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ABOUT THE BASICS
OF COMPREHENSIVE
GERIATRIC ASSESSMENT

Abstract

The article covers the principles of comprehensive geriatric assessment — an interdisciplinary diagnostic procedure
aimed at developing a plan of treatment, long-term monitoring and support of an elderly person. The components of
a comprehensive geriatric assessment, including the determination of physical, functional, psychological and social
status of the subject, are reflected. During the process of analyzing the patient’s physical status, the age-related
features of the functioning of various organs and systems, knowledge of which is necessary for the development of
a targeted geriatric care strategy, should be taken into account. Involution of the respiratory organs is characterized
by a decrease in the respiratory surface, atrophic processes in the mucous and lymphoid tissues, and an increased risk
of developing bronchoobstructive syndrome. Degenerative-sclerotic changes in the cardiovascular system contribute
to the development of circulatory failure, sinus node dysfunction, increased sensitivity to stress factors, orthostatic
hypotension, etc. With age, the secretory function of the gastrointestinal tract decreases, and the functional ability of
the liver is limited. Reducing the reserve capacity of the kidneys provokes the development of inflammatory processes
and contributes to the dehydration of the body. In older people, the risk of developing diabetes, hypothyroidism and
hyperparathyroidism increases. The growth of connective tissue in the blood-forming organs limits the functionality
of the blood system. Age-related changes in the musculoskeletal system are characterized by a decrease in muscle
mass and the development of osteoporosis. Drug therapy is also being analyzed, since polypharmacy in the elderly
is associated with a particularly high risk of developing side effects of the drugs. Assessment of the functional status
implies the determination of the self-service ability and the degree of a person’s independence from the help of others
by his/her ability to perform basic functions, activities in everyday life and instrumental activity. The psycho-emotional
status is judged by the emotional background of the patient and his/her cognitive functions. Social and household
status is estimated by the living conditions of an elderly person. Based on the results of a comprehensive geriatric
assessment, an individual management plan is drawn up, the implementation of which is possible with the combined
efforts of the geriatrician and a team of medical specialists, relatives, and social workers.
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Old age needs so little

but needs that little so much.

Margaret Willour

Relevance assessment efficacy conducted in 1993 showed that

Around the world, one of the central health and
social problems is the preservation of the health
and quality of life of senior citizens. Physiologi-
cal aging and geriatric attention are aimed at an
adverse variant of this process which is senile asthe-
nia. In Russia, this syndrome is observed in 84 % of
people of elderly and senile age, while in Germany
this figure is 66.4 %, Finland — 60 %, USA — 55 %,
Switzerland — 50 %, Belgium — 40 %. Reduction
of physical and functional activity in senile asthe-
nia leads to the development of dependence on
physical assistance in everyday life and deteriora-
tion of health prognosis. Diagnosis of senile asthe-
nia syndrome is based on a comprehensive geriat-
ric assessment (CGA), which, in turn, is the basis for
the organization of medical care for elderly people
[1,2,7,9,13,15].

Background

For many years, it was believed that diseases in
elderly people have, in the vast majority of cases,
a poor prognosis. In 1943, the British physician
Marjorie Warren published an article which for
the first time confirmed the potential reversibility
of health problems in elderly patients. According
to the author, the specific needs of this group of
patients, unlike young people, justify the need for
a special approach in providing them with medical
care, which should be carried out by a team consist-
ing of doctors of different profiles, nurses and social
workers. Marjorie Warren also proposed to divide
the elderly into groups taking into account their
degree of dependence on others. This approach
formed the basis for a comprehensive assessment
of the health of elderly patients, which was gradu-
ally improved.

In 1963, WHO proposed todivide elderly peopleinto
socially active, individually active and dependent on
others, i.e. along with the physical condition to assess
the ability of a person to maintain activity in every-
day life. The analysis of comprehensive geriatric

this approach can reduce mortality by 18 % and the
risk of re-hospitalization — by 12 %, increase cogni-
tive function by 41 %, and return 25 % of patients to
independent living (7, 10].

Definition

Comprehensive geriatric assessment is a method of
examination that includes determination of physi-
cal, functional, psycho-emotional and social status
of an elderly person with the subsequent devel-
opment of an action plan to improve the quality
of life.

Components
of a comprehensive
geriatric assessment

1. Physical status

The analysis of the health status of an elderly person
is based on the knowledge of age-related changes
in organs and systems, which are more or less char-
acterized by the development of dystrophic, scle-
rotic processes and a decrease in the reserve capac-
ity of the body. Significant senile involution can
reduce the quality of life. However, understanding
the pathogenesis of body functioning in elderly
patient allows to give a correct assessment of the
results of his/her examination and to develop a tar-
geted strategy of geriatric care.

The respiratory system with age is characterized
by the development of chest deformation due
to degenerative changes in the vertebral bodies
and intervertebral discs, as well as by decrease in
the elasticity of the lung parenchyma, which can
lead to the formation of senile emphysema and
a decrease in the respiratory surface by 40-45 %,
contributing to dyspnea even with low physi-
cal activity. Atrophic changes in the tracheal
and bronchial mucosa along with involution in
lymphoid tissue significantly increase the risk of
inflammatory respiratory diseases and contribute
to their torpid course. The number and sensitivity
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of p2-adrenergic receptors in the bronchi decrease
with age, while the density of cholinergic recep-
tors remains unchanged, and the obstructive syn-
drome can be the consequence not only of chronic
obstructive pulmonary disease, but also cardio-
vascular diseases, cancer, side effect of pharmaco-
therapy, the impact of environmental factors, etc.
Fibrosis of capillaries with an increase in brittleness
provokes hemoptysis when straining and heavy
coughing.

Morphofunctional state of the cardiovascular system
is also characterized by sclerotic changes with
an increase in the number of collagen fibers, a
decrease in the number of elastic fibers and muscle
atrophy. As a result of these processes, the vascu-
lar wall becomes rigid, blood flow and pulse wave
velocity, and peripheral resistance increase, which
causes senile systolic hypertension. Degenerative
and sclerotic changes in the myocardium lead to a
decrease in shock ejection, impaired diastolic relax-
ation, contributing to the development of heart
failure. In the endocardium, the formation of valve
calcification is possible, which is most often mani-
fested by aortic stenosis or mitral valve prolapse.
Because of fibrous degeneration in the cardiac
conductive system, the number of cells generat-
ing and conducting impulses decreases (by the age
of 80 years 10 % of pacemaker cells remain in the
sinoatrial node from their number at a young age),
which causes dysfunction of the sinus node, a ten-
dency to bradycardia, atrial fibrillation, ventricular
premature beats, various forms of blockade. With
the development of sick sinus syndrome, episodes
of tachy- and bradycardia are observed, which
cause sudden dizziness, syncopal state and loss of
consciousness.

It should be borne in mind that the elderly heart
is characterized by a higher sensitivity to psy-
cho-emotional stress, as well as to effects of factors
such as alcohol, smoking, infection, intoxication,
drugs, etc.

Elderly people are characterized by instability of
blood pressure (BP) with fluctuations from high to
low values up to orthostatic collapse, which is asso-
ciated with a weakening of neurohumoral regula-
tory mechanisms. In this regard, the use of antihy-
pertensive drugs, neuroleptics, benzodiazepines,
antiparkinsonian agents may be accompanied
by the development of orthostatic hypotension.

The detection of low BP is of great clinical impor-
tance. The reduction of BP increases the risk of
Alzheimer’s disease, and the reduction of diastolic
BP to 60 mm Hg or lower exacerbates myocardial
ischemia and reduces life expectancy. It is shown
that ideally selected for geriatric patient hypoten-
sive therapy in hospital conditions after discharge
from the hospital can cause severe hypotension up
to cardiovascular disaster, due to the expansion of
physical activity. It should be borne in mind that
in elderly people, the relationship of hyperten-
sion with increased mortality has been proven for
“strong” patients, while “fragile” patients have no
such relationship. The impact on the quality of life
of life-long therapy with antihypertensive drugs has
not been studied. According to study results, BP in
long-living persons is directly correlated with cog-
nitive functions, and the decrease in BP to less than
130 mm Hg does not reduce the risk of cardiovas-
cular disease. In this regard, the recommended fig-
ures of BP in persons under 80 years are not more
than 140 mm Hg, at the age over 80 years — up to
150 mm Hg in “strong” patients and up to 180 mm
Hg — in “fragile” patients [3, 6, 7].

Involution of the digestive system is characterized
by atrophic changes throughout the gastrointesti-
nal tract. Reducing the filamentous papillae of the
tongue violates the perception of taste and reduces
appetite. Decrease in secretory activity of the sali-
vary glands along with the loss of teeth causes dif-
ficulty in the mechanical processing of food and
digestive disorders in the oral cavity. There is also
a decrease in secretory function of the stomach,
pancreas (the mass of pancreatic tissue with age
is reduced by 1.5-2 times), and violation of pari-
etal digestion and absorption processes. All these
changes contribute to weight loss with aging.
An unfavorable aspect is a decrease in body weight
by 6.5 % for 6 months or 5 % for 1 month. A body
mass index of less than 20 kg/m? increases the risk
of osteoporosis, while a value of 30 kg/m? is associ-
ated with the lowest mortality.

With age, the weight of the liver decreases, which
is most pronounced in persons older than 80 years.
Limitation of liver function (synthetic function,
detoxification) is manifested in psycho-emotional
stress, eating disorders, diet violation, the influence
of adverse environmental factors, poisoning, the
use of a number of drugs.
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The urinary system is characterized by renal tissue
sclerosis, which leads to the loss of 1/3-1/2 of the
nephrons with age, which causes a limitation of
the reserve capacity of the kidneys under stress, for
example, the phenomenon of renal failure can be
observed in unilateral pyelonephritis. Pyelonephri-
tis is the main nephrological problem in geriatrics,
which is facilitated by age-related disorders of the
urodynamics and blood supply to the kidneys, as
well as deterioration of immunity. The preva-
lence of pyelonephritis in the elderly increases by
4-5 times. However, the clinical symptoms of the
disease are often subclinical. There are no such
local manifestations as dysuria, lower back pain,
and intoxication syndrome prevails — weakness,
adynamia, lack of appetite, sleep disturbance, con-
fusion, etc. Most cases of bacterial shock in acute
attack of pyelonephritis are observed in elderly
people.

Sclerosis of the bladder wall reduces its capacity,
which causes increased frequency of urination.
The weakening of the sphincter function leads to
urinary incontinence, and, indirectly, can cause
the fall of an elderly person with a hasty rise, espe-
cially at night.

Patients suffering from urinary incontinence often
try to limit fluid intake, which leads to dehydra-
tion, aggravating orthostatic hypotension. The
risk of dehydration increases with age also due
to a decrease in the feeling of thirst and appetite,
a decrease in the activity of the antidiuretic hor-
mone and the sensitivity of the kidneys to it. Severe
dehydration increases the risk of falls and mortal-
ity in elderly patients. Diagnosis of this disorder at
the initial stages is based on the detection of dry
tongue, reduced skin turgor, orthostatic BP reduc-
tion and weight loss.

One of the main changes in endocrine organs is a
decrease in the endocrine function of the pan-
creas. In this regard, age is considered as a diabetes-
inducing factor (the second most important after
obesity). The incidence of diabetes mellitus in per-
sons over 60 years is 10 %, older than 80 years —
20 %, while in the population — up to 5 %.
However, the elderly age is characterized by a vio-
lation of adaptation mechanisms against hypogly-
cemia. For this reason, a decrease in blood sugar,
which is a stress for the body, accompanied by
the release of catecholamines, increases the risk

of cardiovascular events — rhythm disturbances,
myocardial infarction, stroke, retinal hemorrhage,
etc.,, up to fatal. Detection of hypoglycemia is an
important task in the supervision of elderly patients,
and it should take into account the typical subclini-
cal nature of adrenergic signs, such as excitement,
sweating, hunger, etc., and the prevalence of neu-
roglycopenic symptoms — asthenia, headache, dis-
orientation, behavioral disorders.

The decrease in blood sugar in older people not
suffering from diabetes is usually associated with
violations of the diet.

With age, the prevalence of hypothyroidism
increases, and it occurs in 10-15 % of women older
than 60 years. In this case, the clinical pattern of the
disease is largely similar to age-related changes —
memory loss, slowness, dry skin, etc. This disease is
diagnosed by the level of thyroid-stimulating hor-
mone, the determination of which is provided in
the process of CGA.

Among endocrine pathology, parathyroid ade-
noma — primary hyperparathyroidism — 1is the
third most common after thyroid diseases and dia-
betes (1-2 cases per 1,000 people). The peak inci-
dence falls at the age of 60. Clinical manifestations
are due to the violation of calcium and phosphorus
metabolism — osteoporosis, urolithiasis, etc. One of
the main laboratory signs of the disease is increased
blood calcium, the determination of which 1is
included in CGA (7, 11,12, 17].

In hematopoietic organs, connective tissue grows
with age, as a result, the volume of hematopoietic
tissue in persons older than 70-75 years can be
about 30 % of its volume in young people. Clini-
cally, these changes are manifested in stresstul situ-
ations — with intoxication, infection, psycho-emo-
tional and physical activity, etc. Due to the limited
functionality of the blood system in the elderly,
leukocytosis with a shift to the left is rare, inflam-
matory processes are more torpid in nature. Res-
toration of blood cell composition after blood loss
occurs twice as slow. Chronic blood loss from the
gastrointestinal tract is the most common cause of
iron deficiency anemia in the elderly. Atrophic pro-
cesses in the gastric mucosa are accompanied by
the development of B12-deficiency anemia. Tissue
hypoxia also contributes to the appearance of age-
related “stiffness” of red blood cells, which com-
plicates microcirculation and tissue metabolism.
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The weakened reaction of lymphocytes against
mutagens provokes cancer.

With age, there are significant changes in the pro-
tein spectrum of blood plasma — there is a shift
towards coarse proteins, which is associated with an
increase of up to 40 % in the erythrocyte sedimen-
tation rate after 60 years.

Age-related changes in the musculoskeletal system
are characterized by the involution and atrophic
processes in the muscles, articular apparatus, car-
tilage and bone tissue. Degenerative changes in
skeletal muscle, or sarcopenia syndrome, leads to
a gradual loss of muscle mass, the reduction of
which after 50 years is 10 % every decade, with the
most pronounced atrophy in the muscles straight-
ening the trunk. Sarcopenia is accompanied by a
decrease in muscle strength and walking speed,
and causes a fear of fall. Degenerative and dystro-
phic changes in the connective tissue structures
of the joint provoke ruptures of tendons and liga-
ments (the most frequent are ruptures of tendons
of the shoulder muscles, the long head of the
biceps, the posterior tibial tendon, the patellar liga-
ment and the heel tendon). Degenerative changes
in cartilage are accompanied by calcification and
even ossification with the development of osteoar-
thritis, most often affecting the interphalangeal,
knee, hip, shoulder joints and spinal joints. The
main consequence of the involution and atrophy
in bone tissue is osteoporosis.

After 60 years, one of the main reasons for the
development of osteoporosis is a negative calcium
balance, due to a decrease in the use of dairy prod-
ucts and a violation of their absorption as a result
of a decrease in the formation of hydrochloric
acid, atherosclerosis of intestinal vessels, as well as
a deficiency of vitamin D, mostly formed in the
skin under sunlight exposure. The lack of calcium
stimulates the production of parathyroid hormone,
which facilitates calcium release into the blood
from bone tissue, which is accompanied by bone
destruction.

Clinical symptoms of osteoporosis are a decrease
in height by 4 cm or more compared to the age
of 25 years or 2 cm per 1-3 years, the distance
between the back of the head and the wall of 5 cm
or more, and between the lower ribs and the ilium

of less than 2 cm, and swelling of the abdomen.
Instrumental methods for diagnosis of osteoporo-
sis are densitometry, skeletal radiography, reveal-
ing osteoporotic fractures. For densitometry, the
“gold standard” is dual-energy X-ray absorptiom-
etry. If during the evaluation of complaints, history,
physical examination and spinal radiography low
traumatic fractures are not detected, the decision
on therapy for osteoporosis is made on the basis of
a 10-year probability of developing low traumatic
fracture, which is determined according to FRAX
scale (Fracture Risk Assessment Tool). The FRAX
evaluation is highly recommended to people who
are not able to undergo densitometry (unavailabil-
ity of equipment) and in cases when densitometry
revealed osteopenia. It should be emphasized that
the presence of low-traumatic fractures in the his-
tory, especially multiple, is an indication for ther-
apy regardless of densitometry and FRAX score.
The condition of the patient’s vision is assessed by
the ability to read text, drug names, and to rec-
ognize people. Capacity for hearing is judged by
whether the subject asks again or not. It should be
borne in mind that older people hear lower fre-
quencies better.

When conducting CGA the ongoing drug therapy
is also analyzed. It is important to note that poly-
pragmasy in the elderly is associated with a higher
risk of side effects due to the increased sensitivity
of the body to drugs, so their number should be
as limited as possible. Preference is given to drugs
aimed at the treatment of the most prognosti-
cally significant diseases — coronary heart disease,
hypertension, atrial fibrillation, heart failure, dia-
betes. In addition, elderly people are not recom-
mended to receive generic drugs*, because their
use 1s characterized by a higher frequency of side
effects compared with original drugs.

Special attention is required for drugs, the use of
which involves dose control (hypotensive, hypogly-
cemic), as well as drugs that are often abused by the
elderly (sedatives, Corvalol, etc.).

In the process of CGA, bad habits are also clarified,
especially since sensitivity to their adverse effects
increases with age, the facts of harmful environ-
mental effects, as well as working conditions in the
history [3-5, 8].

* Generics may differ from the original drugs by the composition of excipients.
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2. Functional status

The possibility of self-service and the degree of inde-

pendence on the help of others by person’s ability

to perform basic functions, activities in everyday
life and instrumental activity are determined.

Daily activity of the subject characterizes their abil-

ity to independently eat, dress, go to the toilet, wash,

move around the room, etc.

To assess ability to perform basic functions, patient

is asked to:

+ put his/her hands behind the head, behind the
back at waist level (ability to comb, dress, perform
hygienic procedures);

* touch his/her thumb on the opposite leg when
seated (ability to wear shoes, cut toenails);

* squeeze the fingers of the doctor with both hands
(the ability to open doors, cans);

* hold a piece of paper between thumb and index
finger (ability to select and hold objects);

* rise from a chair without the help of hands (abil-
ity of free movement).

If the subject can perform the task, 2 points are

assigned, if he/she cannot — 0 points and 1 point if

the task is performed with difficulty.

To test activities of daily living, the Barthel index is

used, which is given in the CGA report. This scale

determines the ability to eat, wash, dress, control
pelvic functions, take a bath, go to the toilet, get out
of bed, move, climb the stairs. Performance of each
function is rated in points, the greatest number

(up to 20 points) is given when the function is per-

formed independently, O points — in case of full

dependence on others, 5-10 points — if partial
help is required. The total score from O to 20 means
full dependence, 21-60 — severe dependence,

61-90 — moderate dependence, 91-99 — mild

dependence and 100 — no dependence.

Instrumental activity of an elderly person reflects

his/her ability to live independently and solve

everyday problems. The CGA report contains the
scale for daily instrumental activity — IADL (Instru-
mental Activities of Daily Living by W. B. Abrams,

M. H. Beers, R. Berkow et al, 1995). It analyzes

the ability to use the phone, to get to places out-

side the usual walking distances, to go to the gro-
cery store, to cook, to do household chores, to take
medication, to manage money. Each item is evalu-
ated according to a 3-point system: execution —
3 points, execution with help — 2 points, failure

to execute — 1 point. A total of less than 27 points
indicates a decrease in instrumental activity.
Depending on the results, the need for external
care, partial or permanent, at home or in a special-
ized geriatric institution is considered. However,
the “independent” category permits the use of aux-
iliary aids.

3. Mental status

Preservation of the higher nervous activity of the
patient is determined by his/her emotional back-
ground and cognitive functions. For this purpose,
a special scale for the diagnosis of depression and
dementia is used.

For identification of mood disorders there are
many questionnaires, of which the most used was
the scale of depression GDS-15 (Geriatric Depres-
sion Scale), including the following 15 questions:
1. Are you basically satisfied with your life?

2. Have you dropped many of your activities and
interests?

Do you feel that your life is empty?

Do you often get bored?

Are you in good spirits most of the time?

SRS

Are you afraid something bad will happen to
you?

~

Do you feel happy most of the time?

@

Do you feel helpless?

9. Do you prefer to stay home rather than going
out and doing something new?

10. Do you feel you have more problems with
memory than most people?

11. Do you think it is wonderful to be alive?

12. Do you feel pretty worthless the way you are
now?

13. Do you feel full of energy and vitality?

14. Do you feel that your situation is hopeless?

15. Do you think that most people are better off
than you are?

One point is credited for answering “Yes” for ques-

tions 2, 3, 4, 6, 8,9, 10, 12, 14 and 15, as well as

for answering “No” for questions 1, 5, 7, 11 and

13. A total score of 5 and above indicates probable

depression.

One of the most common tests for assessing mental

health is drawing a clock face with the time usu-

ally asked to mark with arrows the time 14:45 or

11:10. For the diagnosis of dementia, a Mini-Cog

test is often used, consisting of three stages, which
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takes 3—-5 minutes. At the first stage three words
(e. g, lemon, key, ball) are named and offered to
remember, at the second one — it is proposed
to draw a clock and to mark the time, and at the
third stage — to recall three words. In Alzheimer’s
disease, short-term memory is affected earlier, in
vascular dementia — long-term memory, and so
in the first case the patient can draw a clock, but
will not recall the words, in the second case — will
remember the words with a hint, but will not draw
the clock-face.

A brief MMSE (Mini-Mental State Examination)
scale was widely used for the diagnosis of demen-
tia. It contains 9 tasks and 30 questions evalu-
ating cognitive domains such as orientation in
time, location, memory, perception, attention and
speech. The maximum score according to the test
is 30 points, and a score of 27 points and below is
regarded as probable cognitive deficiency.

These types of testing of mental abilities have
low sensitivity to detect mild cognitive disorders.
For their screening, it is recommended to use a
more sensitive diagnostic tool — Montreal Cogni-
tive Assessment (MoCA) scale, specially designed to
detect moderate cognitive impairment in patients
with normal MMSE results. The test evaluates
8 categories of cognitive process: Executive and
visual and constructive skills, naming, memory,
attention, speech, abstraction, delayed memory
and orientation. The maximum score is 30 points,
the threshold is 26 (if general education is less than
12 years — 25). Testing with MMSE and MoCA
scales takes about 10 minutes.

It is important to emphasize that the assessment of
cognitive functions of an elderly person should take
place in a calm, friendly environment and requires
patience and tact from the doctor.

In psychological terms, an important factor is
the relationship with relatives, the lack of atten-
tion from whom can be the leading cause of the
depressed condition in the elderly person, which
in turn exacerbates the somatic problem. It should
be noted that in contrast to the physical capabilities
that decrease with aging, intellectual reserves have
no age limits. The most preserved is the emotional
sphere, and even a patient with dementia is able to
respond to the feelings shown to them.

However, a person’s perception of the world
depends on his/her inner world.

Social status

As the results of studies have shown, the preva-
lence of senile asthenia is highest among divorced
people and widowers, slightly lower in persons who
have never been married, and the lowest in elderly
people who are married. This syndrome is more
common in rural areas.

Living conditions are important for maintaining
the vitality of an elderly person. They pay atten-
tion to the comfort and safety of life — lighting, air
temperature, the possibility of unhampered move-
ment, etc. In Israel, where the gerontological soci-
ety has existed since 1956, the position of a social
worker is provided in each hospital, and this is a
specialist with higher education who knows the
legal framework, informs about possible assis-
tance to the patient, assists in the preparation of
documents.

The doctor needs to get an idea of the material
well-being and the circle of persons who could pro-
vide assistance, and if necessary, provide daily care,
organize leisure. In Western countries, for exam-
ple, there are “grandfather gardens”, where geriat-
ric patients are given classes, and a wide range of
board games and educational toys are provided.
Assessment of social status implies determina-
tion of the most adequate living conditions for
the patient — living alone, with family or in a nurs-
ing home. However, it should be emphasized that
by the end of the 20th century sociologists had
come to the conclusion that a person should grow
old in the family [2, 10, 13, 14, 16, 18].

Conclusion

Comprehensive geriatric assessment is the thor-
ough examination of an elderly person, based on
the results of which the geriatric physician makes
an individual plan of patient management, includ-
ing recommendations on diet, physical activity,
drug and non-drug therapy, household arrange-
ment, adaptive technologies, social support and
care. The geriatric physician is aimed at bring-
ing together a team of health care professionals,
relatives and social workers, the success of which is
based on a friendly and delicate attitude towards
the elderly patient. “Know how to be lenient to the
human weaknesses of the elderly,” Vasily Sukhom-
linsky wrote.
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The possibility of a happy longevity, of course, pri-
marily depends on the care of loved ones, because
the elderly person especially needs an atmosphere
of love and mutual understanding.

However, the preservation of the quality of life
in an elderly person depends largely on the pos-
sibility of self-realization at a later age, including
professional skills. The expert analysis of the so-
called “demographic burden” showed its artificial
aggravation. In fact, the financial return for use of
labor resources of the elderly population is many
times higher than the costs, and the change in the
age structure of the labor force has various effec-
tive solutions. In 2002, during the second United
Nations Assembly on ageing, held in Madrid, the
Madrid International Plan of Action to ensure that
every person has a safe and dignified old age, as
well as the opportunity to participate in society as a
full citizen was adopted.

Geriatrics is one of the youngest and at the same
time the most humane medical specialties, which
not only allows to solve the problems of longev-
ity, but also contributes to the moral revival of
society.
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Abstract

The popularity of home canning contributes to a sufficiently high incidence of botulism worldwide. The canned products
containing botulinum toxin do not change neither color, taste, nor smell of contents of canned food. A distinctive
feature of the paralytic syndrome in botulism is its symmetry and the absence of a violation of sensitivity. The criteria
for the severity of the course of botulism are considered a violation of swallowing liquid food and symptoms of difficulty
breathing. A violation of swallowing liquid food and the severity of acute respiratory failure are considered criteria of
the severity of the course of botulism. The paper presents the features of the therapy of the patients with botulism
in the intensive care unit. Clinical examples illustrate the difficulties in recognizing botulism at the early stage of the
disease, which are due to the polymorphism of the clinical picture of botulism and the similarity of symptoms with
other diseases. Most commonly, patients with botulism are diagnosed with acute intestinal infection or the neurological
pathology. Patients are not hospitalized in a timely manner, which can affect the outcome of the disease. The ability to
recognize botulism at the prehospital stage is necessary for all doctors.
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Introduction previously caused botulism and where the patho-
gen was first isolated [1-3]. However, meat prod-
Botulism is a serious infectious disease caused by  ucts are now a rare cause of botulism. In Moscow,
bacterial toxin, known to humankind since ancient  for example, home-preserved mushrooms and veg-
times. Historically, the name “botulism” comes  etables are now the number one cause, followed by

from the Latin “botulus” — sausage — a productthat  salted and smoked home-produced fish [2, 3].
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The dangers of home canning are well known
and obvious: the heat resistance of the spores
allows them to withstand boiling for up to 6 hours,
while the concentration of salts and vinegar used
in canning does not prevent toxin formation, and
the sealing of cans at home leads to the creation
of anaerobic conditions. Toxin-containing canned
foods do not change color, taste, or smell [1-3, 8].
Industrially manufactured canned food is rela-
tively safe, since the technology of their production
should provide for compliance with technical con-
ditions and standards established by regulations
in force in the state that adopted the standard [2, 6].
Toxin formation in home-produced canned prod-
ucts is uneven, that is, it occurs in “pockets”, leading
to selective infection of the people consuming said
product, which corresponds to the literature [2, 3,
8, 9]. All of the above combined with the popularity
of home canning explains the relatively high inci-
dence of botulism worldwide. For example, in the
Russian Federation about 300 cases of botulism are
registered annually [2].

The introduction of therapeutic anti-botulinum
serum (ABS)into clinical practice, the use of mechan-
ical ventilation (MV), the use of hyperbaric oxygen-
ation (HBO), the rational use of broad-spectrum
antibiotics to prevent the activation of opportunis-
tic microflora contributed to the improvement of
patient outcomes and the reduction of the number
of adverse outcomes in this disease [3-5]. Mortality
from botulism according to the literature currently
ranges from 7 to 9 % [2].

Pathogenesis

Seven serotypes of botulinum toxin — A, B, C, D, E,
F and G — are known, but the disease in humans
is mainly caused by three of them — A, B and E.
Immunity after the disease is type-specific, so rein-
fection is possible [2, 3, 7, 9].

The incubation period is on average from 2—-4 hours
to 2-3 days, with maximum of 5 days, which almost
always depends on the dose of the toxin.
Botulinum toxin with food enters the gastrointesti-
nal tract (GIT) and penetrates into the neuromus-
cular synapses by hematogenous way. It has been
proven that botulinum toxin selectively affects

the motor neurons of the anterior spinal horns,
motor nuclei of the cranial nerves and peripheral
nervous system by stopping the release of acetyl-
choline from acetylcholine-containing bubbles.
The block of nerve impulses transmission leads to
myasthenia gravis and pseudo-paralysis without
anatomical damage, which are restored when the
toxin is neutralized. The cause of death in patients
is respiratory arrest secondary to progressive acute
respiratory failure (ARF) and cardiac arrest. The
process of a patient’s recovery is due to the gradual
breakdown of the botulinum toxin in the places of
its fixation, possible aspiration of vomit, the addi-
tion of secondary bacterial infection and ventila-
tion hypoxia [2-5, 8].

Clinical course

Human botulism symptoms are specific and con-
sist of several main syndromes: paralytic, gastro-
intestinal and intoxication. In 30-50 % of cases,
the disease begins with gastrointestinal syndrome
[1-3, 5, 8]. The onset of the disease with the appear-
ance of nausea, vomiting, loose stool, dry mouth is
often the basis for the diagnosis of acute intestinal
infection (bacterial food poisoning (BFP), acute
gastroenteritis, salmonellosis, etc.) or acute pathol-
ogy of GIT (irritable bowel syndrome, exacerba-
tion of chronic gastritis, acute pancreatitis, etc.).
It is important to remember that the phenomena
of gastrointestinal lesions in botulism are short-
term (up to 1-2 days) and disappear by the time
of the appearance of neurological symptoms [1-3].
Often the first signs of botulism are the patient’s com-
plaints of visual impairment (cloudy vision, diplopia,
ptosis, inability to read the text), which is the cause
of erroneous visit of patients to an ophthalmologist.
There is also a need to differentiate botulism with
true neurological pathology (cerebral vascular
accident (CVA), encephalitis, myasthenia gravis,
etc.). It is important to remember that the distinc-
tive features of the paralytic syndrome in botulism
are symmetry, bilaterality and the absence of sensi-
tivity disorders [2, 4, 8].

It should be noted that the assessment of the sever-
ity of neurological symptoms is largely subjective
and depends on the doctor’s qualification, which
can often cause errors in determining the true
severity of the process.
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Impaired swallowing of a liquid of any sever-
ity is recognized as a criterion of severe botulism.
This symptom is easily determined by any practi-
tioner with minimal knowledge of the epidemio-
logical history of the disease and clinical signs. This
criterion is an absolute indication for urgent hos-
pitalization of patients in the intensive care unit,
even bypassing the emergency department.
Complaints of patients on a feeling of not get-
ting enough air, difficulty to inhale, dyspnea,
the so-called “respiratory discomfort”, regardless of
the severity of other neurological symptoms, are also
an indication for the administration of appropriate
resuscitation treatment for the patient. It should
be noted that external respiration disorder often
occurs after the symptom of impaired swallowing
of liquid. Thus, severe botulism is considered two
states, when, regardless of the presence and severity
of all other signs of botulism, dysphagia with liquid
food and “respiratory discomfort” take place [2, 4].

Features of respiratory
failure in patients
with botulism

The development of ARF in patients with botulism
is associated with paresis of the respiratory muscles,
paresis of the abdominal muscles, soft palate and
epiglottis. In turn, this can lead to impaired mecha-
nism of coughing, getting saliva into the respira-
tory tract, and in some cases, aspiration of gastric
contents in case of vomiting. Aspiration pneumo-
nia occurs most often in patients with severe forms
of botulism, but itself is rarely the cause of ARF (2,
4, 5, 8]. In addition, a number of patients with bot-
ulism have a high position of the diaphragm sec-
ondary to paresis of the gastrointestinal tract, which
also aggravates the external respiration function.
Thus, ARF in patients with botulism develops by
hypoventilation type, which complicates the dif-
ferential diagnosis of ARF caused by other causes,
clinical assessment of respiratory failure and the
choice of therapeutic measures.

Treatment

All patients with suspected botulism are subject to
mandatory hospitalization, since the development
of ARF is possible. The primary task of the doctor

at the prehospital stage is the quickest possible
removal of the unabsorbed toxin from the patient’s
body by washing the stomach and intestines with
a 5 % solution of sodium bicarbonate (NaHCO,).
Due to the danger of vomit aspiration in patients
with impaired fluid swallowing, primary gastric
lavage is carried out only by means of a gastric
probe, in the volume of 2-3 liters.

The next stage of therapy is the introduction of
anti-botulinum serum (ABS) to neutralize the cir-
culating toxin in the blood as soon as possible from
the onset of the disease [1-3]. Before the introduc-
tion of serum, blood should be sampled in the
amount of 10 ml, as well as urine, gastric lavage
liquid (vomit) for testing for botulinum toxin and
the causative agent of botulism. A food product
that is believed to have caused the disease is also
sent for analysis. After diagnosis with an unde-
termined type of toxin, anti-botulinum serum
with ABE types must be administered: type A —
10,000 U, type B — 5,000 U, type E — 10,000 U.
In case of known type of toxin, monovalent serum
should be used. One dose of serum is given, frac-
tionally, according to the instructions dated
17.02.2000 (Besredka method). To avoid possible
allergic reactions, 60-90 mg of prednisolone is
administered to the patient prior to intravenous
infusion of serum [1].

In addition to specific treatment, pathogenetic
therapy is carried out to eliminate pathological
changes caused by botulinum toxin, including
secondary ones; detoxification therapy and proper
care are provided [2, 3, 5, 7, 8]. Enteral nutrition
through the nasogastric tube should be begun
as soon as possible.

Due to the development of tissue hypoxia, hyper-
baric oxygenation (HBO) should be included
in the set of therapeutic measures whenever pos-
sible [2, 5].

Secondary bacterial complications are treated with
antibacterial drugs.

The development of neurological lesions in botu-
lism has a fairly clear direction “from top to bottom™:
vision impairment — difficulties with swallowing
(solid food — liquid) — respiratory impairment, i. e.
ARF occurs after the complete disappearance of
the ability to swallow liquid. Therefore, all patients
with aphagia (complete inability to swallow even
liquids) are recommended routine nasotracheal
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intubation [3, 4]. With nasotracheal intubation, the
possibility of gastric content aspiration is excluded,
the bronchoalveolar lavage is facilitated and it is
possible to transfer the patient to MV in a planned
manner, i. e. before the development of severe ARF
events.

The experience of the authors of this work, accumu-
lated in the management of patients with a variety
of nosological forms, shows that nasotracheal intu-
bation can be carried out for a long time (in our
experience in the case of botulism — up to 81 days)
without any severe side effects and allows to avoid a
tracheostomy [5].

The final extubation is carried out only with the
full restoration of liquid food fraction swallowing.
Transfer of the patient to the general infectious
department is carried out not earlier than 2-3 days
after extubation.

Complications

Non-specific complications of botulism include
various secondary microbial complications,
among which pneumonia is distinguished both in
the frequency of occurrence and in the influence
on the outcomes of the main process [2, 5]. The
combination of pneumonia with bronchitis, lar-
yngitis and sinusitis is possible. Several complica-
tions in the urinary system (pyelonephritis, pyelitis,
etc.) are less common. Also, botulism promotes the
activation of any chronic inflammatory processes,
especially in female genitals [1, 2]. In addition,
with botulism, iatrogenic complications are often
detected, which include all cases of drug allergy
(and primarily serum disease), dysbiosis during
prolonged use of antibacterial agents, post-injec-
tion infiltrates, abscesses, bedsores, etc.

Cardiac lesion in the form of myocardiodystro-
phy can be considered as a specific complica-
tion of botulism — botulinum myocarditis that
occurs on day 7-15 of the disease [5]. The speci-
ficity of this process is confirmed by the direct
relationship of its incidence with the severity of
the main process (i. e., with toxin dose) and the
absence of such with the presence of secondary
microbial complications and/or the intensity of
drug therapy (in particular — with doses of ABS),
1. e. with purulent intoxication and nonspecific
allergization 2, 5].

Procedure for discharge
of patients from hospital

There are no clear terms of discharge of patients
with botulism from the hospital, because they are
strictly individual and depend only on the rate of
reverse development of symptoms during the main
process and the complications. It is believed that
the patient can be discharged after complete recov-
ery of swallowing, phonation and articulation, and
complete resolution of the manifestations of sec-
ondary complications. At the same time, asthenic
syndrome and moderate visual impairment
(inability to read small print) may persist for sev-
eral months (5-6) and are not indications for pro-
longed stay of patients in the hospital [3].

These data indicate the need for this work, the pur-
pose of which is to assess the clinical course of botu-

lism and analyze errors in diagnosis.

Materials and methods

The analysis of 27 medical records of patients diag-
nosed with botulism in IDH No. 1 for the period
2016-2017 was carried out. Statistical data pro-
cessing was carried out using the standard STATIS-
TICA 6.0 MS Office application package.

Study results and discussion

We have analyzed 27 medical records with diagno-
sis of botulism during 2016-2017. The mean age of
the patients ranged from 30 to 87 years. Among the
patients, 20 (74 %) were women. It should be noted
that the majority of patients (67 %) were admitted
to the hospital on the 4th-5th day of the disease
and only 9 (33 %) patients were hospitalized before
the 2nd day of the disease, which affected the sever-
ity of the course and the duration of hospitalization.
At the initial visit for medical attention, botulism
was diagnosed only in 8 patients, which amounted
to 29 % of cases, another 8 patients were diagnosed
with BFP, and 8 (29 %) more patients were hospi-
talized with suspected CVA. It was not possible to
exclude alcohol intoxication in two patients, and
1 patient was hospitalized with the diagnosis of
acute pancreatitis.

Based on the data of epidemiological history, it was
found that in 13 patients (48 %) the disease was
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associated with the use of home-preserved mush-
rooms, 5 (19 %) — smoked fish and 9 (33 %) —
other home-produced canned products. Thus, the
consumption of canned food and smoked products
on the eve of the disease was noted in 100 % of
patients, but only in 59 % it was revealed at the pre-
hospital stage, and only in 41 % — on the 2nd-4th
day from admission to the hospital, which led to an
incorrect diagnosis.

It should be noted that all patients on the first
day of the disease complained of nausea, weak-
ness and dryness of oropharyngeal mucous. Most
of the patients with complaints of visual impair-
ment (gray fog, blurry vision, and double vision),
weakness, hoarseness, dysarthria were examined
by a neurologist on the first and subsequent days
of hospitalization, but botulism was not suspected.
In 62.5 % of patients (5 patients out of 8) with pri-
mary diagnosis of CVA, previous gastrointestinal
syndrome (nausea, vomiting, abdominal pain,
loose stool) was not diagnosed, which caused erro-
neous diagnosis.

Two patients before hospitalization were examined
by several specialists (ophthalmologist, surgeon
and neurologist), which also did not allow timely
diagnosis. The above data testify to insufficient
knowledge of epidemiological history and symp-
toms of botulism among health care personnel
that is required for early diagnosis of botulism.
Taking into account the criteria of primary disease
severity, out of 27 patients, a severe course was
reported in 13 (48 %), 5 patients had a mild course
and 9 patients had a moderate course. Seventeen
patients were hospitalized in the ICU, 13 of them
required mechanical ventilation (MV). The dura-
tion of MV ranged from 4 to 55 days. Twenty-six
patients were discharged with recovery. One fatal
outcome in an 87-year-old female patient was due
to late admission.

The diagnosis of botulism does not require 100 %
laboratory verification of the diagnosis, and so the
diagnosis is usually based on clinical and epide-
miological data. All patients underwent gastric
and intestinal lavage with the sampling of bio-
logical material to identify the toxin before ABS
administration, and only 10 (37 %) patients had
the diagnosis confirmed by laboratory tests. Type
A toxin was detected in 6 patients, type B and E —
in 2 patients, respectively. No complications of

ABS administration were reported in any patient.
Immediate administration of ABS is recommended
for all patients with suspected or diagnosed botu-
lism. The reason for refusal of serum administra-
tion can be only late admission of the patient with
a clear reverse development of disease symptoms.
The above is confirmed by the following clinical
cases.

Clinical case No. 1

Patient G., 58 years old, was delivered by the ambu-
lance team to IDH No. 2 on 11.09.2017 with a diag-
nosis of acute gastroenteritis of unspecified etiol-
ogy on the second day of the disease. From the
epidemiological history it is known that on Sep-
tember 9 the patient ate home-produced smoked
fish brought from Astrakhan. The next day he felt
heaviness in his stomach, weakness, nausea; vomit-
ing with eaten food occurred 5 times; and he noted
a single episode of loose stool without pathological
impurities. The patient self-induced vomiting, irri-
tating the back wall of the oropharynx using two
fingers, but the general state remained the same.
On September 11, the patient called an ambulance
and was hospitalized with diagnosis of acute gastro-
enteritis in IDH No. 2. On 12.09.2017 the patient’s
condition worsened; there were complaints of
double vision, dry mouth, hypernasal voice, and, in
this regard, the diagnosis of intestinal infection was
withdrawn, and suspected botulism was the reason
for the patient’s transfer to IDH No. 1.

The state on admission was considered as severe.
There are complaints of weakness, double vision, dry
mouth, difficulties with liquid food swallowing. The
patient has complaints of heaviness in the abdomen,
hoarseness, and a feeling of not getting enough air.
During examination the skin is pale. Respiratory
rate is 16 breaths per minute. Bronchial breathing is
auscultated in the lower parts. Pulse is rhythmic with
satisfactory filling and tension, 70 beats per minute.
Blood pressure is 125/70 mm Hg. Heart sounds are
rhythmic without pathological sounds. Tongue is
dry with white coating. During the examination of
the oropharynx palatine velum sagging was visu-
alized. During palpation, the abdomen is not dis-
tended and painless in all departments. Liver and
spleen are not enlarged. Patient had no stool since
11.09.2017. Urination is free. Facial expressions are
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preserved, there are bilateral hemiptosis of upper
eyelids, bilateral mydriasis, and pharyngeal reflex
is not triggered. The clinical diagnosis was severe
botulism.

At the department, blood was taken for testing for
botulinum toxin. In order to empty the stomach
a nasogastric tube was introduced, and the washing
was collected for laboratory testing. Also, the bowel
was cleaned using a high enema with 5 % sodium
bicarbonate. A single dose of polyvalent ABS (type
A — 10,000 1U, type B — 5,000 IU, type E —
10,000 IU) was intravenously administered in
accordance with the Guidelines 2000. The pres-
ence of aphagia and the risk of sudden respiratory
arrest in patient were the reasons for the patient’s
transfer to the ICU with a nasotracheal intuba-
tion. MV was performed in the BIPAP mode taking
into account physiological parameters.

The patient was prescribed detoxification therapy;,
and intravenous ciprofloxacin was administered
at a dose of 0.4 g twice a day for 10 days to pre-
vent complications caused by secondary bacterial
flora. Enteral nutrition was carried out through the
nasogastric tube until the restoration of indepen-
dent swallowing. On September 19 (7 days of MV)
after complete recovery of breathing and swallow-
ing, the patient was extubated and two days later
was transferred to the diagnostic department to
the general ward. The set of therapeutic measures
included 5 sessions of HBO. The patient was dis-
charged on the 21st day of the disease (29.09.2017)
in a satisfactory condition under the supervision of
a primary care doctor.

This clinical case demonstrates the difficulties
of botulism diagnosis at the prehospital stage.
The onset of the disease with gastroenteritis symp-
toms was the basis for the diagnosis of intestinal
infection of unknown etiology, and only the symp-
toms of paralytic syndrome that appeared from the
3rd day allowed to suspect botulism. The disease
was regarded as severe, since there was aphagia,
bulbar paralysis and impaired breathing.

Clinical case No. 2

Patient A., 48 years old, was transferred to IDH
No. 1 from the neurological department of the ther-
apeutic hospital on 04.12.2016 with a diagnosis of
botulism.

From the epidemiological history, it is known that
on December 2, he alone ate canned fish in a glass
container, sausage, pork in a vacuum pack bought
at a country fair.

Deterioration of general state occurred on the
next day, 03.12.2016, when he felt discomfort
in the abdomen, vomited twice, and had loose stool
without pathological impurities — up to 6 times.
He did not seek medical attention and did not
take any medications. On the next day (Decem-
ber 4), he noted a decrease in visual acuity, double
vision, slight weakness, dizziness. Loose stool did
not appear. He visited the ophthalmologist in an
outpatient department, who revealed paralysis
of the medial rectus muscle of the right eye, and
with suspected CVA the patient was sent for hos-
pitalization in the neurological department of a
therapeutic hospital in Moscow, where after exami-
nation, the diagnosis of ischemic stroke with bilat-
eral gaze paresis and bulbar vestibulocerebellar
ataxia raised doubts. The patient was examined
by an infectious disease specialist who suggested
botulism. After gastric lavage and enema with 5 %
sodium bicarbonate, the patient was transferred to
IDH No. 1 on the same day. Upon admission, the
patient’s condition was regarded as moderate, as
there were complaints of double vision, dry mouth,
dizziness, moderate general weakness. The gastro-
intestinal syndrome has regressed.

Examination results: skin is of normal color, clean,
there are no edema and hemorrhages. With auscul-
tation, breathing in the lungs is vesicular. Respira-
tory rate is 16 breaths per minute. Pulse is rhyth-
mic with satisfactory filling, 68 beats per minute.
Blood pressure is 120/80 mm Hg. Heart sounds
are rhythmic without pathological sounds. Tongue
is dry with white coating. Abdomen is moderately
distended and painless during palpation in all parts.
Liver and spleen are not enlarged. There was no
stool during hospitalization. Urination is normal.
Facial expressions are preserved, bilateral hemipto-
sis of upper eyelids, bilateral mydriasis, significant
divergent strabismus, gaze paresis, the pharyngeal
reflex is reduced. The state of consciousness was
normal. Upon admission, the patient was immedi-
ately administered with one dose of polyvalent ABS
(type A — 10,000 U, type B — 5,000 U, type E —
10,000 IU) in accordance with Guidelines for use of
purified concentrated liquid anti-botulinum serums
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with types A, B, C, E and F, approved on 17.02.2000.
Adequate detoxification therapy was carried out
in the patient, and intestinal stimulation was per-
formed using enema with 5 % sodium bicarbonate.
To prevent complications caused by opportunistic
bacterial flora, Ceftriaxone at a dose of 1.0 g twice a
day was intravenously administered for 10 days.
The patient was discharged in a satisfactory condi-
tion under the supervision of an infectious disease
specialist at the place of residence on the 13th day
of the disease.

In this clinical case, the incorrect interpretation of
the paralytic syndrome in botulism and underesti-
mation of the epidemiological history, which were
the cause of the erroneous diagnosis of stroke, were
demonstrated.

Summary

1. The knowledge of epidemiological history and
clinical presentation of this disease will allow any
physician in the shortest possible time to hospi-
talize a patient in an infectious diseases hospital
to prevent death.

2. Impaired liquid swallowing of any severity indi-
cates a severe course of the disease and is an in-
dication for urgent hospitalization of the patient
in the intensive care unit.

3. Asspecific therapy, all patients with botulism need
intravenous administration of one dose of ABS
according to the directions for use (fractional ad-
ministration of serum by Besredka method).

4. Respiratory failure in botulism is manifested by
a feeling of compression in the chest, impaired
rhythm of breathing, difficulties in inhaling and
exhaling due to damage to the respiratory mus-
cles and diaphragm and has hypoventilation na-
ture.

5. Efficacy of complex therapyin patients with severe
botulism is affected by the maintenance of close
psychological contact of medical staff with the pa-
tient, which is necessary to create optimism in the
patient about the ongoing therapeutic measures.

Conclusion

Thus, despite the clearly expressed clinical patterm
of botulism, a large number of diagnostic errors
can be because the disease is relatively rare, doctors

are not familiar with it and ignore the epidemio-

logical history.

The clinical and epidemiological study, analy-

sis of the literature data allowed to establish

that at the prehospital stage, acute intestinal infec-

tion, acute cerebrovascular accident, hypertensive

crisis, encephalitis, myasthenia gravis are most

often diagnosed instead of botulism.

Atthe same time, the general practitioner must have

the necessary and sufficient knowledge to timely

suspect botulism, and should be able to provide

emergency aid, since early diagnosis and timely

pathogenetically justified treatment reduce the

frequency of possible complications and deaths in

botulism.
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Abstract

Atrial fibrillation (AF) is one of the most common cardiac rhythm disorders. Its prevalence is about 1 % in the general
population and exceeds 7 % in individuals older than 60 years of age. It is known that hyperactivation of the renin-
angiotensin-aldosterone system plays a key role in structural and electrical myocardial remodeling in AF. Increased
activity of the renin-angiotensin-aldosterone system causes inflammation, fibrosis and oxidative stress in cardiomyocytes.
Last studies suggest that most of negative effects previously explained by angiotensin-2 may be particularly caused
by excessive aldosterone activity. More data about extra-adrenal hormone production (in the myocardium, the vascular
wall and even the brain) have appeared, and its receptors were found far beyond the kidneys — in cardiomyocytes,
endothelial cells, fibroblasts, monocytes, and macrophages. It was also shown that aldosterone has a wide profile
of pathogenic effects, one of which is the stimulation of atrial myocardial fibrosis as the structural basis for AF. The
discovery of new features of aldosterone suggests that blockade of mineralocorticoid receptors may prevent or slow
down atrial remodeling and thereby reduce the incidence of AF. The article presents data of the world literature and the
results of own studies devoted to the use of mineralocorticoid receptor antagonists in patients with AF. Modern concepts
of the role of aldosterone in the arrhythmia development and the main approaches of upstream-therapy are described.
The possibilities of using eplerenone and spironolactone in primary and secondary prevention of AF are discussed.
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Atrial fibrillation (AF) is one of the most common
cardiac rhythm disorders. Its incidence reaches
1 % in the general population and exceeds 7 % in
individuals over 60 years of age [1]. The relevance
of the problem with AF is dictated not only by the
high rate of thromboembolic complications asso-
ciated with it and deterioration of quality of life of
patients, but also by a significant increase in the
risk of general and cardiovascular mortality in
patients with this arrhythmia [2].

Despite the progress made in understanding the
electrophysiological mechanisms of the develop-
ment and maintenance of AF, the pathogenesis of
this arrhythmia remains understudied. It is known
[3, 4] that hyperactivation of the renin-angioten-
sin-aldosterone system (RAAS) plays a key role in
the development of structural and electrical myo-
cardial remodeling underlying this arrhythmia.
Higher activity of RAAS contributes to the devel-
opment of inflammation, fibrosis, and oxidative
stress in cardiomyocytes. Studies in recent years [5,
6, 7] suggest that most of the negative effects pre-
viously explained solely by the action of angioten-
sin-2 (AT-2) may be partly due to excessive activity
of aldosterone.

Indirect evidence on aldosterone participation in
AF development was obtained as early as 2005
by P. Milliez et al. [8], who showed that patients
with primary hyperaldosteronism had a 12-fold
higher risk of AF compared to the general popula-
tion. Information concerning the role of aldoste-
rone in the human body has undergone significant
changes in recent years [9]: there is evidence on
extra-adrenal hormone production (in the myo-
cardium, the vascular wall and even the brain),
and its receptors were found far beyond the kid-
neys — in cardiomyocytes, endothelial cells, fibro-
blasts, monocytes, and macrophages. At the same
time, it was shown [10] that the hormone has a
wide range of various pathogenic effects, one of
which is the stimulation of atrial fibrosis, which is
the structural basis for the development of atrial
fibrillation.

Previously, it was believed that the use of angio-
tensin-converting enzyme (ACE) inhibitors leads
to persistent inhibition of aldosterone synthesis by
blockade of RAAS [11]. It was later revealed that
the decreased production of this hormone during
therapy with ACE inhibitors is short-term, and then

its concentration in the blood increases again due
to the effect of the hormone escaping drug control
[12]. According to some studies [5], even a combi-
nation of ACE inhibitors and angiotensin-2 recep-
tor blockers (ARBs) is not able to adequately sup-
press the production of aldosterone. This is due to
the availability of alternative, non-AT-2-related
stimuli for its formation. It has also been proven
that aldosterone is just one of several hormones
linking to mineralocorticoid receptors (MCR).
In some diseases, such as chronic heart failure
(CHF), hypertension, acute myocardial infarction,
diabetes, activation of MCR can occur under cor-
tisol action, which in normal conditions does not
have a similar effect [13].

Thus, the discovery of new features of aldosterone
suggests that the blockade of MCR can prevent or
slow down atrial remodeling and thus contribute
to decreased AF incidence.

Currently, the use of various antiarrhythmic drugs
remains the cornerstone of anti-relapse therapy
for AF [14-16]. However, this strategy does not
always yield the expected results: first, antiarrhyth-
mic drugs are usually prescribed after the first epi-
sode of AF, when its substrate is already, as a rule,
formed; secondly, they affect only electrophysi-
ological processes in the myocardium (duration of
the action potential and the rate of the excitation
pulse), without affecting the structural substrate
of arrhythmia [15]. In addition, the use of anti-
arrhythmic agents in order to preserve the sinus
rhythm is limited by their weak efficacy and the
possible development of serious side effects.
Therefore, today the attention of researchers
is increasingly focused on the so-called drugs
for upstream-therapy, which are able to pre-
vent the occurrence of AF, affecting its substrate.
Such drugs include ACE inhibitors, ARBs; statins,
omega-3 polyunsaturated fatty acids and MCR
antagonists [17-20]. Their antiarrhythmic effect is
caused by several factors: prevention of structural
atrial remodeling by suppressing the processes
of fibrosis, inflammation and oxidative stress,
improving hemodynamics by reducing blood
pressure (BP) and tension of the walls of the heart
chambers, as well as preventing the development
or progression of coronary artery disease, which is
known to be one of the most important risk factors
for AF [21].
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A number of studies [22-26] have shown that the
use of ACE inhibitors and ARBs prevents the devel-
opment of new AF cases. Retrospective analysis in
SOLVD (Studies of Left Ventricular Dysfunction)
[22], which included 391 patients with left ven-
tricular (LV) ejection fraction (EF) less than 30 %,
showed that the use of enalapril reduced the risk
of AF from 24 % to 5.4 %, and also reduced mor-
tality in such patients. In another large study [23],
which included 1,577 patients with left ventricular
systolic dysfunction which developed as a result of
myocardial infarction, the use of trandolapril within
2-4 years after the onset of infarction reduced the
AF rate by 55 % (hazard ratio (HR) of 0.45; p <0.01).
In the Val-HeFT (Valsartan Heart Failure Trial)
study [24], the addition of valsartan to standard
CHEF therapy resulted in a 37 % decrease in AF rate.
In a large LIFE (Losartan Intervention For End
Point Reduction in Hypertension) study [25],
9,193 patients with hypertension and LV hypertro-
phy without AF were randomized into 2 groups: in
group 1 they took losartan (50 mg/day), in group
2 — atenolol (50 mg/day) as antihypertensive
therapy for an average period of 4.8 years. Despite
an equal decrease in BP, the rate of AF paroxysms
when taking losartan was significantly lower and
amounted to 6.8 cases per 1,000 people per year,
whereas when receiving atenolol it was 10.1 cases
(HR of 0.67; p <0.001). The incidence of stroke
among patients with AF paroxysms was also sig-
nificantly lower in the losartan group (HR of 0.49;
p=0.01).

The results of the VALUE (Valsartan Antihyperten-
sive Long-term Use Evaluation) study [26] involv-
ing 15,245 patients with hypertension, where val-
sartan reduced the risk of new AF cases by 17 % and
of persistent AF — by 32 % compared to amlodip-
ine, are convincing.

However, the positive role of ACE inhibitors and
ARBs in secondary AF prevention is unfortunately
questionable. A large randomized placebo-con-
trolled GISSI-AF [27] study investigating valsartan
efficacy for secondary prevention of AF paroxysms
showed that the use of this drug for 1 year was not
associated with a decrease in the rate of repeated
AF episodes. There was no effect of valsartan on
secondary endpoints — the number of arrhythmia
episodes, heart rate at the first repeated episode,
the number of hospitalizations for all reasons. The

results of the J-RHYTHM II study did not demon-
strate the advantages of candesartan in compari-
son with amlodipine for the prevention of repeated
AF cases during 1 year [28].

Data on the efficacy of these drugs in the preven-
tion of AF and in patients without pronounced
structural changes of the heart are not convincing.
The ANTIPAF study, which evaluated the possibil-
ity of using ARBs for secondary prevention of AF
in patients with no pronounced structural changes
of the heart, did not reveal a significant differ-
ence in efficacy between olmesartan and placebo
[29]. Retrospective analysis of the AFFIRM study
as a whole did not demonstrate the advantages
of RAAS-blocking drugs for the control of sinus
rhythm, but revealed their efficacy only in patients
with CHF [30].

Apparently, the use of ACE inhibitors or ARBs is
effective only in reducing the rate of new AF cases.
Adding them to standard antiarrhythmic drugs
in patients with existing AF does not increase the
chances for maintaining sinus rhythm.

Some researchers [30] explain the lack of effect of
these drugs in the secondary AF prevention by the
already formed arrhythmia substrate, on the one
hand, and the insufficient period of treatment for
the implementation of the positive drug proper-
ties, on the other hand. Another possible explana-
tion lies in the effect of aldosterone escape: appar-
ently, the use of only ACE inhibitors or ARBs is not
enough for a complete blockade of RAAS.
Numerous evidence of the important role of aldo-
sterone in atrial remodeling and AF development
[7, 31, 32] suggests that the use of MCR antagonists
may prevent the occurrence of new cases or recur-
rence of this arrhythmia.

Indeed, a lot of experimental data have been accu-
mulated [33-37] on the beneficial effect of MCR
antagonists on the processes of structural atrial
remodeling. In experimental models of permanent
AF, spironolactone reduced the severity of cardio-
myocyte apoptosis, cell degeneration, atrial fibrosis
and contributed to the maintenance of functional
parameters, in particular, LV EF [35]. These data
clearly show that the blockade of MCR is a pow-
erful therapeutic strategy and in combination with
the use of ACE inhibitors or ARBs can contribute
to the preservation of atrial structure and function
with AF.
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In another experiment [38] preliminary adminis-
tration of eplerenone prevented excessive activa-
tion of profibrotic agents, but led to a subsequent
increase in the level of AT-1. At the same time,
additional use of losartan prevented aldosterone-
mediated atrial fibrosis.

It is reported [39] that aldosterone has a powerful
proinflammatory effect on myocardium, vessels
and kidneys, while MCR blockers have pronounced
anti-inflammatory properties.

Thus, experimental studies confirm the view that
MCR blockade in combination with AT-2 inacti-
vation can prevent the development of structural
atrial remodeling and AF occurrence. However,
the results of clinical studies on this issue are few
and contradictory [40].

Eplerenone in AF prevention

Eplerenone is a relatively selective MCR blocker,
binding mainly to these receptors, and to a lesser
extent — glucocorticoid, progesterone and andro-
genic receptors [41]. The efficacy of eplerenone
in AF prevention is confirmed in several studies.
In CHF. Ventricular dysfunction occurring in
CHF is one of the main factors of structural and
electrophysiological atrial changes underlying AF.
Eplerenone has demonstrated its efficacy in AF pre-
vention in patients with CHFE. A two-year prospec-
tive EMPHASIS-HF study [42] investigated the use
of eplerenone in patients with confirmed CHF of IT
functional class with reduced LV EF (<35 %), who
were on therapy with RAAS blockers (96.5 %) and
-blockers (BB) (86.7 %). The use of eplerenone as
the third neurohormonal modulator for an average
of 21 months was accompanied by a decreased rate
of new AF cases by 42 % (p = 0.034).

In hypertension. About 70 % of patients with AF
have hypertension. Having a hypotensive effect,
aldosterone antagonists can contribute to better
control of BP — the most important risk factor for
AF. Currently, a multicenter cohort study is being
conducted to assess the prevalence of primary aldo-
steronism among patients with hypertension and
AF, as well as the role of specific treatment in the
incidence of AF relapses [43].

In stable AF. The efficacy of eplerenone in main-
taining sinus rhythm after catheter ablation in
patients with persistent AF was studied. The results

of the study [44] involving 161 patients with a long
history of persistent AF (stable AF lasting from
1 year to 20 years, an average of 3.4+3.8 years)
who underwent catheter ablation are presented.
All patients received conventional drug therapy
with ACE inhibitors or ARBs, and eplerenone was
additionally administered for 55 patients. During
the next 24 months of follow-up, AF relapse was
detected in 47 %. In the eplerenone group, there
were significantly more patients with persistent
sinus rhythm (60 %) compared to the standard
therapy group (40 %, p = 0.011). Analysis using
multivariate Cox regression model showed that the
long duration of AF (>3 years, p <0.001) and early
relapses (p <0.001) significantly correlated with
the rate of repeated arrhythmia episodes, and only
eplerenone therapy was associated with the pres-
ervation of sinus rhythm after catheter ablation

(p = 0.017).

The role of spironolactone
in AF

Data on the efficacy of nonselective MCR antag-
onist, spironolactone, in the literature are few.
A small open prospective randomized trial of SPIR-
AF [45] included 164 patients with a history of AF
at least 4 years ago, who were divided into 4 groups
depending on the treatment prescribed: spirono-
lactone (25 mg/day) plus BB plus enalapril, spi-
ronolactone plus BB, enalapril plus BB and only BB.
The recurrence rate of AF was significantly lower in
the groups of patients treated with spironolactone
than in those whose treatment was limited only to
BB or a combination of the latter with enalapril.

In another randomized study [46] involving
166 patients with CHEF, the use of spironolactone
for 6 months was associated with a lower risk of
new AF cases.

Disappointing results were obtained in a study on
the role of ramipril and spironolactone in the pre-
vention of postoperative AF in patients undergo-
ing coronary artery bypass grafting [47]. Patients of
the main groups for 4-7 days before surgery were
administered with ramipril at a dose of 2.5-5.0 mg/
day or spironolactone 25 mg/day, and patients in
the control group received a placebo. Each group
consisted of approximately 150 people. Treat-
ment continued until discharge from the hospital.
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Neither ramipril nor spironolactone showed sig-
nificant differences in the rate of postoperative AF
compared to the placebo. It can not be excluded
that the lack of effect of these drugs is due to their
isolated intake. Perhaps a combination of two
RAAS inhibitors is necessary for successful preven-
tion of AF.

We conducted our own study [48], which aimed
to assess the efficacy and safety of spironolactone
used in addition to standard therapy in patients
with recurrent non-valvular AF. The work was car-
ried out in accordance with international standards
of GCP and the requirements of the Helsinki Dec-
laration. The study protocol and informed con-
sent form for patients were approved by the local
Ethics Committee, Institute of Emergency and
Reconstructive Surgery n. a. V. K. Husak (min-
utes of meeting No. 11 dated 23.09.2013).

A prospective cohort open-label randomized trial
was performed in 89 patients who were included
with an AF episode. After restoration of sinus
rhythm all patients were randomized into 2 groups:
individuals in group 1 (n = 46) continued to receive

standard drug therapy (ACE inhibitors/ARBs,
B-blockers, statins, antithrombotics, antiarrhythmic
drugs of class I1I), patients in group 2 (n = 43) addi-
tionally received spironolactone at a dose of 25 mg/
day with subsequent titration up to 50 mg/day. The
duration of treatment and follow-up was 6 months,
with the primary endpoint being a relapse of AF.
The secondary endpoints of the study were the
time before the first arrhythmia relapse, the type of
sinus thythm restoration (spontaneously or using
cardioversion), the method of cardioversion (elec-
trical, pharmacological), changes in the structural
and electrophysiological parameters of the myocar-
dium, and the development of adverse events.
Before treatment, there were no significant differ-
ences in age, gender, severity of underlying cardiac
disease, comorbid conditions, left ventricular ejec-
tion fraction, volume of the left atrium and blood
aldosterone between groups (Table 1).

The duration of AF history, number and predomi-
nant type of arrhythmia episodes, EHRA score, type
and dose of antiarrhythmic drugs also did not differ
between groups (Table 2).

Table 1. Initial clinical characteristics of patients (m=o, Me (Q1; Q3))

Parameter Contri)l group Spir(:;(())ﬁl;tone Significance
(n=46) (n = 43) (p)
Age, years, m+o 62 (56; 69) 61 (55; 69) 0.9
Male, number of patients (%) 20 (44) 19 (44) 0.885
Hypertension, number of patients (%) 46 (100) 43 (100) 1.0
Heart failure I class (NYHA), number of patients (%) 12 (26.1) 10 (23.3) 0.95
Heart failure II class (NYHA), number of patients (%) 24 (52.2) 20 (46.5) 0.749
Heart failure I1I class (NYHA), number of patients (%) 10 (21.7) 13 (30.2) 0.5
LV EF, % 57 (52; 64) 56 (53; 63) 0.72
LA volume index, ml/m? 28.6+4.4 29.0+£51 0.94
Exertional angina, number of patients (%) 26 (56.5) 25 (581) 0.95
Exertional angina II class, number of patients (%) 16 (34.8) 14 (32.6) 1.0
Exertional angina I1I class, number of patients (%) 10 (21.7) 11 (25.6) 0.86
Myocardial infarction, number of patients (%) 32 (69.6) 32 (74.4) 0.786
Smoking, number of patients (%) 14 (30.4) 13 (30.2) 0.835
Diabetes mellitus, number of patients (%) 9 (19.6) 8 (18.6) 0.878
Body mass index, kg/m? 321+4.8 31.845.2 0.95
Serum aldosterone during AF episode, pg/ml 172 (156; 198) 174 (155; 194) 0.748
Serum aldosterone level after sinus rhythm restoration, 150 (132: 168) 148 (134: 165) 0.95
pg/ml
hsCRP serum level, mg/ml 4.22+0.78 4.18+0.64 0.9

Note: AF — atrial fibrillation, hsCRP — high sensivity C-reactive protein, LA — left atrial, LV EF — left ventricular ejection fraction
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Table 2. AF pattern and management in patients (m+o, Me (Q1; Q3))

Parameter Contri)l group Spir(;ri(())ll?gtone Significance
(n=46) (n = 43) (p)
Duration of AF anamnesis, months 24.2+6.2 22.844.3 p=0.34
Number of registered episodes during the last 6 months 3(2;4) 3(2;4) p=10
etoration f s oy o), e of gttt (4 18594) 15549 p=0847
Predominantly persistent form of AF (cardioversion is
required for restoration of sinus rhythm), number of 28 (60.9 %) 28 (651 %) p=0.847
patients (%)
EHRA I class, number of patients (%) 26 (56.5) 25 (581) p=0.953
EHRA III class, number of patients (%) 20 (43.5) 18 (41.9) p=0.953
Treatment with amiodarone, number of patients (%) 32 (69.6 %) 29 (67.4 %) p=0.991
Amiodarone average daily dose, mg 200 (200; 200) 200 (200; 200) p=10
Treatment with sotalol, number of patients (%) 14 (30.4 %) 14 (32.6 %) p=0.991
Sotalol average daily dose, mg 120 (80; 160) 120 (80; 160) p=0.934
Note: AF — atrial fibrillation
All patients received adequate concomitant drug  laboratory determinants of the disease. For

therapy in accordance with current standards,
there were no differences in the therapy between
the groups. The mean dose of spironolactone in
patients of group 2 at the end of the study was 37.5
(25; 50) mg/day.

For 6 months of treatment, relapses of AF were
reported in 33 (71.7 %, 95 % confidence interval
(CI) of 57.6 to 84.0 %) patients in group 1 and 21
(48.8 %,95 % Cl of 33.7 to 64.0 %) patients in group
2 (x*=3.97 p = 0.046). At the same time, the abso-
lute risk of arrhythmia relapse decreased by 22.9 %
during additional spironolactone administration
(95 % CI of 2.6 to 40.8 %, p = 0.048). Total time
of follow-up was documented for 128 of arrhyth-
mia relapses in group 1 and for 67 — group 2. The
number of episodes per patient in group 2 was
significantly (p <0.05) lower compared to group 1
(2 (1; 2) versus 3 (2.5; 4), and the time before the
development of the first relapse, on the contrary,
was longer (62 (45; 78) days versus 32 (21; 45)
days). Patients taking spironolactone had a higher
number of cases with spontaneous sinus rhythm
restoration compared to patients received standard
therapy (35.8 % and 16.4 %, respectively, x* = 8.28,
p = 0.004). The mean duration of AF relapse did
not differ significantly between the groups.

In order to identify the pathogenetic mecha-
nisms of spironolactone antiarrhythmic effect,
we analyzed its effect on the main clinical and

6 months of treatment, patients of group 2 showed
a significant (p <0.05 compared to baseline values
and p <0.05 compared to group 1) reduction of LV
hypertrophy signs (thickness of the interventricular
septum, LV myocardium mass index) and improve-
ment of diastolic LV function (reduction in E/Em).
LV myocardium mass index was also decreased
in group 1, but this decrease was less pronounced
than in group 2.

Positive changes during the follow-up period was
noted in some indicators of myocardium electro-
physiological state. Thus, patientsin group 2 showed
a significant (p <0.05) decrease in the mean daily
number of supraventricular and ventricular pre-
mature beats, dispersion of the P-wave and the reg-
istration rate of late atrial potentials.

Experimental studies show that aldosterone has a
proinflammatory effect on myocardium, vessels
and kidneys, while MCR blockers have pronounced
anti-inflammatory properties. However, there are
virtually no similar data obtained in clinical studies.
We analyzed the effect of spironolactone on blood
highly sensitive C-protein, a universal marker of
inflammation. The baseline level of this protein
did not differ significantly between groups. After
6 months of therapy, no significant changes in its
concentration were observed in any of the groups.
The question about the effect of specific therapies
with MCR antagonists on blood aldosterone is
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of particular interest. Initially, this indicator did not
differ between groups. The use of spironolactone
for 6 months led to a decrease in the concentration
of the hormone from baseline level (from 148 (134;
165) pg/ml to 124 (98; 138) pg/ml, p <0.05 com-
pared to baseline values and p <0.05 compared to
group 1). At the same time, in patients of group
1 who did not receive MCR antagonists, aldoste-
rone level, on the contrary, increased significantly
(from 150 (132; 168) pg/ml to 164 (146; 178)
pg/ml, p <0.05).

During spironolactone administration, the fre-
quency of adverse events requiring treatment dis-
continuation (hyperkalemia, orthostatic hypoten-
sion) was 12 % (95 % CI of 4.4 to 22.6 %). We did
not observe any significant renal impairment and
increased risk of gender-related side effects during
6 months of drug administration.

Thus, the use of spironolactone for 6 months as
part of antiarrthythmic therapy was associated
not only with significant reduction in the risk of AF
relapses, but also with regression of LV hypertro-
phy, improvement in diastolic function, a decrease
in the dispersion of the P-wave, ectopic atrial and
ventricular activity and in the incidence of late
atrial potentials. Our study did not reveal obvious
effects of spironolactone on the volume of the left
atrium and markers of inflammation: the decrease
in these indicators during drug therapy did not
reach statistical significance. It is noteworthy that
the use of spironolactone for 6 months was associ-
ated with a decrease in plasma aldosterone, while
the lack of MCR blockade led to its progressive
increase, apparently due to the effect of the escape
of aldosterone from therapy with ACE inhibitors
and ARBs.

Currently, a randomized placebo-controlled
INSPIRE-AF study (Inhibition of Aldosterone
to Reduce Myocardial Diffuse Fibrosis in Patients
with Paroxysmal and Persistent Atrial Fibrillation)
is being conducted to assess the efficacy of spirono-
lactone taken at a dose of 25 mg/day for 12 months
in patients with paroxysmal and persistent AF with
preserved LV EF [49]. The primary endpoint of this
study is the reduction of myocardial fibrosis, deter-
mined by magnetic resonance imaging. The effect
of the drug on the rate of AF relapses, quality of
life of patients and laboratory markers of collagen
metabolism will also be evaluated.

Currently, the study IMPRESS-AF (Improved exer-
cise tolerance in patients with PReserved Ejection
fraction by Spironolactone on myocardial fibrosiS
in Atrial Fibrillation), dedicated to the assessment
of spironolactone effect on exercise tolerance,
quality of life and diastolic function of the heart
in patients with symptomatic AF and preserved
LV EF is on active phase [50]. This study involves
250 patients, who were randomized to receive
spironolactone at a dose of 25 mg/day or a pla-
cebo for 2 years. Interestingly, the study includes
patients with permanent AF. The primary end-
point is an improvement of exercise tolerance after
2 years of follow-up. Secondary endpoints include
changes in quality of life (according to EQ-5D and
the Minnesota Living with Heart Failure Ques-
tionnaire), LV diastolic function, and hospitaliza-
tion for any reason.

Thus, the role of aldosterone antagonists in AF
has not yet been definitively determined. Further
clinical studies will determine the need to include
this group of drugs in the treatment protocols
for patients with AF.
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Abstract

Sedentary lifestyle, being a behavioral risk factor for chronic non-communicable diseases, is relevant for preventive
medicine. A key role in the correction of behavioral risk factors for chronic non-communicable diseases is occupied by
general medical practice, where the patient is continuously observed for many years. Increased physical activity reduces
the risk of atherosclerosis, diseases of the musculoskeletal system, malignant tumors, has a positive effect on the psy-
chological state of patients and reduces the overall morbidity and mortality. Increasing the reserves of the cardiorespira-
tory system of the body, physical activity improves the quality of life of patients and reduces the cost of medical care.
To effectively combat sedentary lifestyle, it is necessary to adequately motivate patients that can be achieved through
routine counseling to enhance physical activity. The method of such consultation should take into account limited time
of outpatient admission and all personal characteristics of patients (starting level of physical activity, health group and
risk of disease).

The article presents a summary of modern scientific views in the field of increasing physical activity of patients, discusses
current issues of counseling. The groups of patients with or without chronic diseases and the high risk of cardiovascular
complications were discussed. The variant of rational outpatient counseling with the help of the algorithm of organiza-
tion of physical activity mode, providing stratification of patients, planning, optimization and control of personal motor
activity was presented. The proposed method of optimization of counseling successfully solves the problems of motiva-
tion, increase of physical activity and individual approach in outpatient practice.
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Today, the main cause of death is complications of
non-communicable diseases (NCD), the cause of
occurrence and development of which are behav-
ioral risk factors (RF) [1, 2, 3]. The world health orga-
nization, among such RF of premature mortality in
global population, put low physical activity (PA) on

the fourth place [4]. In the presence of sedentary
lifestyle, the risk of death from all causes increases by
20-30 % [1, 5], with cardiovascular diseases (CVD)
among the primary causes: the risks of hyperten-
sion increase by 35-53 %, coronary heart disease
(CHD) — by 30 %, diabetes mellitus (DM) —
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by 27 %, breast and colon cancer — by 21-25 %
[5-9]. In Russia, about 40 % of the adult popula-
tion have low PA [4, 5], which negatively affects
workforce productivity and working life expec-
tancy, and consequently, public health and social
and economic situation [10], increasing direct
and indirect costs of health care [10, 11]. When
eliminating sedentary lifestyle, the life expectancy
of the population will significantly increase [10, 12,
13]. At the same time, adequate physical exercises
(PE) is recognized as an important factor in the
prevention and treatment of NCD regardless of
their stage [4, 14].

Correction of behavioral RF is carried out in the
form of systematic and long-term tasks with the
help of preventive counseling. In the presence of
NCD, an individual plan to increase PA is drawn
up, taking into account the individual clinical pat-
tern, risks and ability to perform exercises [5]. Gen-
eral practitioners (family doctors) are the leading
specialists in the field of personalized medicine,
who are extremely immersed in the details of the
clinical state, social, economic and cultural situa-
tion of their patients and their families [15, 16] and
can most effectively solve the problems of adequate
PA enhancement. In the process of step-by-step
preventive counseling, they can use individual fit-
ness trackers of the patient (bracelet or clip with
built-in physical activity sensor, fitness watch with
pulse monitor or heart rate monitor, pocket fitness
trackers and/or smartphones) for individual daily
monitoring of physical exercises.

PA and atherosclerosis

When implementing the tasks of increasing PA,
positive metabolic changes occur, first of all, serum
lipid profile: the levels of total cholesterol, low-
density lipoproteins and triglycerides are reduced,
the concentration of anti-atherogenic cholesterol,
high-density lipoproteins is increased. Thus, regu-
lar PA reduces the risk of atherosclerosis [17-20].

Adequate PE have a positive effect on carbohy-
drate metabolism: reduce carbohydrate toler-
ance, increase tissue sensitivity to insulin, reduce
the risk of hyperinsulinemia, insulin resistance
and type 2 DM (21, 22]. Impaired carbohydrate
metabolism and development of type 2 DM accel-
erate the development of atherosclerosis and its

complications, and PA, improving carbohydrate
metabolism, reduces the risk of atherosclerosis and
related diseases [14-24]. The influence of aerobic
exercises on the reduction of adiponectin with low
molecular weight and insulin in blood serum has
been proved [25].

PE, by reducing fibrinogen level, activity of VII
factor and platelet aggregation, have a beneficial
effect on rheological properties of blood and, thus,
reduce the risk of thrombotic complications, such as
myocardial infarction (MI) and/or cerebral stroke
(CS)[18-20, 26, 27]. Current studies have convinc-
ingly shown that aerobic PE improve myocardial
perfusion by dilation of coronary arteries, improve
microcirculation and endothelial function [27, 28].
Regular PE improve the balance of energy con-
sumption and capacity, which prevents the devel-
opment of obesity. Excess weight and, especially,
abdominal obesity contribute to the accelerated
development of atherosclerosis. Thus, PA contrib-
utes to the normalization of body weight, reduction
of abdominal obesity and, consequently, reduces
the risk of atherosclerosis [19, 29].

PE regulate vegetative balance inducing ischemic
preconditioning [30, 31], which in turn reduces the
probability of myocardial damage and the risk of
dangerous ventricular tachyarrhythmias, increas-
ing the risk of sudden death [29, 31].

There are convincing data on the modification of
the health status of patients with CVD performing
PA in cardiac rehabilitation: cardiovascular mortal-
ity decreased by 30 %, mortality from all causes —
by 20 %, the risk of re-MI — by 17 %, the need
for hospitalization — by 60 % [27, 28, 32].

Aerobic PE can be objectively measured and strictly
dosed, which increases safety and makes it possible
to use them in different categories of patients, espe-
cially in the presence of CVD. Cardiorespiratory
training, in comparison with simple aerobic PA
reduces the risk of cardiovascular complications —
CHD and CS — almost two-fold [32].

PA and cancer

A number of studies have shown that the risk of
developing cancer of different localization, in par-
ticular, breast and colon, decreases in the presence
of an active lifestyle [5-9, 33-36]. PA in combina-
tion with a proper diet (stewing versus deep frying)
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reduces the risk of breast cancer [37] and prostate
cancer [38, 39] and plays a primary role in their
prevention [37, 40]. The interrelation of cancer
and the presence of systemic inflammation signs is
proved. In this case, aerobic exercise improves the
profile of inflammatory cytokines in adipose tissue,
reducing the concentration of proinflammatory
(IL-12p70, TNF-a, IL-6) and anti-inflammatory
(IL-10) cytokines in inguinal and epididymal white
or brown adipose tissue. However, moderate con-
tinuous aerobic exercises have no effect on the
expression of lipolytic and thermogenic genes in
adipose tissue [24, 25, 39, 41, 42)].

PA and diseases of
the musculoskeletal system

Regular PE lead to an increase and strengthen-
ing of muscle mass, improvement of neuromuscu-
lar activity, which reduces the risk of arthritis. The
results of the studies did not confirm the common
opinion that the risk of arthritis or traumatic joint
damage increases during PA [10, 26]. As a result
of carefully conducted statistical analysis, it was
found that athletes who have been running for a
long time, do not have more problems with the
joints than people of the same age with a sedentary
lifestyle. That is why the American Arthritis Foun-
dation recommends PE in terms of flexibility and
muscle strength training as an important compo-
nent of therapy in patients with arthritis [26, 43].

Regular PE contribute to an increase in bone min-
eral density, reduce the rate of bone calcium loss,
preventing the development of osteoporosis [43—
45]. Analysis of the results of several studies showed
that in the presence of PA, the risk of bone fracture,
including the hip joint and spine, was reduced [45].

PA and psychological state
of a person

These studies show that in the presence of physi-
cal activity, well-being and mood are determined
much more often than in sedentary lifestyle, in
addition, patients with greater physical activity are
less prone to stress and depression [46]. Physical
activity increases subjective assessments of well-
being, perception of health and feeling of personal
happiness [47].

PA and overall morbidity
and mortality

Regular PE reduces the risk of developing major
NCD: CVD — 40 %, CS — 27 %, type 2 DM — 58 %,
Alzheimer's disease — 40 %, rectal cancer — 60 % or
more, lung cancer — 20-24 %, recurrence of breast
cancer — 50 %, the risk of falls in the elderly —
30 % and prevents depression and obesity [5-9, 37,
44, 45, 48]. In combination with sedentary lifestyle
with mild cognitive impairment after 12-month
aerobic exercise of moderate and high intensity, the
indicators of neurocognitive functions improve in
terms of memory, attention, fluency, information
processing speed and executive functions, which
are significantly associated with an increase in the
circulation of B- and T-lymphocytes (CD4+ and
CD8+) and a decrease in beta-amyloid, indicat-
ing a complex relationship between the adaptive
immune system, PA and the carrier of the apolipo-
protein E gene [49]. Adequate PE contribute to the
normalization of lifestyle and social activity, in par-
ticular, skilled ability to work [1, 2].

It should be noted that PE have a dose-dependent
effect, reducing the risk of coronary problems in
a healthy population and in the presence of RF,
or in patients with CVD of any age and gender.
At PA with duration >30 min/week the relative
risk of MI was 0.92 (95 % CI 0.67-1.28), and at PA
>210 min/week — 0.71 (95 % CI 0.63-0.79), i. e.
the degree of relative risk reduction increased from
8 % to 29 %, respectively 1, 2, 5, 11-13, 17].
Regular increase in PA reduces mortality from
all causes: at PA <150 min/week the decrease
in relative risk was 21 % (p <0.001), at FA 150-
300 min/week — 34 % (p <0.001) and at PA
>300 min/week — 46 % (p <0.001) [5, 10-13].

Risks associated with
an increase in PE

In some cases, with the latent course of CVD, an
increase in PE may increase the risk of sudden car-
diac death. The number of such cases related to PE
15 1:360,000 hours of running or 1:565,000 hours of
PA (American Heart Association). At the same time,
in 40 % of cases, these are patients with obvious or
latent CVD, increasing PE without prior medical
examination. In healthy people, the risk of serious
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cardiovascular complications associated with PE
ranges from 1:500,000 to 2,600,000 patient-years
of exercise. The probability of developing cardio-
vascular complications during PE activities in terms
of cardiac rehabilitation under the supervision of
medical workers is 1:50,000 to 120,000 patient-
years of exercise; sudden cardiac death — 1:340,00
0 to 750,000 patient-years of exercise [46].

With a careful, gradual increase in the level of PA,
the right choice of the PA type, given the para-
medical characteristics of the family (social and
economic, cultural traditions, living conditions, the
nature of interaction in the family, etc.) and careful
implementation of programs to increase PA risk of
adverse events is significantly reduced. If there is a
risk of injury in PA types where such risk exists (e. g.
cycling), it is recommended to use personal protec-
tive equipment such as helmets [29)].

In general, prevention and rehabilitation plans have
proven the efficacy and safety of PE: the mortality
rate in the regular PA is 40 % lower in comparison
with persons with a sedentary lifestyle 29, 32, 46].
Thus, at present, there are sufficient grounds to
assert that the use of adequate PA is effective and
safe with a careful, consistent increase in exercise
intensity and the selection of PA type.

Absolute contraindications for the beginning

or continuation of PA are:

* exacerbation of the underlying disease,

+ unstable clinical condition,

+ acute infectious diseases,

* pregnancy (women exercise according to special
programs),

* the presence of symptoms that are suspicious in
relation to CVD or other diseases (full examina-
tion, including a test with PE, is needed).

Those with the history of acute vascular or coro-

nary events, who have serious complications and

individual indications and contraindications, need
personalized programs of long-term physical reha-

bilitation [27, 28, 30, 32, 50].

Psychological aspects
of behavioral nature

Risk factors for NCD (unbalanced diet, smok-
ing, alcohol consumption, sedentary lifestyle) are
often associated with pleasure and rest, so recom-

mendations to increase PA are often perceived by
the patient as “deprivation of these pleasures” and
therefore ignored [1].

Many factors influence the (non)implementa-
tion of PA recommendations: level of education,
social status, nature of work, presence or absence
of chronic diseases, age, etc. Therefore, recom-
mendations for the optimization of PA should be
adapted to a particular patient, taking into account
the above factors. When consulting, it is desirable
to focus on the individual benefits of PA for a par-
ticular patient (what they will get in return for the
time spent on PA) [46, 49].

We can expect to improve the quality of life by
increasing PA at any age.

It should be borne in mind that sometimes patients
with sedentary lifestyle try to compensate for insuf-
ficient PA by excessive PE during rest days. This
approach is especially dangerous, because it violates
the principle of a gradual increase in volume and
intensity of PE, and it can be a cause of severe com-
plications of existing diseases in untrained patients.
The key to health and longevity is only a rational,
scientifically based training regimen. In addition,
forms of active rest are less effective in terms of
improving physical performance, since their task is
to relieve industrial fatigue by using low-intensity
and short-duration PA during the working day [46].
Only PA and PE, organized in a certain system of
physical training, expand the reserves of the car-
diovascular and respiratory system, modify RF of
NCD, suppress the markers of atherothrombogen-
esis and thus prevent the development of NCD and
their complications.

Correction of behavioral RF and, in particular,
increase in PE is effective only with a gradual
approach — step-by-step, better under the super-
vision of a general practitioner who can perform
dynamic monitoring of the patient and conduct
regular preventive counseling to correct existing
behavioral RF of NCD [15, 16].

Outpatient counseling
to improve PA

The low motivation of the patient to increase
PA is due to many reasons, in particular, lack
of understanding of PE benefits and/or unwilling-
ness to implement them independently. In such
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a situation, the primary task is to motivate the
patient, not to impose specific recommendations
on the optimization of PA. To solve this problem
specialized professionals, such as clinical psycholo-
gists, may be involved in the exercises.

Factors that increase the patient's motivation to

enhance PA:

+ confidence in their own capacity for PA;

* getting pleasure from exercise;

* the realization that PA benefits outweigh all the
arguments against;

+ availability of social support (from family mem-
bers, friends, etc.);

* active position of the doctor in increasing the
patient’s PA and his/her support.

The purpose of preventive counseling is to stratify
patients by health groups, age, PA, fitness and
motivation for PA.

Tasks implemented in the course of preventive counseling:

1. Primary assessment of patient’s motivation to
PA: in its absence — a brief conversation about
the benefits of PA for a particular patient, taking
into account his/her status.

2. For active patients in relation to PE — the pri-
mary assessment of individual PA level and, if
necessary, the correction of a set of exercises in
accordance with his/her health group, somatic
status, age and degree of fitness.

3. Assessment of health status and identification of
temporary contraindications for PA in training
mode is carried out using various questionnaires
(for example, IPAQ) filled in by the patient. De-
pending on the degree of motivation and the
need to increase PA in the IPAQ questionnaire,
there are three types of patients:

a) with sedentary lifestyle, without intention to
engage in PE in the next 6 months (according
to IPAQ, item 1);

b) planning or making attempts to increase PA
(according to IPAQ), items 2-4);

c) physically active persons (according to IPAQ,
items 5-8).

The 6-minute walk test (recommended by ACSM,
2006 [28]) is a method of assessing the functional
capabilities of patients, including in the presence of

cardiac or bronchopulmonary diseases. This test is
easy to use, itis necessary to have a 30-meter corridor.
The distance that the patient can quickly walk on a
flat, solid surface for 6 minutes is measured (Table 1).
For healthy men, the average distance is 580 m, for
healthy women — 500 m. Before using the test, it is
necessary to conduct and analyze the resting ECG
performed during the previous 6 months.

Test with squats (Aronov D. M., 1993 [29]). The
maximum number of squats is performed at a con-
venient pace for the patient until fatigue develops.
Then the stopwatch records the duration of the test
and counts the number of squats, heart rate is mea-
sured initially and immediately after the termina-
tion of the test (standards are presented in Table 2).

The test with PE on cycle ergometer or treadmill is car-
ried out in the form of a maximal (for group I of
health) or submaximal (for groups II and III of
health) exercise testing. Maximal exercise testing is
used for examination of practically healthy, mostly
young people who have an extremely low prob-
ability of having CHD, since it will be necessary to

Table 1. Results of the 6-minute walk test, assessing
physical exercises and prognosis in the prevention

of cardiovascular complications (according to the
recommendation of ACSM, 2006) *

Phy81'cal Number of Prog.nosm for t}%e pre-
exercises vention of cardiovas-
meters . .
levels cular complications

I <300 Worst

II 300-374 Bad

II 375-450 Favorable

v >450 Very favorable

*Note: the result should be compared with the proper value (in m),
which is calculated by the formulas:

Men: (7.57 x height, cm) — (5.02 x age, years) — (1.76 — weight,
kg) — 309 m

Women: (241 x height, cm) — (2.29 x weight, kg) — (5.78 x age,
years) + 667 m

Table 2. Standards of the test with squats depending
on gender and age (Aronov D. M., 1993)

Number of squats per minute
Age, years
Men | Women
29-39 34-42 32-38
40-49 31-41 29-35
50-59 27-35 26-34
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Table 3. Classification of weekly physical activity levels

Levels
of physical Physical activity Utilit
activity of moderate intensity for heal};h Comment
(power costs, (min/week)
MET min)
Absence No physical activity No Physical 1nact1V1t.y isa 51gn1f1.cant risk factor
above normal for cardiovascular disease
<150 minutes in addition =~ There are some Low level of physical activity is better
Low (<500) : . .
to normal benefits than no physical activity
Average 150-300 minutes . This level of physical activity has
(500-1,000) to normal Real benefit additional health benefits
The limit level of physical activity, above
High (>1,000) >300 minutes to normal Added value which increase in additional health benefits

does not occur is not defined

bring the heart rate of the patient to the maximum
age-specific values or to complete exhaustion (the
inability to further perform this exercise).

Exercise level criteria proposed by International Rec-
ommendations are presented in Table 3. These rec-
ommendations distinguish four categories of total
weekly aerobic PA: lack of PA, low, medium and high
levels of PA, determining the health benefit (risk).

Individualization of programs to increase patient’s

PA is achieved taking into account patient’s group

of health, his/her group of dispensary supervision

(Order dated December 21, 2012 No. 1344n “On

the approval of the procedure of carrying out dis-

pensary supervision”) and group of cardio-vascular
risk.

* Group I of health — almost healthy, not in need
of dispensary supervision.

* Group II of health — having RF of NCD, with
high or very high total cardiovascular risk, are on
dispensary supervision.

* Group III of health — have a disease and require
dispensary supervision or specialized medical
care, require additional examination.

Cardiovascular risk is determined by the SCORE
system and corresponds to a 10-year risk of fatal
CVD: low risk <1 %, medium risk 1 % — 4 %, high
risk 5 % — 9 % and very high risk 10 % or more.
Patients with CVD (after MI and CS, CHD, carotid
atherosclerosis, chronic heart failure, etc.) belong
to the group of very high cardiovascular risk. Such
patients should be preceded by a medical examina-
tion before developing a plan to increase the inten-
sity of PE.

It is mandatory to conduct medical examination for:

* persons over 40 years (smokers over 35 years),

* persons at high and very high cardiovascular risk,

* patients with established CVD (regardless of age
and degree of their training),

* persons with a sedentary lifestyle, and therefore
untrained [1].

Taking into account the specifics of the work of

a general practitioner, in order to optimize the

activities carried out by the general practitioner to

increase PA in motivated patients, in accordance

with the generally accepted methodology of pre-

ventive counseling, we propose a method of “Traf-

fic Light”: procedure of individual management of

the patient for the organization of his/her physical

activity regimen.

Traffic Light method:
procedure of individual
management of the patient
for the organization of his/her
physical activity regimen
(Table 4)

1. Stages of consultation:

*+ To discuss the positive impact of PA on the
improvement of individual health of the patient,
improving his/her physical and psychological
condition, the correction of RF, reducing the risk
of NCD due to insufficient PA and to motivate
him/her to include exercises in everyday life;

* To assess the state of health and to exclude con-
traindications for PA classes;
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* To develop an individual program to improve
PA, give recommendations on the choice of the
appropriate type and level of PE, according to
his/her age, fitness, health;

* To monitor the patient’s compliance with PA rec-
ommendations, support his/her desire to achieve
good results, to assess the changes of PA (result)
and to make the necessary changes in the tactics
of PA correction.

2. PA planning:

Planning takes the form of a discussion and is based

on the following principles:

* The frequency of PA classes — at least 3—5 times
a week, even daily;

* The duration of PA — 15-30 minutes, increasing
to 45-60 minutes;

* The intensity of PE — 50-75 % of the maximal
heart rate according to age (220-age) or indi-
vidual threshold tolerance for patients with CVD
and bronchopulmonary pathology;

* Type of exercise — dynamic.

3. Recommendations for PA optimization:

+ Aerobic training should last at least 10 minutes
(class TIA of recommendations, level A of evi-
dence) [5].

* Aerobic PE should be spread evenly during the
week — 4-5 days a week (class IIA of recommen-
dations, level A of evidence) [5].

* People with sedentary lifestyles should undergo
an adequate assessment of the possible risk
and only then begin with mild PE programs
(class I of recommendations, level A of evi-
dence) [5].

General recommendations to increase daily PA are

necessary for individuals with groups I and II of

health. For persons of the third group, restrictions
of routine and daily PA may be applied according
to the underlying disease.

Patients belonging to any of the health groups,

having a pathology of the musculoskeletal system,

limiting PA, require an individual approach to the
choice of the daily motor activity regimen.

With restrictions in health, for increase in PA, it is

necessary to gradually increase the time of physical

activity up to 150 minutes a week. This is possible
due to the distribution of the total time for several
classes per week, gradually increasing the duration

of each class: for example, 30 minutes of PA of aver-
age intensity 5 times a week.

It is necessary to implement the basic principle of
increasing PA: gradual increase in the duration
of classes, their intensity and volume over several
weeks.

It is desirable that the chosen exercises are available
for performance and brought pleasure. Classes
should be held 1.5-2 hours after meals and no later
than 3 hours before bedtime.

If, for any reason, the training is interrupted, its
resumption begins with a lower level, reaching the
initial level gradually.

4. Control of PA classes:

PE intensity should not exceed 50-75 % of the
maximum heart rate or individual tolerance to the
performed exercise.

The optimal zones of the training regimen accord-
ing to heart rate depending on the age are pre-
sented in Table 5. Patients are instructed on the
importance of monitoring heart rate (pulse)
during PA. For example, for a person aged 50 years
(group II of health, without clinical signs of coro-
nary heart disease) optimal training regimen can
be provided with an exercise with the pulse from
100 to 125 beats per minute In the presence of
CVD (group III of health), the level of permissible
exercise is determined by the doctor individually,
according to tests with PE.

Conclusion

Given the high efficacy and safety of PE in health
promotion and prevention of NCD, it is desirable
to carry out preventive counseling and make rec-
ommendations to optimize the level of PA depend-
ing on the age, degree of fitness, the health group
of dispensary observation, the presence or absence
of organic diseases for patients who are visiting a
doctor for any reason.

Patients with high or very high risk of cardiovascu-
lar complications, having diseases of the cardiovas-
cular, bronchopulmonary and other systems, rec-
ommendations for the optimization of PA should
be preceded by thorough medical examination
and, if necessary, consultation of specialists: cardi-
ologist, pulmonologist, rehabilitation therapist and
others, depending on the individual clinical pattern.
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! Patients who have suffered a myocardial infarction, heart and heart vessels surgery, having stable angina or chronic heart failure, are
recommended aerobic exercises of moderate intensity lasting 30 minutes 3 times or more per week (class I of recommendations, level A
of evidence) [5].

? Persons aged 18-64 are given physical activity / aerobic physical exercises of moderate intensity for at least 150 minutes per week

(2 hours 30 minutes), or aerobic physical activity of high intensity for at least 75 minutes (1 hour 15 minutes) per week, or a similar combination
of physical activity of moderate and high intensity (class I of recommendations, level A of evidence). Main rule: 2 minutes of physical activity of moderate
intensity are equal to 1 minute of physical activity of high intensity, for example, 30 minutes of physical activity of moderate intensity per week are similar to
15 minutes of physical activity of high intensity.

3 The initial level of physical exercises in untrained citizens should not increase the heart rate by more than 30 beats/min relative to rest, then
the intensity of physical exercises increases until the optimal training heart rate is achieved.

4 Adults (up to 65 years) should increase the moderate intensity load to 300 minutes (5 hours) per week or high intensity physical activity
sessions to 150 minutes per week.

Note: Criteria for the effectiveness of physical exercises: heart rate and blood pressure at rest do not exceed safe standards, sleep, appetite,
health and mood are improved, exercise tolerance increases, good performance of stress tests

Table 5. Optimal zones of training regimen depending on age (heart rate equivalent to 6075 % of MPC or
maximum heart rate by age)

Age, years Heart raFe, Age, years Heart ra?e,
beats per minute beats per minute
20-29 115-145 60-69 95-115
30-39 110-140 70-80 88-108
40-49 105-130 80 and older 7-98
50-59 100-125
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Abstract

Numerous studies on the pathophysiological mechanisms of obstructive sleep apnea discover the relationship
between obstructive sleep apnea and cardiovascular diseases, its contribution to the development of resistant
hypertension and endothelial remodeling. Continuous Positive Airway Pressure (CPAP) is the only reasonable
pathogenetic therapy in these patients. This treatment regimen implies the creation of a “pneumatic stent” with a
given level of positive pressure on the inhalation and exhalation of the patient, allowing to stabilize the lumen of the
upper respiratory tract and prevent the pharyngeal collapse. However, the effects and the required duration of CPAP
night sessions to achieve the target values of blood pressure and restore arterial stiffness in patients with severe
obstructive sleep apnea with resistant hypertension remain poorly understood. Objective: To study the dynamics
of blood pressure, arterial stiffness and endothelial dysfunction in patients with severe obstructive sleep apnea with
resistant hypertension, depending on the duration of auto-adjusting CPAP (A-Flex mode). Methods: The prospective
single-center study enrolled 168 patients aged 35-75 y. o. with obstructive sleep apnea and resistant hypertension
(139 males (82.7 %) and 29 females (17.3 %), 46.4 + 9.0 y. o.) with apnea-hypopnea index >30 events/hour.
The patients signed the informed consent and obtained adjusted antihypertensive treatment. The night polygraphy
study was performed to calculate AHI, oxygen desaturation index, mean nocturnal saturation (SpO,) according
to the requirements of American Academy of Sleep Medicine. Endothelial function of blood vessels was assessed
manually according to peripheral arterial tone. The reactive hyperemia index and augmentation index was calculated.
Blood pressure was monitored by office measurement, daily monitoring of blood pressure, and by individual patient
diaries. Optimal level of CPAP-treatment was adjusted on an outpatient basis. Apnea-hypopnea index, the level of
air leakage, average pressure and compliance to CPAP-therapy were established in accordance with the international
requirements. Results: In the group of patients, treated with night sessions of A-Flex >6 h/night, significant dynamics
was observed by the 6th month of treatment. That is, a decrease in RHI by -1.33 (95 % CI [-2.25; -0.41]; P = 0.002),
a decrease in Al by -12.4 % (95 % CI [-18.42; -6.38]; P = 0.001), a decrease in mean SBP (24 h) by -33.6 mm Hg
(95 % CI [-44.1; -23.2]; P = 0.002) and decrease in mean DBP (24 h) by —20.2 mm Hg (95 % CI [-29.4; -11.1]; P =
0.001), with a decrease in SBP RMR by -22.4 mm Hg/h (95 % CI [-24.7; -20.1]; P = 0.002), and a decrease in DBP
RMR by -17.4 mm Hg/h (95 % CI [-19.5; -15.3]; P = 0.003). The best target values were achieved by the 12th month
of treatment: a decrease in RHI by -2.11 (95 % CI [-2.57; -1.65]; P = 0.001), a decrease in Al by -28.5 % (95 %
Cl [-37.06; -19.94]; P = 0.002), a decrease in mean SBP (24 h) by -39.7 mm Hg (95 % CI [-48.9; -30.5]; P = 0.001)
and decrease in mean DBP (24 h) by -26.8 mm Hg (95 % CI [-36.1; -17.5]; P = 0.001), with a decrease in SBP RMR
by —22.5 mm Hg/h (95 % CI [-23.6; -21.4]; P = 0.001), and a decrease DBP RMR by -19.4 mm Hg/h (95 % CI [-20.7;
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-18.1]; P = 0.002). Conclusions: In patients with severe obstructive sleep apnea and resistant hypertension only
CPAP-therapy in the A-Flex mode >6 h/night allows to achieve target blood pressure, restores endothelial function
and arterial stiffness, therefore reducing the risk of cardiovascular complications.

Key words: obstructive sleep apnea, resistant hypertension, arterial stiffness, endothelial dysfunction, CPAP-therapy,
A-Flex mode
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AHI — apnea-hypopnea index, Al — augmentation index, CPAP — Continuous Positive Airway Pressure, ODI — oxygen
desaturation index, PAT signal — peripheral arterial tone, RH — reactive hyperemia, RHI — reactive hyperemia index,
PWA — pulse wave amplitude, SpO, — level of blood saturation, BP — blood pressure, BPV — blood pressure variability,
DBP — diastolic blood pressure, OSA — obstructive sleep apnea, PG — polygraphic study, ResH — resistant hypertension,
SBP — systolic blood pressure, ABPM — ambulatory blood pressure monitoring, SNS — sympathetic nervous system,

RMR — rate of morning rise, CRM — Center of Respiratory Medicine, HR — heart rate

Introduction

Obstructive sleep apnea (OSA) is associated with
periodic development of upper respiratory tract
collapses during nighttime. As a result of respi-
ratory arrests, alveolar ventilation changes, and
acute hypoxemia episodes with sharp increase in
breathing efforts and substantial change in intra-
thoracic negative pressure occur. Large-scale pro-
spective clinical studies proved the relationship
between OSA and increased risk of cardiovascular
diseases, including resistant hypertension (ResH)
[1, 2]. Intermittent hypoxemia (cyclic desatura-
tion with fast reoxygenation) occurring at the
time of sleep apnea contributes to the formation
of reactive oxygen intermediates, activates oxida-
tive stress, and initiates endothelial vascular injury
cascade [3]. Chronic inflammation results in vas-
cular injury with further remodeling of blood ves-
sels. Currently, arterial stiffness is recognized as
a criterion of vascular ageing and a risk factor of
cardiovascular events [4, 5]. Moreover, activated
sympathetic nervous system (SNS), and amplified
peripheral and central chemoreflexes cause a steady
increase of blood pressure (BP) [6]. By removing
pharyngeal collapses, Continuous Positive Airway

Pressure (CPAP) therapy stops anoxemia episodes,
reduces sympathetic tone and negative intratho-
racic pressure fluctuations [7]. However, the dura-
tion of ventilatory care in patients with ResH+OSA
is poorly understood, which was the reason for con-
ducting this study.

Materials and methods

Study design

Our single-center prospective study enrolled
168 patients with hypertension and metabolic
disorders (139 males, or 82.7 %, and 29 females,
or 17.3 %), aged 46.4 + 9.0 years, who had severe
OSA (apnea-hypopnea index (AHI) >30 events/
hour) and who had signed an informed consent
(Figure 1).

All the patients underwent physical and complete
medical examination with an additional focus on
history, symptoms and markers of sleep respiratory
disorders (STOP BANG Questionnaire) [8]. They
were interviewed for how long they had been gain-
ing weight and when it started, number of attempts
to lose weight, administration of weight manage-
ment medications and/or dietary supplements,
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Inclusion criteria: Age: 18-75 years; AHI: >30 events/hour

(Fi02 = 21 %).

antagonist (CA) + diuretic/spironolactone)

Baseline

3-6-12 month of
treatment

Completed the study (n = 152)

STUDY DESIGN

Patients with hypertension and metabolic disorders with STOP BANG score >3 (n = 231)

Exclusion criteria: pregnancy, lactation; type 1 and 2 diabetes mellitus; syndrome-based forms of obesity; severe somatic
comorbidity (thyroid function abnormality, renal and hepatic failure, decompensated heart failure, severe hemodynamic
cardiac rhythm abnormalities, history of myocardial infarction and stroke within three months before screening, systemic
inflammatory disease, cancer); administration of systemic glucocorticosteroids three months before screening; history of
mental illness and/or that detected during clinical examination; drug and alcohol dependence; patients with significant
airway obstruction (FEV1 <50 %), restrictive disorders (VC <80 %), daytime arterial blood oxygen saturation (SpO.) <90 %

Study group (139 males and 29 females), aged 46.4 £ 9.0 years (n = 168)

4 weeks of full-dose two-component combined antihypertensive therapy (ACEl (ARB) + calcium

Assessment of effects of the given antihypertensive therapy
A-Flex mode CPAP-therapy with automatic selection of controllable ventilation parameters with
OSA adjustment (AHI <10 events/hour)

Discontinued the study (n = 16)

Discontinued the medication therapy (n = 4)
Discontinued the CPAP-therapy (n = 6)

Low efficacy of adjustment, AHI >10 events/hour (n = 6)

q

Included in ITT analysis (n = 168)

Figure 1. Scheme of the study design. Explanations are given in the text

dietary habits and daily dietary calories, physical
activity. The exclusion criteria were: pregnancy,
lactation; type 1 and 2 diabetes mellitus; syndrome-
based forms of obesity; severe somatic comorbidity
(thyroid function abnormality, renal and hepatic
failure, decompensated heart failure, severe hemo-
dynamic cardiac rhythm abnormalities, history
of myocardial infarction and stroke within three
months before screening, systemic inflammatory
disease, cancer); administration of systemic gluco-
corticosteroids three months before screening; his-
tory of mental illness and/or that detected during
clinical examination; drug and alcohol depen-
dence; patients with significant airway obstruction
(FEV, <50 %), restrictive disorders (VC <80 %), day-
time arterial blood oxygen saturation (SpO,) <90 %
(FiO, = 21 %).

All patients received the full-dose two-compo-
nent combination

antihypertensive  therapy

(ACE inhibitors (ARB) + calcium antagonist (CA)
+ diuretic/spironolactone) [9] for 4 weeks with
the assessment of effects of ResH medication
adjustment in patients with OSA before respira-
tory support. In subsequent 3-6-12 months, all
patients with OSA+ResH received auto-adjusting
CPAP-therapy (A-Flex mode) in accordance with
the recommendations of the American Academy
of Sleep Medicine (AASM) [10] to achieve the opti-
mal OSA adjustment with AHI <10 events/hour
with preservation of the selected antihypertensive
medication therapy.

Ethical standards

The study was conducted in the Department of
Phthisiology and Pulmonology of the General
Medicine Faculty at the A. I. Evdokimov Moscow
State University of Medicine and Dentistry based
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on the Center of Respiratory Medicine and the
Hospital of Centrosoyuz of the Russian Fed-
eration (39 Losinoostrovskaya street, bldg. 2,
Moscow, 107150, Russia). The study was approved
by the Inter-University Ethics Committee of the
A. L. Evdokimov Moscow State University of Medi-
cine and Dentistry.

Polygraphic study

All the patients underwent a night polygraphic
study (PG) as per the standardized protocol for
cardiovascular monitoring of obstructive sleep
apnea in accordance with the American Acad-
emy of Sleep Medicine (AASM) regulations and
recommendations [11]. SOMNOcheck micro
CARDIO (Lowenstein Medical (Weinmann), Ger-
many) with SOMNOIab 2.19 (Lowenstein Medical
(Weinmann), Germany) software was used. The
study was started at 11.00 p. m. and completed
at 7.30 a. m., with registration of the main poly-
graphic respiratory parameters: 1) mouth-nose
airflow and snoring; 2) breathing efforts; 3) record-
ing of SpO, and heart rate (HR) by pulse oxymetry.
The polygraphy findings were processed manu-
ally by the qualified personnel of the CRM. Apnea
was identified as reduction in the airflow signal by
>80 % while maintaining the breathing effort for
>10 seconds. Hypopnea was identified as reduction
in the airflow signal by >30 % while maintaining
the breathing effort for >10 seconds and subse-
quent desaturation by >4 %. Severity of OSA was
determined by the apnea-hypopnea index (AHI)
defined as the total number of obstructive apnea
and hypopnea per 1 recording hour. Occurrence of
5< AHI <15 events/hour was assessed as mild OSA;
15< AHI <30 events/hour — as moderate OSA;
AHI >30 events/hour — as severe OSA. The assess-
ment included the nocturnal desaturation level by
OD]J, i. e, the number of drops of SpO, >4 %, as
well as mean and minimum nocturnal saturation
(SpO.,), respectively.

Endothelial function assessment

Vascular endothelial function was assessed by the
quality of peripheral arterial tone (PAT signal)
measured manually using two modified plethys-
mographic biosensors placed on forefingers of

both hands [12]. Pulse wave amplitude (PWA)
was estimated before and during reactive hyper-
emia (RH) by peripheral arterial tonometry
(Endo-PAT2000, Itamar Medical Ltd., Israel).
Ischemic stimulus was induced by cuff occlusion
(shoulder cuff inflation up to systolic pressure of
>200 mm Hg for 5 min), and the reactive hyper-
emia index (RHI) was calculated as a ratio of mean
PWA for a period of 1 minute after cuff deflation
to the baseline pre-occlusion PWA. We estimated
the augmentation index (Al) defined as a ratio of
the shock wave arising from the increase of aortic
pressure to the systolic reflected wave [13]. All tests
of RHI and Al were performed under standard-
ized conditions (time, room, temperature).

Ambulatory  blood  pressure  monitoring
(ABPM) was performed using the BPLab 24-
hour recording outpatient device, model MnSDP-2
(Petr Telegin, Russia). BP was recorded every
15 minutes during daytime and every 30 minutes
at night. Sleep and wake intervals were determined
individually, based on the patients’ diaries. Exam-
ining 24-hour BP profile, we analyzed arithmetic
means of systolic blood pressure (SBP), diastolic
blood pressure (DBP) during day- and nighttime,
as well as over 24 hours. To interpret the daily BP
rhythm, the degree of nocturnal pressure reduc-
tion was used by calculating the daily index (DI,
%) based on BP daily (BP)) and nocturnal aver-
age values (BP ), as calculated by the formula:
DI =100 % x (BP, — BP )/BPd. Based on the DI
data, the following types of daily BP profile were
determined: patients with normal nocturnal BP
reduction (dippers): 10< DI <20 %; patients with
insufficient nocturnal BP reduction (non-dippers):
0< DI <10 %; patients with higher nocturnal BP re-
duction (over-dippers): DI over 20 %; patients with
steady increase in nocturnal BP (night-peakers):
DI less than 0 %. Blood pressure variability (BPV)
was assessed as a standard deviation of individual
BP values from the daily and/or nocturnal mean
value. Variability for SBP during day- and night-
time should not exceed 15 mm Hg, for DBP —
14 mm Hg during daytime and 12 mm Hg during
nighttime. High BPV was registered when any of
the four mentioned parameters deviated. The rate
of morning BP rise was calculated by the ratio of
the BP rise value to its time [14].
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Assessment of compliance
with CPAP-therapy

The optimum treatment level of CPAP-therapy was
adjusted on an outpatient basis using pressure auto-
select devices (PR System One REMstar Auto CPAP
Machine with A-Flex (Philips Respironics, USA))
for 7 days following the diagnostic testing. To assess
the compliance of patients with OSA on Month
3-6-12 of CPAP-therapy, we used Encore Pro
v.2.14 original compliance analysis program (Phil-
ips Respironics, USA). The primary analyzed param-
eters included: 1) the mean time of CPAP-therapy
for all days of usage (AU) (h/night) — an index that
reflects the repeatability of CPAP-therapy in case of
outpatient usage; 2) the average treatment pressure
of CPAP-therapy (CMP) (mbar) — an index that
reflects the treatment pressure of CPAP-therapy;
3) the average correctional apnea-hypopnea index
during CPAP-therapy (AHI_,,,) (events/hour) —
an index that reflects the efficacy of CPAP-therapy.
Based on the level of usage of nocturnal auto-adjust-
ing CPAP-therapy (A-Flex mode), the patients were
divided into the following groups: 1) <4 h/night —
low compliant patients with OSA (group A); 2) 4 to
6 h/night — medium compliant patients with OSA
(group B); 3) >6 h/night — high compliant patients
with OSA (group C) [15].

Statistical analysis

Mathematical processing of the results was per-
formed using the SPSS 12.0 software package
(SPSS Inc., USA). Before the statistical analysis,
the pattern of distribution of individual indica-
tors was assessed according to the Kolmogorov —
Smirnov test. The analysis was performed using
single factor methods of parametric and non-
parametric statistics. The Bonferroni method was
applied for pairwise comparisons. If the quantita-
tive attributes were distributed abnormally, the sig-
nificance of group differences was examined using
the Mann — Whitney U-test. Quantitative data
was expressed as mean (M) and standard devia-
tion (SD) (M+SD). During the final assessment of
the findings, we performed the intention-to-treat
analysis (I'TT analysis) [16]. Moreover, methods
of multivariate statistics should be used to reveal
“hidden” factors affecting the result. The x* test,

the so-called likelihood ratio, was used to compare
qualitative data; when no assumptions were made,
the Fisher's exact test was applied. Differences in
the tested parameters were considered significant
at p <0.05. When 0.05< p <0.1, the existence of a
statistical trend was estimated [17].

Results

Characteristics of the group with OSA+ResH (n =
168) after 4 weeks of the full-dose two-component
combined antihypertensive therapy (ACE inhibitor
(ARB) + calcium antagonist (CA) + diuretic/spi-
ronolactone) are presented in Table 1.

Of the 168 enrolled patients, a total of 152 (90.5 %)
patients made every visit and were included in
the standard analysis. Sixteen patients (9.5 %)
discontinued their participation in the study by
Month 12 due to: 1) self-determined termination
of the medication therapy (n = 4); 2) self-deter-
mined termination of CPAP-therapy (n = 6); 3) low
efficacy of A-Flex on Month 3 of observation with
the preservation of AHI >10 events/hour (n = 6).
All the patients were included in the subsequent
I'TT analysis.

It should be noted that, despite the full-dose com-
bination medication therapy, patients with severe
OSA+ResH had high BMI, severe nocturnal
hypoxemia, and increased office SBP/DBP. They
had low baseline RHI (endothelial function) and
high baseline Al (arterial stiffness). The analysis of
ABPM revealed a moderate increase in SBP/DBP
with the expressed daily profile disturbance. The
majority of patients (n = 115; 68.4 %) were assessed
as non-dippers. They had increased blood pressure
variability during day-/nighttime, as well as high
rate of morning SBP/DBP rise.

Intention-to-treat (I'TT) analysis
of SBP/DBP, arterial stiffness and
endothelial function

The meanmedical pressure of CPAP-therapy (CMP)
for all patients in the group was 14.40 + 2.50 mbar
with the apnea-hypopnea index (AHI ., ) adjusted
to 6.90 + 2.12 events/hour, which demonstrated
that the OSA control target was achieved and the
risk of probable fatal and non-fatal cardiovascular
events was entirely eliminated [15].
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Table 1. Baseline characteristics of patients with hypertension+OSA (n = 165)

| Test parameter |

BASELINE (n=168) |

Age (years)

Gender (male/female)

Body mass index (BMI) (kg/m?)
Neck circumference (cm)

Waist circumference (cm)
males
females

Smokers (n, (%))
Ex-smokers (n, (%))

Never-smokers (n, (%))

Nocturnal polygraphic study (PG) parameters
Apnea-hypopnea index (AHI) (events/hour)
Oxygen desaturation index (ODI) (events/hour)

Time required for saturation less than 90 % (TSat_90)
(% of the total sleep time)

Mean nocturnal saturation (Sat mean) (%)
Minimum nocturnal saturation (Sat min) (%)
Minimum nocturnal HR (beats/min)

Maximum nocturnal HR (beats/min)

Office SBP/DBP, reactive hyperemia index (RHI),
augmentation index (AI)

Hypertension duration, years

Office SBP, mm Hg

Office DBP, mm Hg

Reactive hyperemia index (RHI) (reference <1.67)
Augmentation index (Al) (%) (reference: 18.43-39.97 %)

SBP/DBP ambulatory monitoring (ABPM) parameters
Mean SBP (24 hours), mm Hg
Mean DBP (24 hours), mm Hg
Mean SBP (day), mm Hg
Mean DBP (day), mm Hg
Mean SBP (night), mm Hg
Mean DBP (night), mm Hg
SBP variability (day), mm Hg
DBP variability (day), mm Hg
SBP variability (night), mm Hg
DBP variability (night), mm Hg
dippers, (n, %)
non-dippers, (n, %)
night peakers, (n, %)
over-dippers, (n, %)
SBP RMR, mm Hg/h
DBP RMR, mm Hg/h

46.40 £ 9.03
139/29
3740 £+ 3.60
44.30 £ 3.81

121.40 £ 9.20
110.3 £ 11.60

18 (10.7)
125 (74.4)
25 (14.8)

49.8 £6.90
46.5+4.70

278 +£3.40

831 +2.30
70.5+4.20
431+4.10
113.2 £ 7.30

9.50 £2.90
163.20 £ 17.3
99.50 £ 711

3.30+0.82

4710+ 4.4

1514 + 12.2
92.3 + 101
154.3 + 13.4
88.4+8.3
150.4 + 12
86.5+ 7.4
22.4+6.3
184+ 2.4
25.3+52
189+ 46
7(4.2)
115 (68.4)
46 (27.4)
0(0)
29.6 + 3.1
23.4+4.2
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Table 2. Changes in SBP/DBP, arterial stiffness and endothelial function parameters (n = 168)

Test parameter . Baseline Month 3 Month 6 Month 12
(without CPAP) CPAP CPAP CPAP

Reactive hyperemia index (RHI) 3.30+0.82 310 £ 0.85 2.89 +£0.92* 1.65 £ 0.46**
Augmentation index (AI) (%) 4710+ 44 45.20 £ 5.60 40.70 £ 6.02* 2715 £+ 8.56**
Mean SBP (24 hours), mm Hg 1511 +£12.2 133.2 £ 11.3* 124.2 + 10.4** 119.4 + 9.2%*
Mean DBP (24 hours), mm Hg 92.3 +1041 83.2 +101* 76.3 +9.2** 1.4 +9.3*
Mean SBP (day), mm Hg 154.3 £ 13.4 136.7 + 11.4* 126.3 £ 10.3** 121.2 £ 9.5**
Mean DBP (day), mm Hg 88.4+8.3 82.0 + 8.1* 5.1 +7.3* 1.3 +£ 73"
Mean SBP (night), mm Hg 150.4 £ 121 1304 £ 11.7* 120.4 + 9.4** 115.3 £ 9.2**
Mean DBP (night), mm Hg 86.5+ 74 81.4 £ 7.2% 2.2+61% 70.5 £ 5.4**
SBP variability (day), mm Hg 22.4+6.3 154 £3.7* 11.3 + 3.3** 10.5 £ 2.2**
DBP variability (day), mm Hg 1814 +24 13.2 £ 2.5* 10.5 £ 3.4** 9.6 +2.8*
SBP variability (night), mm Hg 25.3+£5.2 15.7£3.2* 10.5 £ 3.1** 10.1 + 2.3**
DBP variability (night), mm Hg 189+ 4.6 13.7+3.9* 9.6 £ 2.3** 8.8 + 3.4**
SBP RMR, mm Hg 29.6 + 31 14.6 + 3.9* 9.5+2.3" 8.2+ 14
DBP RMR, mm Hg 23.4+4.2 13.8 £ 2.7* 8.4+ 2.4% 53+ 1.3

Note:RMR — rate of morning rise;

*p <0.05 against the baseline values (without CPAP), **p <0.01 against the baseline values (without CPAP)

We performed the intention-to-treat (ITT) analy-
sis of SBP/DBP, RHI, Al adjusted for age, gender,
BMI, conducted
depending on the duration of daily night A-Flex

antihypertensive  therapy,
sessions (CPAP-therapy). Changes in average
values for the group (n = 168) of primary param-
eters on Months 3, 6, and 12 of the therapy are pre-
sented in Table 2.

In general, significant positive changes in SBP/
DBP, RHI and Al against the background of
CPAP-therapy occurred as early as Month 3. How-
ever, we found significant differences in the rate of
achievement of the target test parameters depend-
ing on the duration of night sessions of A-Flex
therapy. For example, patients who received A-Flex
<4 h/night had the least changes (Figures 2, 3, 4).

Significant positive changes in the group of
patients who received A-Flex >6 h/night occurred
by Month 6: RHI decreased by -1.33 (95 % CIL:
-2.25t0-0.41; P=0.002), Al decreased by -12.4 %
(95 % CI. -18.42 to -6.38; P = 0.001), mean SBP
(24-hour) decreased by —-33.6 mm Hg (95 % CI:
~-44.1 to -23.2; P = 0.002) and mean DBP (24-
hour) — by -20.2 mm Hg (95 % CI. -29.4 to

-11.1; P = 0.001), with decrease of SBP RMR by
-22.4 mm Hg/hour (95 % CI: -24.7 to -20.1; P =
0.002) and DBP RMR — by -17.4 mm Hg/hour
(95 % CI: -19.5 to —-15.3; P=0.003). The best target
values were achieved only in the group of patients
who received A-Flex >6 h/ night on Month 12 of
A-Flex therapy: RHI decreased by -2.11 (95 % CIL:
-2.57t0 -1.65; P=0.001), Al decreased by —28.5 %
(95 % CI. -37.06 to —19.94; P = 0.002), mean SBP
(24-hour) decreased by —-39.7 mm Hg (95 % CIL:
-48.9 to -30.5; P = 0.001) and mean DBP (24-
hour) — by -26.8 mm Hg (95 % CI. -36.1 to
-17.5; P = 0.001), with decrease of SBP RMR by
-22.5 mm Hg/hour (95 % CI: -23.6 to -21.4; P =
0.001) and DBP RMR — by -19.4 mm Hg/hour
(95 % CI: -20.7 to -18.1; P = 0.002).

Discussion

Obstructive sleep apnea is a heterogeneous disease
with a complex development mechanism and high
risks of cardiovascular complications [2]. In our
study, we tried to analyze patients with hyperten-
sion and severe OSA who had the maximum risks of
fatal events. Currently, CPAP-therapy is recognized
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Figure 2. Changes in RHI and Al depending on the duration of A-FLEX night sessions

on Months 3-6-12. Explanations are given in the text

Changes in mean SBP (24-hour) during CPAP-therapy
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Figure 3. Changes in mean SBP/DBP depending on the duration of A-FLEX night sessions

on Months 3-6-12. Explanations are given in the text
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Figure 4. Changes in rates of morning SBP/DBP rise depending on the duration of A-FLEX night sessions

on Months 3-6-12. Explanations are given in the text
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as the only reasonable pathogenetic therapy for
this disease [10]. However, various modes of CPAP
and the required duration of night sessions are still
understudied, especially for comorbid patients with
OSA+ResH [18].

Despite the simple design, no blinding, placebo
control and randomization of patients, we achieved
the minimum effect on the endpoint through for-
mation of the study group and use of the inten-
tion-to-treat (ITT) analysis [16].

Our findings are fully consistent with a number of
studies on the impact of CPAP-therapy on the nor-
malization of the endothelial function, arterial stiff-
ness and blood pressure in patients with OSA [18,
19]. However, we first established special features
of A-Flex night sessions in patients with severe
OSA+ResH, when its duration of >6 h/night made
it possible to achieve the target SBP/DBP, RHI
and Al on Month 6. It should be noted that the
low baseline efficacy of the full-dose combination
antihypertensive therapy in patients with OSA is
directly related to sleep fragmentation, nocturnal
hypoxemia, nocturnal sympathetic activity [3].
This hypothesis is supported by our study when
only combination full-dose drug and non-drug
CPAP-therapy conducted for over 6 h/night sig-
nificantly restores SBP/DBP, endothelial function
and vascular stiffness to the target values, even in
patients with severe OSA+ResH.
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Abstract

The objective: To assess the prevalence of diastolic dysfunction in patients with hypertension and preserved left
ventricular ejection fraction under pharmacological correction (monotherapy) with angiotensin converting enzyme
inhibitors, angiotensin receptor blockers and B-blockers. Materials and methods: 82 patients (58 women and 24 men)
with stage 2 hypertension were examined. The diastolic function was assessed via echocardiography in accordance
with the European Association of Cardiovascular Imaging guidelines (2017). Echocardiography was performed
before the onset of the treatment and 6 months after its onset. The treatment onset was considered to start after a
2-week period of elimination of previously used pharmacological substance and 2 weeks of assessing tolerability, dose
and regimen adjustment. Results: For all selected drugs, target values of blood pressure were achieved, and no adverse
effects were identified. The average values of the left atrial volume index before and after the treatment course did not
show significant differences. In the majority of the examined patients, this parameter did not exceed the threshold value
of 34 ml/m?. Values exceeding the specified threshold were observed in Group 1in 4 patients, in Group 2 in 3 patients
and in Group 3 in 8 patients. According to the tissue Doppler ultrasound results on the velocity of myocardial motion
at the early diastolic filling of the left ventricle, which was measured at the level of the lateral segments of mitral
valve and the interventricular septum, positive, but unreliable, changes were observed in the groups of bisoprolol and
valsartan, and no changes — in the group of perindopril. According to the traditional criteria, diastolic dysfunction was
observed in 80 % of patients, while according to the criteria of the European Association of Cardiovascular Imaging
(2017) —in 21 % of patients. Conclusion: The same efficacy of all three drugs is observed in terms of achieving target
blood pressure values. The most pronounced effect on the morphometric parameters of the left atrium and intracardiac
hemodynamics is shown in the groups of bisoprolol and valsartan.
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atrium; SBP — systolic blood pressure; HF — heart failure; CVD — cardiovascular diseases; LVEF — left ventricular

ejection fraction; ECHO-CG — echocardiography

Introduction

Hypertension is one of the biggest problems facing
modern medicine. This is due to the polyetiol-
ogy of increased blood pressure (BP), discovering
multifaceted capabilities for therapeutic interven-
tions in this condition, depending on its causes and
concomitant diseases, as well as on the formation
of pathophysiological vicious circles contribut-
ing to the deterioration of the patient’s condition
[1]. Multiple target organ damage is an additional
factor, which exacerbates the progression of hyper-
tensive conditions and is important for mortality
rate development. Vascular accidents appearing
against the background of elevated BP are known
to be among the top three causes of death world-
wide [2-4].

Changes in systemic and intracardiac hemody-
namics in various hypertensive conditions are
widely known. Currently, there is a wide range of
diagnostic methods to identify said abnormalities
on time. These include noninvasive assessment
of the heart using echocardiography (ECHO-CG)
[1, 5, 6]. This method allows to study morphomet-
ric parameters (wall thickness, sizes of the cardiac
chambers and the main vessels), state of heart
valves, and to assess intracardiac flows using Dop-
pler methods. Investigations of changes in myo-
cardial thickness, their temporal characteristics,
reflecting the dynamics of heart muscle contrac-
tion and relaxation, are traditionally used to study
the mechanics of heart contraction. Today, said
possibilities are supplemented with widespread
introduction of the tissue Doppler ultrasound,
which significantly expanded the diagnostic
capabilities of the method, in particular, relating
to assessment of the diastolic state of myocar-
dium [5-8].

Quite often, cardiac damage in hypertension is
accompanied by the development of left ventricle
(LV) diastolic dysfunction (DD) [8]. This condition
includes changes in diastolic filling of the ventri-
cle, accompanied by a decrease in ventricular dis-
tensibility and impairment in its relaxation. DD is
of particular interest as a specific point connecting

hypertension and the development of heart failure
(HF), especially in patients with normal parameters
of the LV systolic function, namely with normal
or slightly reduced ejection fraction (EF). Numer-
ous studies have shown that DD is very common
among patients with cardiac diseases, and it can
be both isolated and combined with systolic func-
tion impairment. Of particular interest is that the
occurrence of symptomatic HF and sudden car-
diac death is a specific consequence of DD, even
with intact EF [1, 2, 8].

Also, elevated BP contributes greatly to the causes
of mortality from cardiovascular diseases (CVD)
due to the fact that it leads to system, structural
and functional remodeling involving multiple
body organs and systems: changes in vessel wall
stiffness, progressing nephropathy, and cardiac
changes including diastolic and systolic dysfunc-
tion, as well as LV myocardial hypertrophy. Accord-
ing to the latest research, heart failure with normal
EF is a socially significant health problem, because
more than half of patients with early HF are known
to have no changes in EF. Moreover, in recent
decades there has been a tendency towards an
increase in frequency of this condition with simul-
taneous increase in mortality from it [1, 2, 9].
Investigation of the incidence and manifesta-
tions of HF with intact EF is even more impor-
tant due to the fact that to date, approaches to its
pharmacological correction are underdeveloped,
despite the common use of angiotensin converting
enzyme inhibitors (ACEI) and angiotensin recep-
tor blockers (ARB) in decreased EF, which increase
survival in patients with heart failure [1, 6, 10-13].
The above data indicate the social significance of
studying diagnostic methods for HF with an intact
EF and approaches to its drug correction in the
presence of a combination of hypertension and LV
diastolic dysfunction.

The aim of the study was to assess the frequency
of diastolic dysfunction in patients with hyperten-
sion and an intact EF under conditions of phar-
macological correction (monotherapy) with ACEI,
ARB, and B-blockers.
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Study objectives:

* assess the frequency of DD in patients with essen-
tial hypertension (EH), 2nd degree, 2nd and 3rd
stage (according to the Russian classification),
based on echocardiography data

* identify the most common DD markers

* assess changes in intracardiac hemodynam-
ics parameters with pharmacological correction
by antihypertensive agents of various groups

Materials and methods

The study had an open, non-randomized, prospec-
tive design.

Inclusion criteria: voluntary informed consent of
the patient to participate in the study, diagnosis
of 2nd-3rd stage and 2nd degree EH, blood glu-
cose below 5.5 mmol/L, waist circumference less
than 102 cm in men and 88 cm in women, sinus
rhythm on ECG, type 1 DD.

Exclusion criteria: thyroid disease, chronic liver
disease, secondary hypertension, history of use of
3 or more antihypertensive agents, exceeding the
threshold values of lipid spectrum parameters,
acquired or congenital cardiac abnormalities.

The clinical group consisted of 82 patients, of whom
58 were women and 24 were men, who underwent
examination and treatment at the medical center

13
16
14
12

10

.
0
Younger than
40 years of age

“MedExpert”. The mean age of the patients was
58.6 + 7.4 years. The patients were divided into
three groups. Bisoprolol as monotherapy was used
in the first group, which consisted of 25 patients.
The second group included 23 patients who were
treated with perindopril. The third group consisted
of 32 patients who were treated with valsartan.
The distribution of patients by age is shown in
Figure 1.

The patient examination included examination by
a general practitioner and a cardiologist, complete
blood count, urinalysis, biochemical blood test —
glucose, lipid spectrum, urea, creatinine, 24-hour
ECG monitoring, and chest X-ray. All patients
underwent an echocardiographic study (ECHO-
CG) immediately after prescription of drug therapy
and 6 months from its start. ECHO-CG was per-
formed on Logiq S8, manufactured by General
Electric (USA). The study was conducted by the
standard method with morphometric assessment
of cardiac chamber sizes, thickness of the left and
right ventricle myocardium, diameters of the aorta
and pulmonary trunk at the level of the valve ring,
EF calculation (in case of LV cavity remodeling, by
Simpson and Teichholz method), and assessment of
local myocardial contractility. The left atrium (LA)
volume and LA volume index were calculated from
apical four- and two-chamber views. The study of

B Group 1
M Group 2
Group 3

Over 65 years
of age

60-65

Figure 1. The distribution of patients in the study groups by age
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DD parameters included the use of the tissue Dop-
pler ultrasound with detection of LV myocardial
velocity parameters at the level of the valve ring in
septal and lateral parts with evaluation of e’ lateral
and septal, €', and €' . The intracardiac hemody-
namics parameters were assessed using continuous-
wave pulsed Doppler ultrasound, and values of early
diastolic filling of the ventricles (E) and ventricular
filling in atrial systole (A) were detected to assess
blood flow through atrioventricular valves. In case
of regurgitant flows, their velocity parameters were
detected using continuous-wave Doppler ultra-
sound. Blood flow at the level of pulmonary veins
ostia was evaluated by pulsed Doppler ultrasound in
apical four-chamber view. Said additions to the stan-
dard protocol comply with the European Association
of Cardiovascular Imaging guidelines of 2017 [13].
The results obtained were entered into a Micro-
soft Excel spreadsheet and processed using Statis-
tica 10.0 software (Dell). The mean sample values
were analyzed and compared using nonparametric
Wilcoxon-Mann-Whitney tests and Friedman test.
The top 2.5 % part of Friedman’s F distribution
was used as test statistics. Numerical values in the
article are presented by median and interquartile
range, as well as mean + standard deviation.

After a 2-week period of elimination of the phar-
macological substance of previously used agents,
the compared drugs were prescribed for 14 days
to assess tolerability, to select the dose and dosage
regimen. Dose selection was performed by titration
method starting with minimum doses. Bisoprolol,
starting from 1.25 mg, with a gradual increase to
achieve clinical effect presented as HR decrease
to the selected threshold values and BP values near
to the target ones (below 140 and 90 mm Hg).
Valsartan, starting from 20 mg, the maximum
dose did not exceed 80 mg per day (once daily).

Perindopril was prescribed at the initial dose of
2 mg until achieving said target HR and BP values
(once daily). During the study, no cases of adverse
effects of said treatment were observed.

Results and discussion

Significant decrease of BP measured at brachial
artery was observed in all patients when using
all of the selected agents. The values for BP param-
eters are provided in Table 1.

When assessing the efficacy of the provided ther-
apy 6 months after its start, BP was shown to have
decreased to the target values in 23 of 25 patients
(or 92 %) in the first group, in 21 of 23 patients
(91.3 %) in the second group, and in 30 of
32 patients (93.8 %) in the third group. Thus, suffi-
ciently high efficiency was shown for all drugs used.
Investigation of morphofunctional cardiac param-
eters by means of ECHO-CG is of great interest
in terms of evaluation of treatment efficacy and in
terms of possible development of CHF with intact
EF. Parameters of myocardial DD in patients with-
out EF decrease are provided in Table 2.

As shown in Table 2, mean values of the LA volume
index before and after the selected course of treat-
ment did not show significant differences. This
parameter did not exceed the threshold values
of 34 mL/m? in the vast majority of patients
examined. Values that exceeded the threshold
were observed in 4 patients in the first group, in
3 patients in the second group, and in 8 patients in
the third group.

The velocity ratio of early diastolic LV filling and
blood flow in LA systole (E/A) is widely used in local
and international practice as a classic parameter of
DD of LV myocardium. Atthe same time, atendency
to the decrease in this parameter with age is shown.

Table 1. The values of blood pressure at brachial artery in patients before therapy and after 6 months of selected

therapy (indicated median, interquartile range)

Group 1 Group 2 Group 3
Before After Before After Before After
treatment treatment treatment treatment treatment treatment
SBP. mm H 166.5 135.5 163.2 133.6 165.8 135.2
’ g 161-169 128-139 160-169 125-137 161-171 130-138
DBP H 1051 831 1071 801 107.8 82.2
ymm g 99112 75-89 99113 72-88 98114 73-88
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Table 2. Echocardiographic parameters in patients before treatment and after 6 months of selected therapy
(median, interquartile range)

Group 1 Group 2 Group 3
Before After Before After Before After
treatment treatment treatment treatment treatment treatment
LA volume 30.5 29.2 30.7 28.5 31.2 28.8
index, mL/m? 25.2-33.9 25.2-33.9 25.6-33.8 24.9-339 25.3-34.8 251-33.8
EF % 58.2 62.2+£75 58.6 63.2 591 61.5
» 7 52.2-61.3 53.5-68.3 52.5-62.0 54.8-69.3 53.2-62.2 56.7-67.8
/A 0.76 0.94"™ 0.75 0.79 0.75 092>
0.46-0.88 0.56-1.15 0.41-0.90 0.51-1.05 0.43-0.87 0.60-110
, .3 8.2 .2 .3 .3 8.2
© septal 7.0-9.9 71-10.3 7.0-9.5 7.5-9.6 7.0-9.3 7.0-10.2
, 10.8 12.9 10.5 10.6 10.5 12.8
© lateral 10.0-15.8 10.2-13.6 10.0-121 101-121 10.0-12.3 10.2-14.6
/e 11.8 11.2 11.2 11.4 11.5 10.2
© mean 6.2-16.8 8.2-13.2 6.1-16.2 6.3-16.2 6.3-16.4 1.2-13.2

Note: * — presence of significant differences for p < 0.05 before and after treatment
** — presence of significant differences for p < 0.05 between Group 1 and Group 2

*

However, according to guidelines, the threshold
interval of its values is between 0.8 and 2.0. Thus,
the mean values obtained demonstrate a decrease
in this parameter below the threshold in all three
groups before treatment. When studying the struc-
ture of groups, it was revealed that in some patients,
the specified parameter, however, was in the range
of standard values (5, 5, and 9 patients, respec-
tively). Along with provided therapy, the patients
treated with bisoprolol and valsartan were noted
to have a significant increase in this parameter (p
< 0.05). No significant changes were revealed in
patients treated with perindopril.

The analysis of myocardial velocity parameters by
the tissue Doppler ultrasound in the period of early
diastolic LV filling when measured at the level of
the mitral valve ring in its lateral parts and inter-
ventricular septum, showed positive, but statisti-
cally unreliable, changes in the groups treated with
bisoprolol and valsartan, and practically no changes
when perindopril was used. It should be noted that
there was no decrease in these parameters (thresh-
> 10 cm/sec)
in most patients examined before and after treat-

old value ¢ > 7 cm/sec and €’

septal lateral

ment. However, these parameters were decreased
in 4, 4, and 7 patients (by groups), and they were
restored to the normal values during treatment in
3, 3, and 5 from those.

** — presence of significant differences for p < 0.05 between Group 2 and Group 3

The study of the E/¢’_mean ratio demonstrated
no significant change in all groups.

Conclusion

The results of advanced analysis of morphometric
and functional echocardiogram parameters, which
are DD markers, using criteria proposed by Euro-
Filling Group (2017), showed presence of DD
and increase in final flowing pressure (FFP) in the
LV cavity only in 4, 4, and 7 patients, which was
16 %, 17.4 %, and 21.2 %, respectively by groups.
At the same time, this pathological condition was
observed in 20 (80 %), 18 (78.3 %), and 23 (71.9 %)
patients, respectively, when using the E/A ratio,
which is common in local practice. Analysis of
the efficacy of the treatment revealed that in gen-
eral, the positive impact was due to the change in
decreased parameters in the group with the pres-
ence of DD or in the intermediate group in terms
of the risk of its development (more than 50 %, or
50 % of criteria specified, respectively). DD preva-
lence in patients with EH significantly differs when
using the most common traditional E/A criteria
(up to 80 %) compared with using modern test
panel (21.1 %). There is generally the same effi-
cacy of all three drugs in terms of achieving target
BP values. It has been shown that bisoprolol and
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valsartan have the most pronounced effect on the
morphometric parameters of the LA and intracar-
diac hemodynamics.

References:

1. lonov M.V, Zvartau N.E., Konradi A.O. Joint
clinical guidelines ESH / ESC 2018 for the diagnosis
and management of patients with arterial
hypertension: a first look. Arterial hypertension.
2018; 24 (3): 351-358.

2. Mamedov M.N., Deev A.D. Assessment of the
total risk of developing cardiovascular diseases
in adults of working age: the CROSSWOD study
lessons. Cardiology. 2008; 10:28-33 [In Russian].

3. Oganov R.G,, Timofeeva T.N., Koltunov |.E. et al.
Epidemiology of arterial hypertension in Russia.
The results of the federal monitoring of 2003-
2010. Cardiovasc. therapy and prevention. 2017,
10 (1): 8 — 12 [In Russian].

4. Muromtseva G.A., Kontsevaya A.V., Konstantinov
V.V. et al. THE PREVALENCE OF NON-
INFECTIOUS DISEASES RISK FACTORS IN
RUSSIAN POPULATION IN 2012-2013 YEARS.
THE RESULTS OF ECVD-RF. Cardiovascular
Therapy and Prevention. 2014;13(6):4-11.

[In Russian] https://doi.org/10.15829/1728-8800-
2014-6-4-11

5. Nagueh S.F,, Smiseth O.A., Appleton C.P. et al.
Recommendations for the evaluation of left
ventricular diastolic function by echocardiography:
an update from the American society of
echocardiography and the European Association
of Cardiovascular Imaging. Eur Heart | Cardiovasc
Imaging 2016; 17:1321-60.

6. Sharifov O.F, Schiros C.G., Aban I. et al. Diagnostic
Accuracy of Tissue Doppler Index E/e’ for
Evaluating Left Ventricular Filling Pressure and
Diastolic Dysfunction/Heart Failure with Preserved
Ejection Fraction: A Systematic Review and Meta-
Analysis. ] Am Heart Assoc. 2016; 5: e002530.

7. Lancellotti, Patrizio & Galderisi et. al. Echo-
Doppler estimation of left ventricular filling
pressure: Results of themulticentre EACVI

Euro-Filling study. European heart journal
cardiovascular Imaging. 18. DOI: 10.1093/ehjci/
jex067.

Esposito R., Sorrentino R., Galderisi M. The use of
transthoracic echocardiography for the assessment
of left ventricular systolic and diastolic function in
patients with suspected or ascertained chronic heart
failure. Expert Rev Cardiovasc Ther. 2016; 14: 37-50.
Lang R.M., Badano L.P.,, Mor-Avi et al.
Recommendations for cardiac chamber quantification
by echocardiography in adults: an update from the
American Society of Echocardiography and the
European Association of Cardiovascular Imaging. Eur
Heart ] Cardiovasc Imaging. 2015;16:233-70

Galderisi Maurizio, Cosyns Bernard, Edvardsen

Thor et al. Standardization of adult transthoracic
echocardiography reporting in agreement with

recent chamber quantification, diastolic function,

and heart valve disease recommendations: an expert
consensus document of the European Association of
Cardiovascular Imaging. 2017, October; 18(12): 1-10.
[Electronic resource]. [https://www.researchgate.
net/publication/320505393_Standardization_of _
adult_transthoracic_echocardiography_reporting_
in_agreement_with_recent_chamber_quantification_
diastolic_function_and_heart_valve_disease_
recommendations_An_expert_consensus_documen]
(date of the application: 17.03.2019). doi 10.1093/ehjci/
jex244

Shlyahto E.V., Schwartz E.I., Nefédova Yu.B et al.
Diastolic dysfunction in patients with essential
hypertension: prevalence, hemodynamic demographic
and genetic determinants. Heart failure. 2003;
4:187-189 [In Russian]

Barsukov A.V., Glukhovsky D.V., Zobnina M.P. and
others. The left atrium in the light of modern ideas
about the pathogenesis of hypertensive disease.
Hypertension. 2013; 19 (1): 18-26 [In Russian]
Khairutdinova G.l., Babushkina G.V. Evaluation of left
ventricular diastolic function, thickness of the intima-
media complex and exercise tolerance in patients with
coronary artery disease against the background of
taking biosprolool and ivabadrin. Russian Cardiology
Journal. 2016; 131 (3): 87-91 [In Russian]

295



296

ORIGINAL ARTICLE The Russian Archives of Internal Medicine ® Ne 4 e 2019

DOI: 10.20514/2226-6704-2019-9-4-296-300 UDC 616.33-002.2

D.D. Kazarin*, A.E. Shklyaev, Yu. V. Gorbunov

Izhevsk State Medical Academy under the Ministry of Health of Russia,
Department of Faculty Therapy with the courses of endocrinology and hematology,
[zhevsk, Russia

EATING DISORDERS IN PATIENTS
WITH CHRONIC GASTRITIS
AND TYPE 2 DIABETES MELLITUS

Abstract

Diabetes mellitus holds one of the leading positions among the current problems of modern medicine. Despite the
obvious success in studying diabetes in the last decades, its prevalence has become pandemic. In spite of the use of
modern methods of therapy, arather high frequency of diabetes mellitus complications from various organs and systems,
the pathological changes in which largely determine the course of the disease and patient’s quality of life remains. Issues
of eating disorders and their correction play an important role in the complex therapy of patients with diabetes mellitus.
Objective: determination of the characteristics and relationship of eating disorders with gastroenterological symptoms
and glucose levels in patients with chronic gastritis in type 2 diabetes. Materials and methods: dynamic study of
the eating behavior and quality of life in 66 patients with chronic gastritis in type 2 diabetes mellitus was conducted
using GSRS, SF-36 and DEBQ questionnaires. The level of glucose on an empty stomach and after eating was also
measured, the frequency of self-measurement of glucose level and the presence of diabetes mellitus complications were
determined. Results: the identified correlation relationships suggest that gastrointestinal symptoms characteristic of
chronic gastritis with type 2 diabetes mellitus worsen the physical and psychological components of health, which
provokes a breakdown and a violation of the diet in this category of patients. Conclusion: chronic gastritis in patients
with type 2 diabetes mellitus aggravates the prognosis of diabetes and exacerbates eating disorders, which requires
observation of an endocrinologist, as well as a gastroenterologist and psychotherapist in the management of such
patients.
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Introduction

For patients suffering from diabetes mellitus (DM),
the issues of eating disorders are of key importance,
primarily because nutritional errors worsen the
control of diabetes, cause hyperglycemia, which
provokes many different disorders, including
angio-, retino- and polyneuropathy. In the treatise
of the VIII century called Zhud-Shi it was noted
that «polyuria» is more common in those patients
who are prone to malnutrition and follow a low-
activity lifestyle [1]. At the same time, the frequency
of gastric pathology in patients with DM is higher
than in the general population, and gastroentero-
logical disorders are more or less present in the vast
majority of said patients [2]. Patients with com-
bined pathology of the upper gastrointestinal tract
and endocrine system are at risk of eating disorders.
The condition of the gastrointestinal tract seriously
affects the processes of nutrition and eating behav-
ior, since the endocrine cells of the gastric mucosa
are a source of gastrointestinal hormones — reg-
ulators of appetite and eating behavior. Chronic
gastritis (CG) is characterized by inflammatory and
dystrophic changes in the gastric mucosa, lead-
ing to disorders of endocrine function and, conse-
quently, secretion of regulatory GI hormones.

In addition, type 2 diabetes is a disease associ-
ated with an impaired action of insulin, ghrelin
and leptin, which are hormones that regulate appe-
tite and eating behavior. In the formation of insu-
lin resistance, ghrelin levels remain elevated even
after eating, leading to chronic hunger (mainly
hunger for carbohydrates), excessive food intake,
weight gain, and eventually — to obesity. Excess
weight has a significant impact on the course of
type 2 diabetes, greatly reducing the efficacy of its
treatment. The presence of eating disorders affects
the control of DM, so it is important for clinical
specialists in the management of this group of
patients [3]. In obesity, in turn, insulin resistance
increases, its frequency and severity increases with
the increase in the mass of adipose tissue, especially
in the visceral region [1]. A pathophysiological
wicious circle» is formed. The leading factor in the
development of obesity is eating disorders (ED).
Currently, there are three types of eating disorders:
external, restrictive and emotional. External ED is
manifested by an increased reaction of the patient

not to internal homeostatic stimuli for eating (glu-
cose level, blood free fatty acids, etc.), but to exter-
nal stimuli (beautiful table, eating person, attrac-
tive food advertising) [4].

Another type of disorder is emotional ED (hyper-
phagic reaction to stress or emotional tension).
In this case, the stimulus to food intake is not physi-
cal hunger, but psychological discomfort. Eating
soothes, distracts, improves mood — in other words,
serves as a «therapy» of emotional discomfort. Emo-
tional ED can be manifested by episodes of over-
eating (compulsive ED), or overeating, clearly con-
fined to the evening and night time (night eating
syndrome) [5].

Another type of ED is restrictive, characterized by
excessive food self-restriction, to which patients
with DM are often prone [6]. The emotional
imbalance that occurs during following strict
diets by such patients is called dietary depression
[7]. Dietary depression leads to the abandonment
of further compliance with the diet and the change
in period of restrictive ED with periods of overeat-
ing with a new intensive weight gain.

The issue of ED in patients with type 2 DM and CG
is currently little studied, but there are some studies
of ED in type 2 DM [8].

Taking into account the above, it is very impor-
tant to study the eating behavior in patients
with CG and type 2 DM in order to improve the
efficacy of therapy for these diseases.

Objective: to determine the relationship of gas-
troenterological symptoms with eating disorders
in patients with CG in type 2 DM.

Materials and methods

The study was conducted in the Endocrinology
and Gastroenterology Departments of Budgetary
Institution of the First Clinical Hospital of Ministry
of Health of Udmurtia in Izhevsk.

Two groups of patients were identified: Group I —
patients with CG and type 2 DM (n = 34 people),
Group II — patients with CG without type
2 DM (n = 32 people). The groups were compa-
rable in age (47.8+5.8 years in the first group,
42+6.1 years in the second group) and gender
composition (6 % and 8 % of males in Group I
and II, respectively). Among patients of Group I,
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68.75 % (BMI >35 kg/m?) suffered from obesity
of the second and third degree, among patients
of Group II — 6 %.

To verify the diagnosis of chronic gastritis all the
patients underwent EGD (the Olympus fiberscope,
Japan) with biopsy of the gastric mucosa. EGD
was carried out in fasting condition in the morn-
ing, and patients did not take a meal for at least
6 hours and water for 2 hours before the study.
Detection of Helicobacter pylori infection was car-
ried out in the feces by a single-stage immunochro-
matographic assay to identify specific antigens.
All patients underwent histologic examination of
antral mucosa and gastric body samples. Two gas-
tric biopsy samples were examined from each part.
Biopsy samples were fixed in 10 % neutral formalin,
and paraffin embedded according to the conven-
tional method. Deparaffinized slices with thickness
of 4-5 ym were stained with hematoxylin and eosin,
then with slice zoom of 400 the degree of infiltra-
tion with granulocytes, mononuclear cells, as well
as the presence of atrophy and/or metaplasia was
determined. Pathological changes were assessed by
a semi-quantitative method using visual analogue
scale (VAS) in accordance with the updated Sydney
System (Houston, 1994) [9].

The presence of EDs was determined using DEBQ
(The Dutch Eating Behaviour Questionnaire),
developed at the Faculty of Human Nutrition and
the Faculty of Social Psychology in Agricultural
University (the Netherlands) for the detection of
restrictive, external and emotional eating behav-
ior. The results of studies by local scientists [6, 10]
confirm that DEBQ meets the criteria of validity
and reliability.

Both groups also used the GSRS questionnaire on
gastroenterological symptoms and the SF-36 ques-

tionnaire on quality of life, the use of which is jus-
tified in a number of works [11, 12]. Fasting and
postprandial glucose levels were also measured,
and the frequency of self-measured blood glucose
and presence of diabetes complications were addi-
tionally determined in Group L. From patients in
both groups, informed consent was obtained for
examination and treatment, according to the order
of the Ministry of Health of the Russian Federation
No. 173/1 dated July 25, 2012 «On informed vol-
untary consent for medical care».

Statistical analysis was performed using IBM SPSS
Statistics package for Windows version 17.0.1. Non-
parametric methods of statistical processing were
used, since the distribution in both samples was not
normal according to the Kolmogorov-Smirnov test
(p=0.72 and p = 0.94, respectively). The reliability
of the differences was determined by the U-Mann-
Whitney test, correlation relationships — by the
Spearman rank correlation test. The results were
considered reliable at p <0.05.

Results and discussion

In 100 % of patients enrolled, immunochromato-
graphic assay revealed Helicobacter pyloriinfection
in feces. There were changes of different degree in
the gastric mucosa in all patients in both groups
according to EGD. In the vast majority of patients,
focal gastritis of gastric antrum or body and muco-
sal hyperemia were identified. In addition, some
patients had signs of pyloritis, duodenitis, as well
as indirect signs of gastroparesis, in particular, the
presence of the food taken the day before (patients
took their last meal no more than 6 hours before
the endoscopic examination). The results are pre-
sented in Table 1.

Table 1. Indicators of gastroscopic studies in patients with type 2 diabetes

Number of patients

Endoscopic signs

Group I (n=34),%

Group II (n=32), %

Mucosal hyperemia 94+21 98+2.3
Focal gastritis of gastric body 82+1.4 80+1.8
Focal gastritis of gastric antrum 79+0.8 81+141
Pyloritis 21+1.7 23+0.9
Duodenitis 15+141 13+1.9
Signs of gastroparesis 34+2.2 30+1.9




Apxusb BHyTpeHHei MepAnumHbl ® Ne 4 o 2019

OPUTMHAABHBIE CTATHU

Table 2. Indicators of histological examination of biopsy samples of the gastric mucosa in patients

with type 2 diabetes
Points on the visual analogue scale
Parameter
Gastric body Gastric antrum

Degree of infiltration with granulocytes 2.86+0.92 2.25+0.24
Degree of infiltration with mononuclear cells 2.03+0.36 1.74+0.41
Atrophy 1.97+0.24 0.52+0.09
Metaplasia 0 0

According to EGD results, based on U-Mann-
Whitney test, no significant differences between
the groups of patients were initially revealed,
which indicates the comparability of the samples
(U-Mann-Whitney = 18.0; p = 0.84).

According to histological data, the vast majority of
patients had signs of chronic gastritis, while a small
part of patients (9.8 %) had signs of atrophy. There
were no changes corresponding to intestinal meta-
plasia of the gastric mucosa at the time of the study.
The results are presented in Table 2.

Among patients of Group I, 87 % of patients had
eating disorders. Structure of eating disorders
in patients in Group [ restrictive type of ED (58 %
of patients), external ED (49 % of patients), emo-
tional type of ED (37.5 % of patients).

Patients in Group II were dominated by emotional
type of ED — 39 %, restrictive and external types of
ED were identified in 18 % and 27 %, respectively,
and in general, eating disorders were observed in
36 % of patients in this group.

Eating behavior in patients of Groups I and II
has significant differences in restrictive and exter-
nal types (p = 0.031 and p = 0.046, respectively).
Patients with CG and type 2 DM in comparison
with patients without endocrine pathology are
more likely to have restrictive ED. In particular,
the need for a strict diet and restrictions in con-
sumption of several products is replaced by a
relapse. Also, in patients with CG and type 2 DM, in
contrast to patients without endocrine pathology,
there is a higher rate of ED of the external type, that
is, an increased reaction to external food stimuli,
regardless of hunger.

There were no significant differences between the
groups in frequency of emotional ED (p = 0.39).
All the obtained results (ED, gastroenterologi-
cal symptoms according to the GSRS question-
naire, quality of life assessment according to

the SF-36 questionnaire, glycated hemoglobin
level (HbA1c), fasting and post-meal glucose
levels), as well as the frequency of self-measur-
ing of blood glucose and the presence of diabe-
tes complications in Group I patients were sub-
jected to correlation analysis according to the
Spearman test. In Group I, moderate direct cor-
relation between the restrictive ED and the total
rate of gastroenterological symptoms (p = 0.437
at p= 0.016), the frequency of self-measuring of
blood glucose (p = 0.65 at p = 0.002) and fasting
and post-meal glucose level (p = 0.63 at p = 0.003
and p = 0.613 at p = 0.0018, respectively) and the
inverse correlation with the mental health com-
ponent (p =-0.522 at p = 0.002) were found.

In Group II, weak direct correlations between emo-
tional ED and total rate of gastrointestinal symp-
toms (p = 0.216 at p = 0.059) were revealed. The
level of the “p” significance in this case allows us to
speak only about the tendency to the reliability of
the result and does not allow us to unambiguously
exclude the error of type I (“a”). There were no
other correlations according to Spearman’s rank
test in Group II.

Conclusion

The data of EGD and histological examination
indicate that patients with type 2 diabetes often
suffer from chronic gastritis, including atrophic
gastritis associated with Helicobacter pylori
infection, and mainly in this group of patients
the gastric body is affected. At the same time,
in patients who participated in the study no signs
of intestinal metaplasia of the gastric mucosa
were shown.

The revealed correlations suggest that gastroenter-
ological symptoms typical for CG (abdominal pain,
heartburn, bitter taste in the mouth, etc.) create
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physical discomfort, which provokes a relapse and
diet failure, generally, the use of a large amount
of sweet, saturated with carbohydrates food. Since
the diet with type 2 diabetes is quite strict (restric-
tive), its failure, which caused an increase in blood
glucose levels, generates guilt and anxiety associ-
ated with the mental health component identified
by the SF-36 questionnaire. Patients begin to self-
measure blood glucose level more often, which is
increased due to diet disorders, which in turn also
generates anxiety and nervousness.

Thus, CG in patients with type 2 DM aggravates
the prognosis of diabetes and exacerbates eating
disorders in this category of patients. With the com-
bination of CG and type 2 DM, correction of eating
behavior becomes an important but difficult
task. Eating disorders are associated with somatic,
endocrine and psychoemotional disorders, which
requires monitoring by an endocrinologist, gastro-
enterologist and psychotherapist in the manage-
ment of this group of patients.
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AMBULATORY ARTERIAL STIFFNESS
MONITORING IN PATIENTS WITH ASTHMA

Abstract

Cardiovascular disease is one of the major causes of death throughout the world. Early detection of target organ
damage is important for more successful prevention of cardiovascular diseases and improvement of patient outcomes.
One of these target organs is the vascular wall, and its damage consists in loss of elastic properties and increase in
stiffness. Many studies have shown that the increasing stiffness of the vascular wall is an independent predictor of
cardiovascular risk. Objective: To evaluate parameters of the ambulatory arterial stiffness monitoring in patients with
bronchial asthma. Materials and methods. The study enrolled 119 patients with asthma. The group of control included
30 practically healthy volunteers comparable by gender and age with the patients of the main group. Each patient
underwent ambulatory blood pressure and arterial stiffness monitoring using BPLab MnSDP-2 device (Petr Telegin,
Russia). Results: In patients with asthma higher values of augmentation index, arterial stiffness index and pulse wave
velocity in the aorta in comparison with patients of the control group, as well as violation of the 24-hour profile of
arterial stiffness were noted. Conclusion. Patients with asthma demonstrated significantly increased arterial stiffness
in comparison with control group.

Key words: arterial stiffness, asthma, augmentation index, pulse wave velocity
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ASI — arterial stiffness index, AAST — ambulatory arterial stifiness index, HT — hypertension, BA — bronchial asthma,
DBP — diastolic blood pressure, Al — augmentation index, CHD — coronary heart disease, PP — pulse pressure,
SBP — systolic blood pressure, ABPM — ambulatory blood pressure monitoring, AASM — ambulatory arterial stiffness
monitoring, DND — degree of night decrease, PWV — pulse wave velocity, CVD — cardiovascular disease, RF — risk
factors, HR — heart rate
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Introduction exposure to risk factors, progression ojf atheroscle—
rosis to the development of its complications and
Cardiovascular disease (CVD) is one of the lead-  death [1]. Accordingly, interrupting the chain of
ing causes of death worldwide. The develop-  events at various stages of this continuum can pre-

ment of CVD is a cardiovascular continuum from  vent or delay CVD development. Risk factors (RF)
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are at the very beginning of the chain, being the
trigger for the development of pathological condi-
tions [2, 3]. Along with the main factors (hyperten-
sion, age, smoking, hypercholesterolemia, diabetes
mellitus), vascular wall stiffness is considered as an
independent cardiovascular risk factor [4].
Determination of stiffness is a study recom-
mended by the Russian Medical Society for
Hypertension to assess the state of the vascular
wall as a target organ in CVD [5]. Increased stiff-
ness is the culmination of pathological processes
in the vascular wall, such as calcium deposition,
fragmentation and reduction of elastin, increased
amount of collagen. Calcification of major arter-
ies results in increased pulse wave velocity (PWV)
and, therefore, an earlier return of the reflected
wave to the aorta. With rising stiffness systolic
blood pressure (SBP) in the aorta increases but
diastolic pressure (DBP) decreases. This leads to
an increase in postload on the left ventricle, fol-
lowed by the development of hypertrophy, dete-
rioration of coronary perfusion [4].

Bronchial asthma (BA) remains a global health
problem due to the annual increase in morbidity
and mortality [5]. The frequent combination of BA
and CVD raises interest in the study of this prob-
lem. In local medicine, studies were conducted
with a single measurement of vascular stiffness in
patients with asthma, and an increased PWV in
patients with severe disease was revealed [6, 7]. The
emergence of the possibility of measuring stiffness
during the day makes it possible to identify the

initial changes in the vascular wall, to assess the cir-
cadian rhythm of indicators [8, 9].

The objective was to study the daily profile of vas-
cular wall stiffness in patients with BA.

Materials and methods

The open-label study enrolled 119 patients with
BA (44 men and 75 women), whose mean age was
56.7 + 8.23 years. The disease duration was 6 [4.0;
8.0] years. The diagnosis of BA was established in
accordance with the generally accepted clinical,
laboratory and functional criteria (GINA 2016)
after spirometry. In accordance with the objective,
we excluded patients with clinical signs of coronary
heart disease, peripheral vascular atherosclerosis,
other severe chronic diseases at the acute stage,
bronchial and lung diseases of other etiology from
the analysis.

The control group included 30 healthy individu-
als without hypertension (HT), chronic respiratory
diseases, or family history of coronary heart dis-
ease (CHD). The examined persons of the control
group were comparable by gender and age with
the patients of the main group (Table 1).

All examined persons signed an informed consent
to participate in the study.

Ambulatory blood pressure (ABPM) and arterial
stiffness (AASM) monitoring was carried out using
the BPLab MnSDP-2 device (Petr Telegin LLC,
Nizhny Novgorod, Russia), stiffness parameters

Table 1. Clinical pattern of patients with asthma and of the control group

Parameters Patients with BA, Control group, o
n=119 n=30 1
Age (years) 56.7+8.23 5714 +£6.5 ns
Body mass index (BMI) (kg/m?) 2743+ 512 26.79 +5.05 ns
Smokers, % 33.6 36 ns
Mild bronchial asthma, % 6.7 - -
Moderate bronchial asthma, % 33.6 - -
Severe bronchial asthma, % 59.7 - -
Hypertension, % 69.7 - -
Duration of hypertension (years) 5.0 [4.0; 7.5] - -
Systolic BP, mm Hg 134.6 £ 15.22 118.2 £ 5.55 <0.001
Diastolic BP, mm Hg 85.3+8.9 75.04+4.3 <0.001
FEV, % 67.0 [38.0; 84.0] 99.0 [78.0;102.0] <0.001

Note: ns — not statistically significant
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were estimated by means of the Vasotens applica-
tion program based on mathematical processing of
pressure oscillogram records.

Among the parameters of arterial stiffness, arte-
rial stiffness index (ASI), ambulatory arterial stiff-
ness index (AASI), pulse wave velocity in the aorta
(PWV), and augmentation index (Al) were assessed.
To solve the problem of dependence of arterial stiff-
ness on BP value and heart rate (HR), BPLab soft-
ware calculates values reduced to SBP of 100 mm
Hg and HR of 60 and 75 beats/min: PWV
AS:[’100760’ AI75A

To assess the circadian rhythm we proposed the
“Method of estimating the circadian rhythm
of pulse wave velocity in aorta” (rationaliza-
tion proposal No. 2993 dated 20.03.2018) based
on the determination of the degree of night
decrease (DND in PWV) by the formula: the ratio

of the difference between the average daily and

100-60’

average night parameters of PWV to the average
daily parameters, expressed as a percentage:

DND in PWV = {[PWV (d) - PWV (n)] /
PWV (d)} x 100 %

Normal values were determined based on the
study results for arterial stiffness in healthy indi-
viduals. The range of normal values was defined as
the range of measurements consisting of two quar-
tiles above and below the median. Thus, the range
includes the central 50 % of all measurements and
determines the “normal” boundaries of DND in
PWV in the aorta from 11 to 18 %.

Statistical analysis was performed using STATIS-
TICA 10.0 (StatSoft) software package. To check
the conformity of parameter distribution with
normal distribution, the Shapiro — Wilk test was
used, and normal distribution was considered with
p>0.05. For the description of normally distributed
quantitative parameters, the mean value of param-
eter and standard deviation (M + SD) were used,;
for the description of parameter distribution differ-
ent from the normal, the median (Me), upper and
lower quartiles were indicated [Q25; Q75]. To com-
pare two groups with normal distribution of the
quantitative parameter, Student’s t-test for inde-
pendent groups was determined. The correlation
of two normally distributed quantitative param-
eters was studied using the Pearson method. When

the distribution deviated from normal distribution,
the Mann — Whitney test was used to compare the
significance of intergroup differences in quantita-
tive values, and the Spearman method was used to
analyze the association of qualitative parameters.
The differences were considered as statistically sig-
nificant at p<0.05.

Results

In the study of the daily vascular wall stiffness
parameters, their statistically significant increases
were found in patients with BA (Table 2). Accord-
ing to guidelines of European Society of Cardiol-
ogy and European Society of Hypertension, PWV
>10 m/s is a risk factor for cardiovascular events
[4]. Our study revealed an increase in the average
daily, daily and night PWV, and values of more
than 10 m/s were reported in 43 (36.1 %) patients
with BA and only in 6 (5 %) patients of the control
group (p<0.001).

Al is the ratio of direct and reflected pulse waves
passing through the vascular wall. Normally,
the reflected component is always less than a
direct one, and Al value is negative. In the case
of increased vascular stiffness, the reflected com-
ponent may exceed the direct one, and Al value
becomes positive [10]. The increase in the reflected
wave velocity leads to its early return to the aorta,
during the systole period, which results in increased
systolic BP (SBP), pulse pressure (PP), post-loading
on the left ventricle, decreased diastolic BP (DBP),
and, therefore, a deterioration in coronary perfu-
sion [11]. Our study found 24-hour, day and night
increase in Al in patients with BA compared to the
values of similar parameters in healthy individuals.
The given parameters of Al (24-hour, day, night),
ASIL o (24-hour, day), PWV
(24-hour, night) in the patients keep increasing

i the aorta

compared with the values of these parameters
in healthy individuals, which confirms the higher
arterial stiffness in patients with BA regardless
of BP and HR values.

The inclusion of algorithms for determining arte-
rial stiffness in ABPM devices makes it possible
to estimate 24-hour changes of parameters [12].
It was found that ASI, ASI, , .., Al and AL, at night
were higher than in the daytime (p<0.05), which

indicates an increase in arterial stiffness at night.
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Table 2. Parameters of ambulatory arterial stiffness monitoring in patients with asthma and of the control group

Parameters Patients with BA, Control group, o
n=119 n=30 1
24 hours
PWVao, m/s 9714 +1.73 912 £1.23 =0.0023
PWVao,, ., m/s 914 + 1.87 8.59 +1.55 =0.014
AL % -2114 + 22.54 -25.62 £17.23 =0.03
AL, % -24.32 + 2016 -28.31+21.1 =0.024
ASI 129.4[124.0; 159.0] 118.5 [108; 124] =0.012
ASL o 0 119.0 [105.0; 159.0] 109.0 [95.0; 112.0] =0.02
AASI 0.30 + 018 0.31+ 018 ns
DND in PWVao, % 8.5[5.5; 11.5] 11.59.5; 14.5] =0.032
Awake
PWVao, m/s 9.86 £ 1.76 9.25+1.22 <0.001
PWVao,, ., m/s 9.02 +2.49 872 +1.46 ns
AL % -20.56 +19.53 -28.26 + 18.63 <0.001
AL, % -24.38 + 21.35 -31.35+19.43 =0.0041
ASI 119.0 [121.0; 155.0] 109.0 [91.0; 131.0] =0.021
ASL o 0 107.0 [97.0;142.0] 98.5[89.0; 122.0] ns
Asleep
PWVao, m/s 9.34 +1.73 8.98 +1.19 =0.045
PWVao,,, ., m/s 897+ 216 8.46 +1.28 =0.028
Al % -17.52 +24.5 -25.46 + 28.34 =0.012
AL, % -23.46 + 2315 -33.96 £ 37.46 =0.0023
ASI 132.0 [123.0; 181.0] 122.5[106.5; 138.5] =0.042
ASL oo 117.0 [95.0; 166.0] 109.0 [90.0; 128.0] ns

Note: ns — not statistically significant

This is confirmed by the value of the degree of
night decrease in PWV, which in patients with BA
(8.5 [5.5; 11.5]) was significantly lower than in the
control group (11.5[9.5;14.5], p=0.032). Abnormal
DND in PWV in the aorta was found in 48 (40.3 %)
patients with BA and only in 5 (16.6 %) people in
the control group.

In this study, it was found that the increase in vascu-
lar wall stiffness is associated with clinical and func-
tional parameters. Thus, BA severity correlated with
PWV per day (r=0.46, p=0.001), PWV . per day
(r=0.36, p<0.001), ASI per night (r=0.3, p=0.008)
and ASI, , ., per day (r=0.35, p=0.023). Increase in
PWYV at night (r=0.33, p=0.003) was associated with
theincrease in the number of BA exacerbations over
the past 12 months. The number of points obtained
in the AST questionnaire had a moderate nega-
tive correlation with PWV and PWV, . per day
(r=-0.56, p<0.001 and r=-0.62, p<0.001, respec-
tively) and in daytime hours (r=-0.5, p=0.001 and
r=-0.43, p=0.001, respectively).

The dependence of vascular stiffness parameters on
age, BMI, cholesterol levels and smoking has been
proven in numerous studies. Patients with asthma
also showed an increase in PWV per 24 hours
(r=0.32, p=0.021) and day (r=0.34, p=0.014),
PWV, . per day (r=0.39, p=0.009) with increas-
ing age. The relationship between body mass index
(BMI) and Al per day (r=0.36, p=0.001), PWV per
24 hours (r=0.68, p<0.001), day (r=0.66, p<0.001)
and night (r=0.73, p<0.001) was revealed. Average
night Al values were correlated with an index
in pack-years (r=0.32, p=0.004). With an increase
in cholesterol levels, there was an increase in the
average daily (r=0.39, p<0.001) and average night
(r=0.37, p=0.001) values of ASI, ..

The most common concomitant disease in patients
with BAis HT. The combination of the two diseases
was found in 35 % of patients. In order to analyze
the effect of concomitant hypertension on vascular
wall stiffness, patients were divided into 2 groups
depending on the presence of HT. The first group
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Table 3. Clinical pattern of patients with asthma with and without hypertension

Parameters BA and HT, BA without HT, Control group,
n=83 n=36 n=30
Age (years) 57154 £ 918 56.82 £ 9.54 5714+ 6.5
Body mass index (BMI) (kg/m?) 28.26 + 4.34* 26.92 £5.02 26.79 £ 5.05
Mild bronchial asthma, % 3.6 13.9 -
Moderate bronchial asthma, % 24 55.6 -
Severe bronchial asthma, % 2.4 30.5 -
Hypertension, % 100 - -
Duration of hypertension, years 6.32 + 8.27 - -
Systolic BP, mm Hg 134.8 +10.4"** 123.4+ 641 118.2 £ 5.55
Diastolic BP, mm Hg 83.6+91™ 812 +47 75.04£4.3
Note: Statistically significant differences with the control group: * — p<0.05, ** — p<0.01, *** — p<0.001;
with group 2: # — p<0.05, ##### — p<0.01, ### — p<0.001
Table 4. Parameters of ambulatory arterial stiffness monitoring in patients with asthma
with and without hypertension
Parameters BA and HT, BA without HT, Control group,
n=83 n=36 n=30
24 hours
PWVao, m/s 10.09 + 1.82* 9.28 +1.82 912 +1.23
PWVao,, ., m/s 9.38 +1.96™ 8.8+ 1.73 8.59 £ 1.55
Al % -15.84 £ 16.94* -23.61 £ 176 -25.62 £ 1723
AL, % -22.78 +18.43™* -27.45+18.52 -28.31+21.711
ASI 134.0 [118.0; 148.0]™* 124.0 [116.0; 132.0] 118.5 [108; 124]
ASI o o 120.5 [108.0; 139.0]™ 114.0 [101.0; 129.0] 109.0[95.0; 112.0]
AASI 0.3+047 0.29+ 019 0.31+ 048
DND in PWVao, % 8.0[5.5;10.0]"* 10.5 [7.0; 12.5] 11.5[9.5; 14.5]
Awake
PWVao, m/s 1013 £ 1.81* 9.36 £ 2.1 9.25+1.22
PWVao,, ., m/s 9.65 + 2.09* 8.92+1.93 8.72 £1.46
Al % AT £ 1747 -24.92 £ 18.2° -28.26 £ 18.63
AL, % -23.38 £19.52" -28.36 + 191 -31.35 £ 19.43
ASI 126.0 [120.0; 149.0] 7 118.0 [112.0; 141.0] 109.0 [91.0; 131.0]
ASIL o 0 117 [97.0,124.01* 109 [91.0;124.0] 98.5[89.0; 122.0]
Asleep
PWVao, m/s 9.87+1.86* 914 £1.92 8.98+1.19
PWVao,, ., m/s 9.24+1.56™ 8.54+2.42 8.46 £ 1.28
Al % 1473 £ 15.41* 2172 £ 2114 -25.46 £ 28.34
AL, % -21.82 £ 204 -26.53 + 22.72 -33.96 + 37.46
ASI 135.5[122.0;152.0]** 128.0 [121.0; 149.0] 122.5[106.5; 138.5]
ASI o0 126.0 [97.0; 146.0]* 114.0 [99.0; 136.0] 109.0 [90.0; 128.0]

Note: Statistically significant differences with the control group: * — p<0.05, ** — p<0.01, *** — p<0.001;
with BA patients without HT: # — p<0.05, ##### — p<0.01, ### — p<0.001

consisted of 83 patients with BA with HT, the
second one — 36 patients without HT (Table 3).

It was noted that vascular wall stiffness increased
in patients with BA regardless of the presence
or absence of HT, but changes in PWV and Al

per 24 hours, day and night were more significant
in patients with HT (Table 4).

DND in PWV was calculated for all of the subjects.
In patients with a combination of BA and HT, path-
ological DND in PWV in the aorta was revealed
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in 41 (49.4 %) patients, in 7 (19.4 %) patients with
BA without HT and in 5 (16.6 %) patients of the
control group.

In the study of the above parameters in patients with
BA and HT elevated values of Al . (24 hours, day,
night), ASI, ., (24 hours, day, night), PWVao, .,
(24 hours, day, night) remained in comparison
with patients with BA without HT and individuals
in the control group.

The correlation of ASI, . per 24 hours (r=0.37,
p=0.001) and night time (r=0.32, p=0.004) with the
duration of HT was noted.

Discussion

Despite significant advances in understanding the
pathogenesis of BA and the development of new
drugs, in real clinical practice, challenges in the
achievement of complete disease control remain.
One of the reasons hindering control is the presence
of concomitant diseases, including of the cardio-
vascular system. The results of recent studies show
that the combination of BA and CVD is increas-
ingly common in routine clinical practice, due to
both increased incidence of CVD and BA, and an
increase in the geriatric population of patients.
According to meta-analysis data, including 11 stud-
ies (117,548 patients with BA and 443,948 persons
of the control group), cardiovascular and cere-
brovascular diseases, including CHD, myocardial
infarction, HT, stroke, arrhythmias, atrial fibrilla-
tion and heart failure are more common in patients
with asthma [13].

The modern concept of CVD development, which
is understood as the continuous development
of CVD from risk factors to the development of
chronic heart failure, implies the possibility of cor-
recting changes already at the stage of identifying
risk factors. Arteries are one of the main organs that
are affected by CVD risk factors. In the literature,
thereis alarge number of works devoted to the study
of changes in the structure and metabolism of the
arterial wall under the influence of CVD risk factors.
However, most of them were carried out in patients
with existing CVD, so the question on the state
of the walls of the major arteries in the presence/
absence of CVD risk factors in practically healthy
(with respect to the cardiovascular system) persons
remains relevant. Based on the requirements for

CVD prevention, modern non-invasive diagnosis
of the state of artery walls should facilitate screen-
ing studies. The methods used should be reproduc-
ible, independent of the researcher, allow compari-
son of data obtained in different research centers,
and ensure the fullest possible compliance of the
obtained arterial wall stiffness parameters with his-
tological data. Automated systems for determining
the biomechanical properties of arteries based on
the principles of sphygmography are of great inter-
est to researchers. One of the most commonly used
parameters of arterial wall stiffness is PWV.

Earlier studies have demonstrated an increase in the
stiffness of the vascular wall in patients with BAin the
case of single measurement. In the study by Demko
L. V. (2013), 204 patients with moderate and severe
BA in the exacerbation period and over the time
after 12 months were evaluated for arterial stifiness,
and increase in PWV and Al values was revealed in
patients with BA both in the period of exacerbation
and in remission. It was noted that stiffness parame-
ters correlated with oxygen saturation, disease sever-
ity, and clinical symptom severity [6]. The results
of our study confirm the previously obtained data in
patients with BA; an increase in vascular wall stiff-
ness was found in patients with BA, and correlation
of disease severity with PWV was also noted.

In previous studies, it was found that obesity con-
tributes to vascular wall stiffness [6]. In our study,
a positive correlation between arterial stiffness and
BMI and other classical CVD factors (cholesterol
level, age) was found.

Analyzing the status of arterial mechanical proper-
ties in patients with BA depending on the presence
or absence of HT, it was found that the presence
of HT worsens the elastic properties of the vascular
wall: in hypertensive patients, changes in PWV and
Al were more significant than in patients without
hypertension. Correlation of vascular stiffness with
duration of HT was revealed.

Sobko E. A. (2012), in her study with a single
measurement of stiffness parameters, found that
an increase in arterial stiffness is observed regard-
less of the presence of concomitant HT in patients
with BA, but the greatest changes were detected in
patients with high blood pressure [14]. The advan-
tage of ambulatory vascular stiffness monitoring
is the ability to assess circadian rhythm of param-
eters. In the patients examined by us, there was a
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tendency of night increase in vascular stiffness,
accompanied by insufficient DND in PWV, which
may be the result of the negative effect of night
bronchial obstruction attacks.

In the study by Sobko E. A. et al. (2012), the
severity of systemic inflammation was a predic-
tor of increased vascular stiffness [14]. The data
obtained by the authors indicate that an increase
in serum levels of proinflammatory cytokines
(sSPECAM-1/sCD31) during the period of BA exac-
erbation leads to an increase in PWV (r=0.517,
p=0.008) [13]. Our study revealed a positive cor-
relation between the number of asthma exacer-
bations and PWYV, which indirectly confirms the
relationship between systemic inflammation and
increased vascular stiffness.

Conclusions

In patients with bronchial asthma, there was an
increase in vascular wall stiffness, an increase
in PWV and Al values for 24 hours, day and night,
and Al values per night were higher than daily
values, which indicates an increase in arterial stiff-
ness at night. The presence of concomitant HT
leads to an increase in vascular wall stiffness. Given
the proven prognostic value of arterial stiffness
parameters, their study in patients with BA will
allow to assess cardiovascular risk earlier.
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Abstract

Sarcoidosis is an inflammatory disease characterized by the formation of non-necrotising granulomas in various
organs and tissues. The clinical signs of sarcoidosis are determined by the number of affected organs, the degree of
their structural and functional impairment, and the severity of inflammatory symptoms. The article presents a clinical
observation of one of the forms of sarcoidosis — Lofgren's syndrome, which is characterized by a triad of intrathoracic
lymphadenopathy, acute arthritis and erythema nodosum. The diagnosis was confirmed histologically. Under the
prescribed treatment, signs of acute inflammation reversed and the patient'’s state improved. The authors emphasize
that they do not recommend widespread use of systemic glucocorticosteroids in patients with this disease, since their

use may be associated with its relapsing course.
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Py
A

Sarcoidosis is an inflammatory disease character-
ized by the formation of non-necrotising granulo-
mas in various organs and tissues. Inflammation is
modulated by the monocyte-macrophage system
cells and lymphocytes, and can have a different
degree of severity [1].

The clinical signs of sarcoidosis are determined by
the number of affected organs, the degree of their
structural and functional impairment, and the
severity of inflammatory symptoms. Most often,
intrathoracic lymph nodes, lungs, skin and eyes
are involved in the process. Damage to the muscu-
loskeletal system is less common. About 10-15 %
of patients with sarcoidosis have an associated
arthropathy [2].

Acute sarcoid arthritis most often is manifested as
part of Lofgren’s syndrome characterized by the

triad of intrathoracic lymphadenopathy, acute
arthritis and erythema nodosum. Acute arthritis
is predominantly oligoarticular (87 %), symmetri-
cal (716 %), and most often involves ankle joints
(>90 %), usually both, as well as other larger joints
of the lower limbs, therefore it is often mistaken for
reactive arthritis [3]. As an example, we would like
to present our own clinical observation.

Clinical case

Patient L., 31 years of age, was admitted to the hos-
pital on 20/08/2018 with complaints of intermit-
tent, migrating, aching pain in ankle, knee, radio-
carpal joints and metatarsophalangeal joints of
toes 3-5 of the left foot. There was no pain in the
morning after waking up but the pain increased

*Contacts: Elizaveta A. Semyonovykh, e-mail: odin_kot@list.ru
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during movement, its intensity progressed during
the day and reached a maximum in the first half
of the night, which resulted in nocturnal sleep
disturbances. Pain intensity was 5-6 points on a
visual analogue scale (VAS). No morning stiff-
ness was observed. Also, he experienced a cracking
sound during movement in the knee joints and
right radiocarpal joint, as well as swelling and local
hyperthermia of ankle joints. He suffered from
pain in lumbar and cervical regions of the spine
towards evening and after exertion throughout the
day. He experienced a rise in body temperature up
to 37.4-37.6 °C (with maximum of 38.6 °C) by
3.00 p. m,, after prolonged load on joints (walk-
ing), temperature was normalized after taking
naproxen and paracetamol. He lost 3 kg within the
last month, without loss of appetite.

The
01/08/2018, when he experienced hyperemia,

patient considers himself sick since
swelling, and local hyperthermia of the ankle
joints in the morning, after getting out of bed with
increasing pain in these joints. He had no catarrhal
signs or sore throat. On the next day, temperature
rose to 37.4 °C, injection of scleral vessels occurred.
He sought medical attention at his health service
provider on 03/08/2018, was followed up with
diagnosis of ARVI and treated with Anaferon with-
out effect.

Due to injection of scleral vessels, he was referred
to the ophthalmologist, who made a diagnosis:
episcleritis of both eyes. From 06/08/2018 he was
treated with amoxicillin prescribed by a general
practitioner. Laboratory data dated 07/08/2018:
ESR: 30 mm/hour; WBC: 8.4x10°/L, RBC:
4.19x10'?/1, HB: 129 g/L, segmented neutrophils:
79.1 %, lymphocytes: 15.6 %; monocytes: 5.3 %;
PLT: 263x10%/1.

On 08/08/2018, he was examined by a rheuma-
tologist, on whose recommendation the follow-
ing tests were performed on 10/08/2018: PCR for
HLA-B27, passive hemagglutination test for detec-
tion of Yersinia species, Salmonella species, Shigella
species, PCR for Chlamydia species, Mycoplasma and
Ureaplasma species, EIA for HBV, HCV, HIV were
negative; antistreptolysin O: 70.7 U/ml, CPK:
95 U/mL. Ultrasound scanning of visceral organs
on 10/08/2018: No abnormalities were discov-
ered. ECHO-CG dated 16/08/2018: Sizes of the

cardiac chambers were normal, the valvular heart

apparatus without abnormalities, the left ventri-
cle contractility was satisfactory, ejection fraction
was (5 %. The patient took naproxen when body
temperature was elevated, as recommended by
the rheumatologist. No significant improvement
of the patient’s condition was observed, low-grade
fever persisted. On 20/08/2018, he was electively
admitted in the rheumatology department for
examination and treatment.

On physical examination at admission: Patient’s
gait was sparing. The symptom of lateral compres-
sion of the foot was positive at the left side. The
metatarsophalangeal joints of toes 3-5 of the left
foot were tender on palpation. The plantar fascia
of both feet, Achilles tendons, and their points of
attachment to the calcaneus bones were tender
on palpation. The left Achilles tendon was swol-
len. Ankle joints: were swollen, circumference of
the left joint was 28 cm, circumference of the right
joint was 27 cm, the joints were tender on palpa-
tion, had a full range of motion. Knee joints: had
no visual abnormalities, were tender on palpation
in the projection of the left joint space, the range
of motions in the knee joints was not restricted, the
popliteal fossae were tender at maximum flexion
of both knee joints. Hip joints: movements were
nontender, not restricted. Small joints of the hands
were looking normal and were nontender. The
patient closes the hand into a fist completely, hand
grip strength is sufficient. Radiocarpal joints: were
painful, not swollen, symmetrical, range of motions
was normal. The elbow and shoulder joints were
nontender on palpation, the range of motions was
complete, and the motions were painless. No ten-
derness on palpation of the paravertebral points
and spinous processes was observed.

Investigations

On admission: WBC: 7.9x10°/L; RBC: 4.3x10"?/L;
HB: 130 g/L; PLT: 476x10°/L, ESR: 69 mm/
hour; AST: 15.0 U/L, ALT: 12.0 U/L, total protein:
85.0 g/L; albumin: 46.0 g/L; glucose: 5.3 mmol/L;
cholesterol: 4.9 mmol/L; sodium: 143.0 mmol/L;
potassium: 3.9 mmol/L; urea: 6.4 mmol/L; uric acid:
285 umol/L; creatinine: 82.0 pumol/L; total bilirubin:
17.5 umol/L; prothrombin time: 13.4 sec, PI: 80 %;
fibrinogen: 7.0 g/L; rheumatoid factor: 3.0 U/L;
antistreptolysin O: 96.0 U/mL. Immunogram: IgA:
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2.7g/L;IgM: 0.9 g/L; IgG: 11.6 g/L; C3: 135.4 mg/
dL; C4: 26.4 mg/dL; CIC: 219.3 U/mL; the pro-
calcitonin test is negative. Urinalysis: yellow, clear,
specific gravity: 1,030 g/L; protein: 0 g/L; WBC:
0-1 per field of view; pH: 6.0.

Clinical signs of joint disease necessitated radio-
logic imaging. Frontal X-ray of the hands and feet
on 21/08/2018: No bone pathology was revealed.
Sacroiliac joint X-ray on 22/08/2018: there was no
evidence of sacroiliitis, subchondral sclerosis was
discovered on the left side. Ultrasound scanning of
the knee joints on 21/08/2018: there were signs of
bilateral gonarthrosis and increase in the amount
of synovial fluid of the upper and lateral recesses
on both sides. Ultrasound scanning of ankle joints
on 22/08/2018: signs of tendonitis were discovered
in the left lateral ligament. Lumbosacral spine MRI
on 27/08/2018: There were no abnormalities of
the spinal cord and intervertebral discs of the lum-
bosacral spine, there was a perineural arachnoid
cyst at the S2 vertebra level, there was no evidence
of sacroiliitis.

In the rheumatology department, the patient
received 100 mg of nimesulide 2 times a day upon
admission, with a moderate effect: there was a
decrease in pain, persistent low-grade fever with a
periodic increase in the body temperature to febrile
levels. Due to the lack of effect of oral NSAIDs,
high clinical and laboratory disease activity, two
drip intravenous infusions of methylprednisolone
250 mg (23/08, 24/08/2018) were given to the
patient with a good effect for the period of admin-
istration: normalization of the body temperature
was observed, there were no pains in the joints, and
their swelling decreased.

Erythema nodosum, severely tender on palpation,
that appeared on the lateral surface of the right
shin on 28/08/2018, allowed to suspect Lofgren’s
syndrome. CT scanning of the chest was performed
on 29/08/2018 to reveal the third component of
the characteristic triad. Conclusion: The lungs were
pneumatized. Lung tissue density was 850 HU.
The pulmonary pattern was slightly thickened due
to peribronchial fibrosis and interstitium. Bronchi
were patent, with no signs of local dilation; bron-
chial walls were indurated. In both lungs (pre-
dominantly in the upper parts), foci measuring
2-3 mm which were partly confluent were visual-
ized around the lymphatic vessels. The structure of

the pulmonary hila was defined perfectly, slightly
dilated due to lymph nodes. The pleura and inter-
lobar fissures were not changed. Lymph nodes:
paraaortic, paratracheal, bifurcation, peribronchial,
bronchopulmonary lymph nodes were enlarged to
12-13 mm on the short axis. Conclusion: CT signs
of sarcoidosis, stage 2, mediastinal-pulmonary
form.

From 31/08/2018, due to renewed pain in the
joints, low-grade fever, regarded as extrapulmo-
nary presentation of sarcoidosis, oral methylpred-
nisolone was prescribed at a dose of 8 mg per day.
The patient was discharged on 10/09/2018 with
improvement: pain in the joints decreased signifi-
cantly, ankle joint swelling subsided. Low-grade
fever persisted.

The patient was referred to the Republican Clini-
cal Tuberculosis Hospital with diagnosis of sarcoid-
osis, stage 2, Lofgren’s syndrome, in order to rule
out tuberculosis infection and confirm the diag-
nosis, where a video-assisted thoracoscopic biopsy
of mediastinal lymph nodes was performed. Histo-
logical study: The lymph node tissue was subtotally
replaced by epithelioid cell granulomas with giant
Pirogov — Langhans cells, had no signs of necrosis,
and had so-called “stamped appearance”. Anumber
of granulomas were surrounded by annular fibrosis
peripherally. Conclusion: This histological pattern
was more consistent with sarcoidosis.

The following recommendations were given to the
patient at discharge: treatment with oral glucocor-
ticoids and antioxidants under the supervision of a
pulmonologist, follow-up by a general practitioner
at the community-based facility, helical CT of the
chest and abdominal ultrasound in 6 months.

Conclusion

In the clinical case presented, a young man went
to a clinic with a primary lesion of ankle joints,
which in combination with the erythema nodosum
which appeared later, agrees with the data of other
authors. A prospective cohort study of patients
with recent arthritis showed that the persistence
of symptoms for less than two months, symmetri-
cal ankle arthritis and age younger than 40 years
had high sensitivity (85 %) and specificity (99 %)
in sarcoid arthritis. Therefore, the next step in the
diagnostic search for the young man with acute,
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bilateral arthritis of the ankle joints with or with-
out painful, red nodules on the shins, is the use of
diagnostic radiology exams to detect intrathoracic
lymphadenopathy [4], which was performed in our
patient.

The patient was discharged with significant
improvement in well-being. However, the treat-
ment performed should not be recommended
for widespread use. When choosing a treatment
method for a patient with sarcoidosis, systemic glu-
cocorticosteroids (GCS) should be used with cau-
tion, since, according to literature data, recurrent
course of the disease in patients with Lofgren’s syn-
drome who took GCS was 33.3 % more frequent
than in those who did not take these drugs [5].
Young age, acute onset of the disease, the presence
of Lofgren’s syndrome are favorable prognostic
factors of sarcoidosis in this patient [6].
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COMMENTARY ON THE ARTICLE
«LOFGREN'S SYNDROME: CLINICAL CASE»

Commentary written after reading an article may seem
negative and overly strict. But this is far from the case.
The purpose of the commentary is to analyze the logic
of action so that in such cases the physician will be
guided by modern knowledge of sarcoidosis. A series of
monographs on sarcoidosis has been published in Russia,
national clinical guidelines have been prepared, where
the algorithms for diagnosing and treating this disease
are quite clearly presented. However, in real clinical
practice, the management of patients with sarcoidosis
is not based on these provisions, but is a result of the
intuition of the physician faced with such a patient.

The case presented is of great practical interest for a
number of reasons. Firstly, in recent years, the number
of cases of sarcoidosis has increased (probably due to
both real growth and improved diagnostics). Secondly,
the clinical signs of sarcoidosis are very diverse, and
of these, the acute forms — Lofgren's syndrome and
Heerfordt — Waldenstrom syndrome — are associated
with the greatest diagnostic and therapeutic errors,
and thirdly, the attitude to the use of systemic
glucocorticosteroids in rheumatology and in the
treatment of sarcoidosis is not equivalent and has
various effects.
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The diagnostic path of the patient in this clinical
observation, as well as the sequence of drug use, are
quite typical.

As noted in the clinical case, before making the first
diagnosis, the patient had already taken naproxen and
paracetamol due to articular syndrome, and achieved
relief.

The first diagnosis was ARVI, acute respiratory viral
infection. At the same time, the authors noted that the
patient had no catarrhal symptoms, sore throat, rhinitis,
cough, so, there were no respiratory symptoms. The
symptom complex included low-grade fever, articular
syndrome, and injection of scleral vessels. Anaferon
was prescribed to the patient, which is a drug which
simulates the humoral and cellular immune response,
affecting the system of endogenous interferons
and associated cytokines, inducing the formation of
“early” endogenous interferons. The authors noted
that there was no clinical response — an improvement
in the condition — to this treatment. It should be
noted that the described mechanism of action of this
immunomodulator partially overlaps with the stages
of the sarcoidosis pathogenesis. The sarcoid reaction
in patients receiving interferons has been repeatedly
described in literature. It is possible that the use of
an immunomodulator could play a negative role in
the further progression of symptoms.

Prescription of aminopenicillin by an ophthalmologist
due to the diagnosed episcleritis probably corresponded
to protocols in ophthalmology practice. The drug
effect is not presented in the clinical case. Amoxicillin
could not have any effect on the course of sarcoidosis.
At least, there are no published data on the effect of
aminopenicillins on the course of sarcoidosis.

At the next stage, the rheumatologist carefully
examined the patient in a number of aspects, except
for respiratory and phthisiological ones. Contradictory
information is provided regarding the nimesulide
prescribed. It has been noted that the drug eased the
pain, but did not prevent rise in body temperature.
At the rheumatology department, these changes were
evaluated as a lack of effect, and, without further
examination (at least, fluorography, search for an
infectious cause of fever), high intravenous doses of
systemic glucocorticosteroids were prescribed to the
patient. The question arises, what are the indications for
intravenous administration to a patient who is able to
take drugs per os? Why was radiological lung exam not
performed on a patient who was admitted with fever

before prescribing such potent immunosuppressive
therapy?

The authors evaluate the effect of steroids as fast
and positive: arthralgia disappeared, temperature
returned to normal. But four days after two infusions
of methylprednisolone, the patient developed an
erythema nodosum. That is, steroids have not stopped
the disease. The appearance of erythema nodosum led
physicians to the idea of Lofgren's syndrome, and X-ray
computed tomography was performed, intrathoracic
lymphadenopathy and limited dissemination were
revealed. A systemic glucocorticosteroid was prescribed
to the patient again. With this immunosuppressive
therapy, the patient was referred to an antituberculosis
institution for video-assisted thoracoscopic biopsy. The
question arises, was it possible for such a patient to be
referred forabiopsy toanon-antituberculosisinstitution,
without exposing him to an undue risk of infection? If the
diagnosis of sarcoidosis was originally discussed, then
referring the patient to the antituberculosis institution
is not logical, the VIII group of dispensary observation of
patients with sarcoidosis in anti-tuberculosis institutions
was abolished in Russiain 2002. If the tuberculous nature
of the lesion was suspected, then why were systemic
steroids prescribed without an initial TB examination?
In the clinical case, we do not find any information about
conducting tuberculin skin tests or PCR diagnostics
before prescribing hormones.

The following recommendation of long-term use of
systemic glucocorticosteroids is consistent with the
provisions of the International Statement on Sarcoidosis
of 1999 and Russian clinical guidelines, since only long-
term use of prednisolone or its analogs can achieve
cure or lasting remission. But the same documents do
not include Lofgren's syndrome to the indications for
steroid therapy. The recommendation of the follow-up
examination after 6 months also does not comply with
these documents. Early (after 3 months) assessment
of the effect of hormonal drug therapy is needed in
order to switch to alternative drugs if there is lack
of effect without exposure to the risk of Cushing's
syndrome and other consequences of long-term use of
adrenal hormones.

The case presented is of great practical importance, and
gratitude should be given to the authors for reporting
it. The publication suggests the need to increase
knowledge of sarcoidosis among doctors of various
specialties. This acquires special meaning nowadays,
when clinical guidelines are becoming the main guiding
document for physicians.
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Abstract

The article presents a clinical case of an onset of antiphospholipid syndrome in a patient with systemic lupus
erythematosus and ischemic stroke. Systemic lupus erythematosus is a non-modifiable risk factor for ischemic

stroke.
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The main causes of ischemic strokes (IS) are con-
sidered hypertension, atherosclerosis, cardiac dis-
orders, diabetes mellitus. However, sometimes a
key role in the development of “vascular catastro-
phe” can be played by rarer causes, such as auto-
immune diseases.

Systemic lupus erythematosus (SLE) is a systemic
autoimmune disease of unknown etiology char-
acterized by hyperproduction of organ-specific
autoantibodies to various components of the
cell nucleus with the development of immune
inflammatory damage to tissues and inter-
nal organs. Below is a clinical case, a feature of
which is the development of IS due to secondary

antiphospholipid syndrome (APS), outside the
clinical signs of SLE activity.

A female patient, 48 years old, was admitted to
hospital with complaints of pronounced weak-
ness in the left extremities, impaired speech
quality. “Classic” vascular risk factors (smoking,
alcohol abuse, hypercholesterolemia and others)
could not be identified. From medical history
it is known that patient A. suffers from SLE for
a long time, for treatment of which she takes
prednisolone in a daily dose of 2.5 mg for the
last 8 years. There were no previous thrombotic
episodes. In addition, for the correction of blood

*Contacts: Pavel S. Nikitenko, e-mail: amurdoctor1690@gmail.com
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pressure (BP) she takes Diroton at a dose of
2.5 mg once a day. BP variations began to raise
concerns during therapy with corticosteroids.
The highest BP was 140/90 mm Hg. According
to the patient, in the middle of the day she felt
sick; while trying to get up, she fell, unable to
keep her balance. Witnesses called the ambu-
lance team, and she was hospitalized in the Neu-
rological Department for patients with acute
cerebrovascular accident. On admission, the
patient’s condition was assessed as severe. Her
somatic status was stable. BP was 160/90 mm
Hg. Heart rate was 68 bpm. Respiratory rate
was 18 breaths per minute. According to neuro-
logical examination, her consciousness is clear.
Regarding cranial nerves function, the smooth-
ness of the nasolabial fold on the left and the
deviation of the tongue to the left were deter-
mined. No movement in the left extremities was
revealed. Anisoreflexia, S > D. Positive patho-
logical reflexes (carpal Rossolimo sign, Babin-
sky reflex) were revealed on the left. In the rest,
state with no features. According to laboratory
examination methods, the following changes
were revealed: hemoglobin 111 g/1, hematocrit
32.7 %, platelets 128x10°/1, fibrinogen 5.4 g/l,
ESR 20 mm/h. Lupus anticoagulants: the
result is doubtful, 1.2 (norm <1.2) in the con-
firming test; anti-DNA antibodies are found:
COI 163.5 (norm up to 25), anti-cardiolipin
Abs 50.38 (norm up to 10 U/ml). ECG: sinus
rhythm, increased load on the left ventricle, dif-
fuse changes in myocardium. Spiral brain com-
puted tomography revealed a violation of cere-
bral circulation of ischemic nature in the right
parietal, frontal and temporal lobes. According
to the results of duplex scanning, brachioce-
phalic arteries are passable, additional forma-
tions in the arteries were not revealed. Due to
closed ultrasonic temporal acoustic windows,
the study of the intracranial arteries is impos-
sible. By echocardiography, no abnormalities,
the ejection fraction is 64 %. Consultation was
performed, and the following diagnosis was
made: “Systemic lupus erythematosus, chronic
course, with activity I1I, with the skin, blood ves-
sels, liver, gastrointestinal tract, kidneys, nervous
system, joints, and heart affected. Secondary
antiphospholipid syndrome with damage to the

central nervous system. Ischemic stroke in the
territory supplied by the right middle cerebral
artery. Mild dysarthria. Left hemiplegia.” Mul-
tisystem lesion occurred in previous exacerba-
tions of SLE, and this information was obtained
from the patient’s medical records. Pulse therapy
was performed: solution of prednisone 1,000 mg
No. 3 with subsequent switch to the tablet form
of 60 mg per day, solution of cyclophosphamide
1,000 mg No. 1; antiplatelet therapy was pre-
scribed including Cardiomagnyl 75 mg 1 tablet
per day. During the stay of the patient in the
Department: in neurological status without
positive changes with preservation of left-sided
hemiplegia. After 6 weeks, laboratory re-exami-
nation of blood — antibodies against phospho-
lipids of 53.48 U/ml, antibodies against cardio-
lipin of 65.16 U/ml.

According to the 2012 American Rheumatology
Association SLICC SLE, among central nervous
system lesions, seizures and psychosisareincluded
in SLE. At the same time, SLE with the ongoing
secondary APS is much more often (in 20-30 %
of cases) complicated by IS or transient cerebro-
vascular disease [1]. APS is a clinical and labora-
tory syndrome characterized by the formation of
antibodies against own phospholipids in combi-
nation with autoimmune damage to systems and
organs, most often in the form of venous and
arterial thrombosis of any localization, obstetric
pathology (intrauterine fetal death, miscarriage,
abortion) and thrombocytopenia. The basis of
occlusion in APS is non-inflammatory throm-
botic vasculopathy. In addition, SLE and APS are
actually risk factors for an earlier IS onset. This is
due to additional risk factors that are typical for
this pathology — immunopathological damage
to blood vessels, persistence of immune com-
plexes in the blood, specific drug therapy (glu-
cocorticosteroids, hydroxychloroquine, cyclo-
phosphamide). A number of studies have shown
an earlier onset of cerebrovascular diseases
in patients with SLE than in the control healthy
group [2, 3]. There is also a tendency to recurrent
IS, which took place in our patient a year later, in
the territory supplied by the left middle cerebral
artery with the formation of a focus in the pari-
etal temporal lobe with the development of sub-
total sensorimotor aphasia, despite the intake of
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antiplatelets, anticoagulants and a maintenance
dose of prednisolone.

Thus, the development of stroke in patients with
SLE may be due to secondary APS and requires
the assay of IgG ABs against phospholipids, lupus
anticoagulant and determining the activity
of the disease with the assay of antinuclear anti-
bodies and antibodies to double-stranded DNA.
For the prevention of cerebrovascular disease
in SLE it is necessary to carry out the correction
of risk factors (level of SLE activity, dyslipidemia,
hypertension) to prevent thrombotic compli-
cations of oral anticoagulants and antiplatelet
agents.
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CASE OF PHEOCHROMOCYTOMA
WITH PERMANENT HYPERTENSION

Abstract

Pheochromocytoma is a tumor of chromaffin tissue that produces a large amount of biologically active substances
(adrenaline, noradrenaline, dopamine), clinically manifested by hypertension and various metabolic disorders. Quite
often the diagnosis is made only after autopsy. One of the reasons for late diagnosis is a great number of different
clinical masks of the disease. Usually pheochromocytoma is suspected in patients with paroxysmal hypertension.
We present a 37-year-old pregnant female (week 8 of pregnancy) with pheochromocytoma and permanent hypertension
and sustained elevation of blood pressure up to 220/150 mm Hg. Her only complaint was vision disorder that started
3 months ago. Also, she noted a weight loss of 4 kg over the last 6 months. Retinopathy, left ventricle hypertrophy,
tumor of right adrenal gland and glucose level disorders were revealed. Pregnancy was terminated for medical reasons.
The patient took combination of doxazosin 0.4 mg, metoprolol 100 mg and moxonidin 0.4 mg per day and blood pressure
was normalized to 130/90 mm Hg. Due to hypertension and tumor of right adrenal gland that are accompanied by
retinopathy and metabolic disorders, pheochromocytoma was suspected. Contrast-enhanced computed tomography
confirmed the tumor (60x73x70 mm) of right adrenal gland. Urinary normetanephrine level was 5.5 times higher than
the norm. Magnetic resonance angiography of cerebral vessels was done because of malignant hypertension and family
history (the patient's sister had died of cerebral hemorrhage). Fusiform aneurysm of right internal carotid artery was
revealed. The patient underwent laparoscopic resection of right adrenal gland. Histologic examination: pronounced
cellular and nuclear polymorphism, invasion of tumor cells into a fibrous capsule, which does not exclude the malignant
nature of pheochromocytoma. Follow-up period lasted for 8 months and was characterized by normalization of blood
pressure, glucose level and weight gain of 3.5 kg. Computed tomography of retroperitoneal space and normal urinary
metanephrine tests revealed no recurrent pheochromocytoma.

Key words: pheochromocytoma, hypertension

Conflict of interests
The authors declare no conflict of interests

Source of financing

The authors states that no finding for the study has been received

Article received on 03.04.2019

Accepted for publication on 19.06.2019

For citation: Yakovleva E. V., Lobanova O. S., Zhukova E. V. et al. CASE OF PHEOCHROMOCYTOMA WITH PERMANENT
HYPERTENSION. The Russian Archives of Internal Medicine. 2019; 9(4): 316-322. [In Russian]. DOI: 10.20514/2226-6704-
2019-9-4-316-322

BP — blood pressure, DBP — diastolic blood pressure, SBP — systolic blood pressure, ECG — electrocardiogram
*—@—o

*Contacts: Elena V. Yakovleva, e-mail: elenaviktorova@yandex.ru




Apxusb BHyTpeHHei MepAnumHbl ® Ne 4 o 2019

PA3BBOP KAMHMYECKUX CAVIAEB

Pheochromocytoma is a tumor of chromaffin
tissue that produces a large amount of biologi-
cally active substances (adrenaline, noradrenaline,
dopamine), clinically manifested by hypertension
of varying severity and various metabolic disorders.
The prevalence of pheochromocytoma among
patients with hypertension does not exceed 1 %,
the peak incidence is in the age of 30-50 years
[1, 2]. In one third of patients with chromaffin
tumors the cause of the disease is hereditary muta-
tion [1, 5]. The diagnosis of pheochromocytoma is
often established post mortem [1, 3]. At the same
time, patients with pheochromocytoma belong
to the rare category of patients with hyperten-
sion, in whom timely diagnosis and provision of
effective medical care can contribute to recovery.
One of the main reasons for the late diagnosis of
chromaffin tumors is the variety of clinical masks
of the disease [3]. The combination of symptoms
and their severity even in one patient can vary sig-
nificantly. We followed-up a female patient with
pheochromocytoma, who may have had no symp-
toms of increased BP, but had only bradycardia
with ventricular bigeminy or ventricular paroxys-
mal tachycardia with episodes of ventricular fibril-
lation or had a developing crisis with vivid mani-
festations in the form of muscle tremors, profuse
sweat, fear of death, feelings of suffocation, nausea
and vomiting at the same degree of BP increase
[4]. Among the causes of underdiagnosis lack of
awareness of doctors about the various manifes-
tations of the disease should be noted. In clinical
practice, a targeted search for pheochromocytoma
is carried out mainly in the presence of paroxysmal
hypertension. However, in chromaffin tumors,
a course with permanent hypertension is possible
[3]. The idea of the possibility of low-symptomatic
adrenal tumors has expanded in recent decades,
due to the active introduction of imaging tech-
niques into practice. According to the latest data,
in 4-5 % of patients exposed to radiological imag-
ing adrenal incidentaloma (from the English word
dncidentaly) — a mass formation larger than
1 cm in diameter detected by accident and requir-
ing nosological specification — was revealed [5].
Approximately 5 % of patients with adrenal inci-
dentaloma were diagnosed with pheochromocy-
toma [2]. With all the improvement and increase
in the availability of instrumental methods of

examination, the timeliness of the beginning of
the diagnostic search for chromaffin tumors when
patients turn to primary care doctors remains rel-
evant. In this regard, the clinical case of a female
patient with pheochromocytoma with permanent
hypertension, identified when visiting a doctor for
another reason, is of interest.

Patient K., 37 y.o., visited maternity welfare clinic
at gestational age of 8 weeks. During the ini-
tial examination, an increase in BP to 220 and
150 mm Hg was reported, which was the reason
for hospitalization in Cardiology Department of
Saratov Regional Clinical Hospital. When collect-
ing medical history, it was found that the main
complaint of the patient was deterioration of vision
during the last 3 months. Also, the patient noticed
a decrease in body weight by 4 kg for six months,
which she did not consider as important. This is
the third pregnancy, during the previous two preg-
nancies at the age of 20 and 28 years BP did not
increase. Delivery was performed by caesarean sec-
tion according to obstetric indications (contracted
pelvis). During the annual preventive medical
examination (worked as a teacher in kindergar-
ten), the BP level increase was not observed. The
last measurement of BP was performed a year ago.
Clarification of data on hereditary diseases was dif-
ficult, since there is no information about the par-
ents; the patient grew up and was brought up in
a foster home from the age of five. It is known
that her sister died suddenly at the age of 37 years
from a cerebral hemorrhage. She denies the use of
alcohol, drugs. She smoked from 29 to 36 years.
On examination, the condition was relatively sat-
isfactory. Height 147 cm, weight 50 kg, body mass
index 23.14 kg/m? The skin is clean, of normal
color and moisture. Musculoskeletal system —
without pathology. Apex beat is palpated in the
5th intercostal space along the left mid-clavicu-
lar line, coincides with the left border of relative
cardiac dullness. Heart sounds are rhythmic and
clear. Heart rate was 82 per minute. BP on the
right hand was 220 and 130 mm Hg, BP on the
left hand was 210 and 125 mm Hg. Examination
of respiratory, gastrointestinal, urinary, nervous
system revealed no pathology. The thyroid gland
at palpation had soft and elastic consistency, and
it was not increased, nodular formations are not
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palpated. Upon admission, the patient was pre-
scribed methyldopa 1,000 mg followed by an
increase in the daily dose to 2,000 mg per day and
metoprolol 50 mg per day. On the third day, BP
decreased to 150 and 90 mm Hg.

In blood count hemoglobin was 134 g/l, red
blood cells — 4.24x10'? g/, white blood cells —
9.9x10° g/l, platelets — 293x10° g/, increased
erythrocyte sedimentation rate up to 30 mm
per hour. Blood chemistry showed an increase in
fasting blood glucose up to 6.4 mmol/l, glycated
hemoglobin — up to 6.0 %, cholesterol — up to
6.0 mmol/l, C-reactive protein — up to 30 mg/l.
The content of serum creatinine, urea, electrolytes,
total protein, albumin, bilirubin, aspartate amino-
transferase and alanine aminotransferase activity
are within normal values. In urinalysis protein-
uria of 0.15 g/l was revealed. Daily proteinuria
was 1.57 g/l, and it was not revealed in re-exam-
ination. In ECG sinus rthythm was reported with
heart rate of 67 bpm, and normal semihorizontal
electrical axis. According to the echocardiographic
dimensions of the heart chambers, the global
contractility of the left ventricular myocardium is
within normal limits, EF was 59.8 % by Simpson.
Concentric left ventricular hypertrophy: myocar-
dial mass of 142 g, the index of myocardial mass
of left ventricle 142 g/m? the thickness of the left
ventricle posterior wall of 1.23 c¢m, the interven-
tricular septum of 1.14 cm. Diastolic function of
the left ventricle impaired with relaxation type,
there are false chords in the apical region of the left
ventricle. The results of daily monitoring of blood
pressure revealed a change in the daily BP profile
of “non-dipper” type, increased variability of SBP.
In the daytime, the average SBP was 221 mm Hg,
average DBP — 132 mm Hg; at night the average
SBP — 234 mm Hg, average DBP — 135 mm Hg.
Ultrasound examination of the thyroid gland
revealed no pathology. Data on abdominal and
renal ultrasound: deformation of the gallblad-
der; position, size, echogenicity of the kidneys are
within normal limits. In the projection of the right
adrenal gland there was a formation of increased
echogenicity measuring 63x52 mm. In the
duplex study of renal arteries, hemodynamically
significant blood flow disorders in the common
renal arteries were not revealed, resistance indi-
ces were normal. Ophthalmologist diagnosed

neuroretinopathy of both eyes, reduced visual
acuity in both eyes to 0.8. Upon re-examination
after 4 days, a negative change was noted: reduced
visual acuity in the right eye — to 0.7, left eye —
to 0.6; increase in the number of stroke-like hem-
orrhages, plasmorhagia, exudates in the macula,
increase in the number of newly formed vessels in
the optic disc.

Taking into account the 3rd stage of hypertension
with the development of rapidly progressed reti-
nopathy and left ventricular hypertrophy, and the
formation of the right adrenal gland, the patient
was offered an abortion for medical reasons by
the decision of the multidisciplinary team meet-
ing. Instrumental curettage of the uterine cavity
was performed at 8 weeks of gestation. After the
abortion, the patient assessed her state of health
as satisfactory, the only complaint was a decrease
in vision. The presence of malignant hyperten-
sion and adrenal gland formation, accompanied
by metabolic disorders, determined the need for
priority search for pheochromocytoma. With this
in mind, antihypertensive therapy was changed:
methyldopa (the drug is contraindicated in pheo-
chromocytoma) was discontinued, doxazosin
0.4 mg, metoprolol 100 mg, moxonidin 0.4 mg per
day were prescribed. Combined antihypertensive
therapy allowed to maintain the SBP within 125-
135 mm Hg, DBP — 90-95 mm Hg. The ortho-
static test showed a positive result: in the transition
from horizontal to vertical position SBP decreased
by 20 mm Hg. On the first day after the abor-
tion in the absence of coronary and heart failure
symptoms on ECG in the leads from V, to V, the
appearance of symmetrical negative T-waves was
reported (Fig. 1).

Test for blood troponins did not reveal excess of
normal values. According to repeatedly performed
echocardiographic studies no negative change was
observed.

After curettage of uterine cavity, there was a
decrease in RBC to 3.74x10" g/l, hemoglo-
bin to 97 g/l, thrombocytosis 485x10° g/l, ESR
40 mm/h. During the week after the abortion, the
blood WBC remained within normal values, then
a short-term leukocytosis of 18x10° g/l appeared
twice in the absence of signs of any infectious pro-
cess. The data from blood chemistry: cholesterol
of 6.0 mmol/l, low density lipoprotein cholesterol
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of 4.2 mmol/l, blood glucose of 10.6 mmol/l,
potassium of 4.19 mol/l, sodium of 142 mmol/l,
creatinine of 74.3 mmol/l, C-reactive protein of
39.5 mg/l. Glycemic profile: 08.00 — 5.6 mmol/l,
13.00 — 14.9 mmol/l, 18.00 — 11.6 mmol/],
22.00 — 11.2 mmol/l. In urine tests, transient glu-
cosuria, microalbuminuria were noted.

Hormonal status study: cortisol at 08.00 —
556 nmol/l (norm of 138-690 nmol/l), at
18.00 — 150 nmol/l (norm of 69-345 nmol/l);
thyroid stimulating hormone — 2.1 TU/ml, free
triiodothyronine — 3.0 pmol/l, free thyroxine —
10 nmol/l, antibodies against thyroid peroxi-
dase — 66 IU/ml. The study of urine metanephrine
and normetanephrine was performed by high-per-
formance liquid chromatography. Analysis results:
total metanephrine 23 pg/day (norm of <320 pg/
day), free metanephrine 90 pg/day (norm of 1.6-
192 pg/day), total normetanephrine 2,148.0 ng/
day (norm of <390 pg/day), free normetaneph-
rine 111 pg/day (norm of 7-158 pg/day). Thus,

Figure 1. Catecholamine-induced cardiomyopathy.
ECG chest leads symmetric negative T-wave

the content of total normetanephrine exceeded
normal values by 5.5 times, which confirmed the
presence of chromaffin tumor.

For the purpose of topical diagnosis of the pro-
posed tumor, computed tomography of the
abdominal cavity and retroperitoneal space was
performed. In the right adrenal gland, a patho-
logical soft tissue formation with dimensions of
5Tx72x74 mm with uneven contours, an inho-
mogeneous structure, without a clear border
with the right lobe of the liver, the right kidney,
the lower vena cava was found. The left adrenal
gland is normal. To determine the surgical strat-
egy of patient’s treatment an additional study
with contrast enhancement using Scanlux was
performed. The following results are obtained:
in the right adrenal gland, a formation measur-
ing 60x73x70 mm with a round shape and clear
smooth contours was revealed, its structure is het-
erogeneous due to the presence of a centrally
located area of reduced density. With the admin-
istration of a contrast agent, the accumulation of
contrast in the arterial phase along the periphery
in the form of lumps was noted, in the central part
contrast accumulation was not observed. The for-
mation closely adheres to the liver, right kidney,
inferior vena cava without growth into the adja-
cent organs. The renal hilum of the right kidney
is pushed down by the formation. Lymph nodes of
the abdominal cavity and retroperitoneal space,
pelvic cavity are not enlarged. Taking into account
the malignant course of hypertension and a posi-
tive family history, magnetic resonance angiog-
raphy of brain vessels is included in the examina-
tion plan. On a series of angiograms performed in
the ToF mode (time-of-flight magnetic resonance
angiography), an uneven expansion of the lumen
of the right internal carotid artery to 7.8 mm at the
level of C3-C4 segments is determined, indicating
the presence of a fusiform (spindle-shaped) aneu-
rysm of the petrous segment of the right internal
carotid artery.

Preoperative clinical diagnosis:
Primary disease: Pheochromocytoma (formation

of the right adrenal gland). Secondary hyperten-
sion. Left ventricular hypertrophy. Catecholamine-
induced cardiomyopathy. Hypertensive neuroreti-
nopathy. Fusiform aneurysm of petrous segment
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of the right internal carotid artery. Impaired fast-
ing glucose. Dyslipidemia. Condition after instru-
mental curettage of the uterus at 8 weeks of gesta-
tion. Uterine scar.

Concomitant disease: Connective tissue dyspla-
sia syndrome: false chords in the apical region
of the left ventricle. Deformation of the gallblad-
der. Mild chronic normochromic anemia. Second-
ary thrombocytosis.

The patient underwent laparoscopic adrenalec-
tomy on the right with technical difficulties in iso-
lating the right adrenal vein. The removed right
adrenal gland is 8x7x7 cm in size, and the section
revealed a tumor of 7.0 cm in size, typical of a var-
iegated pheochromocytoma with multiple foci of
hemorrhage (Fig. 2).

Histologic examination: solid alveolar complexes
consisting of large polygonal cells with pro-
nounced cellular and nuclear polymorphism,
surrounded by a fibrous capsule, with invasion of
tumor cells into this capsule (Fig. 3, 4).

The early postoperative period was complicated by
acute adrenal insufficiency, which required intra-
venous administration of prednisolone 180 mg,
hydrocortisone 400 mg on the first day. In the next
two days, hydrocortisone was intramuscularly
administered at a dose of 175 mg per day. On the
fourth day there was a normalization of BP and car-
bohydrate metabolism parameters. In the postop-
erative period ECG revealed no negative changes,
blood troponins did not increase, electrolytes were
within normal values. The patient was discharged
in a satisfactory condition on the tenth day after
surgery. After the rehabilitation period, the patient
returned to work.

Eight months after the right-sided adrenalec-
tomy, the patient was hospitalized in Endocri-
nology Department of Saratov Regional Clinical
Hospital. She assessed her health as good, she had
no complaints and noted a weight gain of 3.5 kg.
Blood count and urinalysis was normal. Blood
glucose — 5.4 mmol/l, glycated hemoglobin —
5.2 %, increased total cholesterol to 6.2 mmol/l;
other blood chemistry parameters are normal. BP
at home and office measurement did not exceed
120 and 80 mm Hg. According to the daily moni-
toring of blood pressure, there was a slight increase
in the mean value of SBP at night (122 mm Hg),
the daily profile of BP is changed by “non-dipper”

Figure 2. Tumor 7 cm in diameter of specific for
pheochromocytoma gray cherry color with multiple
foci of hemorrhage in the section of the removed
adrenal gland

Figure 3. Histological pattern of adrenal gland
formation (hematoxylin and eosin). Large polygonal
cells with pronounced cellular and nuclear
polymorphism

Figure 4. Histological pattern of adrenal gland
formation (hematoxylin and eosin).
Invasion of tumor cells in the fibrous capsule
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type. Computed tomography of the retroperitoneal
space was performed, evidence of recurrent pheo-
chromocytoma was not found. Visual acuity of the
right eye was 0.8, of the left eye — 0.9. The optic
disc is pale pink with clear boundaries; the arteries
are tortuous, narrowed; the veins are dilated, the
macula has dystrophic foci. On ECG there was a
positive change, but without full recovery of repo-
larization processes (Fig. 5).

Urine content of metanephrines was within
normal values: total metanephrine of 48.00 pg/
day, free metanephrine of 5.75 pg/day, total
normetanephrine of 131.0 pg/day, free normeta-
nephrine of 15.4 ng/day. Blood cortisol at 8.00 —
454 nmol/l, at 18.00 — 95 nmol/l.

Thus, in the presented clinical case of pheochromo-
cytoma, hypertension was characterized by resis-
tance and absence of crises. Weight loss should
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Figure 5. ECG recorded 8 months later after
adrenalectomy. Disorders in repolarization processes
in the myocardium: the T-wave is low-amplitude in
the thoracic leads and weakly negative in V5 lead

be noted as the earliest manifestation of the dis-
ease. Pregnancy in the patient occurred on the
background of the existing tumor, since the first
symptoms (decreased vision and weight loss) were
already presentin the early stages of the pregnancy.
Of the organ lesions, the most severe was retinopa-
thy, the rapid progression of which corresponded to
the malignant course of hypertension. The forma-
tion of a fusiform aneurysm of the internal carotid
artery is regarded as a consequence of persistent
systolic-diastolic hypertension, possibly secondary
to connective tissue dysplasia. Catecholamine-
induced cardiomyopathy, diagnosed according
to the appearance of myocardial focal changes on
ECG in the anterior-septal-apical-lateral region of
the left ventricle was not accompanied by clinical
signs. Its development in pheochromocytoma is
associated with catecholamine-induced non-cor-
onary myocardial necrosis, leading to disruption
of intercellular and intracellular ion exchange and
oxidative intracellular cycle [3]. The metabolic
disorders diagnosed in the patient are quite typi-
cal for chromaffin tumors. In 10-40 % of patients
with chromaffin tumors there is impaired glucose
tolerance and paroxysmal hyperglycemia during a
hypertensive attack, in 10-29 % of patients — dia-
betes mellitus [3]. Leukocytosis and thrombocyto-
sis in patients with chromaffin tumors are due to
the shrinkage of the spleen under the influence
of catecholamines. In the presented case, as in the
previous one, leukocytosis reached a significant
degree of severity — 18x10° g/1 [4].

Histological features of the tumor, namely the
presence of severe cellular and nuclear poly-
morphism, invasion of tumor cells in the fibrous
capsule, do not exclude the malignant nature of
pheochromocytoma. However, it should be noted
that the question on the criteria for malignancy
of pheochromocyte has not yet been resolved
and is debatable. The discussion is based on the
fact that in pheochromocytoma there is a dis-
crepancy between the morphologically benign
nature of the primary tumor and the subsequent
metastatic lesion. On the other hand, when using
the criteria of nuclear and cellular polymorphism,
atypia and the presence of vascular and capsular
invasion, the incidence of malignant lesions is
35-65 %, but clinically aggressive course is practi-
cally not found [1].
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It is possible that the sudden death of the sister at
the age of 37 years from a cerebral hemorrhage
was associated with pheochromocytoma and the
disease has a family history. In this case, the prob-
ability of recurrent pheochromocytoma increases,
which necessitates further careful monitoring of
the patient. We believe that in this case the com-
bination of circumstances allows us to hope for a
favorable outcome. If there was no reason to see
a doctor because of her pregnancy, the situation
could have developed unfavorably, since in the
presence of malignant hypertension and formed
aneurysm of the internal carotid artery, the devel-
opment of fatal cardiovascular events in the short-
term was very likely.
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