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Abstract

The review examines the key aspects of the pathogenesis of alopecia in endocrine system pathology. The role of hormones, growth factors, cytokines
and other biologically active substances has been demonstrated. Alopecia is a frequent symptom that can be the result of not only gerontological,
but also endocrinological problems. Therefore, time-consuming differential diagnosis is often necessary. Diagnosis is more effective if a team of
specialists is involved: endocrinologist, gynecologist, andrologist, dermatologist / trichologist, and others.
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tumor necrosis factor-alpha

In the clinical practice, there are quite often cases
when a symptom that should serve as a key to a correct
and accurate diagnosis escapes the doctor’s analytical
field due to its low specificity and the diagnostic pro-
cedure based on it seems unpromising. An example is
alopecia, which can be the only sign and nevertheless
deserves close attention and requires a comprehensive
examination of the patient. Diagnostic search should
include a range of diseases and conditions that can cause
this symptom. The type of alopecia can also have a diag-
nostic value, and hair loss itself can serve as the first
symptom of the disease.

Optimal treatment of the patient requires an under-
standing of the hair loss progression and awareness of
the plurality of its possible causes. An individual treat-
ment plan can be implemented if work with the patient
is carried out sequentially: starting with the most simple
and obvious tasks and gradually moving on to more
complex ones. It should be borne in mind that hair loss
is most often caused not by a single cause but by a whole
range of factors [1].

Alopecia is a term that refers to any hair loss. The
daily rate of hair loss is about 100, and hair loss can be
defined as a condition in which more than 100 hairs fall
per day. However, given the individual physiological
processes, excessive hair loss, not typical for a particular
person, can be called alopecia [2]. There are two main
groups of alopecia: reversible and irreversible (scarring,
in which hair cannot be restored, and the goal of ther-
apy is to achieve remission to prevent the expansion of
the lesion). Reversible forms include AGA, telogen and
anagen effluvium, and alopecia areata.

The hair follicle (HF) is a highly organized structure
with a high mitosis rate. It is sensitive to many factors,
such as growth factors (insulin-like growth factor, endo-
thelial vascular growth factor, fibroblast growth factor),
cytokines (interleukin 1-alpha, TNF-alpha, etc.) and the
state of the endocrine system, which largely regulates
hair growth via androgens, prolactin, thyroid hormones,
melanocyte-stimulating hormone, etc.

This article discusses the main points of hormonal
regulation of HF functioning.

Androgens

Testosterone is produced not only in the adrenal
glands and gonads from its predecessors — androstene-
dione, dihydroepiandrosterone and dihydroepiandros-
terone sulfate, but also locally by the dermal papilla.
Therefore, the hair follicle is not only the target but the
site of testosterone synthesis [3].

The link between androgens and alopecia was first
noted by Hamilton J. B. (1960), stating that AGA did not
develop in eunuchs and boys castrated before puberty
[4, 5]. However, with severe testosterone deficiency, telo-
gen effluvium (TE) may develop. Most likely, this is due to
its anabolic effect on the formation of protein structures,
which are also the hair shaft. The relationship between
the androgen receptor gene with androgenic insensitivity
and hair loss has been shown in Kennedy’s disease, which
is a neurodegenerative disease that triggers muscular
atrophy of the spine, testicular atrophy and reduced vir-
ilization [3]. Significant improvement in hair condition
was also shown in patients taking tamoxifen for breast
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cancer. Therefore, in the absence of genetic sensitivity of
the HF to dihydrotestosterone (DHT), hormone replace-
ment therapy with testosterone can have a positive effect
on hair growth [6, 7].

During puberty, young men and women develop
terminal hair (secondary sexual characteristics) in the
axillary, pubic areas, and lower extremities, and young
men in the trunk and beard (the so-called androgen-
dependent hair growth zones). In these areas, androgens
extend the hair growth phase, change the ability of kera-
tinocytes to divide and increase the pigmentation and
size of the dermal papilla.

These processes involve 5-alpha reductase (5-AR),
enzyme that converts testosterone to dihydrotestoster-
one. It can also convert 4-androstenedione and proges-
terone into their corresponding reduced forms. 5-AR is
synthesized in two molecular forms, each encoded by a
separate gene. The distribution of 5-AR of the first and
second types, their ratio and expression intensity vary
in different areas. The expression of second-type 5-AR
is higher in the dermal papilla of the HF on the head,
which intensifies the negative effect of androgens.

A five-fold increase in the androgenic activity of tes-
tosterone due to its conversion to DHT demonstrates
the important role of 5-AR in androgen action. With
a genetic predisposition under the influence of DHT,
microinflammation develops in the perifollicular zone
in the scalp skin. This leads to the gradual miniaturiza-
tion of the follicle and a shorter hair growth phase, and
the development of fibrosis, with slow replacement of
the follicle with connective tissue. Therefore, with high
activity of the 5-AR and HF genetic sensitivity to DHT,
a type of hair loss called AGA develops. In contrast, in
rare cases of 5-AR deficiency syndrome, hair loss on the
head was not observed [3]. In this regard, finasteride, a
second-type 5-AR inhibitor mainly used to treat benign
prostatic hyperplasia, is effective in treating AGA.

The role of androgens in the development of AGA
in women is contradictory. Most studies have shown no
hyperandrogenism in more than 60% of women with
AGA [6].

Estrogens

Estrogen (and androgen) receptors are located on
epidermal keratinocytes, dermal fibroblasts, sebaceous
glands and HF. On the scalp, the predominant estro-
gen receptors are beta-estrogen receptors [6]. Estradiol
alters the metabolism of androgens in the piloseba-
sial structures, which itself exhibits a noticeable activ-
ity of aromatase, a key enzyme in the conversion of
androgens to estradiol. In addition, estradiol can affect
androgen metabolism by inhibiting aromatase activity,
which determines the conversion of testosterone and

androstenedione androgens to estrogens estradiol and
estrone [8]. That is, the HF is simultaneously a target for
estrogens and their source [9].

Estrogens are believed to have a positive effect on
the prolongation of the hair growth phase by binding to
locally expressed estrogen receptors, stimulating the syn-
thesis of glycosaminoglycans, elastin, and collagen in the
skin [10]. This partially explains the active postpartum
hair loss due to a drop in the system level of estrogen
(and progesterone). The same applies to women during
menopause: with a drop in estrogen levels, changes in the
skin and hair are significantly accelerated, accompanied
by loss of turgor, dryness, thinning and hair loss due to
depletion of the microvasculature of the dermis, trophic
innsufficiency of the dermal papilla, relative increase in
androgenic effect, activation of pro-inflammatory cyto-
kines with the formation of zones of chronic inflamma-
tion in the HF [3]. Most women receiving aromatase
inhibitors develop some form of alopecia (androgenetic
or diffuse) [11].

With a genetic predisposition, a violation of the ratio
of estrogens and androgens can be a triggering factor
in hair loss in women [12]. Combined oral contracep-
tives or hormone replacement therapy with androgenic
progestogens (norethisterone, levonorgestrel, tibolone)
often cause hair loss, especially in genetically predis-
posed women [1, 13-15]. In the overwhelming majority
of cases, severe hair loss occurs after oral contraceptives
are discontinued, and AGA often occurs, which argues
against prescribing these drugs to treat alopecia (not to
mention other side effects — changes in blood rheology
and lipid profile, increased SHBG level, gonadotropin
synthesis inhibition by the hypothalamus, acne, hirsut-
ism, decreased libido, osteoporosis, adrenal gland dys-
function, impaired venous outflow, and vaginal atrophy)
(1, 16].

AGA in women, which differs externally from men,
is also explained by the fact that scalp skin in women has
higher aromatase activity and more estrogen receptors
[17]. On the other hand, a mouse study showed that par-
enteral and local estrogen agonists cause deep and long-
term inhibition of hair growth, while estrogen antago-
nists stimulate hair growth by initiating anagen, that is,
an active growth phase [4]. Therefore, unlike androgens,
the role of estrogens in the regulation of hair growth is
debatable.

Progesterone

The effects of progesterone that have an impact on
the phases of hair growth include vasodilating and anti-
inflammatory effect (due to inhibition of lipid peroxida-
tion, TNF-alpha, mast cells), suppression of the effects of
excess testosterone and estrogen, as well as inhibition of
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5-AP activity. It was shown that the topical application of
progesterone to the scalp skin significantly reduces 5-AR
activity and the level of DHT in the perifollicular zone
(the synthesis of DHT is inhibited by 97% and estradiol
by 41%) [18]. The effect of progesterone, which partially
intensifies hair growth, is also due to its central action
via inhibiting the secretion of luteinizing hormone (LH),
which, in turn, causes a decrease in the stimulation of
ovarian theca cells (androgen synthesis) [8].

Progesterone is considered a female steroid hormone.
However, since it is also produced in the testes and adre-
nal glands in men (in lesser amounts than in women), it
also has its biological effects (anti-inflammatory, antioxi-
dant activity, and participation in the synthesis of neu-
rohormones). Progesterone could be a tool in hormonal
modulation and treatment of hair loss in men and treat-
ing disorders caused by high activity of 5-AR of both
types and system hyperestrogenia (which leads to gyne-
comastia, prostate hyperplasia, and erectile dysfunc-
tion) [19]. Therefore, progesterone deficiency affects the
course of AGA in women and, to a lesser extent, in men.

Among the main reasons for a decrease in progester-
one are an increase in estrogen and cortisol levels, poly-
cystic ovary syndrome, oral contraceptives and cortisone
use, menopause, and vitamin D deficiency.

Prolactin

Prolactin levels also affect the pilosebial structures: on
the phases of hair growth and sebaceous gland, affecting
the follicle not only directly, but also indirectly, through
an increase in the proandrogen content in the adrenal
cortex and tissue androgen metabolism [20]. Conse-
quently, hyperprolactinemia can be the cause of not only
TE, but also AGA, as well as acne and hirsutism [21,
22]. A decrease in blood prolactin levels to physiological
values usually offsets symptoms of hyperandrogenism.

Human scalp hair follicles express prolactin recep-
tors. Exposure of the follicle to high doses of prolactin
leads to significant inhibition of anagen and premature
development of catagen, along with a decrease in pro-
liferation and increased apoptosis of hair follicle kerati-
nocytes. The significant inhibitory in vitro effect of high
doses of prolactin suggested that prolactin acts as an
autocrine inhibitor of hair growth [23]. This may explain
hair loss in patients with high prolactin levels. Hyperpro-
lactinemia is one of the possible causes of TE in women
in the postpartum period [2].

Thyroid Hormones

The thyroid diseases accompany more than half of alo-
pecia cases. The main functions of thyroid hormones are
the maintenance of basic metabolism and the regulation

of tissue respiration: they increase general metabolism,
oxygen consumption and heat production in tissues.
It has been shown that thyrotropin-releasing hormone
(TRH) acts as an inducer of hair growth and pigmenta-
tion [24, 25]; TRH and thyroid-stimulating hormone are
powerful promoters of mitochondrial activity and regu-
lators of keratin expression [25], and triiodothyronine
and tetraiodothyronine stimulate hair growth by regu-
lating the function of stem cells of the dermal papilla and
prolonging anagen [26]. Working mainly at the level of
the cell nucleus, they can directly affect processes in the
mitochondria and the cell membrane, stimulating RNA
formation and leading to stimulation of protein synthe-
sis, which is manifested by both growth and differentia-
tion reactions [25]. Since thyroid hormones affect the
growth and differentiation of tissues, the metabolism of
many substrates, vitamins, hormones, oxygen consump-
tion, protein synthesis, mitosis, they are of great impor-
tance for the formation and growth of hair.

Hypothyroidism occurs ten times more often in
women than men. With hypothyroidism, hair is dry,
dull, coarse, brittle, and TE, growth retardation, loss of
lateral areas of the eyebrows (madarosis) develop. With a
genetic predisposition, AGA may occur, and the probable
development mechanism involves a decrease in SHBG
and an increase of free androgens in plasma [27, 28].

The most common symptoms of hyperthyroidism are
systemic, not cutaneous, and are caused by the state of
hypermetabolism. TE is observed in 20-40% of cases,
and axillary hair loss in 60%. The severity of hair loss
does not correlate with the severity of thyrotoxicosis.
The hair itself is thin, soft, straight, and not amenable to
permanent waving. It should be borne in mind that hair
loss can result from side effects of drugs used for treat-
ment (carbimazole, methyluracil, levothyroxine, lithium,
amiodarone, etc.) [1, 29].

D-Hormone

The outlook on vitamin D has expanded signifi-
cantly in recent decades. In terms of its chemical struc-
ture, metabolic characteristics and interaction with
nuclear receptors, vitamin D has more similarities with
steroid hormones than with vitamins, which is why it
is called D-hormone in many publications [30, 31].
The hormone-active form of vitamin D reportedly acts
as a regulator of a number of enzymes involved in the
metabolism of steroid hormones: both adrenal and sex
hormones [32, 33].

In experiments on animals, on cell cultures and in
vivo, it was shown that the vitamin D receptor gene is
expressed in ovarian tissues, modulating the steroido-
genesis pathway in granulosa cells, which can lead to
improved follicular development and maturation [31,
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34]. The expression of these genes in keratinocytes is
necessary for the regulation of the hair follicle cycle, and
vitamin D deficiency leads to impaired epidermal differ-
entiation and regulation of hair growth [35, 36]. It was
shown that alopecia develops in mice and humans due to
the inactivation of vitamin D receptors [2, 37].

It was found that the biologically active form of
vitamin D — 1,25(OH)2D — stimulates the produc-
tion of progesterone, estrone and, in synergy with insu-
lin, increases the production of estradiol by 60% [38].
In autoimmune diseases, vitamin D stimulates apopto-
sis of immune cells, inhibits NO production, reduces
T-helper tissue infiltration and T-cell activation, and
inhibits the maturation of antigen-presenting cells, thus
possessing a powerful immunomodulatory effect [39].
Therefore, vitamin D may be a defense factor in some
autoimmune diseases, including alimentary and fibrotic
alopecia [40]. In particular, in patients with alopecia
areata, the vast majority of cases involve a critically low
level of 25(OH)D (6 to 15 ng/l using liquid chromatog-
raphy and tandem mass spectrometry). In patients with
fibrotic forms, the correlation is not so obvious. The
study conducted by Aksu Ceman, et al. (2014) showed
that vitamin D deficiency is detected in 91% of patients
with alopecia areata and correlates with the severity of
the disease [41].

A meta-analysis of recent studies showed that vita-
min D deficiency plays an important role in the patho-
genesis of irreversible alopecia — TE, AGA, alopecia
areata: most studies showed a decrease in serum vitamin
D concentration in patients with various forms of alope-
cia compared with control groups [42].

Growth Hormone

Growth hormone affects the growth and differentia-
tion of cells, playing a role in the development of hair
follicles and hair growth. It was found that insulin-like
growth factor 1 (IGF-1) is produced in the dermal papil-
lae, and the presence of matrix RNA of the IGF-1 receptor
in keratinocytes has been proven. IGF-1 in the presence
of insulin is believed to induce hair growth by stimulat-
ing the proliferation of hair follicles and inhibiting apop-
tosis [43]. For example, hypertrichosis is observed in
acromegaly [44].

In Laron’s syndrome (mutation in the IGF-1 encod-
ing gene), the hair is thin, with a significantly shorter
growth phase [45]. Growth hormone enhances the effect
of androgens on hair growth in areas of secondary sexual
characteristics. Therefore, boys with growth hormone
deficiency require five times more testosterone to induce
axillary hair than hypogonadal boys with a sufficient
amount of it. The effects of growth hormone are probably
mediated by insulin, similar to growth factor 1 [43, 46].

Insulin

The anabolic effects of insulin have a positive effect
on prolonging the hair growth phase (similar to growth
hormone). In particular, its dose-dependent stimulating
effect was shown in the in vitro study [43], but its ability
to initiate type-2 5-AR activity aggravates the course of
AGA in the presence of genetic predispositions.

The development of hyperinsulinemia (insulin resis-
tance) intensifies glycation mechanisms (oxidation of
substrates by glucose acting as a free radical), which
leads to an increase in oxidative stress at the cellular
level, while maintaining inflammation in the perifollicu-
lar zone and contributing to diffuse hair loss. The course
of AGA worsens as the blood insulin level increases since
insulin has a stimulating effect on 5-AR, and, therefore,
the level of DHT increases [47]. Therefore, through the
stimulation of 5-AR, hyperinsulinemia promotes the
development of AGA in genetically sensitive individuals
with DHT, and through the development of inflamma-
tion and oxidative stress in combination with comorbid-
ity, it can trigger diffuse hair loss.

There are numerous studies showing the relationship
between metabolic syndrome (MS) and AGA in both
men and women [62]. The early onset of AGA in young
men indicates, among other things, excessive activity of
5-AR and the development of related conditions in the
future (erectile dysfunction, prostate hyperplasia); a sig-
nificant relationship between AGA and coronary disease
was also found. In young men with MS and AGA, total
cholesterol, blood pressure, and insulin resistance index
are significantly higher than in men without AGA [48].
It is well known that insulin resistance and MS in women
have a clear association with polycystic ovary syndrome,
which is the most common cause of hyperandrogenism,
accompanied by anovulation. Starka L., et al. (2005) sug-
gested that the combination of early AGA and insulin
resistance can be a male analogue of polycystic ovary
syndrome [49].

In addition, according to Cannarella R., et al. (2020),
a hormonal profile similar to that of polycystic ovary
syndrome (PCOS) and characterized by a decreased level
of follicle-stimulating hormone (FSH) and sex hormone
binding globulin (SHBG), increased levels of LH, andro-
stenedione and 17a-hydroxyprogesterone (17a OHP),
as well as hypertension, insulin resistance, and weight
gain, is also characteristic of men with early onset of
AGA [50]. It is noteworthy that all patients with early
AGA had a significantly higher body mass index (BMI)
and seru, 17 a-hydroxyprogesterone level compared with
the control group (p < 0.05). The authors report a ten-
dency to an increase in dehydroepiandrosterone sulfate
(DHEA-S), a decrease in the level of total testosterone, as
well as a higher percentage of sperm apoptosis compared
with the control group (p < 0.05) [50]
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Androgenetic Alopecia (AGA)

AGA is usually divided into male type and female
type hair loss. Androgen-dependent zones (forehead,
crown, and, in some cases, temporal zones) are identified
on the scalp skin, where the amount of 5-AR and DHT
is significantly higher. Despite the similarity of mecha-
nisms in the development of AGA in both sexes, hair loss
in women is characterized by less pronounced zonality,
which is associated with greater aromatase activity in the
scalp skin and a large number of estrogen beta-receptors
(51, 52].

It is already established that 287 genes are responsible
for the development of AGA, i.e., polygenic multifacto-
rial inheritance takes place. However, the main gene is
located on the X chromosome [17]. Polymorphism of one
of the two main hair loss susceptibility genes in men —
the androgen receptor gene EBA2R on the X chromo-
some — is associated with the early onset of AGA [11].
The role of aromatic compounds CYP19A1 genes has
been suggested but not confirmed [6].

AGA in both men and women should raise con-
cern over the development of metabolic syndrome,
and coronary disease. Possible mechanisms explaining
the relationship between these conditions are the pres-
ence of 5-AR and receptors for DHT in blood vessels
[6, 53]. Studies have confirmed a significant relationship
between body mass index, systolic and diastolic blood
pressure, levels of aldosterone, cholesterol, triglycerides,
glucose, fasting insulin and AGA. MS was observed sig-
nificantly more often in patients with AGA — in 60%
of men and 48.6% of women (12.5% and 8.1% without
AGA, respectively, p < 0.0001) Patients with AGA also
have more significant atheromatous plaques [54, 55].

A 2020 case-control cross-sectional study by Jingwen
Ma et al. showed the following results: men with AGA
(n=1,312) had a higher mean uric acid level (6.25 mg/dl

Figure 1. Androgenetic alopecia (female-type hair loss)

versus 5.97 mg/dl; p < 0.001) and a higher prevalence
of hyperuricemia (25.0% versus 15.6%; p < 0.001) than
men without AGA (n = 2,624). A significant relationship
between the severity of AHA and hyperuricemia was not
demonstrated (p = 0.295) [56]

In a population-based prospective cohort study, the
relationship between the mortality rate from diabe-
tes mellitus (DM) and cardiovascular diseases and the
severity of AGA was evaluated in 7,252 participants
After about five years of follow-up, there was a signifi-
cantly higher risk of mortality from diabetes and car-
diovascular diseases with moderate and severe AGA
compared with normal or moderate AGA in men and
women after adjusting for age, a family history of diabe-
tes mellitus or cardiovascular disease and MS (adjusted
risk ratio: 2.97 and 2.28, respectively). Therefore, despite
the different mechanisms of alopecia in men and women,
the occurrence of cardiovascular diseases and mortality
from them increases in both gender groups [55].

In the event of AGA, men should be wary of the
development of metabolic, coronary syndromes, prostate
diseases, which underlines the importance of preventive
measures, especially in young men and adolescents with
AGA.

In the case of AGA in women and adolescent girls,
the following should be excluded: polycystic ovary syn-
drome (the most common endocrine disease in women
with AGA [6]), congenital adrenal cortical dysfunction,
hyperprolactinemia and other causes of systemic hyper-
androgenism (often also accompanied by acne and/or
hirsutism, galactorrhea, anovulation), insulin resistance
and type 2 DM. As in the case of male hair loss, in women,
more than half of the cases do not show any concomitant
disease; only a genetic predisposition is detected. In this
case, a family history is important.

In the presence of a genetic predisposition, the andro-
gen-estrogen ratio can play a decisive role. However, in
clinical practice, among patients diagnosed with AGA,
the majority have a reduced/normal level of testosterone
in the blood and a normal/undetectable level of DHT.
This is because 5-AR is a tissue enzyme, and the conver-
sion of testosterone to DHT occurs directly in the skin
(this phenomenon is called “cutaneous hyperandrogen-
ism”). Therefore the measurement of DHT in the blood
is of no diagnostic value in the absence of systemic dis-
order [57].

Sugar-lowering drugs have a positive effect on the
course of AGA [24], again proving the relationship
between this condition and hyperinsulinemia. Among
these drugs, one of the most effective is metformin, since
besides regulating carbohydrate metabolism, it has a
positive effect on the microvasculature.

In 2017, a hypothesis was published. It summarized a
large number of studies and suggested that the thinning
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and hair loss characteristic of AGA is a consequence of
fibrosis, which develops due to calcification of the micro-
vasculature due to systemic vascular disorders in patients
with heart diseases accompanied by hypercholesterol-
emia and deposition calcium in the walls of the arteries.
Fibrosis is usually believed to be a consequence of peri-
follicular microinflammation as a result of the damaging
effect of DHT [58]. However, regardless of the sequence
of processes, it was found that metabolic disorders and
AGA are associated, and AGA may be one of the markers
of MS and cardiovascular risks [59.60].

AGA usually does not reverse itself, and patients need
lifelong therapy with topical and systemic drugs after all
possible comorbid conditions are excluded, or during
treatment.

Telogen Effluvium (TE)

It is a common condition that is not associated with
increased sensitivity to DHT, in which there is no pro-
gressive thinning of the hair shaft. Alopecia does not
have a clear zonality; hair loss occurs evenly through-
out the scalp. TE has various causes, mostly endocrine:
thyroid diseases (hypo- and hyperthyroidism), Addison’s
disease and hypopituitarism. The severity of hair loss
usually does not correlate with the severity of endocrine
disease, and for a long time, may be the only symptom of
the disease [6].

In TE management, treatment of the underlying dis-
ease is crucial. When the triggering factor is eliminated,
complete hair restoration occurs.

Alopecia Areata

Alopecia areata is an immune-mediated disease char-
acterized by sudden onset of hair loss from any area with-
out scarring. This is a fairly common condition without
hazard to life.

It has long been known that focal alopecia occurs
in various autoimmune diseases, such as rheumatoid
arthritis, type 1 diabetes mellitus, vitiligo, systemic
lupus erythematosus, thyroiditis, pemphigus vulgaris,
pernicious anemia and celiac disease. There is evidence
of impaired thyroid function or the presence of autoan-
tibodies to thyroid tissue in 24% of examined children
with focal alopecia. In adult patients with focal alope-
cia, antibodies to thyroid peroxidase were detected in
17.7% of cases.

The meta-analysis of 2019 studied the relationship
between alopecia areata and thyroid disease. It was
shown that the prevalence of thyroid diseases in patients
with alopecia areata is significantly higher than in the
control group (odds ratio 3.66; 95% confidence interval
2.90-4.61; p 0.001 [61].

Figure 2. Androgenetic alopecia in a patient with
polycystic ovary syndrome

Figure 3. Diffuse telogen hair loss in hypothyroidism

251



252

REVIEW ARTICLES The Russian Archives of Internal Medicine ® Ne 4 e 2021

The overwhelming majority of patients with alopecia
areata also have a critically low level of 25 (OH) D [59].

Treatment of alopecia areata is associated with the
treatment of the underlying disease (if detected). How-
ever, in most cases, it is impossible to detect any causes
of alopecia areata, while at the same time. The doctor is
required to conduct a screening examination to exclude
health-threatening conditions during the initial exami-
nation of such a patient.

Conclusion

Alopecia is a very common symptom in the popula-
tion, and in a number of cases, it is a sign of endocrine
diseases. The causes of alopecia and the clinical context
of this symptom may be ambiguous in different cases.
At the same time, there is no doubt that alopecia as a
symptom should be subjected to clinical and diagnostic
evaluation and not be ignored in the process of diagnos-
tic search as a “purely age-related” phenomenon.

According to the information presented in the review,
the problem under consideration does not always have
an exclusively gerontological basis. Therefore, in most
cases, the diagnostic search and the choice of therapeutic
approach should be multidisciplinary with the partici-
pation of an endocrinologist, gynecologist, andrologist,
dermatologist/trichologist and other medical specialists.
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C apTepuanbHOM runepTeHsnel ABAAeTCA 3PPEKTUBHBIM MHCTPYMEHTOM MPOPUNAKTMKMN CepAEHHO-COCYAUCTbIX OCNOXKHeHUN. OAHaKo, A0 HacTo-
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FVII'IepTeHBVIeI‘/’I ABNAeTCcA O4HUM U3 Hanbonee I'IpO6I1€MHbIX aCrneKToB.

Pe3yl1bTaTbI MCCHEAOBBHMVI oTe4yeCTBEeHHbIX U 3apy6e)+(Hb|x aBTOPOB MoKa3bliBakOT BbICOKyIO 3¢¢€KTI/IBHOCTI> I'IpVIMeHeHVIﬂ npeAnaraeMblx nogxoaos
ANCTaHUNOHHOro MOHVITOPVIHFa apTepmaanoro AaBNeHnA. [onoxutenbHole pe3yanaTbl B OTHOLWUEHUN AOCTUIKEHUA TapreTHoro apTepMaanoro
AaBneHunsa y)Ke qepea 3 MecsAla NoKa3aHbl I'IpVI I'IPVIMGHEHVIVI TexHo/1ormm TeneMOHVITOpVIPOBaHVIﬂ apTepmaanoro AaBneHna n gUCTaHUMOHHOM KOH-
CyNbTUPOBaAHWUU 60/IbHBIX apTEPUaNbHON runepTeHsmein. Oco60ro BHUMaHUsA 3aC/yUBaeT TEXHONOMMA MOBU/IbHOTO 34paBooxpaHeHus (mHealth),
KoTopas obecrneyvBaeT 6os1ee rmbKyto NNaTGopMy ANA YAyULEHN CaMOOBCYKMBAHWUA NaLMEHTOB.

Knro4deBbie cnioBa: apmepuansHas 2unepmer3us, dUCMaHYUOHHbILT MOHUMOPUH2 apMepuanbHO20 daBAeHUSs, MexHOA02US MOBUbHO20 30paso-
oxpaHeHus, meﬂeMeaquHa

*Konrakrsl: VipuHa Anekcanaposta Crapopy6iesa, e-mail: starodubtsevairinal @gmail.com
*Contacts: Vera N. Larina, e-mail: starodubtsevairinal@gmail.com
ORCID ID: https://orcid.org/0000-0002-4665-2966

255



256

REVIEW ARTICLES The Russian Archives of Internal Medicine ® Ne 4 e 2021
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Ana umTUpoBaHUA: Crapoay6uesa W.A,, LWapanosa 0.A. AVCTAHLMOHHbBIM MOHUTOPUHT APTEPUAJIBHOTO AAB/IEHUA KAK MHCTPY-
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Abstract

This article focuses on the distant blood pressure monitoring for patients with arterial hypertension. As numerous studies show, even slightly elevated
blood pressure significantly raises the risk of cardiovascular complications. And, vice versa, a 5 mmHg decrease in blood pressure reduces the lethality
risk. Therefore, it is not enough to prescribe the right medication but also it is of paramount importance to monitor patients’' compliance with the
treatment. Clinical observation of patients with arterial hypertension is an effective tool for the prevention of cardiovascular complications. However,
to date, the coverage of follow-up and the achievement of blood pressure targets in patients with arterial hypertension is one of the most problematic
aspects. Distance monitoring of blood pressure opens more opportunities for the doctor's involvement, timely assessment and adjustment of the
medication. The results of domestic and foreign research show high efficacy of the distance blood pressure monitoring. Positive results regarding the
achievement of target blood pressure after 3 months are shown when using the technology of blood pressure monitoring and distance counseling
of patients with arterial hypertension. In particular, the article considers the technology of mobile health care (mHealth), which is a more flexible

platform for a patient's continuous self-care.
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Over the past 50 years, cardiovascular diseases (CVD) According to the results of the MMMI17 (MAY
have been the main cause of mortality in the population =~ MEASUREMENT MONTH 2017) multicenter study,
[1]. According to the ESSE epidemiological study, which  controlled target BP could not be achieved in 46% of
covered ten Russian regions, elevated blood pressureisthe  patients with hypertension who received antihyperten-
number one risk factor (RF) of CVD — 33.8% (Fig. 1) [2]. sive therapy [3].
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Uncontrolled hypertension is ranked first among risk
factors of mortality and is the cause of more than 50%
cerebrovascular accidents (CVA) and almost half of cor-
onary heart disease (CHD) cases. The risk of death from
CVD doubles if systolic blood pressure (SBP) increases
by 20 mm and diastolic blood pressure (DBP) increases
by 10 mm [4].

A meta-analysis of 61 prospective observational stud-
ies (1 million adults who had not been previously diag-
nosed with vascular diseases, 12.7 million person-years)
showed that a decrease in mean SBP by 2 mm Hg leads to
a 10% reduction in the risk of death from CHD and CVA
or other vascular causes [5].

According to a large-scale study by Ettehad D. et al.
(2016), a decrease from the initial SBP of 130-139 mm
Hg by 10 mm Hg (that is, when the level of SBP reaches
less than 130 mm Hg during treatment) leads to a signifi-
cant decrease in the risk of the unfavorable cardiovascu-
lar impact of hypertension: CHD — by 12%, CVA — by
27%, heart failure — by 25%, major cardiovascular com-
plications — by 13%, and death from any cause — by
11% [6].

According to the Program of State Guarantees,
43.8 million EMS calls are made annually in Russia.
According to the Moscow EMS, CVD-related calls
account for 18.8% of that number, of which 60% are due
to hypertensive crises [7].

Follow-up (FU) of patients with hypertension is an
effective tool for the prevention of cardiovascular com-
plications. However, the coverage of FU and the achieve-
ment of target BP in patients with hypertension remains
one of the most challenging tasks.

Active preventive measures can reduce the risk of
adverse cardiovascular events, subsequent disability and
mortality.

Primary care physicians shoulder most of the burden
in implementing preventive programs and FU [8, 9].
Given the current shortage of primary care physicians,
a number of disadvantages of FU can be identified: its
limited scope and low quality, which may be associated,
in addition to the shortage of manpower, with a low level
of their expertise [9, 10].

In this connection, improving the FU procedure in
hypertension is relevant, both in terms of increasing
its coverage and improving its quality (achieving and
maintaining target levels of health indicators), as well as
reducing the number of cardiovascular complications.

The most relevant and acceptable model is remote
monitoring, aimed at the simultaneous analysis of a large
number of patients using automatic or semi-automatic
information summarizing. Remote follow-up (RFU) can
theoretically help to reduce the number of visits associ-
ated with exacerbation of diseases, as well as unfavorable
life-threatening consequences [9].

Therefore, information technologies, including RFU,
for solving primary and secondary prevention problems
are becoming increasingly relevant [9].

The Experience of
Remote BP Monitoring
in Russia

To ease the social and economic burden of NID
[non-infectious diseases] at the national level as part
of international cooperation, Saratov researchers from
the Research Institute of Cardiology conducted a study
involving the use of BP analysis in 97 hypertensive
patients undergoing active outpatient treatment and
102 patients receiving standard outpatient care. The aim
of the study was to compare the clinical efficacy of active
outpatient care, supported by short message services and
mobile telephone technology, with standard outpatient
management of patients with hypertension. The study
included the analysis of blood pressure, body weight and
smoking history. In the group of active outpatient care,
35 (36%) patients with hypertension were excluded from
the study during the year: 18 patients with hypertension
lost interest in the study, 12 patients declined for tech-
nical reasons and five patients refused for an unknown
reason. According to the results of one year of observa-
tions, 48 (77%) patients from the active treatment group
reached the target BP level. This was more than five times
higher than in the group receiving standard outpatient
care (p = 0.03). Odds ratio of achievement and mainte-
nance of target BP in patients receiving treatment (con-
trol group) was 5.44; 95% CI 3.2-9.9; p = 0.005). The
introduction of active outpatient care with the support
of short message service and mobile phone technol-
ogy improves the quality of outpatient care for patients
with hypertension. The proposed method is the most
affordable way to switch from standard outpatient care
to active outpatient care for patients with hypertension
(Fig. 2) [11].

For the rapid implementation of effective, innovative
methods in large target groups of the population and/or
even among the entire population (national or popula-
tion level), it is necessary to use information technology
in healthcare (e-health). The use of such technologies in
practical healthcare can contribute to:

« improving the medical literacy of the population,
including target groups and healthcare workers on
innovative methods of diagnosis, prevention and
control of NID and their RF;

 remote consultations/meetings on the provision
of specialized medical care, including high-tech
medical care;

 monitoring the use of guidelines and their effec-
tiveness in relation to target health indicators [12].
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Figure 2. Scheme of information technology system with SMS and mobile phone technology for active ambulatory care

management.

Note: * Only for arterial hypertension (AH) patients who did not return the data. IP, internet protocol; PC, personal computer

Analysis of data obtained in controlled clinical trials
on hypertension in Russia showed the effectiveness of
long-term management in achieving target blood pres-
sure levels [13]. In real clinical practice, one of the
important issues is maintaining the target BP values,
which primarily depends on the patient’s adherence to
treatment and working with the doctor [14].

For these reasons, most countries have an insufficient
level of BP control [15, 16]. The introduction of telemon-
itoring in practice can solve the problem of maintaining
blood pressure within acceptable limits. In this regard,
the remote monitoring of blood pressure at home has
become widespread [17].

The undoubted advantages of using BP telemonitor-
ingare presented in a pilot study conducted by M. V. Ionov
et al. at the Federal State Budgetary Institution Almazov
National Medical Research Center of the Ministry of
Health of the Russian Federation. Cardiologists analyzed
the effectiveness of achieving target BP and patient-ori-
ented endpoints in telemonitoring BP and remote coun-
seling (TMRC) of patients with hypertension. During the
study, special TMRC programs were used with a follow-
up every three months from one month to one year (the
first and last visits were mandatory). Most patients chose
a three-month follow-up period. After three months, a
significant decrease in “office” SBP and DBP was recorded
in the TMRC group compared with the control group
(p = 0.002). By the end of the observation, BP self-mon-
itoring in the TMRC group had decreased from 142 + 17
to 128 + 12 mm Hg (SBP), and from 88 + 8 to 79 + 6 mm
Hg (DBP). Therefore, a decrease in SBP by -14 + 10 mm
Hg (95% CI [-11 to -17], r = 0.819, p < 0.0001) and in
DBP by -9 + 6 mm Hg (95% CI, [-7 to -11], r = 0.647,
p < 0.0001) was achieved (Fig. 3). In addition, according

to the Hospital Anxiety and Depression Scale (HADS),
there was a decrease in the degree of anxiety and depres-
sion. As a result, there was an overall improvement in the
patients’ state. Therefore, the convenient, reliable TMRC
technique for patients with uncontrolled hypertension
is more effective than the standard approach used in
routine clinical practice. However, the authors noted
that its widespread implementation requires additional
decisions: the inclusion of telemedicine consultations in
the payment of compulsory (CMI) and voluntary (VMI)
medical insurance, providing remote consultative care to
patients in remote areas and in a stable condition, but
with the need for regular follow-up, as well as the cre-
ation of a legal framework for the use of telemedicine in
clinical practice [18].

In the scientific literature, besides the remote trans-
mission of physiological data, the conditions of their
subsequent management by medical personnel by phone
are considered. Moreover, remote counseling of patients
for the purpose of prevention is becoming more wide-
spread [19].

In the Federal State Budgetary Institution National
Medical Research Center for Therapy and Preventive
Medicine of the Ministry of Health of the Russian Fed-
eration, Kontsevaya A. V. et al. (2017) created a math-
ematical model of social and economic efficiency of
remote BP monitoring in the region with a population of
1 million people. According to the model, BP monitor-
ing would prevent up to 1,940 deaths over five years with
90% remote monitoring coverage of patients with hyper-
tension and 645 deaths with 30% coverage [20].

In the study by Bubnova M. G. et al. (2019), which
included 342 patients with hypertension, significant
advantages were determined in remote monitoring
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groups according to the number of EMS calls, hos-
pitalizations, and the time spent on sick leave. After
12 months, in the main group, the target BP level was
achieved in 92.2% of patients, in the control group —
only in 43.3% [21].

Therefore, the domestic experience of using remote
blood pressure monitoring demonstrates a number
of advantages: it increases the proportion of patients
with hypertension who have reached target BP values,
improves adherence to treatment, reduces the duration
of temporary disability and hospitalization, which is eco-
nomically beneficial, primarily due to fewer requests for
medical care and the preservation of human resources in
the economy [20]. Based on the cost-benefit analysis of
remote blood pressure monitoring in the Russian Fed-
eration, it can be concluded that the project should be
considered not only effective but also fast-payback and
tully viable for regional implementation [20].

Currently, there are some challenges with the imple-
mentation of remote BP monitoring in clinical practice.
Several electronic medical services have been proposed
to solve the monitoring problem. Although they are
more patient-oriented and often effective, they still need
wired connections to a personal computer with Internet
access and navigation, which significantly reduces access
for many elderly patients [21].

Remote BP Monitoring
in Other Countries

Continuous BP monitoring over the entire FU period
in patients with hypertension can be facilitated via

mobile health technology (mHealth — Mobile Health),
which is a more flexible platform for improving patient
self-care. The World Health Organization (WHO) clas-
sifies mHealth under both medical practice and public
health practice. The mHealth application is supported by
mobile devices such as mobile phones, patient monitor-
ing devices, personal digital assistants and other wireless
devices [22]. In addition, the American Telemedicine
Association (ATA) considers mobile healthcare as a form
of telemedicine [23].

The success of using the mHealth application directly
depends on adherence to monitoring schedules and pre-
scribed treatment procedures [24]. A group of scientists
from the University of Toronto (Canada) showed that
not only in hypertension, but also in other chronic con-
ditions, the use of mHealth contributed to the improve-
ment in indicators reflecting the general condition of the
patients [25].

It is known that for accurate diagnosis of hyperten-
sion, repeated measurement of blood pressure is rec-
ommended, as demonstrated by a group of American
researchers [26]. Patients were randomized into three
groups. In each group, it was proposed to record the
results of BP measurements in an electronic medical log
(EML). In the second and third groups, SMS (Short Mes-
sage Service) messages were used as a reminder to com-
municate with the patient, including feedback, asking
them to send blood pressure measurement results. The
report recommended to perform 14 BP measurements.
Among 121 patients, 14 measurements were performed
more often in the feedback group compared with the first
and second groups. The study showed that bidirectional
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automated text messaging is an effective way to collect
data on the patient’s BP. Only text reminders turned out
to be an effective way to encourage patients to take BP
measurements [26].

Electronic medical records (EMR) and smart com-
puter systems are increasingly having an impact on estab-
lished approaches in medicine [27]. As a result, the com-
bination of extensive EMR and computer analysis allows
to automate the collection of information, data synthesis
and feedback from the clinician. These systems, orga-
nized in the form of a complex cloud network, allow data
sharing using, among other things, mobile online access.
It is likely that these approaches will increasingly have
an impact on medical education. Since smart computer
systems can analyze a large amount of data and share the
results of the analysis with suppliers, the focus of medi-
cal training can shift for the better. Guidelines will be
formed on the use of electronic systems for the treatment
of patients. Considering the influence of data processing
technologies on many aspects of everyday life, computer
technologies adapted in the medical environment will
affect the model of the relationship between the doctor
and the patient, which will bring potential benefits to
both individuals and large groups.

At the same time, foreign researchers also note limi-
tations in the implementation of remote BP monitoring
in practice. Clinical decision making depends on com-
plex human factors and personal preferences. In the
short term, approaches with automated data collection
and machine learning will likely play a largely support-
ing role in the doctor-patient relationship [27]. In cases
of high BP, mHealth improved patients’ adherence to
antihypertensive drug therapy and contributed to its
decrease [27].

McGillicuddy J. W. et al. (2013) conducted a study in
which 20 participants were monitored for three months
using the prototype mobile healthcare. A BP self-moni-
toring system was used. Adherence to treatment, usabil-
ity and results were evaluated. Compared with the con-
trol group, the mHealth intervention group showed a
significant improvement in adherence to therapy and
a significant decrease in the clinical SBP measured
monthly. During the three-month trial, the doctors per-
formed more adjustments of antihypertensive treatment
in the mHealth group compared to the standard group
(seven adjustments in five patients versus three adjust-
ments in three patients) based on the information pro-
vided in the weekly reports [28].

The adherence index (degree of the patient’s compli-
ance with the doctor’s recommendations), previously
described by Russell C. L. et al., was used to assess the
use of prescribed drugs at the recommended time [29].
Adherence to treatment increased significantly after three
months of using mobile healthcare compared to standard

medical care. SBP decreased from 138 to 122 mm Hg and
DBP from 88 to 81 mm Hg when using mobile healthcare;
in the control group, SBP increased from 132 to 139 mm
Hg and DBP increased from 76 to 79 mm Hg after three
months. Limitations of the study were associated with the
small sample size from one clinical center [29].

The SimCard Study (SimCard trial, 2015) was a ran-
domized, controlled, follow-up study of 2,086 patients
over 40 years of age with a high risk of CVD, who reported
CHD, stroke, or diabetes mellitus or SBP > 160 mm Hg.
Participants in the follow-up group were monitored
by health professionals using the Android application
monthly; treatment was limited to two medications and
lifestyle adjustment. The control group had access to free
drugs in primary care centers. Compared to the control
group, the comparison group showed a higher incidence
of antihypertensive drug use (by 25.5%; p < 0.001).
In addition, significant differences were found in the
assessment of secondary endpoints: an increase in aspi-
rin intake (17.1%; p < 0.001) and a decrease in SBP by an
average of 2.7 mm Hg (p=0.04). This multicenter study
showed that mobile technologies are potentially useful
for improving adherence to treatment among resource-
limited populations [30].

Mclnnes D. K. et al. (2014) considered the use of
mobile phone text messages for veterans in nursing homes
to increase their adherence to treatment and reduce the
number of no-shows for appointments. To this end, two
text message reminders were sent to 20 participants of
the study before each of their outpatient visits to the city
medical center for veterans [31]. The assessment included
questionnaires before and after the visit, open-ended
questions (interviews) and a review of medical records.
The questions concerned social and demographic char-
acteristics, the experience of using mobile phones (how
often), the reasons for making calls on a mobile phone
and sending text messages, and the barriers to using a
mobile phone. The cost and cost-effectiveness of large-
scale implementation were also evaluated. The study par-
ticipants were pleased to receive text messages, had few
technical difficulties and were interested in continuing
receiving the reminders. There was a downward trend in
the cancellation of visits and no-shows from 53 to 37 and
from 31 to 25, respectively (p = 0.03). There was also a
decrease in admissions to emergency departments (p =
0.01) and the number of hospitalizations from 3 to 0 (p =
0.08). Researchers concluded that text message remind-
ers were beneficial for veterans.

Telemedicine is increasingly used for remote and
timely provision of clinical care, and some studies have
shown its effectiveness in treating the most common
chronic diseases [32]. Tholomeus is an online telemedi-
cine service that passed clinical testing and is certified for
Internet medicine. The service facilitates a closed cycle of
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communication between patients and caregivers in accor-
dance with interdisciplinary and complex interventions.
Evidence on the effectiveness of the service has been col-
lected over the past decade in 1,471 health facilities. More
than 135,000 patients have documented the usefulness
of the service in improving access to medical care and
improving the screening and treatment of hypertension,
CVD, COPD and obstructive sleep apnea. In addition to
professional diagnostic tests, the AndroidTM Tholomeus®
app, which has been used by 3,654 consumers over the
past three years, has helped to record the high incidence
of impaired glucose tolerance, overweight or obesity, dys-
lipidemia, or uncontrolled BP among users. According
to experts, the use of telemedicine in the management of
chronic diseases is currently characterized by a high het-
erogeneity of solutions, often not supported by reliable
evidence of clinical efficacy and safety. Tholomeus® meets
current recommendations for software designed to be
used as a medical device [32]. Today, Tholomeus® is widely
used in Italy. The positive experience of Italian colleagues
could help ramp up the implementation of the project in
Russia. Unfortunately, the web portal is still available only
in Italian and English. And this is the only obstacle that
limits the ability of Russian patients to actively use the
online service to assess their health status.

WHO declared the novel coronavirus disease
(COVID-19) pandemic in 2020. Patients with hyperten-
sion, DM, cerebrovascular diseases, CHD and COPD are
at high risk of COVID-19 complications [33, 34]. One
side effect of the measures taken to curb the spread of
COVID-19, which involves a range of restrictions, is the
late referral in case of life-threatening conditions, as well
as an increase in hospitalizations, for example, for hyper-
tension or diabetes [35, 36].

According to the recommendations of the consensus
of experts of the Russian Society for the Prevention of
Non-Communicable Diseases, Specialized Commission
on Therapy and General Medical Practice of the Minis-
try of Health of the Russian Federation and Specialized
Commission on Medical Prevention of the Ministry of
Health of the Russian Federation “Providing Outpatient
Medical Care to Patients with Chronic Diseases Subject
to Follow-Up in the Context of the COVID-19 Pan-
demic”, it is advisable to provide patients with a high risk
of complications due to hypertension with personal med-
ical devices (telemedicine tonometers). These devices
enable wireless data transmission of diagnostic results to
a medical institution, taking into account the accumu-
lated experience of remote monitoring of patients with
hypertension, which is the main factor in developing
heart attack, stroke and other cardiovascular complica-
tions. A telemedicine tonometer can be delivered to a
patient via a courier, with the involvement of volunteers.
It can also be delivered by medical professionals when

providing medical care to a patient with exacerbation of
the disease (during referral to a healthcare facility, in-
home medical care, discharge from the hospital, and pro-
viding first aid) [37].

Conclusion

The implementation of remote BP monitoring will
significantly improve the existing model of diagnosis and
treatment of patients with chronic diseases. It will also
increase the number of patients observed at each ther-
apeutic site without increasing the follow-up time and
encourage the working-age population to utilize primary
prevention of cardiovascular diseases. The use of active
remote monitoring of patients with hypertension receiv-
ing antihypertensive therapy (both in domestic and for-
eign practice) enables to achieve target BP values with
subsequent monitoring of health indicators, as well as
timely delivery of medical care.

The data obtained demonstrate an improvement in
patients’ adherence to antihypertensive treatment with
remote monitoring of blood pressure, as well as an
increase in the population’s satisfaction with the quality
of medical care.

The experience of foreign clinicians proves the high
efficiency of using mHealth technology for remote BP
monitoring in patients with hypertension, focusing on
the continuous interaction with the doctor through
feedback. Clinical and economic studies, including using
mathematical modeling, support the economic feasibility
of the widespread implementation of remote monitoring
in clinical practice due to a reduced incidence of cardio-
vascular complications and, as a result, reduced cost of
emergency care, hospitalization, and rehabilitation.

Bknapg aBTOpOB:

Bce aBTOpbI BHEC/IM CYL@CTBEHHbIN BK/a/, B MOATrOTOBKY paboTbl, Npoy/n
1 0406punu GuHaNbHYIO BEpCMIO CTaTbk nepej nybankaumen
Crapoay6uesa MU.A. (ORCID ID: https://orcid.org/0000-0002-4665-
2966): 0630p U aHanM3 NUTEPATYPHbIX UCTOYHWUKOB B OTEYECTBEHHbIX
1 MHOCTPaHHbIX 6a3ax AaHHbIX, GOPMUPOBaHNME njen 1 CTPYKTYpbl, 0606-
LeHMe 1 CPaBHWUTE/IbHbI aHain3 pesy/bTaToB, OKOHYaTe/IbHOe YTBEepX-
ZileHue pykonucu Ana ny6anKaumm, OTBeTCTBEHHas 3a BCe acneKTbl paboTbl
Lapanosa F0.A. (ORCID ID: https://orcid.org/0000-0002-4269-2143):
cbop, aHanM3 1 MHTeprpeTaLnn AaHHbIX, Hay4YHOe pejlaKTUpOBaHMe

Author Contribution:

All the authors contributed significantly to the study and the article, read
and approved the final version of the article before publication
Starodubtseva I.A. (ORCID ID: https://orcid.org/0000-0002-4665-
2966): the review and analysis of literary sources in domestic and
foreign databases, formation of ideas and structure, generalization and
comparative analysis of the results, final approval of the manuscript for
publication, responsible for all aspects of the work.

Sharapova Yu.A. (ORCID ID: https://orcid.org/0000-0002-4269-2143):
the collection, analysis and interpretation of data, scientific editing

261



262

REVIEW ARTICLES

The Russian Archives of Internal Medicine ® Ne 4 e 2021

Cnucok autepatypel/ References:

1.

Boinuyos C.A., OraHos P.I. YeTBepTb BeKa B MOMCKaX ONTUMa/IbHbIX
nyTei NpoPpUAaKTUKMN HEMHPEKLMOHHDBIX 3a601€BaHNI 1 HOBble
3agaun Ha 6yayuiee (k 25-n1eTHeMy to6uneto o6pasosaHus focyaap-
CTBEHHOT0 Hay4YHO-WUCCNe0BaTeNbCKOrO LieHTPa NpodunakTmye-
CKOM MeAnLUHbI). MpodunakTuyeckas MeguumnHa. 2013; 5 (16): 4,
Boitsov S.A., Oganov R.G. A quarter of a century in search of optimal
ways to prevent non-communicable diseases and new challenges for
the future (to the 25th anniversary of the establishment of the State
Research Center for Preventive Medicine). The Russian Journal of
Preventive Medicine. 2013; 5 (16): 4. [In Russian].

Mypomuesa lA., KoHuesaa A.B., KonctaHTnHos B.B. n gp. Pacnpo-
CTPaHeHHOCTb GaKTOPOB PUCKa HeNHPEKLIMOHHbIX 3a60/1eBaHNii

B poccuiickoit nonynaumm B 2012-2013rr. PesyabTatsl uccnego-
BaHua JCCE-P®. KapanosackynapHasa Tepanusa u npopuaakTyvika,
2014;13(6): 4-11. doi: 10.15829/1728-8800-2014-6-4-11.
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.
doi.org/10.15829/1728-8800-2014-6-4-11 [In Russian]
Christopher J L Murray, Aleksandr Y. Aravkin, Peng Zheng, et al.
Global burden of 87 risk factors in 204 countries and territories,
1990 — 2019: a systematic analysis for the Global Burden of Disease
Study 2019. Lancet. 2020; 396: 1135-59. doi:10.1016/5S0140-
6736(20)30752-2.

Kobanasa X./., KoHpagun A.O., Hegoroaa C.B. Aptepuane-

Haf runepTeHsmna y B3poc/bix. KAMHUYeckue pekoMeHAaLum

2020 Poccuiicknii KapAronoruyeckuii )kypHan. 2020; 25(3): 3786.
doi: 10.15829/1560-4071-2020-3-3786.

Kobalava Z.D., Konradi A.O., Nedogoda S.V. et al. Arterial
hypertension in adults. Clinical guidelines 2020. Russian Journal of
Cardiology. 2020; 25(3): 3786. doi.org/10.15829/1560-4071-2020-
3-3786 [In Russian].

Lewington S., Clarke R., Qizilbash N., et al. Prospective Studies
Collaboration Age-specific relevance of usual blood pressure to
vascular mortality: A meta-analysis of individual data for one million
adults in 61 prospective studies. The Lancet. 2002; 360(9349): 1903-
1913. doi:10.1016/50140-6736(02)11911-8.

Ettehad, D., Connor A. Emdin, Amit Kiran, et al. Blood Pressure
Lowering for Prevention of Cardiovascular Disease and Death:

A Systematic Review and Meta-Analysis. Lancet. 2016; 387(10022):
957-967. doi:10.1016/S0140-6736(15)01225-8.

MnaByHos H.®., fanonosa H.W., Kagbiwes B.A., n gp. AHanus
NOBTOPHbIX BbI30BOB 6pUraz CKopoi MeANLUHCKOW NOMOLM

K NaLyeHTaM C NoBbIWEeHNeM apTepuanbHOro AaBNeHNA B ropoje
MockBa. ApxvBb BHYTpeHHel MeguumHsl. 2017; 7(5): 358-363.
doi:10.20514/2226-6704-2017-7-5-358-363.

Plavunov N.F., Gaponova N.I., Kadyshev V.A. et al. Analysis of
emergency ambulance recalls among patients with high blood
pressure in Moscow. The Russian Archives of Internal Medicine. 2017,
7(5): 358-363. https://doi.org/10.20514/2226-6704-2017-7-5-358-
363 [In Russian].

Oranos P.I., KaanHuua A.M., Coipuosa J1.E. n ap. OpraHusaumsa n Ko-
opAvHaLmsa paboTbl No NpodunaKkTUKe 3a601eBaHUI U YKPENIeHUIO
3/l0pOBbA B CUCTEME NePBUYHON MeANKO-CaHUTapHO MOMOLLM
(opraHn3auMoHHO-PyHKLMOHAbHAA MOAEb). [TpoduaaKTMKa 3a-
6on1eBaHMI 1 yKpenieHue 3g0poBba. 2002; 3: 3-8.

Oganov R.G., Kalinina A.M., Syrtsova L.E. et al. Organization and
coordination of work on disease prevention and health promotion in

the primary health care system (organizational and functional model).
Disease prevention and health promotion. 2002; 3: 3-8. [In Russian].
Boiiuos C.A., BeineraruH C.B. MpodunakTnka HemHpeKLMOHHbBIX
3a60/n1eBaHNi1 B NPaKTHKe y4aCTKOBOrO TepaneBTa: COAepXaHue
npo6/ieMbl, NyTV PeLLeHUA Y NepCcneKTMBbI. TepaneBTUYeCKUi
apxuB. 2015; 87 (1): 4-9. doi: 10.17116/terarkh 20158714-9.

Boitsov S.A., Vylegzhanin S.V. Prevention of non-communicable
diseases in the practice of a local therapist: content of the problem,
solutions and prospects. Therapeutic archive.2015; 87 (1): 4-9.

doi 10.17116/terarkh 20158714-9. [In Russian]

. OneliHukos B.3., Yvmxosa O.B., kazosckas W.H. n gp. SkoHoMU-

yeckoe 060CHOBaHWE NMPUMEHEHWSA aBTOMATUYECKOW CUCTEMBI AUC-
TaHLMOHHOrO MOHUTOPWHIa apTepuaabHOro AaBeHus. 34paBo-
oxpaHeHue Poccuiickon ®egepauunu, 2019; 63(1): 14-21.
Oleynikov V.E., Chizhova O.V., Dzhazovskaya I.N. et al. Economic
justification of the application of the automatic remote blood
pressure monitoring. Health care of the Russian Federation.
2019;63(1):14-21. doi.org/10.18821/0044-197X-2019-63-1-14-21.
[In Russian].

Kiselev A., Gridnev V., Shvartz V., et al. Active ambulatory care
management supported by short message services and mobile
phone technology in patients with arterial hypertension / Journal
of the American Society of Hypertension. 2012; 6(5): 346-355.
doi: 10.1016/j.jash.2012.08.001.

. ApankuHa O.M,, OraHos P.I., MacneHHukosa IA. n ap. Ctpa-

Tern4yeckune HanpasieHua Me)KAyHapOAHOVI AeATeNbHOCTU NOo
npoduNaKTUKE U KOHTPOIIO HEMHPEKLMOHHbIX 3ab01eBaHNit
®rBY «HaumnoHanbHbI MEANLMHCKUI UCCNeA0BATENbCKUIA LLIeHTP
Tepanuu u npoduaaKkTUYeCcKon MeAULUHbI» MuH3gpasa Poccun.
MpodunakTuyeckan MeguumHa. 2020; 23(5): 7-12. doi. org/10.17116/
profmed2020230517.

Drapkina OM, Oganov RG, Maslennikova GYa. et al. Strategic
directions for non-communicable disease prevention and control

in the framework of international activities of the FSBI «National
medical research center for therapy and preventive medicine»
under the Ministry of Health of the Russian Federation. The Russian
Journal of Preventive Medicine. 2020; 23(5): 7-12. doi. org/10.17116/
profmed2020230517 [In Russian].

. OraHos P.I,, MacneHHukoBa Lfl. DddeKTuBHbIE CTPATErUN AANTE/b-

HOro KOHTPOAA HenHbeKLMOHHBIX 3a6o1eBaHuii B Poccun. Mpodu-
NaKTVKa 3a60/1eBaHwii U yKpenaeHue 340poBba. 2004; 44(11): 17-23.
Oganov R.G., Maslennikova G.Ya. Effective strategies for the
long-term control of noncommunicable diseases in Russia. Disease
prevention and health promotion. 2004; 44 (11): 17-23. [In Russian]

. Yasosa W.E., PaToBa JI.I. Kak 40CTUYb rapMOHWM B Ie4EHUUN apTepu-

asbHOW runepToHUn. CucTeMHble runepTensuu. 2007; 1: 30-32.
Chazova I.E., Ratova L.G. How to achieve harmony in the treatment
of arterial hypertension. Systemic hypertension. 2007; 1: 30-32.

[In Russian]

. WanbHosa C.A., KykywkuH C., MantowkuHa E., u op. AptepunansHas

rMnepTeH3na U NpUBEPKEHHOCTb Tepanuu. Bpay. 2009; 12: 39-42.
Shal'nova S.A., Kukushkin S., Manyushkina et al. Arterial hypertension
and adherence to therapy. Doctor. 2009; 12: 39-42. [In Russian]

. Kobanaea X./., Kotosckas F0.B., CrapocTtuHa E.I, n gp. Mpobrembl

B3aMMO/eNCTBNA Bpaya U NaLMeHTa 1 KOHTPO/b apTepuasibHOM
runepToHun B Poccumn. OCHOBHbIe pe3ynbTaThl Poccuitckoii HayYHO-
npakTuyeckoii nporpammbl Apryc 2. Kapauosorus. 2007; 47 (3):

38. Kobalava Zh.D., Kotovskaya Yu.V., Starostina E.G. et al. Problems
of doctor-patient interaction and control of arterial hypertension

in Russia. The main results of the Russian scientific and practical
program Argus 2. Cardiology. 2007; 47 (3): 38. [In Russian]




Apxusb BHyTpeHHe! MeAnumHbL ® Ne 4 o 2021

OB3OPHBIE CTATbHU

17. Boiiyos C.A. Peanunm v nepcneKkTMBbI AUCTaHLVMOHHOTO MOHUTOPUH-
ra apTepuanbHoro AaBneHns y 60/1bHbIX apTepuasbHOM rMnepTeH-
3uneit. TepanesTuyeckuii apxus. 2018; 90(1): 4-9. Doi 10.26442/
terarkh20189014-8.

Boytsov S.A. Realities and prospects of remote blood pressure
monitoring in hypertensive patient. Terapevticheskii Arkhiv (Ter.
Arkh.) 2018; 90(1): 4-9. doi: 10.17116/terarkh20189014-8. [In Russian]

18. MoHos M.B., FOaunHa O.C., ABgoHnHa H.I. n ap. MauneHT-opreH-
TUPOBAHHbIV MOAXOZ K OLleHKe 3pPeKTUBHOCTN TeIEMOHUTOPU-
poOBaHMA apTepuanbHOro AaBaeHUA U AUCTAHLMOHHOIO KOHCY b~
TUPOBAHWA NpY apTepUaNbHON FUNEPTEH3UN: MNOTHBIV NPOEKT.
ApTepuanbHas runeptensus. 2018; 24(1): 15-28. doi:10.18705/1607-
419X-2018-24-1-15-28.
lonov M.V, Yudina Yu.S., Avdonina N.G. et al. Patient — oriented
assessment of blood pressure telemonitoring and remote counseling
in hypertensive patients: a pilot project. Arterial Hypertension.

2018; 24(1): 15-28. doi.org/10.18705/1607-419X-2018-24-1-15-28
[In Russian].

19. Omboni S, FerrariR. The role of telemedicine in hypertension man-
agement: focus on blood pressure telemonitoring. Current Hyperten-
sion Reports. 2015; 17(4): 535. doi.org/10.1007/s11906-015- 0535-3

20. Konuesas A.B., Komkos /1.C., boiiyos C.A. MogenmpoBaHme Kak Me-
TOZ, OLLEHKM SKOHOMUYECKOW LieN1eco06pasHOCTH ANCTAHLUOHHOIO
MOHUTOPUHIa apTepPUanbHOrO AaBAEHUsA Ha PErMOHaIbHOM YPOBHE.
3apaBooxpaHeHue B Poccuiickoit ®egepauum. 2017; 61 (1): 10-16.
doi: 10.18821/0044-197X-2017-61-1-10-16
Kontsevaya A.V., Komkov D.S., Boitsov S.A. Modeling as a method
for assessing the economic feasibility of remote monitoring
of blood pressure at the regional level. Healthcare in the
Russian Federation. 2017; 61 (1):10-16. doi.org/10.18821/0044-
197X-2017-61-1-10-16 [In Russian].

21. By6Hosa M.T., TpubyHuesa J1.B., Octpoywko H.M., n ap. Baus-

HUWe ANCTAHLMOHHOTO ANCNAaHCEPHOTO HAbOAEHNA Ha TeueHne
apTepuasnbHol runepTeHsun. lNpodunaktuyeckas meauunHa. 2018;
21(5): 77-82. doi: 10.17116/profmed20182105177.

Bubnova M.G., Tribuntseva L.V., Ostroushko N.I., et al. Impact of
remote follow-up on the course of hypertension. The Russian Journal
of Preventive Medicine. 2018; 21(5): 77-82. https://doi.org/10.17116/
profmed20182105177 [In Russian].

22. World Health Organization. mHealth: new horizons for health
through mobile technologies. World Health Organization; 2011.
http://www.who.int/goe/ publications/goe_mhealth_web.pdf
(16 April 2021).

23. Telemedicine frequently asked questions (FAQs). American
Telemedicine Association; 2015. http://www.americantelemed.org/
about-telemedicine/faqsVha3gvlVhBc (16 April 2021).

24. GandapurY., Kianoush S., Kelli Heval M., et al. The role of mHealth
for improving medication adherence in patients with cardiovascular
disease: a systematic review. European Heart Journal — Quality
of Care and Clinical Outcomes. 2016; 2(4): 237-244 doi:10.1093/
ehjqcco/qcw018.

25. Alexander G. Logan. Transforming hypertension management using
mobile health technology for telemonitoring and self-care support.

Canadian Journal of Cardiology.2013; 29 (5): 579 — 585. d0i:10.1016/].

cjca.2013.02.024.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Chris A. Anthony, Linnea A. Polgreen, James Chounramany, et al.
Outpatient blood pressure monitoring using bi-directional text
messaging. Journal of the American Society of Hypertension. 2015;
9 (5): 375-381. doi:10.1016/j.jash.2015.01.008

Schoenhagen P., Mehta N. Big data, smart computer systems,

and doctor-patient relationship. European Heart Journal.2017;

38 (7): 508-510. doi:10.1093/eurheartj/ehw217

McGillicuddy JW, Gregoski MJ, Weiland AK. et al. Mobile health
medication adherence and blood pressure control in renal transplant
recipients: a proof-of-concept randomized controlled trial. JMIR
Research Protocol. 2013; 2: 32. doi: 10.2196/resprot.2633

Russell C.L., Conn V.S., Ashbaugh C., et al. Medication Adherence and
Older Renal Transplant Patients’ Perceptions of Electronic Medication
Monitoring Research Nurs Health 2006; 29:521-532. doi:10.1002/
nur.20149

Tian M, Ajay V, Dunzhu D. et al. A cluster-randomized controlled trial
of a simplified multifaceted management program for individuals

at high cardiovascular risk (SimCard trial) in rural Tibet, China,

and Haryana, India. Circulation 2015; 132:815-824. doi:10.1161/
CIRCULATIONAHA115.015373

Mclnnes D.K., Beth Ann Petrakis, Allen L. Gifford, et al. Retaining
homeless veterans in out-patient care: a pilot study of mobile phone
text message appointment reminders. Am ] Public Health. 2014;
104(4):588-594. doi:10.2105/A)PH.2014.302061

Omboni S., Campolo L., Panzeri E. Telehealth in chronic

disease management and the role of the Internet-of-

medical-things: the Tholomeus® experience, Expert

Review of Medical Devices. 2020 Jul;17(7):659-670. doi:
10.1080/17434440.2020.1782734

Richardson S., Hirsch J.S., Narasimhan M. et al. Presenting
characteristics, comorbidities, and outcomes among 5700 patients
hospitalized with COVID-19 in the New York City area. JAMA. 2020;
323 (20): 2052-2059. doi: 10.1001/ jama.2020.6775.

Guzik T., Mohiddin S.A., Dimarco A. et al. COVID-19 and the
cardiovascular system: implications for risk assessment, diagnosis,
and treatment options. Cardiovascular Research. 2020; 116 (10):
1666-1687. doi: 10.1093/cvr/cvaal06.

Bansal M. Cardiovascular disease and COVID-19. Diabetes Metabolic
Syndrome 2020; 14 (3): 247-250. doi: 10.1016/j. dsx.2020.03.013.
Sardu C., Gambardella J., Morelli M.B. et al. Hypertension,
thrombosis, kidney failure, and diabetes: Is COVID-19 an endothelial
disease? A comprehensive evaluation of clinical and basic evidence.
Journal of Clinical Medicine. 2020; 9 (5): 1417. doi: 10.3390/
jcm9051417.

[Jpankuna O.M., po3gosa /1.10., boriuos C. A n Ap. BpeMeHHble
MeToAMYecKue pekoMeHAauum: «OKasaHue aM6y1aTopHO-MO/N-
KAVHUYECKOM Me,qVILU/IHCKOﬁ noMolLmM naymeHTaM ¢ XpOHN4eCKUMHN
3a60/1eBaHNAMM, MOA/IEKALMMU AUCTIAHCEPHOMY HAabAOAEHMIO,

B ycnoBuax naHgemun COVID-19». MpodunakTuyeckas MeanLmHa.
2020; 23(3): 2004-2041. doi 10.17116/profmed2020230324.
Drapkina O.M., Drozdova L.Y., Boitsov S.A. at al. Temporary
guidelines: «Provision of outpatient medical care to patients with
chronic diseases subject to dispensary observation in a pandemic
COVID-19». The Russian Journal of Preventive Medicine. 2020; 23(3):
2004-2041. doi 10.17116/profmed2020230324 [In Russian].

263



264

ORIGINAL ARTICLE The Russian Archives of Internal Medicine ® Ne 4 e 2021

DOI: 10.20514/2226-6704-2021-11-4-264-270 YK 616.127-005.4-06:616-001.36-036

O.B. ApceHnyesa

®IrbOY BO «MBaHoBCKan rocyjapcTBeHHana MegMLMHCKana akagemua» Munsapasa Poccup,
kadespa BHyTpeHHMX 6one3Hen n TusmatTpumn, Meanoso, Poccua

®AKTOPBI PUCKA TOCITUTAABHON
AETAABHOCTU ITPY OCTPOM KOPOHAPHOM
CUHAPOME C IIOABEMOM CEI'MEHTA ST,
OCAOXHEHHOM KAPAMOTEHHBIM IIOKOM

O.V. Arsenicheva

Ivanovo State Medical Academy, Chair of Internal Diseases and Phthisiology, Ivanovo, Russia

Risk Factors for Hospital Mortality
in Acute ST-Segment Elevation
Coronary Syndrome Complicated
by Cardiogenic Shock

Pestome

Llenb nccnepoBanua. M3yuntb GpakTopbl pUCKa roCnUTaNbHOW N1€Ta/IbHOCTU Y 60/IbHBIX OCTPbIM KOPOHAPHbLIM CUHAPOMOM C MOABEMOM CerMeHTa
ST (OKCRST), 0CNOMKHEHHbIM KapAWOreHHbIM LIOKOM (KLIJ). Marepuan n Metogabl. Miccneposanuck 104 naymeHta ¢ OKCnST, ocnoxHeHHbIM KLL.
B rpynny Habnwogenus (I rpynny) sowam 58 (55,8%) yMepwmx B cTaumoHape 60/bHbIX (cpeaHwit BospacT 71,87,31 neT), B rpynny cpaBHeHWs
(Il rpynny) — 46 (44,2%) naumeHTOB, NPOLIEALIMX /IEYEHME 1 BbINUCABLIMXCA (CpegHUii BospacT 59,5+6,18 sieT). BceM 60/1bHbIM MPOBOAMAMCD 06LLe-
K/MHUYeCKMe UCCN1ej0BaHNA, ONpeenancs ypoBeHb TPONOHMHOB, IMNI/OB, FIOKO3bl, KpeaTWHMHA M1a3Mbl, BbIMOHANACL 3/1eKTPOKapaAnorpapus
1 3XOKapAMUorpadusi. JKCTPEHHO NMPOBOAWIN KOPOHAPOAHTMOTPAGUIO U YPECKOKHOE KOPOHapHOe BMewwaTenbcTBo (YKB). [ BbisiBneHUA GaKTOPOB
PVICKa rocrnuTanbHoO eTaNbHOCTM NCMO/Ib30BaAN MeTOo/ 6UHApPHON IOFMCTUYECKON perpeccum C onpejeneHreM ANA Kax/omn 0CTOBepPHO nepe-
MEHHO OTHOLLEHUA WaHCOB 1 ero 95% AoBepuTesibHOro MHTepeana. PesyabTtartel. B | rpynne 6onbHbix ¢ KLU, no cpaBHeHuto co |l rpynnoi, 3HaunuMo
yaue HabAAINCh NauMeHTbl B BospacTe crapue 70 net (32 (55,2%) vs 10 (22,7%), p=0,0004), c conyTcTBYIOLWEN XPOHUYECKOMN 60/IE3HBIO MOYEK
(32 (55,2%) vs 9 (19,6%), p=0,0002), nocTuHpapKTHbIM Kapanockneposom (30 (51,7%) vs 9 (19,6%), p=0,001) 1 XxpoHUYECKOW CepAeHHOI HeZ0CTa-
TouyHOCTbO |11V dyHKuMOHanbHOTO Knacca (32 (55,1%) vs 11(23,9%), p=0,001). icxoAHble YPOBHM NENKOLMTOB, TPOMOHWUHA 1 KpeaTUHWHA N1a3Mbl
6b11M1 ,OCTOBEPHO Bbillie y yMepLnx 60/bHbIX ¢ KLL. ®pakuus BbIGpoca 1eBOro xenyaouka Himke 40% oTMeyanach Yalle B rpynne HabaogeHns, Yem
B rpynne cpasHeHws (46 (79,3%) vs 27 (58,7%), p=0,022). B | rpynne, no cpaBHeHmto co |l rpynnoii, 6biaa Bbille YacToTa TPEXCOCYAUCTOrO NOpare-
HUsA BeHeuHoro pycna (36 (75%) vs 12 (26,1%), p=0,0001) 1 XpPOHWNYECKOI OKKNO3UM KOPOHAPHOM apTepuu, HecBsizaHHoM ¢ OKCRST (25 (52,1%) vs
12 (26,1%), p=0,009). Takas e TeHAEHLMA OTMeYaNnach Npu OLLEHKE CPEJHErO YMC/Ia CTEHO30B U OKK/IHO3WI KOpOHapHbIX apTepuit. YKB BbInoaHEHO
43 (74,1%) ymeplumM un 43 (93,5%) BbixMBIWMM 60/bHBIM OKCRST ¢ KLU (p=0,009). B rpynne HabatoAeHWs, YeM B rpynne cpaBHeHus, 6biaa Bbile
yactoTa 6esycnewHoro YKB (13 (30,2%) vs 3 (7%), p=0,001) 1 npoBeAeHHOro No3aHee 6 4acoB OT Ha4ana aHrMHO3HOro npucTyna (28 (65,1%) vs
6 (14%), p=0,0001). BbiBogbl. [oCcnUTaNbHARA €TaNbHOCTb Y 60/1bHBIX OKCNST, ocnoHeHHbIM KLU, accoummpoBanack ¢ HaMumneM y HUX GppaKumm
BbIGpOCa /1€BOro Xenyaouka MeHee 40%, TPEXCOCYAUCTOrO NMOpaXKeHNA KOPOHApPHOro pyc/a v nposegeHnem YKB nosaHee 6 yacos oT Havana 6o-
NeBOro npucTyna.

KnroyeBbie cn0Ba: kapouozerHbili wok, ocmpeiii KOPOHapHBIL CUHOPOM € NodBEMOM ceamerma ST, 20cnumasnbHas AemanbHOCMb, Pakmopsbl pu-
CKa, NpeOuUKmMOopsbl, NPO2HO3
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Abstract

The aim. To study the risk factors for hospital mortality in patients with acute coronary syndrome with ST-segment elevation (STEACS) complicated
by cardiogenic shock (CS). Materials and methods. A total of 104 patients with STEACS complicated by CS were studied. The follow-up group
(group 1) included 58 (55,8%) patients who died in hospital (mean age 71,8+7,31 years), the comparison group (group Il) — 46 patients, who have been
treated and discharged (mean age 59,5+6,18 years). All patients underwent general clinical studies, the level of troponins, lipids, glucose, creatinine in
plasma was determined, electrocardiography and echocardiography were performed. Coronary angiography and percutaneous coronary intervention
(PCI) were urgently performed. The method of binary logistic regression with the determination of the odds ratio and its 95% confidence interval for
each reliable variable was used to identify risk factors for hospital mortality. Results. In group | patients with CS, compared with group I, patients over
the age of 70 (32 (55,2%) vs 10 (22,7%), p=0,0004), with concomitant chronic kidney disease (32 (55,2%) vs 9 (19,6%), p=0,0002), postinfarction
cardiosclerosis (30 (51,7%) vs 9 (19,6%), p=0,001) and chronic heart failure of 1ll-IV functional class (32 (55,1%) vs 11 (23,9%), p=0,001) were
significantly more often observed. Baseline levels of plasma leukocytes, troponin and creatinine were significantly higher in deceased patients with CS.
Left ventricular ejection fraction below 40% was observed more often in the follow-up group than in the comparison group (46 (79,3%) vs 27 (58,7%),
p=0,022). In group |, compared with group II, there was a higher incidence of three-vessel coronary lesions (36 (75%) vs 12 (26,1%), p=0,0001) and
chronic coronary artery occlusion unrelated to STEACS (25 (52,1%) vs 12 (26,1%), p=0,009). The same trend was observed when assessing the average
number of stenoses and occlusions of the coronary arteries. PCl was performed in 43 (74,1%) of the deceased and 43 (93,5%) of the surviving STEACS
patients with CS (p=0,009). The follow-up group had a higher rate of unsuccessful PCI (30,2%) vs 3 (7%), p=0,001) and performed later than 6 hours
after the onset of an angina attack (28 (65,1%) vs 6 (14%), p=0,0001). Summary. Hospital mortality in patients with STEMI complicated by CS was
associated with the presence left ventricular ejection fraction less than 40%, three-vessel coronary lesion and performing PCl later than 6 hours from

the beginning of the pain attack.

Key words: cardiogenic shock, acute ST-segment elevation coronary syndrome, hospital mortality, risk factors, predictors, prognosis
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Due to the significant success in medical care for
patients with acute coronary syndrome with ST-segment
elevation (ACSST), widespread routine percutaneous cor-
onary interventions (PCI) have reduced in-hospital mor-
tality in recent years [1]. Today, in-hospital ACSST mor-
tality in leading clinical centers does not exceed 2-2.3%
[2]. However, despite advances in treatment, cardiogenic
shock (CS) remains the leading cause of death in these
patients [3]. CS accounts for 76% of lethal outcomes in
myocardial infarction with ST segment elevation in the
first seven days [4]. CS incidence in ACSST in recent
decades has not significantly decreased and amounts to
4-15% [5, 6], and mortality is not less than 50% [7, 8].
In this regard, the identification of predictors of adverse
outcome in patients with ACSST complicated by CS and
the search for methods for their management that could
increase the survival of these patients is relevant.

Study purpose — to study the risk factors for in-
hospital mortality in patients with ACSST complicated
by CS.

Material and Methods

This prospective, open-label, observational study
included 104 patients with ACSST complicated by CS
admitted to the Cardiology Department of the Vascular
Center of Ivanovo Regional Clinical Hospital in 2019. CS
was diagnosed based on systolic blood pressure decrease
below 90 mm Hg for more than 30 minutes or the need
for infusion of vasopressors to maintain systolic pres-
sure above 90 mm Hg and due to the signs of hypoper-
fusion. Among the studied patients with CS, 58 patients
died in the hospital (55.8%). Therefore, all the patients
were divided into two groups. The study group I included
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58 deceased patients with ACSST complicated by CS, and
the comparison group (group II) included 46 patients
with ACSST with CS who underwent treatment and were
discharged from the hospital. All enrolled patients with
ACSST at admission were diagnosed with myocardial
infarction with ST segment elevation.

Inclusion criteria: ACSST complicated by CS; men
and women; signing of voluntary informed consent.

Exclusion criteria: acute coronary syndrome without
ST segment elevation on the electrocardiogram; inter-
current somatic disease, which has an independent nega-
tive impact on the prognosis (severe hepatocellular and
respiratory failure, metastatic cancer, cerebrovascular
accident during the month before or during this hospi-
talization); refusal of the patient to be included in the
study.

Upon admission to the hospital, the study patients
underwent physical examination; blood troponins,
lipids, glucose, and creatinine were determined and
electrocardiography and echocardiography were per-
formed. Coronary angiography and PCI were urgently
performed.

The patients were examined based on informed vol-
untary consent in accordance with order No. 3909n of
the Ministry of Health and Social Development of the
Russian Federation of April 23, 2012 (registered by the
Ministry of Justice of the Russian Federation on May
05, 2012, under No. 240821) in compliance with ethical
principles.

Statistical data were processed using the IBM SPSS
Statistics 23 software. The normal distribution of the
sample was checked using the Shapiro—Wilk test. Quan-
titative signs are presented as the arithmetic mean of the
variation series and its standard deviation (M + SD) in
the normal distribution or the median and interquartile
range (Me [Q25; Q75]) in the distribution other than
normal. Qualitative data are expressed as absolute and
percentage values (n (%)). Analysis of the statistical sig-
nificance of differences between quantitative indicators
was performed using the parametric Student’s t-test or
the non-parametric Mann—Whitney U-test, between
the qualitative characteristics — X* criterion. Factors
associated with the likelihood of in-hospital mortality
were identified using simple logistic regression. Multi-
ple logistic regression was used to detect predictors that
independently affect in-hospital mortality. Differences
were considered significant at p < 0.05.

Results

The mean age of deceased patients with CS was sig-
nificantly higher than that of survivors (71.8 £ 7.31 and
59.5 + 6.18 years, respectively, p = 0.003) (Table 1). There
were 32 (55.2%) patients older than 70 years in group I,

which is significantly higher than in group II (10 (22.7%),
p = 0.0004). Among the studied patients with ACSST
complicated by CS, men predominated, but in the group
of deceased patients, there were fewer of them than
among survivors (32 (55.2%) and 34 (73.9%), respec-
tively, p = 0.049), due to the increased number of women
(26 (44.8%) and 12 (26.1%), respectively, p = 0.049).

There were no significant differences between the
groups in the incidence of such cardiovascular risk fac-
tors as smoking, hypertension, diabetes mellitus, obesity
and dyslipidemia. Chronic kidney disease diagnosed
before the development of ACSST was more common
in deceased patients with CS than among survivors (32
(55.2%) and 9 (19.6%), respectively, p = 0.0002). The inci-
dence of acute kidney injury was higher in the observa-
tion group than in the control group (39 (67.2%) and 22
(47.8%), respectively, p = 0.046). A history of myocardial
infarction was observed in 30 (51.7%) patients of group
I and in 9 (19.6%) patients of group II (p = 0.001). Prior
to the development of ACSST, among deceased patients
with CS, chronic heart failure with reduced ejection
fraction was observed more often than among survivors
(36 (62.1%) and 12 (26.1%), respectively, p = 0.0001);
NYHA III-1V (32 (55.2%) and 11 (23.9%), respectively,
p = 0.001). There were no significant differences between
the compared groups in the frequency of PCI and cere-
brovascular accident history, as well as in the localization
of acute ischemic changes in the electrocardiogram.

Compared with surviving patients with CS, deceased
patients with ACSST complicated by CS had signifi-
cantly higher blood levels of leukocytes (13.1 + 1.01 and
10.2 £ 0.95 10%/1, respectively, p = 0.0001) and troponin
(7,905.1 + 710.22 and 6,134.3 + 811.18 pg/ml, respec-
tively, p = 0.001) (Table 2). Initially, before CAG and
PCI in patients of group I, plasma creatinine was signifi-
cantly higher (138.2 £ 12.12 and 116.8 £ 10.22 pmol/l,
respectively, p = 0.002), and the glomerular filtration rate
was lower (45.7 + 4.36 and 51.3% 3.12 ml/min/1.73 m?
respectively, p = 0.016) in comparison with group IL
There were no significant differences between the groups
in terms of lipid profile, as well as blood level of hemo-
globin and glucose.

At admission, ejection fraction of the left ventricle
below 40% was observed in 46 (79.3%) and 27 (58.7%)
patients of group I and II, respectively (p = 0.022). Sig-
nificant differences were found between the observa-
tion and comparison groups in terms of end-systolic
(48.7 [47.9; 49.4] and 47.9 [47.3; 48.5] mm, respectively,
p = 0.013) and end-diastolic (58.5 [57.9; 59.1] and 57.1
[56.7; 57.2] mm, respectively, p = 0.012) size of the left
ventricle.

Urgent coronary angiography was performed in 48
(82.8%) deceased patients and in 46 (100%) survived
patients with ACSST complicated by CS (p = 0.003).
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Table 1. Initial comparative characteristics of patients with acute coronary syndrome with ST-segment elevation
complicated by cardiogenic shock

= o p

Age, years (M+SD) 71,8+7,31 59,5+6,18 0,003
Age >70 years, n (%) 32 (55,2) 10 (21,7) 0,0004
Female, n (%) 26 (44,8) 12 26,1) 0,049
Male, n (%) 32(55,2) 34 (73,9) 0,049
Smoking, n (%) 33 (56,9) 24 (52,2) 0,635
AH, n (%) 52(89,7) 35(76,1) 0,064
Diabetes mellitus, n (%) 20 (34,4) 10 (21,7) 0,157
Obesity, n (%) 23(39,7) 17 (36,9) 0,781
Dyslipidemia, n (%) 46 (79,3) 34 (73,9) 0,521
AKI, n (%) 39 (67,2) 22 (47,8) 0,046
History of CKD, n (%) 32 (55,1) 9 (19,6) 0,0002
PICS, n (%) 30(51,7) 9(19,6) 0,001
CHF with preserved EF, n (%) 2(3,4) 15 (32,6) 0,00004
CHF with intermediate EF, n (%) 12 (20,7) 14 (30,4) 0,259
CHEF with low EF, n (%) 36 (62,1) 12 26,1) 0,0002
History of CVA, n (%) 4(6,9) 6 (13,0) 0,295
History of PCIL, n (%) 5(6,9) 4(8,7) 0,989
Localization of acute ischemic changes on the ECG:

- anterior, n (%) 24 (41,4) 15 (32,6) 0,364

- anterolateral, n (%) 7 (12,0) 5(10,9) 0,317

- inferior, n (%) 27 (46,6) 26 (56,5) 0,851
Time from the beginning of the pain syndrome to PCI, 418,8 [379,1:458.6] 214,5 [171,9:257,1] 0,0001

min (Me [Q25;Q75])

Note: AH — arterial hypertension; AKI — acute kidney injury; CKD — chronic kidney disease; PICS — postinfarction cardiosclerosis; CHF — chronic heart failure; EF — ejection
fraction; FC — functional class; CVA — acute cerebrovascular accident; PCI — percutaneous coronary intervention; ECG — electrocardiography

Table 2. Primary laboratory and instrumental indicators in patients with acute coronary syndrome with ST-segment
elevation complicated by cardiogenic shock (Me [Q25;Q75])

Indicator ((;;Z‘;l;)l G(:::&;I p
Leukocytes, 107/1 13,1 [12,1;14,1] 10,2 [9,3;11,2] 0,0001
Hemoglobin, g/l 139,8 [129,6;150,01] 143,9 [131,6;156,2] 0,124
Troponin, pg/ml 7905,1 [7194,9;8615,3] 6134,3 [5323,1;6945,5] 0,001
Creatinine, umol/l 138,2 [126,1;150,3] 116,8 [106,6;127,02] 0,002
GFR, ml/min/1,73 m? 45,7 [41,3;50,06] 51,3 [48,2;54,4] 0,016
Glucose, mmol/l 6,8 [5,7;7,9] 6,7 [5,7;7,7] 0,264
Total cholesterol, mmol/l 5,7 [5,3;6,1] 5,5 [5,2;5,8] 0,132
LDL, mmol/l 3,3 [3,153,6] 3,2 [2,9;3,5] 0,074
HDL, mmol/l 1,05 [0,96;1,14] 1,11 [0,98;1,22] 0,102
Triglycerides, mmol/l 2,3 [1,7;2,8] 2,2(1,7;2,7] 0,208
LV ejection fraction, % 33,5 [30,3;36,7] 36,4 [32,1;40,8] 0,048
LVESD, mm 48,7 [47,9;49,4] 47,9 [47,3;48,5] 0,013
LVEDD, mm 58,5 [57,9;59,1] 57,1 [56,7;57,2] 0,012

Note: GFR — glomerular filtration rate; LDL — low-density lipoproteins; HDL — high-density lipoproteins; LV — left ventricular ejection; LVESD — left ventricular end systolic
diameter; LVEDD — left ventricular end diastolic diameter
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CAG in the observation group was not performed in
10 (17.2%) patients due to the extremely serious state at
admission and death within an hour from the moment
of hospitalization.

According to the results of CAG, in patients of
group I, three-vessel lesion of the coronary arteries
was significantly more often diagnosed than in patients
of group II (36 (75%) and 12 (26.1%), respectively,
p = 0.0001), while single-vessel was less often (1 (2.1%)
and 27 (58.1%), respectively, p = 0.0001). Compared
with survivors, deceased patients with CS had a signifi-
cantly higher average number of occlusions (1.58 [0.97;
2.19] and 1.13 [0.51; 1.75], respectively, p = 0.001) and
hemodynamically significant stenoses (2.5 [1.75; 3.25]
and 2.1 [1.48; 2.72], respectively, p = 0.033) of the coro-
nary arteries. Chronic occlusion of the coronary artery
unrelated to ACSST was observed in 25 (52.1%) patients
of group I and 12 (26.1%) of patients of group II (p =
0.009). Hemodynamically significant stenosis of the left
main coronary artery stem was observed in 9 (18.8%)
and 2 (4.3%) patients of the observation and comparison
group, respectively (p = 0.03).

PCI was performed in 43 (74.1%) deceased and 43
(93.5%) survived patients with ACSST with CS (p =
0.009). In all cases, the intervention resulted in the stent-
ing of the infarct-related artery. The mean number of
implanted stents in the observation group was 1.52 [0.81;

2.23], and in the comparison group — 1.43 [0.73; 2.13]
(p = 0.004). In the remaining patients of group I and II
(5 (10.4%) and 3 (6.5%), respectively, p = 0.023), stent-
ing was not performed due to multiple coronary bed
lesions and/or technical impossibility of intervention.
Unsuccessful PCI was observed in 13 (30.2%) deceased
and 3 (7%) survived patients with ACSST complicated
by CS (p = 0.001) and was characterized primarily by
the no-reflow phenomenon in both groups (10 (23.3%)
and 3 (7%), respectively, p = 0.007), as well as acute
stent thrombosis and death on the operating table in the
observation group (2 (4.7%) and 1 (2.3%), respectively).

The mean time from the onset of pain to the interven-
tion was greater in the group of deceased patients (418.8
[379.1; 458.6] and 214.5 [171.9; 257.1] minutes, respec-
tively, p = 0.0001). The same trend was observed in the
study of the frequency of PCI, performed more than six
hours from the onset of angina (28 (65.1%) and 6 (14%),
respectively, p = 0.0001).

Intraaortic balloon counterpulsation was performed
in 12 (20.7%) patients of group I and in 6 (13%) patients
of group II (p = 0.301).

Using the simple logistic regression method, we iden-
tified factors associated with in-hospital mortality in
patients with ACSST complicated by CS (Table 3).

A multiple logistic regression analysis, which incre-
mentally included the above-mentioned signs, identified

Table 3. Factors associated with hospital mortality in patients with acute coronary syndrome with ST-segment elevation

complicated by cardiogenic shock

Sign OR 95% CI P
Age >70 years 4,43 1,85-10,59 0,001
History of CKD 5,06 2,07-12,37 0,00001
PICS 4,41 1,81-10,75 0,001
CHF III-IV FC 3,92 1,64-9,19 0,001
LV ejection fraction <40% 2,69 1,12-6,41 0,031
Three-vessel lesion 8,51 3,36-21,49 0,00001
Chronic CA occlusion 3,08 1,29-7,34 0,012
PCI later 6 hours after the onset of pain 11,51 3,96-33,44 0,00001
Unfulfilled PCI 5,02 1,35-18,53 0,01
Unsuccessful PCI 5,78 1,51-22,10 0,011

Note: OR — odds ratio; CI — confidence interval; CKD — chronic kidney disease; PICS — postinfarction cardiosclerosis; CHF — chronic heart failure; FC — functional class;

LV — left ventricle; CA —coronary artery; PCI — percutaneous coronary intervention

Table 4. Independent predictors of hospital mortality in patients with acute coronary syndrome with ST-segment elevation

complicated by cardiogenic shock

| Sign | OR 95% CI Wald 2 p
LV ejection fraction <40% 1,99 1,11-5,86 7,797 0,007
Three-vessel lesion 5,91 1,55-22,53 6,769 0,009
PCI later 6 hours after the onset of pain 3,50 1,88-13,89 8,255 0,005

Note: OR — odds ratio; CI — confidence interval; LV — left ventricle; PCI — percutaneous coronary intervention
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significant independent variables that influence an
adverse outcome in patients with ACSST complicated by
CS (Table 4). For the model as a whole, Wald chi square
was 6.676, p <0.01.

Discussion

According to the literature, elderly age is an indepen-
dent predictor of an adverse outcome in patients with
ACSST complicated by CS, which is associated primarily
with progressive left ventricular dysfunction in patients
with ACS [3, 9, 10]. Age older than 65-70 years in
patients with ACSST is associated with a high incidence
of CS, the history of cardiovascular diseases [9] and
such organizational aspect as adherence to a conserva-
tive management of older patients [10]. In the presented
analysis, the majority of deceased patients with CS were
older than 70 years, and the mean age in the observation
group was 71.8 = 7.3 years.

According to some authors, the female sex is a factor
of in-hospital mortality in patients with CS in ACSST
[9]. Other researchers noted that women with myocar-
dial infarction complicated by CS were more likely to
have unfavorable clinical characteristics such as old age,
diabetes mellitus, hypertension and low cardiac output;
however, the female sex was not identified as an indepen-
dent predictor of in-hospital mortality in patients with CS
[11, 12, 13]. According to our results, there were signifi-
cantly more women in the group of deceased patients than
among survivors. However, logistic regression analysis did
not confirm the hypothesis that female sex may be a risk
factor for in-hospital mortality in patients with ACSST
complicated by CS (OR 2.3, 95% CI 0.99-5.32; p = 0.065).

Our findings that the clinical and anamnestic predic-
tors of death in patients with ACSST with CS are chronic
kidney disease, cardiosclerosis and high-NYHA chronic
heart failure are consistent with the results of other stud-
ies [3,7, 14, 15].

In the groups we analyzed, the blood level of leuko-
cytes and troponins on the first day after hospitaliza-
tion was significantly higher in deceased patients with
CS. According to the literature, a systemic inflammatory
reaction plays a role in the development and progres-
sion of CS in myocardial infarction. It occurs in cardiac
muscle necrosis and progressive tissue hypoxia during
shock, and contributes to the progression of myocar-
dial dysfunction [16]. The blood level of proinflamma-
tory cytokines (interleukin-6, tumor necrosis factor-a,
C-reactive protein and others) and leukocytes correlated
with the severity of CS and adverse outcome in patients
with myocardial infarction [16, 17]. Some studies note
that the degree of blood troponin increase in patients
with ACS has prognostic value in the development of CS
and early mortality [18].

A high level of plasma creatinine is associated with an
unfavorable prognosis in ACSST complicated by CS [3,
14]. According to our data, the initial serum creatinine
was higher before PCI and the glomerular filtration rate
was lower in deceased patients.

The pathogenesis of CS in myocardial infarction is
based on a decrease in myocardial contractility in con-
ditions of acute ischemia and cardiac muscle necrosis.
This creates a vicious circle, that is, a decrease in cardiac
output and aggravation of myocardial ischemia, which,
in turn, further worsens the systolic function of the heart
[16]. In this regard, it was proved that a decrease in the
ejection fraction below 40% is an independent factor of
fatal outcome in patients with ACSST, complicated by CS
[3, 15]. This is also reflected in our study.

The analysis of coronary angiograms showed that
a multiple, three-vessel lesion of the coronary bed and
chronic occlusion of the coronary artery was more
common in deceased patients with CS than in survived
patients. A number of publications evaluate multi-vessel
coronary lesion and chronic occlusion of an infarct-
unrelated artery as risk factors for poor prognosis in
patients with CS [16, 19]. These factors seem capable of
aggravating myocardial ischemia and systolic dysfunc-
tion that already exist in patients with ACSST with CS.

According to current recommendations, primary
PCI is the preferred method of reperfusion in ACSST
complicated by CS [1]. Refusal of intervention or its inef-
ficiency is associated with a high incidence of early mor-
tality in this category of patients [10, 15]. In addition, the
timing of PCI also has prognostic value. The superiority
of early revascularization was proven [12, 15]: interven-
tion within six hours after the onset of chest pain was
associated with the lowest mortality in patients with CS
[16]. In our study, the time between the onset of pain
to PCI was significantly longer in the group of deceased
patients with CS and averaged seven hours. The data
obtained on the possible effect of such factors as failure
to perform the intervention, unsuccessful intervention
or intervention after six hours from the onset of angina
on in-hospital mortality in patients with ACSST compli-
cated by CS are consistent with the literature data. The
effect of these PCI-associated predictors on in-hospital
mortality in this group of patients can be associated with
the volume of viable myocardium, the degree of systolic
dysfunction of the left ventricle, and the severity of CS.

According to our results, multiple stenting of coro-
nary arteries was more often performed in deceased
patients with CS than in the comparison group. This
observation can be explained by the severity of the coro-
nary bed lesion, multiple stenoses and occlusions of cor-
onary arteries in these patients, which required implan-
tation of two or more stents for adequate myocardial
reperfusion.
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Conclusion
According to the study results, the risk of in-hospital

mortality in patients with ACSST complicated by CS is

associated with ejection fraction decrease below 40%,

a three-vessel coronary lesion, and PCI after six hours
from the pain onset. The identification of predictors of
an unfavorable CS course can help optimize risk strati-
fication and select the optimal management strategy for
patients with ACSST in order to improve their treatment

outcomes and prognosis.
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Pesome

Llesb. YcTaHOBMTL B3aMMOCBA3b MOKa3aTe/eil CbIBOPOTOYHOIO aAMMOHEKTHA U IeNTHHA Y 60/1bHbIX PeBMaTOWAHBIM apTPUTOM C KMHUYECKUMUN
[laHHbIMU, CEPO/IOrMYECKMMY NOKa3aTeNaMI, aKTUBHOCTbIO 3a60/1eBaHMs, pe3ybTaTaMm Y/IbTPa3ByKOBOIO MCC/IeJ0BaHNA ONOPHO-/ABUraTe/IbHO-
ro annapaTta U PeHTreHO/NOrMYeCKNM Nopa)keHneM CycTaBos. MaTepuanbl U MeToabl. B cTaTbe npeacTaBieHa cpaBHUTE/IbHAA XapaKTepUCTHKa
YPOBHEI aAWNMOKUHOB Cpeau 64 eHIWMH C AMarHo30M peBMaToMAHbIi apTpuT (I rpynna) u 30 380poBbix eHwwuH (Il rpynna). Y 601bHbIX pes-
MaTOW/HbIM apTPUTOM BbifIB/IEHA 3aBUCMMOCTbL YPOBHEN aZIUMOKNHOB OT KAWHMKO-1ab0paTOPHbIX, YNbTPa3BYKOBbIX Y PEHTFE@HONOrNYECKUX 13-
MeHeHWiA. Pe3ynbTaTbl. KOHLIEHTpaL WA agMnoHeKTHa 6bl1a 3HaYNTe/IbHO Bbille Y 60/1bHbIX peBMaTOMAHbIM apTPUTOM MO CPaBHEHUIO C Fpynnon
3a0poBbix (p <0,0001) 1 MMena [OCTOBEPHbIE KOPPENALMOHHbIE CBA3M C PEHTreHO/I0MMYeCKUMU U3MeHeHUAMU B cyctasax (r=0,4; p <0,001)
W A/IUTENBHOCTBIO NpueMa MeToTpekcaTta (r=0,4; p <0,001) u ratokokopTukocTepoungos (r=0,3; p <0,05). YpoBeHb enTuHa y 60/1bHbIX peBMaTo-
W/IHbIM apTPUTOM U KOHTPO/IbHOM pynnbl 6bl1 IPUMeEPHO o MHaKoBbIM. OHaKO, 6blIM OTMeYeHbl MONOXKUTENbHbIE B3aMMOCBA3N MeX/y yPOBHEM
NenTuHa 1 Yncnom 6onesHeHHbix cyctasoe (r=0,5; p <0,0001), yposHamu C-peakTueHoro 6enka (r=0,3; p <0,05) u uHTepneiikuHa-17 (r=0,3;
p <0,05), uHaekcom Disease Activity Score 28 (r=0,4; p <0,001), a Take ycuneH1MeM KpoBOTOKa npu gonnaeporpadum (r=0,4; p <0,001). 3a-
KntoYeHue. TaknM 06pa3oM, y 60/1bHbIX peBMaTOMAHbIM apTPUTOM OTMEYaeTCA 3Ha4YMNTe/IbHOe NOBbIleHNe YPOBHA aMMOHEKTUHA MO CPaBHEHUIO
C rpynnoi 3/,0pOBbIX, 4TO CBA3@HO C BbipaXKEHHbIMU AeCTPYKTUBHbBIMU U3MEHEHUAMYU B CyCTaBax U ANNTE/ILHOCTbIO NMpUeMa MeToTpeKcaTa U rito-
KOKOpTUKOCTeponaoB. OZlHaKO, MONIOXKUTE/IbHAA B3aMMOCBA3b MeX/y MOKasaTeNAMU aKTUBHOCTM 3ab0/ieBaHMA 1 HaMYMeM A0MMNIepoBCKOro
CUrHana oTMeyaeTCA TO/IbKO y IeNTUHa.
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Abstract

Purpose. To establish the relationship of serum adiponectin and leptin with clinical data, serological parameters, disease activity, results of ultrasound
examination of the musculoskeletal system and X-ray damage of joints in rheumatoid arthritis patients. Materials and methods. The article presents
a comparative characteristic of adipokine levels among 64 women diagnosed with rheumatoid arthritis (group I) and 30 healthy women (group I1).
The dependence of adipokine levels on clinical, laboratory, ultrasound and radiological changes was revealed in patients with rheumatoid arthritis.
Results. The concentration adiponectin level was significantly higher in rheumatoid arthritis patients compared to the control group (p <0.0001)
and had significant correlations with radiological changes in the joints (r=0.40; p <0.001) and the intake duration of methotrexate (r=0.4; p <0.001)
and glucocorticosteroids (r=0.3; p <0.05). The level of leptin in the blood serum of women with rheumatoid arthritis and healthy individuals was
approximately the same. However, there were positive correlations between the level of leptin and of the tender joint count (r=0.5; p <0.0001), the
levels of C-reactive protein (r=0.3; p <0.05) and interleukin-17 (r=0.3; p <0.05), the index Disease Activity Score 28 (r=0.4; p <0.001) and increased
blood flow during Doppler imaging (r=0.4; p <0.001). Conclusion. Thus, patients with rheumatoid arthritis have a significant increase in the level
of adiponectin compared to the health group, which is associated with pronounced destructive changes in the joints and the intake duration of
methotrexate and glucocorticosteroids. However, a positive relationship between the indicators of disease activity and the presence of a Doppler
signal is observed only in leptin.

Key words: adiponectin; leptin; ultrasound examination of joints
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Introduction

Rheumatoid arthritis (RA) is one of the most common
severe immune-mediated inflammatory diseases in
humans. It is characterized by chronic erosive arthritis
and systemic damage to internal organs, which leads to
early disability and shorter life expectancy. This, in turn,
determines the high social significance of the disease
[1]. The pathogenetic mechanisms of RA are still being
studied. A number of studies have shown that adipose
tissue is actively involved in the development of systemic
inflammation in RA, producing pro-inflammatory cyto-
kines and adipose tissue hormones (adipokines), which
can independently modulate inflammatory and destruc-
tive processes in joints [2, 3].

However, data on the pro- and anti-inflammatory
role of adipokines in the pathogenesis of RA remain
poorly understood, which makes this study relevant.

Objective

To establish the relationship between serum adipo-
nectin and leptin in patients with RA with clinical data,
serological parameters, disease activity, results of ultra-
sound examination (US) of the musculoskeletal system
and radiological damage to the joints.

Materials and Methods

Clinical, laboratory and ultrasound examinations of
64 women with RA confirmed according to the classifi-
cation criteria of RA (American College of Rheumatol-
ogy / European League Against Rheumatism, 2010) [1]
were performed in the Orenburg State Medical Univer-
sity Hospital from September 2018 to September 2020.
The average age of patients with RA was 46.1 £ 7.1 years;
the average duration of the disease was 8.3 + 5.8 years.
Most of the examined patients 52 (81.3%) were seroposi-
tive for rheumatoid factor (RF).

Inclusion criteria: the patient’s age over 18 years.

The exclusion criteria were hand injury and surgery
during the last six months, another concomitant rheu-
matic disease, cancer, pregnancy and lactation, acute or
exacerbation of chronic infections at the time of exami-
nation, and diabetes mellitus.

The study was approved by the local ethics commit-
tee of the Federal State Budgetary Educational Institu-
tion of Higher Education of the Orenburg State Medical
University (Protocol No. 208 of September 28, 2018). All
patients signed Informed Consent.

Patients with RA underwent a physical examina-
tion, which included estimation of the tender joint count
(TJC) (mean value 10.0 £ 7.4), swollen joint count (SJC)
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(mean value 4.4 + 2.8), duration of morning stiffness
(mean value 100.8 + 54.4 min), a general assessment of
the intensity of pain using a 100-mm visual-analogue
scale [1] (mean value 46.2 + 23.5). Disease activity was
assessed by the DAS28 (Disease Activity Score 28) [1]
(mean value 4.4 £ 1.7): remission, low, medium and high
disease activity were observed in 11 (17.2%), 9 (14.0%),
32 (50.0%) and 12 (18.8%) patients, respectively. The
X-ray stage was determined according to the modified
Steinbrocker classification [1]: I, II, III and IV radiologi-
cal stages of the disease were detected in 6 (9.4%), 37
(57.8%), 17 (26.6%) and 4 (6.3%) patients, respectively.
The functional status of the musculoskeletal system was
evaluated according to the clinical classification criteria
of RA (2007) [1]: Functional classes I, II, III, and IV were
determined in 6 (9.4%), 36 (56.3%), 20 (31.3%), and 2
(3.1%) patients, respectively.

The control group consisted of 30 women without
inflammatory joint diseases, similar in gender, age and
body mass index (BMI) to patients with RA.

The BMI index was calculated using the formula:

MMT = Weight (kg) [4]. The mean BMI in patients with
height (m)?

RA was 26.3 * 6.2 kg/m?, in healthy individuals — 24.6
+5.0 (p > 0.05).

The following laboratory tests were performed in all
study subjects: serum RF, anti-cyclic citrullinated peptide
antibodies (anti-CCP), and C-reactive protein (CRP).

The concentrations of tumor necrosis factor-a (TNF-
a), interleukin-17 (IL-17), adiponectin and leptin were
determined by ELISA on a Bio-Rad Model 680 micro-
plate photometer using commercial Bender MedSystems
kits (Austria — USA), Mediagnost (Germany) and Diag-
nostics Biochem Canada Inc. (Canada), respectively.

We performed ultrasound examination to determine
the inflammatory and destructive changes in 30 joints in
each patient with RA (wrist (Wrist joint), from the first
to fifth metacarpophalangeal joints, from the second to
fifth proximal and distal interphalangeal joints and the
first interphalangeal joint on the palmar and dorsal sides
of both hands) using the Philips EPIQ 7 device with a
multi-frequency linear transducer with a frequency of
4-18 MHz and power Doppler (PD). US exam included

the detection of joint effusion, synovial hypertrophy and
angiogenesis (the presence of a vascular signal), erosive
changes in the hand joints, as well as the assessment
of periarticular tissues to detect tenosynovitis on the
palmar and dorsal hand sides. We examined 1920 joints
in patients with RA.

In our work, we used the term “synovitis’, which
combines the concepts of “joint effusion” and “hypertro-
phy of the synovial membrane”

At the time of examination, 29 (45.3%) patients with
RA received treatment with disease-modifying anti-
rheumatic drugs (methotrexate (MTX) in combination
with folic acid, hydroxychloroquine, leflunamide); seven
patients (10.9%) received glucocorticosteroids (GCS)
orally; 12 patients (18.8%) received a combination of
disease-modifying antirheumatic drugs and GCS. Nine
(14.1%) patients with RA received non-steroidal anti-
inflammatory drugs (NSAIDs).

STATISTICA 12.0 software was used for statistical
analysis. Qualitative results are given as the absolute
number and percentage of the total number. Mann—
Whitney U-test was used to assess the significance of
differences between values. To identify the relationships
between the variables, the Spearman pair correlation
coefficient was calculated. Values were considered sig-
nificant at p < 0.05. To determine the agreement between
the results of the two examination methods, the Cohen’s
kappa coeflicient (k) was used, the values of which at
K < 0.2 reflect poor, 0.2-0.40 — mediocre, 0.41-0.60 —
moderate, 0.61-0.80 — good and > 0.81 excellent agree-
ment [5].

Results

Table 1 presents a comparative assessment of the
results of physical and ultrasound examination of
patients with RA.

B-mode ultrasound revealed inflammation in the
form of synovitis and tenosynovitis in 965 (50.3%)
joints in patients with RA, while clinical manifestations
of arthritis (TJC and SJC) were noted in 755 (39.3%)
(Table 1). No ultrasound signs of inflammation were
detected in 210 (10.9%) joints in RA during physical

Table 1. Comparative assessment of clinical symptoms of arthritis and US signs of inflammation in W]

and small joints of the hands by B-mode US in RA, n (%)

RA (n=1920)
Clinical manifestations of inflammation in the joint
US-signs
TJC and SJC | TJC SJC No TJC and SJC
Synovitis and tenosynovitis 96/5,0 11/0,6 4/0,2 13/0,7
Only synovitis 154/8,0 58/3,0 96/5,0 167/8,7
Only tenosynovitis 123/6,4 186/9,7 27/1,4 30/1,6
Absence of US-signs 6/0,3 58/3,0 4/0,2 887/46,2
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Table 2 Comparative assessment of clinical symptoms of arthritis and signs of hypervascularization of synovial stratum in
the W] and small joints of the hands detected with using PD US in RA, n (%)

RA (n=1920)
Clinical manifestations of inflammation in the joint
US-signs
TJC and SJC TJC | SJC No TJC and SJC
Signal present 146/7,6 96/5,0 68/3,5 90/4,7
Signal absent 248/12,9 215/11,2 58/3,0 995/51,8
Table 3. Adipocytokine concentrations in the blood serum of RA patients and the control group

Adipocytokine RA(IE,:;:)“ ts Con(trll‘:;%;‘oup p
Adiponectin (ng/ml), M+o 40,9+13,6 22,8+11,3 p <0,0001
Leptin (ng/ml), M+o 18,1+14,0 16,6+11,4 nr

Note: nr — not reliable

examination (Table 1). At the same time, swelling and/
or pain in 68 (3.5%) joints in patients with RA noted
during physical examination were not confirmed with
US (Table 1).

When comparing the data of physical examination
and US, the agreement was observed in 85.5% of cases
(x = 0.7) in patients with RA.

The Doppler signal was detected in 400 (20.8%) joints
in RA, of which clinical signs of arthritis were found in
310 (16.2%) joints (Table 2). The Doppler signal was not
detected in 1,516 (78.9%) joints in RA, of which swell-
ing and/or tenderness were noted in 521 (27.1%) joints,
respectively (Table 2).

The agreement between the results of the physical
examination and US in the PD mode was 68.3% (kx = 0.3)
in RA.

When determining the relationship between ultra-
sound and clinical/laboratory data, correlations between
US signs of synovitis were detected in B-mode and PD
(r = 0.4; p < 0.001) and SJC (r = 0.5; p < 0.0001). Sig-
nificant correlations were determined between the pres-
ence of the Doppler signal and CRP (r = 0.5; p <0.0001)
and anti-CCP (r = 0.3; p < 0.05) levels, as well as higher
DAS28-CRP (r = 0.5; p <0.0001).

The serum level of adiponectin in patients with RA
was significantly higher compared with the control
group (p <0.0001). The serum leptin level in women with
RA and healthy individuals was approximately the same
(Table 3).

In RA, there was a negative correlation between
the concentrations of adiponectin and leptin (r = —0.3;
p < 0.05). The level of serum adiponectin negatively cor-
related with the level of CRP (r = —0.3; p < 0.05). In this
case, significant correlations between the X-ray stage of
RA and adiponectin level were found (r = 0.4; p <0.001).
Additional correlations were observed between adipo-
nectin level and duration of MTX treatment (r = 0.4;
p <0.001) and GCS (r = 0.4; p < 0.001) (Table 4).

We noted a positive correlation between the level of
leptin and BMI (r = 0.6; p <0.0001). In addition, signifi-
cant correlations were found between the level of serum
leptin and the duration of morning joint stiffness (r =
0.3; p < 0.05), TJC (r = 0.5; p <0.0001), as well as the
level of CRP (r = 0.3; p < 0.05) and the DAS28 index (r =
0.4; p < 0.001) in patients with RA. In patients with RA,
an increase in the concentration of IL-17 was associated
with an increase in the level of leptin (r = 0.3; p < 0.05).

Table 4. Correlations between adipocytokine levels in
RA patients and clinical manifestations of the disease,
laboratory parameters, disease activity, US-signs of joint
inflammation and X-ray stage

Adiponectin Leptin
Indicators (ng/ml) (ng/ml)
r r

Age (years) 0,2 0,1
BMI (kg/m?) 0,1 0,6+
Duration of disease (years) -0,1 -0,1
Morning stiffness (min) -0,1 0,3*
YBC/T]C 0,1 0,5+
N[ -0,2 0,1
DAS28-CRP -0,2 0,38**
CRP (mg/1) -0,2 0,32*
RF (U/mL) 0,2 -0,1
A-CCP (U/mL) 0,1 -0,2
TNF-a (pkg/ml) -0,1 0,1
IL-17 (pkg/ml) 0,2 0,3*
X-Ray stage 0,44 -0,2
US-signs:
Synovitis -0,2 0,1
Tenosynovitis -0,2 0,1
Hypervascularization of synovia -0,2 0,4%%*
Intake duration of MTX (years) 0,4** 0,1
Intake duration of GCS (months) 0,4%* 0,2
Intaking NSAIDs 0,1 0,1

Note: * — p <0.05; ** — p <0.01; *** — p <0.001; *** — p <0.0001
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However, we did not find any significant correlations
between the concentrations of serum adipokines and the
levels of RF and anti-CCP (Table 4).

As shown in Table 4, along with BMI, serum leptin
showed high correlations with TJC, levels of CRP, as
well as the DAS28, indicating disease activity. At the
same time, adiponectin had significant correlation with
radiological changes in the joints and drugs used (MTX
and GCS).

Also, a positive correlation was observed between the
concentration of leptin and the presence of the Doppler
signal (r = 0.4; p < 0.001) (Table 4).

Discussion

Most of the previous studies have shown that the con-
centrations of serum leptin [2, 6, 7] and adiponectin [2,
7] are higher in patients with RA than in healthy indi-
viduals. At the same time, low levels of these adipokines
in RA were also recorded [2, 6]. Our results show a sig-
nificant increase in adiponectin level in patients with RA
(p < 0.0001) compared to the control group. However,
there was no tendency to leptin concentration increase
in women with RA.

A number of authors note the anti-inflammatory role
of adiponectin in the human body. However, in RA, the
level of this adipokine does not directly correlate with
disease activity [7, 8], as confirmed by our study.

We noted a significant correlation between the level
of adiponectin and the radiological stage of RA (p <
0.001), which is consistent with a number of studies that
note the relationship between high levels of adiponectin
and radiological markers of joint destruction (erosion
and narrowing of the joint space) [9, 10].

In the present study, the level of adiponectin in serum
significantly correlated with the duration of MTX and
GCS treatment, which is consistent with other authors
[3, 7]. A number of researchers reported that TNF-a
reciprocally inhibits adiponectin production in adipose
tissue. Since MTX and GCS inhibit the production of
proinflammatory cytokines, including TNF-a, they can
cause an increase in serum adiponectin in patients with
RA [3].

Most previous studies established a positive correla-
tion between the level of leptin and BMI [2], which is also
observed in our study. It has been suggested that leptin
may play the role of the pro-inflammatory cytokine in
RA [2, 7]. We identified significant positive relationships
between the level of leptin and disease activity (TJC,
CRP level, DAS28-CRP) and morning stiffness of joints,
which is consistent with the results of several authors [2,
6, 7]. Also, in our study, the level of serum leptin posi-
tively correlated with the concentration of proinflam-
matory cytokine (IL-17). Deng J. et al. suggested that

leptin stimulates the differentiation of CD4+ T-lympho-
cytes along the Th-17 pathway [11], which explains the
obtained results.

Such concepts as “subclinical synovitis” and “sub-
clinical tenosynovitis” emerged with the development
of imaging techniques [12, 13]. A number of research-
ers noted the discrepancy between the results of clinical
and ultrasound assessments of inflammatory changes in
the joints [14, 15], which was confirmed in our study:
US showed more joints with signs of inflammation than
physical examination in patients with RA (p < 0.0001).
At the same time, the proportion of false-negative results
was insignificant and amounted to 3.5% in RA.

Ceponis A. et al. note the correlation between the
ultrasound signs of synovitis and tenosynovitis in the
study in B-mode and PD and SJC [16] in patients with
RA, which is consistent with the results of our study.

When determining the relationship between ultra-
sound and laboratory findings, we found a close correla-
tion between increased blood flow and levels of CRP and
anti-CCP (p < 0.0001; p < 0.05) and higher DAS28-CRP
(p < 0.0001). Our results were confirmed by studies Xu
H. et al. [14], showing that PD reflects the activity of the
disease better than the B-mode. Also, a positive correla-
tion was observed between the concentration of leptin
and the presence of the Doppler signal (p < 0.001), which
is consistent with the results of a study by Sherin H.N.
et al. [17], who observed a moderate increase in the aver-
age serum leptin level in patients with increased blood
flow according to Doppler US.

The obtained data suggest a pathogenetic relationship
between adipose tissue hormones and inflammatory and
destructive processes in the joints.

Conclusion

There is a significant increase in the level of adiponec-
tin in patients with RA compared with the healthy group,
which is associated with severe destructive changes in the
joints and the duration of MTX and GCS treatment. The
concentration of leptin in patients with RA and healthy
individuals is approximately the same. However, there
is a positive relationship between the level of leptin and
disease activity (TJC, level of CRP and IL-17, DAS28-
CRP) and increased blood flow, which suggests its role as
a pro-inflammatory cytokine.
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Pesome

Liesb. M3yunts BapuabenbHocTb putMa cepaua (BPC) y 60/1bHbIX XPOHUYECKOI CEpPAEYHOM HeA0CTaTOMHOCTbIO (XCH) 1 XpoHUYecKoit 06CTpyKTHEB-
HOM 60/1e3HbI0 Nerkux (XOBJT) BO B3aMMOCBA3M: C YPOBHEM HACBILEHWA KPOBU KUCIOPOAOM, NapamMeTpamu GpyHKLMM BHeLHero ApixaHus ($BJ),
KoHueHTpauueit Nt — proBNP B nnasme kposu. MaTtepuansl n Metogbl. O6cnegoBaHo 128 ambynaTopHbIX NauueHToB o6oero nosa. Bospact 60/1b-
HbIX cocTaBuA oT 45 g0 70 ner. 1 rpynna — ocHosHas (60 60/bHbIX) ¢ XCH nweMuyeckoro reHesa -1l dyHKumoHanbHoro knacca no NYHA u XOB/
GOLD I-lIl cTeneHn orpaH1yeH1s BO34yLWHOro noToka (knaccudurauma GOLD 2019) B cTaguu CTOMKON peMUccuu, 2 rpymnna — KOHTPo/bHas (63 na-
LMeHTa), ¢ n3oamposaHHoi XCH. Bce, BK/IIOYeHHble B UccnegoBaHue 6o/bHble ¢ XCH, nepeHecn uHbapkT Muokapaa (OUMM) aasHocTbio oT 1roga
0 5 net. CTaTUCTMYECKM 3HaYUMBbIX pa3nnymii no Tsectn XCH Mexay 1u 2 rpynnamu He 6bi10. PesyabTatsl. Y naunentos ¢ XCH n XOBJl, B oT-
Nnymne oT 60/bHBLIX € n3oanposaHHoi XCH, BeisBNeHO gocToBepHOe npeob/ajaHne YacToTbl BCTPEYAeMOCTM MMNepcMMnaTUKOTOHUYECKOro TUna
BereTaTVBHOW peryaauum. [loctoBepHo 6o/1ee HU3KMe NoKasaTenn BapuabenbHOCTM pUTMa cepAua 6biam B rpynne 60/1bHbIX € conyTcTytoweit XOB/
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pameTpamu ®B/], ypoBHEM HaCbIlEHNA KPOBU KUCIOPOAOM, KoHLeHTpaumein NT-proBNP B kposu. [pu npoBeaeHnM MHOrOGaKTOPHOro perpeccu-
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Abstract

Aim. To study heart rate variability (HRV) in patients with chronic heart failure (CHF) and chronic obstructive pulmonary disease (COPD) in
relation to: blood oxygen saturation level, parameters of respiratory function (RPF), Nt — proBNP concentration in blood plasma. Materials and
methods. We examined 128 outpatients of both sexes. The patients’ age ranged from 45 to 70 years. Group 1 — main (60 patients) with CHF
of ischemic genesis of NYHA functional class Il — Il and GOLD COPD of | — Il degree of airflow restriction (GOLD 2019 classification) in the
stage of stable remission, group 2 — control group (63 patients), with isolated CHF. All patients with CHF, who were included in the study, had
myocardial infarction (AMI) from 1 to 5 years ago. There were no statistically significant differences in the severity of CHF between groups 1 and
2. Results. In patients with CHF and COPD, in contrast to patients with isolated CHF, a significant prevalence of the frequency of occurrence of
the hypersympathicotonic type of autonomic regulation was revealed. Significantly lower indicators of heart rate variability were in the group of
patients with concomitant COPD in comparison with patients with isolated CHF. Statistically significant correlations were revealed between HRV
parameters and RPF, parameters of blood oxygen saturation level, NT-proBNP concentration in blood. Multivariate regression analysis showed a
significant dependence of HRV parameters on the parameters of HRV and the concentration of NT-proBNP in the blood in the group of patients

with CHF and COPD.

Key wo rds: chronic heart failure, chronic obstructive pulmonary disease, heart rate variability.
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Introduction

Chronic heart failure (CHF) and chronic obstruc-
tive pulmonary disease (COPD) are common diseases in
clinical practice. CHF in COPD can be associated with
both concomitant cardiac disease (in particular, coro-
nary heart disease) and decompensation of chronic cor
pulmonale (CCP) [1].

The prevalence of CHF among COPD patients is
on average 10-20%. The incidence of COPD in CHF is
9-13%. CHF worsens the prognosis and increases the
frequency of hospitalizations in patients with COPD.
On the other hand, the prevalence of CHF and cardio-
vascular complications increases as the severity of COPD
increases. Cardiovascular events are one of the main,
if not the primary, reasons for the hospitalization of
patients with COPD [2].

In COPD, a chronic inflammatory process in the tra-
cheobronchial tree is observed due to the toxic effects of
inhaled pathogenic particles or gases, leading to micro-
hemocirculation disorders, increased endothelial dys-
function, the elevation of C-reactive protein, develop-
ment of atherosclerosis, regression of capillary networks,
blood stasis and tissue hypoxia [3, 4].

Hypoxia, inflammation, oxidative stress, activation of
neurohumoral systems (renin-angiotensin-aldosterone
(RAAS) and sympathoadrenal (SAS)systems) are associ-
ated with direct and indirect cytotoxic effects that contrib-
ute to CHF and aggravation of its clinical course [1, 2 ].

As a result of the cascade of pathophysiological reac-
tions, the activity of the sympathetic and parasympa-
thetic components of the autonomic nervous system
(ANS) changes. A number of studies described a decrease
in heart rate variability (HRV) and the predominance of
the sympathetic nervous system activity, both in patients
with CHF and patients with COPD [5-9].

However, we did not see any studies of heart rate vari-
ability in relation to blood oxygen saturation, the sever-
ity of airway obstruction, and blood NT-proBNP level in
patients with CHF and COPD.

The aim of the study was to assess heart rate vari-
ability in patients with CHF and COPD in relation to
blood oxygen saturation, pulmonary function test (PFT)
results, and plasma NT-proBNP level.

Materials and Methods

Our prospective, study
included 123 outpatients, both men and women.
Group 1 — main (60 patients), NYHA II-III CHF of
ischemic genesis and GOLD I-IIT (GOLD classification
2019) COPD in the stage of stable remission; group 2 —
control (63 patients), isolated CHF. All enrolled patients
with CHF had a history of myocardial infarction (AMI)
in the past 1-5 years. The age of participants ranged from
45 to 70 years.

open-label, controlled
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Table 1. Characteristics of the patients included in the study, Me [Q25; Q75]

Variable 1st group (main) Group 2 (control) P
Number of patients, n 60 63 p >0,05
Average age, years 64 [60; 68] 62 [58; 69] p >0,05
Men, n (%) 48 (80,0) 53 (84,1) p >0,05
Women, n (%) 12 (20,0) 10 (15,8) p >0,05
BMI 29,7 [26,1; 34,2] 30,4 [26,5; 33,3] p >0,05
AHA, % 100 100 p >0,05
SBP, mm Hg 130 [120; 140] 130 [120; 130] p >0,05
DBP, mm Hg 80 [75; 80] 80 [75; 80] p >0,05
Heart rate, beats / min 67 [60; 72] 64 [59; 71] p >0,05
CHEF duration, years 2 [1; 4] 2 [1; 5] p >0,05
FC, years 2,0 2,05 3,0] 2,0 [2,05 3,0] p >0,05
NT-proBNP, fmol /ml 231,7 [187,2; 383,0] 227,1 [164,4; 300,8] p >0,05
LVEE % 48,5 [42,0; 54,5] 52,0 [44,0; 57,0] p >0,05
HFpEE,% 45,0 58,0 p >0,05
HFmrEF, % 38,3 29,0 p >0,05
HFrEF, % 16,7 13,0 p >0,05
LA, mm 38,0 [36,0; 43,0] x 55,0 [54,0; 56,0] 37,0 [35,0; 41,0] x 54,0 [50,0; 57,0] p >0,05
RA, mm 37,0 [35,0; 41,0] x 56,0 [48,0; 62,0] 35,0 [34,0; 37,0] x 51,0 [45,0; 54,0]* p <0,05
RV, mm 39,0 [36,0; 41,5] 28,0 [27,0; 34,0]* p <0,05
EDD, mm 54,0 [48,0; 58,0] 52,0 [47,0; 57,0] p >0,05
LVDS, mm 37,0 [35,0; 42,0] 35,0 [32,0; 40,0] p >0,05
ICH, years 30 [0; 40] 15 [0; 27,5]* p <0,05
SpO,, % 96% [95; 97] 97% [96; 98]* p <0,05
FVC, % 58,0 [45,0; 71,0] 85,0 [76,0; 89,0]* p <0,05
FEV,, % 52,0 [41,0; 64,0] 90,0 [83,0; 95,0]* p <0,05
VC, % 68,0 [55,0; 77,0] 88,0 [78,0; 93,0]* p <0,05
FEV /FVC, % 65,0 [59,0; 67,0] 88,0 [84,0; 93,0]* p <0,05
MEF 25% 39,0 [25,0; 52,0] 94,0 [72,0; 109,0]* p <0,05
MEF 50% 31,0 [20,0; 41,0] 93,0 [77,0; 106,0]* p <0,05
MEEF 75% 34,0 [24,0; 43,0] 78,0 [70,0; 103,0]* p <0,05
Enalapril, mg /day 5,0 [5,0; 10,0] 5,0 [5,0; 10,0] p>0,05
Bisoprolol, mg /day 2,5[2,5; 5,0] 5,0 [2,5; 5,0] p>0,05
Veroshpiron, mg /day 25,0 25,0 p >0,05
Torasemide, mg / day 2,5 2,5 p >0,05
Atorvastatin, mg /day 20 [10,05 20,0] 20 [10,0; 20,0] p >0,05
Acetylsalicylic acid, mg /day 100 [75; 100] 100 [75; 100] p >0,05
Isosorbide mononitrate, mg 40 [20,0;40,0] 40 [20,0;40,0] p >0,05
Ivabradine, %; mg /day 7,6%; 5,0 [5,0; 7,5] 6,3%; 6,2 [5,0; 7,5] p >0,05

Ipratropium bromide, mcg /day
Budesonide+formoterol, mcg /day

Olodaterol hydrochloride+ tiotropium

bromide, mcg /day

140,0 [100,0;160,0]
160,0/4,5 MKT/CyT.;

2.5 MKT/2.5 MKT CyT

Note: * p< 0,05, BMI — body mass index, AHA — arterial hypertension, SBP — systolic blood pressure, DBP — diastolic blood pressure, HFpEF — Heart failure with preserved ejection
fraction, HFmrEF — Heart failure with midrange ejection fraction, HFrEF — heart failure with reduced ejection fraction, FC — functional class of CHF, NT-proBNP — terminal
fragment of cerebral natriuretic peptide, LVEF — left ventricular ejection fraction, LA — left atrium, RA — right atrium, RV — right ventricle, EDD — end diastolic size of the left
ventricle, CSR — terminal systolic size of the left ventricle, ICH — index of a smoking person, FVC% — forced vital capacity of the lungs, FEV % — forced expiratory volume in the first
second, VC% — vital capacity of the lungs, FEV, / FVC% — Tiffno index, MEF 25% — instantaneous volumetric expiratory flow rate of 25% FVC, MEF 50% — instantaneous expiratory
flow rate of 50% FVC, MEF 75% — instantaneous expiratory flow rate of 75% FVC
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The study was conducted in accordance with the ethi-
cal principles set forth in the World Medical Association
Declaration of Helsinki (2008), the ICH Harmonised
Tripartite Guideline on Good Clinical Practice (ICH-
GCP), and Basics of Health Protection of the Citizens
in the Russian Federation. The study was approved by
the regional ethics committee (protocol No. 001-2019,
expert opinion No. 002/5).

Patients who participated in the study were com-
parable on the main clinical and demographic charac-
teristics, the severity of CHF signs, as well as the dose
regimens of the CHF treatment used. All patients with
CHF and concomitant COPD in our study received
baseline treatment of COPD with long-acting drugs:
predominantly M-anticholinergics (tiotropium bro-
mide) or a combination of tiotropium bromide and
long-acting 2-agonist olodaterol (double bronchodila-
tion); a number of patients (20%) took combined drugs
(long-acting 2-agonist (formoterol) + inhalation GCS
(budesonide)). Six patients occasionally used short-
acting bronchodilators during the observation period,
but in all cases, these drugs (ipratropium bromide and
fenoterol hydrobromide) were withdrawn 3-4 days
before the study. Patients with diabetes mellitus were not
included in the study.

Clinical and demographic characteristics of patients
are presented in Table 1.

HRV was studied using the Poly-Spectrum-Rhythm
software module (Poly-Spectrum-8/E (Russia)). Short-
term (five-minute) electrocardiogram recordings in the
supine position of the patient were evaluated [10].

HRV was recorded in a state of complete rest. Before
the exam, the patients were lying down for ten minutes.
Then HRV data were recorded in the supine position.
Time-series analysis was evaluated by the following indi-
ces: SDNN — standard deviation of all analyzed R-R
intervals, pNN50 (%) — the percentage of consecutive
NN intervals; RMSSD (ms) — the root mean square of
differences of the values of successive pairs of NN inter-
vals. Changes in RMSSD and pNN50 were used to assess
the parasympathetic nervous system shift. The minimum
and maximum R-R interval (R-R min and R-R max) were
also determined.

To assess the tension of regulatory systems, we evalu-
ated the stress index (SI) and tension index (TI). TT was
calculated as follows [11]:

TI = AMo/Mo x 2 x (R-R max — R-R min)

Spectral Analysis was used to determine the contri-
bution of periodic components to the changes in heart
rate (TP — the total power of the HRV spectrum; LF/
HF — the vagosympathetic balance ratio; ULF% —
ultra-low-frequency component of variability as % of the
total oscillation power; VLF % — very low-frequency

component of variability as % of the total oscillation
power; LF % — low-frequency component of variability
as % of the total oscillation power; HF % — high-fre-
quency component of variability as % of the total oscil-
lation power) [10].

PFT was performed according to the generally
accepted technique on the SPIROSOFT FUKUDA
3000 device (Japan).

SpO, was assessed using laser Doppler flowmetry
(LDF) with spectral analysis of blood flow fluctuations
using the LAKK — OP device.

The plasma level of the N-terminal fragment of brain
natriuretic peptide (NT-proBNP) was evaluated using
ELISA (NT-proBNP, Bio-medica, Slovakia). The data
obtained were reported in fmol/ml. For the methods
used, a concentration of 150 fmol/ml was considered the
upper limit for NT-proBNP.

The results are presented as Me [Q25; Q75], where
Me is the median, Q25 and Q75 are 25th and 75th per-
centiles, respectively. Data were processed using the STA-
TISTICA 10.0 software. When analyzing the results of
independent samples, we used the Mann—Whitney test
(estimation of quantitative indices) and the Fisher exact
test (for qualitative indices). The differences between
studied groups were considered significant at p < 0.05.

Results

There was a significant decrease in the following
parameters in patients of the main group: SDNN, ms
(33.5 [19.0; 47.0] vs 35.0 [27.0; 55.0]), CV % (3.1 [2.0;
5.1] vs 3.8 [2.7; 5.6]) and TP, ms? (1,185.0 [520.0; 1,863.0]
vs 1,364.0 [750.0; 3,312.0]), in comparison with the con-
trol group patients. This may suggest the predominance
of the sympathetic nervous system effects in comorbid
patients. A significant low pNN50% value (1.1 [0.0; 5.6]
vs 2.7 [0.9; 14.4]) in the group of patients with CHF and
COPD indicates a decrease in the activity of the para-
sympathetic nervous system.

The significant predominance of the sympathetic
nervous system activity in the 1st group, compared to the
2nd group, contributes to the tension of regulatory sys-
tems, which is confirmed by a significant increase in SI,
e (229.7 [96.7; 528.5] vs 138.9 [79.3; 265.1]), and TI,
cu. (161.7 [81.4; 435.1] vs 134.8 [58.9; 220.7]). Results
are shown in Table 2.

The assessment of HRV in the study groups revealed
a significant increase in the incidence of patients with
hypersympathicotonia (51% vs 34.5%). The obtained
data confirm the predominance of sympathetic nervous
system activity in the patients of the main group and,
consequently, the tension of regulatory systems, along
with a decrease in the activity of the parasympathetic
nervous system. Results are shown in Table 3.
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Table 2. Indicators of heart rate variability of the patients in the study

| Indicator | 1% group (CHF+COPD) Group 2 (CHF isolated) P
SDNN, ms 33,5 [19,0; 47,0] 35,0 [27,0; 55,0]* p <0,05
SDNN <50, n (%) 73,3% 70,0% p >0,05
CV, % 3,1 2,055,1] 3,8 [2,7; 5,6]* p <0,05
TP, ms* 1185,0[520,0;1863,0] 1364,0[750,0; 3312,0]* p <0,05
LF/ HF, w.e. 0,7 [0,48;1,3] 0,8 [0,5; 1,3] p >0,05
ULF, % 15,4 [9,4; 26,5] 18,4 [8,2; 31,9] p >0,05
VLE, % 13,8 [9,0; 26,8] 17,2 [9,7; 28,6] p >0,05
LF, % 23,9 [17,8; 33,0] 25,6 [18,0; 33,4] p >0,05
HF, % 35,8 [18,4; 51,3] 28,9 [15,7; 46,0] p >0,05
(SI), u.e. 229,7 [96,7; 528,5] 138,9 [79,3; 265,1]* p <0,05
pNN50, % 1,1 [0,0; 5,6] 2,7[0,9; 14,4]* p <0,05
RMSSD, ms 25,0 [13,0; 59,0] 22,0 [15,0; 49,0] p >0,05
RMSSD <20, n (%) 40,3% 34,6% p >0,05
IN, c.e. 161,7 [81,4; 435,1] 134,8 [58,9; 220,7]* p <0,05

Notes: * Differences between groups are significant (p <0,05). SDNN is the standard deviation of all analyzed R — R intervals; CV % — coefficient of variation; TP — total power of
HRV spectrum; LF/HF — vagosympathetic balance coefficient; ULF% — ultra-low-frequency component of variability in% of the total oscillation power; VLF% — very low-frequency
component of variability in% of the total oscillation power; LF% — low-frequency component of variability in% of the total oscillation power; HF% — high-frequency component of
variability in% of the total oscillation power; ST — stress index of regulatory systems; pNN50,% — percentage of consecutive NN intervals; RMSSD — square root of the mean square of

the differences in the values of consecutive pairs of NN intervals; IN — stress index

Table 3. The background state of the autonomic nervous system

Type of vegetative tone | Group 1 (CHF+COPD) Group 2 (CHF isolated) P
Wagotonia (IN <30), % 9,0 16,3 p >0,05
Eutonia (IN=30-90), % 27,3 27,4 p >0,05
Sympathicotonia (IN=90-160), % 12,7 21,8 p >0,05
Hypersympathicotonia (IN >160), % 51 34,5% p <0,05

Notes: *p <0,05

In patients with CHF and COPD, significant correla-
tions were established between VC % and TI, c.u., (r =
-0.27; p <0.05); VC % and SDNN, ms (r = 0.24; p < 0.05);
VC % and CV % (r = 0.20; p < 0.05); VC % and RMSSD,
ms (r = 0.26; p < 0.05); VC % and ULF % (r = —0.28;
p < 0.05). Significant correlations were also revealed
between FEV /FVC % and VLF % (r = —0.19; p < 0.05),
FEV /FVC % and LF % (r = 0.20; p < 0.05). These cor-
relations indicate a reliable relationship between the
main HRV and PFT parameters. The activation of the
sympathetic center of the medulla oblongata, which has
a vasoconstrictive and cardiostimulating effect, could
be closely associated with an increase in the degree of
airway obstruction.

Blood oxygen saturation also significantly corre-
lated with an increase in the activity of the sympathetic
nervous system. Significant correlations were revealed
between SpO,% and VLF % (r = 0.16; p < 0.05), SpO,%
and LF % (r = 0.19; p < 0.05).

CHF progresses with airway obstruction and increas-
ing hypoxia, as evidenced by the significant correla-
tion between NT-proBNP level, fmol/ml, and SI, c.u.
(r = 0.35; p < 0.05), NT-proBNP, fmol/ml, and T1I, c.u.
(r = 0.30; p < 0.05), NT-proBNP, fmol/ml, and SDNN,

ms (r = —0.32; p < 0.05), NT-proBNP, fmol/ml, and CV %
(r = -0.28; p < 0.05), NT-proBNP, fmol/ml and TP, ms?
(r = -0.36; p < 0.05), NT-proBNP, fmol/ml, and VLF %
(r = 0.34; p < 0.05), NT-proBNP, fmol/ml, and RMSSD,
ms (r = —0.23; p < 0.05).

A multivariate regression analysis was performed
to determine the contribution of the PFT parameters,
SpO, and NT-proBNP in the development of HRV dys-
function. The data are presented in Table 4.

According to the results of the multivariate regres-
sion analysis, VC % (p < 0.05) contributes the most to
the development of autonomic dysfunction (LF/HF).
The degree of influence of VC % on LF/HF was 40%.

Based on the data obtained, it can be assumed that
the progression of bronchial obstruction in patients
with CHF and COPD significantly changes the vegeta-
tive balance due to the predominance of the sympathetic
activity.

A significant effect of blood NT-proBNP on VLF
% was also revealed. The degree of influence of blood
NT-proBNP on VLF % was 40%. Accordingly, a high
level of NT-proBNP, indicating the CHF progression,
significantly changes the vegetative balance causing
hypersympathicotonia.
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Table 4. Multivariate regression analysis of the influence of the parameters of HRV, SpO,, NT-proBNP on HRV parameters

Indicator | B | b | t(95) | P |
M SE M SE
member 385,06 219,80 1,75 0,08
SDNN, ms
SpOZ,% -0,25 0,14 -4,37 2,39 -1,82 0,07
NT-proBNP, fmol /ml -0,23 0,13 -0,03 0,02 -1,77 0,08
member 46,04 27,56 1,67 0,10
CV, % SpOz, % -0,25 0,14 -0,55 0,30 -1,83 0,07
FEV /FVC, % 0,32 0,17 0,15 0,08 1,79 0,07
member 2590,38 12329,84 0,21 0,83
TP, ms?
NT-proBNP, fmol /ml -0,24 0,13 -2,21 1,23 -1,80 0,07
member -3,88 8,35 -0,46 0,64
LF/ HF, u.e.
VC, % -0,40 0,19 -0,02 0,01 -2,06 0,04*
member -156,41 95,06 -1,64 0,10
VLE, % SpO,, % 0,25 0,13 1,93 1,03 1,86 0,06
NT-proBNP, fmol /ml 0,40 0,12 0,03 0,00 3,21 0,002*
member 530,70 403,00 1,31 0,19
RMSSD, ms
JKEJL, % 0,34 0,18 1,06 0,58 1,81 0,07

Notes: * p <0,05, SE — is the standard error; p — is the standardized equivalent of the coefficient b; b — is the regression coefficient; p — is the exact value for each regression coefficient,

member — constant

Discussion

The results of the study can be explained by morpho-
logical changes in the myocardium after acute myocar-
dial infarction with the formation of denervated areas
and a secondary violation of the autonomous regulation
of heart rhythm, an increase in catecholamines, as well
as the progression of hypercapnia and hypoxia [5, 12].

Complex pathogenetic interactions create a vicious
circle with an increased cardiac load and aggravation of
CHE. Hypoxemia, hypercapnia, and acid-base imbal-
ance increase the electrical heterogeneity of the myocar-
dial tissue that can lead to life-threatening arrhythmias.
Hypoxemia is an important factor in the pathophysiology
of autonomic neuropathy and is considered the main cause
of autonomic dysfunction, manifesting in the hyperactiva-
tion of the sympathetic nervous system [5, 13].

A significant increase in the stress index and tension
index of regulatory systems, as well as hypersympathi-
cotonia revealed in patients with CHF and COPD are
independent predictors of the risk of sudden death and
general mortality. In turn, a sharp decrease in PNN50
(which is determined by the predominant effect of the
parasympathetic system) indicates a decrease in vagal
activity and imbalance of autonomic influences on the
sinus rhythm, which is an unfavorable sign and cor-
relates, the same as SDNN, with an increased risk of
sudden death [5, 7,9, 14].

Reliable correlation between HRV parameters and
blood oxygen saturation, parameters of PFT, and plasma
NT-proBNP level confirms the inextricable relationship
between pathophysiological changes occurring in con-
comitant CHF and COPD.

Hypoxia and hyperactivity of the sympathetic ANS
trigger vasoconstriction, which exacerbates CHF and
leads to complications that contribute to an unfavorable
outcome in comorbid patients.

Due to the increase in airway obstruction, signifi-
cantly lower blood oxygen saturation, decreased heart
rate variability, and the predominance of hypersympath-
icotonia, patients with CHF and COPD are more diffi-
cult to manage than patients with isolated CHF; and they
have a higher risk of sudden death from cardiovascular
complications.

Conclusions

1. Significantly lower values of heart rate variability
were observed in patients with CHF and COPD com-
pared with patients with isolated CHE The hypersym-
pathicotonic type of autonomic regulation was signifi-
cantly more common in the group of patients with CHF
and COPD compared with patients with CHF without
COPD.

2. Reliable correlations between HRV and PFT param-
eters, SpO, and blood NT-proBNP level were established
in patients with CHF and COPD. An increase in the
activity of the sympathetic nervous system in patients
with CHF and COPD is accompanied by an increase in
the blood NT-proBNP concentration, a decrease in the
pulmonary function and blood oxygen saturation.

3. Multivariate regression analysis showed that VC
and the blood level of NT-proBNP contribute the most
to the development of autonomic dysfunction in patients
with CHF and COPD.
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Anemia in Patients with Axial
Spondyloarthritis is Not Associated
with an Increase of Arterial Stiffness
and Intima-Media Thickness
(Results of a Single-Center
Cross-Sectional Study)

Pesiome

Llenb — n3yyeHvie nokasaresiei pUrngHoCT1 COCYANCTON CTEHKM U CYOKIMHUYECKOro aTepock/eposa y NaLMeHToB C akcua/lbHbIMU CMIOHAWI0apTpU-
TaMu (akcCnA) 6e3 KAMHWUYECKU MaHUGECTHOM KapAVOBaCKYIAPHO MaToONOMMK B 3aBUCUMOCTH OT Ha/MYMs aHeMun. MaTepuan u MeToabl. Bkato-
yeHbl 102 naumeHTa c akcCnA, Bospact — 37,7+9,8 net, AnnTenbHocTb akcCnA — 13,5+8,7 sieT, 66 (64,7%) My»uuH. PaccumTaHbl nHgekcel BASDAI,
ASDAS-CPB, nccnefoBaHbl reMorpamMma, CKopocTb oceaanus sputpountos (CO3), yposeHb C-peakTusHoro 6enka (CPB). ViccnepgosaHue napame-
TPOB apTepuasbHOM PUrMAHOCTY MPOBOAUAN MeToAaMu ocuuanorpadum u potonaeTnsmorpadum, oLeHKa TO/LLMHbBI KOMM/IEKCa UHTMMa-Meamna
(TKMM) ocywiectensiim B xo4e y/bTPasByKOBOrO UCCEA0BAHWA B B-pexuMe COrnacHoO CTaHAapTHbIM NPOTOKoNaM. PesynbTaTsl. B xoge aHanmsa
CBOWCTB NY/IbCOBOW BOJIHbI CTaTUCTUYECKM 3HAUMMBIX Pa3/IMuMiA MOKasaTenen pUrMgHOCTU COCYANCTON CTEHKM Yy naumeHToB akcCnA ¢ HaaMumem
1 6€3 aHeMUYECKOro CUHAPOMA He O6HapYXeHO. Y NaLMEHTOB C aHEMMEN CKOPOCTb PacnpOCTPaHeHUs My/IbCOBOM BO/HbI B aopTe (PWVao) coctasuna
7,4+1,5 m/c, nHaekc ayrmenTaumm B aopte (Aix-ao) — 19,1£13,7%, uHgekc wectkocTu (SI) — 8,2+1,7 M/c, y naymeHTos 6e3 aHemun — 7,4+1,4 m/c,
17,3+10,6% v 8,8+2,0 M/c, cooTBeTcTBEHHO (p >0,05 a/1a BCex). CpegHue 3Hauyenna TKMM y nauueHToB ¢ aHemueit coctasuam 0,70+0,13 cmM, y na-
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umeHToB 6e3 aHemun — 0,73+0,16 (p >0,05). Mo pesynbTaTaM KOPPENALMOHHOIO aHasM3a yCTaHOB/IEHbl B3aUMOCBA3N Mexay Aix-ao, PWVao, SI,
TKWM v Bo3pacTom naumeHTos (r=0,488, r=0,516, r=0,289, r=0,461, cooTBeTCTBEHHO, p <0,05), B3anMocBA3M Mexay Aix-ao, PWVao v KAMHUYeCKuM
MHAEKCOM aKTuBHOCTM BASDAI (r=0,243, r=0,253, cooTBeTcTBeHHO, p <0,05). BbisiB/ieHbl B3aMMocBa3mn Mexay PWVao u Aix-ao (r=0,442, p <0,001),
SI (r=0,273, p=0,011) n TKUM (r=0,236, p=0,034). 3akntoueHue. B xoae HaCTOALErO UCCIEA0BAHUSA He MOATBEPKAEHO OTPULATE/IbHOE BAMAHME
aHeMUW Ha MoKasaTesIn PUrMAHOCTU COCYANCTON cTeHKkM u TKUM y naumeHToB ¢ akcCnA. MNonaraeM, 4To 3TO CBA3AHO C NOTEHLMa/bHLIM NPOTEK-
TUBHBIM 3 EKTOM aHeMUM, 06YCNOB/IEHHBIM O6LLEN3BECTHBIMU NAaTOGU3NONOrMYECKUMU NATTEPHAMU — CHUMKEHNEM BA3KOCTU KPOBU U MHAYKLMEN
CUHTe3a oKcuga asoTa. TpebyeTca ganbHellee U3yyeHne B3aMMOCBA3eN MeX Ay YPOBHEM reMor/061Ha 1 MapkepaMmu SHA0TE/IMaIbHOM AUCPYHKLUN
y nauneHTOoB C BOCMainTe/ibHbIMU 3a60l]eBaHVIiIMI/I MO3BOHOYHUKA.

KnroueBbie cn10Ba: aHemus, 2eM02106UH, amepocKAepo3, apmepuanbHas puudHOCMb, MOAUUHA KOMNAEKCa UHMUMa-MeAUa, aHKUAO3UPYIousull
CNOHOUNUM, aKCUaNbHbIl cnoHounoapmpum
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Abstract

Aim: to study parameters of arterial stiffness and subclinical atherosclerosis in patients with axial spondyloarthritis (axSpA) without clinically manifest
cardiovascular pathology depending on the presence of anemia. Material and methods. 102 patients with axSpA (mean age — 37.7+9.8 years, axSpA
duration — 13.5+8.7 years, 66 (64.7%) men) were included. The BASDAI index and C-reactive protein (CRP)-based ASDAS score were measured, the
hemogram, the erythrocyte sedimentation rate (ESR), and the level of CRP were studied. Parameters of arterial stiffness were studied by oscillography
and photoplethysmography, intima-media thickness (IMT) was evaluated by B-mode ultrasound according to standard protocols. Results. During
analysis of pulse wave properties, no statistically significant differences in parameters of vascular wall stiffness were found in axSpA patients with and
without anemia. Aortic pulse wave velocity (PWVao) in patients with anemia was 7.4%1.5 m/sec, aortic augmentation index (Aix-ao) was 19.1+13.7%,
stiffness index (SI) was 8.2+1.7 m/sec; in patients without anemia — 7.4+1.4 m/sec, 17.3+10.6% and 8.8+2.0 m/sec, respectively (p >0.05 for all). IMT
in patients with anemia was 0.70+0.13 cm, in patients without anemia — 0.73+0.16 cm (p >0.05). Correlation analysis was performed and significant
correlations were noted between Aix-ao, PWVao, SI, IMT and age (r=0.488, r=0.516, r=0.289, r=0.461, respectively, p <0.05); Aix-ao, PWVao and
the BASDAI index (r=0.243, r=0.253, respectively, p <0.05). Significant correlations between PWVao and Aix-ao (r=0.442, p <0.001), SI (r=0.273,
p=0.011) and IMT (r=0.236, p=0.034) were found. Conclusion. The present study did not confirm the negative effect of anemia on vascular wall
stiffness parameters and IMT in patients with axSpA. We consider that potential protective effect of anemia, due to well-known pathophysiological
patterns — a decrease in blood viscosity and the induction of nitric oxide synthesis, plays an important role. Further studies are required to assess
relationship between hemoglobin levels and markers of endothelial dysfunction in patients with axSpA.

Key words: anemia, hemoglobin, atherosclerosis, arterial stiffness, intima-media thickness, ankylosing spondylitis, axial spondyloarthritis
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Aix-ao — aortic augmentation index, axSpA — axial spondyloarthritis, CRP — C-reactive protein, ESR — erythrocyte sedimentation rate, IMCT- intima-
media complex thickness, PWVao — pulse wave velocity of the aorta, SI — stiffness index

Introduction (psoriasis), intestines (Crohn’s disease, ulcerative coli-

Axial spondyloarthritis (axSpA) is a group of chronic  tis), eyes (uveitis), heart and aorta [1]. The development
autoimmune diseases with predominant damage to the  of a chronic autoinflammatory status is considered the
axial skeleton (spine and/or sacroiliac joints), the pos-  main predictor of the early development and progres-
sible involvement of peripheral joints, enthesis, skin  sion of cardiovascular diseases in patients with axSpA.
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The risk of cardiovascular diseases in cases of axSpA
is 1.3-1.5 times higher than in the general population,
while mortality due to unfavorable cardiovascular events
is 20-40% higher than in the general population [2-4].

Anemia is a common comorbid disease in patients
with axSpA [5-7]. Persistent systemic inflammation
underlying the impairment of iron metabolism and
dysfunction of erythropoiesis is also a leading cause
of endothelial dysfunction, increased arterial stiffness,
early development and progression of atherosclerotic
lesions of the vascular wall [8].

A number of studies [9-11] describe increased arte-
rial stiffness in patients with axSpA compared with
healthy individuals. The effect of anemia on the pro-
cesses of vascular wall remodeling and arterial stiffness
parameters is generally understudied, and there are
currently no data on the correlation between anemia
and damage to arterial vessels in patients with axSpA.
In this regard, it is of practical interest to study the
parameters indicating changes in the rigidity of the
arterial wall in patients with axSpA with and without
anemia.

The study objective was to investigate the parameters
of vascular wall rigidity and subclinical atherosclerosis
in patients with axSpA without clinically manifesting
cardiovascular disease, depending on the presence of
anemia.

Materials and methods

The study included 102 patients with axSpA (age —
37.749.8 years, duration of axSpA — 13.5%8.7 years,
66 (64.7%) male subjects) who were hospitalized at the
Regional Clinical Hospital (Saratov) in 2017-2020. Inclu-
sion criteria were the following: compliance with axSpA
criteria of the Assessment of Spondyloarthritis Inter-
national Society, 2009 [12], age 18, signed informed
consent to participate in the study. The study did not
include patients with coronary heart disease (exertional
angina, previous myocardial infarction, chronic heart
failure), uncontrolled arterial hypertension, athero-
sclerotic plaques according to duplex examination of
carotid arteries, chronic kidney disease of stages 3-5,
liver failure, viral hepatitis, HIV infection, tuberculosis,
chronic diseases in acute phase (peptic ulcer, cholecysti-
tis), cancer and lymphoproliferative diseases, and preg-
nant women.

Standard parameters of CBC and blood biochemical
assay, concentration of C-reactive protein (CRP), and
erythrocyte sedimentation rate (ESR) were determined.
Estimated glomerular filtration rate (eGFR) was defined
using the CKD-EPI formula (Chronic Kidney Desease
Epidemiology Collaboration, 2009) [13]. BASDAI (the

Bath Ankylosing Spondylitis Disease Activity Index) and
ASDAS (the Ankylosing Spondylitis Disease Activity
Score) indices using CRP were calculated to determine
the activity of axSpA.

Clinical features of the examined patients are pre-
sented in Table 1. Patients were comparable in age and
disease duration. However, the percentage of female
patients and the number of patients positive for HLA-
B27 were higher among patients with axSpA and anemia.
Patients with anemia more often received therapy with
synthetic and/or biological disease-modifying drugs
in comparison with patients without it. The percentage
of patients receiving non-steroidal anti-inflammatory
drugs and systemic glucocorticoids demonstrated no
statistically significant difference.

Table 1. The main clinical and demographic parameters
and characteristics of drug treatment in patients with
axSpA included in the study

All patients with axSpA
(n=102)
Parameter ‘:’1::1:;: Wl(t: ill;ezr)nia p
N(II;SS (;)n Mi(S‘yD /n
*%) i

Age, years 37,0+9,6 38,5+10,0 0,454
Men 40 (80) 26 (50) 0,002*
Duration of axSpA, years 14,0£8,2 12,949,2 0,521
HLA-B27 positivity 19 (38) 32 (62) 0,04*
Smokers 16 (32) 18 (35) 0,468
BMI, kg/m? 24,8+6,4 24,8+4,9 0,97
Obesity 10 (20) 8 (15) 0,774
Total cholesterol, mmol/L 4,8+1,0 4,8+0,9 0,843
eGFR, ml/min/1.73 m? 88,4+14,7 86,6+17,8 0,579
Arterial hypertension 18 (36) 14 (27) 0,323
BASDALI points 4,7%2,2 5,6+2,1 0,038*
BASDAI >4 25 (52) 38 (81) 0,003*
ASDAS-CRP, points 3,2+1,0 3,8+1,0 0,004*
‘:ggig:ggﬁ 332211/ 39 (78) 46 (88) 0,015*
Therapy of axSpA

NSAIDs 46 (92) 49 (94) 0,713
Glucocorticoids 21 (42) 31 (60) 0,075
DMARSs, including: 24 (48) 35 (67) 0,048*
Methotrexate 8 (33) 9 (26) 0,844
Sulfasalazine 6 (25) 22 (62) 0,001*
Methotrexate + sulfasalazine 2 (8) 1(3) 0,614
g/lDeﬁztI:eI:;c:te/sulfasalazme + 3(13) 2(6) 0,675
bDMARDs 5(21) 1(3) 0,109

Notes: axSpA — axial spondyloarthritis, HLA-B27 — human leukocyte antigen-B27,
BMI — body mass index, eGFR — estimated glomerular filtration rate, NSAIDs — non-
steroidal anti-inflammatory drugs, DMARs — disease-modifying antirheumatic drugs,
bDMARDs — biological disease-modifying anti-rheumatic drugs. * — p <0,05
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To assess the rigidity of the vascular wall, the oscil-
lography method was used (TensioClinic arteriograph,
Tensiomed, Hungary) with the calculation of the
aortic augmentation index (Aix-ao), brachial artery
augmentation index corrected for heart rate (Aix-br)
and pulse wave velocity of the aorta (PWVao), as well
as the photoplethysmography method (AngioScan
device, AngioScan-Electronics, Russia) with determi-
nation of the stiffness index (SI) and reflection index
(RI). Intima-media complex thickness (IMCT) of the
right and left common carotid artery was assessed by
ultrasound examination in B-mode using an Acuson
128 XP/100 device according to the standard tech-
nique [14]. Average IMCT was calculated; an increase
in TCIM of 20.9 mm was regarded as a marker of sub-
clinical atherosclerosis.

Statistical analysis was performed using SPSS 26.0 soft-
ware (IBM SPSS Statistics, USA). Checking the distribu-
tion for compliance with the normal law was carried out
using the analysis of histograms and the Kolmogorov —
Smirnov test with Lilliefors correction; the distribution
was considered normal at p> 0.05. To describe normally
distributed quantitative parameters, the mean value and
mean standard deviation (M+SD) were used; to describe
the distribution of parameters different from the normal
distribution, the median, upper and lower quartiles were
defined (Me [Q1-Q3]). To assess the difference in quan-
titative parameters in two independent groups, Student’s
t-test was used with normal distribution of data; the
Mann — Whitney test was used for distribution other
than normal. The Kruskal-Wallis test was used to com-
pare three or more groups. To assess the differences in
categorical variables, the Pearson x* test or Fisher’s exact
test was used. The correlation of two normally distributed
quantitative parameters was studied using the Pearson
method; for distribution other than normal, Spearman’s

method was used. Differences were considered statisti-
cally significant at p <0.05.

This study was approved by the Ethics Committee of
the V.I. Razumovsky Saratov State Medical University of
the Ministry of Health of Russia.

Results

Decreased hemoglobin level in patients with anemia
corresponded to mild anemia in 49 (94%) cases, and to
moderate anemia in 3 (6%) cases. Anemia of chronic
disease (ACD) was revealed in 15 (29%) patients; 29
(56%) had a combination of ACD and iron deficiency
anemia (IDA); in 8 (15%) patients, isolated IDA was
observed. Laboratory and clinical activity of systemic
inflammation, according to the obtained values of
CRP, ESR, BASDAI and ASDAS-CRP indices, was sta-
tistically significantly higher in patients with anemia
(Tables 1, 2).

During the analysis of pulse wave properties, no sig-
nificant differences in vascular wall stiffness indices in
axSpA patients with and without anemia were found
(Table 3). PWVao values above 10 m/s were registered
in 3 (6%) patients without anemia and in 2 (4%) patients
with anemia (p=0.675). Mean SI values in patients with
normal and reduced hemoglobin exceeded the reference
range, while the percentage of patients with increased SI
>8 m/s among axSpA patients with and without anemia
was 56% and 60%, respectively (p=0.714) An increase
in IMCT?of 0.9 mm was observed in 8 (16%) patients
with axSpA without anemia and in 4 (8%) patients with
anemia (p=0.312).

According to the results of correlation analysis, sta-
tistically significant correlations were obtained between
Aix-a0, PWVao, SI, IMCT and the age of patients, between
Aix-ao, PWVao and BASDAI clinical activity index.

Table 2. The main hematological parameters and traditional markers of inflammation in patients with axSpA included

in the study

All patients with axSpA (n=102)

Parameter Without anemia With anemia P
(n=50) (n=52)
M=SD / Me [Q1-Q3] M=SD / Me [Q1-Q3]
Red blood cells, 10'?/L 4,7+0,3 4,2+0,5 <0,001*
Hemoglobin, g/L 138 [134-149] 116 [107-120] <0,001*
Hematocrit, % 42,0+3,6 34,9+2,5 <0,001*
Mean corpuscular volume (MCV), fL 89 [87-95] 84 [78-89] <0,001*
Mean cellular haemoglobin content (MCH), pg 30,5 [29,1-31,9] 27,5 [25,2-30,1] <0,001*
Red cell distribution width (RDW), % 13,5 [12,6-14,2] 15,1 [13,6-17,2] <0,001*
Platelets, 10°/L 249 [218-301] 297 [250-371] 0,001*
ESR, mm/h 10 [6-15] 17 [12-28] <0,001*
CRP, mg/L 9,5 [3,8-15,3] 16,9 [6,7-37,7] 0,003*

Notes: ESR — erythrocyte sedimentation rate, CRP — C-reactive protein. * — p <0,05
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Table 3. The main indicators of arterial stiffness and IMT in patients with axSpA with and without anemic syndrome

All patients with axSpA (n=102)

Parameter Without anemia With anemia P
(n=50) (n=52)
M+SD M+SD
Oscillography
SBP, mm Hg 130,3£16,0 129,1+19,2 0,729
DBP, mm Hg 75,4+12,2 75,0+14,1 0,896
MAP mm Hg 93,7£13,0 93,1£15,4 0,837
PP, mm Hg 54,9+8,3 54,0+9,3 0,608
HR, beat/min 72,1£10,7 73,4+11,3 0,564
SBPao, mm Hg 122,8+19,9 119,9+20,5 0,471
17,3+10,6 19,1+13,7 0,455
Aix-br, % -40,2+20,9 -36,6+27,1 0,455
PWVao, m/sec 7,4+1,4 7,4%1,5 0,99
Photoplethysmography
ST, m/sec 8,8+2,0 8,2%1,7 0,183
RL % 60,6£15,0 54,3+16,7 0,069
Carotid ultrasound
IMT, cm 0,73+0,16 0,70+0,13 0,421

Notes: SBP — systolic blood pressure, DBP — diastolic blood pressure, MAP — mean arterial pressure, PP — pulse pressure; HR — heart rate, SBPao — central systolic blood pressure,
Aix-ao — aortic augmentation index, Aix-br — HR-corrected brachial augmentation index, PW Vao — aortic pulse wave velocity, SI — stiffness index, RI — reflection index, IMT —

intima-media thickness

Table 4. Relationships between Aix-ao, PWVao, SI, TCIM and traditional cardiovascular risk factors, axSpA activity

indices and laboratory parameters

Aix-ao PWVao SI IMT
Parameter

r | P r P r p r | P
Age 0,488 <0,001* 0,516 <0,001* 0,289 0,007* 0,461 <0,001*
axSpA duration 0,199 0,045* 0,156 0,116 0,336 0,002* 0,167 0,135
SBP 0,032 0,752 0,355 <0,001* 0,192 0,077 0,219 0,05
DBP 0,305 0,002* 0,434 <0,001* 0,318 0,003* 0,211 0,059
BASDAI 0,243 0,018* 0,253 0,013* 0,003 0,981 0,179 0,117
ASDAS-CRP 0,075 0,467 0,131 0,204 0,074 0,51 0,069 0,548
Hemoglobin -0,131 0,189 0,024 0,815 0,095 0,386 0,158 0,159
Hematocrit -0,083 0,437 0,17 0,111 0,125 0,289 0,125 0,3
ESR 0,034 0,736 0,129 0,197 0,026 0,811 -0,199 0,077
CRP -0,022 0,834 0,131 0,201 0,103 0,358 -0,106 0,36

Notes: Aix-ao — aortic augmentation index, PW Vao — aortic pulse wave velocity, SI — stiffness index, IMT — intima-media thickness, SBP — systolic blood pressure, DBP — diastolic

blood pressure, ESR — erythrocyte sedimentation rate, CRP — C-reactive protein. * — p <0,05

No correlations between the parameters of vascular wall
stiffness, IMCT and conventional laboratory markers of
inflammation, and hemoglobin level were established
(Table 4). Correlations were found between PWVao and
Aix-ao (r=0.442, p <0.001), SI (r=0.273, p=0.011) and
IMCT (r=0.236, p=0.034).

Discussion

As far as we know, this study is the first one to attempt
to assess the correlation between hemoglobin level and
vascular wall stiffness, subclinical atherosclerosis in

patients with axSpA. The determination of IMCT and
arterial stiffness parameters (their increased values are
associated with the subsequent development of adverse
cardiovascular events) is an important tool for stratifi-
cation of cardiovascular risk and selection of adequate
disease-modifying drugs in patients with axSpA. Data
accumulated to date clearly demonstrate the high inci-
dence of subclinical atherosclerosis among patients with
axSpA. According to the meta-analysis performed by
Yuan Y. et al. [15], IMCT in patients with ankylosing
spondylitis (AS) was statistically significantly higher
than in healthy controls (standardized mean difference
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[95% confidence interval (CI)] = 0.725 [0.443-1.008],
p <0.001). According to a systematic review and meta-
analysis performed by Bai R. et al.[11] with a total of
2,882 subjects (1,535 patients with AS and 1,347 healthy
individuals), a statistically significant increase in
PWVao was revealed in patients with AS compared to
the control group (weighted average difference [95%
CI] = 0.910 [0.464-1.356], p <0.001). IMCT values and
vascular wall stiffness parameters obtained during our
study in patients with axSpA are consistent with litera-
ture data.

However, the objective of this study was to assess
the possible correlation between hemoglobin level and
the presence of subclinical atherosclerosis in patients
with axSpA. At the moment, the role of anemia in the
processes of vascular wall remodeling remains a sub-
ject of discussion, and study results are sometimes
contradictory. On the one hand, it is known that IDA
and ACD are associated with the development of oxida-
tive stress [16], and persistent systemic inflammation
makes an independent contribution to the dysfunction
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of antioxidant systems with underlying overproduc-
tion of reactive oxygen species [17]. The combined
effect of these factors leads to impaired endothelial
function, which is a key pathological pattern underly-
ing the development of atherosclerosis [18]. In a study
performed by Schwarz C. et al,, a negative correla-
tion was demonstrated between hemoglobin level and
PWVao (r=-0.31, p=0.01) in patients on hemodialysis
[19]. At the same time, H. Hsu et al. [20] reported a
positive correlation between hemoglobin concentration
and arterial stiffness in dialysis patients, while hemo-
globin levels >109 g/l were significantly associated with
increased PWVao >10 m/s. A survey of 807 male sub-
jects with and without cardiovascular diseases by Kishi-
moto S. et al. [21] showed that both a decrease and an
increase in hemoglobin, hematocrit and the number of
RBC were associated with impaired endothelial func-
tion, increased brachial-ankle pulse wave velocity
(baPWV ) and IMCT of brachial artery. According to
Kishimoto S. et al., hematocrit 42.0-49.4%, hemoglo-
bin 147-168 g/l and RBC 4.82-5.24x10°/ul are optimal
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Figure 1. Comparison of arterial stiffness parameters and
IMT in patients with axSpA with and without anemia,
depending on gender

a) Comparison of PWVao in patient subgroups

6) Comparison of SI in patient subgroups

8) Comparison of IMT in patient subgroups

Notes: PW Vao — aortic pulse wave velocity (m/sec), SI — stiffness index (m/sec),
IMT — intima-media thickness (cm)
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target levels for adequate endothelial function and state
of vascular wall. A population-based Gutenberg Health
Study (GHS) [22] with a total of 13,724 subjects dem-
onstrated an independent association of higher hema-
tocrit values with increased SI in patients of both gen-
ders; in men, hematocrit was an independent predictor
of increased SI, even in the absence of cardiovascular
factors. A large Chinese study by Sun P. et al. dem-
onstrated similar results [23]: there was a significant
increase in baPWV and Aix-br with increased concen-
tration of hemoglobin and number of RBC. A group
of Japanese researchers [24] obtained data that indi-
cate the potentially protective role of a small decrease
in hemoglobin levels — in female patients with mild
anemia, baPWYV values were lower than in females with
normal and increased hemoglobin levels.

Interestingly, despite the significantly higher inflam-
matory activity of axSpA in patients with anemia
(Tables 1, 2), this study did not reveal significant dif-
ferences between the studied markers of vascular wall
remodeling in comparison with patients without anemia.
The negative effect of highly active systemic inflamma-
tion registered in patients with anemia was probably
partially offset by the relative improvement in blood
rheological properties due to decreased blood viscos-
ity, as well as increased nitric oxide production induced
by hypoxia [25]. Of course, further study of mark-
ers of endothelial dysfunction in patients with axSpA
and anemia is necessary to determine correlation with
parameters of arterial stiffness and subclinical athero-
sclerosis. It is also worth noting that the percentage of
female patients in our study among patients with anemia
was higher compared to patients without anemia, 50%
and 20%, respectively (p=0.002). However, during the
analysis of subgroups by gender, no significant differ-
ences between the parameters of arterial stiffness and
IMCT in men and women depending on the presence of
anemia were found (Fig. 1).

Conclusion

This study could not confirm a correlation between
anemia and vascular wall stiffness, IMCT in patients
with axSpA. It is possible that the decrease in hemoglo-
bin did not lead to a further increase in the rigidity of
the vascular wall due to the potential protective effect of
anemia via well-known pathophysiological patterns —
decreased blood viscosity and induction of nitric oxide
synthesis, which is an endogenous vasodilator and has
a strong antiatherogenic effect. Further study of the
correlation between hemoglobin levels and markers of
endothelial dysfunction in patients with inflammatory
diseases of the spine is required.
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Pestome

BpOHX006CTPYKTUBHDBIV CMHAPOM NpeAcTaB/ifeT coboii HapylueHne 6POHXMabHOM NPOXOAMMOCTU GYHKLMOHAIbHOIO MAK OpPraHMYecKoro npo-
MCXOX/EHUA, KOTOPbI NPOABAACTCA OABILKON, MPUCTYNaMu yaylibsA, KaluneM, Taxukapaueit. Hanbonee pacnpoctpaHéHHbIMU NpUYUHaMU GPOH-
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Abstract

Bronchial obstructive syndrome is a violation of bronchial patency of functional or organic origin, which is manifested by shortness of breath,
suffocation attacks, cough, tachycardia. The most common cause of bronchial obstructive syndrome is chronic obstructive pulmonary disease and
bronchial asthma. In some cases, the cause of bronchial obstruction is tumors or tumor metastases to the lungs. The article describes a clinical case
of bronchial obstructive syndrome, showing that all patients with bronchial asthma, in the absence of an effect from the prescribed adequate basic
therapy, with no control over the disease, should be well examined for an alternative diagnosis. In our case, a thorough examination of the patient
allowed the allergist to diagnose central lung cancer with metastases to the lymph nodes of the mediastinum. A feature of the case is the primary
resistance to tyrosine kinase inhibitors, revealed during a genetic study, which determined the scheme of further polychemotherapy. This clinical case
proves the need for differential diagnosis, with a comprehensive approach and the use of various examination methods.

Key words: bronchial asthma, bronchial obstruction syndrome, tyrosine kinase inhibitors, non-small cell lung cancer, epidermal growth factor receptor
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TKI — tyrosine kinase inhibitors, VC — vital capacity, FEV, — forced expiratory volume in one second

Introduction

Bronchial obstructive syndrome is a complex of
symptoms associated with impaired bronchial patency
of functional or organic origin. The most common com-
plaints in bronchial obstruction are: dyspnea, asthma
attacks, productive or unproductive cough, and tachy-
cardia [1].

According to literature data, bronchial obstructive
syndrome is a challenging diagnosis that combines a het-
erogeneous group of diseases and a variety of risk fac-
tors, prognosis and treatment methods [2].

Chronic obstructive pulmonary disease and bron-
chial asthma are the most common causes of bronchial
obstructive syndrome [3]. One of the common causes
of bronchial obstruction is tumors or their metastases
in the lungs. Most lung cancers are known as primary
tumors, which include carcinomas that originate from
epithelial cells. The clinical picture of lung cancer during
physical examination in most cases manifests itself in the
late stages. The earliest signs of a lung tumor are: per-
sistent cough (can be either unproductive or produc-
tive), dyspnea (inspiratory or mixed) without chest pain,
hemoptysis, general weakness, and fatigue [4].

In clinical practice, computed tomography is used to
diagnose lung cancer. Morphological verification of the
diagnosis is performed using fibrobronchoscopy with
biopsy, which allows diagnosing central lung cancer in
the absence of X-ray signs [4].

Both standard chemotherapy regimens and targeted
drugs — 1Ist and 2nd generation EGFR tyrosine kinase
inhibitors (TKI) (Gefitinib, Erlotinib, Afatinib) — are
used to treat patients with non-small-cell lung carcinoma.
In 60% of cases, resistance occurs after 8—12 months of

using these drugs. For this reason, tyrosine kinase inhib-
itors are prescribed as second-line therapy. If a mutation
in the EGFR gene is detected during molecular genetic
research prior to the prescription of TKI, resistance is
regarded as primary. The T790M mutation (replacement
of the amino acid residue of threonine with methionine
at position 790) makes TKI use ineffective [5].

Case report

We present a clinical case from the Department of
Allergology of the Regional Clinical Hospital in Kras-
noyarsk. Patient H., 58 years old, was referred to an aller-
gist at the Regional Clinical Hospital to clarify the diag-
nosis in November 2018 with complaints of paroxysmal
cough in the morning with difficulty to discharge mucus
sputum and following hoarseness, occasional feeling of
heaviness, chest congestion, wheezing, inspiratory dys-
pnea when climbing stairs up to the 2nd floor.

The first symptoms appeared after emotional stress in
November 2017. Patient took acetylcysteine on her own.
She did not have nocturnal symptoms of suffocation;
she did not use bronchodilators. She was examined by a
local allergist in January 2018. According to the medical
history, the patient’s maternal grandfather suffered from
bronchial asthma. Patient does not smoke. During the
last four years, a paroxysmal unproductive cough was
noted upon contact with household chemicals. During
the last 1.5 years, a dry paroxysmal cough was noted after
a viral infection. History of allergy to beta-lactam anti-
biotics (anaphylactic shock and urticaria). The patient
lives in a panel building, sleeps on a polyester pillow, has
a dog.
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Spirometry and bronchodilator test results, dated
January 31, 2018: vital capacity (VC) was 101%; forced
expiratory volume in 1 second (FEV1) — 89%; FEV1/
VC) — 86; test with salbutamol 400 mg — negative,
increase in FEV1 — by 2%. Conclusion: external respi-
ration function within normal. Scarification tests were
performed with household, epidermal and pollen aller-
gens. Sensitization was not detected. Based on the clini-
cal picture, medical history, physical examination and
further investigations, non-allergic bronchial asthma
was diagnosed first. Controller medications were pre-
scribed: beclomethasone / formoterol 100/6 ug, 1 inhala-
tion twice a day; salbutamol 100 pg, 1-2 inhalations on
demand in case of suffocation. Despite the therapy, epi-
sodes of labored breathing persisted, as well as dyspnea
at moderate physical exertion; episodes of dry cough
became more frequent; wheezing labored breathing
appeared at night, and hoarseness of the voice was noted;
a decrease in body weight (four kg loss in two months)
was observed with preserved appetite.

In October 2018, the patient was repeatedly attended
to by an allergist at a local outpatient clinic. According
to the data of thyroid ultrasound and chest X-ray, no
abnormality was revealed. The patient was prescribed
the following treatment: ipratropium bromide/fenoterol
1 ml four times a day via a nebulizer, methylprednisolone
4 mg — three tablets per day for seven days, montelukast
10 mg at night. During therapy, the frequency of asthma
attacks decreased, but coughing, wheezing, and hoarse-
ness persisted. Due to the lack of monitoring the symp-
toms of bronchial asthma, she was referred for consulta-
tion with an allergist at the Regional Clinical Hospital
in Krasnoyarsk and was hospitalized on November 21,
2018, in the Allergology Department for symptom man-

agement and controller medication adjustment.

Physical examination findings: at auscultation —
harsh breathing is conducted over all pulmonary fields,
rales are not heard, respiratory rate is 21 per minute,
Sa0, 97%. Laboratory findings were within normal
limits. Spirometry and bronchodilator test revealed
mixed dysfunction of external respiration: VC —
53-75%; FEV1 —47-50%; FEV1/VC — 73-77; broncho-
dilation test (salbutamol 400 pg) negative, increment —
3%. Chest X-ray in two projections: the pulmonary
fields are characterized with increased pneumatization,
without shadowing, the pulmonary pattern is diffusely
strengthened, the roots are structural, the mediastinal
shadow is not displaced, the aorta is compressed, elon-
gated, the interlobar pleura is densified on the right. The
diaphragm contour is clear, even, the sinuses are free
(Fig. 1).

Despite the presence of allergic history, respiratory
symptoms, dysfunction of external respiration with a
moderate decrease in VC, a negative bronchodilation
test, and the absence of the effect of the prescribed
therapy required further investigations. Tracheobron-
choscopy revealed bilateral diffuse moderate bronchi-
tis with mild hypersecretion. Deformation of the right
middle lobe and lower lobe bronchi. A biopsy of the
middle lobe and lower lobe bronchi was conducted
(Fig. 2).

On November 30, 2018, multislice computed tomog-
raphy (MSCT) of the chest was performed, mass lesion
in the root of the right lung, measuring 30.2 x 33.8 x
42.5 mm, with cord-like tuberous contours was defined.
The lobe bronchi are compressed due to the lesion, the
stump of the middle lobe bronchus is determined. In the
right middle lobe, signs of lymphangitic carcinomatosis
are determined. Mediastinum structures are preserved,
not displaced. No enlarged lymph nodes. There is no

Figure 1. Radiography
of chest organs in

2 projections dated
23.11.2019.

a) direct projection,

b) lateral projection
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pleural effusion. Pericardial effusion, pericardium thick-
ness is 27.4 mm (Fig. 3).

When examined by an otorhinolaryngologist, no
abnormality was detected. Three-fold cytological exami-
nation of sputum did not reveal Mycobacterium tuber-
culosis. Histopathological examination of the bronchus
showed gland-like structures representative of bronchial
adenocarcinoma. The patient was diagnosed with cen-
tral cancer of the right lung. The patient was referred
to an oncologist at the A. I. Kryzhanovsky Krasnoyarsk
Regional Clinical Oncology Center (KRCOC).

In April 2019, the patient was diagnosed with stage
IITa (T3NxMO) central cancer of the right lung. Defor-
mation of the right middle lobe and lower lobe bronchi.
Mediastinal lymph node metastases. The EGFR+ muta-
tion was detected at the KRCOC during the cytogenetic
examination of the lung biopsy specimen, the T790M
mutation, ALK — negative. Therefore, the patient has
primary resistance to tyrosine kinase inhibitors. Accord-
ing to the histological conclusion, a polychemotherapy
course was prescribed in the EC regimen (Etoposide and
Cisplatin).

Figure 3. MSCT of thoracic organs dated 30.11.2018

Discussion

The incidence of lung cancer has increased dramati-
cally in many countries around the world in recent years.
More than 1.2 million new cases of lung cancer are
reported annually in the world. In Russia, lung cancer
also ranks Ist among oncological diseases, account-
ing for 12% of cases. Central lung cancer accounts for
60-80% of all cancer cases [6, 7]. Incidence statistics are
sex-related. In men, lung cancer is the most common
cancer and accounts for 16.7% of all cases. In women, it
is significantly lower and amounts to 8.8% [7].

Among the risk factors for central lung cancer, smok-
ing ranks first — 79.1%, and followed by occupational
hazards (metal processing — 8.3%; chemical produc-
tion — 5.6%, etc.) [8]. Therefore, primary care physicians
should be less stereotypical about the central lung cancer
diagnosis and suggest this disease in such cases.

The early clinical symptom in patients with cen-
tral lung cancer is cough: according to the literature, it
occurs in up to 70% cases. The second most common
symptoms are chest pain (38%) and dyspnea (37.9%)
[8]. In this case, cough upon contact with chemicals in
the patient appeared four years before the diagnosis was
established. However, since the above-described stereo-
type and characteristic medical history data (grandfather
with BA, allergic history), BA appeared to be a more suit-
able diagnosis.

Current difficulties in central lung cancer diagnosis
are also associated with the predominance of its peri-
bronchial form, which, for a long time, does not cause
significant narrowing of the bronchus lumen or its
obstruction [6]. In this case, clinical signs of bronchial
obstructive syndrome appeared 1.5 years before the
diagnosis. The presence of bronchial obstructive syn-
drome and the absence of the effect of the BA controller
medications made it possible to doubt the earlier diag-
nosis. Further investigations (tracheobronchoscopy
and chest MSCT) revealed signs of central lung cancer.
The patient was referred to an oncologist for further
treatment.

Conclusion

The presented clinical case suggests that all patients
with bronchial asthma, if the prescribed treatment has
no effect and without monitoring the disease, should
be carefully examined for an alternative diagnosis. The
described clinical case proves the need for differen-
tial diagnosis with an integrated approach and the use
of various examination methods. The clinician should
remember that bronchial tumors are a common cause
of persistent bronchial obstructive syndrome. The focus
should be on the fact that cancer must be excluded if the
prescribed controller medications are ineffective.
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PesoMe
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Abstract

Infective endocarditis of the native mitral valve with multiple cardioembolic cerebral infarctions and myocardial infarctions against the background of
a severe new coronavirus infection caused an unfavorable outcome in a young woman. The reasons for this were both the late diagnosis of IE (untimely
performance of transthoracic echocardiography) and the synergy of the pathogenetic mechanisms of two serious diseases, which was most clearly
manifested in the development of hemorheological disorders, damage to the myocardium, lungs and brain.
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The novel coronavirus pandemic declared by WHO  section, febrile fever appeared. Ceftriaxone injections,
on March 11, 2020 [1] made us focus on the state of 4 g/day, were prescribed and an improvement in overall
the cardiovascular system in SARS-CoV-2 patients [2].  well-being and relief of fever were noted. A week later,
The most frequently discussed and obviously most sig-  the patient noted febrile fever with chills again, as well
nificant cardiovascular disorders are acute coronary  as dyspnea during normal physical exertion; cefepime
syndrome, diffuse myocarditis and acute myocardial 4 g/day was prescribed and body temperature returned
damage [2, 3]. These conditions are caused by coagula-  to normal. Nasal and throat swabs for COVID-19 were
tion dysfunction, endothelial damage, exposure of the  negative. Deterioration of the condition on the day of
myocardium to the virus, pro-inflammatory cytokine  admission: weakness increased sharply, dyspnea at rest
release, hypoxia, stress, and other factors [3]. There  appeared. Chest computed tomography (CT) was per-
is no information and evidence of specific COVID-  formed, bilateral pneumonia, 25-35% lung involvement,
19-mediated endocardial damage. There are few data  bilateral pleural effusion were detected, pulmonary
on other types of endocardial damage, in particular, infarction could not be excluded.
the incidence of infective endocarditis (IE) during the The patient’s state at admission was severe. Oxygen
SARS-COV-2 pandemic [4]. Cases of IE during this  saturation (SpO,) 94%. Orthopneic position. Lethargy.
period are presented in the publications mainly as  Pale gray skin. Dense edema and cyanosis of the right
clinical observations [5]. Studies devoted to this issue  lower limb. Muffled, rhythmic heart sounds. At the apex
present data indicating, on the one hand, a decrease in  of the heart, I tone is weakened, systolic murmur radi-
the number of reported cases of IE at the peak of the  ates to the axillary region. II tone accent over a. pul-
pandemic compared to the same previous period, and  monalis. Heart rate (HR) and pulse rate is 100 bpm. BP
on the other hand, a significant increase in in-hospital ~ 110/60 mm Hg. In the lungs, breathing is harsh, weak-
mortality [6]. IE has an unfavorable prognosis and high ~ ened in the lower parts, no rales. Abdomen is soft, non-
mortality [7] even in the absence of concomitant dis-  tender. Diuresis rate is reduced. Complete blood count:
eases. The similarity of clinical symptoms of severe viral ~ RBC 3.63 x 10'%/1, HGB 75 g/, PLT 113 x 10°/1, WBC 7.7
(COVID-19) and bacterial (IE) infections, systemic x 10°/1, ESR 31 mm/h. Blood creatinine 225 mmol/l. Tro-
inflammatory response syndrome, late access to medi-  ponins are positive. D-dimer is positive. C-reactive pro-
cal care due to severe restrictions on the movement of  tein (CRP) 175 mg/l. Ferritin 590 pg/l. PCR for COVID-
patients and shifting the focus of the healthcare system 19 at admission is negative. Procalcitonin 0.85 ng/ml.
to the treatment of coronavirus disease are additional =~ Blood cultures for sterility are negative. HIV antibodies

factors contributing to the diagnosis of IE and worsen-  and viral hepatitis markers are negative.

ing of its prognosis and outcomes [8]. Electrocardiography (ECG) findings: focal changes in
In the presented clinical case, left-sided IE with  the myocardium of the left ventricle lower wall. When

embolic syndrome and concomitant severe COVID-  performing echocardiography (EchoCG), akinesia of

19 in a young woman led to an unfavorable outcome. all segments of the lower wall of the left ventricle was

A 34-year-old woman was admitted to the Infec-  detected, ejection fraction (EF) of the left ventricle (LV)
tions Department with complaints of general weakness, = was 36%, pulmonary artery systolic pressure (PASP)
mixed dyspnea at moderate exercise and rest, and fever =~ was 31 mm Hg. In the projection of the anterior cusp
up to 38 °C. She had no previous health problems. Two  of the mitral valve (MV), a hyperechoic formation 1.4 x
months before hospitalization, two weeks after cesarean 1.1 cm in diameter is visualized. According to the duplex
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ultrasound (DU) of the veins of the lower extremities:
iliofemoral deep vein thrombosis on the right. Mag-
netic resonance imaging (MRI) findings: multiple lacu-
nar cerebral infarcts. A gynecologist did not detect any
abnormality.

The diagnosis was: Infective endocarditis of the native
mitral valve with grade 3 mitral regurgitation. 1st degree
pulmonary hypertension.

Coronavirus infection, virus not identified, severe
course.

Complications: CFII B (IV FC) according to the Rus-
sian classification. Acute kidney injury. Acute respiratory
failure. Bilateral pneumonia. Bilateral pleural effusion.
Pulmonary embolism. Multiple lacunar cerebral infarcts.
Myocardial infarction. Ileofemoral DVT on the right.

In the hospital, antibiotics (imipinem + cilastatin
3 g/day), anticoagulants (fraxiparin 0.3 ml twice times
a day) were prescribed, as well as angiotensin-convert-
ing enzyme inhibitors (ACEI), beta-blockers, diuretics,
gastroprotective agents, mucolytics, oxygen therapy and
prone position. Due to bacterial septicemia, steroids and
IL-6 inhibitors were not used.

Temperature returned to normal on the third day,
weakness and shortness of breath persisted. On day 10,
tachycardia (HR 120), hypotension (BP 85/60 mm Hg),
and respiratory failure (RR 26 per minute, SpO, 88%)
progressed. As a result, the patient was transferred to
the intensive care unit. Due to unstable hemodynam-
ics, dopamine infusion at a dose of 12 pg/kg/min (BP on
infusion was 100/60 mm Hg, heart rate — 135 per
minute) was prescribed, and non-invasive ventilation
(NIV) was initiated. SpO, increased up to 90%. The
patient was examined by a cardiac surgeon, conservative
management was recommended, decision on surgery
was delayed until the patient’s stabilization. Repeated
chest CT revealed bilateral interstitial pneumonia, CT
score 3/4 (55-75%), bilateral pleural effusion (Fig. 1).

Repeated throat and nasal swab for COVID-19 was
positive. Respiratory and heart failure increased; cardiac
arrest in the form of asystole occurred, CPR was without
effect. The patient died on the 20th day of hospitalization
(10th day in the intensive care unit).

During pathological examination, the myocardium
weighs 340 g. The endocardium is smooth, shiny and
translucent. On the mitral valve, the overlays are of light
yellow color measuring 0.8 x 0.5 cm in size (Fig. 2).

The myocardium is pale red in color, a bluish area
measuring 2 X 3 cm is determined on the posterolateral
wall of the left ventricle (Fig. 3).

Coronary arteries are not macroscopically altered.
The airness of the lungs is reduced, the density is doughy;
and the incision of the right lower lobe and left upper
and lower lobes showed induration of the tissue of dark
red color — lung infarctions (Fig. 4).

In the brain, multiple lacunar small foci are defined,
measuring from 1 to 1.5 cm in size, flabby, light yellow
in color (Fig. 5).

Histological examination on the mitral valve revealed
fibrin masses with the presence of leukocytes (Fig. 2),
accumulation of microorganisms; in the myocardium,
vacuole and granular dystrophy of cardiomyocytes, foci
of necrosis, areas of young and mature granulation tissue
along the periphery of necrosis are defined (Fig. 3).

—

Figure 1. Computed tomography of a patient’s lungs
(description in text)

Figure 2. Vegetations on the mitral valve (photo) and
histological signs of fibrin application (hematoxylin/eosin
staining)
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In the lungs intra-alveolar edema, multiple pulmonary
infarctions of varying onset time were detected; in the
lumens of the alveoli, there were accumulations of a large
number of hyperplastic desquamated alveolocytes, fibrin
masses, lymphocytes and leukocytes (Fig. 4). Multiple
small foci of necrosis were found in the brain. SARS-
CoV-2 RNA was detected in all the specimens, except for
the spleen: in lungs, bronchi, trachea, and myocardium.
Unfortunately, the cardiac valve specimen was not exam-
ined for the presence of RNA. The pathological diagnosis
was the following:

The primary disease: 1. Infective endocarditis of the
native mitral valve with grade 3 mitral regurgitation.
Ist degree of pulmonary hypertension.

2. Novel coronavirus infection, the virus is identified,

acute exudative phase of diffuse alveolar damage.

Primary disease complications: Multiple cerebral
infarctions in the left hemisphere. Multiple pulmonary
infarctions of varying time of onset. Acute myocar-
dial infarctions (varying periods of onset). Pulmonary
edema. Acute kidney injury in the diuretic phase: acute
tubular necrosis. Bilateral viral pneumonia.

Figure 4. Lung infarcts (macromedicine and
histologicalmedicine)

Figure 3. Left ventricular myocardial infarction Figure 5. Cardioembolic lacunar brain infarcts (on MRT
(macromedicine and histologicalmedicine) and autopsy)
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Discussion

Several aspects of the possible interaction of SARS-
COV-2 and IE in this clinical case should be discussed.

Chronology of Severe Viral and Bacterial Infections

An analysis of the sequence of events (febrile wave-
like fever with chills, negative PCR results at the time of
confirmation of mitral valve IE) suggests the high prob-
ability that IE preceded SARS-COV-2 infection. This is
indirectly evidenced by the large size of vegetations on
the mitral valve and the macroscopic changes in the
valve, which take time to form. The late diagnosis of IE,
not uncommon at other times [7], during the SARS-
COV-2 pandemic is due to the most frequent explana-
tion of any fever by the assumption of this particular
infection [6]. This circumstance meant echocardiogra-
phy was not performed on time, though it was undoubt-
edly indicated and probably would have been performed
at a different time. The simultaneous occurrence of two
diseases is not excluded. There is no doubt that they are
approximately equal in degree to thanatogenesis (pro-
gressive lung damage, multiple thrombosis and myocar-
dial damage characteristic of SARS-COV-2 infection,
and cardioembolic cerebral infarctions in left-sided IE).

The Possibility of Endocardial Damage

and IE Due to Exposure to Coronavirus

The literature has previously discussed the viral etiol-
ogy of IE. Fournier P.E. described a case of recurrent IE
of presumably enteroviral genesis in a four-month-old
baby [9]. However, the viral etiology of IE is justifiably
questioned: the direct cytopathic effect of the virus on
the endocardium and its incorporation into cells has not
been proven. This is particularly why IE is considered an
almost exclusively bacterial infection [7], which, in this
case, is confirmed by microorganisms in the surface layer
of vegetation. Unfortunately, in this specific case, we did
not have methods of morphological verification of pos-
sible viral damage to the myocardium and endocardium
(electron microscopy, immunohistochemistry). Appar-
ently, in this case, the cause of negative blood culture in
IE, as discussed in the literature [7, 10], was the previous
use of antibiotics.

The State of the Coagulation System

and the Use of Anticoagulants

Multiple venous thromboses, damage to the micro-
vascular bed, and signs of systemic hypercoagulation,
observed in this particular case, are characteristic of
novel coronavirus infection, often cause death and
require continuous treatment with anticoagulants [11].
Hypercoagulation and vasculitis are also characteristic
of IE. However, the use of anticoagulants is not recom-
mended for the treatment of IE patients or should be

used with caution for strict indications, primarily due to
the high risk of hemorrhagic stroke. This led to certain
challenges in deciding on the use of this group of drugs.
Hypercoagulation and large vegetations on the mitral
valve contributed to the development of thromboem-
bolic complications of the brain, lungs, and heart.

Synergy of Visceral Lesions and Interpretation of

Their Origin in SARS-COV-2 Concomitant with IE

First of all, severe myocardial damage (significant
decrease in global contractility and widespread impair-
ment of local myocardial contractility, focal ECG
changes) is noteworthy. The possibility of such a lesion
exists both with novel coronavirus infection and with IE,
and an unambiguous interpretation of the predominant
role of either disease in a particular case is difficult even
after morphological examination. Damage to the endo-
thelium and thrombosis of large and small branches of
the coronary arteries are considered a key mechanism
of myocardial damage in SARS-COV-2 infection [11].
In case of novel coronavirus infection, the term “acute
myocardial damage” (AMD) is used to refer to condi-
tions accompanied by symptoms of heart failure, rhythm
and conduction disturbances, hypotension, and tachy-
cardia with significant increase in serum troponins
[12]. Morphologically, this can correspond to diffuse
myocarditis, Takotsubo cardiomyopathy, and coronaro-
genic myocardial necrosis [3, 4, 11]. AMD in COVID-
19 occurs with a frequency of 7 to 45%. It often requires
hospitalization in the ICU and is always a predictor of an
unfavorable outcome [3, 12]. ECG and EchoCG changes
characteristic of myocardial infarction (MI), as well as
an increase in myocardial damage markers can also be
interpreted as a manifestation of coronary embolism in
IE with the development of type 2 myocardial infarction
[12]. However, in this specific case, macroscopic changes
in coronary arteries, as well as microbial emboli in their
lumen were not detected. The role of SARS-COV-2 in
myocardial damage was likely predominant (decrease in
ejection fraction, detection of RNA in the myocardium),
which was one of the reasons to avoid surgical treatment
of IE.

Conclusion

Infective endocarditis of the native mitral valve
with multiple cardioembolic cerebral and myocardial
infarctions and concomitant severe novel coronavirus
infection caused an unfavorable outcome in the young
woman. This was caused by both the late diagnosis of
IE (untimely transthoracic echocardiography) and the
combination of damaging pathogenetic mechanisms of
two serious diseases that mostly affected hemorheology
and damaged the myocardium, lungs and brain.
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Pe3some
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Abstract

The diagnosis and treatment of systemic amyloidosis remains a significant clinical problem for physicians of various specialties. Infectious complications
and sepsis account for up to 8% of deaths in amyloidosis patients. This clinical case describes the development of an initially asymptomatic
monoclonal gammopathy of unclear significance into systemic AL-amyloidosis, which was complicated by the formation of a renal carbuncle after the
first cycles of chemotherapy. There was a significant discrepancy between the severity of the patient’s overall clinical state and changes in laboratory
parameters. There were no objective factors for the ascending spread of urinary tract infection or hematogenous dissemination from other foci, so a

primary bacteremia was assumed.
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Introduction

Amyloidosis is a heterogeneous group of hereditary
and acquired diseases with pathogenesis based on the
deposition of an insoluble fibrillar glycoprotein, amy-
loid, in the extracellular space [1]. There are 36 known
types of human amyloidosis today; their classification
is based on the structure of amyloid fibrils and their
precursor proteins. Structural variants of amyloidosis
are associated with both the systemic and localized
nature of the disease. Amyloidosis types with immuno-
globulin light (AL) or heavy (AH) chains and procalci-
tonin (Acal) as precursors can involve one or multiple
organs in the process of amyloid infiltration [2]. Local-
ized types are much less common than systemic types,
including those in cases of AL amyloidosis [2, 3].

AL amyloidosis, previously defined as primary,
is the most common type of systemic amyloidosis in
developed countries with an incidence of 5-10 cases
per 1,000,000 individuals annually. Its prevalence has

[ ]

been increasing over the past nine years [4, 5]. AL amy-
loidosis is significantly more common in patients aged
over 65, with a slight predominance of male patients.
The relative risk of AL amyloidosis is eight times higher
in patients with plasma cell dyscrasia and asymptom-
atic monoclonal gammopathy of undetermined sig-
nificance (MGUS) [6]. Abnormal clones of plasma cells
that produce nephrotoxic paraprotein are not an exclu-
sive feature of AL amyloidosis. Identification of a non-
malignant clone of B-cell differentiation line generally
defines a group of pathological conditions character-
ized by specific variants of kidney damage — monoclo-
nal gammopathies of renal significance [7, 8].

Amyloid infiltration in AL amyloidosis can affect
almost any organ; however, it mainly affects the heart,
kidneys, liver, spleen, and, to a lesser extent, the gas-
trointestinal tract and nerve fibers, with the exception
of the central nervous system [2, 9]. The clinical pre-
sentation of this disease is usually extremely obscure
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and includes fatigue, weight loss, peripheral edema;
dyspnea and orthostatic hypotension are often found.
Symptoms highly specific for AL amyloidosis include
macroglossia and periorbital purpura (raccoon’s eyes),
which can be observed in 15% of cases and have low
sensitivity [10]. The detection of diastolic myocardial
dysfunction and isolated proteinuria over 0.5 g/day
without objective and common causes, i.e., a long his-
tory of arterial hypertension and/or diabetes mellitus,
enables to include systemic amyloidosis in the differen-
tial diagnosis. The onset of secondary cardiorenal syn-
drome (type 5) is a key stage in the development of a
vicious pathophysiological circle in cases of AL amyloi-
dosis. Therefore, for most patients, myocardial damage
with the development of chronic heart failure, rhythm
disturbances, and amyloid nephropathy with the pro-
gression of chronic kidney disease (CKD) are the most
significant issues in terms of the quality of life and poor
prognosis [11].

The diagnostic algorithm in cases of suspected AL
amyloidosis primarily includes serum or urine immu-
nofixation for paraprotein in order to exclude plasma
cell dyscrasia. Final verification of the diagnosis is
based on morphological examination. The sensitivity
of rectal or gastric mucosa biopsy is about 75-80%, and
it is second only to percutaneous renal biopsy with sen-
sitivity and specificity close to 100%. Subcutaneous adi-
pose tissue (SAT) aspiration is less invasive and is the
most preferred method. Detection of amyloid protein
in subcutaneous fat aspirate in a patient with known
plasma cell dyscrasia is sufficient for the final confir-
mation of the diagnosis of amyloidosis [12, 13]. The
disadvantage of this biopsy site is the impossibility of
typing amyloid fibrils, which does not allow excluding
ATTRwt-amyloidosis without immunohistochemical
examination or laser microdissection. The sensitivity
of SAT aspiration is significantly lower in the presence
of a low “amyloid load” of the whole body [13, 14].

Despite the established correlation between MGUS
and amyloidosis and recommendations for screen-
ing monoclonal gammopathies in risk groups, many
patients are diagnosed with amyloidosis when amyloid
infiltration of the heart and kidneys becomes clinically
significant. Mortality among patients with MGUS is
largely determined not only by the progression of amy-
loidosis but also by the high risk of malignant para-
proteinemias (multiple myeloma, Waldenstrom mac-
roglobulinemia), rapidly progressing coronary heart
disease, and, not least, severe bacterial and viral infec-
tions [15]

In the given clinical case, we describe the history
of the development of AL amyloidosis with underlying
chronic glomerulonephritis with MGUS with the course
complicated by a renal carbuncle of unknown etiology.

Case report

Patient N., female, 62, was urgently hospitalized
in the Internal Medicine Department of a multidis-
ciplinary hospital with complaints of high body tem-
perature of up to 39°C accompanied by shaking chills,
sweating and general weakness.

She considers herself ill since 2016 when she was
diagnosed with chronic glomerulonephritis with severe
urinary syndrome and monoclonal gammopathy of
unknown origin with preserved renal function: glo-
merular filtration rate (GFR) according to CKD-EPI
104 ml/min/1.73 m2

She was followed up by a hematologist and a
nephrologist. On February 14, 2018, she visited the
Treatment and Rehabilitation Center for swelling of
the right lower limb; occlusive thrombosis of muscular
venous sinus, of the right posterior tibial vein with flo-
tation into popliteal vein was revealed. Anticoagulant
therapy was started — enoxaparin 80 mg twice a day,
with further dose adjustment. Control examination on
March 29, 2018, demonstrated positive changes with
complete recanalization of thrombus. In June 2018,
due to persisting complaints of leg edema, she was
hospitalized for examination: with underlying exac-
erbation of chronic glomerulonephritis accompanied
by nephrotic syndrome (daily proteinuria — 7.3 g/
day, total cholesterol — 11.8 mmol/l), cryoglobuline-
mia was revealed, GFR CKD-EPI 96 ml/min/1.73 m?
After transfer to the Nephrology Department, upon
further examination, the following diagnosis was
made: primary AL amyloidosis with damage of kidneys
(nephrotic syndrome with preserved kidney function),
gastrointestinal tract, nervous system, adrenal glands.
CKD C1 A4 (GFR CKD-EPI 91.6 ml/min/1.73m?). The
diagnosis was confirmed by a puncture biopsy of the
right kidney. The results of the histological exam of
the rectal and gastric mucos membrane for amyloid
were negative. After stabilization of the condition, four
courses of chemotherapy were carried out according
to the bortezomib-melphalan-dexamethasone scheme
(cycle of 28 days). Two weeks before the current hos-
pitalization, she was discharged from the Nephrology
Department in satisfactory condition after the last
treatment course.

The current deterioration was acute and manifested
as a febrile fever that persisted for five days, with no
catarrhal respiratory signs. Self-administered anti-
pyretic therapy (indomethacin 100 mg per rectum) had
no significant effect; therefore on November 18, 2018,
the patient called an ambulance team and was hospital-
ized for examination and treatment.

Patient’s life history: retired, lives with her husband
and children, denies bad habits. No history of allergies.
Epidemiological history was unremarkable.
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Comorbidities:

— arterial hypertension for 20 years with maximum
values of 180/100 mm Hg. Constant medication
therapy with amlodipine 5 mg, valsartan 80 mg per
os helps to maintain target blood pressure values
(120/70 mm Hg); the patient also constantly takes
atorvastatin 10 mg, rabeprazole 20 mg, rivaroxaban
20 mg once daily

- bilateral gonarthrosis 2004. In 2015,

arthroscopic debridement, meniscectomy of left

since

knee joint was performed, in 2016 — total arthro-

plasty of left knee joint, in 2017 — total arthroplasty

of right knee joint with a satisfactory result.

Objective status on admission: condition of mod-
erate severity. Clear consciousness. Active position.
T = 38.7° C. Skin, visible mucosae are pale, no rash.
Harsh breathing is heard in lungs, no wheezing, respi-
ratory rate 18 per minute. Heart sounds are muftled,
rhythmic, heart rate (HR) — 80 bpm, blood pressure —
118/78 mm Hg. Abdomen is soft, painless in all parts
on palpation. No peripheral edemas. Costovertebral
angle tenderness was absent on both sides. Urination
is free, painless.

CBC on admission — mild leukocytosis 10.9 x 10°/1,
no anemia. Blood biochemistry revealed hypoalbumin-
emia, hypercholesterolemia, hyponatremia, and mild
hypokalemia, as well as increased C-reactive protein
(CRP) level: total protein — 50 g/1, albumin — 26.5 g/l,
urea — 8.0 mmol/l, creatinine — 91 umol/l, glucose —
10.64 mmol/l, total cholesterol — 5.94 mmol/l, total
bilirubin — 3.8 umol/l, AST — 43.2 U/I, ALT — 44.2 U/],
potassium — 3.41 mmol/l, sodium — 132.6 mmol/l,
CRP — 153.3 mg/l, procalcitonin < 0.5 ng/ml. N-ter-
minal pro-brain natriuretic peptide (NT-proBNP) —
292 pg/ml. Coagulogram: increased concentration of
fibrinogen to 5.28 g/l. Clinical urinalysis: proteinuria
(1.0 g/l), leukocyturia (80 — 100 per HPF) and erythro-
cyturia (100 — 120 per HPF). Urine analysis by Nechi-
porenko: RBC 37.500 — U/ml, WBC — 77.500 U/ml.

According to the results of computed tomography
(CT), no reliable data for inflammatory changes in
lungs were obtained; a region of decreased pneumati-
zation of ground-glass opacity was revealed in S1+2 of
left lung.

Echocardiography: slightly increased left atrial
cavity up to 4.0x5.0 cm (normal: 3.9x4.8); LV param-
eters: end diastolic dimension — 4.6 cm (normal: 3.8 —
5.5), end systolic dimension — 3.0 cm (normal: 2.2 —
4.0), posterior wall — 0.9 cm (up to 1.1); dimensions of
right atrium in 4-chamber view — 3.2x4.3 cm (normal:
3.8x4.6); average diameter of right ventricle in 4-cham-
ber view — 2.3 cm (normal up to 3.6); diastolic size of
interventricular septum — 1.0 cm (normal up to 1.1).
Global myocardial contractility is satisfactory, ejection

fraction — 63%. Type 1 left ventricular diastolic dys-
function. Grade 1 mitral regurgitation. Grade 1 tricus-
pid regurgitation. Atrial septal aneurysm.

Electrocardiography: sinus rhythm, HR — 83 per
minute, normal QRS axis, no acute focal lesion.

Abdominal ultrasound: moderate hepatospleno-
megaly. Liver is enlarged due to the right lobe (vertical
oblique size of right lobe — 20.5 cm, height of left lobe
-5.0 cm), with sharp and even contours; its lower edge
is somewhat rounded and localized at the level of navel.
Liver tissue of a homogeneous fine-grained structure,
of normal uniform echogenicity, with no focal changes,
vascular pattern without changes. Portal and splenic
veins are not dilated — 12 mm and 7.5 mm, respectively.
Spleen is elongated, moderately enlarged, 14.6x4.2 cm,
homogeneous, of normal echogenicity.

Ultrasound of kidneys and ureters on admission:
kidneys are located symmetrically and typically, with
sharp and even contours, moderately enlarged — mostly,
right kidney: right kidney at least 13.5x7.5x6.0 cm, left
kidney 13.0x6.4x5.3 cm. Renal sinuses are not dilated,
of normal structure and echogenicity on the left side.
In the renal sinus of right kidney, single oblong cysts
with the largest size up to 1.5 cm were found. In dif-
ferent segments of the right kidney, there are single (at
least, three) simple cysts, the largest one of irregularly
rounded shape, the largest size is up to 2.0 c¢m, local-
ized in the anterior middle segment of the kidney; the
largest size of other cysts does not exceed 1.0 cm. In the
lower segment of left kidney, a simple cyst with a diam-
eter of 0.6 — 0.7 cm was found (2.0 — 2.5 cm in differ-
ent segments). There is slightly increased echogenicity
of renal parenchyma and decreased size of several pyra-
mids. Pelvicalyceal system was not dilated, no calculi
found. Ureters are not dilated, with active peristalsis,
no calculi in the examined areas. Conclusion: ultra-
sound presentation of bilateral cysts with underlying
moderately pronounced nonspecific diffuse changes in
kidneys.

Due to signs of systemic inflammatory reaction syn-
drome of unclear etiology in the absence of an objective
focus of infection, empiric antibacterial therapy with
levofloxacin 500 mg i/v drip was started. In addition,
the patient received albumin 10% — 100 ml, enoxaparin
sodium 40 mg subcutaneously once a day, omeprazole
20 mg twice a day, spironolactone 25 mg twice a day
per os; when body temperature increased to 38°C —
paracetamol 1000 mg — 100 ml.

In the course of ongoing therapy on day 2 after hos-
pitalization, laboratory tests revealed negative changes:
leukocytosis 13.7 x 10°/1 with a neutrophilic shift to the
left, mild normochromic normocytic anemia (hemo-
globin — 108 g/1, RBC 3.7 x 10'%/1, hematocrit — 37%,
MCV — 87 fl, MCH — 29.4 pg, MCHC — 38 g/l),
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erythrocyte sedimentation rate (ESR) — 72 mm/h,
proteinuria — 2.8 g/l. No clinical changes since admis-
sion.

Due to no effect of therapy and a high risk of sepsis
(ESR — 78 mm/h, CRP — 165.6 mg/l, procalcitonin —
10 ng/ml), levofloxacin was replaced with meropenem
2000 mg 3 times a day i/v drip.

On day 3, along with stable clinical presenta-
tion, slight positive changes of laboratory parameters
were registered: CRP — 133.4 mg/l, potassium —
4.43 mmol/l, sodium — 143.3 mmol/l, lactate dehy-
drogenase — 524 U/, urea — 7.0 mmol/l, creatinine —
81 umol/l, hemoglobin — 107 g/l. Fecal occult blood
test — negative. Blood and urine cultures — negative.

On November 21, 2018, CT scan of abdominal
organs with intravenous enhancement was performed:
in the parenchyma of the middle segment of right
kidney, a lesion of reduced fluid density is visible, with
ill-defined contours, 2.7x2.4x2.3 cm; in the arterial
phase, there is decreased vascularization of the sur-
rounding parenchyma with impaired corticomedul-
lary differentiation. When compared with the results
of native CT of thoracic organs from November 18,
2018, there was an increase in the size of the cyst in the
right kidney from 1.6x2 cm to 2.4x2.7 cm (determined
at the edge of visualization area); there is also an area
with decreased corticomedullary differentiation in the
lower segment of the right kidney, in the arterial phase,
with ill-defined contours, about 3x3.6 cm in size. CT
presentation corresponds to a carbuncle with signs of
developing abscess. The diagnosis was confirmed by
a control ultrasound of the right kidney. The patient
was transferred for further treatment to the Urology
Clinic of Sechenov First Moscow State Medical Uni-
versity. During observation period, the patient’s condi-
tion remained stable. During transfer, there were no
signs of heart failure, the patient was hemodynamically
stable.

Final clinical diagnosis.

Main: Primary AL amyloidosis with damage of kid-
neys (nephrotic syndrome), gastrointestinal tract, ner-
vous system, adrenal glands. Condition after chemo-
therapy with bortezomib-melphalan-dexamethasone
(4 courses).

Complications: Carbuncle of right kidney. Systemic
inflammatory response syndrome. Mild normochromic
normocytic anemia of mixed genesis. Chronic kidney
disease stage 2 (GFR CKD-EPI 67 ml/min/1.73m?).

Secondary: Hypertensive disease stage II, grade 3
(achieved grade of AH 1), risk of cardiovascular com-
plications is very high. Occlusive thrombosis of the
muscular venous sinus of the right lower leg in recana-
lization stage. Condition after total arthroplasty of left
and right knee joints 2016 — 2017

Discussion

Based on the examination and the patient’s medical
history, no objective data for acute or chronic urinary
tract infection were revealed, making it unlikely that
renal carbuncle will develop with underlying pyelo-
nephritis. Hematogenous dissemination was not con-
firmed due to the absence of other foci of infection.
One should take into account the high risk of previ-
ous bacteremia due to repeated venipunctures during
the last four months with the development of immu-
nosuppression during chemotherapy. It is possible that
acute focal bacterial nephritis was the starting point for
the development of renal carbuncle. In the case of an
abscess, an intervention to drain and sanitize the focus
in the right kidney with sampling for histopathological
and bacteriological tests is critical not only for a favor-
able outcome for the patient but also for determining
the etiology of renal carbuncle.

The described clinical case includes two clinically
important issues: diagnosis of suppurative diseases of
renal parenchyma, as well as the significance of MGUS
for the risk of systemic amyloidosis.

Renal carbuncle and abscess are relatively rare
pathologies — about 5-10 cases per 10,000 hospital-
izations. Before the widespread use of ultrasound and
CT, mortality in certain patient groups was as high as
50%. But even now, with the widespread use of imaging
techniques in modern diagnostic algorithms, mortal-
ity remains at 9-10% [16]. This is largely due to non-
specific symptoms at the disease onset and to its long
course when complaints and physical examination
results usually do not indicate the severity and exten-
sion of purulent fusion of kidney tissue. The greatest
danger for such patients is the high risk of urogenic
sepsis. Persistent fever, high CRP level, urinary syn-
drome, and unsatisfactory effect of empiric antibiotic
therapy suggest a purulent and inflammatory process
in the kidney, but these are not prerequisite criteria. CT
remains the most sensitive method for making the final
diagnosis [16].

The main pathogenetic mechanism of renal carbun-
cle is the ascending extension of the pathogen along the
urinary tract, in particular, with pyelonephritis. The
hematogenous mechanism is much less common and
is directly associated with secondary or primary bacte-
remia. The best described are cases of secondary bacte-
remia with the development of a kidney abscess during
the removal of a microbial embolus from a detected
focus of infection in another organ. Primary bactere-
mia remains a subject of discussion since, in the over-
whelming majority of cases, the port of infection cannot
be defined; such cases are classified as a renal abscess
or carbuncle of unknown etiology [17]. In some cases,
renal carbuncle may not be a primary morphological
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element but the next stage in the development of acute
focal bacterial nephritis [18].

In urological practice, most patients with renal
abscess or carbuncle have one or more predisposing fac-
tors: nephrolithiasis, congenital renal anomalies, recur-
rent urinary tract infections, diabetes mellitus, autoim-
mune diseases [16]. Several clinical cases include the
development of a renal abscess in patients with drug
addiction and multiple injections. A case of multiple
aseptic abscesses in a patient with MGUS accompanied
by a clinical presentation typical for bacterial infection,
is of particular interest [19].

According to the results of retrospective studies,
patients with MGUS have twice the risk of developing
spontaneous viral and bacterial infections compared to
the general population. Within ten years from their diag-
nosis, patients with MGUS have a high risk of developing
pneumonia, osteomyelitis, pyelonephritis, and septice-
mia [20]. Chemotherapeutic treatment of patients with
amyloidosis can play a significant role in the develop-
ment of an infectious process. Basic chemotherapeutic
regimens used in the management of plasma cell dyscra-
sias often inevitably lead to the development of immu-
nosuppression, which contributes not only to possible
bacteremia but also to infectious complications. Analysis
of literature data revealed no systematic reviews or clini-
cal cases describing renal carbuncle or abscess in patients
with systemic amyloidosis. In this regard, data required
for an objective assessment of the risk of severe suppura-
tive diseases in patients with already developed AL amy-
loidosis are extremely limited.

Due to the possibility of a long course of previous
asymptomatic MGUS and nonspecific clinical presen-
tation at the onset of AL amyloidosis, the diagnosis is
established on average 12 months after the first mani-
festation of symptoms [4, 6]. Several laboratory panels
were developed for screening for MGUS but they are not
widespread and, in most cases, are used only when there
is clinical evidence to suspect MGUS [21]. A five-year
randomized population-based study on screening the
population of Iceland aged over 50 for monoclonal gam-
mopathy is in its final stage. At present, this is the only
global study seeking to create an optimal strategy for
diagnosing and monitoring patients with known MGUS,
assess the effect of screening for MGUS on overall sur-
vival, and develop a model for determining the risk of
progression [22].

Conclusion

MGUS and amyloidosis remain an important inter-
disciplinary issue, since the clinical manifestations of the
disease are diverse, and different specialists can encoun-
ter them in their practice. Considering the regular

development of nephropathy and cardiomyopathy in
systemic amyloidosis, one should also take into account
the possible risks of infectious complications associated
both with the course of underlying disease and with the
therapy performed. Prevention of bacteremia can reduce
the potential risks of poor outcomes for patients with
amyloidosis. Implementation of effective screening pro-
grams will allow detecting systemic forms of amyloido-
sis at early stages, which will help reduce the number of
deaths from amyloidosis and its complications.
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Chest Pain in the Patient
with Arteria Lusoria:
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Peslome

CaMoii YacTol aHOMa el pasBUTHA Ay aOpThl U ee BeTBel AB/AeTCA abeppaHTHOE OTXOX/AEeHWe NpaBoii NOAK/IYNYHON apTepun — arteria lusoria.
OB6bIYHO KAMHWUYECKU NposBAaseTca gucdarven, oAbILKON Uan KawneM. Lienb: o6paTtnTb BHUMaHWe NPaKTUYECKMX Bpavell Ha He06Xo0AMMOCTb UC-
KNIOYeHWUA aHOManwWii BeTBel Ayru aopTbl, B TOM yucsie apTepus lusoria, y 60/bHbIX C KapAUanrnuaMmn HesicHoro reHesa. Knunnveckuin cayyai. Ma-
uMeHTKa, 18 neT, 63 XpPOHMYECKOI NaTONOMMM B aHaMHe3e 6bl/1a FOCMUTaNN3MPOBaHa C KJAMHWUKON AaBAlLvX 601ei B rPy/HOI KAeTKe noc/ie SMoLu-
OHa/IbHOT O CTPecca, A/IMBLUMXCA B Te4eHMe oAHOro Yyaca. Ha SKI pernctpypoBasncs CMHYCOBbIM PUTM € YacToTol 50 yaapoB B MUHYTY, HOpManbHoe
HanpaB/ieHWe 3/1eKTPUYECKON OCK cepjla, HeronHas 610Kaza NpaBol HOXKM Nyyka Mca, oTpuuaTenbHbiit 3y6el, T B Il oTBegeHnn. Mocne uc-
KNIOYEHWA OCTPOro KOPOHAPHOIO CUHAPOMA, TPOM603M60/MM NIerO4HON apTepum, Npy NPOBeAEHNN KOMMbIOTEPHO TOMOrpadun OpraHoB rpyAHoON
KNIETKN C KOHTPaCTUpPOBaHMEM BbifiB/IeHa aHOMa/IA Ayrv aopTbl — apTepusa lusoria. 3akntoueHue. Aptepus lusoria MoXeT conpoBoXaaTbca 6onaMm
B rPY/AHOV KNeTKe. Y NaLMeHTOB C KapAuanrnein HeACHOro reHe3a Heo6Xo4MMO UCK/IIO4aTb aHOMaNUM Pa3BUTUA AYTW aOPThbl U ee BeTBEM, B TOM Ync/e
abeppaHTHOe OTXOX/eHWe NpaBoi NOAK/YMYHON apTepumn — a. lusoria.
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Abstract

The most common anomaly of the aortic arch and its branches is the aberrant right subclavian artery — arteria lusoria. Usually, it
produces dysphagia or dyspnea and chronic coughing. Our purpose is to underline that it is necessary to exclude the anomalies of the branches of
the thoracic aorta, including arteria lusoria, in the patients with cardialgia of unknown origin. Clinical case. An 18-year-old female patient without
a previously diagnosed chronic pathology was admitted to a hospital with chest pain after emotional stress for about an hour. The ECG revealed a
sinus rhythm with a heart rate of 50 per minute, the normal direction of the electrical axis of the heart, the incomplete right bundle branch block,
the negative T wave in the lead Ill. After excluding ischemic heart disease, acute coronary syndrome, pulmonary embolism, contrast-enhanced
chest computed tomography revealed an aortic arch anomaly — a. lusoria. Conclusion. A. lusoria may manifest by cardiac pain. In patients with
chest pain of unknown origin, it is advisable to include anomalies of the aorta and its branches, including the presence of the lusoria artery, in the
range of differential diagnostics.

Key words: aberrant right subclavian artery, right subclavian retroesophageal artery, arteria lusoria, anomaly of the development of the aortic arch and
its branches, cardialgia, chest pain, differential diagnostics
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Introduction women (55.3-58%) than in men (42-44.7%) [3]. In most

The most common abnormal development of the
aortic arch and its branches is the aberrant origin of the
right subclavian artery — arteria lusoria (right subcla-
vian retroesophageal artery). Lusoria comes from the
Latin expression “lusus naturae”, which means “freak
of nature” [1]. This anatomical anomaly was first identi-
fied in 1735 by P. Hunauld. Dysphagia associated with it
was described by D. Bayford; he defined it as dysphagia
lusoria in 1794 [1, 2]. According to major studies, the
incidence of this anomaly varies from 0.5 to 2.5% [1].
This anomaly (a. lusoria) accounts for 17% of all cases
of the abnormal development of the aortic arch and
its branches [1, 2]. This anomaly is often observed in

cases, a. lusoria is combined with other developmental
anomalies of the cardiovascular system (such as truncus
bicaroticus, right aortic arch, coarctation of the aorta,
patent ductus arteriosus, tetralogy of Fallot, transpo-
sition of the great arteries, ventricular and atrial septa
defect, aneurysms, hypoplastic left heart, congenital
mitral stenosis, pulmonary valve stenosis, arterioesoph-
ageal fistula, and genetic syndromes — Down, Edwards,
DiGeorge) [1].

A. lusoria is a consequence of impaired embryonic
development (Fig. 1) [1, 4].

In patients with a. lusoria, four arteries branch from
the aortic arch in the following sequence: right common
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carotid artery, left common carotid artery, left subcla-
vian artery, and more distal — aberrant right subcla-
vian artery. The brachiocephalic trunk, which normally
branches from the aorta first and is divided into right
common carotid and right subclavian arteries, is absent.
A. lusoria branches from the proximal part of the
descending aorta in the left chest and goes up and to the
right. . In 80-84% of cases, the aberrant right subclavian
artery is situated behind the esophagus, in 4.2-5% of
cases — in front of the trachea, in 12.7-15% — between
these two organs. This vessel can be damaged during
various surgical interventions, including tracheostomy,
thyroid surgery, transcardial interventions on coronary
vessels.

Sixty percent of patients have a. lusoria dilated at the
point of branching. This conical dilation of the proximal
part of the aberrant subclavian artery near its branch-
ing from the aorta is called Kommerell diverticulum,
“lusoria diverticulum’, or “lusoria root”. It was described
by B.F. Kommerell in 1936. It occurs in 14.9-60% of
patients with a. lusoria.

According to the classification by Adachi and Wil-
liams, there are four types of a. lusoria: 1) G-1 type, when
a. lusoria branches from the distal part of the aortic arch,
other branches are not changed. 2) CG-1 type, when a.
lusoria branches from the distal part of the aortic arch,
left vertebral artery branches directly from the aortic
arch; 3) H-1 type, when a. lusoria branches from the
distal part of the aortic arch, there is a truncus bicaroti-
cus; and 4) N-1 type, when there is a mirror image of
type G-1 with the right aortic arch and left subclavian
artery similar to a. lusoria (Fig. 2) .

, VPA

RVA

RSA

(b)

The average age of patients diagnosed with a. lusoria,
is 49.9 years: 54 years for women, 44.9 years for men.
Between 60% and 80% of patients have a. lusoria with no
clinical symptoms. Clinical manifestations may develop
in three cases:

1. If a. lusoria runs between behind the esophagus

and trachea and in the front of truncus bicaroticus

2. If there is an aneurysm of a. lusoria

3. In the elderly, due to atherosclerotic lesions or

fibromuscular dysplasia of arteries

When a. lusoria runs behind the esophagus, it can
compress it, which is manifested by dysphagia (dyspha-
gia lusoria). Dysphagia is the most common symptom; it
develops in 71.2% of patients. It is characterized by dif-
ficulty in swallowing solid food.

In younger patients, a. lusoria can be manifested by
frequent respiratory infections, respiratory failure due
to trachea compression.. Shortness of breath is observed
in 18.7% of patients. Less common signs are retroster-
nal chest pain (17.0%), cough (7.6% due to tracheal
compression), weight loss (5.9%), epigastric pain, back
pain, numbness of the right upper limb, torticollis, neck
enlargement, hoarseness. The clinical presentation of a.
lusoria can resemble that of pericarditis, endocarditis,
aortic dissection.

A. lusoria can be diagnosed by chest x-ray: with the
esophagus contrasting with barium, there is a rounded
localized lesion in the lateral view, continuously con-
nected with the upper edge of the aortic arch with pulsa-
tion (Fig. 3). A. lusoria is diagnosed mainly by multisite
computed tomography (Fig. 4) and magnetic resonance
angiography. Sometimes it is diagnosed with angiography

ECA ICA LVA RVA ECA ICA LVA

LSA ARSA LSA

(c)

Figure 1. Development of arteria lusoria; a: embryological development of the aortic arches; b: normal adult situs; c:
arteria lusoria situs. I: first branchial arch. II: second branchial arch. I1I: third branchial arch. IV: fourth branchial arch.
V: fifth branchial arch. VI: sixth branchial arch. 5th: fifth cervical intersegmental artery. 6th: sixth cervical intersegmental
artery. AA — aortic arch, AS — aortic sinus, ARSA — aberrant right subclavian artery, DA — dorsal aorta, DC — ductus
caroticus. ECA — external carotid artery, ICA — internal carotid arter, LSCA — left subclavian artery, LVA — left
vertebral artery, RSCA — right subclavian artery, RVA — right vertebral artery, VPA — ventral pharyngeal artery
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G-1 CG-1 H-1 N-1

RCA
A LCA RCA  LCA RCA
rsa RCA LSA LVA Lsa FRSA Lo
LSA LSA
RSA o

Figure 2. Variants of anomalies of the right subclavian artery according to the Adachi-Williams classification. AA: aortic
arch; RAA: right aortic arch; RSA: right subclavian artery; RCA: right common carotid artery; LCA: left common carotid
artery; LVA: left vertebral artery; LSA: left subclavian artery (1)

and surgery. Due to the predominantly asymptomatic
course of a. lusoria, its life-time diagnosis is quite rare; it
is often found during autopsy.

Most asymptomatic patients require no treatment.
However, the probability of death and rupture in patients
with an aneurysm of a. lusoria is 44-57%, which requires
more aggressive management. All patients with severe
clinical symptoms and complications are subject to sur-
gical treatment of a. lusoria. Endovascular approaches
are possible. With moderate dysphagia, slow and thor-
ough chewing of food is recommended. There are no
specific recommendations for the diagnosis and surgical
treatment of patients with this anomaly.

Case history, clinical,
laboratory and X-ray
examination data

A 18-year female patient, with no previously diag-
nosed chronic disease, was hospitalized with a clinical
presentation of retrosternal pressing pains, without irra-
diation, which developed after emotional stress lasting
about one hour. There were no data for elevated blood

pressure (BP) during hospitalization and in history, no
symptoms or signs of heart failure, anemia. Electrocar-

diogram (ECG) demonstrated sinus rhythm with heart
‘ rate of 52 per minute, normal QRS axis, negative T wave
in lead III (Fig. 5). Concentration of creatine kinase

Figure 3. X-ray of the chest organs in lateral projection. MB (mass fraction) was 3.0 pg/l (normal 2.0-7.2), tro-
The aberrant right subclavian artery (arteria lusoria)

deflects the contrasted esophagus, shown by the arrow.
Made by the doctor Kemezh Yu.V.

ponin I in blood <0.01 ng/ml (normal range <0.01 ng/
ml), low density lipoprotein cholesterol — 3.36 mmol/l,
D-dimer — 542 pg/l (normal range 64-550 pg/l). Chest
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Figure 4. Multispiral computed tomography. A. Axial
projection, maximum intensity mode (MIR). The

arrow indicates the lusorium artery, which runs from
left to right behind the trachea and esophagus. B. 3D
reconstruction. The aberrant right subclavian artery
(arteria lusoria) with Kommerel’s diverticul is shown by
an arrow. Made by the doctor Kemezh Yu.V.
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Figure 5. Electrocardiogram at the admitting
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x-ray, ultrasound of the vessels of lower limbs, as well
as ultrasound of kidneys and retroperitoneal space and
esophagogastroduodenoscopy: within normal.

-
o -

During echocardiography (ECHO-CG), normal

.:‘a

myocardial contractility, normal sizes and volumes of
cardiac cavities, pulmonary artery pressure and valve
function were observed. LV ejection fraction was 55%,
maximum aortic valve pressure gradient — 15 mm Hg,
and peak aortic valve velocity — 1.82 m/s. 24-hour ECG

]

—

monitoring revealed sinus rhythm with an average rate
of 68 bpm, minimum — 44 bpm, maximum — 118 bpm;
4 supraventricular extrasystoles. No pauses, ventricular
extrasystoles or ST segment dispositions were registered.
During cardiac stress test, the patient developed press-
ing chest pain that lasted for 5 minutes, without changes
on ECG, exercise tolerance was moderate (100 W), BP
response of normotonic type, no rhythm or conduction
disturbances. Chest multislice computed tomography
(CT) revealed aortic arch anomaly — a. lusoria (Fig. 6).

{
5
{ )
¥

r}

Discussion

Chest pain is one of the most common reasons for
seeking medical attention. The main causes of heartburn
are disease of the heart, blood vessels, respiratory organs,
Figure 6. Multispiral computed tomography, 3D gastrointestinal tract, musculoskeletal system, nervous
resconstruction. The aberrant right subclavian artery system, mammary glands, blood system, etc. (Table 1).
(arteria lusoria) is shown by an arrow

Table 1. The diseases with cardiac pain

Causes Nosology

1. Heart pathology « Myocardial infarction *, acute coronary syndrome *
« Stable angina
« Pericarditis *
« Myocarditis

« Infective endocarditis (thromboembolism in the coronary arteries by pieces of vegetation,
shielding of the orifices of the coronary vessels, decreased oxygen delivery in severe aortic
regurgitation) *

« Congenital and acquired heart defects (aortic stenosis, insufficiency; mitral stenosis,
coarctation of the aorta, etc.).

« Cardiomyopathy (hypertrophic, etc.)

« Arterial hypertension

« Arrhythmias

« Coronaryitis (with polyarteritis nodosa, Kawasaki disease and other systemic vasculitis)
« Spasm of the coronary arteries (in cocaine or amphetamine addicts)

« Mitral valve prolapses

2. Vascular pathology « Aortic dissecting aneurysm *
« Pulmonary embolism*

« A. lusoria and other developmental anomalies of the aorta and its branches
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3. Pathology of the respiratory system « Pleurisy, mediastinitis
» Pneumothorax *, pneumomediastinum *
« Pneumonia

« Lung tumor

4. Pathology of the gastrointestinal tract « Reflux esophagitis
o Spasm of the esophagus
« Ruptured esophagus *
o Hernia of the esophageal opening of the diaphragm
» Mallory-Weiss syndrome
o Peptic ulcer
o Cholecystitis
« Pancreatitis

« Biliary colic

5. Pathology of the musculoskeletal system o Costochondritis (Tietze’s syndrome)
« Rib fracture
« Dorsopathy of the cervical spine
o Osteoarthritis of the shoulder joints and spine
« Spasm / injury of intercostal muscles
o Anterior scalene muscle syndrome (Naffziger syndrome)
« Pectoralis syndrome (Wright’s syndrome)
« Subacromial bursitis
« Tendonitis of the supraspinatus and deltoid tendons
» Rheumatic polymyalgia
» Dermatomyositis
» Myalgia
» Myogelosis
« Tumors of the chest wall

« Bone metastases

6. Pathology of the nervous system « Intercostal neuralgia
» Damage to intercostal nerves during thoracotomy, thoracoscopy
» Neurinoma
« Spinal cord compression
» Herpes zoster

o Pleurodynia

7. Diseases of the mammary glands » Mastopathy
« Mammary cancer

8. Pathology of the blood system « Anemia
o Erythremia

9. Psychogenic o Anxiety disorders

o Depressive disorders

10. Other « Sappho Syndrome (SAPHO)
» Mondor’s disease

Note: * — conditions requiring immediate hospitalization of the patient
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Description of chest pain typical
for different conditions

Myocardial infarction

- Type: pressing, constricting; intense pain

- Triggers — stressful event, physical activity

- Localization: behind the sternum or in the left half of
the chest, in the epigastrium

- Irradiation: into the arm (usually along the medial
side of the forearm down to the little finger), inter-
scapular region, neck, or lower jaw

- Associated symptoms: cold clammy sweat, shortness
of breath, sometimes nausea or vomiting, arterial
hypotension, unusual weakness, feeling faint

- Duration: more than 20 minutes.

- Treatment: narcotic analgesics

Angina

- Type: pressing, constricting; heavy feeling, some-
times aching or burning (however, one should keep
in mind that pains of any type can be anginal)

- Triggers: pain during physical or psychoemotional
stress; the pain ceases when the stress stops. Pain
can be triggered by a large meal, exposure to the
cold, wind, or other factors that increase heart rate
(mismatch between myocardial oxygen demand and
oxygen delivery).

- Localization: behind the sternum or in the left half
of the chest; when asked to show the place where the
pain is, the patient demonstrates typical Levine’s sign
(a clenched fist or palm held over the sternum or
across the anterior chest wall)

- Irradiation: into the shoulder, arm (both left, often
along the medial side of the forearm down to the
little finger), interscapular region, neck, lower jaw,
rarely — epigastric region

- Associated symptoms: inability to breathe deeply

- Duration: 5 minutes for stable angina; 5-10 minutes
for unstable angina

- Treatment: pain eases at rest or with the help of
nitrates

Pericarditis

- Type: pain is not intense, heavy feeling, there may be
a sharp stabbing pain

- Triggers: pain intensifies in a horizontal position,
during inspiration (like pleural pain), during cough-
ing, raising legs, swallowing or extending neck;
becomes less when bending forward

- Localization: pain can be behind the sternum, in the
left side of the chest, in the neck and abdomen

- Irradiation: pain can irradiate along the phrenic
nerve to the upper abdomen (sometimes similar to
cholecystitis, pancreatitis), left shoulder blade, shoul-
der, neck

- Duration: constant, long-term

- Associated symptoms: often after a cold, viral
infection (Coxsackie viruses A and B, echovirus,
adenovirus, human immunodeficiency virus); less
common — oncological disease (breast cancer, lung
cancer, lymphoma), uremia, radiation, acute myocar-
dial infarction, connective tissue diseases (systemic
lupus erythematosus, rheumatoid arthritis), trauma;
rare — tuberculosis, bacterial infection, drug-
induced effect (procainamide, isoniazid, phenytoin),
and inflammatory bowel diseases

Angina syndrome

Pain in angina syndrome is no different in its charac-
teristics from pain in angina.

Angina syndrome is often observed with affected
heart valves (aortic stenosis, insufficiency), hypertrophic
cardiomyopathy (especially idiopathic hypertrophic sub-
aortic stenosis), arterial hypertension. The reason is left
ventricular (LV) myocardial hypertrophy, which is asso-
ciated with increased myocardial oxygen demand. Also,
due to the obstruction of the aortic opening in cases of
aortic stenosis, LV outflow tract in idiopathic hypertro-
phic subaortic stenosis, and blood regurgitation into the
LV cavity in diastole, oxygen delivery to myocardium
decreases.

During auscultation in cases of aortic stenosis, a
rough systolic murmur is heard in the second intercostal
space to the right of the sternum. It spreads to neck ves-
sels accompanied by a weakening and slowing down of
the increase in the pulse wave on carotid arteries and by
a sharp weakening or the absence of tone II. In cases of
idiopathic hypertrophic subaortic stenosis, the sound at
the Erb’s point is conducted along the left edge of the ster-
num. In cases of aortic insufficiency, diastolic murmur in
the second intercostal space to the right of the sternum is
conducted to the apex.

Arrhythmia

Pain during arrhythmia is acute, located in precordial
region, irradiates to the throat, starts and ends with an
arrhythmia attack.

Mitral valve prolapse

Pain accompanying mitral valve prolapse is mild,
often long-term, in the left side of the chest.

Aortic dissection and aneurysm

- Type: pain develops suddenly, quickly reaches its
maximum, is tearing or ripping

- Localization: pain is localized in the chest or back
(depending on the site of dissection)

- Specific features: often pulses together with heart-
beats. The pain is most intense at its onset. Asymme-
try of BP values on arms is typical.
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- Irradiation: pain can irradiate into the abdomen,
legs, and move to the back.

- Duration: lasts for hours, does not depend on body
position or breathing.

- Treatment: high doses of narcotic analgesics.

Pulmonary embolism (PE).

- Type: dull pain, heavy feeling with massive PE;
tearing, rubbing pain, sometimes resembles
angina in cases of pulmonary embolism of small
branches.

- Onset: acute

- Localization: severe pain in the center of the chest,
behind the sternum — with massive PE; in lateral
sections with deep breathing (of pleural nature) with
PE of small branches.

- Associated symptoms: pain is associated with acute
shortness of breath, tachycardia; the patient feels anx-
iety, sweats, hemoptysis is possible.

- Duration: long-term

- Risk factors: Main risk factors for venous thrombo-
embolism: long period of strict bed rest, immobiliza-
tion of extremities, surgery.

Pleuritis

- Type: stabbing, sharp, tearing, changing with
breathing.

- Triggers: pain intensifies with deep breathing and
coughing.

- Localization: unilateral with irradiation into the
shoulder or epigastric region.

- Associated symptoms: cough, fever due to lung
infection.

- Specific features: eases in a position of the body
bending towards the affected side.

Pneumothorax

- Type: sharp, tearing, changing with breathing

- Onset: sudden

- Duration: long-term

- Localization: unilateral, in the lateral parts of the
chest

- Associated symptoms: pain is associated with acute
shortness of breath, tachycardia. The disease devel-
ops spontaneously or with underlying bronchial
asthma, pulmonary emphysema, tuberculosis, cystic
fibrosis, sarcoidosis, blunt or penetrating chest
trauma.

Pneumonias

Sharp long-term pain associated with breathing,
shortness of breath, fever with chills, cough, either dry
or wet. Unilateral pain irradiating into the shoulder or
epigastric region.

Chest diseases

Costochondritis, Tietze syndrome — inflammation
of sternocostal joints. Costochondritis is a common
cause of chest pain in childhood and adolescence and
accounts for 10-30% of all chest pain at this age. Most
often occurs between 12-14 years. Pain is usually of
moderate intensity, stabbing or dull, one-sided, short-
term (from a few seconds) to long-term (several days).
The patient can accurately point with a finger at the site
of the pain, which is most often located at the level of the
2nd-3rd sternocostal joint. Pain is not associated with
movements. Local tenderness is observed when pressing
on the corresponding parts of the chest. Pain decreases
with the use of non-steroidal anti-inflammatory drugs
(NSAIDs).

Radicular chest pain

With a herniated disc in the cervical spine, pain can
irradiate along the radial nerve. Pain becomes intense
when walking, when moving arms or head.

Intercostal pain often develops after thoracic surgery,
especially when the intercostal nerves are damaged by
thoracoscopy.

Herpes zoster is a common cause of chest pain. Pain
may start several days before the skin manifestations.
Postherpetic neuralgia can last up to several months or
years.

Epidemic pleurodynia (Bornholm disease, or epi-
demic myalgia) is caused by Coxsackie virus B; and
often manifests as interosseous neuralgia. Pain is acute,
severe, paroxysmal over lower ribs or in the sub-sternal
region.

Esophageal spasm

- Type: pain in cases of esophageal spasm can be simi-
lar to that typical for angina — compressive chest
pain

- Irradiation: pain can irradiate from the upper part
of the epigastrium to the chest region, upper chest,
upper limbs

- Treatment: taking nitroglycerin brings quick relief,
similar to angina. Differential diagnosis, in this case,
is based on the proven absence of exertional angina
and the identified relationship with food intake.

Reflux esophagitis

- Type: burning pain, rarely very severe. It may be dull,
similar to angina.

- Triggers: pain increases in the supine position or
when bending over, after taking aspirin or other
NSAIDs, drinking alcohol, spicy, fried foods

- Localization: precordial and epigastric region

- Associated symptoms: pain is usually not associ-
ated with profuse sweating or shortness of breath,
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is often accompanied by heartburn, dysphagia, belch-
ing undigested food, weight loss

- Duration: pain in cases of reflux esophagitis lasts
from a few minutes to several hours

- Treatment: decreases when taking antacids, water,
hot beverages, in sitting position

Ruptured esophagus

Excruciating sharp pain, often after vomiting, fol-
lowed by fever, shock; long-term; in the precordial region
with irradiation to the back.

Hiatus hernia
Typical feature is development and aggravation of
pain in the supine position.

Peptic ulcer

- Localization: in the epigastrium or behind the
sternum

- Triggers: pain arises 1-1.5 hours after eating and
decreases a few minutes after taking antacids or
milk.

SAPHO syndrome

SAPHO syndrome (SAPHO — Synovitis, Acne, Pus-
tulosis, Hyperostosis and Osteitis) is a rare autoinflam-
matory disease characterized by a correlation between
neutrophilic skin lesions and chronic osteomyelitis. The
age of onset ranges from childhood to elderly; on aver-
age, between 30 and 40 years. Inflammation in adults
develops mainly in the anterior chest wall, as well as
in the spine, less often — in the lower jaw and ilium.
It may be accompanied by chest pain or swelling of the
affected area. There is no clear description of chest pain
in this syndrome.

Mondor’s disease

Mondor’s disease is characterized by thrombophle-
bitis of the superficial lateral veins of the chest. There
is no clear description of chest pain in this syndrome.
There is no clear description of chest pain in this
syndrome.

Psychogenic chest pain

- Type: aching or pressing, rarely intense

- Triggers: not related to physical activity, undulating.
May be associated with fatigue or periods of intense
emotional stress

- Localization: behind the sternum or in the apex of
the heart

- Duration: there are two types: acute short-term,
“piercing”, does not allow drawing a breath, or long-
term (more than 30 minutes), aching, sometimes
almost constant, not related to physical exertion

Differential diagnosis

The primary goal of diagnosis in patients with chest
pain is to identify or exclude coronary heart disease,
dissecting aortic aneurysm and PE. In cases of acute,
persistent pain, one should determine whether the
patient is in danger of shock, circulatory arrest, or acute
respiratory failure, and should start appropriate inten-
sive therapy, if required. Then the differential diagnosis
may be performed.

Considering newly diagnosed anginal pain in the
described patient, as well as the connection with emo-
tional overstrain and duration of the attack, a differ-
ential diagnostic search was carried out to exclude
coronary heart disease, acute coronary syndrome, pul-
monary embolism, and congenital anomalies of the
cardiovascular system. CT angiography of the thoracic
aorta revealed a developmental anomaly of the aortic
arch — an aberrant right subclavian artery that mani-
fested as heartburn in the 18-year-old patient.

A. lusoria is usually manifested by dysphagia (in
71.2% of patients) and shortness of breath (in 18.7%),
less common — by cough (in 7.6%), loss of body weight
(in 5.9%), even less common — pain in the epigas-
trium, back, numbness in the right upper limb [1, 5].
Retrosternal pain syndrome that led to the hospital-
ization in the described patient is observed in 17% of
patients [5].

Conclusion

It is reasonable to include anomalies of the aorta
and its branches, including arteria lusoria, in the range
of differential diagnosis in patients with chest pain of
unknown origin, after excluding common diseases.
Timely diagnosis is important to prevent the threat of
rupture of the aneurysm of this vessel. Knowledge of the
anatomical variants of aortic arch branches minimizes
the risk of intraoperative complications and improves
the patient’s prognosis.
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