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[TAPAHEOITAACTUYECKUN CMUHAPOM
AE3EPA-TPEAS (LESER-TRELAT): KAMHUYECKUE
I[NPOSABAEHUA, AATHOCTUKA U AEUEHUE

T.A. Gaydina*, A.S. Dvornikov, P.A. Skripkina

Pirogov Russian National Research Medical University, Moscow, Russia

Paraneoplastic Leser-Trélat Syndrome:
Clinical Manifestations, Diagnosis and
Treatment

Pe3some

OCMOTP KOXKHOIO MOKPOBa — LUMPOKOAOCTYMHbIN 1 MPOCTON MeTo/ 06C/1e,0BaHNA NaLMeHTa, KOTOPbIiA, TeM He MeHee, NO3BO/IAET ANarHOCTMPOBaTb
CUCTeMHble HapyLIeHWUA 1 3a60/1eBaHNA Ha PaHHUX CTaaunAX. Bpay 10601 cneLynanbHOCTU MOXKET CTO/IKHYThCA B KNMHUYECKOW NpaKTUKe C 4epMaTo-
JIOrMYeCK1MM NapaHeonNacTUYeCKUMU CUHAPOMAaMW, KOTOpbIe NPeACTaBAAT CO60M FPyNMy KOXHbIX 3a60/1eBaHUI, CBA3aHHbIX CO 3/I0Ka4eCTBEHHbI-
MW HOBOO6Pa30BaHMAMM, HO He UMEIOLLMX MPAMOro OTHOLIEHUA K NePBUYHOI OMYXO/NM MK ee MeTacTasaM. CBOeBpPEMEHHbIN aHann3 AepMaToIoru-
YeCKUX NapaHeonacTU4eCKMNX CUHAPOMOB MO3BO/IAET 3aM003PUTb 3/10Ka4eCTBEHHbIE OMYX0/I1, M CPOYHO HaMpaBUTb MaLMeHTa K OHKO/IOTY C Lie/Ibio
paHHell ANarHOCTUKU U Ie4eHNA NOTEHLMA/bHO U3/1e4MMOrO OHKO/IOrMYECKOro 3a60/1eBaHNA. B KIMHWUYeCKO NpaKTUKe 40CTaTO4YHO YacTo BCTpe-
4aeTCA NapaHeomnnacTMHecKnin cuiapom Jlesepa-Tpens (Leser-Trélat), KOTOPbIV MPOSBAAETCA BHE3AMHBIM MOSABIEHNEM MHOXECTBEHHbIX Ce60peiiHbIX
KepaToM (B OCHOBHOM, B 06/1aCTV CrMHBI 1 KMBOTA) U YBE/NINYEHWNEM WX YNC/IA 1 Pa3MEPOB B TeYEHUE HeBO/IbLIOrO MPOMEXYTKa BPeMeHU (Heaenu,
MecsiLpl). JledeHne JaHHOTO CMHAPOMA MOXHO MPOBOAUTL KaK OJHOBPEMEHHO, TaK W MOC/E /IeYEHUs OCHOBHOIO 3/10KaYeCTBEHHOrO 3a60/1eBaHus.
JepMaTonornyeckue napaHeonaacTUyeckne CUHAPOMbI TPebytoT AasibHelluero yray6i1eHHOro U3y4eHUa ANA MOHWMaHWA naToreHesa, Co3AaHusA
YeTKol KnaccuduKaLmm 1 paspaboTKM arOPUTMOB AeiCTBUA Bpaya.

Knroyesbie cnoBa: napaneonnacmuyeckue cuHOpoMbl, depMamonozuyecKue napaHeonaacmuyeckue cuHdpombl, cuHdpom Jlesepa-Tpens, kepa-
moma, MHOxKecmBeHHble cebopeliHbie Kepamombl
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Abstract

Examination of the skin is a widely available and simple method of examining the patient, which nevertheless allows you to diagnose systemic
disorders and diseases in the human body at an early stage. A doctor of any specialty may encounter dermatological paraneoplastic syndromes in
his practice, which are a group of skin diseases associated with malignant neoplasms, but not directly related to the primary tumor or its metastases.
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Timely analysis of dermatological paraneoplastic syndromes makes it possible to suspect malignant tumors that cause them and urgently refer
the patient to an oncologist for the purpose of early diagnosis and treatment of a potentially curable oncological disease. In clinical practice,
paraneoplastic Leser-Trélat syndrome is very common, which is manifested by the sudden appearance of multiple seborrheic keratomas (mainly in
the back and abdomen) and an increase in their number and size over a short period of time (weeks, months). Treatment of this syndrome can be
carried out both simultaneously and after treatment of the underlying malignant disease. Dermatological paraneoplastic syndromes require further
in-depth study to understand the pathogenesis, create a clear classification and develop algorithms for the doctor's actions in case of their detection.

Key words: paraneoplastic syndromes, dermatological paraneoplastic syndromes, Leser-Trélat syndrome, keratoma, multiple seborrheic keratomas
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CPSs — cutaneous paraneoplastic syndromes, LTS — Leser-Trélat syndrome

Introduction

Skin examination is included in patient examina-
tion protocol of the vast majority medical specialties;
it helps identify systemic disorders in the human body
including undiagnosed malignant neoplasms. Cutane-
ous paraneoplastic syndromes (CPSs) are a group of skin
diseases associated with malignant neoplasms, however,
not directly related to the primary tumor or its metasta-
ses. It is important for any specialist to be aware of and
be able to identify CPSs in order to suspect and diagnose
the underlying malignant tumors as early as possible.

Cutaneous paraneoplastic
syndromes

The studies demonstrate, that CPSs develop in about
7-15% of patients with malignancies, while the develop-
ment of CPSs can both precede the diagnosis of a malig-
nant neoplasm, or start at the late stages of oncological
process or be the first sign of relapse [1]. Timely diagno-
sis and correct interpretation of CPSs can provide earlier
detection of malignant neoplasms and higher life expec-
tancy of patients.

E Hebra in 1868 was one of the first to suggest the
hypothesis that sudden changes in skin pigmentation
may be associated with a malignant process [2].

In 1976, Helene Ollendorff Curth proposed criteria
for analyzing the relationship of dermatoses with other
diseases including malignant tumors of internal organs.
The criteria for CPSs diagnosis proposed by Curth are
presented below:

1. Onset of dermatosis should coincide with the

onset of a malignant disease.

2. Both processes develop simultaneously.

3. Dermatosis is not considered to be a part of a

genetic syndrome.

4. Specific dermatosis is associated with a specific

tumor.

5. Dermatoses rarely occur in general population.
6. Dermatosis is highly associated with a malignant
disease [3, 4].

Not all six criteria are required to suggest an asso-
ciation between dermatosis and malignant disease. The
first two criteria are sufficient to consider dermatosis as
a process related to a malignant tumor. In 2010, Ortega-
Loayza A.G. et al. proposed to distinguish between main
and secondary criteria for CPSs defining [5].

There is no single generally accepted classification
of CPSs. Most often, CPSs are classified according to
their detection rate in certain malignant neoplasms,
or to the clinical and morphological principles, or to
known etiological mechanisms. Using the detection rate
in certain malignant neoplasms, a number of national
authors distinguish mandatory CPS (almost always
associated with malignant neoplasms), optional CPS
(the association is statistically predictable), and occa-
sional CPS (the incidence in patients with malignancies
is higher than in the general population) [6]. Accord-
ing to the detection rate in certain malignant neo-
plasms, foreign investigators divide CPS into two large
groups: obligate and facultative [7, 8]. Obligate CPSs
include rare dermatoses that are always associated with
a malignant neoplasm. Facultative CPSs include more
common dermatoses of various etiology; their onset as
a paraneoplastic process was repeatedly reported in lit-
erature sources (Table 1) [8].

Leser-Trélat syndrome

Leser-Trélat syndrome (LTS) is a quite common
obligate CPS in the practice of a general practitioner;
it is manifested by the sudden onset of multiple seb-
orrheic keratoses (mainly on back and abdomen) and
by their increase in number and size during a short
period of time (weeks, months) [9]. This syndrome
was first described by French surgeons A. Leser and
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Table 1. Relationship of obligate and facultative dermatological paraneoplastic syndromes with malignant neoplasms

Obligate dermatological paraneoplastic syndromes

Related malignancies

Paraneoplastic acrokeratosis (Bazex syndrome)

Paraneoplastic pemphigus
Acanthosis nigricans maligna
Hypertrichosis lanuginosa acquisita
Necrolytic migrating erythema

Leser-Trélat Syndrome

Squamous cell carcinoma (tongue, pharynx, larynx, esophagus,
stomach, lungs)

Chronic lymphocytic leukemia, Castleman’s disease, thymoma
Adenocarcinomas of the gastrointestinal tract

Colorectal cancer, breast cancer, lung cancer

Glucagonoma, small cell lung cancer

Gastric adenocarcinoma, colon cancer, lymphoproliferative diseases

Facultative dermatological paraneoplastic syndromes

Related malignancies

Erythema gyratum repens
Gangrenous pyoderma
Sweet-syndrome

Dermatomyositis

Pemphigoid of mucous membranes
Paget ‘s Extramammary disease

Acquired ichthyosis

Squamous cell carcinoma (esophagus, stomach, lungs)
Acute myeloid leukemia, myelodysplastic syndrome
Acute myeloid leukemia, cervical cancer

Ovarian, lung and breast cancers

Adenocarcinoma (colon, stomach, lungs)

Urogenital and gastrointestinal carcinomas

Hodgkin’s lymphoma, carcinomas (lungs, ovaries, uterus)

U. Trélat in 1880 as the appearance of multiple skin
angiomas with underlying malignant visceral tumor.
In 1900, Hollander was the first to find the associa-
tion of the appearance of multiple seborrheic keratoses
with a malignant visceral tumor, however, the eponym
remained as Leser-Trélat [2]. In 1916, Balo and Koprassi
concluded that malignant processes were diagnosed
three times as often in the patients with multiple seb-
orrheic keratoses. Currently, there are descriptions of
LTS in various malignant diseases, however, its patho-
physiology is not completely understood. It has been
proven that neoplastic cells can secrete factors similar
to EGF-a (epidermal growth factor) that alter extra-
cellular matrix, stimulate the growth of keratinocytes
and contribute to the development of seborrheic kera-
tosis [10]. Higher levels of transforming growth factor
TGEF-a were also found in the urine of a patient with
LTS and melanoma [11].

According to national and foreign literature, more
than 50 % of malignant neoplasms associated with LTS
include adenocarcinomas of gaster [12], colon, rectum
[13] and breast [14], however, LTS was also described by
researchers in association with other underlying malig-
nant neoplasms, including cancer of lungs [15, 16], kid-
neys [17], skin melanoma [18], cutaneous T-cell lympho-
mas [19]. Literature sources contain case reports, where
LTS developed with no association with any malignant
neoplasm [20] which contests the pertinence of LTS to
the group of obligate CPSs.

The main clinical manifestation of LTS is the explo-
sive onset or rapid increase in the size and number of
seborrheic keratoses that are verrucous well-defined
plaques of brown to black color located on the skin of
chest, back, limbs, face, abdomen (Figure 1).

In LTS, numerous seborrheic keratoses are usu-
ally symmetrically arranged on the back resembling a
“Christmas tree”, “splash” or “raindrops” [21]. Patients
with LTS can be of different age, however, the average age
of the onset of this syndrome is about 61 years. There are
no reports of any association of LTS with sex or race [22].
Special cancer alertness should arise in cases of young
patients with no senile keratosis. The main subjective
complaint of patients is itching, however, it is not man-
datory. Dermoscopic signs of keratoses are as follows:
comedogenic holes, hairpin vessels, cerebriform struc-
tures, milia-form cysts, moth-eaten borders, fingerprint-
like structures (Figure 2).

Seborrheic keratoses is treated simultaneously or
after the management of a malignant disease consider-
ing the fact that the number and size of keratoses may
decrease during treatment [23]. The best method for
removing keratoses is determined individually consider-
ing the characteristics of each patient. The most common
methods are surgical excision, electroexcision, cryother-
apy, destruction with neodymium or CO, laser. CO, laser
destruction of keratoses is widely used (Figure 3, 4). This
method minimizes thermal damage to healthy skin and
allows obtaining a satisfactory aesthetic result. Appli-
cations of chemotherapeutic agents can be considered:
30 % prospidine ointment, 5% 5-fluorouracil ointment,
solcoderm, collodion with 10 % salicylic and lactic acid.
Systemic retinoids are prospective agents in multiple seb-
orrheic keratoses in young people [24]. After the removal
of keratoses, patients with LTS should be followed-up for
along time in order to exclude a malignant process (Pro-
cedure for follow-up medical care for adults with malig-
nancies, approved by order of the Ministry of Health of
the Russian Federation of June 4, 2020 N 548n.).
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Figure 2. The dermatoscopic picture of seborrheic

Figure 1. Multiple keratomas on the body of a 68-year- keratoma is represented by thick brown pigment layers
old woman with rectal adenocarcinoma. Leser-Trélat of varying intensity with hyperpigmented comedon-like
syndrome. holes (Magnification x 20)

Figure 3. Macro photograph of keratomas on the skin of a Figure 4. Micrograph of a woman’s back skin
woman’s back immediately after removal of keratoma with a CO,-laser
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Conclusion

Multiple seborrheic keratoses may be encountered in
the practice of any specialist including dermatovenerolo-
gists and general practitioners. One should consider that
LTS is in most cases associated with a malignant neo-
plasm; therefore, a patient should be urgently referred
to an oncologist for early diagnosis and treatment of a
potentially curable malignancy. CPSs requires further
advanced study in order to understand its pathogenesis,
to create a clear classification, and to develop algorithms
for physicians’ actions.
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Peslome

B 2020 r BbllWen KOHCEHCYCHbIN AOKYMeHT EBponeiickoro o6uiecTBo KapAMO/IOroB Mo BeJeHWI0 NaLMeHTOB C UlleMMei MMoKapAa, CBA3aHHOW C He-
O6CTPYKTMBHBLIM MOpaXXeHNeM KOPOHapHbIX apTepuit. OCHOBHble MOI0XEHNA HOBOTO JOKyMeHTa OPUEHTVPOBaHbI Ha BbifeseHne ocoboii rpynmnbl
NaLMeHTOB C XPOHUYECKUM KOPOHAPHbLIM CUHAPOMOM 1 MO/03PeHNEeM Ha Ba30CMacTUHeCKYH0 UM MUKPOCOCYANCTYIO CTEHOKAPAMIO C Lie/Iblo paLu-
OHa/M3aL MM N NepcoHMdUKaLMM NOAX0Aa K UX BeAeHUIo. bo/iblias 4acTb NaLMEHTOB C YCTAaHOB/IEHHOM ULLeMUe, NPU NPOXOXAEHUU KOPOHapHOW
aHrnorpaduu He UMeeT reMoANHaMUYeCKN 3Ha4NMON 06CTPYKLMM KOPOHapHbIX apTepuii. KopoHapHasa MUKpococyancTas ANCOYHKLMUA U SNUKapAN-

anbHbIN Ba3socnasM, oT4e/1bHO UK B COYETAHUW C aTEPOCKNIEPOTUHECKMM NOPaXKeHUeM KOpPOHapHbIX apTeme cepjaua, ABNAOTCA NpUYNHAMU mLle-
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MUK MUoKapaa. Mpu 3ToOM MUKpoBacKyapHas ANCPYHKLMA pacCMaTpUBAETCs B Ka4eCTBe 3HAYMMOro NpoBOLMpYHoLLero GbakTopa pa3BuTus pedppak-
TepHOM CTeHOKapAWW. [lMarHocTvka Nogo6HbIX COCTOAHUIA HEPeAKO 3aTPyAHEHA, U NMO3TOMY A/ TakvX NALMEHTOB He Ha3HAYaeTCA ONTUMa/IbHas
Tepanus. Kak cnefcTBue, 3TV NaLMEHTbl UMEIOT HU3KOE KauyecTBO XU3HU, YTO MPUBOAUT K MOBTOPHBIM rOCMUTANM3ALMAM, He6NaronpuATHLIM cep-
[,e4HO-COCYAUCTBIM UCXOAaM B KPAaTKOCPOYHOM 1 A0/IFOCPOYHOM NEPCMeKTHBE U 3HAYUTE/IbHOM Harpy3Kke Ha Pecypchl 34paBooxpaHeHus. B ctaTbe
paccMaTpuBalOTCA BO3MOXHOCTM MpUMEHEeHUs HOBbIX PEKOMEeHAALMI 1 KOHCEHCYCa B AMArHOCTUKE U BeAEHUU TakUX MALMEHTOB B YC/10BUAX aMby-
NaTOPHOW KAMHUYECKON NPaKTUKM B Poccum. Ha HavyanbHbIX 3Tanax 4MarHOCTUKM NPUOPUTET OTAAETCA HEMHBA3MBHBIM METOAAM UCCEA0BaHUA, ANS
AeTanbHOro 06cnesoBaHNUA NPOBOANTCA MHBA3MBHOe 06CnesoBaHNe ¢ GapMaKOIOrMYecKoi Harpyskoii. MNpu BeAeHUM NaLMEeHTOB UCNOb3yeTCs
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Abstract

In 2020, a consensus document of the European Society of Cardiology on the management of patients with myocardial ischemia with non-obstructive
coronary arteries was released. The main provisions of the new document are aimed at identifying a special group of patients with chronic coronary
syndrome and suspected vasospastic or microvascular angina in order to rationalize and personalize the approach to their management. Most patients
with established myocardial ischemia do not have obstructive coronary arteries when undergoing coronary angiography. Coronary microvascular
dysfunction and epicardial vasospasm, alone or in combination with obstructive coronary artery atherosclerosis, are the causes of myocardial ischemia.
In this case, microvascular dysfunction is considered as a significant provoking factor in the pathogenesis of refractory angina pectoris. Diagnosis of
such conditions is often difficult, and therefore the correct therapy is not prescribed for such patients. As a consequence, these patients have a poor
quality of life, which leads to hospital readmissions, poor cardiovascular outcomes in the short and long term, and a significant burden on health care
resources. The article discusses the possibilities of applying new recommendations and consensus in the diagnosis and management of such patients
in outpatient clinical practice in Russia. At the initial stages of diagnosis, priority is given to non-invasive research methods; in-depth examination,
carried out using invasive methods with a pharmacological testing. Patient management uses a stepwise strategy depending on the specific clinical

situation. Calcium channel blockers or beta blockers remain the first line anti-ischemic therapy.

Key words: chronic coronary syndrome, vasospastic angina, ischemia, microvascular dysfunction, refractory angina
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In 2019, the European Society of Cardiology (ESC) [1]
published guidelines on the diagnosis and management
of patients with “chronic coronary syndromes” (CCS),
with a proposal to use this term instead of the previously
used one — “stable coronary artery disease (CAD)”. The
discussion paper on these guidelines [2] brings up the
issues that required extensive medical discussion and
consensus, as well as the problems that prevented the
implementation of these guidelines in Russian clinical
practice. In 2020, a consensus document “An EAPCI
Expert Consensus Document on Ischaemia with Non-
Obstructive Coronary Arteries in Collaboration with the
European Society of Cardiology Working Group on Cor-
onary Pathophysiology & Microcirculation Endorsed
by Coronary Vasomotor Disorders International Study
Group” [3] was published. The document is a summa-
rized point of view of the experts of the European Asso-
ciation of Percutaneous Cardiovascular Interventions,
the Working Group on Coronary Pathophysiology and
Microcirculation supported by Coronary Vasomotor
Disorders International Study Group on the impor-
tance of ischaemia with non-obstructive coronary arter-
ies (INOCA). The document specifies that among the
patients who underwent invasive coronary angiography
(ICAG) for angina (or painless ischaemia), ischaemia
with non-obstructive coronary arteries developed in
about 70 % of patients; more often in women (50-70 %)
than in men (30-50%). INOCA (according to experts)
is not a benign condition and is associated with a high
incidence of adverse events and impaired quality of life.
Timely diagnosis of INOCA is often complicated and is
associated with an delayed choice of appropriate specific
treatment.

The terms used in the consensus documents do not
refer to the “secondary” ischaemia/angina caused by
the following diseases: cardiomyopathy (hypertrophic,
dilated), myocarditis, aortic stenosis, infiltrative car-
diomyopathies, systemic inflammatory or autoimmune
diseases, i.e. systemic lupus erythematosus, rheumatoid
arthritis, dysfunction of platelets/impaired coagulation;
management of these diseases (in the absence of con-
comitant atherosclerotic lesions of coronary arteries
(CA)) differs from the strategy of treatment for patients
with impaired blood flow in coronary arteries.

Moreover, in both consensus documents there is no
clear definition of ischaemic heart disease (IHD); the
term is replaced by INOCA or ischaemia with obstruc-
tive coronary arteries (IOCA) with the description of the
clinical features of their course that, however, are not
diagnostic criteria and allow only suggesting damage to
coronary arteries and/or microvasculature.

Despite the fact that at present the functions and
capabilities of a general practitioner do not allow using
of the proposed provisions of two consensus documents,

the objective of this article is to briefly present the main
points of these two-documents and the possibility of their
implementation in outpatient clinical practice in Russia.
The paper will discuss the strategy of managing patients
with ischaemia with non-obstructive and obstructive
atherosclerotic CAD.

The main provisions of the new document are aimed
at identifying a special group of patients with chronic
coronary syndrome and suspected vasospastic or micro-
vascular angina in order to rationalize and personalize
the approach to their management.

o First of all, the authors define the very concept of
INOCA, as well as the examination methods that
allow to diagnose it, i.e. to exclude CA obstruction
and at the same time to confirm myocardial
ischaemia. To that end, non-invasive examination
methods are preferred.

Secondly, the consensus document highlights
INOCA “endotypes” depending on the level and
nature of CAD, providing their diagnostic criteria
using interventional research methods.

Finally, based on the data on the presence of
risk factors, type of coronary artery disease,
comorbidities and patient characteristics, it is
proposed to choose the optimal treatment strategy.

As new possibilities and instrumental methods are
implemented into outpatient practice, such a scenario
for identifying and managing patients with INOCA can
improve patients’ life quality, and slow down the fur-
ther continuous progression of ischaemic heart disease
(coronary artery disease). It is the primary care physician
who initially faces the task of suspecting non-obstructive
CAD and carrying out the correct routing of this patient
for a more detailed diagnosis. Besides, the objective of
a physician is to further control the symptoms and the
course of the disease based on the principles of evidence-
based medicine.

Myocardial ischaemia is a multifactorial process and
can be either of structural or of functional nature. At the
level of epicardial CA, the structural causes include
atherosclerotic vascular lesions (local or diffuse) and
myocardial muscle bridge; the functional ones include
epicardial vasospasm. In individuals with local and/or
diffuse (obstructive or non-obstructive) CAD, coronary
microvascular dysfunction (CMD) and vascular epicar-
dial dysfunction (spasm) can be independent or ancil-
lary pathophysiological mechanism of ischaemia.

There are two “endotypes” at the microvascular level:
structural remodeling of microvasculature and func-
tional dysregulation of arterioles. Endothelial dysfunc-
tion (ED) and local inflammation of vascular wall with
increased level of proinflammatory cytokines (tumor
necrosis factor-alpha, interleukin-6) and overproduc-
tion of endothelin-1 are the key factors in the CMD
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pathogenesis [4]. In other words, microvascular dys-
function can result either from structural or functional
changes, or from both.

Structural remodeling of coronary microvascu-
lature is associated with decreased microcirculation
and impaired oxygen delivery. It is normally caused by
internal remodeling of coronary arterioles with the sub-
sequently increased ratio of vessel wall thickness to its
lumen, or reduced myocardial capillary density (capil-
lary rarefaction), or both.

Functional dysregulation of arterioles usually devel-
ops in medium to large arterioles, with the prevalence of
subsequent vasodilation mediated by blood flow.

Epicardial vasospasm usually develops as a result of
hyperreactivity of epicardial vascular segment, espe-
cially associated with vasoconstrictive stimuli, includ-
ing smoking, medications, increased blood pressure,
exposure to cold, emotional stress, and hyperventilation.
Severe coronary spasm can also be associated with aller-
gic reactions (for example, Kounis syndrome) [5, 6].

Primary and nonspecific hyperreactivity of coronary
smooth muscles is usually observed in patients with vari-
ant angina and is apparently a key element of epicardial
vasospasm. The available data indicate that endothelial
dysfunction contributes to the triggering of spasm in
predisposed segments of coronary vessels [7].

Clinical variants

of CCS and INOCA

According to ESC experts, chronic coronary syn-
dromes are represented by the following clinical variants
(“scenarios”, settings): 1) patients with suspected CAD,
symptoms of stable angina and/or dyspnea; 2) patients
with the development of heart failure or left ventricu-
lar (LV) dysfunction and suspected CAD; 3) patients in
stable condition (with or without symptoms) less than
1 year after acute coronary syndrome (ACS) or recent
revascularization; 4) patients 1 year after the initial
diagnosis or revascularization (with or without symp-
toms); 5) patients with angina and suspected vasospasm
or microvascular lesions; 6) individuals diagnosed with
asymptomatic CAD during screening. Drapkina O.M. et
al. [2] emphasize that there are much more such scenar-
ios in clinical practice, and the suggested variants cannot
help to appropriately consider the cases of disease, con-
duct registered observations and choose optimal man-
agement strategy. At the same time, one should totally
agree that these “scenarios” can overlap, moving from
one clinical variant into another.

In 2019 Guidelines under consideration, ESC experts
associate one of CCS types with the spasm of coronary
arteries and/or dysfunction of small vessels; it is likely
that this particular type of CCS that is often observed in

outpatient practice is highlighted in the new consensus
document on INOCA.

Similar to the clinical guidelines on the management
of patients with CCS as of 2019, the experts who pre-
sented INOCA consensus document also proposed to
consider some its clinical variants:

o Epicardial vasospastic angina (VA, Prinzmetal
angina) is a clinical sign of myocardial ischaemia
that is characterized by dynamic obstruction of
epicardial coronary arteries caused by vasomotor
disorder;

o Microvascular angina (MVA) is a clinical sign of
myocardial ischaemia caused by CMD as a result
of structural remodeling of microvasculature or
vasomotor disorders of arterioles;

o Microvascular and epicardial vasospastic angina.

Clinical manifestations of CCS and INOCA are non-
specific: from typical angina pain to an isolated feeling
of lack of air and other symptoms (anxiety, pain between
shoulder blades, gastrointestinal disorder, nausea,
fatigue, weakness, vomiting, sleep disturbances) which
certainly complicate timely diagnosis of these conditions.
However, the INOCA document indicates that the fol-
lowing signs are more common in this type of ischaemia:

o chest discomfort (both at rest and after exercise;
lasts more than 1 minute and is poorly controlled
with nitroglycerin);

o severity of pain syndrome can vary during days
or weeks: increase, then decrease (“Crescendo-
decrescendo’);

o stress-related symptoms;

Besides, the experts mention higher incidence of
INOCA signs in women than in men.

Thus, vasospastic angina can be suspected in the
presence of symptoms that appear mainly at rest, with
preserved exercise tolerance. As a rule, patients with
vasospastic angina, in contrast to patients with stable
angina, are younger, have fewer cardiovascular risk fac-
tors than patients with stable angina, and the possibility
of vasospastic angina increases when attacks are circa-
dian and predominate at night or in early morning.

The specific feature of anginal pain in microvascu-
lar angina is its development sometime after physical
activity, as well as after emotional stress; it is poorly con-
trolled by short-acting nitrates. Pain episodes associated
with exposure to cold, may occur at rest. Angina in such
patients is usually of mixed nature.

Despite the widespread use of antianginal agents and/
or percutaneous coronary interventions (PCI) or coro-
nary artery bypass grafting (CABG), the percentage of
patients with CHD with daily or weekly angina episodes
ranges from 2 % to 24 % [8].

In this aspect, it is important to consider the refrac-
tory angina presented in the 2019 ESC Guidelines on the

333



334

REVIEW ARTICLES

The Russian Archives of Internal Medicine @ Ne 5 e 2022

diagnosis and management of patients with “chronic cor-
onary syndromes”. Refractory angina is considered in the
case when the symptoms of angina last more than three
months, the presence of reversible myocardial ischaemia
is confirmed, there are pronounced coronary bed lesions,
and these symptoms cannot be controlled by intensifi-
cation of drug treatment, adding second and third line
antianginal agents, CABG or stenting, including PCI for
chronic coronary total occlusion [1]. This definition is
also specified in the current Guidelines of the Russian
Society of Cardiology [9].

The concept of “refractory angina” was first pro-
posed by ESC experts in 2002: a chronic condition (lasts
more than three months) that is characterized by angina
caused by the failure of coronary circulation (associated
with the coronary artery disease); it is accompanied by
pronounced clinical symptoms uncontrolled by com-
bined drug treatment in maximum tolerable doses when
myocardial revascularization (percutaneous coronary
angioplasty, or CABG) is impossible [10].

In other words, any stable angina associated with
adequate drug treatment can be considered refractory if
myocardial revascularization is impossible. Due to the
lack of clear criteria for assessing patient’s clinical condi-
tion (in particular, severity — the incidence of anginal
pain episodes over a certain period of time), this defini-
tion is a debatable reference. It should be mentioned that
refractory angina can be diagnosed only after confirma-
tion of the ineffectiveness of combined antianginal treat-
ment in maximum tolerated dose [8].

Although the presence of THD, suggested as an epicar-
dial coronary arteries obstruction, is usually considered
to be a basis for the development of refractory angina, in
fact, refractory angina can also develop in microvascu-
larure damage (microvascular dysfunction is considered
as a significant precipitating factor in the development
of refractory angina), hypertrophic cardiomyopathy, and
diastolic dysfunction of left ventricle (LV) [3]. As a rule,
the patients with refractory angina have poor life quality
suffer with psychological stress, which caused significant
burden on healthcare resources [11].

According to epidemiological studies, 5 to 10 % (7.7 %
women, 7.3% men) of patients with stable coronary
heart disease who underwent cardiac catheterization
had refractory angina; the annual incidence of refractory
angina in Europe reaches 30- 50 thousand, in the USA —
75 thousand cases [12].

Thus, clinical variants of CCS and INOCA have no
specific clinical manifestations that distinguish them
from those in impaired blood flow in coronary arteries;
they suggest higher or lower probability of structural
or functional coronary artery disease, and need further
clarification of diagnosis using instrumental methods,
depending on individual characteristics of a patient.

It should be mentioned that the category of “patients
with angina and suspected vasospasm or microvas-
cular disease” that was identified in CCS includes the
groups of patients, heterogeneous in terms of age, sex,
and comorbidities, as well as in terms of degree of car-
diovascular complications (CVC) risk. Such patients are
quite common in outpatient practice, and only computed
tomography and angiography or ICAG with additional
functional tests (what is recommended by the experts)
can help to finally confirm or exclude the suspected
diagnosis.

Ischaemia
diagnosing methods

Functional and structural disorders of coronary
microcirculation can result in decreased myocardial
perfusion and ischaemia, even in the absence of large
coronary artery stenosis. The role of a primary care phy-
sician (in particular, general practitioner) in diagnosing
these conditions is to suspect the disease and carry out
examinations adequate for this stage (complete blood
count and blood biochemistry, electrocardiographic and
echocardiographic examinations, 24h Holter monitoring
of electrocardiogram (ECG) (24h ECG). If the symptoms
persist and there are no ECG changes, the patient should
be referred to a cardiologist to verify the diagnosis and
undergo specific examinations.

According to the 2019 ESC Guidelines for CCS,
2020 Guidelines for INOCA, and 2020 Guidelines for
stable THD of the Russian Society of Cardiology, diag-
nostic examination should start with non-invasive meth-
ods: stress echocardiography (ECHO CQG), stress cardiac
magnetic resonance imaging (MRI), single-photon emis-
sion computed tomography (SPECT), positron emission
tomography (PET), or multispiral computed tomography
(MSCT angiography). The choice of particular diagnostic
method depends on the clinical presentation, however,
taking into consideration the individual characteristics
and preferences of a patient, as well as local resources.
The clinical probability of obstructive CAD is assessed
using such determinants as family history, dyslipidemia,
diabetes mellitus, arterial hypertension, smoking, and
other modifiable risk factors and changes on ECG.

ESC Guidelines for CCS describe a structured
approach to the differential diagnosis of BCA that
includes:

1. initial physical examination, diagnosis, risk assess-

ment that should include 6 steps of diagnosis;

2. measures aimed at changing lifestyle;

3. prescription of drug products — antianginal

drugs and the agents that affect on the prognosis.

Unlike the procedure for CCS diagnosing, non-inva-
sive INOCA diagnostics includes 2 stages (steps) with the
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mandatory assessment of patient’s complaints, history,
description of clinical symptoms, ECG, and referral to a
cardiologist at the first stage of diagnosis. At the second
stage of diagnosis, non-invasive examinations are rec-
ommended. Invasive examinations are carried out, first
of all, in high clinical probability of CAD and if revascu-
larization is required. At the same stage, functional tests
with physical exertion, transthoracic echocardiogram,
contrast stress echocardiogram, PET, imaging studies,
MRI are performed.

Since non-invasive methods do not provide direct
visualization of blood flow in coronary arteries and
coronary microcirculation, invasive examinations are
required to confirm INOCA, including CAG at the first
stage, adenosine test at the second stage, and vasoreac-
tivity test at the third stage.

To detect atherosclerosis, MSCT coronary angi-
ography is performed; it is the preferable method in
the patients with a low clinical probability of obstruc-
tive CAD. According to the 2019 Guidelines for CCS,
obstructive CAD is the 50 % or higher stenosis, based
on the results of MSCT coronary angiography or ICAG.
In high clinical probability of coronary artery obstruc-
tion, typical and atypical angina at low level of physical
activity, refractoriness to drug treatment, as well as the
presence of high risk of cardiovascular events, the readi-
ness of the patient for revascularization and the absence
of somatic contraindications, if there are appropriate
indications for coronary artery bypass grafting or stent-
ing, ICAG is recommended (with supplementary func-
tional tests).

Invasive examinations make it possible to deter-
mine the presence and degree of CAD and the nature
of dysfunction (whether there is a functional impair-
ment — vasodilation (or vasospasm) and/or impaired
microcirculatory conduction with increased minimum
microcirculatory resistance).

INOCA diagnosis is based on the measurement of
myocardial functional state parameters, namely, myocar-
dial blood flow and coronary reserve flow (CRF). CRF
is the ratio of coronary blood flow during the maximal
coronary vasodilation to the blood flow at rest.

CRF is an integrated measure of blood flow in large
epicardial coronary arteries, therefore, the decreased
CRF with excluded severe obstructive lesions of epi-
cardial coronary arteries serves as a CMD marker. CRF
index <2.0 or microcirculatory resistance 225 U are the
indicators of impaired microcircular function.

CRF can be measured non-invasively: using trans-
thoracic Doppler echocardiography of left coronary
artery with the measurement of diastolic coronary blood
flow after IV administration of adenosine, or magnetic

' GR — grades of recommendations; LE — levels of evidence

resonance imaging with determination of myocardial
perfusion index, or positron emission tomography.

Microcirculatory resistance can be measured using
coronary artery catheterization (calculation of microcir-
culatory resistance index) or Doppler flow velocity (cal-
culation of hyperemic microvascular resistance).

To exclude hemodynamically relevant CA stenosis,
fractional flow reserve (FFR) is measured. FFR is an indi-
cator of the functional relevance of stenosis; it is defined
as the ratio of the pressure measured more distally from
the stenosis to the pressure more proximally to stenosis
(in aorta) measured at maximum vasodilation. At FFR
<0.8, CA stenosis is hemodynamically insignificant.

According to ESC criteria, a combination of ICAG,
pressure and flow measurements, as well as pharmaco-
logical tests should be used to determine the INOCA
endotype. Following the criteria, first, it is necessary
to exclude CA obstruction using one of the methods,
second, mind the possible endotype with MVA+VSA
combination. There is the opinion of ESC experts that
requires further discussion; according to it, identifica-
tion of transient ischaemia using 24h ECG is indicative of
VSA (ESCT A (GR G, LE 5)!, however, in such cases, the
ESC also recommends to exclude possible CA stenosis
and to perform angiographic imaging of the spasm using
pharmacological loading (ESCT A (GR C, LE 4)' which is
currently quite difficult to implement in primary health
care facilities.

Diagnostic criteria for microvascular angina, vaso-
spastic angina, their combination, and atherosclerotic
lesions of CA with no blood flow restriction are pre-
sented in Table 1.

Thus, at the outpatient level, it is difficult to make dif-
ferential diagnosis of primary (IOCA and INOCA) and
secondary (CMP, defects, CTD) ischemia due to the lack
of adequate instrumental examination. General practi-
tioner at a local clinic can assume myocardial ischemia
of a particular nature and refer the patient to a cardiolo-
gist based on the presence of risk factors, specific com-
plaints and symptoms, comorbidities, angina, and the
presence/absence of ECG changes, and in case of vaso-
spastic angina, judging from transient episodes of isch-
emia at rest identified using 24h Holter ECG. The next
stage is the referral of a patient to a cardiologist to make
decision on the issue of further examination, possibly —
in hospital conditions. Considering new guidelines and
extended indications for non-invasive studies, the issue
of expanding the functions of physicians and general
practitioners of the outpatient stage needs further dis-
cussion. From our point of view, this approach should
be brought into accordance, since it will definitely entail:
a) further increase in the incidence of ischaemic heart
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Table 1. Diagnostic criteria for microvascular, vasospatic angina, their combination and atherosclerotic CAD that does

not restrict blood flow

Condition

Pathophysiology

Diagnostic criteria

Microvascular angina*

Vasospastic angina

Both microvascular and
vasospastic angina

Atherosclerotic CAD
without
blood flow-liming***

CMD

Epicardial spasm

CMD + epicardial spasm

Diffuse coronary artery
atherosclerosis

Evidence of CMD:
Impaired coronary flow reserve (<2,0)
Abnormal coronary microvascular resistance indices (IMR>25)

Adenosine test: FFR >0,8
CFR <2,0 IMR >25 HMR >1,9

Acetylcholine test: no or <90 % diameter reduction + angina + ischemic ECG
changes

Adenosine test: FFR >0,8; CFR >2,0; IMR <25; HMR <1,9

Acetylcholine test: 290 % diameter reduction + angina + ischemic ECG changes

Adenosine test: FFR>0,8 CFR<2,0 IMR >25 HMR>1,9

Acetylcholine test: no or <90 % or 290 % diameter reduction + angina + ischemic
ECG changes

Adenosine test: FFR>0,8 CFR>2,0 IMR <25 HMR<1,9

Acetylcholine test: no or <90 % diameter reduction + no angina + no ischemic
ECG changes

Common criteria
exertional dyspnoea****

Symptoms of myocardial ischaemia: effort or rest angina or

Myocardial ischaemia: functional imaging test (reversible defect, abnormality or flow reserve) — is not necessary.
Coronary CTA, ICA: Absence of coronary obstruction

(<50% or FFR >0,80)

Note: CFR, coronary flow reserve; FFR, fractional flow reserve; HMR, hyperaemic myocardial velocity resistance; IMR, index of microvascular resistance; CMD — coronary
microvascular dysfunction; CAD — coronary artery disease; ECG — electrocardiography; ICA — Invasive coronary angiography; Coronary CTA — coronary computed tomography

angiography.

* Non endothelial dependent microvascular angina may be diagnosed non-invasively by the methods described
** as alternative measures of microcirculatory resistance, based on thermodilution or Doppler, respectively

4 <50 % stenosis severity by visual assessment

% Many patients with HF with preserved LVEF have dyspnoea, absence of obstructive CAD and impaired CFR. Measurement of LV end-diastolic pressure (normal <10 mmHg) and

NT-proBNP normal <125 pg/mL is recommended

disease (coronary artery disease) due to diagnosing of all
patients with risk factors of cardiovascular complications
who seek medical help; b) prescription of unreasonable
treatment [2]. In future, non-invasive assessment of the
signs of endothelial dysfunction based on photoplethys-
mography and video capillaroscopy can provide a certain
prognostic value in case of suspected INOCA at the stage
of outpatient treatment [4].

Management strategy for
patients with ischaemia
with non-obstructive and
obstructive atherosclerotic
lesions of coronary arteries

It is quite possible to agree with the principle proposed
in the 2019 ESC Guidelines on CCS that the patients
with different risk levels of developing CVD, with differ-
ent levels and grades of coronary artery disease, with or
without ischemia based on the results of functional tests
require different approaches to management and treat-
ment. However, according to the conventional clinical

approach, the same approach to the management of
patients with suspected chronic IHD and patients with
chronic IHD is justified only in certain situations, which
should be clearly defined in the Russian guidelines.

General rules for the treatment of patients with
CCS, INOCA and IOCA include identification and
management of diseases or conditions that contribute
to the development of angina or myocardial ischaemia
(anemia, overweight, fever, thyroid hyperfunction, infec-
tion, rhythm disorders, etc.); change of lifestyle regard-
less of disease severity and drug treatment; addressing
risk factors for cardiovascular complications, drug treat-
ment and interventions.

The choice of treatment methods (including the
choice of a particular drug) is based on evidence, improv-
ing quality of life and/or reducing the risk of cardiovas-
cular complications, increasing life expectancy, consid-
ering the somatic and mental characteristics of a patient.

Risk factors such as arterial hypertension, diabetes
mellitus, smoking, and dyslipidemia contribute to the
progression of coronary macro-, microvascular and
vasospastic dysfunction and structural remodeling of
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microcirculation. The optimal choice of antianginal
agents depends on the predominant mechanism of angi-
nal symptoms (vasospastic and/or microcirculatory).
(ACEI)/
angiotensin II receptor blockers (ARBs) are able to

Angiotensin-converting enzyme inhibitors
improve CFR indicators in coronary microvascular dys-
function; they can be easily combined with both calcium
channel blockers and beta blockers and slow down the
remodeling of small vessels. ESC experts emphasize that,
due to their anti-inflammatory properties, statins can
also be used in patients with INOCA with reduced CFR
and vascular spasm.

The management of patients with INOCA is com-
plicated by the fact that they are a very heterogeneous
population, and no randomized studies on their treat-
ment has been performed as of now, therefore, it is rec-
ommended to adhere to the principles of stepwise anti-
anginal therapy presented in the 2019 ESC Guidelines
for CCS. The list of antianginal agents discussed in these
Guidelines is presented in Table 2.

The standard antianginal drug treatment is not always
effective. Short-acting nitrates have variable effective-
ness and require frequent administration. Long-acting
nitrates are often, as a rule, ineffective, and can provoke
an increase in symptoms in patients with MVA due to
subclavian steal syndrome.

The patients with epicardial or microvascular spasm
based on the results of acetylcholine test are recom-
mended to use calcium channel blockers (CCB). In cases
of MVA when calcium antagonists are ineffective, ESC

Table 2. Medical therapy of INOCA

experts suggest adding ranolazine to therapy. In cases of
persistent anginal symptoms ivabradine should be con-
sidered, however, its effectiveness in MVA has not been
adequately studied.

If microvascular angina is first diagnosed based on
abnormal CFR and/or high microcirculatory resistance
(suggesting microvascular remodeling), it is recom-
mended to prescribe beta blockers as an initial therapy,
followed by the addition of CCB; with persisting symp-
toms — nicorandil and ranolazine.

The further discussion and consensus decisions are
required on several treatment-related issues. In severe
forms of VSA, ESC specialists consider the use of cal-
cium antagonists in higher doses (up to 200 mg diltiazem
twice daily) and the combination of dihydropyridine cal-
cium antagonists (amlodipine) with nondihydropyridine
antagonists (diltiazem); this therapy cannot be applied
to a wide population of patients, the decision should be
made on an individual basis and is controversial from
our point of view. If the symptoms of vasospastic angina
do not resolve during treatment with calcium channel
blockers followed by nitrate therapy, the use of nicor-
andil should be considered.

Besides, ESC experts are discussing the use of low
doses of tricyclic antidepressants (imipramine and xan-
thine derivatives) to reduce the incidence and intensity
of symptoms, considering them as second-line agents in
patients with poorly controlled symptoms or with poor
tolerance to antianginal drugs. Trimetazidine is also sug-
gested to use in such cases.

Diagnosis

Treatment

Microvascular angina

Beta-blockers (Nebivolol 2.5-10 mg daily)

Calcium channel blockers (Amlodipine 10 mg daily)

Ranolazine (375-750 mg twice daily)

Trimetazidine (35 mg twice daily)

ACE inhibitors (Ramipril 2,5 — 10mg), ARBs

Vasospastic angina

Calcium channel blockers (Amlodipine 10 mg or Verapamil

240 mg SR or Diltiazem 90 mg twice daily or 120-360 mg

single or divided doses)

Nitrates (Isosorbide mononitrate XL 30 mg)

Nicorandil (10-20 mg twice daily)

Both microvascular and vasospastic angina

Calcium channel blockers (Amlodipine 10 mg or Verapamil

240 mg SR or Diltiazem 90 mg twice daily or 120-360 mg

single or divided doses)

Nicorandil (10-20 mg twice daily)

Trimetazidine (35 mg twice daily)

ACE inhibitors (Ramipril 2.5 -10mg), ARBs

Statins (Rosuvastatin 10-20 mg)

Note: ACE — angiotensin-converting enzyme inhibitor; ARBs angiotensin receptor blocker
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The enhanced external counterpulsation can be used
as an additional treatment for INOCA patients, in case of
ineffectiveness of drug therapy.

Currently, the studies of the effect of Rho-kinase
inhibitors (Rho-associated protein kinase (ROCK))
on the reduction of coronary vasoreactivity and con-
tractility of vascular wall are ongoing. The results of a
multicenter, randomized, double-blind, placebo-con-
trolled trial Women’s Ischemia Trial to Reduce Events
in Non-Obstructive CAD (WARRIOR NCT03417388)
that investigates the effects of statins (rosuvastatin or
atorvastatin)/ACEI (lisinopril) or ARBs (losartan)/ace-
tylsalicylic acid (aspirin) in high doses in 4,422 women
aged 18 to 100 years with the symptoms of INOCA, CA
stenosis <50 % and FFR >0.80 are highly expected. The
hypothesis of this trial is that intensive drug treatment
will reduce the risk of major cardiovascular events by
20% compared to the conventional management strat-
egy for this category of patients. Follow-up period will be
3 years. The expected trial completion date is December
30, 2023.

Myocardial revascularization (percutaneous coro-
nary intervention (stenting of coronary arteries), or
CABG) is used as an additional treatment method for
stable angina that is refractory to drug therapy and/or
hemodynamically significant atherosclerotic lesions of
the left coronary artery trunk , large epicardial branches
and large painless ischemia. The decision on the choice
of surgical treatment is made by an X-ray endovascular
surgeon, a cardiovascular surgeon and a cardiologist
based on the results of CAG, non-invasive and invasive
studies, and patient’s clinical condition. Revasculariza-
tion can contribute to reducing the amount and dose
of antianginal drugs, increasing exercise tolerance and
improving the life quality compared to only drug treat-
ment. Myocardial revascularization is not performed in
vasospastic angina with no hemodynamically significant
atherosclerotic CAD [9].

More than half of patients (55 %) with microvascular
angina are refractory to drug therapy. This situation is
complicated by the fact that the choice of effective treat-
ment for refractory angina is in fact, currently limited.
Moreover, since microvascular angina is not routinely
diagnosed using invasive methods (coronary angiogra-
phy), it often remains undetected. Therefore, the man-
agement of refractory angina should focus not only on
macro- but also on microvascular dysfunction.

Despite the growing number of patients with coro-
nary heart disease with limitations for revascularization
or “no choice”, the options for refractory angina manage-
ment are currently limited. Ranolazine was approved for
the management of refractory angina on the basis of stud-
ies with the participation of patients with IHD, and the
use of enhanced external counterpulsation demonstrated

an improvement in the time before ST segment depres-
sion on the ECG, however, not the general tolerance
to physical exertion in patients with refractory angina.
However, the effectiveness of ranolazine with refractory
angina has recently become an issue for discussion.

In RIVER-PCI trial (Ranolazine in Patients With
Incomplete Revascularization After Percutaneous
Coronary Intervention), 2,604 patients (average age
63.4 years) after incomplete revascularization (one or
more coronary artery lesions with a stenosis diameter
of 50 % or higher with a reference value of >2.0 mm in
diameter by visual assessment) using PCI with stent-
ing were randomized in groups to receive ranolazine
1,000 mg twice daily (n = 1,317) and placebo (n = 1,287).
The results of 1.8 year median follow-up demonstrated
that 26.2 % of patients in ranolazine group and 28.3 % of
patients in placebo group (p = 0.48) developed the events
of primary combined endpoint (revascularization as a
result of myocardial ischaemia or hospitalization with no
revascularization). There was a high incidence of cardio-
vascular events in patients with incomplete revascular-
ization (15.3 % in ranolazine group and 15.5 % in placebo
group, p = 0.14). The results of this study revealed the
ineffectiveness of ranolazine in improving the prognosis
in patients with IHD and incomplete revascularization
[13].

In a single-center, prospective, open-label study by
S. Calcagno et al., the effectiveness of treatment with
ranolazine (375 mg twice daily) in addition to conven-
tional anti-ischaemic therapy in 49 patients (age 62.6 +
11.3 years)who underwent CAG for persistent/recur-
rent angina after PCI and residual ischemia of the small
branches of coronary arteries that were not subject to
further revascularization. In the course of the treat-
ment with ranolazine, in 30 days, the extended duration
of stress test compared with the baseline value (9’1" +
2’ vs 810”7 + 2, p = 0.01) was observed, as well as the
decreased frequency of exertional angina attacks (4.1 %
vs 16.3 %, p = 0.04). Thus, the addition of low-dose rano-
lazine to standard anti-ischaemic drug therapy resulted
in improved results of stress test and decreased frequency
of angina attacks in patients with persistent/recurrent
angina and residual myocardial ischaemia when revas-
cularization is impossible. In view of the small sample of
patients and short follow-up period, these results require
further investigation and confirmation [14].

The 2020 Russian Guidelines for stable coronary
artery disease largely coincide with European ones both
at the diagnostic stage and at the stage of treatment selec-
tion. Invasive CAG is no longer the “gold standard” in
the diagnosis of ischaemic lesions. The drug therapy
selection is considers the mechanism and nature of CA
lesions. CCB are the agents of choice for hyperreactivity
of smooth muscle cells, epicardial or microcirculatory
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vessels (positive acetylcholine test). Beta blockers,
nitrates, CCB, and ACEI or ARBs are recommended for
endothelial dysfunction (positive adenosine test).

However, the opinions of the professional commu-
nities of cardiologists in the USA, Canada, Great Brit-
ain, European countries, and Australia regarding the
guidelines on separate methods of managing IHD are
quite different. There is a number of drugs, “food supple-
ments”, surgical and other methods that are mentioned
in some guidelines on the management of patients with
chronic ischaemia caused by atherosclerotic lesions of
coronary arteries, as appropriate/ with possible positive
effect on the course of IHD, however, are absent in other
guidelines or are indicated as “unproven” and not recom-
mended for use [15].

Thus, the management of patients with suspected
myocardial ischaemia with any pathogenetic mechanism
(CMD or spasm) should be carried out with the partici-
pation of general practitioners, cardiologists, specialists
in the field of interventional cardiology (if necessary,
consultations with other specialists are also indicated).
When symptoms of ischaemia or asymptomatic isch-
aemia are detected, beta blockers and/or calcium chan-
nel blockers are the first choice drugs for all patients;
these agents depending on the clinical situation may be
recommend by a general practitioner/general practitio-
ner of the outpatient stage. If adjustment of treatment or
additional examination is required, the patient is referred
for a cardiologist’ consultation.

Conclusion

The accumulation of new knowledge and performing
new studies necessitate a continuous analysis of existing
solutions, implementation of new terms more precisely
describing the pathological processes associated with
myocardial ischaemia, for establishment of new and revi-
sion of old IHD criteria and the parameters for assessing
patient’s condition.

With the development of new technologies, the non-
invasive examination methods that reveal certain spe-
cific features of blood flow functional state, perfusion
and myocardial contractility are prioritized at the initial
stage of diagnostics. The choice of methods depends on
resources available, staff experience, preferences of phy-
sicians and patients. Diagnostic methods listed in the
ESC Guidelines for general clinic networks can hardly be
generally available in our country. This issue, of course,
requires clarification and further discussion.

In view of the lack of evidence (including the man-
agement of patients with INOCA), there is no single
approach to the choice of anti-ischaemic drugs and
agents that affect life quality, atherosclerosis progres-
sion and the incidence of cardiovascular events. The

step-by-step strategy depending on the clinical course of
disease and risk factors for cardiovascular events associ-
ated with atherosclerosis remains the reference. Calcium
channel blockers or beta blockers are still the first-line
anti-ischaemic agents.
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PesoMe

MI/IKPO6VIOM KULWLEeYHUKa ABNAeTCA BapMa6eanoi/'| CI/ICTeMOVI, KOTOpaﬂ He TOJ/IbKO aAanTMpyeTcn K CUrHanam m MH¢OpMauMM, I'IOCTyI'IalOLIJ,el‘/'I OT 4yeso-
B€Ka, HO N B/INAAeT Ha CBOEro Xxo3fnHa 3a c4eT C/IOHOW CUCTEMBI B3aVIMOA€I7ICTBVIl7I XUBbIX MI/IKPOOpFaHVIBMOB, ¢ar03, BVIPyCOB, naasmuj, M06VI}1beIX
reHeTn4eCKmnx szIeMeHTOB, MOﬂeKyﬂ, CVIHT€3VIpyeMbIX MVIKPOOPFaHVI3MaMVI, B TOM 4ucsie nx CprKTyprIX 3/1eMeHTOB (HyKneVIHOBbIX KWUCAOT, 6€I1KOB,
amnnaos, I'IOIWICHXapVIAOB), MeTa6OI1VITOB (CVIFHa/'IbeIX MoneKyn, TOKCHUHOB, OpFaHVI‘-IECKVIX n HeOpFaHMHeCKMX MoneKyn) n MO/'IeKy/'I, CVIHTe3VIpyeMbIX
OpraHuM3MoM YesoBeka. Moagndukaums unv Moay/IMpoBaHue MUKpo6b1oMa MyTeM KOppPeKLUM paLvoHa NUTaHUsA, XapakTepa GU3NYecKon aKTUBHO-
CTW, Ha3Ha4YeHUA KOMMOHEHTOB I'IepCOHaIWBVIpOBaHHbIX I'IpOAyKTOB (I'Ipe6VIOTVIKOB, I'IP06VIOTVIKOB, I'Iapal'lpO6VIOTVIKOB, I'IOCT6VIOTVIKOB, ayTOI‘IPO6VI-
OTVIKOB) MOXeT I'IPVIBOAI/ITb K U3MEeHeHUI0 BUA0BOro pa3Hoo6pa3vm, MeTa6OI1I/I‘-IECKOFO I'IpOd)VI/'IFI MVIKpO6VIOMa KUWEeYHUKa n perynﬂLuAM 06MeHHbIX
I'IPOLlECCOB, JIOKa/ZIbHOIro U CUCTEeMHOI 0 OTBETa Ha I/IH(I)eKLWIOHHbIe 3a6oneBava, MeTa60}1M3Ma ﬂeKaPCTBeHHbIX CpeACTB, AeATeNIbHOCTU MHOTUX Op-
raHOB N CUCTEM 3a CHEeT Ha/In4ua ¢M3MOHOFVI'-I€CKVIX ocen <(MVIKpO6VIOM KI/ILIJe'-IHI/IKa—LleHTpaIIbHaﬂ HepBHaH cucTtemMa», «MVIKpO6I/IOM KULWLEeYHUKa—-ne-
YeHb», «MVIKPOGVIOM KUWEeYHUNKa-MOYKU» " HeKOTOprX ApyFMX. M3y‘-IaIOTCH HOBbIE, TapFeTHbIe HanpaBneva MOAVI(I)VIKaLI,VII/I MI/IKPO6VIOMa KUwe4yHun-
Ka, KOTOpre 3aK/1l04akTCA B u,eneHanpaBneHHOM BO3Ael‘/'ICTBI/IVI Ha naToreHHble MVIKpOOpFaHVBMbI, B TOM 4ucne BHyTPVIKﬂeTO'-IHbIe n yCTOﬁHMBbIe K
aHTVI6aKTepVIaIIbeIM /'IeKapCTBeHHbIM CPeACTBaM.

AMHaMMHECKMVI xapaKTep KUleyHoro MVIKPOGVIOMa, CI'IOCO6HOCTb N3MEHATbCA U a,an'ITVIpOBaTbCFI noa BOBAel‘/'ICTBVIeM HeKOTOPbIX VI3y'-IeHHbIX (I)aKTO-
POB OTKprBaeT HOBbIe I'IepCI'IeKTVIBHbIe HaI'IPaBneHVIﬂ MGAVILI,VIHCKOVI I'IPO¢VII13KTI/IKVI n ne4yeHMA COMaTU4YeCKUX N NCUXUNYECKUX 3a60/1€BaHVIVI. Heco-
MHEHHO, MOAVIq)VIKaLU/IFI MVIKPO6VIOMa C K/IMHUYeCKOoMn Lesbo HanpaBneHo Ha prenneHMe 3A0p0Bbﬂ Yye/ioBeKa. OAHaKO, VIHAVIBVIAyaI'IbeIe, He Bcerga
npep,CKa3yeMb|e, n3MeHeHuAa MVIKpO6VIOMa B OTBET Ha MOAVIq)VILI,VIpyIOLLWIe (I)aKTOPbI MOFyT 6bITb 06ndOBI1€HbI yHVIKaIIbHOCTbI'O BMAOBOro coCtaBa un
(I)yHKLI,VIOHaanOFO noTteHuuana MMKPOOpFaHVBMOB y KaXa0ro 4yesioBeKa.
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Abstract

The gut microbiome is a variable system that not only adapts to signals and information coming from humans, but also affects its host due to a complex
system of interactions of living microorganisms, phages, viruses, plasmids, mobile genetic elements, molecules synthesized by microorganisms,
including their structural elements (nucleic acids, proteins, lipids, polysaccharides), metabolites (signaling molecules, toxins, organic and inorganic
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molecules) and molecules synthesized by the human body. Modification or modulation of the microbiome by correcting the diet, the intensity
of physical activity, the appointment of components of personalized products (prebiotics, probiotics, paraprobiotics, postbiotics, autoprobiotics)
can lead to changes in species diversity, the metabolic profile of the intestinal microbiome and the regulation of metabolic processes, local and
systemic response to infectious diseases, drug metabolism, the activity of many organs and systems due to the presence of physiological axes “gut
microbiome—central nervous system”, “gut microbiome-liver”, “gut microbiome-kidneys” and some others. New, targeted directions of modification
of the intestinal microbiome are being studied, which consist in targeted exposure to pathogenic microorganisms, including intracellular and resistant
to antibacterial drugs.

The dynamic nature of the intestinal microbiome, the ability to change and adapt under the influence of some of the studied factors opens up new
promising areas of medical prevention and treatment of somatic and mental diseases. Undoubtedly, the modification of the microbiome for clinical

purposes is aimed at improving human health. However, individual, not always predictable, changes in the microbiome in response to modifying

factors may be due to the uniqueness of the species composition and functional potential of microorganisms in each person.

Key words: microbiota, microbiome, antibiotics, probiotics, prebiotics, fecal microbiota transplantation
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FMT — fecal microbiota transplantation, SCFAs — short-chain fatty acids

Introduction

Human gut microbiome is a comprehensive and
complex ecosystem thickly populated by species of
microorganisms that interact with each other and with
the human body [1, 2].

The composition of microbiota varies between indi-
viduals and depends on the host genotype host and envi-
ronmental factors, including nutrition, physical activity,
and the use of antibacterial agents [1-5]. It is known
that the large intestine contains more microorganisms
than the other GIT sections; the predominant types are
Firmicutes and Bacteroides [1-4]. Gut microbiota syn-
thesizes metabolites (short-chain fatty acids (SCFAs),
secondary bile acids, neurotransmitters, etc.) that play
an essential role in the regulation of the dynamic bal-
ance of the internal environment and the stability of
basic physiological functions of human body, as well as
in the pathogenesis of some diseases [2, 6]. The role of
clinically significant bacterial metabolites is to maintain
intestinal barrier function, to regulate food intake and
energy expenditure (SCFAs), immune response (SCFAs,
indole derivatives), risk of cardiovascular diseases (tri-
methylamine N-oxide), hepatic diseases (phenylacetate,
acetaldehyde), diseases of central nervous system (4-eth-
ylphenyl sulfate) [7].

Modification or modulation of microbiome implies
the impact of any intervention aimed at successful and
beneficial changes in disturbed or depleted micro-
biota for the benefit of human health. The objective of
microbiome modification is as follows: to increase the
quantitative composition of microbiota, to change the
relative distribution of bacterial species or strains, their
metabolic activity, virulence, bacterial antigens, ability to
form biofilms, etc. However, it should be noted that it is
a complex and dynamic individual ecosystem that is not
fully understood yet. Simplified ideas about the potential
effect of prebiotics, probiotics and other components on
gut microbiome do not reflect the real matter of the issue
and can have unpredictable effects [5].

Microbial interactions and axes
of interactions between gut
microbiota and other biotopes

The stability of gut microbiome and its tolerance
by host organism is provided by several mechanisms,
in particular, the spatial separation of microorganisms
from the mucous membrane itself by a layer of mucus,
as well as the synthesis of antimicrobial peptides, secre-
tory immunoglobulins A, that contribute to removal of
microorganisms from intestinal epithelial surface [3].
A stable microbial community can resist the invasion of
foreign bacteria and the spread of opportunistic micro-
organisms using the mechanisms of colonization resis-
tance. One of the ways is the formation of gut biofilms
that results in the protection of bacteria from aggressive
factors and the improvement of exchange of nutrients
between bacteria and the host organism. The formation
of gut biofilms by beneficial bacteria is being studied,
however, the development of biofilms in pathological
conditions, for example, Bacteroides fragilis in inflamma-
tory bowel diseases, is deemed proven [1, 3].

The interaction between microorganisms can be
positive (mutualism, synergism, commensalism), nega-
tive (amensalism: predation, parasitism, antagonism,
competition), and neutral [3]. A special type of interac-
tion between gut microbes is known as cross feeding, or
syntrophy, when microorganisms create highly efficient
cooperative metabolic pathways and exchange nutrients
or other compounds. Gut microorganisms can use each
other’s complementary abilities to break down nutrients
and produce vitamins that support the production of
metabolites for mutual exchange. For example, Akker-
mansia muciniphila degrades glycans to oligosaccharides
(galactose, fructose, mannose) and SCFAs (acetate, pro-
pionate, 1,2-propanediol) that are used by other bacte-
ria (Faecalibacterium prausnitzii, Anaerostipes caccae,
Eubacterium halii) for the synthesis of vitamin B, and
SCFAs (acetate, propionate, butyrate) [8]. Bifidobacteria
populations can also interact with each other, as well as
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with other representatives of gut microbiota, through
cross-feeding when they collectively use their saccharo-
lytic properties to metabolize carbohydrates. Interspe-
cies hydrogen transfer is another example of a mutually
beneficial process in the gut when one microorganism
decomposes organic compounds such as polysaccharides
and releases reducing equivalents in the form of hydro-
gen that are used by other microorganism as an electron
donor [3]. Amensalism is expressed in the competition
for nutrients, as well as the synthesis of bacteriocins
and toxic metabolites. For example, microcins synthe-
sized in the gut by Escherichia coli, reduce the activity
of other reperesentatives of Enterobacteriaceae family
[9]. Bacteria can use signaling molecules that function
as a communication system to inform about cell den-
sity, diffusion conditions and species composition of the
environment allowing microorganisms to collectively
change their behavior in response to changes [10]. Such
communication within and between different types of
microorganisms can impact the network of interactions
in the ecosystem and, therefore, change the composition
of microbiota [1-3].

The importance of gut microbiota in the develop-
ment of pathological conditions of many organs and sys-
tems became apparent after the discovery of the follow-
ing communication axes: “gut — brain’, “gut — liver”,
“gut — respiratory system”, “gut — urogenital tract”; so,
the gut became the main organ responsible for human
health. Results of studies of the interconnection between
gut microbiota and the microbiota of other biotopes can

affect the strategy of managing patients with chronic dis-
eases and expand the possibilities for their prevention
and treatment [3, 11]. For example, in the study per-
formed by Dubourg G. et al. (2020), it was found that
64 % of bacterial species in urine samples coincide with
the identified species in gut microbiota [12]. Moreover,
the reduced incidence of recurrent urinary tract infec-
tions after fecal microbiota transplantation may sup-
port the hypothesis of the interconnection between gut
microbiota and urobiota [11, 13]. Modification of gut
microbiota can possibly result in a change in the quan-
titative and qualitative composition of the microbiota of
urinary tract, vagina and other localizations.

Modification of gut
microbiome

Bacteria can be described as a highly flexible and
adaptive system. Lifestyle modifications and clini-
cal interventions can alter gut microbiome (Figure 1).
It should be considered that the measures aimed at one
or several types of bacteria (prescription of antibacterial
agents, probiotics, synbiotics) can indirectly affect other
types of microorganisms due to the close relationship
between them [2, 3].

When modulating the microbiome, special attention
should be paid to potential negative consequences, such
as the increase in the proportion of pathogenic microor-
ganisms, transfer of antibiotic resistance, or induction of
pathological host reactions.

DUSHIECKAS
AKTHBHOCTS /
XAPAKTEP
FTIATARIASE / PHYSICAL BHOTHKH /
DIET ASTIVETE BIOTICS

KHLUIEYHBIIT MUKPOBHOM / INTESTINAL MICROBIOME

TAKCOHOMMYECKOE IIABHOCTD
PASHOOBPASIE / PA3HOOBPA3HS /

TAXONOMIC FLUENCY OF

DIVERSITY DIVERSITY

GVHKI[MOHAThHAS

TJIOTHOCTS / M3BBITOYHOCTD /

ABUNDANCE FUNCTIONAL
REDUNDANCY

Figure 1. The main factors and parameters of modification of the intestinal microbiome
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Lifestyle modification

The results of many studies demonstrate the relation-
ship between nutrition, physical activity, presence of
pernicious habits (smoking, alcohol consumption, drug
abuse) and gut microbiome, as well as other biotopes (of
skin, oral cavity, urogenital tract, etc.) [14-32].

Nutrition

The interconnection between nutrition, microbiota
and human health is undeniable. Diet is one of the key
determinants of microbiome variability; it can be an
important link between nutrition and human health.
Long-term diets are associated with dynamic changes in
the composition and metabolic activity of gut microbi-
ome, while short-term diets are not enough to cause seri-
ous changes in the ecosystem [14].

General diet, intake and ratio of macro- and micro-
nutrients affect the species diversity and metabolic pro-
file of gut microbiome. Alongside with the macronutri-
ents fermentation products (SCFAs, branched chain fatty
acids, phenolic metabolites, etc.), there are numerous
metabolites developed as a result of the bioconversion
of food substrates, minor components of food, and trace
elements that can potentially impact on human health
(2,3, 14].

The effect of carbohydrates, consumed with food, on
microbiome is due to their characteristics and the features
of human digestion. Indigestible dietary fibers, by defini-
tion, are not digested by human saccharolytic enzymes;
accordingly, they subject to fermentation in large gut,
and if resistant to fermentation, will be excreted with
feces. Dietary fibers affect the species composition and
metabolic profile of gut microbiome. Individuals with
high intake of plant fiber demonstrate a predominance of
phylum bacteria Prevotella over Bacteroides, high content
of Bifidobacterium spp. and Lactobacillus spp. compared
to those with low-fiber diets or placebo [14, 15]. When
the amount of indigestible dietary fiber is reduced, bac-
teria can switch to alternative energy sources from the
diet or can degrade host glycans in the intestinal mucus
layer contributing to the development of inflammatory
conditions associated with allergic, infectious and auto-
immune diseases [16].

Resistant starch that is not digested in small gut can
provide as much carbohydrate substrate for microbi-
ota as dietary fiber. The changes in gut microbiome in
response to the consumption of different types of resis-
tant starch (granular, modified, etc.) may depend on the
original human microbiome profile. Similarly, natural
non-absorbable sugar alcohols that are added to food as
low calorie sweeteners provide a substrate for intestinal
fermentation. The increased amount of Bifidobacterium
spp. is observed after the consumption of isomaltose,
maltitol, lactitol, and xylitol [17]. High carbohydrate
diets promote the growth of Clostridium cluster XVIII,
Lachnospiraceae and Ruminococcaceae [5].

In individuals with high fat intake (69.5% fat as
the energy source), the composition of gut microbiota
is altered due to the increase in bile-resistant bacte-
ria including Alistipes, Bilophia, Bacteroides and the
decrease in the number of bacteria with carbohydrate
substrate — Roseburia, Eubacterium, Ruminococcus [18].
A low-fat diet (20 % fat as energy source) increases the
alpha diversity of gut microbiota and the relative amount
of Blautia and Faecalibacterium [14, 19].

The quantity and quality of proteins consumed (red
meat protein, white meat protein, non-meat protein
sources) can modulate gut microbiome. For example,
high-protein diet with limited calorie intake in over-
weight patients results in a decreased amount of Eubac-
terium rectale and Collinsella aerofaciens [14]. However,
the changes in the microbiome of these patients can
hardly be associated with protein intake only, since other
factors, in particular, decreased energy intake, could
affect microbial diversity.

Despite the small number of studies on the modifying
function of vitamins and minerals on gut microbiome,
there is no doubt that they are important for the symbi-
otic relationship between the host and microorganisms,
and play a certain role in the development of gut micro-
bial composition. Vitamin K and B vitamins are usually
found in the diet, however, they can be synthesized by
intestinal bacteria and then distributed between species
via cross-interaction [1]. Competition for minerals that
are essential cofactors for a number of human and micro-
bial metabolic processes can also determine the species
that can grow and survive in gut ecosystem. For exam-
ple, a high level of iron in the gut is associated with the
increased growth of pathogenic microorganisms [20].

Reducing the risk of chronic disease is associated
with healthy diets, such as the Mediterranean diet, and
plant-based diets [21, 22].

The Western diet is characterized by high intake of
meat, saturated fats, sugars, processed grains, and a low
consumption of fibers. The Western diet in men living in
communities is associated with a higher amount of micro-
organisms such as Alistipes, Anaerotruncus, Collinsella,
Coprobacillus, Desulfovibrio, Dorea, Eubacterium and
Ruminococcus [14, 23]. At the same time Prevotella copri
that is aimed at the digestion of carbohydrates is much less
common in the Western population individuals [24].

The Mediterranean diet is characterized by a high
consumption of vegetable products such as fruits, veg-
etables, whole grains and legumes, moderate consump-
tion of fish, poultry and wine, olive oil as the main source
of fat, and dairy products in small amounts. The Medi-
terranean diet in overweight and obese people results in
the increase in Faecalibacterium prausnitzii (taking part
in the synthesis of a SCFA — butyrate) and a decrease in
Ruminococcus gnavus (possibly producing a pro-inflam-
matory effect) [14, 25].

Vegetarian diets are characterized by high consump-
tion of plant-based foods, and, correspondingly, fiber.
Vegan diets are free from any animal products. Pregnant
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women practicing a vegetarian diet demonstrate the
increase in Roseburia genus Lachnospiraceae family bac-
teria and the decrease in the number of Collinsella and
Holdemania [26]. Vegans and vegetarians have a higher
diversity of microbial genes and proteins involved in the
hydrolysis of polysaccharides, proteins and the synthesis
of vitamins [14, 27].

Very low-carbohydrate ketogenic diets are character-
ized by high intake of fat, moderate intake of protein,
and very low intake of carbohydrates that results in the
development of ketosis. A ketogenic diet in children with
drug-resistant epilepsy can result in modification of gut
microbiome, i.e. a decrease in the number of bacteria of
Firmicutes type, Bifidobacterium, Eubacterium rectale,
Dialister families and an increase in Bacteroides bacte-
ria [14, 28]. Elite athletes after ketogenic diets develop
an increase in Bacteroides and Dorea bacteria of and a
decrease in Faecalibacterium [29].

The modified Mediterranean ketogenic diet increases
the amount of Enterobacteriaceae family bacteria, Akker-
mansia, Slackia, Christensenellaceae and Erysipelotria-
ceae genera, and results in the decreased number of
Bifidobacterium and Lachnobacterium families bacteria.
Interestingly, that this type of diet is associated with a
decrease in Alzheimer’s biomarkers in cerebrospinal
fluid [14].

The Paleolithic diet is characterized by the consump-
tion of grass-fed meat, fish, seafood, fresh fruits and veg-
etables, eggs, nuts and seeds, and vegetable oils. In the
Paleolithic diet followers, there is an increase in the
number of bile-resistant bacteria — similarly to the indi-
viduals with high fat intake [14, 18].

Thus, the type of human nutrition undoubtedly
affects the species diversity and metabolic potential of
intestinal microbiome. Healthy diet with much plant
foods maintains favorable microbiome profiles with a
higher content of species capable of fermenting carbo-
hydrates. However, due to the high level of interindi-
vidual variability of human microbiome, no well-defined
microbiome profiles that correspond to specific diets or
nutrient intake have yet been established. A promising
area of research is the study of the role of diets in the
modification of microbiota, metabolome, aimed at the
treatment and prevention of chronic diseases. To develop
clinically relevant dietary recommendations for enhanc-
ing the gut microbiome stability, microbiome studies
should integrate population epidemiology with narrow
but in-depth clinical studies of personalized nutrition,
including approaches that help in understanding the
mechanisms of individual response to modulating inter-
ventions. Moreover, the future studies should go beyond
the single nutrient approach and focus on the effects of
the entire diet on gut microbiome [1, 14].

Physical activity

Physical activity is one of the main factors that has an
independent impact on the composition and metabolic

activity of gut microbial communities what results in
the overall increase in biodiversity, the increase in the
number of bacteria that synthesize SCFAs or utilize lac-
tate, alongside with simultaneous reducing potential
pathobionts. Some of these changes are persistent and
do not depend on age, weight, or food consumption [5,
30, 31].

The potential mechanisms underlying the modifi-
cation of gut microbiome during physical activity are
diverse: the increased gut motility, intestinal nervous
system activity, mucus secretion, immunity of intestinal
mucosa, integrity of the mucous barrier, availability of
nutrients, changes in blood circulation, intestinal pH,
enterohepatic circulation of bile acids, ability to produce
biofilms [30, 32].

Clinical interventions

Clinical interventions can produce diverse changes in
gut microbiome. On the one hand, the prescription of
antibacterial agents results in collateral and often nega-
tive changes in gut microbiome and the development
of antibiotic-resistant strains. On the other hand, the
revealed protective effect of beneficial microflora and its
bioactive metabolites has resulted in the emergence of
various functional biotics, such as probiotics, prebiotics,
synbiotics, postbiotics, next-generation probiotics, psy-
chobiotics, oncobiotics, pharmabiotics, smart probiotics
and metabiotics that are aimed at human health benefits
and found wide application in the clinical practice.

Antibacterial agents

Antibiotic therapy causes one of the most serious
disorders of intestinal microbiome affecting not only on
the pathogens it is deigned against, but other microbiota
representatives as well. For example, antibiotics with sig-
nificant anti-anaerobic effect cause a long-term decrease
in the relative amount of Bifidobacterium (ciprofloxa-
cin, clindamycin) and Bacteroides (clindamycin) [33].
B-lactams and fluoroquinolones result in the increase
in the ratio of Bacteroides/Firmicutes phylums and the
decrease in microbial diversity due to the reduction of
basic phylogenetic microbiota from 29 to 12 microbial
taxa [34]. As a result, microbial diversity and functional
potential of gut microbiota is decreased [1-4].

Oral administration of antibacterial agents directly
affects the growth of microorganisms in the gut and
results in the decreased thickness of parietal mucus,
changes in intestinal pH, decreased synthesis of anti-
microbial peptides, SCFA (butyrate), and immune tol-
erance [3]. For example, ampicillin is associated with a
decrease in the number of acid-producing bacteria and
changes in intestinal pH from slightly acidic to neutral;
oral administration of vancomycin results in the decrease
in the relative amount of Coprococcus eutactus and Fae-
calibacterium prausnitzii — butyrate producers [35]. The
protective role of SCFAs and the acidic environment of
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intestine is to maintain homeostasis by counteracting
the massive reproduction of such dangerous bacteria as
Klebsiella [3].

The consequence of changes in gut microbiota after
the use of antibiotics may be decreased resistance to
colonization by pathogens what increases the suscep-
tibility to infections [36]. An example is the antibiotic-
associated diarrhea caused by a nosocomial pathogen
Clostridioides difficile [1]. Another problem may be the
emergence of antibiotic-resistant microorganisms that
can persist in the microbial community for a long time
after the end of antibiotic therapy and cause difficulties
in the management of bacterial infections [3, 37].

The studies of duration and nature of changes in gut
microbiome after antibacterial treatment are ongoing.
According to Kriss M. et al. (2018), the bacterial diver-
sity decreases withing a week following the antibiotic
therapy, after that the restoration starts, however, it does
not return to its baseline state [38]. Long-term (over sev-
eral years and decades) study of the species composition
of gut microbiota and antibiotic resistance of bacteria in
humans after administration of antibacterial agents is of
interest.

The grade of damage to the representatives of gut
microbiota depends on the chemical nature, the target
spectrum of action, pharmacokinetic and pharmacody-
namic properties, dose and duration, route of admin-
istration and excretion of a drug, microbial diversity,
functional redundancy, metabolic flexibility of gut
microbiome before treatment, immunological tolerance,
mucus thickness, the degree of blood supply and oxygen
saturation, the level of intestinal motility, and some
other factors. In this regard, the degree and direction of
changes in response to the treatment with antibacterial
agents are highly individual [35].

Reasonable prescription of antibacterial agents and
early de-escalation of antibacterial therapy can reduce
the adverse effects of antibiotics on human microbiome.
Moreover, alternative methods of antimicrobial therapy
are currently being developed; they are aimed at the
selective destruction of infectious agents with no damage
to other microbiome representatives.

Prebiotics

Prebiotics are the substances that cause specific
changes in the composition and/or function of micro-
biota to benefit human health. The most important
groups of prebiotics include fructooligosaccharides and
galactooligosaccharides, that, when taken orally, are
selectively fermented by intestinal microorganisms to
SCFAs, mainly acetate, propionate and butyrate; these
substances interact with free fatty acid receptors and
thus modulate the metabolic activity of intestinal colo-
nocytes and enterocytes, reinforce the integrity of gut
epithelium, maintain intestinal homeostasis, affect the
immune system, and change the epigenetic signature of
the host [3, 6, 39].

Probiotics

Probiotics are the preparations of live microorgan-
isms that are aimed at benefiting the health of human
body when used in appropriate amount [3, 39, 40].

The wholesome functions of probiotics include:
maintaining colonization resistance, improving metabo-
lism and utilization of end products of energy substrates
breakdown, producing substances necessary for human
body, regulating local immunity, restoring the intestinal
barrier, improving the metabolism of drugs and xeno-
biotics, regulating the metabolism of bile acids, restor-
ing native microbiota. Antagonistic activity of probiot-
ics against a wide range of pathogenic microorganisms
can be mediated by the synthesis of antimicrobial com-
pounds such as organic acids, hydrogen peroxide, SCFAs,
carbon dioxide, diacetyl, reuterin, acetaldehyde, phenyl
lactic acid, bacteriocins and bacteriocin-like inhibiting
compounds, biosurfactants, and other low molecular
compounds [6].

The adhesion of probiotics that was previously con-
sidered an important beneficial property of a bacterium
is now considered as a negative feature of strain, since
many adhesins are considered to be pathogenic factors,
and the adhesion of probiotic bacteria to gut epithelium
can be carried out only in the absence of mucous layer
what is typical for pathology.

Commonly used probiotics include Lactobacillus
spp., Bifidobacterium spp., Streptococcus spp., Bacillus
spp. bacteria , individual strains Escherichia Coli and
Saccharomyces fungi. Probiotics have a broad spectrum
of action; they can be monocomponent or multicompo-
nent. Zendeboodi F. et al. (2020) proposed a new concept
of true probiotics and pseudoprobiotics based on their
metabolic activity. It lies in the fact that true probiot-
ics include viable microorganisms that can synthesize
biochemical metabolites, and pseudoprobiotics consist
of spores and bacteria that have undergone any type of
exposure (temperature, pH, lack of nutrients, osmotic
pressure, etc.) that results in metabolic rest [39, 41].

The results of clinical trials revealed the effectiveness
of the use of certain probiotic strains in most patients
with irritable bowel syndrome and inflammatory bowel
diseases [6, 42]. However, depending on the individual
characteristics of human body and comorbidities, probi-
otics can, in rare cases, produce negative effect on human
body, alongside with positive or neutral effects [3, 6, 42].
In this regard, the prescription of probiotics should be
justified and individual-based, including the monitoring
of adverse reactions.

Synbiotics

The concept of synbiotics is based on a combination
of prebiotics (substances) and probiotics (microorgan-
isms) that increases the viability, survival and success-
ful implantation or colonization of probiotic bacteria in
gut. For example, the combination of bifidobacteria or
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lactobacilli with fructooligosaccharides, inulin and oli-
gofructose is currently well studied. A synbiotic com-
bination has a synergistic effect inhibiting the growth
of pathogens and enhancing the growth of beneficial
microorganisms. Prebiotics, in combination with probi-
otics, improve the absorption of minerals, lower choles-
terol levels, normalize metabolic profile and prevent the
development of type 2 diabetes, obesity and inflamma-
tion. Despite the numerous positive effects of synbiotics,
their development require careful selection of probiotics
and prebiotics to ensure their maximum beneficial effect
on human health [3, 6, 39].

Pharmabiotics

Pharmabiotics are the wholesome commensal
microbes, yeasts, bacteriophages, or their derivative
biomolecules (vitamins, SCFAs, y-aminobutyric acid,
serotonin, catecholamines, acetylcholine, conjugated lin-
oleic acid, antimicrobial, exopolysaccharides) clinically
proven to be effective and safe [6, 39].

Postbiotics (meta-, paraprobiotics)

Postbiotics are non-viable bacterial products or met-
abolic products of microorganisms that display biologi-
cal activity in the host body. Postbiotic molecules are a
mixture of metabolic products from live probiotic bac-
teria such as vitamins, SCFAs, extracellular-secreted bio-
surfactants, secreted proteins or peptides, organic acids,
acellular supernatant, amino acids, and released com-
ponents after bacterial lysis. Ultraviolet rays (5-30 min),

heat inactivation (60-121°C /5-60 min), ionization
(10 kGy), and sonication are used to obtain various post-
biotic components [39].

Paraprobiotics are inactivated/non-viable microbial
cells of probiotics containing teichoic acids, mucopep-
tides derived from peptidoglycans, surface proteins,
polysaccharides such as exopolysaccharides, surface-
protruding molecules such as pili, fimbriae, flagella, or
crude cellular extracts that, when administered in suffi-
cient quantities, provide benefit for human body [6, 39].

Fecal microbiota transplantation

Fecal microbiota transplantation (FMT) is a medical
procedure that is based on replacing the host microbiota
with the microbiota of a healthy donor [3, 5, 43].

FMT can be considered as an alternative treatment
for patients with Clostridioides difficile-associated infec-
tion, that refers to as recurrent if there were two episodes
that required hospitalization, or three or more confirmed
episodes of the disease, as severe — in the absence of
response to standard treatment, and as fulminant — in
cases when surgical interventions are impossible [44, 45].

FMT can be a high-potential method of managing
many diseases and disorders associated with changes in
gut microbiota, i.e. metabolic diseases, functional and
inflammatory bowel diseases, hepatic diseases, autoim-
mune, hematological, neurodegenerative, allergic dis-
eases, autism, malignant neoplasms, with resistance to
antibacterial agents [3, 5, 44, 45]. However, FMT-asso-
ciated adverse reactions should be taken into consider-
ation (Fig. 2) [3, 6, 45].

TEPETAYA TEHOB PE3HCTEHTHOCTH
K AHTUBAKTEPHAJIbHBIM JIEKAPCTBEHHBIM CPEJICTBAM /
TRANSMISSION OF RESISTANCE GENES
TO ANTIBACTERIAL DRUGS

TPAHCJTOKALTIS INITAMMOB BAKTEPHIT C TEHAMU TTATOTEHHOCTH /
TRANSLOCATION OF BACTERIAL STRAINS WITH PATHOGENICITY GENES

TPAHCJIOKAIL[HS HEMIEHTUSHIIMPOBAHHBIX BUIOB BAKTEPHIT
U IPYTUX MATOTEHOB C HEYTOYHEHHOI ®VHKIMEI /
TRANSLOCATION OF UNIDENTIFIED BACTERIAL SPECIES
AND OTHER PATHOGENS WITH UNSPECIFIED FUNCTION

TPAHCJIOKAITNA BAKTEPHAJIBHBIX TOKCHHOB /
TRANSLOCATION OF BACTERIAL TOXINS

Figure 2. Potential negative consequences after fecal microbiota transplantation
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Thus, despite its proven effectiveness, FMT remains
a complex and expensive procedure that carries risks of
adverse collateral effects.

High-potential trends of gut
microbiome modulation

The most promising trends of gut microbiome modu-
lation for therapeutic and prophylactic purposes are pre-
sented in Table 1 [3, 6, 46].

A promising method to reduce the adverse effects
of FMT is the administration of microbial cocktails
and autoprobiotics to the patient. The most appropriate
microbial cocktails can include microorganisms of Lach-
nospiraceae, Ruminococcaceae, Bacteroides families [3].
Other types of microorganisms can be used depending
on the final purpose. For example, the use of a micro-
bial cocktail of three bacterial strains of fecal microbiota
(genera Escherichia, Bacillus, Enterobacter) that metabo-
lize urea and creatinine into amino acids, significantly
decreases the concentration of urea and creatinine in
the blood of animals and causes no side effects [47].
The effectiveness and safety of microbial cocktails in ath-
letes and patients with various diseases is a promising
trend to study [5, 48].

The wide use of antibacterial agents has resulted in
the development of infections associated with the colo-
nization of patients with antibiotic-resistant pathogens,
for example, vancomycin-resistant enterococci, meth-
icillin-resistant Staphylococcus aureus, and extremely
resistant enterobacteria. In connection with the high
damaging potential of common antibacterial agents,
alternative methods of targeted measures on pathogenic
microorganisms are considered, i.e. targeted antibacte-
rial therapy, small molecules, bacteriophages, CRISPR-
CAS9 methods of genetic engineering [3].

Table 1. Prospects of microbiome-associated interventions

Practical importance of
modifying gut microbiome

Rapid development of scientific knowledge and the
large number of studies in the field of human micro-
biome, its characteristics, its role in human body, its
relationship with the development of diseases will lead
to the implementation into clinical practice of recom-
mendations based on the methods of targeted effect on
the patients’ microbiome, for example, to prevent ath-
erosclerosis , non-alcoholic fatty liver disease, to control
the course of diabetes mellitus, to optimize the response
to the treatment of cancer, to increase endurance and
to accelerate recovery of athletes after exercises (Fig. 3)
[3-5,29-31].

The basic methods of affecting human microbiome
will be lifestyle modification, specialized diets, adminis-
tration of beneficial microbial communities, and person-
alized antibacterial treatment.

Conclusion

Accumulation of new scientific knowledge has pro-
vided understanding of the role of gut microbiome as an
organ that maintains and regulates the homeostasis in
the human body, and participates in the pathogenesis of
pathological conditions and diseases. The results of many
studies revealed the relationship between the imbalance
of gut microbiome and the development of somatic
and mental diseases such as obesity, diabetes mellitus,
asthma, allergic diseases, atopic eczema, non-alcoholic
fatty liver disease, inflammatory bowel disease, multiple
sclerosis, Alzheimer’s disease, etc. [1-3, 11]. The role of
gut microorganisms in the development of ankylosing
spondylitis, systemic lupus erythematosus, psoriasis,
bacterial vaginosis, and urinary tract infections is under

Type of the intervention |

The principle of the intervention

Potential effects of the intervention

Microbial cocktails
of beneficial types of the microbiome

Personalized symbiotic
therapy (autoprobiotics)

Next-generation probiotics

administration to the patient of a prepared and purified mixture

isolation of pure cultures of individual types of the microbiota,
their genetic analysis, cultivation outside the body and
administration back into the human intestine

the use of non-traditional intestinal commensal bacteria, such

- alternative fecal microbiota transplantation
- effect on metabolic processes

- alternative fecal microbiota transplantation
- prevention and diseases control

expanding the potential of probiotics

as Akkermansia muciniphila, Faecalibacterium prausnitzii,
Eubaterum hallii, Bacteroides fragilis, clusters of Clostridium IV,

XIVA and XVIII, etc. and their metabolites

Bacterial ligands
receptors — 4, 5, 7/8

Small molecules
(turicin CD, avidocin CD)

Targeted antibacterial

therapy against pathogen»

CRISPR-CAS9 methods of

genetic engineering by molecular genetics methods

administration of microbial ligands — agonists of Toll-like

administration of thiopeptides — lactocillin, ribocil, bacteriocins

administration of the conjugated complex «antibiotic-antibody

CRISPR-CAS9 is a bacterial immune system that can be modified

restoration of innate immunity and protection
against infection

targeted exposure to pathogenic
microorganisms

targeted exposure to pathogenic
microorganisms, including intracellular

targeted exposure to pathogenic
microorganisms, including those resistant to
antibiotics
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Figure 3. Potential practice-oriented prospects for modification of the gut microbiome

discussion [3, 4]. It has been proven that gut microbi-
ota is involved in the biotransformation of medications,
increasing or, on the contrary, reducing their effective-
ness [3]. Therefore, in the near future, studying the phar-
macokinetics or computer modeling of new agents will
require considering the characteristics of gut microbiota.

The concept of the parameters that can be used to
describe a normal microbiome is currently only being
developed. A large number of microorganisms and their
role in human body remain unidentified. The measures
aimed at modifying gut microbiome are at the core of
microbiome-associated medicine that is an actively
developing branch of science. However, in real practice,
it is not always possible to assess the range of potential
interactions between an intervention and the host’s diet,
genome, immune system, local commensal bacteria
which can result in the lack of a proper response to the
intervention or to the development of negative effects.
In this regard, the unique projects aimed at studying
gut microbiome and the possibilities of its programmed
modulation in human diseases are the basis for new
knowledge about the microbiome that will contribute to
the development of personalized medicine.
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Peslome

M3-3a BbICOKOIi 3a60/1€Ba€MOCTM U CMEPTHOCTM Npo6/ieMa TAKENOro a/KOro/IbHOro renaTuTa 40 HaCTOALLEro BpeMeHU He TepAeT CBOE aKTyaslb-
HocTU. Mpu oTCYTCTBUM CneLmdUIecKoit Tepannu, CBA3aHHas C HUM OHOMECAYHaA BbKMBAEMOCTb HeBE/IMKA, a MoKasaTe/In /1IeTaNbHOCTM A0CTUra-
10T 30-50 %. X0TA Ha3HaYeHne KOPTUKOCTEPOU/OB ABNAETCA HAYHYHO O60CHOBAHHBIM IeYeHEM NEPBON JIMHWM TAXENOTO a/IKOT0/IbHOTO renaTnTa,
KpaTKOBpeMeHHblI 0TBeT Hab/itogaeTca npuMepHo y 60 % nauueHToB, 6e3 NpenMyLLecTB B 40/ITOCPOYHON BbIXXMBAEMOCTU MO CPaBHEHUIO C NaaLe6o.
CnepyeT TakxKe y4MUTbIBaTb BO3HUKHOBEHME He61aronpUATHBIX MOGOYHBIX peaKLuii Ha 1X MpUMeHeHWe NpuMepHo Y 50 % NaLMeHTOB, a TaKke pUCK
OC/IOXHEHWIA, B 4aCTHOCTU, 6aKTepuasbHbIX U rPUOKOBLIX MHdeKLMIA. [penapaTbl BTOPOI AMHWUK, HanpuUMep, NEHTOKCUPU/INH, STaHepLenT, UH-
Pmkcnumab, N-aLeTUALUCTENH U AP. NPY TAXKE/NOM aIKOro/IbHOM renaTtuTe Y/yHlleHUs KAMHUYECKOro UCX0Aa He Mokasain. B coBpeMeHHbIX pyKo-
BO/CTBAX 06CYX/aeTcsA Lie/1eco06pa3sHOCTb TPAHCMNAHTALMM NeYeH Y TLiaTe/IbHO OTO6PaHHbIX, He OTBEYaIoLLMX Ha JleHeHe KOPTUKOCTepouaaMu
60/IbHBIX TAXENbIM a/IKOTO/IbHBIM renaTuToM. TeM He MeHee, 13-3a MHOrOYMC/IEHHBIX NMPOTVBOPEYUIl FOBOPUTL O BHEAPEHUM [JaHHOTO MOAX0Aa B
KNMHUYECKYI0 NPaKTUKY elé paHo. B nocnegHne roabl 6b111 4OCTUMHYTHI ONpeenéHHble ycrexy B MOHMMaHUM NaTopuU3nNoNorMyecKux MexaHn3mMoB
Pa3sBUTUA aJIKOrO/ILHOTO renaTnTa, YTO MOCYXKUIO TOYKOM /1A HOBbIX HaMpaB/IeHWii ero naToreHeTUYeckoi Tepanuu. OAHO U3 Taknx Hanpas/e-
HWIN — pa3paboTka 1 COBEpLIEHCTBOBaHNE MeTOAMK, 0becrneymBalo X KMLWEYHbI 3y6103, B YaCTHOCTU, MOCPeACTBOM TPAHCM/IAHTaLLMKN peKabHOM
MUKpO6MOThI. Llenbto o63opa 6b110 onncaTb NaToGU3NOIOrMYECKMe NPeANoCbIIKA U TepaneBTUYECKUI NoTeHLMan TpaHCniaHTauum gpekanbHowm
MUKPOBUOTBI OT 34,0POBbIX JOHOPOB 60/IbHBIM TAXENBIM a/IKOrO/IbHbIM FeNaTUTOM. JKCMepUMeHTa/IbHbIE UCCNeA0BaHUA MOKa3aAn MoM0OKUTe/IbHOe
B/IVAIHVE TPaHCMNaHTaUMK peKanbHOW MUKPOBMOTbI Ha MUKPODIOPY KULLIEYHVKA, KOTOpPOe NMPUBOAUAO K 0CNabNeHNIO VHAYLIMPOBAHHOIO a/Koro-
/IeM MOBPEXAEHUA NeYeHn. Y NaUNeHTOB C TAKE/bIM a/lKOro/IbHbIM renaTUTOM AaHHaA MeTOAMKa yMeHblUaNa BbIPaXKeHHOCTb ero CUMNTOMaTUKK
1 Cnoco6CTBOBaNA YBE/IMYEHUIO BbIKMBAEMOCTM MO CPABHEHUIO C MO/Y4aBLUIMMN KOPTUKOCTEPOUABI. DTN NpeABapuUTe/ibHbIe pe3ybTaTbl BCNAOT
ONTVMU3M U CO3/aI0T YCIOBUA ANA AabHENLINX KAMHUYECKMX UCTBITaHUI C BKNIOYEHNEM 60/1bILIOI KOrOPThl 60/IbHBIX TAXKE/NBIM a/KOrO/IbHbIM rena-
TUTOM AN1A ONpe/e/ieHNA rpynn NaLuMeHTOB, KOMY TPaHCMNaHTaUMA eKanbHON MUKPO6MOThI 6yAeT Hanbonee 3peKTUBHA C MUHMMA/IbHBIM PUCKOM
OC/IOMHEHWIA.
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Abstract

Due to the high morbidity and mortality, the problem of severe alcoholic hepatitis has not lost its relevance to date. In the absence of specific therapy,
the associated to him one-month survival rate is low, and mortality rates reach 30-50 %. Although the use of corticosteroids is a scientifically proven
first-line treatment for severe alcoholic hepatitis, a short-term response is observed in approximately 60 % of patients with no long-term survival
benefits compared to placebo. It should also take into account the occurrence of adverse side reactions to their use in about 50 % of patients, as well
as the risk of complications, in particular, bacterial and fungal infections. The second-line drugs, for example, pentoxifylline, etanercept, infliximab,
N-acetylcysteine, etc. in severe alcoholic hepatitis did not show an improvement in the clinical outcome. The modern guidelines discuss the feasibility
of liver transplantation in carefully selected patients who do not respond to corticosteroid treatment with severe alcoholic hepatitis. Nevertheless, due
to numerous contradictions, it is too early to talk about the introduction of this approach into clinical practice. In recent years, some progress has been
made in understanding the pathophysiological mechanisms of the development of alcoholic hepatitis, which served as an impetus for new directions
of its pathogenetic therapy. One of them is the techniques that provide intestinal eubiosis, in particular, through the fecal microbiota transplantation.
The purpose of the review was to describe the pathophysiological prerequisites and therapeutic potential of fecal microbiota transplantation from
healthy donors to patients with severe alcoholic hepatitis. Experimental studies have shown a positive effect of fecal microbiota transplantation
on the intestinal microflora, which led to a weakening of alcohol-induced liver damage. In patients with severe alcoholic hepatitis, it improved the
severity of its symptoms and contributed to increased survival compared to those receiving corticosteroids. These preliminary results are encouraging
and create conditions for further clinical trials involving a large cohort of patients with severe alcoholic hepatitis, which will allow us to identify those

for whom fecal microbiota transplantation will be most effective with minimal risk of complications.

Key words: severe alcoholic hepatitis, pathogenesis, therapy, gut microbiota, fecal microbiota transplantation

Conflict of interests
The authors declare no conflict of interests

Sources of funding

The authors declare no funding for this study
Article received on 02.04.2022

Accepted for publication on 11.05.2022

For citation: Garbuzenko D.V. Pathophysiological Prerequisites and Therapeutic Potential of Fecal Microbiota Transplantation in Severe Alcoholic
Hepatitis. The Russian Archives of Internal Medicine. 2022; 12(5):352-362. DOI: 10.20514/2226-6704-2022-12-5-352-362 EDN: GYWNEQ

AH — alcoholic hepatitis, ALT — alanine aminotransferase, AST — aspartate aminotransferase, CTP — Child-Turcotte-Pugh score, DAMPs —
damage-associated molecular patterns, FDA — US Food and Drug Administration, FMT — fecal microbiota transplantation, IL — interleukin, LPS —
lipopolysaccharides, MDF — modified Maddrey’s discriminant function, MELD — model for end-stage liver disease, PAMPs — pathogen-associated
molecular patterns, TLR — toll-like receptors

Introduction
increased prothrombin time, hypoalbuminemia and

Alcoholic hepatitis (AH) is a syndrome character-
ized by the development of acute-on-chronic liver fail-
ure caused by long-lasting and active intake of alcohol.
Its specific clinical signs include: the progressive jaun-
dice accompanied by fever (even with no infection),
malaise, weight loss and nutritional deficiency, with
or without other signs of hepatic decompensation (for
example, ascites and/or encephalopathy). Laboratory
test results in AH usually reveal neutrophilia, hyper-
bilirubinemia (>50 mol/L), increased level of aspartate
aminotransferase (AST) in blood serum (however, rarely
>300 IU/mL), with AST/ALT (alanine aminotransfer-
ase) ratio normally exceeding 1.5-2.0. In severe cases,

thrombocytopenia are often observed. Such histologi-
cal signs as ballooning degeneration of hepatocytes, with
amorphous eosinophilic inclusions, termed Mallory-
Denk bodies, surrounded by neutrophils, tubular and/or
ductal cholestasis, fibrosis, and megamitochondria are
considered to be independent predictors for short-term
prognosis [1]. Infectious complications that develop in
about a half of patients have an adverse effect on AH out-
come [2]. The presence of multiple organ failure predicts
one-month mortality rate 35-50 %, another 50 % of sur-
vivors also die within 12 moths [3].

Generally accepted predictive model for assessing
AH severity is Maddrey’s discriminant function (DF).
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In its modified version (MDF), the threshold value
of 32 allows the identification of patients with severe
hypertension and usually is a value used to start specific
therapy. If not treated, the one-month mortality rate of
patients with MDF >32 is 30-50 %, while in MDF <32 it
is below 10 %. Moreover, it was found that MELD (Model
for End-stage Liver Disease) score =21 suggests a high
risk of 90-day mortality, and patients with MDF >32 and
Glasgow score 29 have a poor prognosis and 84-day sur-
vival when treated with corticosteroids. ABIC (Age —
Bilirubin — International Normalized Ratio — Creati-
nine) score allows stratification of patients with AH into
the groups of low, medium and high risk of death within
90 days [4, 5].

Corticosteroids are an evidence-based first-line ther-
apy for severe AH, although their effectiveness is disput-
able [6]. A short-term response to treatment with cor-
ticosteroids is observed in about 60 % of patients with
no advantages for long-term survival over placebo. The
important issues associated with their use include adverse
reactions (in about 50 % of patients) and the risk of com-
plications, in particular, of bacterial and fungal infec-
tions. Second-line agents, for example, pentoxifylline,
etanercept, infliximab, N-acetylcysteine, etc. in severe
AH demonstrated no clinical outcome improvement
[7]. Current guidelines discuss the advisability of liver
transplantation in carefully selected patients with severe
AH that are nonresponsive to corticosteroids. Never-
theless, due to many contradictions, it is prematurely to

speak of the implementation of this approach in clinical
practice [8].

Considering the urgency of this issue, new directions
for the management of severe AH have been actively
developed in the recent years. In particular, methods
are studied that are related to the modulation of gut
microbiota that is the first metabolically active site of
the interaction of environmental factors with the human
body and plays an important role in the development
of various diseases, including AH. Hence, the provi-
sion of intestinal eubiosis, for example, with probiotics,
prebiotics, or with fecal microbiota (FM) transplanta-
tion can be a pathogenetically justified method of AH
management [9].

The use of fecal microbiota for medicinal purposes
has been known since the ancient times: as early as the in
4th century AD, traditional Chinese medicine practitio-
ners prescribed a suspension of human feces for the man-
agement of food poisoning or severe diarrhea. However,
the successful use of fecal enemas in patients with severe
pseudomembranous enterocolitis was first described in
early 1950s. [10]. Since then, an active study of this tech-
nique has started. In the last decade, FMT was actively
implemented into clinical practice and has already been
approved by the US Food and Drug Administration
(FDA) for the management of refractory Clostridium dif-
ficile infection [11]. Currently, good preliminary results
of FMT were obtained in patients with gastrointestinal
and other systems diseases (Table 1) [12].

Table 1. Experience of fecal microbiota transplantation in various diseases [12]

Disease

Level of Evidence

| Evidence base of scientific research

Clostridium difficile infection
Clostridium difficile/

Recurrent Clostridium difficile infection
Severe Clostridium difficile infection
Primary Clostridium difficile infection
Inflammatory bowel disease
Ulcerative colitis induction therapy
Ulcerative colitis maintenance therapy
Crohn’s disease

Pouch ileitis (pouchitis)

Microscopic colitis

Functional gastrointestinal disorders
Irritable bowel syndrome

Functional constipation

Multi-drug — resistant microorganisms eradication
Checkpoint inhibitor colitis
Augmenting cancer therapeutics
Metabolic syndrome

Neurologic and psychiatric disorders
Autism

Parkinson’s disease

Schizophrenia, Alzheimer’s, multiple sclerosis, anxiety and
depression

1T (abstract)

1 Multiple meta-analyses of RCTs (benefit)
I11-2 Retrospective cohort study (no RCT data)
I RCTs (likely equivalence to standard antibiotics)
I Multiple meta-analyses of RCTs (benefit)
v Case reports
I11-2 Multiple meta-analyses of RCTs (benefit)
v Case series (one negative RCT)
v Case series
11 RCTs (mixed results; systematic review negative)
I Systematic review of RCTs (heterogeneity)
I11-2 Case control study (RCT negative)
v Case series
v Case series
v Case series (RCTs negative for weight loss)

RCT (abstract form only)
v Case series

v Case series

Note: The level of evidence is based on criteria developed by the National Health and Medical Research Council of Australia; RCTs — randomized controlled trials
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Despite numerous unsolved challenges [13], there are
many publications that describe technical and organiza-
tional issues related to it [14, 15]. It is assumed that FMT
effectiveness is based on the development of a competi-
tive environment in gut due to non-pathogenic micro-
organisms and their secretion of antimicrobial sub-
stances, such as bacteriocins. Furthermore, we should
not exclude a positive effect of donor fecal material on
the virome and gut microbiota, metabolism of short-
chain fatty acids and several bile acids, as well as various
immunological mechanisms [16].

The objective of this review was to describe the
pathophysiological background and therapeutic poten-
tial of FMT from healthy donors to the patients with
severe AH.

The role of gut microbiota
in human physiology

Gut microbiota is a microecosystem that is often con-
sidered as a human “virtual organ” It includes 100 billion
bacteria of more than 500 different species. Gut microbi-
ota genome, defined as gut microbiome, contains about
150 times as many genes as the human genome. Micro-
biota colonizes the gut immediately after the birth of a
baby and is present in the human body throughout their
life. Its composition varies depending on age, environ-
ment, physiological or pathological status [17].

Gut microbiota plays an essential role in human
physiology, specifically:

« ferments indigestible food components;

o provides the host with useful metabolites such
as short-chain fatty acids that can be a source of
energy and have anti-inflammatory effect;

o contributes to the synthesis of several vitamins,
including vitamin K and group B vitamins;

o protects intestinal barrier, for example, by
enhancing the function of mucous layer;

o regulates immune function, in particular, by
stimulating the development of lymphoid structure
and increasing the level of involved enzymes and
transcription factors;

o prevents the toxic components from entering
gastrointestinal tract;

o suppresses some types of pathogenic bacteria [18].

The significance of ethanol-
induced changes in intestinal
microbiota and increased
permeability of intestinal wall
in the pathogenesis of alcoholic
hepatitis

It has been established that liver damage in AH,
alongside with the direct effect of ethanol on hepato-
cytes, can be caused by an inflammatory reaction due
to microorganisms, associated molecular structures and

products of their metabolism that enter the liver as a
result of ethanol-induced changes in gut microbiota and
increased permeability of intestinal wall. Actually, acet-
aldehyde formed during ethanol oxidation, the accumu-
lation of reactive oxygen species and lipid peroxidation
cause apoptosis of hepatocytes and the release of extra-
cellular vesicles that, together with interleukin (IL)-1p,
affect other types of cells, including polymorphonuclear
leukocytes, hepatic stellate cells and sinusoidal endothe-
lial cells, contributing to a necroinflammatory response
in liver tissue [19]. At the same time, ethanol suppresses
the expression of a wide range of antimicrobial proteins
and peptides of the innate immune system contributing
to intestinal dysbiosis, bacterial overgrowth and bac-
terial translocation. As a result, pathogen-associated
molecular patterns (PAMPs), in particular, lipopolysac-
charides (LPS) of the cell wall of gram-negative bacteria
enter the liver through portal vein where, through the
LPS-binding protein, they bind to the CD14 receptor
located on the membrane of Kupffer cells resulting in the
activation of many genes of proinflammatory cytokines
and exacerbates liver damage [20] (Fig. 1).

Ethanol-induced changes in gut microbiota are
characterized primarily by a decreased number of
various species of Lactobacillus spp. and Ruminococa-
ceae spp. that attach to epithelial cells and participate
in protecting the body from pathogenic and invasive
bacteria. Their fermentation products are short-chain
fatty acids, in particular, butyrate and propionate that
serve as a key energy substrate for both enterocytes and
colonocytes [21]. Besides, by producing bacteriocins,
Lactobacillus spp. suppress microorganisms of Entero-
bacteriaceae family, for example, Salmonella or Shigella
[22]. Moreover, AH-related intestinal dysbiosis is man-
ifested by a decreased level of anti-inflammatory bacte-
ria Clostridium leptum and Faecalibacterium prausnit-
zii, as well as by increased level of Streptococcaceae spp.,
Bifidobacterium spp., Enterobacter spp., Veillonella spp.,
Fusobacterium spp., Actinomyces spp. and Proteobacte-
ria; this fact, along with decreased level of Akkerman-
sia muciniphila, closely correlates with the liver disease
severity [23-26].

Mice that received alcohol for three weeks demon-
strated an overgrowth of bacteria in small intestine, dys-
biosis in cecum, suppressed expression of genes and pro-
teins of antimicrobial lectins Reg3f and Reg3y in small
intestine, decreased number of Firmicutes and increased
number of Bacteroidetes and Verrucomicrobia [27].

The patients with alcohol abuse have a potentially
more active pro-inflammatory gut microbiota with
significant amounts of endotoxemic contributors Pro-
teobacteria, Clostridium spp., Holdemania spp. (Fir-
micutes) and Sutterella spp. and decreased number of
anti-inflammatory bacteria Faecalibacterium spp. [28].
Their fecal samples demonstrated about 2,700 times as
many Enterococcus faecalis as in non-alcoholic subjects.
The studies revealed harmful effect of exotoxin cytoly-
sin secreted by these bacteria on ethanol-induced liver
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Chronic alcohol consumption

Gut dysbiosis

Intestinal oxidative stress

Small bowel bacterial overgrowth/bacterial
translocation

Entry of pathogen-associated molecular patterns
into the liver

Kupffer cell activation

Production of inflammatory mediators (IL-6, IL-8, TNF-a,

chemokines, reactive oxygen species, etc.)

— Direct inhibition

—— Indirect inhibition

Acetaldehyde/
Reactive oxygen
species/

Lipid peroxidation

h

Necrosis of hepatocytes

Fecal microbiota
transplantation

v

Release of damage-associated
molecular patterns

4 A4

Necroinflammatory reaction
in liver tissues

Alcoholic hepatitis

Figure 1. Potential mechanisms of the positive effect of fecal microbiota transplantation on key links in the pathogenesis of
alcoholic hepatitis. IL-6 — interleukin-6; IL-8 — interleukin-8; TNF-a — tumor necrosis factor-alpha

diseases, and found a correlation between the number of
these microorganisms and the severity of AH and mor-
tality of patients suffeting with it [29].

In the study performed by Sundaram V. et al. (2014)
[30], the patients with AH and Clostridium difficile infec-
tion had higher hospital mortality (adjusted odds ratio
(OR) 1.75; P = 0.04), longer predicted hospital stay
(10.63 vs 5.75 days; P <0.001) and higher predicted treat-
ment costs ($ 36,924.30 vs $ 29,136.58; P <0.001) com-
pared to the patients without it.

Currently, the cause of bacterial overgrowth in alco-
holics is not established. It can be due to their specific
weakened peristalsis, as well as to the suppression of
their innate and adaptive immune response. In healthy
subjects, a wide range of antimicrobial proteins and
peptides of innate immunity system secreted by intesti-
nal epithelial cells not destroys pathogenic microorgan-
isms and participates in the maintenance of normal gut
microflora. Alcohol-induced suppression of its expres-
sion causes intestinal dysbiosis and overgrowth of bac-
teria which contributes to the disturbance of tryptophan
metabolism and decreased indole production. Some
indole derivatives are ligands for the aryl hydrocarbon
receptor that, in turn, are involved in antimicrobial pro-
tection through the induction of IL-22. IL-22 increases
the expression of antimicrobial Reg3 lectins derived
from regenerating intestinal islets that can maintain low
bacterial colonization of mucous membrane [31]. At the
same time, Reg3y deficient mice had increased bacterial

colonization of the mucous membrane and the surface
of epithelial cells, as well as more expressed transloca-
tion of bacteria to mesenteric lymph nodes and liver
that resulted in its more pronounced ethanol-induced
damage. Moreover, long-time intragastric alcohol
administration to mice reduced the intestinal expression
of Reg3f and Reg3y mRNAs contributing to intestinal
dysbiosis, bacterial overgrowth, and bacterial transloca-
tion [32].

Bacterial translocation is a physiological process that
occurs in 5 % of healthy population and plays an impor-
tant role in maintaining host immune function by deliv-
ering a small number of bacteria and their components to
the reticuloendothelial system of liver. Different patho-
logical conditions result in the steady increase in the rate
and/or degree of bacterial translocation [33]. An impor-
tant physical barrier that prevents the translocation is
the intestinal epithelial cells closely connected with each
other by tight junction proteins, primarily of claudin
family. Under oxidative stress, ethanol and its metabo-
lites can increase the permeability of intestinal wall
having a direct harmful effect on adhesion junctions and
on the integrity of tight junction proteins, in particular,
ZO-1 (Zonula Occludens 1) [34]. Moreover, by disrupt-
ing the glycosylation of mucosal proteins, they can cause
mucosa erosion and ulceration, and, possibly, change the
number and composition of enteroadhesive bacterial
species [35]. Dysbiosis-induced subclinical inflammation
and tumor necrosis factor receptor (TNFR)1 signaling
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in enterocytes may mediate the disruption of intestinal
barrier and increase intestinal wall permeability [36].
Alcohol-induced modification of microbial metabolites,
in particular, of short-chain fatty acids (butyrate, ace-
tate, and propionate) is another contributive factor [37].
Thus, the decreased number of butyrate-producing bac-
teria weakens the strong connection between intestinal
epithelial cells due to decreased expression of tight junc-
tion proteins and mucins [38]. Tight junction proteins,
including ZO-1, may be adversely affected by increased
intestinal expression of several microRNAs, such as miR-
122 and miR-212 [39]. Finally, deoxycholic acid can also
impair intestinal barrier function, while ursodeoxycholic
acid prevents it [40].

Increased permeability of intestinal wall results in the
situation when microorganisms, their associated molec-
ular structures (LPS, bacterial DNA, peptidoglycans and
lipopeptides), as well as the products of their metabo-
lism cannot be adequately neutralized by local mesen-
teric lymph nodes and in large quantities enter the liver
via mesenteric and portal circulation [41]. Here they are
specifically recognized and bound by a family of Toll-like
receptors (TLR) that start their clearance mechanisms
and trigger the inflammatory signaling cascade. Here,
TLR4 and TLRY are the receptors of two most immuno-
genic bacterial products LPS and bacterial DNA, respec-
tively [42].

TLR4 located on Kupffer cells are activated by LPS
via NF-kB (nuclear factor kB) molecular signaling path-
way that stimulates the expression of NLRP3 inflamma-
some mRNA, adapter protein ASC (apoptosis-associated
speck-like protein containing a CARD), cleaved caspase
1, caspase 1, pro-IL-1B, and pro-IL-18 [43]. Morevove,
with the involvement of the TIR domain-containing
adapter inducing interferon-beta (TRIF) and indepen-
dently of ATP/P2X7R signaling pathway, LPS stimulates
NLRP3-induced caspase 1 activation and secretion of
IL-1p [44]. IL-1/IL-1R signaling pathway also plays an
essential role in LPS-associated liver injury [45].

TLRY is localized in the endoplasmic reticulum
of dendritic cells, macrophages, endothelial cells, and
hepatocytes and mainly recognizes unmethylated CpG
sequences in bacterial DNA [46].

The interaction of bacteria and their metabolic prod-
ucts with TLR stimulates intracellular molecular path-
ways contributing to the activation of NF-kB and the
expression of inflammatory cytokines TNF-a, IL-1f,
IL-6, IL-12, IL-18, chemokines CXCL1, CXCL2, CCL2,
CCL5 , CCL3, CCL4, vasoactive substances NO, and
reactive oxygen species. This local inflammatory storm
results in the recruitment of systemic leukocytes such as
neutrophils, CD4(+) T cells, and monocytes which con-
tributes to liver damage [47].

Thus, ethanol-induced liver damage causes the release
of damage-associated molecular patterns (DAMPs).
DAMPs, in turn, activate macrophages contributing
to their transdifferentiation into a pro-inflammatory
phenotype and the subsequent typical inflammatory

response with apoptosis and necrosis of hepatocytes as
a final result. On the other hand, ethanol alters intesti-
nal microbiota, and the associated increased permeabil-
ity of intestinal wall results in the delivery of bacterial
products through the portal vein to the liver with the
development of a classic PAMPs-mediated inflammatory
response associated with the activation of macrophages.

The main cause of death in patients with severe AH
is the multiple organ failure that usually associated with
underlying systemic inflammatory response syndrome.
It can be caused by infectious complications, first of all,
sepsis due to bacteremia as a result of bacterial trans-
location [48], or have a non-infectious nature due to
ethanol-induced liver damage caused by PAMPs and
DAMPs [49].

Excessively significant compensatory anti-inflam-
matory response due to corticosteroids causes immune
paralysis that is characterized by decreased expression
of HLA-DR antigen on the surface of macrophages,
increased expression of immune inhibition markers,
such as PD1 (programmed cell death 1), TIM-3 (T-cell
immunoglobulin and mucin domain 3), and decreased
phagocytic activity of neutrophils and monocytes which
forms the basis for the susceptibility to infections [50].
Alongside with many other types of immune cells with
impaired function due to severe AH, an insufficient
antibacterial cytokine/cytotoxic response of MAIT
cells (mucosal associated invariant T-cells) was recently
revealed [51].

The study of fecal microbiota
transplantation effectiveness
in severe alcoholic hepatitis

Results of preclinical experimental studies demon-
strated that FMT reduced alcohol-induced liver dam-
ages, for example, those resulting from restoration of
intestinal goblet cells. Mucin produced by them covers
the epithelial lining of the mucous membrane surface and
crypts and is the first barrier that prevents bacteria from
contacting the epithelium. Moreover, FMT increased the
levels of Reg3p and Reg3y mRNA in colon which pre-
vented intestinal dysbiosis, bacterial overgrowth and
bacterial translocation, as well as reversed changes in the
metabolism of some bile acids, in particular, deoxycholic
acid [52].

At present, the effectiveness of FMT in severe AH
was studied only in small clinical trials involving a lim-
ited number of subjects. In the first pilot study, eight
patients with severe AH and contraindications to corti-
costeroids (MELD mean score 31 + 5.6; MELD-Na score
33.6 + 4.3; Child-Turcotte-Pugh (CTP) score 14 + 0,8;
serum AST level 137 + 57 IU/mL) received the injec-
tion of 30 g of fecal material from carefully selected
healthy donors, daily, for 7 days, through a nasoduo-
denal tube. As early as in the course of treatment, a sig-
nificant improvement was observed in the severity of
disease in comparison with the control group patients
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who received routine treatment. The positive effect
persisted all over the follow-up period (mean 355 days;
range 220-368 days), with ascites resolved in 5 (57.1 %)
patients and hepatic encephalopathy — in 6 (71.4%)
patients. Mean serum bilirubin level decreased from
20.5 £ 7.6 mg/dL to 2.86 = 0.69 mg/dL (P = 0.001).
CTP, MELD and MELD-Na scores decreased from
14.5 + 0.8 to 7.7 + 1.2, from 31.0 + 5.6 to 12.3 + 3.7,
and from 33.6 £ 4.3 to 13.7 + 4.6 (P <0.001), respec-
tively. Survival rate was significantly higher in those
who underwent FMT compared with the control group
(87.5% vs 33.3%; P = 0.018). Half of them had exces-
sive flatulence. Microbiota test one year after FMT
demonstrated the dominance of Firmicutes species,
decreased Proteobacteria, and increased Actinobacteria
levels. The change in the relative number of both several
pathogenic species, in particular, Klebsiella pneumonia
(from 10% to <1% after 1 year) and non-pathogenic
species, for example, Enterococcus villorum (9-23 %
after 6 months), Bifidobacterium longum (6-50 % after
6 months), and Megasphaera elsdenii (10-60 % after
1 year) worth mentioning. Initially increased levels
of methane metabolism, degradation of 4-fluoroben-
zoic acid (mediated by Pseudomonas and Escherichia
coli groups), and bacterial invasion of epithelial cells
decreased one year after FMT. At the same time, the
initially decreased levels of bile secretion, carotenoid
biosynthesis, and pantothenate biosynthesis improved
almost to normal values [53].

Later, the staff of the same clinic conducted a study
involving 61 patients with severe AH where the long
term effectiveness of FMT (n = 35) was compared with
the treatment with corticosteroids (n = 26). Ascites,
hepatic encephalopathy, infectious complications and
cases of long-term hospitalizations were observed more
often in those who received corticosteroids (P <0.05),
while a return to alcohol intake was less common
(28.6% vs 53.8%), and the period of time associated
with it was longer in those who underwent TEM (P =
0.04). Three-year survival rate was higher after FMT
(65.7% vs 38.5%, P = 0.052), and mortality due to
sepsis was significantly higher in those who received
corticosteroids (N = 13/16, 81.2%; P = 0.008). Intes-
tinal microbiota test revealed significant increases
during one to two years in relative abundance of Bifido-
bacterium spp. as well as the decrease in relative abun-
dance of Acinetobacter spp. and Porphyromonas spp. in
patients who received FMT compared with those who
received corticosteroids [54].

A study performed by Dhiman R. et al. (2020) [55],
included 33 patients with severe AH; 13 of them under-
went FMT, while 20 received corticosteroids. The mean
age (39.6 vs 40.7 years), CTP (11.5 vs 12.1) and MELD
(25.2 versus 25.6) baseline scores, as well as DF (87.0 vs
83.6) demonstrated almost no differences between the
groups. FMT was carried out after a five-day oral intake
of antibiotics by a single injection of 30 g of freshly
prepared fecal material from carefully selected healthy

donors using nasojejunal tube. The patients who under-
went FMT had better 1- and 3-month survival rates, as
well as better resolution rate of hepatic encephalopathy
and ascites, compared with those who received cortico-
steroids. Spontaneous bacterial peritonitis and bleeding
from upper gastrointestinal tract were equally common
in both groups. The most common FMT-related side
effects were excessive flatulence (100 %), gastroesopha-
geal reflux (53.8 %) and nausea (23.1 %).

Preliminary results from one of the currently ongo-
ing randomized clinical trials (NCT03091010) involving
a total of 82 patients with severe AH also showed better
survival after FMT than after treatment with corticoste-
roids [56].

Potential complications and
risks associated with fecal
microbiota

Despite the fact that FMT is a technically simple
procedure, one should consider the possibility of a
number of complications during its performance. For
example, it is not recommended to inject large volumes
of fecal material through nasoenteral tube or through
upper endoscopy [57] due to the risk of aspiration;
sedation should be avoided, and if appropriate, anti-
emetics should be used [58]. The experience has shown
that FMT via LGI is safer, although there are reports on
the superficial rupture of colonic mucosa when using
colonoscopy [59].

A recent systematic review and meta-analysis of
61 clinical trials, including a total of 5,099 patients with
Clostridium difficile infection, demonstrated FMT-
associated severe side effects in less than 1 % of cases
[60]. Some patients after FMT may develop fever, as
well as transient gastrointestinal disorders, in particu-
lar, belching, nausea, vomiting, diarrhea, constipation,
discomfort, stomach cramps, stomach gurgling, flatu-
lence [61]. These are more common in young adults or
in patients with previously diagnosed irritable bowel
syndrome or inflammatory bowel disease [62]. There
were reports on the individual cases of diverticulitis,
acute appendicitis, and peritonitis, although they could
be associated with both FMT and comorbidities [63].
FMT was expected to exacerbate previous inflamma-
tory bowel diseases [64]. However, in a prospective
multicenter study (NCT03106844) of 50 patients with
such diseases who underwent FMT for recurrent Clos-
tridium difficile infection, these concerns proved true in
only 2 % of cases [65].

An important problem of FMT is the risk of the trans-
mission of severe infection which is particularly relevant
for vulnerable patients with impaired immune func-
tion [66]. For example, there were reports on two cases
of cytomegalovirus infection in patients with ulcerative
colitis. One of them developed it after self-administra-
tion of fecal material from the stool of the patient’s child
[67], and another one — after autologous FMT [68].
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American authors reported on two patients with bac-
teremia after FMT caused by extended-spectrum beta-
lactamase-producing Escherichia coli that was found in
donor’s feces using genomic sequencing [69]. It should
be mentioned that faecal material was transplanted to
them without testing for microorganisms with multidrug
resistance, such as bacteria producing extended spec-
trum beta-lactamases, methicillin-resistant Staphylococ-
cus aureus,carbapenem-resistant Enterobacteriaceae, etc.,
although control over their presence is a routine practice
in the US state databank (OpenBiome, Cambridge, Mas-
sachusetts) since 2016 [70]. In 2019, FDA published a
list of minimum requirements for screening and testing
the feces donors for the presence of multidrug-resistant
organisms [71].

Zellmer C. et al. (2021) [72] described four patients
with self-limiting diarrhea that developed after FMT; it
is associated with shiga toxin-producing Escherichia coli.
Feces donor was found shiga toxin-negative by enzyme
immunoassay, however, subsequently a more sensitive
nucleic acid amplification test of fecal samples produces
positive result.

Infections caused by enteropathogenic Escherichia
coli were also reported, however, it is still unknown
whether they were pathogenic or could be a part of
normal gut microbiota. According to current guidelines,
it is unnecessary to screen donors of fecal material for
enteropathogenic Escherichia coli [73], however, FDA
requirements stipulate the need for appropriate testing
together with examination of donors, along with the
examination, for shiga toxin-producing Escherichia coli
in order to better identify these pathogens and prevent
their possible transmission, especially in immunocom-
promised individuals [74].

COVID-19 pandemic raises concerns over potential
transmission of SARS-CoV-2 coronavirus with FMT.
Although the genetic material of SARS-CoV-2, includ-
ing live virus, was found in the feces of individuals after
a novel coronavirus infection even after the respiratory
symptoms resolution [75], no actual cases of infection
through donor fecal material were reported. Performing
of SARS-CoV-2 RT-PCR test on fecal samples is currently
not widely available. However, experts stand for screen-
ing donors for symptoms of novel coronavirus infection
with quarantine of their stool and further monitoring of
the disease [76].

Conclusion

Severe AH is often associated with the development of
multiple organ failure which determines an unfavorable
prognosis and is accompanied by high mortality rate.
In accordance with current guidelines, corticosteroids
are the first-line treatment for severe AH, however, their
effectiveness is not observed in every patient. Moreover,
none of the second-line therapeutic approaches demon-
strated reduced one-month mortality. Considering this
challenging issue, a number of high-potential methods

are currently undergoing clinical trials; one of them is
FMT. The preliminary results of its use produce opti-
mism and create conditions for further studies with the
inclusion of a large cohort of patients with severe AH in
order to determine the groups of patients to enjoy the
maximal effectiveness of FMT and suffer the minimal
risk of complications.
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PesoMe

B ctatbe KpaTKO U3N10XeHbl HeJaBHUE ycnexw B reHeTU4eCcKom MeanuuHe, KOTOPbIe I'IPOHO)KVIIWI I'IyTb Ana Aaaneﬁmero pa3BVITVIFI reHHom Tepanvwl
N 3a710Knmn OCHOBy Ana pa3pa6o1'KM TeXHONOrun cneAyromero NMOKO/1IeHUA. PaCCMOTPeHbI BOI'IPOCbI, CBA3aHHble C OCHOBHbIM I'IPeI'IHTCTBVIeM Ana
6onee LIJVIPOKOFO I'IPVIMEHEHVIH MeToa0B reHHom Tepanvwl, B 4aCTHOCTHU, C VIMMyHHbIM OTBETOM Ha BeKTOPbI AOCTAaBKU reHOB U I'IpO,quTbI l-Iy)KepO,CI,HI:IX
TpaHCI'eHOB. B 3TOM KOHTeKcTe 06cy>K,a,a6Tcn pOﬂb HOBbIX TeXHOﬂOFVIVI, NMO3BONIAKOLWNX 06OVITVI VIMMyHHoe I'IpeI'IFITCTBVIE, TAKNX KaK pa3pa60TKa MO-
AVI¢VILI,VIPOBaHHbIX Kancnaos aAeHO-aCCOLI,VIVIPOBaHbIX BVIpyCOB (AAV) n MeToaoB BpeMeHHOFO y,qaneva aHTuTen n3 KPOBOTOKa, a TaKXe nepeHoca
reHa B TKaHu C NOMOLbKO HaHO4YaCTUL,. HapﬂAy C TeXHO/1IormamMmn I'IEPBOFO MOKO/IeHUA FreHHOM TePaI'IVIVI, OPVIeHTVIPOBaHHbIX Ha AOCTaBKy TpaHCFeHOB
B TKAHU-MULLUEHMU, peBIOMVIPy}OTCFI nocnegHue A0CTUXKEHUA B pa3pa60TKe coaepmeHHo HOBOro nogxoja K reHHom Tepanvu/l, OCHOBAHHOIO Ha TOYHOM
MOAM¢VIKaL|,VIVI nOCﬂeAOBaTeanOCTEVI reHomMa 4esioBeKa — TexXHO/1I0rmn Pe,anTVIPOBaHVIH reHos. M1 HaKoHel, 0603Ha‘~IeHbI I'IePCI'IeKTVIBHbIe TexXHO-
Jiormn Pep,aKTVIPOBaHVIFI reHoB cne,qyromero MOKO/N1€HUA, TAKMNE KAaK TEXHON0rnn Pe,anTVIPOBaHVIFI, Haue/ieHHble Ha PHK u TexHonorum PeAaKTVIPO-
BaHUA 3NMUreHoMma, KOTOPbIe ABNAKOTCA 60!166 CI'IeLl,VIq)VI‘-IHbIMVI N TOYHbIMU, 3¢¢eKTVIBHbIMVI n I'IpVIMeHVIMbIMVI K Pa3I1VI‘-IHbIM rpynnaM 3aGOﬂEBaHMVI.
B 3akntouyeHne AenaeTca BblBOA, YTO reHHas Tepanvm ABNAECTCA Ha CEFOAHHLIJHVIVI A€Hb camomn 3aXBaTbIBa}OLL|,el7l n peBOﬂ}OLI,VIOHHOVI 6M0TeXHOIl0FVIel7I
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Abstract

The article briefly summarizes recent advances in genetic medicine that paved the way for the further development of gene therapy and set the
stage for the development of next generation technology. Issues related to the main obstacle for wider application of gene therapy methods, in
particular, with the immune response to gene delivery vectors and transgene products are considered. In this context, the role of new technology
allowing to bypass the immune obstacle, such as development of modified capsids of adeno-associated viruses (AAV) and methods for temporary
removal of antibodies from the bloodstream, as well as gene transfer into tissues using nanoparticles, is discussed. Along with the technology of
the first generation gene therapy focused on the delivery of transgenes into target tissues, latest advances in the development of a completely new
approach to gene therapy which is based on precise modification of the human genome sequence, gene editing technology, are summarized. Finally,
promising next-generation gene editing technology is outlined, such as RNA-targeted editing technology and epigenome editing technology, which
are more specific, precise, efficient and applicable to different groups of diseases. The article concludes that gene therapy and, in particular, human
genome editing is perhaps the most exciting and revolutionary biotechnology of our time, due to both recent developments and opportunities it

might provide in the nearest future.
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Introduction

As far back as 1970s, gene therapy, replacing or
complementing disease-causative defective DNA with
exogenous healthy or beneficial DNA, was recognized
as providing viable treatment options for genetic dis-
orders in human [1]. In 1980s, the concept of using
a viral vector to transfer genes into mammalian cells
was developed [2], and in 1990, and the first approval
for testing gene therapy using a viral gene transfer
vector encoding adenosine deaminase (ADA) enzyme
in a 4-year-old patient suffering from X-linked severe
combined immunodeficiency (SCID-X1 ) due to ADA
deficiency of (adenosine deaminase) [3] was obtained
in 1990. This was followed by a decade of new trials;
however, two of them failed, so, the further gene ther-
apy trials were suspended. In the first case, gene ther-
apy for ornithine transcarbamylase deficiency using
an adenovirus (Ad)-mediated delivery vector unex-
pectedly led to severe vector toxicity, multiple organ
failure, and death of an 18-year-old man [4]. In the
second case, gene therapy of six patients with SCID-X1,
mediated by gamma-retroviral vector (yRV) encoding
interleukin-2 receptor gamma chain, was associated
with uncontrolled exponential proliferation of clonal
mature T cells and integration of retroviral vector in

the immediate vicinity of LMO2 proto-oncogene pro-
moter (The LIM only protein 2) which resulted in aber-
rant transcription and expression of LMO2 [5]. These
events were followed by a period of closed clinical
trials. However, in the following years, new and safer
viral vectors were discovered, including a large number
of adeno-associated viral (AAV) vectors [6]. The use
of these vectors in new genetic medicine development
programs promoted the further progress in the meth-
ods of gene therapy of human diseases; their summary
and prospects for development in the years to come are
presented in this review.

GENE THERAPY FOR
HUMAN DISEASES

Viral transgene delivery
vector therapy

Over the past five years, gene and cell therapy for
human diseases enjoyed renaissance; after decades of
efforts in this direction, the first treatment methods
approved for clinical practice have emerged (see figure).
These include oligonucleotide-based therapy methods
(Spinraza for spinal muscular atrophy, Exondys 51 and
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Vyondys 53 for Duchenne muscular dystrophy), three
cell therapy methods (Kymriah for acute lymphoblastic
leukemia, Yescarta for large B-cell lymphoma, Tescar-
tus for recurrent or refractory mantle cell lymphoma
in adults), and two gene therapy methods in vivo (Lux-
turna for hereditary retinal dystrophy, Zolgensma for
the treatment of patients with proximal spinal muscular
atrophy). These treatment methods have different clini-
cal indications and target tissues including neuromus-
cular diseases, hereditary blindness, and cancer. The
importance of these approved treatment methods can
hardly be overestimated: they drastically change the life
of patients with severe hereditary pathologies and create
a foundation for the development of treatment methods
for many other human diseases. For example, a success-
ful in vivo transfer of a normal copy of the defective
gene into human retina and central nervous system
with the help of Luxturna and Zolgensma drugs, using
AAV-virus as a vector, in Leber congenital amaurosis
and spinal muscular atrophy, respectively, facilitated
the development of (AAV-based) of hemophilia [7] and
Duchenne muscular dystrophy [8] treatment methods,
respectively. Likewise, the early development of the
method of ex vivo lentiviral and retroviral genes transfer
to T cells that resulted in the development of adoptive
cell immunotherapy (a personalized type of nonspecific
cell immunotherapy with activated lymphocytes) was
expanded to cover the modification of hematopoietic
stem cells that allowed managing hereditary diseases
such as sickle cell anemia and beta thalassemia [9].
This early success of gene therapy and the possibility
of their extrapolation to other pathologies and patient
populations cannot but win admiration. However, the
next generation methods are even more impressive, as
they can significantly expand the use of these agents for
the management of many other human diseases. For
example, the main obstacle to a wider implementation
of gene therapy methods is still the immune response
to gene delivery vectors and alien transgene prod-
ucts. Therefore, the control of human immune system
is the trend of research where one of the most effec-
tive “breakthroughs” in the field of gene therapy can
be made in the near future. Thus, despite the remark-
able success of many AAV-based gene therapy meth-
ods, up to 50 % of patients are currently excluded from
such treatment due to pre-existing immunity to viral
capsids [10]. The recent investigations in the field of
immune system control were successful and resulted in
the development of methods (that are currently under-
going clinical trials) capable of bypassing this immune
barrier. These methods use modified AAV capsids that
evade the pre-existing neutralizing antibodies [11, 12]
and the methods for temporary removal of antibodies
from bloodstream [13]. Immunosuppression regimens
can also provide both bypassing the pre-existing immu-
nity and prevention of the adaptive immunity to the
vector, which, where necessary, can enable subsequent
repeated dosing [14, 15].

Non-viral delivery vector
(nanoparticle-based) therapy

Furthermore, a significant progress was achieved
in the development and profiling the non-viral vectors
(nanoparticles) of gene delivery which increased the
applicability of used treatment methods [16]. Given the
clinical success of miRNA delivery by nanoparticles and
the first approval of an miRNA-based drug (Onpattro)
for hereditary transthyretin amyloidosis (ATTR) treat-
ment in 2018, it can be assumed that in the future these
technologies will have a huge impact on gene therapy
[17]. One of the advantages of using nanoparticles as
gene delivery vectors is their ability to avoid detection by
immune system, which restricts gene delivery by viruses.
Furthermore, the chemically defined compositions of
nanoparticles provide unique opportunities for their
functionalization and tissue targeting, which can finally
be critical for the success of gene transfer in vivo outside
retina and liver.

Genome editing technology

In contrast to first generation gene therapy meth-
ods that were focused on the delivery of transgenes, the
genome editing technology provides a completely new
approach to treatment based on the precise modification
of human genome sequences (see figure). There are four
basic methods of genome editing — using meganuclease,
zinc finger nuclease (ZFN), TALE nuclease (TALEN),
and CRISPR/Cas9 nuclease. While genome editing treat-
ment methods were first included into clinical trials as
early as in 2010 as a T cells HIV (human immunodefi-
ciency virus) prevention method [18], the first example
of disease modifying efficacy was demonstrated only in
2019 in the clinical trials based on CRISPR editing of
the genes for sickle cell anemia and beta thalassemia
(CTX001) [19]. This pathbreaking success combined
with promising safety parameters for the edited T-cell
genes and hematopoietic stem cells in human trials [19-
21] laid the foundation for the long-awaited results of
current and forthcoming clinical trials on genome edit-
ing in vivo including the current trial of AAV-based
retina genome editing (EDIT-101) [22] and the sched-
uled trial of CRISPR delivery to the liver based on non-
viral nanoparticles (NTLA-2001) [19, 23].

Despite this progress, it should still be recognized that
the expansion of genome editing technology to target tis-
sues outside retina and liver is associated with numerous
issues. In order to encourage and promote research in
the field of cell and genome therapy (CGT), including
the development of genome editing technologies, the
corresponding consortia and government programs were
established in the United States, China, Russia and some
countries of the European Union. Thus, in the United
States, the financing of the regenerative medicine sector
that includes gene therapy increased sharply from USD
6 billion in 2019 to USD 19.9 billion in 2020 [24]. Due
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to the political support of the country’s leadership, CGT
research in China have reached unprecedentedly high
level. Currently, China, featuring with rapidly growing
biotechnology sector with more than 45 national and
4 joint companies with foreign partners, ranks second
after the United States in terms of the number of sub-
mitted patent applications and registered clinical trials
in the field of genetic medicine and is considered to be
one of the most advanced world centers of cell and gene
therapy. Russia has also established a state program for
the development of genetic technologies for 2019-2027;
its total funding is 127 billion rubles [24]. Efforts made
in this area of scientific research by the leading countries
of the world should undoubtedly significantly accelerate
the development of treatment methods based on genome
editing, in the following ten years or more.

Actual gene editing technologies use nuclease-
based systems to cut DNA strands and stimulate DNA
repair pathways to make the required sequence changes.
Although the clinical trials of these technologies have
just started, the numerous, more specific and accurate,
effective and applicable to various groups of diseases
next generation editing technologies are ready for clini-
cal trials [25, 26]. For example, the invention of basic
editing and primary editing allowed precise changing
of genome sequences in the absence of DNA breaks and
regardless the endogenous DNA repair pathways activ-
ity [25]. RNA-targeted editing technologies allow tem-
porary and reversible gene expression modification with
no need for permanent changes in genome sequences
(see figure) which potentially results in higher efficiency
and safety [26]. Finally, the advantages of epigenome
editing technologies are the customization, reversibility,
and the potential for sustainable results after short-term
editor activity that are inherited through cell division
[27]. In parallel with these advanced editing modali-
ties, the list of possible DNA targeting systems continues
to expand, especially with the exponentially increasing
variety of CRISPR-Cas (Clustered regularly interspaced
short palindromic repeat sequences/ CRISPR-associated
protein) systems obtained from the modified variants of
various bacteria species and various classes of CRISPR
targeting mechanisms [26]. The rapid pace of techno-
logical innovation in these areas of editing, according
to the researchers, will change our current understand-
ing of gene therapy and significantly expand the range
of human diseases to which these approaches can be
applied.

Gene regulatory elements
editing technology

Another innovation area that will significantly impact
the field of gene therapy in the near future is the func-
tional genomics and our understanding of the human
genome regulation, that is, epigenetics. For example, the
functions of ~ 6000 of ~ 20,000 human genes are cur-
rently not known [28]. Therefore, simultaneously with

the possibility of treatment using gene editing, CRISPR
technologies can also facilitate the functional decom-
position of these genome sequences [29]. It should be
mentioned that previously scientific investigations and
therapeutic interventions were conventionally almost
exclusively focused on genes, although 98% of our
genome consists of non-coding DNA, containing epi-
genetic regulators responsible for >90% of susceptibil-
ity to common diseases [30]. In fact, the first example
of the therapeutic efficacy of a gene editing approach
based on CRISPR technology (CTX001) as a strategy for
compensating for lost beta-globin in hemoglobinopa-
thies involves editing a distal gene regulatory element to
alter gene expression rather than editing the underlying
genetic mutation [31]. Due to the efforts of ENCODE
(The Encyclopedia of DNA elements) international con-
sortium, more than two million of these regulatory gene
elements were mapped in hundreds of human cell types
and tissue samples; however, the function of very few
of these sites is known [32]. Therefore, annotating this
“dark matter” of genome can lead to the development
of completely new areas in the biology of diseases and
classes of therapeutic targets that will allow the use of
fundamentally new treatment methods, i.e. gene therapy,
genome editing, etc.

Universal cellular therapy
methods technology

Interestingly, that the rate of development of techno-
logical innovations in gene and cellular therapy is sig-
nificantly ahead of the rate of their approval and safe
implementation in clinical practice. In some cases, this is
due to the inadequacy of the existing safety and eflicacy
requirements to some new therapeutic technologies. For
example, the current regulatory models that require a
large number of patients to establish safety and efficacy
are not applicable to therapeutic technologies aimed at
eliminating a mutation found in one patient or in a very
small number of patients. Therefore, one of the most
promising strategies in this direction is the development
of a single composition that will allow to treat a much
larger population of patients. Universal cellular therapy
methods, created by applying gene editing to obtain allo-
geneic donor invisible cells that can elude detection by
the host’s immune system (see figure), can be used both
in regenerative medicine and in adoptive cell immuno-
therapy [33]. Several clinical trials are currently under-
way to study treatment methods using this design [19],
and the conclusions of these trials will significantly affect
the future of gene and cellular therapy. However, despite
the high-potential prospects of this approach, it is not
aimed at correcting genetic mutations in vivo and has no
effect on the development of transformative technologies
such as basic editing and primary editing that can cor-
rect individual particular mutations. Similarly, the recent
report on oligonucleotide-based therapy targeting a par-
ticular genetic mutation and the successful treatment of
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* AHHOTauusA reHoma
1 GYHKLMOHaNbHaA
reHomuKa /
Genome Annotation and
Functional Genomics

+ basosoe n nepsuyHoe
peaakTvpoBaHue /
Basic and primary
editing

* MepcoHanusupoBaHHas Tepanusa /

Personalized Therapy « JocTmKeHns B obnactu
YTBEPXAEHUS perynu-
pytoLMMM opraHamm /
Advances in Regulatory
Approval

+ PacnpoctpaHeHHble 3a6onesanusa / Common diseases * Peaaktuposarue
o> snureHoma /

v KoneyHas uenb / End goal Epigenome editing

Figure. Milestones in the development of gene therapy for common diseases.

Note: Approved treatments and their year of approval are represented by blue boxes, while experimental treatments are represented by green boxes. To reach later milestones,
further research is needed to develop alternative therapeutic approaches and address fundamental scientific questions (shown as markers)
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a patient with Batten disease can only be considered as a
potential program and motivation for such efforts [34].
Consequently, the significant advances in cellular and
gene therapy are expected to emerge in the near future
in the field of regulatory sciences, as well as the solution
of unique challenges using innovative personalized tech-
nologies, as we move towards the therapy.

Conclusion

The development of genetic technologies is priori-
tized in the world’s leading countries, and gene therapy,
in particular, human genome editing is currently the
most exciting and revolutionary biotechnology of the
present day [35]. The unrivaled level of control over the
delivery of nucleic acids, modulation of immune system,
and the precise manipulation of human genome are the
technologies that could not have been imagined ten
years ago; they will undoubtedly give an impetus to the
formation and development of new fields of medicine
during the decade to come. At the same time, this emerg-
ing glimpse of a new world of technical possibilities has
been inspiring the development of new research fields,
such as synthetic biology, cell reprogramming and high-
performance functional genomics that will undoubtedly
continue to transform the concept of biomedical studies.
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Irreversible Lung Transformation
Resulting from Damage In COVID-19 —
Discourses and Examples of CT Images

Peslome

Mpobnema $opMUpoBaHMA HEO6PATUMbIX OCTATOYHbIX M3MEHEHWI MOC/e MepeHeCeHHOro BUPYCHOrO MoBpexaeHusa nerkux npu COVID-19
(COronaVirus Disease 2019, HoBas KOPOHaBUPYCHas UHGEKLMA) MO MPOLIECTBUM ABYX /€T NAHAEMUM OCTAETCA BaXKHOW M 06CyAaeMoil. ITo cBs-
3aHO C 60/bLUMM YMC/IOM NALMEHTOB, MEPEHECILMX KOPOHABMPYCHYHO MHGEKLMIO (B T.4. CO 3HAYMMbIM O6bEMOM MOPAKEHUA JIETKIUX) 1 BO3MOXKHbIM
Heb61arornpuATHLIM MPOrHO30M C yMeHbLUEHNEM KayecTBa U NPOAO/MKUTENBHOCTMN ¥U3HU. C y4eTOM TOro, YTO B NOC/e/iHee BPeMA aKTUBHO Mpu-
MeHseTCA aHTUPMOPOTUYECKan Tepanusa paja VHTEPCTULMA/IbHBIX 3a601eBaHUI erkuX (MPU MAMOMNATUYECKOM /IEFOYHOM GpUEPO3e 1 CUCTEMHBIX
3a60/1eBaHNAX), paCCMaTPUBACTCA BOMPOC O BO3MOXHOM MCMO/Ib30BAHUM 3TUX CPEACTB U Npu HebnaronpuaTHoM ncxoge COVID-19. OgHako Ao cux
Mop TOYHO HEeM3BECTHO, HACKOJ/IbKO 4acTo pa3BuBaeTca pUOPO3 B MCXOZE HOBOWM KOPOHaBUPYCHOM MHGEKLMM, @ TaKXKe HeTKO He Bble/IeHbl Fpynmbl
NaLMeHTOB, KOTOpPble MOTYT MMeTb He61aronpUATHLIN NPOTrHO3 B BUAE NCXoAa B GU6pO3.

B 0630pe paccMOTpeHbl NaToreHeTMYeCcKne acneKTbl BO3MOXHOMO Pa3BUTUA HeobpaTUMBIX M3MeHeHUI y naumeHToB ¢ COVID-19, npeapacnonarato-
wme GpaKTopbl, @ TaKKe 0COBEHHOCTU MarHOCTUKM C aKLLeHTOM Ha KT-Br3yanmnsauumio ¢ cob6cTBeHHbIMI Hablo4eHNAMN aBTOPOB.
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Abstract

The problem of the formation of irreversible residual changes after suffering viral lung damage with COVID-19 (COronaVlrus Disease 2019) after two
years of the pandemic remains important and discussed. This is due to a large number of patients who have had a coronavirus infection (including
those with a large amount of lung damage) and a possible unfavorable prognosis with a decrease in the quality and life expectancy. Given the fact
that antifibrotic therapy has recently been actively used for a number of interstitial lung diseases (with idiopathic pulmonary fibrosis and systemic
diseases), the question of the possible use of these drugs in case of an unfavorable outcome of COVID-19 is being considered. However, it is still not
known exactly how often fibrosis develops in the outcome of a new coronavirus infection, and groups of patients who may have a poor prognosis in
the form of an outcome in fibrosis have not been clearly identified.

The review considers the pathogenetic aspects of the possible development of irreversible changes in patients with COVID-19, predisposing factors,
as well as diagnostic features with an emphasis on CT scan with the authors’ own observations.

Key words: coronavirus, COVID-19, fibrosis, interstitial lung disease, CT scan, bronchiectasis, ground glass opacities
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ACE — angiotensin-converting enzyme, ARDS — acute respiratory distress syndrome, AV — artificial ventilation, COPD — chronic obstructive pulmonary
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*—@—o
Lung lesion during the acute phase of COVID-19 Notably that the definitions regarding long-term
(COronaVlIrus Disease 2019, a novel coronavirus infec-  changes in lungs after coronavirus infection are quite

tion) is not a specific condition. SARS-COV-2 virus in  diverse. Alongside with the term “fibrosis”, the literature
lung tissue causes the development of diffuse alveolar ~ sources contain the references to post-COVID intersti-
damage (DAD) in combination with the signs of vasculitis ~ tial lung disease (ILD), organizing pneumonia (OP), and
[1]; their stage and prevalence correlate with the clinical ~ fibrotic lesions [6, 7]. Generally, it seems to be a more
presentation. The same changes are observed in patients  correct approach, since not every type of post-COVID
with acute respiratory distress syndrome (ARDS), as well ~ ILD innevitably results in PF. According to Aronson
as with diseases caused by other viruses — the most illus- K.I. et al, the true prevalence, as well as the feasibility
trative example of them is HIN1 flu. Due to the fact that ~ of management of these conditions with glucocorticoids
DAD develops through typical phases (exudative, pro-  (GCs) should be established in large studies; besides,
liferative), its possible outcome is the pulmonary fibro-  the computed tomography (CT) findings should be con-
sis (PF) that is observed in patients after ARDS and is  firmed by morphological studies [8].

registered in patients as the outcome of severe influenza. The prevalence of post-COVID PF is predicted to
For example, in ARDS, not associated with a virus, PFis  constitute 10-15 cases per 10,000 people which is ten
detected during autopsy in 4 % after one week of ARDS  times as high as the risk of idiopathic pulmonary fibro-
manifestations, in 24 % — between week 1 and week sis development [7]. However, we can hardly say that
3, and in 61 % after 3 weeks [2]. Therefore, PF can also  this phenomenon is widespread in current pandemic.
develop in patients with COVID-19. However, not all ~ Neither pulmonologists nor radiologists observe a
patients with coronavirus infection develop clinical signs ~ high incidence of fibrosis as an outcome of pulmonary
of ARDS which is significant for prognostic evaluation.  lesions in their practice. This fact may be attributed both
Based on literature, SARS-COV2-associated ARDS is  to certain SARS-COV-2 features and to the changes in
diagnosed in 5-40 % of cases [3, 4], and it is this particu-  the therapeutic approach — the use of biological agents
lar group of patients that can potentially have a negative ~ (IL-6 inhibitors) to stop the excessive immune response,
prognosis in terms of development of an irreversible pro- ~ widespread use of GCs in both acute and delayed peri-
cess. To compare, PF development in patients with SARS ~ ods of infection. All these facts may result in lower
(Severe Acute Respiratory Syndrome) was observed in  severity of nonspecific inflammation in lung tissue and
up to 8% of cases, in those with H7N9 influenza — in  is the prevention of fibrotic process, and promotes posi-
up to 20 % [5]. tive changes in OP with no gross structural changes.
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It was found that the SARS-COV-2 virus itself, when
combined with an angiotensin-converting enzyme
(ACE), increases angiotensin II level to activate the con-
nective tissue growth factor (CTGF), involved in the
development of fibrosis [9]. In the review by Ademola
S. Ojo et al. (2020), the pathogenesis of PF as the out-
come of a severe or long-term process is associated with
the damage to the basement membrane of cells and the
transformation of sites of organization into fixed or pro-
gressive tissue with fibroblasts with further impairment
of lung architecture [10].

In the early days of this novel coronavirus infection,
physicians often had erroneous opinion about the devel-
opment of PF in patients that was based on the analysis
of CT results in 2-3 weeks after the acute period and one
dynamic CT examination; it is definitely not a reliable
conclusion. The intermediate changes that from mor-
phological viewpoint are the areas of organization and
atelectasis of various lengths (both lobular and typical
discoid) were misdiagnosed as PF; on CT images, they
are visualized as linear and radial consolidation strips
with clear contours (Figure 1).

The frequent development of reversible atelecta-
ses may be associated with the viral damage of type II
alveolar cells (in the course of DAD) that produce a
surfactant [11]. Subsequently, it was observed that such
atelectases were completely resolved [12] which is most
likely due to the gradual regeneration of type II alveo-
lar cells and improved microcirculation. We can also
assume the presence of the impairments of pulmonary
ventilation associated with a musculoskeletal system
imbalance, i.e. the weakness of intercostal muscles, dia-
phragm, their impaired innervation, etc. Theoretically,
all these factors can result in the development of atel-
ectases. It should be taken into consideration that lung
tissue can stay collapsed for a relatively long time with
no structural changes (up to two months) [11]. Later,
an irreversible process of interstitial structures, bronchi
and vessels deformation will develop in this atelecta-
sized area, and PF-equivalent changes will be observed.
The complete resolution of post-COVID-19 changes in

lungs is observed 6 months after hospitalization in 50 %
of patients, and 9 months — in 75 % [13].

The comprehensive monitoring of PF-suspected
patients as the outcome of COVID-19 remains an impor-
tant issue. First of all, one should assess the persistence
of clinical signs or their aggravation. Special attention
should be paid to long-term dyspnea or its aggravation
after the acute stage of viral process, weakness and tachy-
cardia [14], as well as the possible oxygen dependence.
The useful functional methods include respiratory func-
tion (RF) tests and the measurement of diffusing capac-
ity of the lungs (DLCO). For example, according to
Zaitsev A.A. et al. (2020), 3 weeks after discharge from
the hospital, dyspnea persists in 50 % of patients, restric-
tive impairments of respiratory function are detected in
15.6 %, and DCL of different grades decreases in 56 %
of cases. The authors observed the greatest decrease in
DCL in patients with massive persistent changes on CT
[15]. Qin W. et al. (2021) also mentioned a correlation
between the presence of traction bronchiectases, reticu-
lar changes and subpleural thickening with decreased
DCL parameters [14].

It is reasonable to identify clinical and radiological
groups that later may be prone to PE. As a rule, in patients
with small and medium lung lesions (up to 50 %), the
changes gradually resolve completely, except for the
residual areas of ground-glass opacity with no reticular
striation that can persist for quite a long time and are
not reliable indicators of fibrosis onset. Special atten-
tion should be paid to the patients with a severe clinical
course of the disease and large lung damage (more than
50 %) who stayed in hospital for a long time and/or were
treated in intensive care units (the highest correlation
with a decrease in DCL parameters is observed in con-
nection with artificial ventilation) [9,16,17]. Smoking
and previous alcohol consumption (as additional factors
of respiratory symptoms aggravation), age (a tendency
to fibrosis development with age) are also distinguished
as risk factors [18]. The patients with a “frozen” ground
glass pattern, despite ongoing therapy, should subject to
follow-up for PF development; this sign may indicate

Figure 1. Patient K, 55 years old. The early resolution phase of lung injury in COVID-19. Thoracic CT scans in axial (a, 6)
and sagittal (8) projections. Multiple band-like strips of consolidation, perilobular hardenings. This CT picture is presented
by the pattern of OP in combination with discoid atelectasis, which can be mistaken for fibrotic changes
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Figure 2. Patient N., 58 years old. COVID-19 (PCR+) on the background of usual interstitial pneumonia. Axial chest CT
scans at appropriate levels. Row A — the study dated 07.03 2021, row b — the study dated 21.04.2021. In dynamics, in
place of areas of “ground glass” the appearance of pronounced reticular changes and structural realignment in the form of a
“honeycomb lung”, the progression of “honeycombs” in the already existing areas, the appearance of their additional rows

a persistent morphological DAD pattern in lungs. The
pre-existing premorbid background represented by a
fibrous process associated with various ILDs or systemic
diseases can contribute to the progression of fibrosis in
previously intact areas in the presence of viral damage;
otherwise, it can change the CT presentation (for exam-
ple, the development of a “honeycomb lung” associated
with the pre-existing isolated reticular changes) (Fig. 2).
One can find the examples of such transformations in
the papers of Speranskaya A.A. et. al. [19]. With an
extensive CT pattern of OP at the end of acute phase,
one can expect a gradual development of PF with no
adequate GCs treatment. It is these groups of patients
that will require special pulmonologist’s attention during
the follow-up, including regular CT examinations — in
3-6-12 months, etc., if necessary.

Radiation diagnostics

CT is helpful for assessment of the possible devel-
opment of irreversible changes due to its high sensitiv-
ity, especially when it comes to small pathological areas
localized in the basal sections of lungs. Conventional
X-ray is globally used as a primary diagnostic method,
however, for long-term structural consequences, CT is
the method of choice [17].

Visualization of changes in lungs is crucial for regis-
tration the signs of PF or its equivalents. It is related to
the fact that a morphological study is not quite common
in such cases and can worsen the current pulmonary

symptoms, resulting in complications (pneumothorax,
bleeding) associated with the compromised lung tissue
at the stage of convalescence after the damage. Consid-
ering the development of the “post-COVID” syndrome,
clinical presentation can also persist for quite a long
time, or even aggravate for reasons that are not related
to lung damage (one of the important mechanisms is
extensive vasculitis, coagulopathy) [1]. Therefore, it is
visualization that will allow identifying definite criteria
for the development of a fibrotic process in patients and
to objectify them.

The most important factor for a radiologist’s con-
clusion will be the monitoring the changes over time:
the continuance of visualization of the changes identi-
fied or their progression. The results of one isolated CT
examination, or the results obtained shortly after the
acute stage are not relevant to make a conclusion on
PE In other diseases (for example, tuberculosis), mor-
phologists have previously highlighted the resolution
of several seemingly irreversible changes. Strukov A. I
indicates that such reverse development of atelectases,
retention bronchiectases and carnification areas (which
are actually OP) is admissible [20]. For example, the
decreased diameter of bronchial lumen over time with
no structural changes of the wall, in case of resolution of
the adjacent infiltration, illustrates the reversibility of the
process rather than the development of true bronchiec-
tasis. The dilatation of bronchial lumen, especially in the
lower lobes, is often observed in patients with viral lung
damage at the stage of resolution and even in the acute
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phase; it is associated with de-airing and infiltration
of lung tissue that results in temporary decrease of its
volume. The same is true for the functional lung tests —
the importance of follow-up over time and comparison
with previous results. It is also important to observe the
typical changes associated with the previous areas of
ground-glass opacity/consolidations over time [17].

When can a radiologist suspect irreversible changes
in lungs as the outcome of COVID-19 according to CT
results? Based on our own clinical experience, the most
significant signs are as follows:

o the decreased volume of the anatomical re-
gion of lung (segment, lobe) which is especially
distinctive by the location of the of interlobar
pleura layers. One can also pay attention to the
overall decrease in lung volume associated with
the normal depth of inhale (Fig. 3). When visu-
alizing such changes, one should exclude other
causes of the volume decrease associated with
bronchial patency, that is, bronchial tumors,
mucopurulent and hemorrhagic clots, second-
ary destructive processes, etc.

o Deformation and dilatation of the lumen of bron-
chi/bronchioles with the development of traction
broncho/bronchiolectasis (Fig. 3e, Fig. 4). Along-
side with the deformation, one can also observe
the convergence of bronchovascular bundles in

the affected lung part. According to Huang W.
et al. (2021), dilated bronchial lumen, as a mani-
festation of PE, is the most common sign — it is
presented in up to 80 % of cases [21]. If this is the
case, one should evaluate the results of all previ-
ous x-ray examinations, since bronchial dilatation
could have developed in a patient long before the
viral infection, among others, due to the chronic
obstructive disease (COPD) which is often char-
acterized by cylindrical bronchiectasis. It should
be remembered that the bronchial lumen dilata-
tion in the areas of OP can be potentially revers-
ible after the intraalveolar granulations reduc-
tion. Radiologist should be especially careful in
the interpretation of such detected changes. The
changes in the shape of the bronchi represented
by varicose bronchiectases and bronchioectases
with typical wave-shaped wall are more suspi-
cious of an irreversible process.

Intrapulmonary and pleural-pulmonary strands
that persist over time and are often located in the
area of deformed bronchi and surround them. The
large amount of such strands spreading in differ-
ent directions can produce an impression of back-
ground ground-glass opacity that indicates either
a certain averaging of the surrounding density, or
fine-structure fibrosis (Figure 5).

Figure 3. Patient F., 60 years old. COVID-19 (PCR+). Thoracic CT scans in axial projection (a, ¢), coronal projection (8, e)
and enlarged fragments (6, 0) at appropriate levels. The upper row — the study dated 23.11.2020, the lower row — the
study dated 25.12.2020. Against the background of heterogeneous hardenings in both lungs, the appearance of traction
(varicose) bronchiectase in the upper lobe on the left (arrows) are clearly visible, which were absent before. In other parts
of the lungs there is no such deformation. Also, in the dynamics there is a general decrease in lung volume at the same
depth of inspiration (8, e), a high position of the dome of the diaphragm (arrowheads). The changes may be potentially

reversible
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Figure 4. Patient A., 74 years old. COVID-19 (PCR+). Thoracic CT scans in the axial projection. Row a — study dated
03/25/2021 and row b — study dated 04/19/2021 at the corresponding levels, taking into account different depths of
inspiration. Top (a) — CT picture of acute viral damage with a lesion volume of at least 75 %. Below (b) — dynamics at the
stage of resolution, the appearance of deformation and expansion of the lumens of large bronchi, especially in the lower
parts of the lungs (arrows)

P .

Figure 5. Patient K., 73 years old. 4 weeks after discharge for COVID-19 (PCR+). Thoracic CT scans in the axial projection
(a-8), enlarged image fragments (2, 0) and MinIP reformation (e). Against the background of low-intensity areas of “ground
glass” (more on the right), there are stringy hardenings that deform the lung tissue and pleura. Cylindrical (arrow heads)
and varicose (arrows) broncho- and bronchiolectasis are also visualized
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o The persistent areas of consolidation and ground-
glass opacity with reticular changes that indicate
the interstitium involvement in the pathological
process [6] (inter alia, due to the decreased vol-
ume of the lobe). These areas are deaerated frag-
ments of lung replaced by connective tissue (of
varying severity). They can have homogeneous
structure or include bronchiectases. Unlike re-
versible atelectasized tissue, these areas do not ac-
cumulate contrast agent. In the presence of one
such subpleural area, one should also think about
past lung infarction that can also turn into a fi-
brosis area.

o Thickening of pleura that is more often observed
along the costal sheets. This symptom is often as-
sociated with the contracture of lung tissue (and
therefore, vessels and bronchi) and subpleural
strands.

o Pneumatocele is the areas of the impaired archi-
tecture of lung tissue with the development of air
pseudocavities that are mainly found in the pe-
ripheral parts of lungs [17]. Alarcon-Rodrigues J.
etal. (2021) give an example when pneumatoceles
are partially reversible [17]. However, pneuma-
tocele as the only sign can be hardly defined as
a strict criterion of fibrosis. We recommend to
consider a comprehensive assessment, for exam-
ple, pneumatocele associated with ground-glass
opacity, consolidations, or in the area of deformed
bronchi as additional signs. We have also observed
the closure of such lesions over time.

o In the most severe cases, there is a gross defor-
mation of secondary pulmonary lobules with the
development of the subpleural areas of honey-
comb lung — in up to 7 % of cases [21] (Figure 6).
In our practice, we mainly observed the progres-
sion of honeycomb in the place of viral damage
in patients with a pre-existing presentation of PF,
for example, as a common interstitial pneumonia
rather, than its development in previously intact
areas. At the same time, the deterioration of CT
results can develop as early as in 1-2 months after
the acute process.

o The long-term persistence of the abovementioned
common changes in lungs can result in dilated
right heart, as well as dilated and lengthened pul-
monary artery trunk.

o Other possible changes, like air-trapping, are also
described [21].

The areas of ground-glass opacity in the long-term
follow-up period with no reticular changes call for care-
ful interpretation in relation to PE. We observed such
changes in a female patient with no current respiratory
complaints one year after the acute period of the disease
(Figure 7). The observations made in our clinic are com-
pliant with the opinion of Samsonova M.V. et al. (2021)
who suggest long-term persistence of ground-glass
opacity in lungs on CT due to nonspecific interstitial
pneumonia, or isolated intraalveolar edema, potentially
in combination with hemorrhages or OP [22]. The air-
trapping areas can be actually represented by a mosaic
pattern associated with thrombosis of the branches of

-

Figure 6. Patient M., 65 years old. COVID-19 (PCR+). Thoracic CT scans in the axial projection (a-e) with enlarged
fragments (s, e) at the corresponding levels. The top row — the study dated 08/04/2021, the bottom row — the study dated
09/16/2021. Secondary infection (cavities) and pneumothorax on the right, in S3 on the left there is an area with varicose
broncho- and bronchiolectasia (arrow head), as well as an area similar to a “honeycomb” deformation (frame, arrows)
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Figure 7. Patient A., 88 years old. COVID-19 (PCR+), one year after the acute phase of the disease. Thoracic CT scans in
the axial projection, a — examination dated November 4, 2020, 6 — examination dated November 2, 2021. In place of
extensive hardenings (consolidations, “ground glass”), there remain inhomogeneous areas of “ground glass” of low intensity
with fuzzy contours, against which linear hardenings are presented, incl. in the form of characteristic arcs. Bronchiectasia
and other areas of deformity are not clearly visible, and changes may correspond to OP or a pattern of nonspecific

interstitial pneumonia

pulmonary artery due to hypercoagulation [22] and,
as a consequence, redistribution of pulmonary blood
flow that creates this typical mosaic pattern. The results
obtained by Jia-Ni Zou et al. (2022) indicate the inci-
dence of fibrosis in 90 days after COVID-19 in 84.15%
of cases, mainly due to the persistent areas of ground-
glass opacity (from 80.7 to 96.5%), linear thickenings
and reticular changes [23]. Such high numbers should be
interpreted carefully due to too early follow-up period:
some of these thickenings and linear structures could
have resolved later and would no longer be regarded by
the authors as PE These conclusions are also not con-
firmed by morphological studies and are based only on
CT results.

The most gross changes represented by true PF are
observed in the patients who have been on artificial
ventilation (AV) for a long time, as well as in those
who underwent extracorporeal membrane oxygenation
(ECMO) after extensive DAD with a lung lesion approxi-
mating 100 % and the inevitable development of a sec-
ondary bacterial infection. As a rule, when a patient stays
in an intensive care unit with artificial respiratory sup-
port for 1-2 months, they develop a common deformity
in the form of a honeycomb lung and bronchiectases.
In most cases, lung transplantation should be considered
for such patients [24].

An important task for radiologist is to determine how
extensive the above-described symptoms are and to reg-
ister them in the records. It should be understood that

the presence of only a single area that is typical of PF
is likely to have no high clinical significance due to the
compensatory capabilities of lung tissue. The extensive
changes on both sides, with decreased lung volume and
significantly impaired architecture will be considered
significant. Assumptions are made about the need to
determine the volume of fibrotic lung damage similarly
to the assessment in the acute COVID-19 period (CT-1,
CT-2, etc.); and it will be relevant not only for this dis-
ease but for other fibrotic processes in lungs as well (for
example, J.H Warrick, A.U. Wells scores, etc.) [25].

The detection of PF signs by a radiologist should not
be the only cause for a pulmonologist’s decision on fur-
ther routing and administration of special treatment.
CT data demonstrate only a pattern that naturally corre-
sponds to irreversible changes, and their clinical signifi-
cance should be determined together with clinical and
instrumental examinations and functional tests. A simi-
lar situation is observed in the patients with COPD. The
results of radiological examinations can help to deter-
mine emphysema, chronic bronchitis, bronchiectasis,
but the diagnosis is made on the basis of functional tests
of the patient. This is due to the fact that not only fibrotic
changes can contribute to the development of persistent
respiratory failure in the patient; it’s causative factors can
be the extensive microangiopathy that results in throm-
bosis in situ and the impaired lung perfusion; it can be
detected using scintigraphy [26], or iodine maps during
contrast-enhanced CT.
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Conclusion

The conclusion on irreversible changes in the
lungs as the outcome of coronavirus damage is a seri-
ous prognostic marker; it should be performed jointly
by a multidisciplinary commission in the presence of
a pulmonologist, radiologist, functional diagnostics
specialist, if possible, and a morphologist. Only if the
patient has persistent or progressive clinical signs of
respiratory failure in combination with oxygen depen-
dence, decreased parameters or the absence of positive
changes during functional tests, and a persistent radia-
tion pattern that is typical for PF, one can conclude on
the development of an irreversible process in lungs and
decide on the further approach to the treatment of the
patient: up to antifibrotic therapy or lung transplan-
tation. At present, based on practical observations, it
would be incorrectly to say that irreversible changes in
lungs after COVID-19 are a common situation. Radi-
ologists should be especially careful when mentioning
the pulmonary fibrosis in their conclusions, since many
visible changes can be potentially reversible.
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Features of Prediction of Heart
Failure in Patients with Peripheral
Atherosclerosis in the Long Period

Peslome

Llenib: OLIeHNTb BEPOATHOCTb Pa3BUTUA CEPAEYHON HeA0CTaTOYHOCTM B TeHeHMe TPeX/IeTHEro NpOCneKTUBHOro HabtoaeHns 1 pa3paboTaThk Cnocob
ee KOM/IEKCHOM OLLeHKU Y /WL, C aTePOCKIePOTUYECKUM NOPaXKeHVeM pas/IMyHbIX COCYAUCTLIX bacceliHoB. MaTepuansl n MeToabl: B nccresosanne
BK/IIOYEHO 519 nauueHToB (cpesHuii Bo3pacT 60,0+8,71eT) C aTEPOCKIEPOTUHECKMM NOPaXKEHUEM Pa3/INHHBIX COCYANCTbIX 6acCeiHOB, U3 HUX — 360
(69,4 %) My*4uH, 159 (30,6 %) — »eHwmH. BceM nauneHTaM BbIMOHANCH CTaHAapTHble 6UOXMMUYECKMNE UCCeA0BaHUA C OMpejesieHneM nokasa-
Tenen imnuAHOro Npoduaa. KoMnneKc MHCTPYMEeHTa/IbHbIX MCC/IeJ0BaHUIA BKAIOYA/ BbIMNO/IHEHNE 3XOKapAnorpadun, ybTpasByKOBOro nccaeo0sa-
HUA noyek, 6paxvoLedanbHbiX apTePU, NPU HAMUNK KIMHUYECKMX NMPOAB/IEHUN, BbI3bIBAIOLLMX MOA03PEHME Ha aTePOCKIePOTUYECKOE NopaXeHue
COCYANCTbIX 6acceHOB, 6bI1M NPOBe/eHbl KOPOHApPOaHrMOrpadusa, aHrMorpadua NOYeUHbIX COCYA0B, bpaxmoLiedasbHbIX apTEPUI 1 apTEPUn HUXK-
HUX KoHeyHocTel. Cpok HabatogeHna cocTaBui — 36 MecALeB, NepBUYHAA KOHEYHaA TOYKa — HOBbIe C/lyYan PasBUTUA CePAEYHON HeA0CTaTOuHO-
cTn. PesynbTaTbl: AHa/IM3 BEPOATHOCTY PasBUTUA CEPAEYHON HeAOCTaTOYHOCTM NPOAEMOHCTPUPOBA, YTO TaKmne GaKTOpbI, Kak BeAnynHa ppaxuum
BbI6pOCa, % (p=0,04), 3HaueHVe ocHOBaHUsA aopTbl, MM (p=0,049), cTeneHb aTePOCKIEPOTUHECKOTO MOPaXKeHUs CTBOJIA /IeBOV KOPOHAPHOW apTepuu,
% (p=0,013) 1 cTeneHb TAXKeCTV CTeHO3a 3agHel 6OKOBOI BETBM KOPOHapHO apTepun, % (p=0,048) okasbiBan BIUSHUE Ha PUCK Pa3BUTUA CepaeY-
HOWM HeA0CTaTOYHOCTU B OTAA/NEHHOM Nepuoze y NaLuneHToB C nepudepryeckum aTepocknepo3oMm. 3aktoueHue: [poseseHa oLeHKa BepOATHOCTY
PasBUTUA COCYANCTBIX COBLITUIA M He6NAaronpuATHBIX UCXOA0B B TeYeHMe TPex/NeTHero NPOCNeKTUBHOIO HabageHnsA. YCTaHOBAEHO, YTO rocnu-
Ta/mM3auma Mo nosoAy CepAeYHON HeAO0CTaTOYHOCTM B TeYeHVe TpexneTHero nepmoaa nmena mecto y 3,4 % nauveHToB C aTepPOCK/IePOTUHECKNM
ropaXkeHMeM pas/INYHbIX COCYANCTbIX 6aCCeiHOB M MX KOMbMHaLMA. OTMeYeHO, YTO Takue rpynnbl GaKTOPOB, Kak «BenynHa $pakLum Beibpoca %
+ 3Ha4eHMe OCHOBaHWA aopTbl, MM» (p=0,025), «CTeneHb aTePOCKNEPOTUHECKOrO NOPaXKeHWs 3aAHel 60KoBoOM BETBY, % + BeMumMHa GppaKLmm Bbl-
6poca, %» (p=0,046), OKa3biBa/IM BAMNAHNE HA PUCK PAa3BUTUA CEPAEYHOI HEAOCTaTOMHOCTM B OTAA/IEHHOM NEPUOZE Y /WL, FPYMMbl 06Ce40BaHMS.
C ncnonb3oBaHMeM ypaBHEHWI IOMMCTUYECKON perpeccum pa3paboTaHbl OpUrMHaibHble TabnLbl MPOrHO3a, NO3BO/IAIOLME NONYHUTb UHGOPMaLMIO
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Abstract

Aim: To assess the likelihood of developing heart failure during a three-year prospective follow-up and develop a method for its comprehensive
assessment in individuals with atherosclerotic lesions of various vascular beds. Materials and methods: The study included 519 patients with
atherosclerotic lesions of various vascular regions, of which 360 (69.4 %) were men, 159 (30.6 %) were women (mean age 60.0+8.7 years). Results:
Analysis of the likelihood of developing heart failure clearly demonstrated that factors such as the value of the ejection fraction, % (p = 0.040), the
value of the base of the aorta, mm. (p = 0.049), the degree of atherosclerotic lesions of the left coronary artery trunk,% (p = 0.013) and the severity
of posterior lateral branch stenosis,% (p = 0.048) influenced the risk of developing the discussed endpoint in the long-term period in patients with
peripheral atherosclerosis. Conclusions: The probability of developing vascular events and adverse outcomes during a three-year prospective follow-
up was assessed. It was found that hospitalization for heart failure over a three-year period occurred in 3.4 % of patients with atherosclerotic lesions of
various vascular beds and their combinations. It is noted that such groups of factors as “the value of the ejection fraction% + the value of the base of
the aorta, mm.” (p=0.025), “the degree of atherosclerotic lesions of the posterior lateral branch, % + the value of the ejection fraction, %" (p=0.046),
influenced the risk of developing heart failure in the long-term period in the subjects of the survey group. Using logistic regression equations, original
prognosis tables have been developed that provide information on the likelihood of developing heart failure, which can be used in real clinical practice
in patients with peripheral atherosclerosis.
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AH — arterial hypertension, BCA — brachiocephalic arteries, CHF — chronic heart failure, CKD — chronic kidney disease, ECG — electrocardiography,
EF — ejection fraction, FC — functional class, GFR — glomerular filtration rate, HF — heart failure, LCA — left coronary artery, LLA — lower limb
arteries, LV — left ventricle, MI — myocardial infarction, PLB — posterolateral branch, TIA — transient ischemic attack

Introduction

Despite the continuous improvement of diagnostic
methods, optimal drug treatment in accordance with
accepted standards and implementation of new preven-
tive programs, patients with cardiovascular pathologies
still demonstrate a high incidence of adverse long-term
events and outcomes [1].

Atherosclerotic lesions of peripheral vessels are, no
doubt, associated with high risk of heart failure devel-
opment. In general, this association is characterized
by increased left ventricular (LV) afterload due to the
increased stiffness of aortic walls and, as a result, deterio-
ration of coronary blood flow that results in hypertension,

LV hypertrophy, diastolic dysfunction, and the develop-
ment of heart failure [2,3].

High mortality due to heart failure is undoubtedly
caused by cardiac issues and rapid progression of the
underlying disease. According to OPTIMIZE-HF reg-
ister data, about 30 % of individuals with reduced LV
ejection fraction (EF) and 29.2 % with EF >40 % are re-
hospitalized within 90 days after discharge from the hos-
pital [4].

A long-term task related to cardiovascular diseases is
the development of a personalized approach to patients
with atherosclerosis of any vascular territory.

Despite the fact that the prevalence of peripheral ath-
erosclerosis is high, and the patients with this pathology
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belong to one of the most difficult to cure groups, today
we have no reliable scores for qualitative assessment of
long-term prognosis [5].

The issue of treating patients with atherosclerotic
pathology of peripheral arteries requires multidisci-
plinary solutions due to the high risk of adverse vascular
events.

Study objective

To assess the probability of heart failure develop-
ment during a three-year prospective follow-up and to
develop a method for its comprehensive assessment in
individuals with atherosclerotic lesions of various vascu-
lar territories.

Materials and methods

This prospective study included 519 patients (aver-
age age 60.0 = 8.7 years) with atherosclerotic lesions
of different vascular territories and their combinations
(380 men and 139 women) who received treatment in
specialized departments of State Budgetary Institution
of Rostov Region Rostov Regional Clinical Hospital
(GBU RO ROKB). The study protocol was approved by
the local independent Ethics Committee of Federal State
Budgetary Institution of Higher Education Rostov State
Medical University of the Ministry of Health of the Rus-
sian Federation.

Inclusion criteria were as follows: peripheral arterial
diseases in patients that meet the criteria of the recom-
mendations of European Society of Cardiology (ESC)

and the European Society of Vascular Surgeons (EOVS)
for the diagnosis and management of peripheral arterial
diseases (2017) [6]; informed consent form signed by the
patient. Exclusion criteria were as follows: comorbidity
with severe dysfunction of organs and systems; oncologi-
cal and mental diseases; acute infectious processes.

Arterial hypertension (AH) was diagnosed accord-
ing to the Guidelines for the Management of Arterial
Hypertension developed by the European Society of
Hypertension (ESH) and the European Society of Car-
diology (ESC) (2013). [7]. Chronic heart failure was
diagnosed according to the Guidelines “Chronic Heart
Failure (CHF)” developed by the Society of Heart Fail-
ure Specialists of the Russian Cardiological Society
(2016) [8].

Standard laboratory test with lipid panel was per-
formed for all patients. Glomerular filtration rate (GFR)
was calculated using the CKD-EPI formula (2011). The
set of instrumental studies included electrocardiogra-
phy (ECG), echocardiographic examination, ultrasound
examination of kidneys, brachiocephalic arteries (BCA);
if there were clinical signs with suspected atherosclerotic
lesions of vascular territories, coronary angiography,
angiography of renal vessels, BCA and lower limb arter-
ies (LLA) were performed.

Design of this clinical study is provided in Figure 1.

AH was observed in 500 (96.3 %) patients. Hereditary
diseases were registered in 239 (46.0 %) patients, smok-
ing — in 209 (40.2 %) patients (Table 1).

Based on the results of angiographic examination,
the patients were divided into groups depending on the
number and combinations of the affected vessels.

* cbop xano0, anamMHe3a, TaHHBIX 00BbEKTHBHOTO craryca/collection of complaints, anamnesis, objective status

data

* cra”JapTHele JlabopaTopHble uccienosanus/standard laboratory tests

¢ KOMILICKC WHCTPYMCHTAJIBHBIX

1-i1 sTan/
Ist stage

HUCCICIOBAHUN

:ANMEKTPOKAPANOTpahuIeCcKOe HCCIIeIOBaHNUE,

9XOKapauorpaduuecKoe nccieoBaHme, yIbTPa3ByKOBOE HCCIICOBAHUE MOYEK, OpaxuonedalbHbIX apTepuil ,
TPy HAJTUYUHN KIIMHAYCCKUX HpOHBJ’[eHHﬁ, BBIZBIBAIOIIUX TMOJO3PCHUEC HA aTCPOCKICPOTHUCCKOC MOPAKCHUEC
COCYINCTBIX 0acceifHOB OBUIM MPOBEACHBI KOpOHAapoaHTHorpadus, aHrmorpadust IMOYEIHBIX COCYIIOB,
OpaxuorehaabHBIX apTepHil U apTepuil HIKHUX KoHeuHocteit/The complex of instrumental studies included
the performance of an electrocardiographic study, an echocardiographic study, an ultrasound examination of

the kidneys, brachiocephalic arteries, in the presence of clinical manifestations that cause suspicion of

atherosclerotic lesions of the vascular beds, coronary angiography, angiography of the renal vessels,

brachiocephalic arteries and arteries of the lower extremities were performed

2-i1 oran/

2nd stage *aHanu3 pe3ynasTaros/analysis of results

Figure 1. Study Design

* IIPOCIIEKTHBHOE HAOJIOICHHE 32 TTAIleHTaMHI B TGUCHHE TPEX JIET C OLEHKOH KOHEUHBIX TOUeK/prospective
follow-up of patients for three years with evaluation of endpoints
scraTcTUYecKas 00paboTKa MoTyueHHbIX JaHHbIX/statistical processing of scientific data




Apxusb BHyTpeHHE MeAMuMHbL ® Ne 5 o 2022

OPUTMHAABHBIE CTATbBU

Atherosclerotic lesion of one vascular territory was
confirmed in 258 (49.7 %) patients, of two territories — in
171 (2.9 %) patients; of three territories — in 84 (16.2 %);
of four vascular territories — in 6 (1.2 %) patients.

BCA lesion was diagnosed in 199 (38.3 %) patients,
while BCA mono-lesion was confirmed in 4.6 % of cases.

Table 1. Clinical characteristics patients

Atherosclerotic lesions of renal arteries were observed in
103 (19.8 %) patients, of LLA — in 105 (20.2 %) exam-
ined individuals (Table 2).

The second stage of this study included a prospective
three-year follow-up. The patients or their relatives were
contacted by telephone survey.

Parameter n (%)
men/women (n, %) 380/139 (73,2/26,8)
smoking (n, %) 209 (40,2)
burdened heredity (n, %) 239 (46,0)
presence of hypertension (n, %) 500 (96,3)
acute cerebrovascular accident in history (n, %) 98 (18,8)
myocardial infarction in history (n, %) 205 (39,4)
history of lower limb amputation (n, %) 3(0,57)
chronic cerebrovascular insufficiency (n, %) 173 (33,3)
the presence of chronic ischemia of the lower extremities (n, %) 90 (17,3)
history of angina pectoris (n, %) 362 (69,7)
chronic heart failure (n, %) 333 (64,2)
functional class of chronic heart failure
1 FC 135 (40,5)
2FC 166 (49,8)
3FC 32(9,7)
CHEF with low EF (less than 40 %) (n, %) 15 (4,5)
CHF with intermediate EF (from 40 % to 49 %) (n, %) 113 (33,9)
CHF with preserved EF (50 % or more) (n, %) 205 (61,6)
glomerular filtration rate less than 60ml/min/1.73m? 130 (25,1)
presence of diabetes (n, %) 112 (21,5)

Note: FC/functional class of chronic heart failure / CHF/chronic heart failure / EF/ejection fraction
Table 2. Features of atherosclerotic lesions of various vascular beds in patients

Parameter n (%)
damage to one vascular bed 258 (49,7)
damage to two vascular beds 171 (32,9)
damage to three vascular beds 84 (16,2)
damage to four vascular beds 6(1,2)
monolesion (coronary arteries) 225 (43,4)
monolesion (brachiocephalic arteries) 24 (4,6)
monolesion (renal arteries) 3(0,6)
monolesion (arteries of the lower extremities) 4(0,8)
coronary arteries + renal arteries 83 (15,9)
coronary arteries + brachiocephalic arteries 70 (13,4)
coronary arteries + arteries of the lower extremities 5(0,9)
lower extremity arteries + brachiocephalic arteries 12 (2,3)
brachiocephalic arteries + renal arteries 2(0,4)
coronary arteries + brachiocephalic arteries + lower extremity arteries 76 (14,8)
brachiocephalic arteries + lower extremity arteries + renal arteries 2(0,4)
coronary arteries + brachiocephalic arteries + renal arteries 7(1,3)
coronary arteries + brachiocephalic arteries + lower extremity arteries + renal arteries 6(1,2)
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During the period specified, the following events
and outcomes were analyzed: development of transient
ischemic attack, stroke (nonfatal/ fatal stroke), myocar-
dial infarction (MI) (nonfatal/fatal MI), development of
heart failure (HF) (nonfatal/fatal HF), chronic kidney
disease (CKD) (nonfatal/fatal CKD) , hospitalization for
cardiovascular reasons, amputation of lower limb.

Statistical data analysis was performed using a set
of applied statistical programs Microsoft Office Excel
2010 (Microsoft Corp., USA) and STATISTICA 10.0
(StatSoft Inc., USA). Kolmogorov-Smirnov test was
used to assess the type of data distribution; for p >0.05,
distribution was considered to be normal. The data
were presented as M+SD (M — arithmetic mean, SD —
standard deviation) for normal distribution, and as Me
[Q1; Q3] (Me — median, QI and Q3 — first and third
quartiles) for abnormal distribution. Student’s test was
used for a normal distribution of sample, and Mann-
Whitney test and X2 test or Leuven test with F — for
those different from the normal distribution. Besides,
the authors used logistic regression analysis with the
calculation of relative risks (RR) and the determination
of x% the relationship was considered statistically sig-
nificant at p <0.05.

Table 3. Probability of developing heart failure

Results

The development of vascular events and adverse out-
comes was registered in 126 (24.2 %) patients, while hos-
pitalization for new cases of heart failure was confirmed
in 14 (3.4 %) patients.

During the analysis of the heart failure development
probability, such factors as EF, % (p = 0.04), aortic base,
mm (p = 0.049), degree of atherosclerotic lesion of left
coronary artery (LCA), % (p = 0.013), and the severity
of posterior lateral branch (PLB) stenosis, % (p = 0.048),
affected the risk of developing the discussed endpoint in
patients with peripheral atherosclerosis (Table 3).

Based on the data obtained, a nomogram was con-
structed to assess the possibility of heart failure devel-
opment depending on risk factors. Thus, at EF 40 %,
the risk of heart failure development during three year
follow-up was 10 %, at EF 50 % — 7 %. In cases of LCA
trunk stenosis 40 %, the risk of heart failure develop-
ment during three years was 10 %; if the diagnosis of
LCA stenosis 60 % was confirmed, the risk was 40 %
(Table 4).

Two-factor logistic regression analysis allowed defin-
ing a combination of features that had a pathological

*Parameter | BO Estimate OR (ratio) X P
ejection fraction, % 0,21 -0,006 0,03 4,21 0,040
base of the aorta, mm -8,35 0,13 593 3,97 0,049
lesion of the trunk of the left coronary artery, % 0,63 -0,19 0,0001 6,17 0,013
damage to the posterior lateral branch, % -13,2 0,11 1163 3,88 0,048

*p <0,05

Table 4. Nomogram for assessing the risk of developing heart failure within three years, depending on risk factors

ejection fraction, % | 20 - 40 50 _
risk of developing heart failure, % 24 17 10 7 3 1

base of the aorta, mm 25 - 35 40 _
risk of developing heart failure, % 1 3 5 7 17 26

lesion of the trunk of the left coronary artery, % 10 - 30 40 _
risk of developing heart failure, % 1 4 8 10 25 40
damage to the posterior lateral branch, % 50 - 70 80 _
risk of developing heart failure, % 1 2 3 4 9 20

Table 5. The likelihood of developing heart failure, depending on a combination of factors
*Parameter | BO | Estimate | OR (ratio) | X P

ejection fraction, % + aortic base, mm -4,15 -0,07 /0,11 0,04 /234 7,4 0,025
damage to the posterior lateral branch, % + ejection 924 20,09 /0,12 0,05 /1732 49 0,046

fraction, %

*p <0,05
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effect on long-term prognosis, namely, “EF, % + aortic
base, mm” (p = 0.025), “PLV, % + EE %” (p = 0.046)
(Table 5, Figure 2).

Nomograms based on logistic regression equations
demonstrated that, if a patient has an aortic base equal
to, for example, 30 mm and EF 60 %, the risk of heart
failure during three years will be 13 %; in the case of EF

z=exp(-4,15-0,07*x+0,1 1 *y)/(1+exp(-4,15-0,07*x+0,11*y))

I >07
<07
I <06
= <05
<04
<03
[l <02
I <01

OcHoBaHHE A0PTHI, MM

(a)/(a)

v40 % with the same value of aortic base, the risk is 28 %
(Table 6).

Confirmed EF 50% and an atherosclerotic plaque
60% in PLB area lead to the risk of developing heart
failure during three years of 24 %, while vessel occlusion
lead to 41 %. PLB stenosis 50 % and EF 40 % lead to the
possibility of heart failure development 20 % (Table 7).

2=exp(-9,24-0,09%x+0,12%y)/(1+exp(-9,24-0,09%x+0,12*y))

DB. %

° 30 40 50 60 70 80 90 100 110
Il >08
Il <07
0 <05
3BB, % o
Il <01

(6) / (b)

Figure 2. Assessment of the risk of developing heart failure depending on the size of the ejection fraction and the base of
the aorta (a), the magnitude of the ejection fraction and the severity of the lesion of the posterior juic branch (b)

Note: PBV — posterior lateral branch, EF — ejection fraction

Table 6. Nomogram for assessing the risk of developing heart failure depending on the size of the ejection fraction and

the base of the aorta

5 9 8
20 45 29
aortic base, mm
30 56 40
68 52
82 76

Ejection Fraction, %

7 5 4 3
8 6 5 4
16 10 8 6
28 17 13 7
39 24 17 8
54 32 20 9

Table 7. Nomogram for assessing the risk of developing heart failure depending on the value of the ejection fraction and

the severity of the lesion of the posterior lateral branch of the

20 - 40 50

8 7
25 20
damage to the posterior 50 44 33
lateral branch, % o "
69 51
85 68

Ejection Fraction, %

6 5 4 2
17 14 10 8
20 18 16 13
29 24 20 17
34 28 24 20
50 41 33 22
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Discussion

In atherosclerotic lesions of a certain vascular terri-
tory, not only this area of blood supply is at risk. Athero-
sclerosis quite often becomes generalized, and if a patient
has a monofocal lesion, the risk of adverse cardiovascu-
lar events nevertheless remains high.

According to a review of 17 studies involving more
than 10,000 patients with asymptomatic carotid stenosis
(>50%), about 60 % of deaths were directly related to the
existing cardiac pathology [9]. The following cardiovas-
cular events were registered in patients with peripheral
arterial disease during the first year of follow-up: 1.8 % —
death due to cardiovascular causes, 1.4 % — noncardio-
vascular death, 1.9% — acute myocardial infarction,
1% — hospitalization for unstable angina, 0.9 % — isch-
emic stroke, 1.3 % — acute limb ischemia, 1.2 % — ampu-
tation [10].

Results of many studies clearly demonstrated that
patients with peripheral atherosclerosis, even with
adjusted risk factors, remain at high risk of fatal and
non-fatal vascular events (myocardial infarction, stroke,
HF) [11].

Analysis of literature sources demonstrated that exist-
ing models for predicting heart failure have been actively
created and modified over the past decades, while most
of them have been created and validated for patients with
low EF and are used to assess one-year survival. The most
common models are SHFMHFESS, MAGGIC, MECKI,
3C-HE, MUSIC. Thus, SHFM (Seattle Heart Failure
Model) is the most common for assessing the life expec-
tancy of patients with CHF at the outpatient stage. It was
developed on the basis of the PRAISE1 trial and tested in
USA and Italy. [12].

MAGGIC risk score can be applied to patients with
reduced or preserved ejection fraction. The only biomarker
considered by this score is serum creatinine; thus, on the
one hand, it is easily available for common use, however,
on the other hand, its informative value is reduced. [13].

At the same time, none of the presented models is
aimed at assessing the risk of heart failure development
in patients with peripheral atherosclerosis during three-
year period.

It is known that the survival rate of patients with the
new onset of heart failure that requires hospitalization
is about 40% during the first year [14]. According to
a meta-analysis of 60 trials in the period from 1950 to
2016 that included 1.5 million patients with heart failure
with reduced EF in the “stable” phase of the disease, the
total one-year survival rate is 86.5% [15].

Certain established risk factors that determine the
prognosis of patients with regard to the nature and
severity of heart failure include LV EF, functional class of
CHF (NYHA), and appropriate treatment strategy [16].
In addition, one of the main indicators of the severity of
pathological process in patients with heart failure is LV
EE Meanwhile, heart failure can also develop along with
preserved LV EF [17].

Analysis of literature sources revealed that more than
half of the total number of patients with CHF have pre-
served LV EF, and their number continues growing rap-
idly [18]. Results of the Rochester Epidemiological Proj-
ect clearly demonstrated that more than 40 % of patients
with heart failure are diagnosed with LV EF >50 % [19].
According to the EPOCH-CHF study, preserved or
intermediate LV EF in the range of 40-60% was diag-
nosed in more than 50 % of patients [20]. The analysis of
a Canadian study results revealed that above 40 % of the
examined patients had preserved EF [21]. The complex
of such endpoints as total mortality + rehospitalizations
in the groups with reduced and preserved EF had no sta-
tistical differences, while the mortality rate during the
first year in patients with preserved EF was 29 %. [22].
It was found that patients with reduced EF and ejection
fraction >35-40 % had a more favorable prognosis [23].

Based on the results of our study, EF <40 % was regis-
tered in 4.5 % of patients, intermediate EF was observed
in 33.9%, and preserved EF was observed in 61.6 % of
patients. It should be mentioned that EF value had an
effect on the long-term prognosis of patients what is con-
sistent with the literature data. At the same time, in the
course of our study, combinations of factors were pre-
sented that have an effect on the long-term prognosis of
the presented group of patients.

Conclusion

Thus, in the course of a prospective study, it was
found that hospitalization for heart failure occurred in
14 (3.4 %) patients with atherosclerotic lesions of various
vascular territories and their combinations.

It was mentioned that such factors as EF, aortic base,
size of atherosclerotic lesions of LCA trunk, and severity
of PLB stenosis had an effect on the risk of long-term
heart failure development in patients with peripheral
atherosclerosis.

It was revealed that the risk of heart failure was influ-
enced by such groups of factors as EF + aortic base,
severity of PLB atherosclerotic lesions + EE

Based on logistic regression equations prognosis,
original tables were developed allowing to obtain infor-
mation on the possibility of heart failure development
that can be used in real clinical practice in individuals
with peripheral atherosclerosis.
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V.A. Sergeeva*, S.N. Tolstov, E.D. Sychkova

Saratov State Medical University n.a. V.I. Razumovsky, Saratov, Russia

Clinical Observation of
Asymptomatic Left Atrial Myxoma

PesoMe

MuKcoMbl aBaaOTCA Hanbosee PaCI‘IpOCTPaHeHHbIM TUNom I'IePBVI‘-IHbIX AO6POKaH€CTBeHHbIX onyxoneﬁ cepp,u,a y B3POCI1I:IX, 4acToTa KOTOprX B No-
I'IynﬂLl,VIVI no AaHHbIM ayTOI'ICVIl"’I COCTaB/1deT OKO/10 0,2 %. MUKCOMbI pa3BI/IBa}OTC$I n3 MyanVII'IOTeHTHOf;I Me3eHXUMbl U 06bIYHO I'IpeACTaBnﬂIOT cobon
HegndpPepeHLMpoBaHHOe npejcepaHoe 06pa3oBaHMe, MetoLee HOXKY 1 NMPUKPen/IeHHOe K OBa/IbHOM IMKE Ha J1IeBO CTOPOHe MexrpeAcepaHomn
neperopoAKM. YacTtoe 66CCVIMI'ITOMHO€ TeyeHue 3a6os1ieBaHMA 3anyAHH€T CBOGBpeMeHHyPO AVIaFHOCTMKy n nevyeHwme. I'IpeACTaBneHHoe K/IMNHN4YeCKoe
Ha6nIOAeHVI€ AeMOHCTpMpyeT cnyqaﬁHoe BblfB/IeHNEe MUKCOMbI /1eBOIro I'IPEACGPAI/IFI y nauneHTKn 68 net c nocne,qyromMM yCI'IeLIJHbIM OI'IepaTVIBHbIM

BMeLlaTe/IbCTBOM.

Knrouesbie cnoBa: mukcoma cepoya, duazHOCMUKa, KNUHUYeCKoe HabtodeHue, 6eCCUMNMOMHOE meveHue
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Abstract

Myxomas are the most common type of primary benign cardiac tumor in adults, with an incidence of about 0.2 % in the population at autopsy.
Myxomas develop from multipotent mesenchyme and are usually an undifferentiated, pedunculated atrial mass attached to a fossa ovale on the
left side of the atrial septum. Frequent asymptomatic course of the disease complicates timely diagnosis and treatment. The presented clinical

observation demonstrates the accidental detection of left atrial myxoma in a 68-year-old patient with subsequent successful surgical intervention.
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A

Introduction

Until the middle of the 20th century, intravital diag-
nosis of space-occupying lesions in heart was scarcely
performed due to the lack of the required instrumen-
tal examination methods. With the implementation
of angiocardiography in 1951, the ability to detect
cardiac tumors in patients has increased significantly.
However, surgical treatment of space-occupying intra-
cardiac lesions consistently failed [1]. A breakthrough
event was the development of heart-lung machine and
the successful surgical removal of cardiac myxoma in
1954 performed by a Swedish cardiac surgeon Clar-
ence Crafoord [2]. A new milestone in the diagnosis
of cardiac tumors was the implementation of echocar-
diography into clinical practice in 1959 [3]. It is still the
basic method in the diagnosis of any cardiac pathology.
Comprehensive information about the size, position
and the suspected nature of an intracardiac mass can be
obtained using computed tomography (CT) and mag-
netic resonance imaging (MRI) of heart with contrast
enhancement.

Myxomas are the most prevalent primary benign
cardiac tumors that account for up to 80% of all diag-
nosed intracardiac neoplasms [4]. Myxomas are most
often located in left atrium (LA) (up to 75%); about
2-3 times as frequently in women, in the age group of
30 to 60 years [5]. In most cases, this disease is detected
during occasional examination, however, with no timely
treatment, intracardiac hemodynamics may be disturbed
with the development of progressive heart failure and
embolic complications that can result in disability and
death of the patient.

Etiology of this disease is not completely understood.
It is assumed that herpes simplex virus type I is a trigger;
it can cause chronic endocarditis and neoplastic transfor-
mation, since antigens and DNA of herpes simplex virus
type I are detected in 70 % of patients with myxoma [6].
Cardiac myxomas are also found in patients with a muta-
tion in PRKARIA gene that is located on the long arm
of chromosome 17 (17q23-q24) as part of a rare heredi-
tary neoplastic syndrome with an autosomal dominant
mode of inheritance, the so-called Carney complex [7].
The clinical signs of this genetic pathology also include
spotty skin pigmentation and myxomas, active tumors
of endocrine system (nodular hyperplasia of adrenal
cortex, breast fibroadenoma, testicular tumors, pituitary
tumors with gigantism or acromegaly) and the sheaths
of nerve trunks. About 10% of all heart myxomas are
a sign of Carney complex and are considered to be the
main clinical criteria of this disease; they are found in

30-40 % of cases of this pathology. However, to diagnose
Carney complex, two or more major clinical criteria,
or one major and one additional (hereditary) factor are
required [7].

The size, shape and weight of a myxoma can vary
over a wide range. In various clinical observations report
on tumors from a few millimeters to 16 centimeters in
diameter and from 2 to 250 grams in weight [5]. World
Health Organization defines a cardiac myxoma as a neo-
plasm consisting of stellate or plump, cytologically soft
mesenchymal cells located in the myxoid stroma. Car-
diac myxoma cells often form rings, nests, and linear
syncytia that originate from vascular structures. Fibro-
sis, calcification and organized thrombosis are common;
however, mitoses are scarcely found. A myxoma usually
has a pedicle and is attached to the oval fossa on the left
side of interatrial septum [8].

Regardless of the presence or absence of clinical signs
of cardiac myxoma, the only method of treatment is the
surgical removal of this tumor. Surgery should be per-
formed by a skilled cardiac surgeon, since incomplete
removal of a myxoma may result in its relapse [5]. Fol-
lowing the surgical treatment, regular echocardiogra-
phy is recommended to monitor the patient’s condition.
According to the literature, sporadic myxoma relapse
develops in about 3 % of tumors [5]. It may occur months
or years after the first surgery. Ricardo Oliveira et al. [9]
presented a study where 19 patients underwent surgery
for cardiac myxoma; on average, 2 relapses were diag-
nosed over a period of 5.2 + 3.7 years (relapse rate was
10.5%).

We present our own clinical experience of follow-up
a patient with asymptomatic cardiac myxoma; the neo-
plasm was found during computed tomography of tho-
racic organs as part of examination for COVID-19.

Case report

In June 2021, patient M., female, 68, a resident of the
Saratov region (Ershov) had malaise, weakness, fever,
sore throat, palpitations. She visited a therapist at a local
clinic to exclude novel coronavirus infection. To diag-
nose SARS-CoV-2, nasopharyngeal swabs were taken.
Positive PCR result confirmed COVID-19. Outpatient
treatment was provided. The patient underwent chest
CT to exclude lung damage. No pulmonary parenchyma
infiltration was found, however, the change in the size
of mediastinum was observed. The mediastinum was
expanded due to the dilatation of heart chambers, mainly
of LA to 5 cm with decreased density of X-ray radiation
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and small linear high-density inclusions. A routine
additional examination in the Regional Cardiac Sur-
gery Center was recommended after the recovery from
COVID-19. The patient had no apparent cardiovascular
clinical signs. For about two years, she has high blood
pressure (BP) up to 150 and 100 mm Hg maximum; she
regularly receives antihypertensive therapy (indapamide
+ bisoprolol), and complies with the therapy. Therapy-
associated BP is 120 and 80 mm Hg. Besides, she regu-
larly receives acetylsalicylic acid (ASA) and atorvastatin.
After the novel coronavirus infection, she had dyspnea
at moderate exercise and asthenia. The patient was hos-
pitalized to the Regional Cardiac Surgery Center in
August 2021 for further examination. At admission, the
patient had almost no complaints. From past medical
history: the patient grew and developed according to her
age. Comorbidities: chronic non-obstructive bronchi-
tis, chronic erosive gastritis (not tested for Helicobacter
pylori), varicose veins disease. Past surgeries — chole-
cystectomy in 2005, epidemiological and allergic anam-
nesis within normal, bad habits — denies. Upon admis-
sion, negative PCR for SARS-CoV-2.

Physical examination

Satisfactory condition. Active position. Clear con-
sciousness. Height 165 cm, weight 85 kg. Body mass
index 31.22 kg/m? — class 1 obesity. Respiratory organs:
respiratory rate 18 per minute, vesicular respiration is
heard in all lung fields. No adventitious breath sounds.
Circulatory organs: apex beat is felt in 5 intercostal space
along the midclavicular line. On percussion, borders of
relative cardiac dullness are expanded along the upper
border to the 2nd rib (enlarged LA). On auscultation,
muffled rhythmic heart sounds. Heart rate coincides
with the pulse and is 67 bpm. BP in both brachial arter-
ies is 110 and 70 mm Hg.

Results of laboratory tests and

instrumental examinations

Results of laboratory tests revealed no significant
deviations. Acute phase indicators were within normal.
Due to the constant intake of 20 mg of atorvastatin per
day, total cholesterol was 3.2 mmol/L, and low-density
lipoprotein cholesterol — to 1.6 mmol/L.

Results of electrocardiography is presented in Fig. 1.
Conclusion: PQ 0.2's, QRS 0.08 s, QT 0.4 s, sinus rhythm
with heart rate of 92 per minute. Vertical QRS axis. Slow-
ing of atrioventricular conduction. Enlarged atria. Left
ventricular hypertrophy.

During inpatient examination, transthoracic echo-
cardiography (ECHO-CG) was performed; it revealed
increased LA (ESD 57 mm; normal range 27-38 mm).
Mass lesion in LA, large (59 x 48 x 30 mm), almost filling
its entire cavity. Mass lesion of homogeneous, hypoechoic
structure, with single calcifications, sharp smooth con-
tours, poorly mobile with blood flow, however, with no
signs of mitral intracardiac obstruction. This mass is
supposed to be attached to the interatrial septum with a
broad pedicle. No significant cardiac valve dysfunction
was found. The size of LV cavity and its contractility were
within normal. Left ventricular myocardial mass index
81 g/m* (normal range 44 — 88 g/m?). Inferior vena cava
is of normal size and with normal respiratory variation.
No effusion in pericardial cavity.

To detect the degree of atherosclerotic lesions of
vascular bed and to exclude thrombotic lesions of the
deep veins of lower limbs, coronary angiography and
duplex scanning of brachiocephalic arteries and of the
vessels of lower limbs were performed. There were no
indications for coronary revascularization. Early signs
of atherosclerosis were found in brachiocephalic arter-
ies. Varicose veins of lower limbs were observed. Deep
veins were patent. There were no signs of valvular
insufficiency or deep vein thrombosis of lower limbs.
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Figure 1. ECG of patient M., 68 y.o.
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Minor atherosclerotic changes in the arteries of lower
limbs were found. Results of the ultrasound examination
of abdominal organs revealed steatohepatosis and non-
uniformity of the contours of pancreas.

In order to visualize a mass lesion in LA, CT with IV
bolus contrast enhancement (Ultravist) was performed
(Fig. 2). According to CT data, a contrasting defect was
visualized in LA; it was caused by a soft-tissue mass lesion
with uneven tuberous contours, of inhomogeneous struc-
ture (due to inclusions of small calcifications). The size of
this mass lesion was up to 60 x 55 x 61 mm (mediolateral,
sagittal, vertical), volume — 117 mL, it occupied almost
the entire LA cavity. The mass lesion described is broadly
adjacent to the middle third of interatrial septum; it
spreads in the mouth of right superior pulmonary vein
with no significant stenosis of lumen; it does not accu-
mulate contrast agent. LA volume with auricula was
225 mL. Conclusion: LA myxoma.

Treatment

On September 3, 2021, the patient underwent rou-
tine surgical treatment: removal of LA mass, atrial
septal defect closure with xenopericardium patch in
conditions of artificial circulation and pharmaco-cold
cardioplegic protection. The mass removed — myxoma
(no histological signs of malignancy found) is presented
on Fig. 3. In the early postoperative period, the patient
had a rhythm disorder — paroxysm of atrial fibrilla-
tion with a rate of 65-170 bpm. Successful pharmaco-
logical cardioversion with amodarone was performed.
Control CT and ECHO-CG revealed no intracardiac
hemodynamic disorders. The patient was discharged for

—
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Figure 2. Cardiac computed tomography with contrast of
patient M., 68 y.o.

further rehabilitation at the outpatient stage with sinus
rhythm, stable hemodynamics, in a satisfactory condi-
tion on September 15, 2021. 6 months after the surgery
the patient confirmed stable and satisfactory condi-
tion during a telephone call. She has a usual lifestyle.
She had no irregular heart function. She adhered to all
recommendations.

Discussion

In about 20% of cases, cardiac myxomas are charac-
terized by an asymptomatic course and slow progression
what complicates the early diagnosis of this disease [8].

Figure 3.
Intracardiac tumor
removed during
surgery — myxoma
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In the above case report, a mass lesion was found inci-
dentally, during the examination of lungs as part of
examination for COVID-19. Despite the large size of the
intracardiac mass, there were no clinical signs. Accord-
ing to many literature sources, the asymptomatic course
of this process depends not so much on the size of mass
lesion, but to a greater extent, on the presence of intracar-
diac hemodynamic disorders. In regard to LA myxomas,
on the presence of mitral obstruction [5, 10]. Clinical
signs include hemodynamic signs (signs of heart failure,
arrhythmias, sudden cardiac death), signs of systemic
embolism (peripheral vascular embolism, transient isch-
emic attacks or strokes) and constitutional signs (fever,
weight loss, arthralgia, asthenia) [10]. The onset of these
symptoms, of course, leads to active diagnostic search
and diagnosis.

Cardiac myxoma does not belong to diseases that are
hard to diagnose. To find a mass lesion, one should have
any available imaging method for examination of the
heart (ECHO-CG, CT, MRI).

Despite the asymptomatic course, surgical treatment
is the “gold standard” for the management of myxoma,
since complications associated with further tumor
growth can be fatal for a patient.

Conclusion

Chest CT for the novel coronavirus infection con-
tributed to the timely diagnosis of asymptomatic LA
myxoma, and the successful surgery made it possible
to avoid severe cardiovascular complications. Despite
the outpatient follow-up for arterial hypertension, no
ECHO-CG was performed over several years. Timely
performed, this routine instrumental examination could
contribute to the earlier detection and surgical manage-
ment of cardiac myxoma.
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UAVOIMATUYECKUI TUIIEPSO3MHOPUABHBIN
CUHAPOM. KAMHUYECKUMN CAYYAN
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Idiopathic Hypereosinophilic
Syndrome. A Clinical Case

Pesome

MavonaTuyeckuii runep303MHOGU/bHBIN CUHAPOM ABNAETCA PeAKUM (pEeHOMEHOM BO BpavebHoN npakTuke. OCHOBHBIM KpPUTEPUEM AMArHOCTUKM
AB/IAETCA CTOWMKOE MOBbILIEHNE YPOBHA 303MHOGUNOB Bbile 1,5%10°/1 B CbIBOPOTKE KPOBU 1 OTCYTCTBUE KIMHUYECKUX U 1abOPaTOPHO-UHCTPYMEH-
Ta/IbHbIX aHHbIX, 06 BACHAIOLMX BOSMOXHYIO NMPUPOAY AaHHOTO COCTOAHMS.

MpeAcTaBAeH KAMHUYECKUIA CyYall ANOMNATUYECKOrO rMnep303MHOGUIBHOrO CUHAPOMA, MPOTEKAIOLWMI MO/ MacKol OCTPOrO KOPOHAPHOIO CUH-
ApoMa. [leTanbHbli pa3bop AaHHOrO C/yyas MPOBEAEH C Lie/iblo OCBELLEHMS BO3MOXHOIO BapuaHTa TeuyeHus JaHHoro 3aboneBaHus, a Takxke gns
MOBbILLIEHNA HACTOPOXKEHHOCTM B 061aCTN «60/IbLUMX» 303UHOPUANIA.

Knro4deBble cn0Ba: 2unep>03uHogunus, noauopaaqHas HedoCmamo4HOCMb, 0CMPoe HapyweHuUe MO3208020 KpOBOOBpalyeHUSs, mpomM6o3M60aus
nez2o4Hol apmepuu

KoH)AMKT nHTepecos
ABTOpr 3aABAAKOT, YTO AaHHaA pa60Ta, eé TeMa, npeaMeT U cogepxaHue He 3aTparuBaloT KOHKYpUPYHOLWNUX UHTEPECOB
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Abstract

Idiopathic hypereosinophilic syndrome is a rare phenomenon in medical practice. The main criterion for diagnosis is a persistent increase in the level
of eosinophils above 1.5 * 10°/ L in the blood serum and the absence of clinical and laboratory and instrumental data explaining the possible nature
of this condition.

A clinical case of idiopathic hypereosinophilic syndrome, which occurs under the guise of acute coronary syndrome, is presented. A detailed analysis
of this case was carried out in order to highlight a possible variant of the course of this disease, as well as to increase alertness in the area of “large”
eosinophilia.

Key words: hypereosinophilia, multiple organ failure, acute cerebrovascular accident, pulmonary embolism
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The outcome of any disease is largely determined by its
timely and correct diagnosis. The difficulties in diagnos-
ing idiopathic hypereosinophilic syndrome (IHES) are
caused by the variety of the clinical signs of this disease,
however, as well as by the absence of an obvious etiologi-
cal factor with a clear mechanism for the development
of complications. Hematological changes detected during
the examination of patient suggest the possible causes of
development of the disease and contribute to preventing
such development by adjusting the treatment [1].

Eosinophilia in blood serum is not an independent
disease, but only its laboratory sign, therefore, it is impos-
sible to predict the specific features of disease course based
only on blood test results. However, it is the increase in
the number of eosinophils that will narrow the diagnostic
search for the causes of disease development [2].

The increased eosinophils in blood serum are pri-
marily associated with the development of an immediate
allergic reaction or with persistent helminthiasis. Eosin-
ophil count within 0.6x10°/L is considered as eosino-
philia, and an increase over 1.5x10°/L — as hypereosino-
philia, or “major” eosinophilia [1]. The exclusion of these
diseases from the possible eosinophilia causes allows us
suspecting other pathologies, including systemic con-
nective tissue diseases (systemic lupus erythematosus,
rheumatoid arthritis), diseases of gastrointestinal tract
(eosinophilic gastritis and colitis), blood diseases (lym-
phoma, lymphogranulomatosis, Kostmann syndrome),
etc. [3].

Hypereosinophilic syndrome is an extremely rare
disease. This syndrome is more common in men than in
women (9:1). The age of onset is 20-50 years. The clinical
presentation is characterized by polymorphism of symp-
toms and desadaptative changes of body functions [1].

THES is the diagnosis of exclusion. It is established
by a detailed diagnostic search aimed at exclusion of all
possible causes of the reactive process and the presence
of clonal hypereosinophilia markers.

Case report

Patient N., male, 41; on July 26, 2017 he was deliv-
ered by an ambulance team to the admission department
of the city clinical hospital with complaints of pressing

pain in the region of heart, palpitations, sweating, pro-
nounced weakness.

It is known from the case history that for the first time
the patient felt pressing pain in the region of heart a week
before the previous hospitalization, due to emotional
stress, he relieved the pain by Corvalol drops. He did
not seek medical help. The intensity of pain syndrome
increased on July 26, 2017; it was accompanied by tachy-
cardia, sweating and weakness in limbs. Self-admin-
istration of Corvalol resulted in no effect. He called an
ambulance team that transported him to the admission
department of the city hospital.

Past medical history: no abnormalities. According to
the patient, he had no chronic diseases.

At the time of examination, patient’s condition was
satisfactory. Clear consciousness. Body mass index 31 kg/
m?. Skin: no rash, moderately pale, wet. Visible mucous
membranes: without rash. Palpable lymph nodes are not
enlarged, painless, not matted to the skin, underlying
tissues and each other. Examination of musculoskeletal,
respiratory, cardiovascular and urinary systems revealed
no abnormalities. Blood pressure (BP) 130/80 mm Hg
on both arms, heart rate (HR) 100 bpm, respiratory rate
(RR) 18 per minute. No edemas.

Troponin I blood test of July 26, 2017 — negative.

After the initial therapeutic examination, the patient
was admitted to the Cardiology Department with the
diagnosis of acute coronary syndrome.

Complete blood count (CBC) results leukocytosis
(18x10°/L), relative lymphopenia (14%) and eosino-
philia (53 %), granulocytes 61.8%. Blood biochemis-
try revealed increased concentration of creatinine up
to 162 pmol/L (GFR 45 mL/min/1.73 m?), urea: up to
18.3 mmol/L, glucose: up to 8.4 mmol/L. Common uri-
nanalysis revealed proteinuria (protein 0.52 g/L) and
yeast fungi in large quantities.

ECG demonstrated sinus tachycardia with HR of
98 bpm. Left axis deviation. Right bundle branch con-
duction disorder — widened S wave in I, rSR pattern in
V1. Left ventricular (LV) hypertrophy — Sokolow-Lyon
index 38 mm. Focal changes on the lower wall cannot
be excluded: pathologic Q wave in leads III and AVE,
ST segment on flatline, flattened T wave. Repolarisation
abnormality along LV lateral wall.
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The patient received drug treatment according to the
standards of management of patients with non-ST seg-
ment elevation acute coronary syndrome: acetylsalicylic
acid, clopidogrel, nitroglycerin, heparin, bisoprolol,
enalapril, atorvastatin.

Despite the ongoing treatment, on July 31, 2017, the
patient’s condition deteriorated sharply: there appeared
severe headaches with no definite localization, diz-
ziness, increased dyspnea and general weakness. The
patient was not ambulant, however, he sat in bed with-
out support. Speech became indistinct. General con-
dition was assessed as severe. Skin was pale, covered
with cold sweat. Abdomen was not distended, painless
on palpation. In lungs — vesicular breathing, diffusely
weakened throughout all lung fields. Heart sounds were
muffled, rhythm was regular, no heart murmur heard, BP
110/70 mm Hg on both arms, HR 110 bpm.

The patient was urgently transferred to the intensive
care unit.

CBC over time: leukocytosis 23.4x10°/L; lympho-
penia 8.5%; granulocytes 81.0 %; increased erythrocyte
sedimentation rate up to 48 mm/h; eosinophilia per-
sisted at 50 %, with varying degree of maturity: eosino-
philic myelocytes — 1%, immature eosinophils — 2 %,
stab eosinophils — 23 %, segmented eosinophils — 24 %.
Serum concentrations of urea and creatinine increased
to 29.1 mmol/L and 215 pumol/L, respectively, of glu-
cose — up to 13.6 mmol/L. C-reactive protein value was
53.6 mg/L.

Due to build-up of dyspnea, thromboembolism of
the small branches of pulmonary artery was suspected.
D-dimer serum concentration was 1.0 mg/L at normal
range of 0-0.5 mg/L. Coagulation parameters (activated
partial thromboplastin time, prothrombin time, Quick
prothrombin index, international normalized ratio) were
within normal range.

Chest X-ray suggests the embolism of the small
branches of pulmonary artery enhanced vascular pul-
monary pattern; dilated, poorly structured roots; right
hemidiaphragm at the level of the fourth rib; moder-
ately enlarged heart, flattened cardiac arches; venous
congestion.

On day 6th after hospitalization, ECG demonstrated
persistent sinus tachycardia up to 100 bpm. There were
signs of subendocardial ischaemia in the antero-apical-
lateral LV region — high T wave in lead I, AVL, V1-V6.

On the same day, due to the onset of the symptoms
of motor aphasia and dysarthria, an urgent brain MRI
was performed that revealed multiple lacunar infarcts in
cerebellum and cerebral hemispheres. During contrast
enhanced brain MRI, none of the described foci and
meninges accumulated the contrast agent.

The patient was seen by a neurologist and diagnosed
with “multiple lacunar infarcts in both hemispheres of

brain and cerebellum, probably of atherosclerotic sub-
type, associated with arterial hypertension, cerebral
atherosclerosis.”

From July 31 (day 6th after hospitalization), ethyl-
methylhydroxypidine succinate with antioxidant, anti-
hypoxant and membrane-protective purposes, as well as
succinic acid in combination with inosine, nicotinamide
and riboflavin as an energy-synthesing agent were added
to the ongoing drug therapy. Due to increasing signs
of manifest inflammatory process in blood (leukocyto-
sis, leftward shift), ceftriaxone and metronidazole were
added to the treatment regimen for antibacterial and
anti-inflammatory purposes. In view of the suspected
embolism of the small branches of pulmonary artery,
aminophylline was prescribed to reduce pressure in the
pulmonary artery and facilitate the patient’s breathing.
Unfractionated heparin followed by enoxaparin sodium
were added for antithrombotic purposes.

On August 1, 2017 (day 7th of hospitalization), the
patient’s condition was assessed as extremely severe.
There were negative changes in the form of increased
signs of cerebral insufficiency: consciousness was lost,
verbal contact was absent. Skin was moderately pale.
Spontaneous breathing: vesicular breathing in lungs,
weakened in the lower parts, RR 22 per minute. BP
110/70 mm Hg on both arms, HR 120 bpm. No reaction
to painful stimulus. There was edema of left lower limb.

Ultrasound examination of the vessels of lower
limbs revealed phlebothrombosis of left femoral vein.
Thrombectomy of the floating part of the thrombus with
phleboplication was immediately performed.

In view of anticoagulants administration, esophago-
gastroduodenoscopy was performed to exclude erosive
and ulcerative lesions of gastrointestinal tract, it identi-
fied a duodenal ulcer and Forrest 2B bleeding risk.

Aminocaproic acid and esomeprazole for parenteral
administration were added to the treatment. Aminoca-
proic acid was prescribed to achieve injection hemostasis
and to prevent relapse that may occur due to Forrest 2B.

CBC demonstrated persisting significant eosino-
philia, leukocytosis, and increased erythrocyte sedimen-
tation rate.

Considering the objective status and the results of
laboratory tests and instrumental examinations, the
patient’s condition on day 7th of hospitalization was
regarded as progressive multiple organ failure due to
a systemic inflammatory response of an unspecified
nature with organic damage of brain (multiple lacunar
ischaemic foci), kidneys (necrotizing glomerulonephri-
tis with increasing renal failure), lungs (thromboembo-
lism of the small branches of pulmonary artery with the
development of infarction pneumonia); left-sided acute
phlebothrombosis. The patient was diagnosed with dis-
seminated intravascular coagulation syndrome, acute
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course; duodenal peptic ulcer complicated by gastro-
intestinal bleeding that was stopped with non-surgical
methods.

After a multidisciplinary team meeting, meropenem
and dexamethasone i/v were added to the treatment at a
dose of 12 mg 2 times a day due to the persisting febrile
fever and suspicion of a bacterial nature of the inflam-
matory process.

On day 8th, the patient’s condition continued to
deteriorate. Spontaneous Babinski reflex was observed
on both sides. There were no meningeal signs. Body
temperature increased to 38-39°C. Saturation 92 %. RR
34 per minute, breathing rhythm was regular. Moist rales
in large number were heard in lungs. Tachycardia up to
120 bpm. The patient was given artificial lung ventilation.

Sternal puncture was performed for diagnostic pur-
poses. Bone marrow cell differential count: the compo-
sition of punctate is polymorphic with a predominance
of eosinophilic cells. Granulocytic lineage is preserved.
Neutrophil maturation is not impaired. Eosinophilic
lineage is significantly expanded from promyelocytes to
mature forms. Maturation index of eosinophils was 0.44
(normal value 0.7). Lymphoid, monocytic and plasma-
cytic lineages are preserved. Erythrocyte lineage is pre-
served: normoblastic type of erythropoiesis. Megakaryo-
cytic lineage functions with the release of platelets.

In order to exclude parasitic invasion, feces were
tested for helminth eggs — the result was negative. Nega-
tive IgM and IgG titers to the causative agents of giardia-
sis, echinococcosis, opisthorchiasis, toxacorosis trichi-
nosis were also obtained. The values of the components
of the complement of circulating immune complexes
Clg and C3d, antibodies (AT) to double-stranded DNA
(anti-dsDNA; 1.06 IU/mL) and AT to single-stranded
DNA (anti-ssDNA; 15.6 IU/mL), anti-nuclear AT (8-AT,
ANA-Screen; 0.42 points), antineutrophilic antibodies
(ANCA screen: antigens PR3, MPO; 0.2 points) were
within the acceptable range.

Lumbar puncture performed on day 9th of hospital-
ization (August 3, 2017) revealed an insignificant eryth-
rocyte sediment; protein 0.30 g/L; glucose 5.5 mmol/L;
Pandy’s test is negative.

Echocardiography (doppler Echo CG) revealed ultra-
sound signs of LV hypertrophy. Hepatosplenomegaly
was diagnosed based on the results of the ultrasound of
abdominal organs.

Ultrasound of the vessels of lower limbs over time
(August 4, 2017) revealed thrombosis of great saphenous
vein, deep veins of lower leg, popliteal vein. The patient
continued receiving the infusion of enoxaparin sodium
at a dose of 0.4 ml 2 times a day.

Leukocytosis with significant eosinophilia persisted
until August 5 (day 11th in the hospital). Lymphocyte
count normalized. Anemia and thrombocytopenia

gradually increased, and on August 9, hemoglobin value
was 84 g/L, RBC 2.70x10'*/L and platelet count 80x10°/L.
The concentration of urea and creatinine over time (day
15) was 36.4 mmol/L and 459 pmol/L, respectively. The
patient was diagnosed with acute kidney injury of prer-
enal type.

On ECG, sinus tachycardia and ischaemia in the
inferior and antero-apical- posterior regions of the LV
persisted.

The patient’s condition continued to deteriorate, on
August 8th, 2017 (day 14th) was regarded as extremely
severe: the patient didn't open his eyes, did not fix his
gaze. There were no active movements in limbs. The
skin was pale, moist to the touch. Body temperature was
38.3°C. Breathing through the endotracheal tube. Breath-
ing in lungs was heard from both sides. During the irri-
gation of tracheobronchial tree, purulent sputum with
streaks of blood was observed. Regular heart rhythm on
auscultation, muffled heart tones. BP 130/70 mm Hg,
RR 120 bpm. Abdomen was not distended and did not
respond to palpation. No edema of lower limbs.

Considering the available data, on August 9th, 2017
(day 15), based on the results of clinical examinations
and laboratory tests, as well as on the exclusion of prob-
able etiological factors, the patient was diagnosed with
“idiopathic hypereosinophilic syndrome with multiple
organ damage.”

Doppler Echo CG on day 15 revealed a small amount
of fluid in pericardium. Ultrasound of abdominal organs
demonstrated hepatosplenomegaly, diffuse focal changes
in spleen and liver, and signs of intestinal paresis.

On August 9, at 02:30 p.m. the patient had cardiac
arrest. 30 minutes of resuscitation measures with no
effect. Biological death was confirmed at 03:00 p.m.
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Figure 1. Microscopic preparation for idiopathic
hypereosinophilic syndrome

Note: for illustration of clinical case, source: URL: https://ru.techsymptom.
com/50355-hypereosinophilic-syndrome-92 (date of the application: 14.07.2022)
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Extract from the autopsy protocol (August 09, 2017).
IHES. Disseminated intravascular coagulation involv-
ing heart, brain, spleen and kidneys. Multiple cerebral
infarcts, non-coronary foci of myocardial necrosis. Vein
thrombosis of left lower limb. Embolism of the small
branches of pulmonary arteries. Hemorrhagic infarction
in the middle lobe of right lung. Ulcer of duodenal bulb.
Left-sided phleboplication (Figure 1).

Discussion

Eosinophilia develops in connection with many dis-
eases; however, the number of eosinophils should not
exceed 5-10 % of the total number of WBC [1].

“Major” eosinophilia is extremely rare, its etiological
factor is often unknown, and its pathogenesis is unclear.
The most illustrative examples of pronounced hypereo-
sinophilia include: Churg-Strausssyndrome that includes
severe bronchial asthma with hypereosinophilia, eosino-
philic infiltrates, necrotizing eosinophilic vasculitis and
granulomas in different organs [2] and THES.

In the presented clinical case, the patient had no
bronchial asthma or maxillary sinus pathology, there

was no data on the history of neuropathy what made it
possible not to stop on the diagnosis of Churg-Strauss
syndrome, but to suspect IHES.

THES was first described in 1968 by W. Hardy et al.
[3], and in 1975 M. Chusid et al. identified three typical
features of this syndrome [4]:

1) peripheral blood hypereosinophilia that persists
for at least 6 months (more than 1,500 cells/uL or
more than 37 % of the total number of all WBC);

2) no other causes for eosinophilia;

3) changes in organs or their functions associated
with eosinophilia.

Literature sources describe sporadic clinical cases
of THES that manifested as endocardial fibroelastosis,
encephalopathy, peripheral neuropathy, transient isch-
emic attacks, eosinophilic infiltrates in lungs, hepatitis [1].

In IHES, hematological syndrome occurs in 100 %
of patients, cardiac damage — in 58 %, skin manifes-
tations — in 56 %, pulmonary syndrome — in 49 %,
hepatic damage — in 30 %, gastrointestinal symptoms —
in 23 % [5-7].

In the presented clinical case, the patient had severe
eosinophilia (more than 50% of the total number of
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WBC) what corresponds to the IHES criteria. The
patient’s clinical presentation started with the develop-
ment of eosinophilic myocarditis that was considered as
an acute coronary syndrome. During the next three days,
the following also developed: acute impairment of cere-
bral circulation — damage to central nervous system,
thromboembolism of the small branches of pulmonary
artery and atelectasis of the right lung — pulmonary
syndrome, duodenal ulcer complicated by bleeding —
gastrointestinal syndrome. Later, there were floating
thrombi in the vessels of lower limbs, signs of acute renal
failure caused, with underlying IHES, by necrotizing glo-
merulonephritis, i.e. renal syndrome. By day 7 of hospi-
talization, the patient developed disseminated intravas-
cular coagulation syndrome.

According to the results of CBC and sternal punction,
no convincing data were found for a blood disease what
allowed excluding hematological diseases from the pos-
sible etiological factors in the development of hypereo-
sinophilia. Since all obvious causes of hypereosinophilia
were excluded during the diagnostic search, the final
clinical diagnosis was IHES.

Despite intensive drug therapy, the patient developed
fatal multiple organ failure that led to death.

Thanatogenesis in this pathology is based on the
imbibition of the tissues of heart, brain, spleen, kidneys
and blood vessels by eosinophils. Upon death, eosino-
phils secrete cationic proteins and eosinophilic neuro-
toxins with bactericidal activity; they stimulate hista-
mine release by mast cells that causes desquamation of
healthy epithelial and endothelial cells [5]. The processes
described were observed in the patient in the presented
clinical case.

In this case, the disease was characterized by a rapidly
progressive course with no positive changes in response to
the treatment. The clinical presentation of IHES is always
complex and unpredictable. However, we would like to
pay special attention to the initial clinical symptoms
of the disease: its primary sign was the ACS. Although
cardiac damage in THES develops in 58 % of cases [5],
it most often occurs under the “mask” of inflammatory
myocardial damage. Disease onset in most cases is mani-
fested by skin and articular syndromes. A specific feature
of this case that requires the attention of practitioners is
the ACS-type heart disease that further complicated dif-
ferential diagnosis and, possibly, affected the outcome of
the disease.

Conclusion

The presented clinical case draws the clinicians’ atten-
tion to the existence of “major eosinophilia” and the need
for its differential diagnosis and management. Alert-
ness and awareness of the idiopathic hypereosinophilic

syndrome in clinical practice will help to timely identify
this disease and prevent the development of life-threat-
ening complications.
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