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Abstract

The present literature review presents current views on pathophysiologic aspects of the formation and progression
of cognitive disorders in chronic heart failure in elderly patients. Advanced age itself is an important predictor of the
development of cardiovascular, neurodegenerative and other diseases. Involutive changes of cardiovascular system are
known to potentiate the development of chronic heart failure. Heart failure in older people usually develops gradually.
Formation of the cognitive deficit in heart disease is associated with chronic cerebral ischemia as well as a cascade of
neurochemical processes occurring in the brain, eventually forming a vicious circle. Often the symptoms of cerebral
ischemia due to reduced stroke volume occur much earlier than congestion signs in other organs and systems. Chronic
cerebral ischemia that occurs due to violation of cerebral hemodynamics, is associated with both extracerebral and
intracerebral causes, which in turn contributes to the development of chronic brain hypoxia and aggravation of cognitive
dysfunction. Thus, the features of the development and course of disease in people of older age groups indicate that in
geriatric practice existing diagnostic schemes are not always applicable. When observing patients of elderly and senile
age with chronic heart failure, during the assessment of their condition and running diagnostic tests, special attention
should be payed to the earliest detection of cognitive dysfunction signs in order to correct the patient's treatment and

improve quality of life.
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With a significant increase in the elder-
ly population and in the prevalence of chron-
ic heart failure in this group, this pathology in
elderly has been recently labeled as “cardio-
geriatric syndrome” [1].

Chronic heart failure is a highly prevalent
pathology of the cardiovascular system and is
characterized by extremely unfavorable prog-
nosis and significant economic costs [2,3]. The
most frequent causes of chronic heart failure in
elderly population include ischemic heart di-
sease, arterial hypertension, and type 2 diabe-
tes mellitus [4]. These diseases either alone or
in combination contribute to the initiation of
the cardiovascular continuum, which has fatal
outcomes [2,4].

Physiological changes in the body associat-
ed with aging contribute to the development of
chronic heart failure [1, 2]. This is due to an
age-induced decrease in the amount of cardio-
myocytes and changes in the cardiac muscle
connective tissue (including amyloid accumu-
lation). Moreover, irrespective of the blood
pressure level, age induces myocardial stiff-
ness and moderate physiological hypertrophy,

resulting in the development of ventricular dia-
stolic dysfunction. Structural changes in valves
(fibrosis and calcification) and impaired exci-
tability and conductibility that develop with a
decrease in the number of functional cells in
the sinus node and cardiac conduction system
can cause a decrease in systolic myocardial
function [5].

In elderly patients, age-related changes and
concomitant diseases often alter heart failure
symptoms and objective examination findings;
however, the diagnostic criteria for heart fai-
lure in the elderly are similar to that of in gen-
eral population [6].

Recently, elderly patients with cardiac pa-
thologies and with moderate to pronounced
signs of intellectual and amnestic dysfunction
are being examined more carefully. Old age is
the strongest and the most common indepen-
dent risk factor for higher cerebral (cognitive)
dysfunctions [7]. With the increase in the el-
derly population, the number of elderly patients
with cognitive disorders has also increased.
Advances in studies involving the patho-
physiology and neurochemistry of cognitive
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disorders, along with new breakthroughs in neu-
ropharmacology, have led researchers to consi-
der cognitive disorders as partly curable [8].

Cognitive disorders involve subjectively
and/or objectively detectable, impaired, higher
cerebral functions with regard to the initial in-
dividual or average, age-related, educational
level and are due to the organic pathology of
the brain responding various etiologies, ulti-
mately affecting the learning efficiency and
professional, household, and social activities
[9]. In elderly, hemodynamic changes occur
along with involution in structural and mor-
phological features of the brain.

With age, the brain undergoes numerous,
regular changes, which weaken the concentra-
tion and operative memory and are considered
negligible and can be compensated by life ex-
perience [9, 10]. However, in addition to normal
physiological changes, aging is often accompa-
nied by chronic neurological diseases that lead
to more pronounced cognitive disorders. Thus,
age is the strongest risk factor for neurodege-
nerative and vascular diseases of the brain [11].

Cognitive disorders are diagnosed in pa-
tients when one or more cognitive functions
of the brain, such as, memory, gnosis, speech,
praxis, and intellect, deteriorate in relation to
the individual norm for that patient [12]. With
age, the number and density of dopamine re-
ceptors in the brain decrease, ultimately
decreasing the content of dopamine in the sub-
cortices of the brain. Consequently, in addition
to motor symptoms (impoverishment mimics,
bradyphrenia, stooped posture, and shuffling
gait), “dopamine-sensitive” cognitive symp-
toms develop. Along with the age-related de-
velopment of vascular diseases, the response
speed decreases, difficulty in absorbing and
implementing a new program of action increa-
ses, and attention level and operative memory
decreases. The most significant changes oc-
cur between 45 and 60 years of age. In cere-
brovascular diseases, cognitive deficiency is
most commonly recorded among patients with
chronic cerebral ischemia [10, 13].

Of all organs of in the body, the brain de-
mands the highest blood flow intensity (20% of
the minute volume of the blood flow). On an
average, the cerebral blood flow in 20-35 year-
old people amounts to 75—-80 ml per 100 g me-
dulla per minute and is reduced by 2.5-3.5 ml
every 10 years, reaching 60—65 ml per 100 g
medulla per minute at the age of >70 years. The
most significant changes with regard to cereb-
ral blood flow are noted in the frontal, tempo-
ral, and parietal regions [14].
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The cerebral blood flow per minute de-
pends on the perfusion pressure in the main
arteries of the head and the resistance of the
intracranial vessels. Perfusion pressure is the
difference between the arterial pressure, which
ensures the movement of arterial blood, and
the venous pressure, providing outflow of the
arterial blood. Regulation of blood flow per
minute, which caters to the metabolic needs of
the brain, in the absence of obstructions to the
blood flow in the brain-supplying arteries and a
sufficient minute volume of the heart are regu-
lated by changes in the lumen of the intracereb-
ral vessels. Thus, with a small decrease in the
perfusion pressure, cerebral vessels expand in
a compensatory manner, and the blood flow is
maintained by the reduction in the resistance
of cerebral vessels, both large and small. Pro-
gressive decrease in perfusion pressure leads to
a decrease in the cerebral blood flow per min-
ute. Thus, the blood flow per minute can be al-
tered not only by lesions of the main arteries
but also by changes in systemic hemodyna-
mics, which are determined by the state of the
heart and extracerebral vessels [14, 15].

Cognitive disorders develop as a conse-
quence of cerebral vascular lesions and non-
cerebral causes resulting in cerebral circulation
pathologies. Among non-cerebral causes disor-
ders of systemic hemodynamics play a major
role and result in chronic insufficiency of ade-
quate blood supply to the brain [16].

Recently, chronic heart failure has been
identified as a major factor involved in the de-
velopment of chronic cerebral hypoxia and
ultimately in the development of cognitive dys-
function along with arterial hypertension and
coronary heart disease [17]. For the pathoge-
nesis of chronic disorders of the cerebral circu-
lation, reflex vascular mechanisms are crucial
at virtually any level of the circulatory sys-
tem and the disorder of reflexogenic zones of
large vessels, especially the internal carotid ar-
tery and the sinocarotid zone, which regulates
an adequate ratio between intra- and extracra-
nial pressure.

Chronic heart failure is associated with dis-
ordered sinocarotid zone, and progression of
the impairment results in the zone itself parti-
cipating in the formation of these conditions.
In addition, both decreased and increased exci-
tability of the carotid sinus, as well as its al-
tered reactivity, lead to impaired cerebral
circulation. Further in the course of the patho-
logical process, the regulatory effect of carotid
sinus on the cerebral blood circulation is elimi-
nated; subsequently, the carotid sinus passively
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obeys changes in the general circulation of the
blood. In addition, adaptive mechanisms that
protect cerebral circulation against significant
fluctuations from changes in total blood pres-
sure are impaired. Thus, a defective sinocaro-
tid system is unable to maintain the required
pressure in cerebral vessels; the pressure fur-
ther decreases with cardiovascular insuffi-
ciency, thereby aggravating cerebral vascular
insufficiency.

Any organic lesion of the vessel (such as
atherosclerotic plaque and thrombus) can also
induce pathological impulses and, subsequent-
ly, maintain the spasm condition in the neigh-
boring arterial branches (vaso-vasal reflex).
Therefore, the severity of the disorder depends
mainly on the concomitant spasm of the vascu-
lature and partly on mechanical obstructions to
the blood flow. The differing etiologies of vas-
cular lesions may result in a cerebral circulato-
ry insufficiency in either a fully or a partially
inactive vessel bed, which develops due to gap
between the demand and supply of blood to the
brain [18].

In people >70 years of age, atherosclerotic
lesions of the extra- and intracerebral arteries
of the neck and head are predominant causes
for the pathogenesis of chronic cerebral circu-
lation disorders. In such patients, the severity
of the constrictive lesion of the vessel lumen
along with the extension of the lesions to other
vascular beds plays an important role. Addi-
tionally, in this case, the role of severe arterial
hypertension as the main cause in the patho-
genesis of chronic cerebral circulation disor-
ders is reduced.

Reportedly, the number of combinations
of atherosclerotic lesions of the main vessels
of the neck and head with mild and moderate
forms of arterial hypertension has increased.
A decrease in the cardiac output or a change in
the contractile function of the heart contributes
to the deterioration of cerebral hemodynamics,
thereby developing and aggravating the course
of chronic cerebral ischemia [18, 19].

Maintaining a stable brain working capa-
city is associated with high energy demands.
At the same time, nervous tissues have highly
limited energy resources; thus, ensuring con-
sistent high perfusion pressure is indispensable
for maintaining the optimal functional activi-
ty of the brain. The driving link in the pathoge-
nesis of cerebrovascular disorders in elderly
patients can be oxygen deficiency. To ensure
that the constant need of brain tissue with re-
gard to energy substrates and oxygen is met,
approximately 14% of the total circulating

blood volume, corresponding to approximately
20% of the total oxygen consumed by the body,
should flow through the brain,.

Hypoxia, resulting from chronic heart fai-
lure in elderly patients, aggravates cerebral cir-
culation disorders. These disorders result in
metabolic shifts, changes in oxidation-reduc-
tion processes, accumulation of under-oxidized
metabolic products, and development of intra-
and extracellular acidosis, capillary trophic
insufficiency, and cerebral edema. On the con-
trary, cerebral hypoxia and ischemia disrupt
the central vegetative mechanisms of blood
circulation regulation, which aggravates the
course of cardiac pathology, thus resulting in a
vicious circle. Given these mechanisms, heart
failure increases the risk of cognitive disorders
by a factor of 2 [20].

Clinically, the evaluation of cognitive dys-
function should be considered as a promising
way for early prediction of intellectual and am-
nestic disorders, which can be asymptomatic
for a long time along with an underlying car-
diovascular system disease.

Thus, chronic heart failure in older pa-
tients in combination with cognitive disor-
ders represents a complex medical and social
issue. The difficulty in diagnosis and the lack
of clear algorithms for treating elderly patients
make this problem extremely important to im-
prove the quality and prolonging the life of el-
derly patients.
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