of anesthesia. Currently, there is

no clear answer to the question whether general anesthe-

sia is a triggering factor of exacerbation of existing cogni-

tive impairment, or acts as an independent risk factor

[14]. An important role in the development of cerebral

complications after cardiac operations is played by the

following factors observed in general anesthesia: inhibi-

tion of cholinergic transmission and release of pro-

inflammatory cytokines, increased permeability of mito-

chondrial membranes and their dysfunction, increased

toxic effects of glutamate and oxidative stress, depletion

of energy reserve of the cortex and subcortical forma-

tions, activation of apoptosis of nerve cells. Additionally,

dysfunction of the walls of small cerebral vessels,

impaired metabolism of intracellular calcium, and dis-

ruption of associative processes between neurons can be

mentioned [15].

Technical factors of the operation. The main patho-

physiological factors affecting the likelihood of develop-

ing neurological complications in cardiosurgical inter-

ventions include hypoperfusion, microembolism, non-

pulsatile character and disruption of autoregulation of

cerebral blood flow, arterio-venous imbalance, reperfu-

sion mechanism, systemic inflammatory response, dam-

age to the blood-brain barrier [16].

Cerebral hypoperfusion can develop before surgery due

to chronic heart failure, a low ejection fraction of the left

ventricle which tends to worsen during the application of a

device for artificial circulation, aortic clamping with low

arterial pressure during the intervention [17].

Intraoperative episodes of embolism may be caused

by microaggregates of blood cells appearing after the con-

tact with the materials of the apparatus for artificial circu-

lation (the so-called contact activation of blood coagula-

tion), by droplets of fat, gas bubbles, denatured proteins,

particles of plastic material. Arterial macroembolism leads

to the development of acute impairment of cerebral circu-

lation and is regarded as the cause of postoperative cogni-
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tive dysfunction. Thus, the embolic load, characterized by

the number of emboli or episodes of embolism, and the

degree of cognitive decline should be inextricably linked;

however, the studies of this hypothesis often do not confirm

this link, leading to contradictory results [18, 19].

Non-pulsatile blood flow allows maintaining the oxy-

gen and acid-base balance, blood lactate concentration at

the required level. However, such perfusion provokes the

processes of endothelial dysfunction and systemic vaso-

constriction, both during the operation and in the early

postoperative period, leading to an aggravation of cogni-

tive impairment [20].

In conditions of artificial circulation, the cerebral

blood supply depends to a greater extent not on the blood

pressure, but on the perfusion flow rate, which is subject

to numerous influences, leading to limitation and disrup-

tion of autoregulation of cerebral circulation, activation

of hypoxia mechanisms [21].

Duration of artificial circulation of more than 120–180

minutes can be regarded as a clinical model of acute glob-

al cerebral ischemia [22]. We have found a correlation

between the duration of the use of the artificial circulation

apparatus and the time of the appearance of the first signs

of consciousness after the operation, as well as the severity

of dysfunction of the stem structures and the cerebellum,

and the degree of cognitive dysfunction according to the

results of neuropsychological testing [23].

Temperature regimen during surgery. It is known, that

the protective effect of hypothermia is realized by slowing

the metabolism, reducing the need for oxygen, reducing

the release of excitatory neurotransmitters, inflammatory

factors and products of lipid peroxidation. However,

adverse effects are electrolyte imbalance, hypovolemia,

immunosuppression and changes in the pharmacokinetic

parameters of the drugs used perioperatively [24].

Hyperglycemia is often observed intraoperatively,

both in diabetic and non-diabetic patients. The mecha-

nism of this phenomenon is associated with transient

resistance to insulin under the conditions of operative

stress. Hyperglycemia is considered to be a risk factor for

neurological complications due to activation of anaerobic

metabolism, excitotoxicity, formation of reactive oxygen

species. It has been proved that intraoperative increase of

blood glucose level to more than 9.0 mmol / l is a predic-

tor of hyperaggregation of erythrocytes [25].

P o s t o p e r a t i v e  f a c t o r s
Postoperative pain and sleep disturbances.

Preparations of the opioid group are widely used for relief

of postoperative pain, but they are associated with gross

interference in the structure of the «sleep–wake» cycle.

Sleep disturbances reduce the threshold of sensitivity to

pain, which, in turn, worsens sleep even more, increasing

the need for prescribing opioid analgesics, thus forming a

vicious cycle. Additional undesirable effects of opiates

include increasing the level of blood acetylcholine, trig-

gering the mechanisms of excitotoxicity, causing a

decrease in cognitive function based on the results of neu-

ropsychological testing [26].

Factors associated with staying in a hospital, including

change of the habitual setting, noise of technical devices

for monitoring, have been shown in a few studies to have

adverse effects on sleep and cognitive function. [27].

Postoperative atrial fibrillation is one of the most

common complications of cardiosurgical interventions

and occurs in 5% – 40% of cases. Patients who experi-

enced atrial fibrillation in the postoperative period, have

attention disturbances and slower sensorimotor process-

es compared with patients without disturbances of the

heart rhythm [28].

V a r i a n t s  o f  b r a i n  d y s f u n c t i o n
There are several classifications of central nervous

system complications that arise after cardiosurgical inter-

ventions.

I. Classification proposed by Shaw PJ, 1986 [29]: 1)

Central nervous system complications: fatal brain damage,

non-fatal diffuse encephalopathy (decreased level of con-

sciousness, intellectual dysfunction, behavioral changes),

seizures, ocular complications, stroke, spinal cord injury;

2) Peripheral nervous system complications: damage to the

brachial plexus, peripheral neural disorders.

II. The systematization proposed by Wolman L.R. et

al., 1999 [30]: type I: death due to stroke or hypoxic

encephalopathy, non-lethal stroke, transient ischemic

attack, stupor or coma; Type II: impairment of intellectu-

al function, confusion, agitation, disorientation, memory

impairment, non-metabolic convulsive seizures without

signs of focal brain damage.

III. Classification of adverse cerebral outcomes,

proposed by the American Heart Association for on-

pump coronary artery bypass, 2011 [31]: 1) stroke; 2)

postoperative delirium; 3) postoperative cognitive impair-

ment. This variant of systematization has received the

widest distribution in clinical and scientific practice

because of its ease of use.

P e r i o p e r a t i v e  s t r o k e
Stroke is an acute disorder of the cerebral circulation,

characterized by a sudden (within a few minutes, hours)

appearance of focal and / or cerebral neurological symp-

toms that persist for more than 24 hours or lead to the

patient's death in a shorter period of time due to cere-

brovascular pathology [32].

Acute disorders of cerebral circulation, diagnosed in

patients who underwent cardiosurgical intervention,

occupy a leading position in the structure of nosocomial

strokes. Among patients after coronary artery bypass

grafting, this cerebral complication occurs with a fre-

quency of about 5%, and is one of important causes of a

decrease in the quality of life and mortality in the postop-

erative period [33].
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In the study of etiopathogenetic features of stroke in

cardiac surgery [34], based on the retrospective analysis of

case histories, the following results were obtained:

ischemic stroke was observed in 93.1% of cases; transient

ischemic attack – in 6.9% of cases. The majority of

patients had cardioembolic stroke subtype (74.1%), less

often atherothrombotic (9.3%), lacunar (1.9%), or cryp-

togenic (1.9%) subtypes, other causes accounted for

12.96%, including hemodynamic subtype in 1,9% of

cases. With a high degree of confidence, it can be stated

that the predominance of the cardioembolic stroke sub-

type is associated with the adverse effects of intraoperative

factors, particularly microembolism, and the severity of

cardiosurgical pathology. The development of stroke in

most cases is observed during the first three days after sur-

gery. Age over 70 years, history of acute cerebral circula-

tion disturbances and kidney failure are considered to be

the most important risk factors for the development of

postoperative stroke [35].

It is interesting to note, that in patients with two or

more risk factors, cardiosurgical intervention on the work-

ing heart was accompanied by a lower incidence of stroke,

compared with the use of artificial circulation devices [36].

However, other authors argue that the risk of cerebral com-

plications is associated with any kind of heart or aortic sur-

gery, and the fact of using artificial circulation devices does

not necessarily lead to a high probability of stroke [37]. The

question of whether the risk of stroke depends more on the

type of intervention, or duration of the use of cardiopul-

monary bypass, remains the subject of discussion. It has

been demonstrated that the duration of artificial circula-

tion of more than 120 minutes may be regarded as an inde-

pendent risk factor for acute impairment of cerebral circu-

lation [38].

A study of atherosclerotic vascular lesions in

patients who had a stroke after a cardiac surgery has

shown that assessing the morphological status of the

carotid arteries alone does not provide comprehensive

information about the risk of stroke. It was concluded

that for the timely initiation of preventive measures,

information on the state of the neck vessels in the preop-

erative period should be complemented by the study of

the intracranial arteries; and that MR angiography has a

greater diagnostic value than duplex scanning [39].

Thus, the specific features of stroke after cardiac sur-

gery include the cardioembolic subtype and an increased

risk of instability of the systemic hemodynamics. Late

clinical diagnosis, possible limitations of neuroimaging

(e.g, metal staples for sternal stapling), frequency of sub-

compensated concomitant diseases, contraindications to

thrombolytic therapy are important factors[16].

P o s t o p e r a t i v e  d e l i r i u m
Postoperative delirium is an acute psychotic state

that lasts for a short time after surgery and is manifested as

confusion not associated with an existing or developing

neurocognitive disorder (such as dementia or stroke) [40].

Its main characteristics are qualitative disorder of con-

sciousness, hallucinations, psychomotor agitation, distur-

bances of the sleep-wake cycle.

In cardiosurgical practice, delirium occurs in about

30% of patients; this is the highest rate in comparison

with other types of surgery [41]. It typically develops in

the early postoperative period – within 3 days. Despite

the fact that this complication is a transient condition, it

has been shown to be associated with a high risk of hos-

pital infections, distant cognitive impairment, mortality,

and prolonged hospital stay [42].

Depending on the specific clinical manifestations,

three subtypes of delirium are distinguished: hyperac-

tive, hypoactive and mixed. The hyperactive type is

characterized by pronounced psychomotor activity,

increased excitability, anxiety, persistent and loud

speech. The hypoactive type is manifested in attention

disturbances, detachment, apathy, decreased motor

activity, and quiet monotonous speech. In a mixed type,

the patient's activity level may vary. It is believed, that

delirious psychomotor agitation with concomitant pro-

ductive symptoms reflects the initial stage of pathologi-

cal changes in the macro- and microstructures of the

central nervous system, leading to an increased risk of

irreversible dystrophic changes in the brain structures.

Patients who have developed delirium in the postopera-

tive period are characterized by a threefold increase in

the risk of long-term cognitive impairment within 12

months after the operation, and tenfold – for several

years. Compared to patients who have not experienced

delirium, they often need the help of others in their daily

activities. [43].

The most sensitive predictors of delirium develop-

ment after cardiac surgery are: age over 70 years, initial

cognitive deficit, atherosclerosis of the ascending aorta,

previous history of stroke and atrial fibrillation, risk of

operation according to EuroSCORE more than 5%, left

ventricular ejection fraction less than 40%, diabetes mel-

litus and depressive disorders [44].

According to the results of numerous studies, the

probability of delirium development does not correlate

with the severity of postoperative cognitive dysfunction

[45]. There are conflicting data on the relationship

between the development of delirium and duration of the

use of an apparatus for artificial circulation [46]. The risk

of delirium development was shown to correlate with the

duration of aortic clamping during surgery [47].

P o s t o p e r a t i v e  c o g n i t i v e  d y s f u n c t i o n
Postoperative cognitive dysfunction is a change in the

functional and morphological state of the cerebral cortex

mainly of the vascular genesis, which is observed in the

postoperative period and is characterized by a decrease in

memory, difficulty in concentrating, impairment of speech

and other higher cortical functions [48].
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Postoperative cognitive dysfunction, often of a per-

sistent nature, reduces patients' compliance, their quality

of life, social and household adaptation [49].

The prevalence of cognitive impairment after coro-

nary artery bypass grafting is high: it develops in 50% –

80% of patients in the early postoperative period, in 20% –

50% in 2 months and in 10% – 30% of patients 6 months

after the operation [50].

The structure of cognitive impairments in the post-

operative period is described in numerous publications.

The most frequently observed impairments are disorders

of attention, speech, counting, memory, a tendency to

slow thinking, difficulty in spatio-temporal organization

and abstract thinking. Cognitive function in the attention

domain is more frequently disturbed than memory. Of the

memory impairments, one third of the patients had dis-

turbances of delayed reproduction, and, less often, in

recognition. According to L.A. Bokeria et al. [51], a

short-term memory impairment is the most prominent

manifestation of postoperative cognitive dysfunction. In

addition, after operations on the open heart, disturbances

of nonverbal memory and visual-spatial construction are

the most pronounced [52].

Contradictory data were obtained when investigating

the problem of recovery of the disturbed functions. A num-

ber of authors argue that the phenomena of cognitive

decline are subject to gradual regression in the postopera-

tive period (within several months) [53]. Other authors

note that cognitive dysfunction may persist for several

months and even years, and a disorder of the auditory

memory can be regarded as a predictor of such persistence

[54]. Some researchers have shown aggravation of cogni-

tive impairments and their faster transformation into per-

sistent disorders. Thus, in patients who underwent coro-

nary artery bypass surgery, the prevalence of dementia was

significantly higher in the period of 7.5 years after the oper-

ation than in general population [55]. The authors believe

that this result is heavily influenced by the initially low

result of neuropsychological testing and the presence of

cerebrovascular diseases. Other predictors of long-term

and persistent cognitive decline include such factors as age

over 70 years, duration of aortic clamping, and the use of

an artificial circulation device [56].

C o n c l u s i o n
The results of the analysis of literature devoted to

the study of etiological factors, pathogenetic mecha-

nisms and clinical features of posthypoxic encephalopa-

thy in patients after cardiosurgical interventions indicate

that the factors contributing to the onset of cerebral

complications are diverse. Along with the factors of the

operation itself, factors characterizing the adaptive capa-

bilities of patients (age, sex, concomitant diseases, edu-

cation level, etc.) deserve attention, as well as environ-

mental factors. A special place is occupied by technical

features of operations performed using an apparatus of

artificial circulation. On the one hand, they allow to

effectively carry out the process of myocardial revascu-

larization; on the other hand, hypoperfusion, embolism

and other factors can cause different variants of brain

dysfunction.

Current classifications of cerebral complications

developing after operative treatment of cardiac pathology,

as well as unrelenting interest of researchers to this prob-

lem, point out to its significance.

Postoperative stroke is the most serious complication

of cardiosurgical interventions, characterized by high

prevalence. Its specific features, such as a predominantly

cardioembolic subtype and contraindications to throm-

bolytic therapy, indicate the need for timely preventive

measures, including the impact on possible risk factors,

especially intraoperative ones.

The problem of postoperative cognitive impairment

continues to be extremely prevalent and relevant, because

of a decrease in the quality of life of patients, and a

decrease in adherence to treatment. After using surgical

methods of treatment, the manifestations of coronary heart

disease become less pronounced, and it is cognitive dys-

function that causes a change in the optimal level of daily

activity and, thus, becomes an important problem for both

neurologists and physicians.

Thus, further studies of the causes and mechanisms

of perioperative damage to the structures of the central

nervous system will allow to optimize surgical interven-

tions, and are of paramount importance.
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