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CARDIOPULMONARY TEST AS A COMPONENT

IN THE DIAGNOSTIC ALGORITHM FOR HEART FAILURE
WITH PRESERVED LEFT VENTRICULAR EJECTION FRACTION
IN PATIENTS WITH ATRIAL FIBRILLATION

A.S. Zotov', E.S. Gorbacheval, I.A. Mandel'- 2, E.R. Sakharov', 0.0. Shelest', A.V. Troitsky’,

R.l. Khabazov'

1 Federal Scientific and Clinical Center for Specialized Medical Assistance and Medical Technologies of the Federal Medical
Biological Agency, Moscow, Russian Federation

2 |.M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation

ABSTRACT

Background: Patients with heart failure with preserved ejection fraction account for more than half of all
hospitalizations because of heart failure. On the other hand, atrial fibrillation and heart failure are quite
often diagnosed together and one disease influences the development of the other. Timely and accurate
diagnosis of heart failure with preserved ejection fraction is the basis for effective treatment of this
category of patients. In 2019, the HFA-PEFF algorithm of diagnosis heart failure with preserved ejection
fraction (including patients with atrial fibrillation) was proposed. However, the algorithm implies cardiac
catheterization in patients at intermediate risk, which involves certain difficulties and cannot be used in
routine practice. As an alternative to cardiac catheterization in the diagnosis of heart failure with preserved
ejection fraction, we proposed a noninvasive diagnostic method — cardiopulmonary test. However, the
value of cardiopulmonary test technique has not been conclusively studied, especially in patients with
a combination of chronic heart failure and atrial fibrillation. Aim: The aim of the study was to evaluate
the role of the cardiopulmonary test in the diagnosis of heart failure with preserved ejection fraction in
patients with atrial fibrillation. Methods: 138 patients with atrial fibrillation were included in our studly.
Using HFA-PEFF algorithm (algorithm for diagnosis of heart failure with preserved left ventricular ejection
fraction) all patients were initially divided into 3 groups: low probability of heart failure — 23 patients,
intermediate probability — 96 and high probability — 19 patients. The stress-test allowed to precisely
assess of patients at intermediate risk and finally form the groups: Group 1 without heart failure, 85 patients
(61.6%); Group 2 patients with heart failure and preserved ejection fraction, 53 patients (38.4%). The next
diagnostic stage was cardiopulmonary test. Results: During cardiopulmonary test, the anaerobic exercise
threshold was 6.8 and 4.85 METs for the first and second groups, respectively (p <0.001), reflecting
lower exercise tolerance in the second group of patients. Analysis of variance (ANOVA) demonstrated
a statistically significant increase in pro-BNP levels with a decrease in peak VO, (p <0.001). Also, analysis
of variance demonstrated a significant statistical difference with respect to systolic pulmonary artery
pressure in the subgroups with severely, moderately reduced oxygen consumption and in the group
with normal peak VO, (p=0.07). ROC analysis determined a peak VO, of 20 mi/kg/min, above which
the HFA-PEFF algorithm was unlikely to detect heart failure (AUC 0.73; confidence interval 0.65-0.82;
p=0.043; sensitivity 85%; specificity 51%). Conclusion: The cardiopulmonary test is a reliable instrumental
non-invasive method in the diagnosis of heart failure with preserved ejection fraction.

Keywords: atrial fibrillation; chronic heart failure; cardiopulmonary test; ergospirometry.
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OPUTUHAJIbHOE NCC/TTIEAOBAHUE

KAPOUOMY/IbMOHAJbHbIV TECT KAK KOMMOHEHT
B AUATHOCTUYECKOM AJITOPUTME ONMPEAENEHUA
CEPAEYHO HEAOCTATOYHOCTU C COXPAHHOW
OPAKLME BbIBPOCA JIEBOIO XKENYAOUYKA

Y NALMEHTOB C ®UBPUNNALUEN NPEACEPAUNA

A.C. 3otoB', E.C. lop6aueBa’, U.A. MaHngenb' 2, 3.P. Caxapos’, 0.0. LLlenect', A.B. Tpouukuii',

P.1. Xa6a3zoB'

T ®epepanbHbIi HAYYHO-KITMHUHECKUI LIEHTP CNELMani3vpoBaHHbIX BIAOB MEAVLIMHCKOM MOMOLLM U MEAVLIMHCKUX TEXHOMOTUIA,
Mocksa, Poccuiickas ®egepaums

2 MepBbiii MOCKOBCKUIN rOCYAaPCTBEHHbIN MEONLIMHCKINA yHUBEpCUTET MeHn V.M. CeveHoBa (CeHeHOBCKMIi YHNBEPCUTET),
Mocksa, Poccuiickas ®egepaums

AHHOTALUNSA

O6ocHoBaHue. Ha [oso nayneHToB ¢ cepaeyHo HeqoCTaTOYHOCTbIO U COXPaHHON paKLmnel Bbio-
poca npuxogntcs 6osiee Moa0BUHbI BCEX rOCAUTann3aymii rno rnoBogJy CEPAEYHON HEAOCTAaTOYHOCTY
Kak TakoBoU. C Apyrovi CTOPOHbI, hnbpunnsayuio npeacepanii  CepaeyHyo He4oCTaTtO4YHOCTb YacTo
ANarHoCTUPYOT COBMECTHO, M OAHO 3abosieBaHue BVSET Ha passutue apyroro. CBoeBpemeHHas
M TOYHasi guarHOCTUKa CepAeyHon HeqOCTaTOYHOCTU C COXPaHHOM (hpaKumer Bblibpoca sIB/ISIETCS OC-
HOBOW 3¢hheKTUBHOIO IeHeHUs 3ToN KaTteropuu naymeHToB. B 2019 rogy Esponerickor accoyvaymen
KapanonoroB 6bia npegioxeH anroputm HFA-PEFF rno gnarHOCTuke cepgeqyHour HegocTaToOYHOCTU
C CoxpaHHOW hpakymer Bbibpoca, B TOM YACJIE y NauneHToB ¢ hubpunnsymei npegcepani. Airoputm
riogpasymMeBaeT TakXe KaTeTepusaunio cepaua y naymneHToB rpOMeXYyTOYHOrO PUCKa, YTO COrMpsixKe-
HO C OrnpeAeneHHbIMU TPYAHOCTSMY U HE MOXXET UCMO/Ib30BaTbLCS B PYTUHHOWN NpakTuke. B kayecTse
anbTepHaTvBbl KaTeTepulaumy cepgua npu gnarHOCTUKe CepaevyHo HeE4OCTaTOYHOCTY C COXPaHHOM
pakymer Bbibpoca Hamu bbi1 MPEeAIOXKEH HENHBa3VBHbIN METOL ANarHOCTUKU — KapanonybMOHallb-
HbIVi TECT, OAHAKO LJ€HHOCTb METOAUKN OKOHYaTe/IbHO HE U3y4eHa, Tem bosiee y nayneHToB ¢ pubpus-
nauven npegcepavii. enb ncecnegoBaHnsi — o4eHUTb POJIb KapAMOmy/IbMOHAIbHOrO TECTUPOBaHNUS
B ANarHOCTUKe CepAeYHON He[OoCTaTOYHOCTU C COXPaHHOW hpaKuymen Bbibpoca J1IeBOro Xesy[oyka
y nauyneHToB ¢ ¢ubpunnsaymen npegcepanii. Merogbl. B nccnenosaHve Bkaw4deHoO 138 naymeHToB
¢ mbpunnaymen npegcepani. icnons3ysi anroputm HFA-PEFF (anroputm gnarHOCTUKW CEpae4YHON
He[OCTaTO4YHOCTU C COXPaHHOW ¢hpakumer BbIbpoca J1IeBOro XeJsy[oyKa), Bce naymneHTbl n3Ha4asibHo
Ob1M pasgesieHbl Ha 3 rpynrbl: ¢ HU3Kow (n=23), ymepeHHol (n=96) n BbicoKou (N=19) BEpOSATHOCTLIO
cepgeyHovi HegoctatodHocTu. [lpoBegeHne CTpecc-TecTa no3B0JIN/IO0 MPeLN3NOHHO OUEHUTb NaLneH-
TOB C MPOMEXXYTOYHbIM PUCKOM M OKOHYaTes/IbHO CGhopMUpoBaTh rpynmnbi: 1-5 rpynna — nayneHTsl 6e3
cepheyHo HegqocTaTtoYHocTu (n=85; 61,6%); 2-5 rpynna — nauneHTbl C CepAeYHON HE4OCTaTOYHOCTbIO
n coxpaHHo ppakymer Bolbpoca (n=53; 38,4%). CnegyoLymm gmnarHoCTUHECKNM 3TarioMm 6b1I0 npoBe-
LeHVe KapauoryabMOHalbHOro TecTypoBaHus. Pe3ynbrartsel. [lpy nposBeneHun KapamonybMOHa  b-
HOro TecTta rnopor aHaspobHou Harpy3ku coctasun 6,8 n 4,85 METs gns 1-vi v 2-v rpynnbl COOTBETCT-
BeHHO (p <0,001), uTo oTpa kaeT 60s1ee HN3KYHO TOJIEPAHTHOCTb K (hU3NHECKOW Harpy3Ke BO 2-i rpyrne
60/1bHbIX. [ucnepcuoHHbii aHam3 (ANOVA) npogeMoHCTpupoBas CTaTuCTUHECKN 3Ha4YUMOE MOBbILLE-
Hue ypoBHs pro-BNP ripu cHkeHvn nukosoro sHadequs VO, (p <0,001). Bbisio Takxke nokasaHo 3Ha4u-
MOe CTaTUCTUYECKOE Pasanyme B OTHOLLUEHUN CUCTOJIMHECKOIrO aB/IEHVST B JIEFOYHOM apTepun B rog-
rpynmnax ¢ BblpPa>keHHbIM, YMEPEHHO CHUXKEHHbIM NOTPebIeHNeM KUCI0poAa Y B rpyrne ¢ HOpMasbHbIM
rmkosbim VO, (p=0,01). lposeaeHHsii ROC-aHanns onpegesmn 3Ha4eHune nukosoro VO, — 20 ma/kr
B MUHYTY, BbllUE€ KOTOPOro BEPOSITHOCTb MOCTaHOBKM AunarHo3a CepaeYHON He[ocTatoOYHOCTU C UC-
rnosib3oBaHnem aaroputma HFA-PEFF 6ypet manoseposiTHou (AUC 0,73; noBepuTesibHbIf MHTEpBasl
0,65-0,82; p=0,043; 4yBcTBUTELHOCTE 85%); crieynpuydHocTb 51%). 3aknrodeHue. Kapanomnyibmo-
HaslbHbIVI TECT SBASIETCS HA[EXKHbIM HEVHBAa3UBHbIM MHCTPYMEHTa bHbIM METOLOM AUarHOCTUKN cep-
LEYHOV He[OCTaTOYHOCTY C COXPaHHOW pakymer Bbibpoca.
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BACKGROUND

More than half of heart failure (HF) hospitalizations
are due to patients with preserved ejection fraction [1].
Atrial fibrillation (AF) and CH are often diagnosed
together, and one disease can influence the
development of the other [2-4].

A timely and accurate diagnosis of HF with preserved
ejection fraction is crucial for effective treatment of
this patient population. In 2019, the Heart Failure
Association of the European Society of Cardiology
(HFA/ESC) proposed an algorithm for diagnosing HF,
which is also applicable to patients with AF [5].

The use of the “new” diagnostic algorithm,
rather than the H2FPEF algorithm [6], enables
accurate diagnosis of HF with preserved ejection
fraction. However, the algorithm requires cardiac
catheterization in intermediate-risk patients, which
presents certain challenges and is unsuitable for
routine use. As an alternative to cardiac catheterization
for diagnosing HF with preserved ejection fraction, we
propose cardiopulmonary testing (ergospirometry),
a noninvasive diagnostic method.

Ergospirometry, also called cardiopulmonary
test, is a stress test that evaluates the reaction and
interaction of the cardiovascular and respiratory
systems and the metabolic response of the body to
physical exercise. Gas exchange parameters, such
as oxygen consumption, carbon dioxide release,
and minute ventilation, are monitored during the test.
Additionally, the patient’s well-being, blood pressure,
and electrocardiogram (ECG) are monitored [7].
The 2019 ESC guidelines state that a decrease in peak
oxygen consumption (VO,) <20 mL/kg per minute
and/or an increase in minute ventilation to volume
of CO, extracted (VE/VCO,) >30 are predictors of high
risk and confirm HF [5].

The value of the cardiopulmonary test has not been
definitively studied [5, 8], especially in patients with
HF combined with AF. In our study, we evaluated the

cardiopulmonary test as a component in the diagnostic
algorithm for determining HF with preserved ejection
fraction in patients with AF and its prognostic role in
cardiac surgery practice.

This study aimed to evaluate the role of
cardiopulmonary testing in the diagnosis of HF with
preserved left ventricular ejection fraction in patients
with AF.

METHODS

Study design

A nonrandomized, uncontrolled, single-center pilot
study was conducted prospectively.

Eligibility criteria

The inclusion criteria were an AF diagnosis, patient
age over 18 years, normal serum thyroid hormone
levels, and preserved left ventricular ejection fraction.

The inclusion criteria excluded patients who
refused to participate, were under 18 years old, had
a reduced left ventricular ejection fraction according
to ECHO-CG, had systemic inflammatory diseases
of connective tissue (such as rheumatoid arthritis
or systemic lupus erythematosus), had a malignant
oncological process, or had musculoskeletal diseases
that impaired their self-care.

The exclusion criteria included chronic infectious
processes, contraindications to anticoagulant therapy,
thyroid disease accompanied by hypo- or
hyperthyroidism, and thrombosis of the left atrial
appendage.

Settings

The study involved 138 patients with persistent
AF and preserved left ventricular ejection fraction. All
participants provided written consent to participate
in the study. This study was conducted at the Federal
Scientific and Clinical Center for Specialized Medical
Care and Medical Technologies of FMBA of Russia.
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Duration of the study
The study was conducted from 2021 to 2022.

Description of the medical intervention

Table 1 presents demographic characteristics.
Patients diagnosed with HF were older than those in
group 1. The other demographic characteristics were
comparable between the groups.

Table 2 shows the clinical characteristics of the
patients. All patients were diagnosed with AF.

Upon admission to the hospital, all patients underwent
laboratory and instrumental investigations, including
general and biochemical blood tests, N-terminal brain
prohormone natriuretic peptide (NT pro-BNP), chest X-ray,
electrocardiogram (ECG), transthoracic echocardiography
(Table 3), and cardiopuimonary testing. If required,
transesophageal echocardiography, coronarography,
and other investigative methods were performed.

ORIGINAL STUDY ARTICLES

The next step in the diagnosis was cardiopulmonary
exercise testing. A treadmill was used with changes
in running speed and a track incline according to the
Bruce protocol (Table 4) [9]. Criteria for discontinuing
exercise testing include angina or chest pain, ischemia
or arrhythmia on ECG, systolic blood pressure
>250 mm Hg or diastolic blood pressure >120 mm Hg,
decrease in blood pressure >20 mmHg from the
highest value during testing, oxygen desaturation
<80%, weakness, dizziness, impaired consciousness,
or signs of respiratory failure [11, 11].

Ethical review

The study received approval from the local ethical
committee of the Federal Scientific and Clinical Center
for Specialized Medical Care and Medical Technologies
of FMBA of Russia, as evidenced by extracts from
protocols no. 9, 2021, and no. 8, 2022.

Demographic characteristics of patients

Group 1
(n=85)

59 (55; 65)

Index

Age, years
Gender, male/female*
Body mass index, kg/m? 30 (27.5; 33)

Body surface area, m? 2.08 (1.93; 2.23)

67 (78.8%) / 18 (21.2%)

Table 1
Group 2
(n=53) P
65 (62; 69.3) <0.01
37 (69.8%) / 16 (30.2%) >0.05
29 (28; 32) >0.05
2.04 (1.86; 2.18) >0.05

Note: Quantitative data are presented as Me (Q;; Q,), where Me is median, Q, and Q, are lower and upper quartiles,
respectively; * data are presented as absolute values (percentages). In tables 1-3, 5, indicators are highlighted in bold, when
comparing which a statistically significant difference was determined.

Clinical characteristics of patients

Index

History of arrhythmia, years

Arterial hypertension, n (%)

Postinfarction cardiosclerosis, n (%)

History of percutaneous coronary intervention, n (%)

Acute cerebral circulatory disorder
Transient ischemic attack, n (%)

History of thromboembolic complications, n (%)
Chronic obstructive pulmonary disease, n (%)
Brachiocephalic artery atherosclerosis, n (%)
Atherosclerosis of the lower limb arteries, n (%)
Diabetes mellitus, n (%)

Kidney pathology, n (%)

History of catheter ablation, n (%)

10

Table 2
Group 1 Group 2

(n=85) (n=53) -
4 (2; 7.75) 6 (2.75; 10)* >0.05
65 (76.5) 44 (83) >0.05
7 (8.2) 8 (15.1) >0.05
7 (8.2) 8 (15.1) >0.05
6 (7) 10 (18.7) >0.05
- 1(1.9) >0.05
2(2.3) 4 (7.5) >0.05
13 (15.3) 9(17) >0.05
3(3.5) 6 (11.3) >0.05
10 (11.8) 10 (18.7) >0.05
27 (31.8) 14 (26.4) >0.05
36 (42.3) 8 (15.1) <0.05

https://doi.org/10.17816/clinpract112301
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Group 1 Group 2
Index (n=85) (n=53)
Atrial fibrillation form, n (%)
e Paroxysmal 78 (92.8) 36 (67.9)
e Persistent 7 (8.2 5(9.4)
e Long persistent - 12 (22.6)
EHRA index, n (%)
o | 49 (57.6) 20 (37.7)
e |l 27 (31.8) 26 (49.1)
e I 9 (10.6) 7 (13.2)
NYHA functional class, n (%)
e NYHAO 22 (25.9) 5 (9.4)
° NYHAI 23 (27) 15 (28.3)
e NYHAI 39 (45.9) 32 (60.4)
e NYHAII 1(1.2) 1(1.9)

End of Table 2

P

<0.05
>0.05
<0.05

<0.05
<0.05
>0.05

<0.05
>0.05
>0.05
>0.05

Note: Data are presented as absolute values (percentages), p value was calculated by Mann-Whitney or x2 method and
Fisher exact test depending on data type; * quantitative data are presented as Me (Q;; Q;), where Me — median, Q, and Q; —
lower and upper quartiles, respectively. EHRA — European Heart Rhythm Association atrial fibrillation symptom rating scale;

NYHA — New York classification of functional class of heart failure.

Data of instrumental and laboratory examination methods

Echocardiography Group 1 Group 2
and NT-proBNP (n=85) (n=53)

LV ejection fraction, % 60 (56.5; 63) 60 (57; 63)

LA Indexed volume, mL/m? 31 (26; 34) 40 (34.8; 46.6)
LV end-diastolic volume, mL 104 (90; 121) 100.5 (85.8; 121.8)
LV end-systolic volume, mL 37 (32; 45) 36.5 (31.8; 49.5)
LV end-diastolic dimension, cm 5(4.7; 5.3) 5 (4.6; 5.23)

LV end-systolic dimension, cm 3.2 (2.8; 3.45) 3.4 (2.9; 3.6)
LV myocardial mass index, g/m? 79 (66.5; 92.5) 80 (66; 90)
Pressure in the pulmonary arteries, mmHg 25 (20; 29.5) 34 (26.8; 43.3)
E/e’, cm/sec 9.5 (8; 11.9) 10 (8.5; 14)
Indexed right atrial volume, mL/m? 22 (19; 26) 29.5 (23; 36.6)
TAPSE, cm 2(1.8;2.1) 1.78 (1.6; 2)
NT-proBNP, pg/mL 102.6 (68.12; 208.6) 483 (264.8; 794.1)

Table 3

p

>0.05
<0.001
>0.05
>0.05
>0.05
>0.05
>0.05
<0.001
>0.05
<0.001
0.027
<0.001

Note: Quantitative data are presented as Me (Q;; Q,), where Me is the median, Q, and Q, are the lower and upper quartiles,
respectively; p-value between groups calculated by the Mann-Whitney method. LV — left ventricle; LA — left atrium; E/e’ —
ratio of peak velocities of early transmitral blood flow and early diastolic movement of the mitral ring; TAPSE — tricuspid

annular plane systolic excursion; NT-proBNP — N-terminal brain prohormone natriuretic peptide.

Table 4
Bruce protocol for cardiopulmonary testing
Step, no. Speed, km/h Lift angle, % Duration, min
1 2.7 10 3
2 4.0 12 3
3 5.5 14 3
4 6.8 16 3
5 8.0 18 3
6 8.9 20 3
7 9.7 22 3
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Statistical analysis

The SPSS 28.0.0.0.0 software package (IBM SPSS
Statistics, Chicago, IL, USA) was used for data analysis.
Quantitative data were presented as median (Me)
and quartiles (25%; 75%), and categorical data were
presented as absolute number (n) and proportion (%).
Analysis of variance (ANOVA) was performed. The
Mann-Whitney U test was used to compare two
independent groups, whereas the Kruskal-Wallis test
was used for three independent groups. For categorical
features, the x2 test with Yates correction and Fisher’s
exact test were used. The discriminatory ability and
reliability of peak oxygen consumption in determining
HF, as well as the sensitivity and specificity of this factor,
was evaluated using receiver operating characteristic
(ROC) analysis. Statistical significance was established
at p <0.05.

RESULTS

Objects (participants) of the study

The study included 138 patients with AF who received
FMBA treatment in 2021. The majority of patients had

ORIGINAL STUDY ARTICLES

a history of surgical intervention at our clinic and
underwent repeated postoperative examination and
health monitoring. All patients were diagnosed with
AF and had a normal left ventricular ejection fraction.
The HFA-PEFF algorithm (Heart Failure Association
Pretest assessment, Echocardiography and natriuretic
peptide, Functional testing, Final etiology) was used
to initially divide the patients into three groups based
on their probability of developing HF: low (n=23),
moderate (n=96), and high (n=19). An additional stress
test was conducted to accurately evaluate patients
with intermediate risk (2-4 points) and finalize the
groups. Group 1 comprised 85 patients without HF
(61.6%), and group 2 involved 53 patients with HG and
preserved ejection fraction (38.4%) (Fig. 1).

Main results of the study

Clinical data analysis showed that patients in
group 2 (with HF) were generally older than those in
group 1. Additionally, this group had a higher number
of patients with persistent and long-term persistent
AF, a longer history of AF, and a higher frequency of

n=138

Examination, complaints,
and laboratory and instrumental tests

Scoring

0-1 point:
no HF (n=23; 16.7%)

2-4 points:
moderate probability of HF
(n=96; 69.5%)

5-6 points:
high probability of HF
(n=19; 13.8%)

Load test

Group formation

Group 1: no HF (n=85; 61.6%)

Group 2: confirmed HF (n=53; 38.4%)

Fig. 1. Diagnostic algorithm of heart failure with preserved ejection fraction in patients with atrial fibrillation.

HF — heart failure.

12 https://doi.org/10.17816/clinpract112301
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dyspnea complaints during minimal and moderate

physical activity (79.2% vs. 43.5% in group 1, p <0.05). = 8007
When evaluating laboratory and instrumental g
investigations, most patients in group 2 were found to —E' 600 -
have atriomegaly of various degrees of severity and \g
pulmonary hypertension. 025
Furthermore, tricuspid annular plane systolic ”§ 4007
excursion (TAPSE), which indirectly indicates right EQ
ventricular contractility, was diagnosed below 1.7 200 4

in 11.8% and 24.5% of patients in groups 1 and 2, ' ' '
respectively (p <0.05). Additionally, the NT-proBNP Subgroup 1 Subgroup 2 Subgroup 3
level was significantly higher in group 2 with a median  Fig, 2. Relationship between peak oxygen consumption
of 483 pg/mL compared with 102.6 pg/mLin group 1. and NT-proBNP levels (mean values) (p <0,001).
Table 5 shows statistically significant differences NT-ProBNP — N-terminal brain prohormone natriuretic
between the groups for each indicator of the peptide; VO, — oxygen consumption.
cardiopulmonary test. Remarkably, group 2 reached
the maximum threshold of anaerobic load at a lower levels >20 mL/kg /min, which is considered normal
load than group 1: 4.85 vs. 6.8 METs (metabolic (Table 6). We analyzed the works of our foreign
equivalents), respectively (p <0.001), indicating a lower colleagues [8] and adopted their division into ranks,
exercise tolerance. while considering the presence of AF in all patients.
Moreover, several calculations were performed on Figure 2 shows that the level of NT-proBNP
the entire patient sample. The patients were divided significantly increases as peak VO, decreases
into three subgroups based on their peak oxygen (p <0.001). This means that the more pronounced the CH
consumption using ANOVA. Group 1 consisted of phenomena, the more severe the metabolic disorders
patients with peak VO, levels <17 mi/kg /min, group 2 in the patient’s body and the greater the decrease in
included patients with levels between 17 and peak oxygen consumption. In contrast, the patients
20 mL/kg /min, and group 3 included patients with in the second group (oxygen consumption from 17 to

Table 5
Results of the cardiopulmonary test in the studied groups
Group 1 Group 2
L3 (n=85) (n=53) p

VO, peak, mL/kg / min 24.79 (21.72; 29.32)* 16.86 (14.81; 19.83)* <0.001
VE/VCO, 30.4 (27.9; 33)* 35.5 (31.1; 39.6)* <0.001
Anaerobllc metapollg threshold: maximum 6.8 (6.2; 7.95)" 4.85 (4.18; 5.6)" <0.001
anaerobic exercise limit, METs

Change in both indices in one patient 5(5.9) 37 (69.8) <0.001

(VO,; VE/VCO,), n (%)

Note: p-value between groups calculated by Mann-Whitney method or x2 and Fishers exact test depending on the type of
data; * quantitative data are presented as Me (Q;; Q,), where Me is the median, Q, and Q, are the lower and upper quartiles,
respectively; VO, — oxygen consumption; VE/VCO, — minute ventilation/carbon dioxide production.

Table 6
Analysis of variance: Testing of significance differences between VO, peak and pro-BNP
VO, peak, Number pro-BNP, pg/mL
mL/kg / min of patients, n 25th 50th (median) 75th
Subgroup 1 (<17) 27 271.80 488.30" 1368.75
Subgroup 2 (17-20) 21 102.06 231.45 459.60
Subgroup 3 (>20) 90 72.54 129.70 285.55

Note: * With a decrease in O, consumption (1 subgroup). the level of NT-proBNP was significantly increased in relation
to 2 and 3 subgroups. VO, — oxygen consumption; NT-proBNP — N-terminal brain prohormone natriuretic peptide.
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Analysis of variance: testing the significance of differences between VO, peak
and pulmonary artery pressure

VO, peak, Number
mL/kg / min of patients, n
Subgroup 1 (<17) 27
Subgroup 2 (17-20) 21
Subgroup 3 (>20) 90

Table 7
Pressure in the PA, mmHg
25th 50th (median) 75th
29.0 34.07 43.5
21.25 28.0 40.0
20.0 25.5 30.0

Note: * In the 1st subgroup the pressure in the pulmonary arteries was significantly higher in relation to the 2nd and
3rd subgroups of patients. VO, — oxygen consumption; PA — pulmonary arteries.

20 mL/kg per minute) showed a moderate increase in
NT-proBNP (median 231.45 pg/mL). According to ESC
recommendations, this level is acceptable for patients
with AF and does not always indicate HF [12]. However,
13 patients with confirmed HF were included in this
group of variance analysis (i.e., VO, peak value was
17-20 mL/kg /min).

ANOVA showed a statistically significant difference
(p=0.01) in pulmonary artery systolic pressure between
the groups with markedly and moderately reduced
oxygen consumption and the group with normal peak
VO, (Table 7). In the group with reduced peak oxygen
consumption <17 mL/kg per minute, pulmonary artery
pressure was significantly higher in both persistent and
paroxysmal forms of AF (Fig. 3).

DISCUSSION
The ANOVA showed that peak oxygen
consumption decreases as the NT-proBNP level and

38
36
34
32 1

30 -

Systolic pressure, mmHg

28 1

26 1

Subgroup 1 Subgroup 2 Subgroup 3

Form_AF_2

—— Paroxysm —— Persistent

Fig. 3. Relationship between peak oxygen consumption
and pulmonary artery pressure (p=0.01, Scheffe test).
AF — atrial fibrillation.

pressure in the pulmonary artery system increase.
The pathognomonic sign of diastolic dysfunction
is an increase in pressure in the left atrium. As HF
progresses, there is a decrease in tolerance to
physical load, which is manifested by an increase in
NT-proBNP levels in laboratory tests and an increase
in pulmonary artery pressure in instrumental tests.
This decrease in tolerance leads to unsatisfactory
results in cardiopulmonary testing. The data obtained
reveal that ergospirometry is a reliable diagnostic
method for HF with preserved ejection fraction and
are feasible in patients with AF.

ROC analysis showed that a peak VO, >20 mL/kg
per minute would make a diagnosis of CH using
the HFA-PEFF algorithm unlikely. Based on our
calculations, the cutoff point for peak VO, was
20 mL/kg /min with an AUC of 0.73, a 95% confidence
interval of 0.65-0.82, and a p-value of 0.043. The
sensitivity was 85% and the specificity was 51% (Fig. 4).

1.0 1 ROC .,
0,8
2 0,6 1
2
.“U:)
c
@ 0,4+
0,2
0 T T T T 1
0 0,2 0,4 0,6 0,8 1,0
1 Specificity

Diagonal segments generated by links

Fig. 4. Diagnosis of heart failure by peak oxygen
consumption (VO,).
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As stated in the 2019 ESC guidelines, confirmation of
HF requires a reduction in peak oxygen consumption
(VO,) of <20 mL/kg /min [5].

Diagnosing HF with preserved ejection fraction
can be challenging, as even recent large studies
have recognized [13]. This is often because dyspnea,
a common symptom of HF, may be mild and only
triggered by significant exercise in patients with
preserved ejection fraction and suspected HF.
Additionally, dyspnea may be misattributed to other
cardiovascular or pulmonary conditions or obscured
by obesity [13]. Patients with HF and preserved ejection
fraction have a very poor prognosis [14-16].

A recent meta-analysis found that patients with
AF and reduced ejection fraction had significantly
higher all-cause mortality than those with preserved
myocardial contractility; however, the risk of stroke
and rates of hospitalization for HF were similar in
both groups [17]. Furthermore, the study showed that
AF is common in patients with HF and is associated
with higher mortality and repeated hospitalizations,
including those for HF progression [18].

The challenge of diagnosing HF, coupled with the
poor prognosis of the disease, requires an aggressive
treatment approach, including surgery, for this patient
population [19]. Therefore, the diagnosis of HF with
preserved ejection fraction in patients with AF is a
critical issue.

The HFA/ESC recommendations mention the use
of ergospirometry as a method to objectively assess
the decrease in physical performance and distinguish
cardiac and noncardiac causes of dyspnea. However,
the value of cardiopulmonary testing has not been
definitively studied, especially in patients with a
combination of HF and confirmed AF.

Our study found that cardiopulmonary test can
diagnose HF with preserved ejection fraction in patients
with AF. ANOVA revealed a significant decrease in
peak VO, as HF progressed, which was associated
with increasing pro-BNP levels and pulmonary artery
pressure.

ROC analysis showed that VO, peak values above a
certain threshold make the presence of CH in a patient
unlikely. In our study, the value was 20 mL/kg /min with
an AUC of 0.73, a confidence interval of 0.65-0.82,
and a p-value of 0.043. The sensitivity was 85% and
the specificity was 51%. Our foreign colleagues [5, 8]
obtained similar results.

Based on the aforementioned information, we
conclude that the cardiopulmonary test is a dependable

diagnostic tool for HF with preserved ejection fraction.
Our study successfully demonstrated the effectiveness
of this method in patients with both HF and AF, which
had not been previously reported. Furthermore, the
method can be applied in patients with intermediate
risk using the new HF diagnostic algorithm, HFA-PEFF.
Based on current recommendations, intermediate-risk
patients are typically subjected to cardiac probing,
which may not be practical in routine clinical practice.
Performing cardiopulmonary testing in this patient
population can help identify the presence of HF or rule
out the diagnosis.

Ergospirometry may be useful in cardiac surgery. If
a patient with AF and HF has a VO, peak <20 mL/kg /
min, it may indicate a high-risk group and warrant an
aggressive surgical approach.

Therefore, we recommend modifying the HFA-PEFF
algorithm for diagnosing HF in patients with AF. If
intermediate risk is present, cardiopulmonary testing is
warranted (Fig. 5).

CONCLUSIONS

Our study demonstrates that ergospirometry can
be a reliable alternative to invasive testing and the
6-min walk test, providing valuable information for
clinicians. Cardiopulmonary testing is a reliable aid
in diagnosing HF in patients with preserved ejection
fraction.
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Patient with suspected HF

Examination, anamnesis

Echocardiography

e’ lateral and medial, pulmonary artery pressure, indexed left atrial
volume, E/e’, tricuspid regurgitation rate, LV mass index, LV wall
thickness, interventricular septum thickness, LV posterior wall,

pro-BNP
375-660 pg/mL
>660 pg/mL

global longitudinal systolic strain

Scoring

0-1 point:
no HF

2-4 points:

moderate probability of HF

5-6 points:
high probability of HF

Cardiopulmonary exercise test
VO, peak <20 mL/kg per min;
both VO, peak <20 mi/kg per min and VE/VCO, >30

Confirmation of HF with preserved ejection fraction

Correction of therapy, decision on ablation

Fig. 5. Algorithm for diagnosing heart failure [5]: Use of cardiopulmonary testing to confirm heart failure in patients with
atrial fibrillation. HF — heart failure; LV — left ventricle; e' — early diastolic speed of the mitral ring; E/e’ — ratio of peak
velocities of early transmitral blood flow and early diastolic movement of the mitral ring; pro-BNP — brain natriuretic pep-
tide; VO, — oxygen consumption; VE/VCO, — minute ventilation/carbon dioxide production.

AONOJIHUTEJIbHAA NHO®OPMALIASA

UcTtouHuk duHaHcupoBaHus. lccneposaHne
1 nyénukaums ctaTbu uHaHCUpYlOTCS U3 GogykeTa
®depnepanbHOr0 Hay4YHO-KIMHNYECKOro LeHTpa cnewuu-
ann3nMpPOBaHHbIX BUAOB MEOULMHCKON MOMOLM U Me-
OnunHCKux TexHonornin ®MBA Poccuun.

KoHhnukT uHTepecoB. ABTOpbl OeEKNapupytoT
OTCYTCTBME SBHbIX W MOTEHUMANbHbIX KOH(MANKTOB
WHTEPECOB, CBA3aHHbIX C MybavMKauueln HacTosLLen
cTaTbm.

Bknapg aBtopoB. A.C. 3010B — o06paboTtka
1 0b6Cy>XaeHne pesynsTaToB UCCNENOBaHNS, HANMcaHme
TekcTa ctaTteu; E.C. [opbayeBa — nNpoBefeHne Kapamno-
NyfbMOHANIBHOrO TECTUPOBAHWS, HanMcaHne TekcTa

ctatbn; MA. MaHpgenb — meTtoponorndeckoe obec-
neyeHune, ctatucTnyeckass obpabotka; O.P. Caxapos,
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1 opobpunn huHanbHyo BEPCUO nepes nybavkauuei).
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OPUTUHAJIbHOE NCC/TTIEAOBAHUE

HECTABUJIbHOCTb KOJIEHHOIO CYCTABA A0 U MOCJIE
PEKOHCTPYKL MW NEPEAHEN KPECTOOBPA3HOW CBA3KU
NO AAHHbIM AHKETUPOBAHMUA

A.A. Axnawes', [1.B. Cksopuos'’ 23

1 depepasibHblii HAYHYHO-KIVHUHECKN LIEHTP CrELVan3npoBaHHbIX BIAOB MEAVLIMHCKOM MOMOLLM U MEOULIMHCKIX
TexHonoruin, Mockea, Poccuickasa ®egepauys

2 POCCUINCKII HaLWOHaSbHbIN UCCIenoBaTeNbCKNii MEQVLIMHCKUI YHMBepcuTeT uMeHn H.W. Muporoea, Mocksa,
Poccuiickas ®epepauns

3 depepasbHbIi LLEHTP Mo3ra 1 HeiipotexHonoruii, Mockea, Poccuiickas ®epepaumsi

AHHOTALNA

O6ocHoBaHue. HectabnibHOCTL KOJIEHHOrO cycTaBa rocJje paspbiBa NnepeaHer KpecTtoobpasHori
CBSI3KU B 10CAeAHNE [ECATUAETUS pruobpesia y 0TeHeCTBEHHbIX OPTONEAO0B XapakTep MeMma C OHEHb
LUMPOKUM yrioTpebieHneMm v cMbicsioMm. Lenb nccnegoBarnus. B saHHOM vccnenoBaHuy Mbl rorbiTa-
JINCb BbISICHUTb, HACKOJIbKO Y4acTo (heHOMEH HECTabu/IbHOCTU UMEET MECTO, M Kak OH MOXKET ObITb CBSI-
3aH ¢ TpaBmoui cycTasa. Merogsl. Vicnonb3oBaH MeToh onpoca (aHKeTUpoOBaHWe NalyneHTOB Ha rnep-
BUYHOM OPTONEe[NYECKOM MPUEME U1 NOC/Ie XUPYPruYeCKON PEKOHCTPYKUMY). Pe3dynbTatbl. CobpaHHbIe
y 433 nauneHToB ¢ BepUGdULMPOBaHHbLIM Pa3pbiBOM NMepegHer KpeCcToobpasHo CBSI3KU AaHHbIE M0-
KasaJsivi, 4TO OLLyLLEeHNE HEYCTONYNBOCTU B KOJIEHHOM CyCTaBe UCMbIThbIBam 77% nayneHToB, HE NCTIbI-
ToiBasim coBceM — 19%. lNpoaHkeTupoBaH 71 nayneHT n3 297 ¢ apTPOCKOMNYECKON PEKOHCTPRYKLUEN.
lNepuog BpemeHu OT ornepayuy 4O aHKeTUPOBaHUS cocTaBuil B cpeaHem 6,5 net. He Bce naymeHTbl
MOr/in OTMETUTbL MOMEHT TPaBMbl: AaXke eC/iM uMmesaa MecTo TpaBmMa KOJIeHHOro cycrasa, 10% nauu-
€HTOB He OTMeYasn pa3BUTUS HECTabu/IbHOCTY cpasy XXe rocse TpaBMbl. [JInTe/IbHOCTb OLLYLLEHUS
HeyCTOMYNBOCTU B KOJIEHHOM CyCcTaBe rocJie TpaBMbl BapuabesibHa — OT O4HOM Heaem o roga u 6o-
nee. CamM MOMEHT HECTabuibHOCTU cycTaBa boJiee YeM B r10JIOBUHE CJlyHaeB COnpoBoxaascs bosie-
BbIM CUHAPOMOM, rpu 3ToM y 12% onpoLueHHbix 60/ oTcyTcTBOBaMA. [To4Ty 1/3 OnNpoLLEHHbIX HUKO-
Ja He oTMmeyYasia arnu30[0B HEYCTONYNBOCTU B KOJIEHHOM CyCTaBe 4O XUPYPru4eCKol PEKOHCTPYKLUM,
HO y 11% Takme ann30o4bl bbliv exegqHeBHbIMU. B nocaeonepaymnoHHoM nepuoge y 27% B pa3Hbie Ccpo-
Ky OTMeYasicsi peunanB HecTabuibHOCTY cycTaBa. 3aksodeHune. Takum 06pa3omM, paspbiB nepeqHen
KPpeCcTo0bpas3HOW CBSI3KU He paBeH HECTabu/ibHOCTY KOJIEHHOro cyctaBa. HectabuibHOCTb — 3TO He
riepMaHeHTHOEe COCTOSIHME, a KpaTKOBPEMEHHbIV 9rn304, C/1yHaroLyniics B nepruoge ornopbl v npuBo4s-
LYMI K MOGKOCOHEYCTONYNBOCTU KOHEYHOCTH.

Knro4yeBble c/10Ba: KOJIEHHbIV CyCTaB; paspbiB nepeaHeN KpecToobpasHom CBs3KM;, HECTabu/IbHOCTb.
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OBOCHOBAHUE 4YTO YacTo NPUBOANT K XKanobam nauneHTa Ha HecTa-

CtabunbHocTb KoneHHoro cyctasa (KC) poctu-
raeTcs 3a CYET MHOMMX aHaTOMUYECKUX CTPYKTYpP
1 DYHKLMIA MbILLL, FOE BaXKHYIO POJib UFPaeT NepenHsis
KpecToobpasHas cesizka (MNKC). PaspbiB aTON CBA3KM
ABNSETCA OOHOW W3 Haumbonee pacrnpoOCTPaHEHHbLIX
TpaBswm, cBsi3aHHbIX ¢ KC [1].

CtabunbHocTte KC MOXET W3MEeHUTbLCA nocne
TpaBMmbl [MKC, 4TO NpuBOANT K aHOMasbHOW Harpys-
Ke Ha KOHEYHOCTb BO BpPeMS (PYHKLMOHaNbHON aK-
TUBHOCTU. XOPOLLO M3BeCTHO, 4To KC ¢ gedmumntom
[MKC MOXeT nposiBNATb NaToNOrnm4yeckyto cnabocThb,
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6unbHocTb KC [2, 3].

Bonpoc o TOM, Kak Knaccugpuumposatb HecTa-
6unbHocTb KC, npogomkaeT npeactaBnaTb npobne-
My. B uenom, knaccugukaumm MoxXHO pasgenuTb Ha
Tpu kateropuu: (1) aHaToMu4eckme, rae OCHOBaAHUEM
CTaHOBUTCS OLlEHKa MOBPEXAEHHOW CTPYKTYpbl KC;
(2) PyHKLMOHaNbHbIE, B KOTOPbIX OLEHNBAETCS NPeX-
Oe BCero cam (pakT BO3HWKHOBEHWS HeCTabuibHO-
ctn KC ¢ npuBA3KON K MpPeALlecTBYOLWMM 3TOMY
obcToaTenbcTBam; (3) aHaTOMU4EeCKO-(YHKLUNOHAb-
Hble, B KOTOPbIX paccMaTpuBaeTCs POJib CBA3OYHbIX

JnueHsms CC BY-NC-ND 4 /
The article can be used
under the CC BY-NC-ND 4 license


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/clinpract346689

OPUTUHAJIbHOE NCCJTEAOBAHUE

INSTABILITY OF THE KNEE JOINT BEFORE AND AFTER
RECONSTRUCTION OF THE ANTERIOR CRUCIATE
LIGAMENT ACCORDING TO THE QUESTIONNAIRE

A.A. Akhpashev', D.V. Skvortsov' 23

! Federal Research and Clinical Center of Specialized Medical Care and Medical Technologies, Moscow, Russian Federation
2 The Russian National Research Medical University named after N.I. Pirogov, Moscow, Russian Federation

3 Federal Center of Brain Research and Neurotechnologies, Moscow, Russian Federation

ABSTRACT

Background: The instability of the knee joint after a rupture of the anterior cruciate ligament in recent
decades has acquired the character of a meme among Russian orthopedists with a very wide use and
meaning. Aim: In this study, we tried to find out how often the phenomenon of instability occurs and
how it can be associated with joint injury. Methods: The method of questioning, collecting anamnesis
in patients at the primary orthopedic appointment and in patients after surgical reconstruction by the
method of questioning was used. Results: The data collected in 433 patients with a verified rupture of
the anterior cruciate ligament showed that 77% experienced a feeling of instability in the knee joint, and
19% did not experience them at all. Arthroscopic reconstruction was performed in 297 patients, 71 of
them were surveyed. The period of time from surgery to questioning was 6.5 years on average. Not all
patients can note the moment of injury. Even if there was an injury to the knee joint, 10% of patients do
not note the development of instability immediately after injury. The duration of the sensation of instability
in the knee joint after injury varies from one week to a year or more. The very moment of joint instability
is accompanied by pain in more than half of the cases. At the same time, 12% of the respondents had no
pain. A third of the respondents had never noted episodes of instability in the knee joint before surgical
reconstruction. But 11% had such episodes daily. In the postoperative period, 27% note the recurrence
of joint instability at different times. Conclusions: Thus, an ACL tear does not equal knee instability.
Instability is not a condition, but a short-term episode that occurs during the period of support and leads
to buckling of the limb.

Keywords: knee joint; anterior cruciate ligament tear; instability.
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cTpykTyp KC B BOZMOXXHOCTU CMELLEHUSA TOfIEHN OT-
HocuUTenbHO 6eapa.

OpHa u3 nepsbix knaccudukaumn (McCluskey G.,
Blackburn T.A., 1980) HOCUT 4MCTO aHATOMWUYECKWI
xapakTtep [4]. pyrvue aBTOpbl CTapatoTCcs NpuBssaTb
aHaTOMMYEeCKOe HapyLleHne K Mnocfiegylowmnm name-
HeHuAM yHKummn KC. MonaratoT, 4To HecTabunbHOCTb
MOXXHO OnpefenuTb Kak noepexpaeHne cBasok KC,
NPUBOASLLEE K CMELLEHNO OCHOBHbIX HECYLLMX 30H
B ApYyroe MecTo, YTO MPUBOOUT K Neperpyske 4actu
CYyCTaBHOro XpsiLla C NOBbILLIEHNEM KaK CTaTUYECKOW,
Tak 1 QUHaMN4eCcKon Harpysku [5, 6].

C pasBuTMEM Hay4dHbIX MOAXOA0B MOHUMaHWNE
HecTabunbHocTn KC Havano cmewaTbCcs B CTOPOHY
onucaHns QYHKLMOHaNbHbLIX HapyLlleHui npu no-
BPEXAEHUN CBS30YHOrO annapara cycTtaeBa. Tak,
G. Bressy n coaBT. [7] onpenensitoT HeCTabunbHOCTb

KC, npexpe Bcero, kak (hyHKUMOHAaNbHbIA NPU3HaK
6e3 NpUBA3KK K 3TMonorun 3abonesaHnsi, Npu 3ToM
anun3opbl HecTabunbHocTn KC ollyulaeT n oTMeyaeT
caMm nauueHT.

H. Boeth [8] onncbiBaeT NaccuBHYO N aKTUBHYIO
HecTabunbHOCTb. [pK MacCUBHOM HEeCTabUIbHOCTM
YBEIMYMBAIOTCH NacCUBHbIE NepeaHe3agHue Uim mMe-
avanbHble OBUXXKEHWUSI FONeHN OTHocuTenbHO 6enpa,
a npu akTMBHOW HecTabubHOCTU [aHHble ABUXe-
H/US yBenM4MBaloTCA Npu xoabbe wnan pspe Apyrnux
OBWKeHW. lMaccnBHas HecTabubHOCTb Onpenens-
€TCs MaHyaJibHO (CMMMTOM «MNepenHero BblABUMXHOMO
ALMKa») UM MHCTPYMEHTAJIbHO (Hanpumep, nocpea-
cTBOM apTponomeTpa KT1000).

ViccnepoBaHusa nepepHe3agHux psuxkeHuin B KC
BO BpeMsi xoObObl MOCPEACTBOM CUCTEM aHanmaa
OBVDKEHWI NMOKa3blBaOT HaNM4Me CMELLEHNI B npeae-
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nax 30 MM B HOPME U X 3HAYUTENBHOE YMEHbLLEHNE
npu nospexaeHun MNMKC [9, 10]. 3To He eaMHCTBEHHbIE
nccnepoBaHns, roe 0TMeyYaeTcsl UMEHHO YMEHbLUEHNE
amMnAUTyabl CMELLEHNI U 0BbIYHbIX ABMXKeHM B KC.
Kak oTMe4eHo B paboTe, naumeHThbl ¢ paspbisoM MNKC
NCMNOJIb3YIOT CTPaTErnto Xoabbbl C YMEHbLUEHNEM pa3-
rnbaHns KoneHHoro cycrtasa [8].

B pa6ote V. Musahl n coasr. [11] onucana anactny-
HOCTb Kak naccueHas peakunst KC Ha BHeLLHee ycunve
Unu KpyTawmii MomeHT. B 3goposBom KC kancynbHo-
CBSI304HbI KOMMEKC paboTaeT CUHEPTNYHO C MbILL-
Lamu, KOHTPONUPYS aMnanTygy OBVXKEHUA B CyCTaBe
n obecnedvmsas ctabunsHocTb KC, npy aTom amnnuTy-
Aa OBWKEHWIN B HEM OCTaETCS B Npeaenax BO3MOXHbIX
MacCUBHbIX OBWXEHWI B CycTase, Npeaynpexaas Bo3-
MOXHbIVi pyCK TpasmaTtusauum [9, 12]. B 6onblnMHCTBE
cny4daeB nocne Tpasmatusaumm KC nauueHT npous-
BOJIbHO 1S HEMPOU3BOJIbHO BOCMPOU3BOANT MbILLEY-
HYIO 3aLLUTY, Y4TO 3aTPYAHSAET BO3MOXXHOCTb UCCneno-
BaHNSA He TOJIbKO afiacTudHocT KC, HO 1 amnnutygbl
OBVKEHNN B HEM [13].

MaumeHTsl MoryT BocnpuHuMaTb ceon KC Kak He-
CTabunbHbI TONMBKO B TOM CJly4ae, ecniv CycTaB OKa-
3bIBAETCs MOOKOCOHEYCTONYMBBLIM B Nepuog onopbl [11].
[a>ke Te nauneHTbl, KOTOPbIE CHUTAOT CEDS «CTabWb-
HbIMU», UHOFAA UCMbITLIBAKOT 3NN304bl «HECTabUBLHOC-
TW» BO BPEMS 3aHATUIA cnopTom [5]. 1 Hao60poT, He BCe
Toan € KNMHMYeckn HectabunbHbimu KC nenbiTbiBatoT
aMn304bl HECTAOUSIBHOCTU [aXke BO BPEMSI aKTUBHbIX
3aHATUIA CNOPTOM. TakuMm 06pasoM, HeyOouBUTENBHO,
YTO KJIMHWYECKNE W (PYHKLMOHANbHbIE pPe3ynbTaThl,
BKJ/tO4aA BOSHUKHOBEHWE HECTAOUIIBHOCTN, O KOTOPOM
COo006LalT NaumeHTbl, NI0X0 UK crnabo KOppennpyoT
C nokasatensmu anactmyHocTn [14-18]. imetotcs coob-
LLEeHUS 06 N3MEHEHHbBIX POTAUMOHHbBIX U NMOCTynaTeb-
HbIx ABvKeHnsax KC 1 cmelleHnmn obnacTen cycTaBHO-
ro KOHTakTa BO BPeMS (DYHKLMOHAIbHON aKTUBHOCTU
nocne pexkoHcTpykuun MNKC, a Takxxe 0 NOBpeXaeHUM
MKC 6e3 cyLuecTBeHHbIX cMmMnToMOoB [19-22].

B opTtoneguyeckom COOOLLECTBE TEPMUHbI «HE-
CTabuIbHOCTb KOJIEHHOrO CycTaBa» W «paspblB Me-
penHen KpecToobpasHol CBA3KU KOMEHHOMO CycTaBa»
NCMONb3YyTCA, Kak NpaBusio, B Ka4eCTBE CUHOHMMA
HecTabunbHOCTU. Kpome 3Toro, ucnonb3yetcs 6uo-
MEeXaHM4YeckKas WM KAVMHUYecKash TepMUHOJIOrns
Ana onucaHusa HectabuneHocTn KC. Tak, Hanpumep,
M.J. Cross [23] no-cBoemy onpefenseT cnegyoLume
TEPMUHbI: 3M1aCTUYHOCTb UM TMOBKOCTb — 3TO U3Me-
PeHHaa amMnanTyga OBVKEHUS CycTaBa B npepenax
OrpPaHNYeHnin ero CBA30K; (u3monorndyeckasi anac-
TUYHOCTb, WU TMOKOCTb, NOAPa3yMeBaET OTCYTCTBME

OPUTUHAJIbHOE NCC/TTIEAOBAHUE

naToJIOrM4eCcKoro pacTsikeHns cBs3ok KC; nartono-
rmdyeckas 3nacTW4HOCTb, WM TMOKOCTb, O3Ha4aeT
pacTsxkeHue cBa3o4Horo annapata KC B pesynerare
TpaBMmbl; HecTabunbHoCTb KC — 370 »xanoba naumeH-
Ta Ha TO, YTO OH TepsieT onopy n3-3a nogsbiBuxa KC
C NaTonorn4eckom anacTNYHOCTbIO.

CyLlecTByeT Takxxe JIMHrBMCTUYEeCKasi npobnema.
B Hay4HoOI nuTepaType Ha aHrMNCKOM 1 (ppaHLLy3CKOM
A3bIKax 1crosb3yemble TepMuHbl «instability» n «laxity»
He COBCEM TOYHO MOXKHO NEPEBECTN Ha PYCCKUN SA3bIK.
B pesynsrate MOXHO OTMETUTb, YTO TEPMUH «HecTa-
OUIBHOCTE» MOXXET NMPUMEHSATLCS N3ObITOYHO LLUMPOKO.

Llenb uccnepoBaHusi — BbISICHUTb, HACKOJIbKO
4acTo 1 KakuM 00pa3oM B Mepuoppl Kak A0 PEKOH-
cTpykuun MNMKC, Tak 1 nocne Heé NPOUCXOAST 3anNn3onpl
HecTabunbHocTy KC.

METOAbI

AnsainiH nccnepgoBaHus

lMpoBeaeHo obcepBaLOHHOE, OAHOLEHTPOBOE, Bbl-
6OPOYHOE, HEKOHTPONNPYEMOE UCCNEAOBAHME.

Kputepun cootBeTcTBUSA

Kputepuy BKIKOHYEHNS: NAaLNEHTbI MY>KCKOMO U XKEH-
CKoro nona B Bo3pacTe oT 18 oo 65 neT; noBpexaeHune
MKC B aHaMHe3e, NoATBEPXKAEHHOE METOAOM MarHuT-
HO-PE30HAHCHOW ToMorpaduu; NEPBUYHBIA UK NOCT-
TpaBmatunyeckuin octeoapTtpo3 KC 0-Il ctagnm no
KennrpeH-JloypeHcy (Kellgren—-Lawrence).

Kpurepum NCKAYEHS: BO3PaCT NaunMeHToB Mnag-
we 18 net u cTapLue 65 neT; NOBpexaeHue opyrux ces-
30k B KC; ocTteoxoHgpanbHble gedekTsl KC; nepBuy-
HbI M NOCTTPaBMAaTUYECKU OCTE0apPTPO3 OAHOro
nnn obonx KC llI-IV ctagun no Kellgren—-Lawrence;
NOBPEXAEHNE NN OCTE0APTPO3 N0OOro roNeHocTon-
Horo cyctasa llI-IV ctagum no Kellgren-Lawrence;
NOBPEXAEHNE NN OCTE0APTPO3 Nt06Ooro TazobenpeH-
Horo cycTtasa IlI-IV ctagun no Kellgren—-Lawrence;
XPOHNYECKME BOCMNaNUTENbHbIE 3a60/1EBaHNSI OMOPHO-
OBUraTesbHOro annapara (Takue kak nogarpa, nces-
ponoparpa, peBMaTtouaHbIN apTpuT, NapanHpeKLNoH-
HbIA NN MHDEKLMOHHBIA apTPUT) 1 COCTOSHNSA Nocne
3TUX 3ab0neBaHnii; MO3anyHas XOHApOoMIacTMka no-
BpexxaéHHoro KC B aHamHese; 3abofieBaHUs No3Bo-
HOYHMKA, NPUBOASALLNE K 3HAYUTESIbHOMY HapyLUEHWO
CaMOCTOSATENBHOIO NepeaBMKeHNs naLmeHTa.

YcnoBus npoBegeHus

VccnepoBaHme, nposenénHoe B ®IrbY OHKL, ®PMBA
Poccuu, oxBaTtbiBaeT nayneHToB, NPOSIEYEHHbIX B Ne-
puog 2009-2023 ronos.
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OnucaHune BMmewaTenbCcTBa

lMpoBeneHo uccneposaHve ¢ yyactnem 433 na-
LUMEHTOB C BepuduumpoBaHHbiM paspbisom KC, 13
HUX apTpockonmyeckas pekoHcTpykuus MKC Bbinon-
HeHa B 297 (68,6%) cnydasx. BospacT nauueHToB:
MUHUManbHbI — 20 NeT, MakcumarnbHbIn — 62 roga,
cpepHun — 38 net 9 mecsues. [epuon BpeMeHU OT
onepaumm OO0 aHKETMPOBaHMS COCTaBWUSl B CpedHeM
78,3 mecsua (6,5 neT), npm 3TOM MUHUMAJIbHBIA Nepu-
oA cocTaBun 8 MecsLeB, MakcmanbHbih — 155 mecs-
ueB (12 net 10 mecsues).

Y naumeHTtoB (n=433), ob6cnepgoBaHHbLIX Mocne
TpaBmbl KC 1 0O XMPYPrnyeckoro neyeHusl, Hanm4dme
3MNM30[0B HecTabunbHOCTY noBpexaéHHoro KC onpe-
OENnsinM Ha OCHOBaHMK onpoca.

Ona ndyyveHus dheHomeHa HecTabunbHOCTU B OT-
JanéHHole cpoky nocne pekoHcTpykumn MNMKC Hamu
6bina paspaboTaHa creumnanbHasi aHkeTa, KoTopas
Bkto4vana 33 sonpoca, 11 n3 H1X, MMELLMX OTHOLLE-
HuMe K TemaTuke HectabunbHocTn KC, npoaHannanpo-
BaHbl B AaHHOW paboTe.

AHKeTbl 6bInMn  pasocnaHbl 294 nayveHTam 13
297 npoonepupoBaHHbIX. Peadynbtatbl MOMy4YeHbl OT
71 nauymeHTa (M3 HUX 50 My>X4uH 1 21 XXeHwwmHa). Ha
OTAesbHble BOMPOCHI NauneHTbl gasanu nmbo 6onee
OHOro oTBeTa, MMbO HM OOHOro, YTO OOBLACHSAET He-
paBHOE KOJIM4ECTBO BOMPOCOB N OTBETOB B HALUEM
uccneposaHun. JpyrumMm npuydnHamy HECOOTBETCTBUSA
KONMYeCTBa OTBETOB SBMIAOTCS pa3fN4Hble CPOKM MocC-
Jie TpaBMbl JO 0OpaLLeHnst B KIMHUKY OIS KOHCYNbTa-
Lun; NPOTOKON peabunntauumn Kak nocne TpasBmbl, Tak
N NOCne XMPYPru4eckKoro JeyveHns; 1UCnosnb30BaHmne
UM Hencnosnb3oBaHme cpencTs nMmobunmaauun KC
N OOMOJSIHUTENBbHBIX CPEACTB OMopbl (HEKOTOPbIE Na-
LMEHTbI NCMNOJIb30BaNV KOCTbINN 1 OPTESbI, APYr1e Xe
obownmce 6e3 HKX).

OTuyeckas akcnepTusa

ViccnegoBaHme BbINOMHEHO B COOTBETCTBUMN C 3TU-
YeCKMMM MpUHLMNaMU  XenbCUHKCKON Aeknapauuu
C MOJIyYEHNEM MUCbMEHHOrO Cornacus nauveHTa Ha
y4actne B UCCNefoBaHuM, ogobpeHo He3aBUCUMMbIM
MEXANCUNMNANHAPHBIM KOMUTETOM MO 3TUYECKOI 3KC-
nepTu3e KAMHu4ecknx mccnegosanuin (Mpotokon oT
26.01.2021 rocypapcTtBeHHoro 3agaHusa ot 01.01.2021,
Wwndp Tembl «bromexaHnka-HeCTabunbHOCTb»).

PE3YJIbTATbI

O6beKTbl (y4aCcTHUKM) uccnepoBaHus

lNMpoBeneHo nccneposaHne ¢ yyactnem 433 nauu-
eHTOB C BepuduunpoBaHHbim paspbeisom [MKC. Cpeg-

HWUIA BO3pacT nauneHToB cocTtasun 38,5 net. Camomy
MONOOOMY NauneHTy 6b11o 18, camomy cTapliemy —
65 net. My>x4uH 6b1n0 292 (67,4%) 4enoBeka, >XeH-
wmH — 141 (32,6%). MyHUManbHbIA POCT NaUNEHTOB
cocTtasun 153 cM, MakcumanbHbli — 198 cm (cpegHui
pocT 175 cm); MMHMMansHasa Macca Tena — 44 kr, Mak-
cumanbHast — 145 kr (cpepgHsasa macca tena 80,4 kr).

Mo mexaHn3my TpaBMbl pacnpegeneHune 6bi1o cre-
gyrowmm: 8 (2%) nauneHToB anNn304 TpaBMbl HE MOM-
HUK, 369 (85,1%) nosy4nnm TpaBmy HENPSIMOro TUna,
56 (12,9%) — npsmyto Tpaemy KC. MNMospegunv npasbii
KC 232 (53,6%), nauneHTa, 197 (45,5%) — neBbin KC,
06a KC 6b1m noBpexaeHsb! y 4 (0,9%).

OcHOBHbI€e pe3ynbTaTbl UCC/IE[0BAHUSA

B rpynne u3 433 nauneHToB ¢ BepnULMPOBaHHbLIM
paspbiBoM KC owwyuieHne HeycTonumnBocTn B KC mc-
nbiTbiBanu 333 (76,9%) nauueHTa, He UCMbITbIBAS OLLYy-

LeHnsa HeycTonymocTn 81 (18,8%) nauuneHT, 3aTpyn-

HUnMcb otBeTUTL — 19 (4,3%).

OT 71 nmaumeHTa 13 rpynnbl OMPOLIEHHbIX (n=71)
noJly4eHbl CepytoLmne OTBETbI:

1. Bbin nn y Bac ann3opn TpaBmbl KONEHHOIO CycTaBa:
a) ga— 64 (90,1%);

b) HeT — 4 (5,7%);
C) He mory BcnoMHutb — 3 (4,2%).
2. TpaBma KOJIEHHOrO CycTaBa NpPOU30LLIa B pe3ynkTaTe:
a) noAsopadvnBaHns (MogrmbaHus) B KONEHHOM Cy-
ctaBe — 57 (80,3%);

b) mpsamoro ygapa B 06nacTb KONEHHOrO cycTasa
unu okono Hero — 9 (12,7%);

C) He mory BcnomHutb — 5 (7,0%).

3. VcnbiTbiBanu nu Bbl oLlyleHNe HEeyCTON4YMBOCTM

B KOJIEHHOM CyCTaBe cpasy nocre Tpasmbl:

a) pa— 47 (66,1%);

b) HeT — 7 (9,8%);

¢) He nomHio — 10 (14,0%);

d) He npoboBan HacTynaTb Ha Hory — 6 (8,4%).

4. Kak ponro Bbl ucnbiTbiBanu oulylieHne HeycTomn-
YMBOCTM B KOJIEHHOM CyCTaBe Mocre MnepBuUYHON
TpaBMmbl:

a) po Hepenn — 11 (15,4%);

b) no oByx Hepenb — 9 (12,6%);
c) po mecsua — 15 (21,1%);

d) po ropa — 6 (8,4%);

e) po onepauun — 11 (15,4%).

5. TMpn NOBTOPHOM OLLYLLEEHUN HEYCTONYMBOCTN B KO-
JIEHHOM cyCTaBe, Npy «BbIIETAHUN KOJIEHHOMO CYyC-
TaBa», Kakue oLLyLleHns ewe Bbl ncnbiteiBanu:

a) 6onb — 38 (53,5%);
b) ctpax nageHns — 24 (33,8%);

il
il
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C) 3aknuHmBaHue cyctasa — 13 (18,3%);

d) He 6bI10 HENPUATHbLIX oLyLLeHnn — 12 (16,9%).
6. Kaky4acTo npoucxogunm ann3ofbl HeYyCTONYMBOCTHN

B KOJIEHHOM CycTaBe (Oo onepauun):

) Hukorga — 23 (32,4%);

) OOWH pas B rof, Unv Heckonbko net — 4 (5,6%);

) HECKOJIbKO pas B rogy — 12 (16,9%);

) Heckosbko pa3s B Mecsl, — 13 (18,3%);

e) exepgHeBHO — 8 (11,3%).

7. MoxeTe nn Bbl camocToaTenbHO CnpoBoLMpoBaTh
«BblfIeTaHNE, NOBOPavBaHNE» B KOJIEHHOM CycTa-
Be (oo onepauun):

a) ga—9 (12,6%);

b) HeT — 57 (80,3%).

8. OulylleHne HeyCTONYMBOCTY B KONIEHHOM CyCcTaBe
BO3HMKAET BCEraa HeOXnaaHHo:

a) pa— 37 (52,1%);

b) HeT — 8 (11,3%);

C) He Bo3HukaeT — 15 (21,3%).

9. Bo3moxHo nu, Ha Baw B3rnsg, npepynpeoutb
3aMM304bl HEYCTOMYMBOCTM, «BblfleTa» KOJIEHHOIO
cycTasa:

a) ga— 30 (42,3%);

b) HeT — 30 (42,3%);

c) He 3Haro — 1 (1,4%).

10.470 nomoraeT npenynpexnatb «nogsopadvMsaHme
KOneHa»:

a) Hudero — 28 (39,4%);

b) 3akaunBaHue mbiwy, — 7 (9,8%);

c) opted — 10 (14,0%);

d) nokon — 5 (7,0%);

€) BHUMaHue n KoOHTposb asuxeHns — 11 (15,5%).
11. OTmeyanu nn Bbl oLyLleHne HEYCTONYMBOCTY B KO-

JIEHHOM cycTaBe Mocrie onepawluu;

a) ga— 19 (26,7%);

b) HeT — 51 (71,8%).

[Mpy 9TOM Ha YTOYHSAKOLWMIA BOMPOC, Yepes KakoWn
NPOMEXYTOK BPEMEHN MOCNEe onepauun BO3HUKANo
NMOBTOPHOE OLLYLLEHNE HEYCTOMYMBOCTU B KOJIEHHOM
CcycTaBe, [aBanuCb pasfnnyHble OTBETHI (B AMana3oHe
oT 3 mecsueB o 5 ner).

o 0O T o

OBCY>XXAOEHUE

Mbl MOXXEM KOHCTaTMpOBaTb, YTO OLUYLLEHNE He-
cTabunbHocT KC BO3HUKAET B BOJbLUMHCTBE Cly4aeB
cpasy nocne anu3oga nepBUYHON TpPaBMbl CyCcTasa,
N 3Ta CyObEeKTMBHAsi HeCTabWUNbHOCTb COXpaHseT-
CSl B pasnnyHble CPOKU Mnocne TpaBmbl. Hectabunb-
HOCTb npu ocTpoM nospexpaeHun NKC coxpaHseTcs
B 2/3 cfny4aeB B TeYeHVe MecsLa nocne Tpasmebl. Y OT-
OenbHbIX NauMeHTOB HecTabunbHOCTb KC coxpaHs-

OPUTUHAJIbHOE NCC/TTIEAOBAHUE

flacb [0 rofa, a To 1 g0 NPOBEAEHHOMO XUPYPrnYeCcKo-
ro neyeHus. Taknum o6pasom, Mbl MOXXEM YTBEPXAATb,
4YTO HecTabunbHOoCTb KC aBnsieTcst (heHOMEHOM, Npo-
ABASOLWMUMCS UM HE NPOSBASIOWLMMCS Yy pasdHbiX na-
LMEHTOB; KpoMe Toro, HectabunbHocTb KC cybbek-
TVBHO N3MEHSIETCS C TEYEHNEM BPEMEHMN U B CBA3U CO
CTeneHbio (PU3NYECKON Harpy3Ku.

BakHbIM hakToM SIBRSieTCs 1 To, 4To paspbiB MNKC
He Bcerga gaét owyueHune HeycTondmsocTu B KC, cne-
00BaTeNbHO, He ABNAETCA CUHOHMMOM HECTabusibHO-
ctn KC. Takum obpasom, faxe y naunmeHToB C Bepu-
rumpoBaHHbIM NOMHbIM pa3pbiBoM MNKC paspbis 3101
CBSI3KW HE paBeH COCTOSIHMIO HecTabunbHocTu. Bonee
TOro, HEeCTabuNbHOCTb Yy 6OJbLUMHCTBA MNaUUEHTOB
€ nonHbiM paspbiBoM MNMKC nposBnseTcs He kak COCTO-
SHNE, a Kak CrlyyaliHoe, Henpeackasyemoe cobbiTue.

Mopasnsowee 60NbWMHCTBO NaumeHToB (87%) He
MOryT CamMOCTOSITE/IbHO CMPOBOLMPOBaTh OLLYLLEHME
HeycTonumsocTn B KC, npu aToM cpeamn HebOoNbLIOro
yycna nauneHToB, CNOCOOHbIX 3TO BbINOHUTL, 6OJb-
LUMHCTBO OTKa3asnoch Obl BbINOMHUTb 3TO YNpPaXkHEHNE
Mo NpUYMHE 3HA4YMTENBHOMO AMCKoMdopTa unm 6ones-
HEHHOCTW MOCfe anu3oga MPOBOLMPOBAHMSA HecTa-
6unsHocTn KC.

Ba>XHbIM OBCTOSATENBLCTBOM BbISBEHUS KIIMHUYE-
cKoi HecTabunbHocTn KC ABNAIOTCS UMEHHO CyObek-
TVBHbIE OLLYLLEHNS] MauueHTa, KOTOpble BO3HMKaOT
BO BpeMsi (PU3NYECKON aKTUBHOCTU W TOJIBKO B MO-
MEHT, KOra KOHEYHOCTb Harpy>xeHa (nepruog MOHomMo-
nanbHoun onopsl). O6palwiaeT Ha cebs BHUMaHWE U TO
06CTOATENBCTBO, YTO HecTabunbHOCTb KC BO3HMKaET
He BO BPEeMS KaXkoro Liara Win npbbkKa, a8 O4eHb anu-
3o4uyeckun. Jaxke ecnu nNpegnonoXuTb, HYTO Ye0BEK
NPOXOAMWT B AeHb MMHUManNbHO 5000 Lwaros, TO BO3HUK-
HoBeHue HecTabunbHocTn KC B nepecyéTe Ha npoueH-
Tbl OT KONMYECTBA LLaroB BO BPeMsl XoOp0bl unu bera
MasioBepPOSITHO, 0OHaKo cam hakT HeycTonunsocTy KC
CYLLECTBEHHO BMSIET HA (PU3NYHECKYIO aKTUBHOCTb.

PesynbraThl NpeacTaBneHHOro NCCneaoBaHns nog-
TBEPXKOAOTCA [aHHbIMU APYrxX asBTOpPOB. Tak, na-
UMEHTbl, He WucnbiTbiBaOWME HecTabunbHocTb KC
1 crnocobHble 6eCCUMMTOMHO BO30OHOBUTL BCE BUObI
pesitensHocT po Tpasmbl [KC, BkJtoyas 3aHATUS
CMOPTOM Ha BbICOKOM YPOBHE, COCTaBNsAT MeHee 14%
BCel nonynaumm naumeHToB ¢ geduumtom MNKC [24, 25].
TakyM 06pasom, CyLLECTBYET AOCTAaTOYHO BosbLuast Ka-
Teropust Nl ¢ BepudmLmpoBaHHbiM paspbioM [1KC,
KOTOpPbIE HE UCTbITLIBAIOT CUMMTOMOB HECTaObUIBHOCTMW.

Ha ocHOBaHWMM NPOBEAEHHOrO UCCNEOOBAHUS Mbl
MOXEM MNPEenNoXNTb OpYyroe OonpefesnieHne HecTa-
o6unbHocT KC: aTO maTonornyeckoe (yHKUMOHamb-

24 https://doi.org/10.17816/clinpract346689
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HOe COCTOsIHME, BO3HMKaoLLEee Npu hn3nonornieckon
MOHOMNOAANIbHOW Harpyske (nepuog onopbl) U conpo-
BOXXJaLLEeCs 3Ha4YUTENIbHbIM U MOMEHTasTbHbIM CHU-
>KEHNEM OMOPOCMOCOBHOCTN KOHEYHOCTWU. B gaHHOM
onpegeneHnm HeobxoouMo MOJYEPKHYTb HECKOMbKO
petaneii. B nepsyto oyepepgp, H4TO HecTabunbHOCTb
KC — 310, npexxae Bcero, (hyHKLUMOHaIbHOE COCTOS-
Hue. [JaHHOEe COCTOsiHME MMEET COOCTBEHHYI AuHa-
MUKY, 1 C TEYEHUEM BPEMEHN KOJIMYECTBO 3MN3040B
HEeCTabuIbHOCTM CKJIOHHO K YMEHbLUEHMNO. Hackonbko
Ha 3TO BAUSAKOT U3MEHEHUS (PUINHECKON aKTUBHOCTH,
LeneHanpasfieHHble TPEHNPOBKN, MPUMEHEHNE BHELL-
HMX MPUCNOCO6NEHNI, eLLE NPEACTOUT BbIACHNTD.

HectabuneHocte KC — 3TO matonorm4eckoe co-
CTOsiHME, KOTOpOoe camMo no cebe sBnseTcs akTo-
pPOM pucka ANS BO3HWKHOBEHUS MOBTOPHbIX TPaBM
KC, 4TO MOXEeT noBrneyb 3a coboil 4OnoNHUTENbHbIE
noBpexgaeHus cyctaea. HectabuneHocTe KC BO3HU-
KaeT MMEHHO B MEpPWOA OMopbl HA OfHY KOHEYHOCTb,
YTO MOXXET NMPOUCXoaNTb Npu xoAbbe, NPbKKax 1aun
6ere. B nogasnsowem G0MbLIMHCTBE Cly4aeB [aH-
Hbli  peHOMeH HecTabuneHocTn KC npowucxogut
HEMpPOV3BOJIBHO, YTO YKa3biBaeT HAa BO3MOXHYIO ped-
JIEKTOPHYIO npupogy npoucxogsero. eHomeH He-
ctabunbHocT KC He ABNSieTCA CUHOHMMOM pa3spbiBa
MKC. Mocne pekoHcTpykuumn MNKC ceHomMeH HecTa-
OUNBHOCTY TaKXXE MOXET UMETb MECTO.

VHTepeceH n cam akT, 4YTO He BCe MauueHThbI
MOryT OTMETUTb MOMEHT TpaBMbl. [axe ecnn nme-
na mecto TpaBma KC, 10% nauneHToB He oTMevaroT
pPasBUTUSA HECTAbUNBHOCTM Cpasy XKe nocrne TpaBMbl.
OnntensHoCTb owyueHns HeycTondmsocTn B KC noc-
Jle TpaBMbl BapuabenbHa — OT OOHON Hegenu Jo roga
n 6onee. CaM MOMEHT HECTAOMNBHOCTM («BblNETAHNS»)
cycTaBa 6osee 4eM B NOMOBUHE Clly4YaeB CONPOBOXXAa-
eTcsa 60neBbIM CUHAPOMOM, Npu 3ToM Y 12% onpoLueH-
HbIX 6016 OTCYTCTBYET. [JO 1/3 OMPOLUEHHbIX HUKOrAa
He oTMevanu anmM3opoB HeycTonymBocT B KC fo xu-
PYPrm4eckon pekoHCTPpYKLMK, HO Y 11% Takne anu3o-
Obl ObIN eXXeQHEBHbIMU, NPY 9TOM Y BOMbLUMHCTBA U3
HNX — BCErga HeoXXugaHHbiMu. Hukak He mornv npeny-
nNpeguTb aNnM3o[ HecTabunbHOCTM 40% ONPOLLEHHBIX.

OrpaHunyeHuns nccnefoBaHus

OTmevanucb TpaguUMOHHBbIE OrpaHUYeHns Aans
AHKETHbIX UCCefoBaHNiA, HECKONbKO OCJIOXKHEHHbIE
nomnbITKON psga onpalBaeMbiX AaTb OTBETHI 3a npe-
Jenamu nNpepnoXxeHHblx onuuin. OnpegenéHHble Tpya-
HOCTW BbI3BaJI0 CaMO paccMaTprBaemMoe NoHATNE He-
CTabunbHOCTN, KOTOPOE MauueHTbl onpenensany ans
cebs Kaxxaplii No-cBoeMy. 1o aTON NpUYMHE B BONPO-

cax npegnaranucb (hopMynnpoBKK, Hanbonee 4acto
NCMoJIb3yeMble CamMu NauueHTamMu.

3AKJIIOMEHUE

Takum ob6pasom, ObITyoLlee B cpede OpTonenoB
OTHOLLEHME K TOMy, 4TO pas3pbiB MMKC paBeH HecTa-
bunbHocTn KC, TpebyeT KOppeKLmm, Kak 1 OTHOLLEHNE
K HECTABWNBHOCTY Kak K HEKOTOPOMY MaToIOrM4eCcKo-
MY COCTOSIH/IO, @ HE KPaTKOBPEMEHHOMY 31304y, pas-
BMBAIOLLEMYCS B MEPUOS ONOPbI LKA wara 1 npvBo-
OSLeMy K MOAKOCOHEYCTONYMBOCTU nopaxéHHoro KC.

OONOJIHUTEJIbHAA UHOOPMALLNA

UcTouHnK dmHaHcupoBaHua. ABTOPbI 3as8BNSOT
06 OTCYTCTBUW BHELUHErO (DUHAHCUPOBAHUS NpU NPo-
BELEHM UCCnegoBaHus.

KoHbnukT nHTepecos. [ocynapCTBEHHOE 3afa-
Hne — «buomexaHuka-HeCTabubHOCTb>.

Bknap aBTtopoB. A.A. Axnawies — pusaiiH, nNpo-
BELEHNe uccnepoBaHus, obpaboTka u ob6CyXaeHne
pesynstaToB, HanucaHue TekcTta; [.B. CksopuoB —
OnsanH, obpaboTka ”n 06CyXXAeHUe pPe3ynbTaToB
nuccrnepoBaHusl, HanucaHve TekcTa. ABTOpbl Mopg-
TBEPXXAAIOT COOTBETCTBME CBOEr0 aBTOPCTBA MeXay-
HapogHbiM KpuTtepusim ICMJE (Bce aBTOpbl BHecnu
CYLLIECTBEHHbIN BKNaA B paspaboTKy KOHLEeNuun, npo-
Be[EeHNE NCCNefoBaHUs 1 NOArOTOBKY CTaTby, MPOYN
1 ogo6punn rHanbHy BEPCUIO Nepeq, nyonnkaumnen).
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AHHOTALUA

O6ocHoBaHue. [Npy ne4eHny ornyxosei NeveHn BCe akTUBHEE NMPUMEHSIETCS TpaHcapTepuasbHas XMMmno-
amb0m3ayusi, OfHUM U3 BapUaHTOB KOTOPOW SIB/ISETCS MPUMEHEHNE JIEKaPCTBEHHO HaChILLaeMbIX MUKPO-
copep. OgHaKo Ha TEKYLLU MOMEHT HET CUCTEMAaTU3NPOBaHHbIX UCCAE[0BaHWY, OTBEYaKOLUUX Ha BOMPOCHI,
KakoBa pOJib METOAAa B CXeMe JIeHYEHWS NaLNeHTOB C NepBUYHBIM Y METacTaTUYeCKUM ropaKeHnem rneveHu
M Ha KakoM aTare ero caegyeTt npuMmeHsTs. Ljenb nccnegoBaHnsi — oUeHUTb 3(hhEKTUBHOCTb TpaHcap-
TEPUAsIbLHON XYMUOIMOOIM3aLmMmy JIEKaPCTBEHHO HachILaeMbiMy MUKPOCepamy 4151 JIeHEHNsT MeTacTa-
TUYECKUX Y NMEPBUYHBIX 3/IOKAY€CTBEHHbIX OMyXOJsIel NevYeHn Ha pasHbix CcTagmsix 3aboseBaHvs. MeTogbl.
PeTtpocriektuBHoe HabogaTeslbHOe HEKOHTPOMPyeMoe uccregoBaHne 65 nayveHToB C mMeractatu-
YeCKMUM ropaykeHnem redeHu (rpynna 1) u 10 naymeHToB C NepBUYHBLIMY 3/I0Ka4€CTBEHHBIMU OMyXOISIMU
rneyeHn (rpynna 2), KoTopbiM rpoBegeHo 102 onepauny TpaHcapTepuaabHON XUMNOIMOOoImM3aLmmy 1eKap-
CTBEHHO HachbILaeMbIMy MyUKpocgepamu. st naaHnpoBaHUs TpaHCcapTepuasbHON XUMUOIMOOIM3auymm
Y OLEeHKU €€ a(hheKTUBHOCTU MPUMEHSINCH KOMIbIOTEPHAs! Y MarHUTHO-PEe30HaHCHas TOMOrpagus Kax-
Able 8-9 Hefesb B ripolecce siedeHns. Pesynbrartsl. [1oc/ie ABYX KOHTPOJIEN TpaHcapTepuasibHON XUMUNO-
ambonmsaymy (depes 8-9 Hepenb n 16-17 Hepens) 51 (79%) naumeHT B rpynne 1 OTBETUS Ha JIe4YEeHUe,
14 (21%) — He oTBeTUAN. Cpeau OTBETUBLLINX Ha Tepanuio K 16-11 Hegesie 0TMeqasioCkb yMeHbLUEHEe 00béMa
Orlyxo/1eBov Macchl nevexu ¢ 12,4 [4,7; 24,6] go 5,2 cm® [2; 15,5] 45151 KosopeKTaibHoro paxa, ¢ 26 [18; 35]
40 19 cm?® [13; 25] gnsi HelipOHAOKPUHHOIO paka, ¢ 12 [4; 20] o 4 cm® [0,6; 9] 4515 afeHOKapLUMHOM PasHbIX
Jsiokanm3auui. B rpynne 2 nporpeccupoBaHus He bblio, rpu 3TOM K 16-11 Hegesne oTMedYasochb yMeHbLLe-
Hue o6béma oryxonum co 142 [51; 206] go 68 cm® [23; 185] Anisi renatoLesitonsipPHOro pakxa, ¢ 465 [330; 600]
[0 187 cm?® [137; 237] ans BHyTpUNe4YEHOYHOM X01aHMMoKapLMHOMBI. 1oy MOBTOPHLIX npoLeaypax TpaHcap-
TEpUabHOM XUMMOIMOOImM3aLmm TakXKe OTMEeYaa0Ch YMeHbLLEHE 0ObEMa OMyX0/IEBOM MaccChl, fpu 3TOM
BpeMsi b6e3 rnporpeccun cokpatyanock ¢ 303 [170; 369] go 180 [105; 225] aHevi B rpynine 1 n ¢ 266 [200; 367]
[o 120 [62; 215] gHew B rpynne 2. 3akno4veHune. TpaHcapTepuasibHas XMM1MoamMo60mM3auyms 1eKapCTBEHHO
HachILaeMbIMU MUKPOCepamy IBASIETCS 9(hHEKTUBHBLIM METOAOM JIEHEHUS NepPBUYHbIX U MeTacTaTuye-
CKUX orlyxosnev rnedeHn. E€ crenyet paccmaTtpmBaTb Kak naaamaTuByro Teparnuio, KoTopasi no3BosseT 4o-
OUTBLCSI XOPOLLIEro MPOTUBOOIMYXOEBOr0 OTBETA Ha PasHbIX CTaANSX OHKOOMMYECKOro 3ab0s1eBaHus.

KnrodyeBble cnoBa: XI/IMI/I03M60/7M38L{MFI,' Ml/leOCd)e,Da,' mMeTacTasa riedeHu; I'eI'IaTOLleﬂﬂ,‘Oﬂﬂprll;I pak;
XOJiaHrmokapynHoma.
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3BesgkuHa E.A., Kegposa A.l%, Jlebepes [.11., KpacunbHukos C.2., [pesaH T.A., NMaHyeHkos [.H., Ctena-
HoBa HO.A. D hekTUBHOCTb TpaHcapTepranbHON XMMUO3IMOOIN3aUUn NEKAPCTBEHHO HAaChILLAEMbIMUA
MUKpochepamMmu B IEHEHUN METACTATUHECKUX U MEPBUYHBLIX OMyX0Nien neveHn. KimHn4Yeckas npakTuka.
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EFFICIENCY OF TRANSARTERIAL CHEMOEMBOLIZATION
WITH DRUG-ELUTING MICROSPHERES IN THE TREATMENT
OF METASTATIC AND PRIMARY LIVER TUMORS
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ABSTRACT

Background: Transarterial chemoembolization (TACE) is coming into use in the treatment of liver tumors,
with drug-eluting microspheres as one of the technique variations. However, at the moment there are
no systematic studies that would answer the questions: what is the role of the method in the treatment
regimen for patients with primary and metastatic liver tumor and at what stage should it be used? Aim:
to evaluate the effectiveness of transarterial chemoembolization with drug-eluting microspheres for the
treatment of metastatic and primary malignant liver tumors at different stages of the disease. Methods: We
performed a retrospective observational uncontrolled study of 65 patients with liver metastases (Group 1),
and 10 patients with primary malignant liver tumors (Group 2), who underwent 102 operations of transarterial
chemoembolization with drug-eluting microspheres. To plan transarterial chemoembolization and evaluate
its effectiveness, computed tomography and magnetic resonance imaging were used every 8—-9 weeks during
the treatment. Results: After two transarterial chemoembolization controls, Group 1 included 51 responders
(79%) and 14 non-responders (21%). Among the responders by the 16th week there was a decrease in the
volume of the tumor mass in the liver from 12.4 [4.7: 24.6] to 5.2 cm? [2; 15.5] for colorectal cancer, from
26 [18; 35] to 19 cm? [13; 25] for neuroendocrine cancer, from 12 [4; 20] to 4 cm?® [0.6; 9] for adenocarcinomas
of different localizations. There was no progression in Group 2, while, by week 16, there was a decrease in
the tumor volume from 142 [51; 206] to 68 cm?® [23; 185] for hepatocellular carcinoma, from 465 [330; 600]
to 187 cm?® [137:237] for intrahepatic cholangiocarcinoma. With repeated transarterial chemoembolization,
a decrease in the volume of the tumor mass was also noted, while the time without progression decreased
from 303 [170; 369] to 180 [105; 225] days in Group 1, from 266 [200; 367] to 120 [62; 215] days in Group 2.
Conclusions: Transarterial chemoembolization with drug-eluting microspheres is an effective treatment for
primary and metastatic liver tumors. It should be considered as a palliative therapy, which allows achieving
a good antitumor response at different stages of cancer.

Keywords: chemoembolization; microsphere; liver metastasis; hepatocellular carcinoma; cholangiocarcinoma.
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OBOCHOBAHME HO-aHeCTe3MONOrMYECKMM PUCKOM U COMaTU4ECKM
Mpy nedeHun onyxoner nevYeHW B nocnegHue OTArOWEHHbLIM COCTOSHUEM [1].
20 neT B KJINHUYECKYIO NPAKTUKY aKTUBHO BHEOPSAETCS MeTofbl NOKOpPernoHapHoW Tepanun, K KOTOPbIM
nokopernoHapHas tepanus. OHa cTana anbTepHaTuB- OTHOCUTCA TpaHcapTepuanbHas XMMMosmbonnsauus
HOW MPOTMBOOMYXONEBON onuuen B HepedekTabenb- (TAXD), BHECEHbI B CXEMY NeYeHns renaTouennonsap-
HbIX Clly4asX y MauuMeHTOB C BbICOKMM OMepaumoH-  HOro paka [2-4]. B 2021 rogy EBponenckoe coobulecT-

28 https://doi.org/10.17816/clinpract562713


https://doi.org/10.17816/clinpract562713

OPUTUHAJIbHOE NCCJTEAOBAHUE

BO KapAMOBACKYNSAPHbIX N NHTEPBEHLUMOHHBIX paguno-
noros (Cardiovascular and Interventional Radiological
Society of Europe, CIRSE) pacwumpuno nokasaHus
ONA TpaHcapTepuanbHOW XUMMOaMboamn3aummn neye-
HW, BKJIIOYMB BHYTPUMNEYEHOUHYIO XONaHrMOKapLHO-
My, MeTacTaTU4eCKUI KOMOPEKTasbHbIN U HENPOIH-
OOKPWHHBIA pak [5]. B 1O ke Bpemsi ecTb paboTbl 06
yCMeLHOM NPUMEHEHNN METoAA B feYeHnn MeTacTa-
TUYECKOrO MOPaXeHUs MeYeHW Mpu pake MOJSIOHHOW
»Kenesbl, oNyxossax gpyrmx nokanmsauun [6-12].

TpaHcapTepuanbHas XumMnoambonmsaums ABns-
€TCHA 3HOOBACKYNAPHOM XUPYPru4ecKon onepaumen,
OLHUM W3 BapuvaHTOB KOTOPOWN CTano MNPUMEHEHne
NIEKapCTBEHHO HachbILLaeMbIX MUKPOCdep. ITO nonu-
MEPHbIE MUKPOYACTULbl, KOTOPbIE BNUTLIBAKOT pacT-
BOp UMTOCTAaTVKa, YBENUYMBasA NPy 3TOM CBOM OOBbEM
B pecaTkm pad. lNonagas B adepeHTHble cocygpl
3/T0Ka4YeCTBEHHOrO0 HOBOOOpPa3oBaHus, MUKpPOCchepbI
ocefarT U 3akyrnopuBatT KX, a HenocpencTBEeHHO
B o4are nop, BO3LAENCTBMEM M1a3Mbl KPOBUM B TEHEHNE
HECKONbKUX Hefdenb BbICBOOOXOAETCS LMTOCTATUK.
Camun nekapCTBEHHO HacbiaeMble MUKpocdepbl Npu
9TOM YMEHbLLAKTCS B pa3Mepe 1 NOKMAAT cocyanc-
Toe pycno [13, 14]. Takum 06pas3om, fie4eHne CTaHo-
BUTCH [ABYXKOMMOHEHTHbIM: OMNyXOSb ULIEMU3NPYETCA
3a CYET 3aKyropKM eé COoCyaoB, a LUUTOCTaTUK Hapy-
LIaeT KNETOYHbIA METAB0IN3M.

Ha Tekywmn MOMEHT HEeT CUCTEMaTU3UPOBAHHbLIX
NCCNEdOBaHWiA, OTBEYAIOWMX Ha BaXKHble BOMPOCHI,
B YaCTHOCTW, KakoBa poJib METOAA B CXEME JIEHEHNS Na-
LMEHTOB C NEPBUYHBIM 1 METACTaTUYECKMM NOPaXKeH!-
€M MeYeHN 1 Ha KakoM 3Tare ero crnegyeT NPUMEHATb.

Llenb uccnegoBaHus — OUEHUTb 3P PEKTUB-
HOCTb TpaHcapTepuanbHON XuMuoambonusauymmn ne-
KapCTBEHHO HachbIWaeMbIMn MUKpocdepamu gns
NIEYEHUss MEeTACTaTUYECKMX W MEePBUYHbIX 310Kaye-
CTBEHHbIX OMyXOMel MeYeHn Ha pasHbiX CTagusix
3aboneBaHus.

METO[bI

Aun3saiiH uccnepoBaHus

PeTpocnekTnBHOe HabnogaTenbHOe OTKPbITOE MC-
cnefoBaHve, BKYatoLLee 65 naumneHToB ¢ MeTacTaTtu-
YeCKUM noparkeHvem nevenu (rpynna 1) u 10 naumeHToB
C NEPBUYHBIMN 3/10KAYECTBEHHBIMW OMYXONSMU NEeYeHN
(rpynna 2), koTtopbliM nposegeHo cymmapHo 102 one-
pauum TpaHcapTepuasnbHOM XUMMO3IMOoM3auumn ne-
KapCTBEHHO HachbilWaeMbiMn MUKpochepamu. B rpyn-
ne 1 6b1S10 BbINOJIHEHO 65 NEPBUYHBIX 1 22 MOBTOPHbIX
TAX3, B rpynne 2 — 10 u 5 cooTBeTCcTBEHHO. [n4
KOHTPONS pesynsratoB onepauuy Obiliv COCTaBNEHbI
0a30Bble AMarHOCTUYECKME NPOTOKOJIbI, BKOYaKOLLmne
KOMMbIOTEPHYIO ToMorpaduio (KT) 6proLwHON NoaocTu
(npoTokon 1) 1 MarHUTHO-PE30HAHCHY ToMorpaduto
(MPT) renaTobunuapHoi 30Hbl (MPOTOKON 2) C BHYT-
PUBEHHBLIM KOHTPaCTUPOBaHWEM, KOTOpble cnefo-
Basi0 BbINOSHUTE B CTPOro JMMUTUPOBAHHBbIE CPOKU:
He nosgHee 2 Hepenb OO0 nposeneHus TAXD, depes
8-9 Hepmenb n 16-17 Hegenb nocne BMeLaTeNbCTBa.
Bcero B uccneposaHue BktodeHbl 105 KT 6prow-
HOI MOMOCTN C BHYTPUBEHHbIM KOHTPACTUPOBAHNEM
n 195 MPT renatobunmapHoi 30Hbl C BHYTPUBEHHbLIM
KOHTPacTVpPOBaHUEM.

[unsaiH nccneposaHns npegcTassneH Ha puc. 1.

102 TpaHcapTeprasbHble XUMMO3MBONM3aLMn NeKaPCTBEHHO HackILLaeMbIM1 MUKpochepami

1 rpynna: n=65
MeTacTasbl NevYeHun

[wnarHocTtuyecknin npoTtokon 1: n=25
[OnarHoctnyeckunin npotokon 2: n=60

OnarHoctnyecknin KOHTposab 0

TpaHcapTepuanbHas XuMmoamoéonusauyusa (n=87)
65 nepBuYHbIX, 22 MOBTOPHbIX

8-9 Hepenb
[unarHocTnyeckmnin KOHTPosb 1
16-17 Hepenb

[narHoCTn4ecKnin KOHTPOsb 2

Puc. 1. [lnsanH nccnepgoBaHus.

Fig. 1. Study design.

2 rpynna: n=10
MePBUYHbIE OMYXOSN MEeYeHN

Onarnoctnyeckuin npotokon 1: n=10
[wnarHocTunyeckunin npoTokon 2: n=5

OnarHocTn4eckun KoHTposb 0

TpaHcapTepuanbHass Xumnoamoéonusauusa (n=15)
10 nepBuYHbIX, 5 MOBTOPHbIX

8-9 Hepenb
JmnarHocTnyeckunin KOHTPosb 1
16-17 Hepenb

OnarHoCTn4eCKuin KOHTPOSb 2
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Kputepun cootsetTcTeus

Kputepuyu BK/IIOYEHUS: TUCTONOMMYECKN Bepu-
ruMpOBaHHbIE 3N10KAYECTBEHHbIE OMYyXONN MEYEHY;
Hepe3eKkTabenbHOe MOopaXKeHUe MeYeHn; BbIMOJSIHE-
H/E€ MWHMMasbHOrO AMAarHOCTUYECKOrO MPOTOKOSa
(KT nnn MPT) He no3gHee 4em 3a 14 gHein po TAX3;
CObGMOAEHNE CPOKOB KOHTPOSbHBIX MCCNeoBaHuii:
8-9 Hepenb, 16-17 Hepenb nocne TAXD.

Kputepun nckno4yeHns: 0Tkas naumeHTa ot onepa-
unn TAXD; HecobntofeHe CPOKOB KOHTPOJIbHbLIX 06-
ClefioBaHWIN; NpeaLwecTByloLlee TpaHcapTepuanbHoe
BO3JENCTBME Ha NeYeHb B BUAE XMMUOWHDY3MKN, aMB0-
m3aunm nev4€HOYHbIX apTepuil.

MaureHTbl BKKOYaNiCh B UCCNE[oBaHNe C MOMEH-
Ta NPUHSATUS peLleHnst 0 BbinonHeHnn TAXO.

YcnoBusi npoBegeHus

Onepauunun TpaHcapTepuanbHOW XMMMO3MO0M3a-
UMM NEKapCTBEHHO HacbIWwaemMbIiMn MUKpochepamm
BbiMONHANNCL B PIBY «DepepanbHblii Hay4HO-KN-
HUYECKUI LIEHTP Ccrneunanu3mpoBaHHbIX BUAOB Me-
OVILMHCKOW MOMOLWM U MEOUUMHCKUX TEXHOSOrnit»
depepanbHOro MeguKo-61oNorM4eckoro areHTCTea
Poccun ogHUM peEHTreHOXNPYProMm.

[dunarHocTu4eckne unccnegoBaHns npoBOAUIUCH
B LeHTpax cuctembsl ®DMBA Poccun, a Tak>xe N0 Mecty
XKUTENbCTBA MAUVEHTOB C ANCTAHLMOHHBIM KOHCY/b-
TUPOBAHNEM PE3YNETAaTOB OOHUM PEHTIEHOSIOMOM.

JNeveHne naumeHToB Ao u nocne TAXO BbINOMHS-
nocb B PIBY «PepepanbHblii HayYHO-KINHUYECKNN
LEHTP ChneunanMsvpoBaHHbIX BUOOB MELULUHCKON
NOMOLLM U MEOULNHCKUX TexHonornn» degepasnbHo-
ro Megmko-6uonorunyeckoro areHtctea Poccuun, ®Irby
«HaunoHanbHbI MeguUUMHCKUIA nUccnenoBaTenbCKuii
LeHTp uMeHn akagemuka E.H. MewanknHa» MwuH-
3npasa Poccun, a TakxKe OHKONMOrMYeCcKnx ydpexae-
HUSIX MO MECTY >XXUTENbCTBA NauneHTOB.

MpoponmxnTenbHOCTb UCCNefoBaHUsA

Habop nauneHTOB NpoBOANIICS B NEPUOL C CEHTAO-
ps 2017 no saHBapb 2023 roga, oTcnexmnsanacb guHa-
MuKa no coctosHuo Ha 30.06.2023.

OnucaHne MeaVLMHCKOro BMeLlaTeNnbcTBa

M3HayanbHO BCem nauueHTaMm nnaHuposanacbh
opgHa npouepypa TAXO. loBTOpHbIE onepauun Bbi-
NOMHANNCH NauyeHTaM, OTBETUBLLMM Ha Tepanuio, Mpu
nporpeccrpoBaHun npoLecca.

TpaHcapTepuanbHass xumuoam6onusayms me-
TactasoB Mne4eHW. [ns HacbiWeHns MukKpocoep
NOAroTasnMBany pacTBOp MPMHOTEKAHa UM JOKCO-

OPUTUHAJIbHOE NCC/TTIEAOBAHUE

pybuumHa (8 3aBUCUMOCTY OT MMCTONOMMHYECKOro TUna
OMNyX0nw), KOMNYECTBO KOTOPOr0 pPacCHuUTbIBaNOCh
OHKoOorom no dopmynam. B Hawen pabote ucnonb-
30BaHbl MUKpocdepbl ¢ pabo4um pa3mMepomM nocne
HacbiweHna 200-400 MKM, MUKpOKaTeTepHas TEXHU-
ka. O6BLEM MMKpOCcdep BbIBNpancs B 3aBUCUMOCTU OT
npegnonaraeMon éMKOCTU COCYAMCTOro pycna, opu-
EHTMPYSACb Ha OOBEM OMyXONEBOr0 NMOPakeHus, pac-
CYUTAHHbIV NO ANarHOCTUHECKUM METOAAM.

CHavana BbINOMHANM aopTorpaduio, CENEKTUBHYIO
aHrnorpaduio BETBE YPEBHOro0 CTBOJSIA U BepXHEN
OpbIXeeyHOon apTepum, NeYEHOYHbIX apTepuii. Ha aTom
aTane onpeaensanucb NCTOYHUKY adpepeHTOB OnyXo-
nn. BTopbiM 3Tanom npoussBognan cynepceneKkTUBHY0
KaTeTepm3aunio COOTBETCTBYIOLLUMX CErMeHTapHbIX
BETBEl NEeYEHOYHbIX apTepuin 1 BBEAEHNE B HNX Hacbl-
LLIEHHbIX UUToCTaTnKoM Mmkpocdep. O6paboTKy ony-
XOJfIEBOr0 MOPa’EHUSA MeYeHn BbINONHAIN NOCErMeH-
TapHO, OCYLLUECTBAANN OO OOCTUXKEHUSA KOHTPOJSIBHOW
TOYKM, YTO OLIEHMBAIOCh C MOMOLLbIO apTeprorpagun.

HAunarHoctunyeckne wuccnegoBaHusi. ba3oBbiv
npotokon KT 6ptowwHor nonoctu. Ana TAXO Tpeby-
eTca KT 6proLHON NonocTt ¢ 60IH0CHBIM BHYTPUBEH-
HbIM KOHTPacTMpOBaHWEM WOA-COAePXaLlUM KOHT-
pacTHbIM NpenapaToM; CKaHMPOBaHUE LOMKHO ObiTb
BbIMONIHEHO B HAaTVBHYO, apTepuanbHyl0, BEHO3HYIO
N OTCPOYEHHYIO hasbl KOHTPaACcTUPOBaHWS; TONLWMHA
PEKOHCTPYMPYEMOro cpesa He 6onee 2,5 MM, UHTEpP-
Ban Mexay cpesamu He 6onee 2,5 Mm.

Basosbiwi npotokon MPT renatobuimapHOi 30HSbI.
MuHUManbHble TpeboBaHWs, npegbsBnsemMble K MPT re-
naTobunapHoii 30Hbl, 6bin cnepytoLume: MP-Tomorpad
He meHee 1,5 Tecna; 0bs3aTeNbHble NPOrpaMMbl CKaHm-
poBaHus: T2-B3BeLLeHHble n3obpaxeHus (BU) B akcu-
anbHOWN 1 KOpOoHapHoW npoekuumsx, T1-BI B akcnansHom
NAOCKOCTW, AU dY3NOHHO-B3BELLEHHAA MMMYySbCHasA
nocneposatefibHoCcTb ([BV) B akcuanbHOM MIocKocTy
C MOCTPOEHVEM KapT u3MepseMoro KoadduuyeHTa
onddysmmn (MKMO);, BHYTPUBEHHOE KOHTPACTUPOBAHME
B apTepuanbHyro, BEHO3HYKO 1 OTCPOYEHHY0 a3kl ra-
OONVHUIA-COAeP KaLLM KOHTPACTHbLIM MpenapaToM.

lMoctrnpoyeccuHroBasi o0bpaboTtka pfaHHbIX. Ha
yHMBepcanbHo paboyelt cTaHumu Tomorpacda AW
Server 3.2 (GE Medical Systems, CLLUA) BbINOAHANOCH
N3MepPEHe CyMMapHoOro o6béma OnyxoneBbiX 04aros
C MpuMeHeHneMm 6a30BbIX METOOVMK aBTOMAaTW4ECKON
cermeHTaumn. C nomoLpsto MHCTpymeHTa Auto Contour
NPOBOANNIOCE OKOHTYpMUBaHWE BCEX HOBOOOpasoBsa-
HUA NeYeHn, X BbIPE3aHWE U3 OKPY>XaroLlel TKaHu
B kadecTtBe 3D-mogenn, C BblMUCIEHMEM €€ CymMMap-
Horo o6bEéma B cMS,
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[aHHble n3 gpyrux nevebHbiX yYpexaeHuii npensa-
PUTENBHO MMMOPTUPOBAJIUCH C 3IEKTPOHHOIO HOCUTENS
Ha pabo4yto cTaHuMo ToMorpada oias noctTobpaboTKu.

OcCHOBHoOI1 ucxop uccnefoBaHus

B xope wccnepoBaHusa OLEHMBaNUChb «Cypporar-
Hble» KONMYECTBEHHbIE KOHEYHbIE TOYKM (CYMMAapHbIN
006BEM onyxonu 1 Bpemsi 6€3 NPOrpeccu no neyeHm),
Ha OCHOBaHNM KOTOPbIX Aenannch BbiBOAbl 006 adhdek-
TUBHOCTM JIOKOpPernoHapHon Tepanuu. [lokasatenu
paccuuTbiBanmcb no gaHHbiM KT unn MPT, BbinonHs-
€MbIX B PernaMeHTUPOBaHHbIE UCCNEAOBAHEM CPOKMN.

ATuyeckas akcnepTusa

MPOTOKON BbINOSHEHMS MaHUMNYNAUMN  Of06pPEH
3TM4ecKnMm Kommutetom ODIBY «MOCKOBCKUiA rocy-
OapCTBEHHbIN MeUKO-CTOMATONOMMYECKn YHUBEP-
cuteT umeHn A.V. EBgokumoBa» MuHsgpasa Poccun
(npotokon 83-OK-c-l ot 23.06.2017) 1 yTBEPXXAEH Ha
3acepaHum y4éHoro coseta ®IBY «MockoBcKuii rocy-
0ApCTBEHHbIN MeOUKO-CTOMATONOrMYECKIn  YHUBEP-
cuteT umeHn A.V. EBgokumoBa» MuHsgpasa Poccun
(npotokon Ne 5 o1 12.12.2017).

CrtaTtucTu4eckui aHanums

Cratuctmyeckuii aHanu3 BbINOMHANM B Cpefe pas-
pabotkn RStudio 2022.02.1 build 461 (Rstudio PBC)
C NOMOLLBIO 53blKa nporpammunposaHus R sepcum 4.2.0.
HopmanbHOCTb pacnpefeneHnst KoNMYeCcTBeHHbIX Me-
PEMEHHbIX NMPOBEPSAN C NMOMOLLLID KpuTepus LLlanu-
po-Yunka. Tak Kak pacnpegeneHve nepeMeHHbIX OTu-
Yyanocb OT HOPMAaJIbHOrO, B XOA4E aHanm3a npuMeHsmn
HenapameTpuyeckne MeTodbl. [Onsi KONMYeCTBEHHbIX
NepeMEHHbIX PacCUUTbIBANM MeAuaHbl 1 KBapTUN.
Pac4éTt pasmepa BbIOOPKIM HE NPON3BOAMIICS.

PE3VYJIbTATbI

O6beKTbl (y4aCTHUKN) UccnefoBaHus

Y BCex NaumneHToB C OMyXOJsiMU NMeYEHN NokKasaHu-
eM K TpaHcapTepuanbHON XumMunoambonuaauum 6biio
HepesekTabenbHOe MopaXkeHune.

Y naumeHToB rpynnbl 1 (n=65) 6binn cnepytowme
BapuaHTbl METacTaTU4eCKOro MOPa’KeHNs: KOJIOpPek-
TanbHbI pak (n=40; 62%), HENPOSHAOKPUHHbBIA pak
(n=10; 15%), apeHOKapLUUHOMbI Pa3dHbIX JloKanu3awumii
(n=15; 23%). Y 60nbluMHCTBA NauneHToB (N=48; 74%)
ObII0 MHOXXECTBEHHOE 04aroBoe 6unobapHoe nopa-
XeHne nedeHn, y 7 (11%) — MHOXeCTBEHHble o4aru
B nNpefenax ogHou onam nevenu, y 5 (7%) — eguHmny-
Hble o4aryn B 0beunx gonsx nedeHun, y 3 (5%) — egu-
HUYHBIA UEeHTpanbHbI o4ar B OOHOW [Ofne neyeHwu,

y 2 (8%) — wvHpUNETPaTUBHBLIE 30HbI MOPaXKEHWS.
Y 30 (46%) naumeHToB neveHb Obina eaMHCTBEHHbBIM MO-
Pa>kéHHbIM OpraHoM-muLeHbO, Y 35 (54%) — B code-
TaHUN C MeTacTaTU4eCKNM MOPa>keHNeM KOCTeW, nér-
K1X, TMMOY3N0B, cCene3énku. Y 42 (65%) nauneHTos
nepBuYHbIN o4ar 6bin yganéH, y 23 (35%) — He yoanéH.

MeTacTaTnyeckoe nopaxkeHune nedyeHn y 24 (37%)
nauneHToB MOSIBUNIOCL Cpasdy uan B 6avkanwne me-
CAlpl C MOMEHTa BbISIBIEHUS] MEPBUYHOrO o4ara,
y 41 (63%) — B Neprog cBbile 6 MecsueB 1 o 5 net.

Y naumMeHTOB C KONMOPEKTabHbIM pakom npeobna-
Jann HoBoobpasoBaHus T2-T3 ctapguin (n=31; 78%),
PEKTOCMIMOUOHON Nokanusauun (n=25; 62%). Mayu-
€HTbl C HENPO3HAOKPUHHBIM pPakoM B OOMbLUMHCTBE
umenn T2-T3 ctagun (n=6; 60%); npecbnaganu onyxo-
JIN TOHKON KUWKK (n=4; 40%). MNaumeHTbl ¢ ageHokap-
UMHOMaMKM pPasHbiX JIoKanu3auuii B OCHOBHOM UMENU
T2-T3 ctagun (n=12; 80%), Nnpn 3TOM NepBUYHas Jo-
Kanusauusi NpeacTasfieHa OnyxonsiMy MOJIOYHON ke-
nesbl (N=5), onyxonaMu NogyKenyno4Hom »xenesbl (N=2)
n xenygka (n=2), Tena matku (n=2) n npoctatsl (n=1).

B rpynne 2 nepBuyHble HOBOOOPA30BaHNS NMEYeEHN
Oblnn NPeLCTaBNeHbl FrenaToLenItoNAPHbLIM pakoM (n=8)
N BHYTPUNEYEHOYHOWN XONaHrmokapumHomon (n=2). Bo
BCEX CJly4asix B Me4YeHN OTMeYannCb MHOXECTBEHHbIE
y37bl U/Vnn CRvBHbIE NHUNLTPAaTLI, BOBNEKatoLwue obe
(n=7; 70%) wnn ogHy (n=3; 30%) ponto neyeHn. lenaro-
LeNIIONAPHBIA pak y 5 naumeHToB passusicst Ha oHe
LMppo3a neveHun, y 3 — B LMPPOTUHECKN HENIMEHEH-
HOW neyeHn. BHyTpuneyéHouHasa xonaHrmokapuuHoma
pasBuiacb Ha HEU3MEHEHHOI NEYEH.

OcHoBHble pe3ynbTaTbl UCCE[0BaHUSA

B rpynne 1 nocne gByx koHTponen TAXO (4epes
8-9 Hepenb 1 16-17 Hepenb) 51 (79%) nauneHT oTBe-
TWUN Ha fieveHmne, 14 (21%) — He oTBETMAN.

Cpenu OTBETUBLUMX HA Ie4eHne NaLMeHToB aHanm-
31POBaNoOCh U3MEHEHNE CYMMapHOro o6bEmMa onyxo-
NIeBOII MaccChbl B NeYeHN NMpu pasHbIX BUAAX BTOPUYHO-
ro nopaxkeHus (puc. 2). Bo Bcex kateropusix onyxonen
OTMEeYasiocb NOCTENEHHOE COoKpalleHne o6bEmMa HOBO-
obpaszoBaHuii B TedeHne 16 Hegenb nocne TAXD, npu
aToM Y 5 (8%) naumeHToB K 8-16-11 Hegene oTMeyarncs
MOJIHbIV PEerpecc o4aroB (y 2 C KONOpeKTasbHbIM pa-
KOM, Y 2 C HelipO3HOOKPUHHBIM pakom, y 1 ¢ pakom
MOJOYHOW >Kenesbl).

B T0 >Xe BpeMsi OTCYTCTBME NOMHOr0 perpecca o4a-
roB BOBCE He O3HayaeT cfaboro oTBeTa Ha Tepanuio,
NMOCKOJIbKY B 4 cny4dasix Oblna gocturHyTta crabunu-
3auma Ha nepuog oT 1,5 0o 4,5 neT; NnaumeHTbl XNBbI
1 HabnogeHne npopomkaeTcs (puc. 3).
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Puc. 2. IameHeHne cyMMapHOro o6bEMa MEeTacTaTU4eCKOro nopaXkeHust nedeHn (Cm3) npu pasHbIX MMCTONOMMHYECKNX
Tunax onyxonen B rpynne 1.

Fig. 2. Change in the total volume of metastatic liver damage (cm?) with different histological types of tumors in Group 1.

Puc. 3. MNauneHTka, 28 net, HEMPOSHAOKPUHHBIA Pak TOHKOW KULLIKKW, NEPBUYHbIA o4ar He yoanéH: a — MarHUTHO-pe-
30HaHcHas Tomorpadus B pexxume OBV no TpaHcapTepuanbHO XMMMOaMO0onmn3aumnm GEMOHCTPUPYET MHOXECTBEHHOE
04aroBOE MoparkeHne neveHn (KOHTPOJbHBIM 04ar 0603Ha4YeH CTpeskon);, 6 — Yepes 16 Hegenb Nocne TpaHcapTepuanb-
HOI XUMMO3MBOIN3aLMN OTMEYAETCH PErPECC YacTu 04aroB, yMEHbLLUEHNE B pasMepax KOHTPOJIbHOro o4ara (CTpenkay);
B — 4epes 4 roga nocne NoBTOPHON TpaHcapTepUanbHON XMMMO3aMb0onr3aumy NOMHOro perpecca o4aroB He JOCTUMHYTO,
KOHTPOJbHbIN o4ar yMmeHbLuuicsa Ha 80% (CTpenka), MporpeccmpoBaHis HeT.

Fig. 3. A 28-year-old female patient with neuroendocrine cancer of the small intestine, the primary focus has not been
removed: Magnetic resonance imaging in the DW Iregime before transarterial chemoembolization (a) demonstrates multiple
focal lesions of the liver (the control focus is indicated by an arrow); 16 weeks after transarterial chemoembolization (6),
the regression of some of the foci, and a decrease in the size of the control lesion (arrow) are noted; 4 years after
repeated transarterial chemoembolization (), the complete regression of lesions had not been achieved, the control
lesion decreased by 80% (arrow), there was no progression.

Cpenu oTBETUBLLMX Ha NeYeHne nauynenTos rpyn- (¢ 303 [170; 369] no 180 [105; 225] gHei ), 4To OTpa-
nel 1 Npy nporpeccupoBaHnun npouecca bbio Bbl-  XKEHO Ha puc. 4.
nonHeHo 15 TAX32, 5 — TAX33, 2 — TAXS4. lNpwn B rpynne 2 nporpeccrnpoBaHus npouecca He OTMe-
NMOBTOPHbLIX onepaumsax TAXD 0TMedanocb CoKpalle- 4anocb HU Yy OOHOMO U3 NaUWEHTOB, HO 1 NMOJIHOMO per-
Hue BpemMeHn 6e3 nporpeccun no nevyeHn B 2 pasa pecca Toxke He 6bino. VIsmeHeHre cymMMapHOro o6bé-
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Puc. 4. [inHamurka BpemeHn 6e3 nporpeccum nocre nepsoim
N MOBTOPHbIX TpaHcapTepuanbHbiX XUMUO3IMOonu3aunii
B rpynne 1.

Fig. 4. Dynamics of the time without progression after the first
and repeated transarterial chemoembolization in Group 1.

Ma HOBOOOpPa3oBaHUn Npy 060MX BUAAx MEPBUYHBIX
onyxonen neverHn nocne TAX3 nokasaHo Ha puc. 5.

B rpynne 2 npu nporpeccuposaHuu npolecca
TAX32 6bina BbinonHeHa 4 naumeHtam, TAX33 — 1.
Mpu noBTOPHbIX Onepaunsx TAXD, Kak n B rpynne 1,
OTMeYasioCb COKpalleHne BpemMeHn 6e3 nporpeccum
no neyeHn B 2 pasa (c 266 [200; 367] po 120 [62; 215]
OHEN), 4TO OTpa>KeHOo Ha puc. 6.

HexenaTtenbHble ABNEeHUs

Mocne TAXO oTmMevanncb ABMeHNSA NoCcTambonnsa-
LMOHHOI0 CHAPOMaA (TOLWHOTa, cybdebpuibHas Tem-
nepartypa, 6onb B NpaBom nogpebepbe), noTpedboBas-
LMe CUMMTOMAaTUYECKON Tepanun 1 paspeLumBLINECS
y BCEX MauneHToB B TeveHne 1-3 gHer.

OBCYXAEHUE

BHegpeHne MeToOoB NOKOpEervoHapHou Tepanuu
npu HepesekTabenbHbIX OMyXONsAX MeYeHN YBEenm4u-
BaeT MNPOOOSIKUTENBHOCTb XXWU3HM NauneHToB. Tak,
BKJIIOYeHNe TAXO B CxeMy neveHns renatouennonsp-
HOrO paka yBenn4yuio obLLY BbDKMBAEMOCTb NaLyeH-
TOB [0 2,5 NET, a TakXXe NoKasasno gpyrue BO3MOXHbIE
chepbl MPUMEHEHMA 3TOW METOOUKMK (B 4aCTHOCTH,
down-stage Tepanusi) [14, 15]. OgHako pasHOPOAHOCTb
BHYTPU rpynnbl NOKOPErMOHAPHOro NeyveHns 3aTpyn-
HSAET MNOHMMaHNe Ponn KaXKAoro MeToaa B CXeme Tepa-
NN 310KAYECTBEHHbIX MOPaXKEHNI NEYEHMN.

B npepnctaBneHHon paboTe LA NeYeHus MeTa-
CTaTUYECKMX N MEPBUYHbIX 3/T0KAYECTBEHHbIX HOBO-
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Puc. 5. /IameHeHre cymMmmMapHOro o6béma nepBuYHbIX Ory-
Xofieil neyeHn (cmS) Mpy pasHbiX FMCTONOMMYECKUX TUMax
B rpynne 2.

Fig. 5. Change in the total volume of primary liver tumors
(cm?3) with different histological types in Group 2.
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Puc. 6. [lnHammka BpemeHn 6e3 nporpeccum nocre nepsom
N MOBTOPHbIX TpaHcapTepuasnbHbIX XMMUO3IMOONM3auni
B rpynne 2.

Fig. 6. Dynamics of the time without progression after
the first and repeated transarterial chemoembolization
in Group 2.

00pasoBaHMn NeYEeHN MPUMEHSANCA EOUHCTBEHHbIN
BapuaHT — TAXD nekapCTBEHHO HacCbILLaeMbIMM
MuKpocdepamun. Habop nauneHToB B uccnegoBaHne
nposoguncs 6e3 NpuBA3KM K KakoMy-imbo rmcTono-
rMYECKOMY TUMY OMyX0JiK, C UCKJIKOHYEHNEM NpeaBapu-
TENbHOrO JIOKOPErMOHapPHOr0 BO3AENCTBUSA Ha NeYeHb,
4YTO MO3BONNIO MOHATE Posib TAXD B CXEME NeYeHus
NnauMeHTOB Ha pasHbIX cTaguax npouecca. MNpu aTom
Mbl OTMETUAN, YTO B OOJSIbLUMHCTBE CJly4aeB He [o-
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CTWUraeTcs MOMHOro perpecca o4aros, OHAKO 3TO He
cnefyeT paccMmaTpuBaTb Kak OTCYyTCTBUE adekTa.
YMeHbLueHne obwero o6bEMa OmnyxXoneBON Harpy3ku
B MeYeHUn, KOTOpoe Mbl Habnopganu B 06enx rpynnax
NaumneHToB, COYETAETCHA C AOBONBHO MPOAO/IKUTESNb-
HbIM BpeMeHem 6e3 Nporpeccun no neyeHu, YTo He
MOXET HE CKal3aTbCs Ha Ka4yeCTBEe XXM3HU NauMeHTOB
1 3 MEKTUBHOCTIN NeYEHNs OPYrX noKanmaauuin ony-
XONEBOro MOPaXKEHUS.

Takum obpaszom, TAXD B KayecTBe nanvaTUBHON
Tepanuy OeMOHCTPUPYET XOopolume pesynsrathl. B 10
>Xe BPeMsi He crnefyeT NpeabsBnsTb K MeTogy 3asbl-
WeHHble TpeboBaHma — TAXD He ucKYaeT npo-
rpeccupoBaHns OnyxoneBoro nopakeHus. G gpyron
CTOPOHbI, MO HALWNM AaHHbIM, MPU NOBTOPHbIX NpoLe-
pypax TAXO oeMOHCTPUPYET HE MEHbLLLYI0 3 (EKTMB-
HOCTb B YMEHbLLEHNN 06BbEMA OMYXONEBO Macchbl, Npu
9TOM Bpemsi 6e3 NporpeccrpoBaHns COKPAaLLaeTCs,
YTO XapaKTEepPHO A5 TEHYEHNS OHKOJIOMMYECKOro npo-
Liecca B Lienom.

OrpaHuyeHus nccnegoBaHus

OrpaHu4yeHnem nuccnenoBaHns ABASIOTCS ero peT-
POCMNEKTUBHbIN XapakTep N OTCYTCTBUE KOHTPOJIbHOM
rpynnbl. B TO e Bpems apdekTnBHOCTb TAXD nsyda-
JlaCb Ha MMCTOJIONMYECKN reTEPOreHHon rpynne 60nb-
HbIX, Y KOTOPbIX B 4acTX Cly4YaeB NepBUYHbIN o4ar He
Obl1 yaanéH, 1 NporHo3 BbDKMBAEMOCTU XyXKe, a He-
KOTOPbIE N3 HUX YXKEe MepeLlarHynM ogHo- 1 NATUNeT-
HWIA NOPOr BbKMBAEMOCTU. ITO OAET NpencTaBieHne
0 BO3MOXXHOCTSIX METOA Ha pasHbIX CTagusax 3abone-
BaHUSA 1 B pPasHbIX KINHUYECKMX cuUTyaumsix 6e3 npu-
BSI3KW K MMCTONIONMHYECKOMY TUMY OMyXOJN.

3AKJNTIOYEHUE

Pestomunpys BbileckasaHHoe, TAXO sBnsaeTcsa ag-
(PeKTMBHbIM METOOOM feYeHUsi MepPBUYHbIX U MeTa-
cTaTM4eckmx onyxonen nedeHn. TAXD npexpae Bcero
clepnyeT paccMaTpuBaTb Kak naannaTuByio Tepanuio,
KOTopas, OOHaKo, MO3BONAET A0OMTLCA XOPOLUEero
NPOTNBOOMYXOJIEBOrO OTBETA HA Pa3HbIX CTaOUsAX OH-
KOJIOrMYeCKOoro 3aboneBaHus.

OONOJIHUTEJIbHAA UHO®OPMALLASA

UctouHuk chmHaHcupoBaHua. ABTOPbI 3aABNSIOT
06 OTCYTCTBUM (PMHAHCUPOBaHUSA MPOBEAEHHOrO UC-
clnefoBaHus.

KoHthnukT wuHTepecoB. ABTOPblI OeKNapupytoT
OTCYTCTBME $BHbIX W MOTEHLMANbHbIX KOH(MKTOB
WHTEPECOB, CBA3aHHbIX C NybfamKauuen HacTosLUen
cTaTbu.
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Bknapg aBTOpoB. E.A. 3Be3aK1Ha — PEHTIEHOS0-
rmyeckasi guarHocTrka, obpaboTka 1 obcyxaeHue pe-
3yNbLTaTOB NCCIEA0BaHMs, HanMcaHue TekcTa CTaTby;
A.I1. JlebegeB — BbINOIHEHNE XUMWO3IMOOM3ALNIA
y BCex MPeACTaBJfieHHbIX MaUMEHTOB, aHanu3 pe-
3ynetatos; A.[. Kegposa, T.A. [pesH — ne4yeHune na-
LMeHToB, HanucaHue TekcTta ctaTtbn; KO.A. CrenaHo-
Ba — ynbTpasBykKoBas guarHoctuka; J.H. lNaH4eHKos,
C.3. KpacuiabHUKoB — neYveHne nauneHToB, MOMCKO-
BO-aHanuTnyeckasi pabora, 06Ccy>XaeHne pe3ynsraToB
nccneposaHmsl. ABTOPbl MOATBEPXOAOT COOTBETCT-
B/E CBOEro aBTOPCTBA MeXAyHapOAHbIM KPUTEPUSM
ICMJE (BCe aBTOpbl BHECM CYLLECTBEHHbI BKnapg
B pa3paboTKy KOHLEeNUUW, NPOBEOEHNE NCCNENOBaHNS
N NOArOTOBKY CTaTbW, MPOYIN 1 ogobpunm duHasnb-
Hyt0 Bepcuto nepen nybnmkawuen).

Cornacue nauuweHTtoB. OT NayMeHTOB MOJy4EHO
NMMCbMEHHOE [06POBOSIbHOE NH(MOPMUPOBAHHOE CO-
rnacue Ha nybnukauuo pesynstatoB 06CnefoBaHus
B XXypHasne «KnmHn4eckasi npakTuka» (gara nognuca-
Hus: 11.07.2023).
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ABSTRACT

Ischemic stroke is a global medical problem and one of the leading causes of death or disability worldwide.
The main approach of ischemic stroke therapy in the most acute period, which can prevent or minimize the
development of a neurological deficit, is the restoration of the blood flow in the ischemic brain tissue using
enzymatic thrombolysis or endovascular thromboextraction. When the therapeutic window is missed, the
modulation of the acute inflammatory response may play an important role in determining the fate of neurons
in the penumbra. The key players in this process are T-regulatory cells (Tregs) — an immunosuppressive
population of CD4+ T-cells with the CD4+, CD25+ CD127°%, FoxP3+ phenotype. Despite the existing
reports that Tregs (or certain Treg subpopulations) can exacerbate microcirculatory disorders in the
ischemic tissue, many stadies convincingly suggest the positive role of Tregs in ischemic stroke. Resident
CD69+ Tregs found in the normal mammalian brain have neuroprotective activity, produce IL-10 and other
anti-inflammatory cytokines, control astrogliosis, and downregulate cytotoxic subpopulations of T cells and
microglia. Systemic administration of Treg in stroke is accompained by a decrease in the volume of cerebral
infarction and decreased levels of secondary neuronal death. Thus, the methods allowing Treg activation
and expansion ex vivo open up several new avenues for the immunocorrection not only in systemic and
autoimmune diseases, but, potentially, in the neuroprotective therapy for ischemic stroke. The relationship
between Treg, inflammation, and cerebrovascular pathology is of particular interest in the case of ischemic
stroke and COVID-19 as a comorbidity. It has been demonstrated that systemic inflammation caused by
SARS-CoV-2 infection leads to a significant suppression of Treg, which is accompanied by an increased
risk for the development of ischemic stroke and other neurological complications. Overall, the information
summarized herein about the possible therapeutic potential of Treg in cerebrovascular pathology may be
of practical interest not only for researchers, but also for clinicians.
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INTRODUCTION

Statistical forecasts show an annual increase in the
number of patients with ischemic stroke until 2030.
Ischemic stroke is a leading cause of patient disability
and the second most common cause of mortality
worldwide, following ischemic heart disease [1, 2].

Currently, the main international and Russian
therapeutic recommendations for treating patients in
the first hours of an ischemic stroke focus on rapidly
restoring blood flow and preventing ischemic brain tissue

36 https://doi.org/10.17816/clinpract568210

necrosis. These include neuroprotection, thrombolysis,
mechanical thromboextraction, and anticoagulant
therapy [3]. Difficulties arise when the therapeutic window
to restore cerebral blood flow is missed. In this case, the
therapeutic options are limited to protecting brain cells
from oxidative stress [3] by preventing ferroptosis [4] and
providing symptomatic therapy. Several biomolecules
(TIM-3, DOR, PD-1, ROCK, ADAMTS-13, S1PR, etc.)
that may play a role in stroke pathogenesis [1, 5-7]
are being investigated as potential targets for stroke

The article can be used
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AHHOTALUA

Uuemudeckunii uHCYIbT — rniobasibHast MeguuuHCKas rnpobsaema v ogHa n3 OCHOBHbIX MPUYYH CMEPT-
HOCTV Y MHBa/M[HOCTN BO BCEM Mupe. OCHOBHbIM HarnpaB/IeHUEM Teparnuy ULLIEMUYECKOrO MHCYIbTa
B OCTpeiLLIEM Nepmoge, CrioCoObHbIM MpeaoTBPaTUTL U MUHUMU3UPOBAaTL Pas3BUTUE HEBPOJIOMMYECKOIO
AgeguLnta, ABASIETCS BOCCTaAHOB/IEHVE KPOBOTOKA B ULLIEMU3UPOBAHHOW TKaHu MO3ra C MOMOLLbIO (hep-
MEHTaTUBHOIro TPOMOO/IN3nca U SHLOBAaCKY/ISPHON TPOMOOIKCTpakuymu. B cryyasix, korga TepanesTu-
4YeCcKoe OKHO yryLLieHO, BaXXHOE 3Ha4YeHNe B Cyabbe NeMU3NPOBaHHbIX HEVPOHOB B 30HE rneHyMOpb! MO-
JKET UMETb MOAYNAUNS MMMYHHOIO OTBETa C Lie/Ibl0 M0AaB/IeHNS] CUCTEMHOWN BOCMa/INTE/IbHO PeaKLui.
KrroueByto posib B 3TOM fpoLecce urparoT T-perynsitopHbie KIETKU — UMMYHOCYNPEeCCUBHAs MOMyasyms
CD4+ T-knetok, umeroias cheHotun CD4+, CD25+ CD127°%, FoxP3+. HecmoTpsi Ha oTgesibHbie CO0b-
LeHUs1 0 ToM, 4TO Treq (Wam nx onpenenéHHbIe Cybrnonynsaymm) MoryT yCyrybsiTe MUKPOLMPKYISTOPHbIE
HapyLUEeHWS B ULLEMU3NPOBaHHOM TKaHW, 60JIbLLUMHCTBO Ucce[oBatesen yoexxeHsl B MO3UTUBHOW PO
Treg npu nemMm4yeckom uHcynbte. PesvaeHTHbie CD69+ Treg, 06HapyXXeHHbIe B HOPMasibHOM MO3re
MIekonuTaroLmx, obagaroT HeMpPONpPOTEKTUBHOM aKTUBHOCTbIO, BbipabaTtbkiBaroT IL-10 v gpyrue npotu-
BOCNanNTe/IbHbIE UUTOKWHbI, KOHTPOJMPYIOT acTpOrfinmo3 v nogaBnsioT YATOTOKCUYECKHE CyOromny/is-
ymy T-knetok v Myukporniun. CucteMHoe BeefeHue Treg npy MHCYJ/IbTEe COMPOBOXXAAETCS YMEHbLLIEHNEM
06béMa UHapKTa Mo3ra v yrpexgeHuem BTOPUYHON rnbesin HerpoHOB. BO3MOXHOCTL akTuBMpPOBaTh
n HapawymBatb Treg ex Vivo OTKPbIBAET LLUMPOKME MEePCrEKTUBbI M0 UMMYHOKOPPEKLNN HE TOJIbKO Mpu
CUCTEMHbIX U ayTOUMMYHHbIX 3a00/1eBaHNSIX. MOTEHLNAIbHO 3Ta TEXHOI0rUsi MOXET ObiTb MPUMEHU-
Ma B Ka4eCTBe HEeVpOrpOTEKTUBHOM Teparnuy rpy NLEMNYECKOM MHCYbTe. CBs3b Treg, BOCMaaeHUs
1 4epebpoBacKyISpPHOM NaToa0rm 0CObEeHHO rnokasaTtesibHa Ha NMPUMeEPE PasBUTUS NLLIEMUNYECKOIO VH-
cynbta Ha ¢ooHe COVID-19. Noka3aHo, 4TO CUCTEMHOE BocrasieHne, 0byC/I0BIEHHOE UHMULIMPOBaHNEM
SARS-CoV-2, npuBognT K 3Ha4YNTEIbHOMY YrHETEHUIO Treg, YTO COMpPOBOXAAETCS MOBbILLIEHHbIM PUCKOM
pPasBUTUS NLLIEMUYECKOIO UHCYJ/IbTA U APYrMX HEBPOJIOrNHYECKNX OC/IOKHEHWN. O60BOLLEHHbIE CBEAECHUS
O BO3MOXXHOM TeparneBTU4YeCcKoM noTeHumnane Treg rpu LepebpoBacKy/IsspHOU naTtoaorum MoryT rpes-
CTaBJIsITb MPaKTUHECKUI MHTEPEC HEe TOJIbKO /151 nccenoBatesier, HO v 4151 KIVHULUCTOB.

KnrodeBble cnoBa: Treg; perynstopHbie T-KneTku; niemmdeckmnii nHeyast; COVID-19; 6uomapKkepsi.
Ans yntupoBaHus:
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wKaTynku». KanHndeckas npaktuka. 2023;14(3):36-49.
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therapy; however, their therapeutic potential remains to  course of ischemic perifocal tissue, focal organization,
be evaluated in randomized clinical trials. and neuronal plasticity during the recovery of lost function.

Recent studies [2, 5-7] have highlighted the crucialrole  The role of regulatory T cells (Tregs) in anti-inflammatory
of inflammatory response within the ischemic penumbra  signaling cascade regulation and immune response
and associated immune response in determining the suppression has been widely studied [2, 5, 8-10].
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Studies on animals with experimental cerebral
ischemia have accumulated considerable data on the
potential translational significance of Tregs in stroke.
Although some studies have noted a relationship
between Tregs and cerebral microvascular dysfunction
and the development of microthrombosis [11-13],
several studies have reported a positive effect of
Tregs in ischemic stroke. Ex vivo-engrafted Treg
administration reduces the size of experimental
brain infarction [9]. Tregs have been found to reduce
the area of inflammatory tissue damage in ischemic
stroke, block neuroinflammation, regulate neural tissue
regeneration and angiogenesis, improve white matter
recovery, inhibit astrogliosis, and reduce the cytotoxic
activity of microglia, resulting in favorable effects on
the recovery of neurological deficits [10, 13-16].

Pilot clinical trials have been conducted on the
therapeutic potential of Tregs in neurology for multiple
sclerosis, and the results have been favorable [8].
Additionally, preclinical studies on the safety and
efficacy of Tregs in experimental stroke therapy show
promise [9]. The next step is to evaluate the clinical
relevance and feasibility of introducing Treg therapy
for ischemic stroke into clinical practice. The urgency
of the problem is highlighted by the lack of effective
neuroprotective methods for fatal stroke.

Thus, we analytically reviewed over one hundred
Russian and foreign publications that investigate the
diagnostic, prognostic, and therapeutic applications
of Tregs in stroke and that were published between
2018 and 2023.

IMMUNE RESPONSE TO ISCHEMIC STROKE:

ROLE AND THERAPEUTIC POTENTIAL

OF T-REGULATORY CELLS

Ischemic stroke can cause nerve tissue damage
and increased permeability of the blood-brain barrier,
leading to an intense inflammatory reaction and
immune response. This response can be either innate
or adaptive with a local autoimmune orientation.
Maintaining a balanced immune response is crucial
because an overexpressed or suppressed response
can have harmful consequences to the patient.
The course and outcome of ischemic stroke are
determined by the features and orientation of the
immune response [9, 18-20].

The brain is an immunoprivileged organ, with resident
immune cells (microglia), borderline macrophages, and
T cells present in the membranes’ structures [21]. In
stroke, blood-brain barrier damage allows immune
cells to migrate to the zone of ischemic injury [17],

REVIEW

accompanied by mitochondrial degradation, oxidative
stress, lactoacidosis, metabolic changes, excitotoxicity,
and neuroinflammation in the damaged brain area,
which can cause different forms of cell death, including
apoptotic or non-apoptotic (necroptosis, ferroptosis,
cuproptosis, parthanatos, and pyroptosis) [22-25].
The release of alarmins, which are bioactive molecules
that act as danger signals and include heat shock
proteins, S100B, HMGB1, beta-amyloid, hyaluronan,
etc., triggers innate immunity mechanisms. This, in
turn, stimulates the pro-inflammatory polarization
of microglia and peripheral immune cell migration to
the ischemic penumbra. Subpopulations of T- and
B-lymphocytes, neutrophils, monocytes, astrocytes,
and microglia are involved in different stages
of this cascade. In this case, Tregs control the
immune response and autoimmune reactions by
suppressing the proliferation and/or effector activity
of T- and B-cells, natural killer cells (NK-cells), and
antigen-presenting cells [14]. We will not discuss
the similar immunosuppressive role of regulatory
B-cells (Bregs) [28]. Local inflammation is a common
occurrence in conditions such as multiple sclerosis,
hemorrhagic stroke, brain injury, and demyelinating
diseases of the central nervous system [8, 10, 26].

In rodent experiments, Tregs have been found
to reduce the degree of damage to the blood-brain
barrier in the first hours after stroke development.
This effect is observed even when recombinant
tissue plasminogen activator, a drug approved by the
US Food and Drug Administration for thrombolytic
therapy, is administered within the first hours after
stroke [15]. In reducing CCL2 expression by vascular
endothelial cells, Tregs have a positive effect on the
permeability of the blood-brain barrier and survival of
oligodendrocytes and their precursors [16] and inhibit
or suppress reactive astrogliosis [29]. Simultaneously
engaging stem cells in the subventricular niches,
spleen, and intestine along the brain-intestine axis [30]
determines the characteristics of cellular response
in neuroinflammation in the brain in the poststroke
period. Tregs play a role in reducing the degree of
demyelination [31], such as in multiple sclerosis [8], and
in reducing inflammation in different types of nervous
system tissue lesions [10].

Tregs perform functions beyond their
immunosuppressive role. They participate in the
regulation of metabolism and cellular sensitivity to
insulin. Additionally, they influence stem cells in various
locations, such as the bone marrow or intestine,
potentially affecting stem cells in subventricular and
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subgranular niches [30]. This influence may further

impact the cellular response to ischemic stroke.

A therapeutic approach aimed at modulating
the immune response through Tregs is an attractive
option [5]. Two possible strategies exist:

1) Pharmacological action on Tregs and immune
mechanisms using low-molecular-weight drugs,
microRNAs, monoclonal antibodies, and cytokines

2) Transplantation of autologous Tregs of a certain
phenotype to the patient after ex vivo augmentation [8]
Experimental data showed that Tregs are a potential

therapeutic solution for immunoprotection and neural

tissue repair on day 1 after stroke development.

Implementing Treg-targeted therapy for poststroke

ischemia has become a subject of discussion in recent

publications [32-34].

In mice with experimental stroke, exogenous Treg
infusion has been shown to increase the number
of Tregs from the first day to the second week and
persists for a month. This reduces stroke volume
and long-term functional recovery [16]. Therefore,
it is critical to determine the molecular and cellular
mechanisms of Treg-cell regulation of the immune
response during the development of ischemic
stroke [35]. The potential clinical application of
autologous Treg transplantation as a therapeutic tool
in ischemic stroke is promising, given its successful
application in multiple sclerosis [8] and the observed
reduction of Treg levels and dysfunction in stroke [36].
This gives hope that they will find clinical application
in ischemic stroke [34].

Phenotypic and functional characteristics

of Tregs

The human T-lymphocyte population includes
CD4+ T-helper cells (Th), CD8* cytotoxic T cells (CTL),
y6 T cells, and Tregs, with several distinguishable
subpopulations (Table 1) [37-43]. Tregs are a
functionally distinct subpopulation of CD4+ T cells,
with the FoxP3 transcription factor (forkhead box
protein 3) considered as its obligatory marker [44]. The
immunosuppressive activity of Tregs is closely related
to the level of FoxP3 expression, and a decrease in
FoxP3 content is associated with its reduction [45].
Autoimmune syndromes associated with the absence
of functional Tregs develop because of mutations
in the gene encoding FoxP3 [46]. The transcription
factor FoxP3 is the determinant in the differentiation of
T cells along the immunosuppressor pathway,
producing Tregs from nonregulatory T cells (Tconv) [47].

In vivo, FOxP3 is induced by signaling pathways
from the T-cell receptor in the thymus [48]. In humans,
FoxP3 is represented by three functionally different
isoforms [49], and the expressions of the different
isoforms affect the development of some diseases.
For instance, in allergic rhinitis, the expression of
FOXP3A2 isoform leads to a decrease in the number
and functional activity of Tregs [51]. Therefore, the
presence of these isoforms should be considered
when phenotypically characterizing Tregs.

The FOXP3 gene, which encodes the FoxP3
protein in humans, is in the X chromosome in the

Basic subpopulation of Treg cells

Subpopulation

nfregs in the thymus
Induced iTregs, also known
as peripheral pTregs
Subdivided into Th3, Tr1,
and iTr35 T-helper cells (Th)

Activated Tregs

Tregs providing direct

Cytotoxic Tregs cytotoxicity

Subpopulation
with low CD25 levels

Resident Tregs

Resident brain Tregs of the neural tissue

Memory Tregs,

mTregs tissue-resident

Description/function

Naive “natural” Tregs formed

Activated Tregs versus Tconv

Treg subpopulation found
in systemic autoimmune diseases

Peripheral-induced effector
Tregs formed from CD4+

centromeric region (region Xq11.3-q13.3). This
Table 1
Basic markers Source
CD4, FoxP3, Helios, CD25"9", CD39, [0, 37]
CD73, CD127'°v, CD152, CD357, LAG3 ’
CD4, FoxP3, Helios- [37, 38]
CD25, CD127, FOXP3, IKZF2, ITGA4, [39]
IKFZ, IKZF2, ITGA4, TRIM-
CD8 and FoxP3+ and FoxP3-
) [40]
subpopulations
CD4, CD25""°%, FoxP3 [41]
FoxP3, CD69, PD1, KLRG1, 5-HT7, [42]
CD103, Neuropeptide Y, Osteopontin
CD4, CD25, FoxP3, CD45RA-, [43]

CD45R0O+
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location may contribute to the higher risk of stroke and
lower survival rate after stroke in menopausal women
compared with men of the same age group [52]. The
immune response differs between men and women,
which is partly due to the karyotype and influence of
sex hormones. Many of these hormones affect Tregs.
For instance, this study examined the variations in
CD4+CD25* FoxP3*Treg levels during different stages
of the menstrual cycle in healthy women. However, the
effect of these changes on ischemic stroke requires
further investigation [53]. Progesterone stimulates the
formation of inducible regulatory T cells (iTregs) [54],
whereas testosterone promotes the expansion of
Tregs and affects chromatin modification in the
region encoding FoxP3 [55]. In mice, the gene
encoding FoxP3 is also in the X chromosome. An
experiment was conducted on transgenic mice in
which the SRY gene, necessary for the development
of a male-type organism, was transferred to the
autosome. The results showed that the difference in
the course of stroke, regardless of the level of sex
hormones, is primarily determined by the karyotype.
Karyotype XX was associated with a larger infarct
volume after experimental middle cerebral artery
occlusion than XY [56].

There are two primary methods of Treg pool
formation. The first involves the development of naive
“natural” Tregs (nTreg) in the thymus, which are activated
in peripheral tissues. These cells exhibit a phenotype
that includes CD4+, Heliost, TCR(CD3), CD25"in,
CD39, CD73, CD127'°%, CD152 (CTLA-4), CD357(GITR),
and LAG3 [10, 57]. In the second pathway, CD4+
T-helper cells (Th) differentiate into Th1 cells (under
the influence of cytokines IL-12, IFN-y, IL-27),
Th2 cells (under the influence of IL-4), Th17 cells (under
the influence of IL-1B, IL-23, IL-6, TGF-p), or iTregs (in the
presence of IL-2 and TGF-p) after leaving the thymus.
CD4 and FoxP3 are the main markers of iTregs. These
cells secrete TGF-, either IL-10 or IL-35, and can be
subdivided into Th3, Tr1, and iTr35 cells, respectively
[10, 48]. The T-cell receptor repertoires of nTregs and
Tregs, whose precursors are T-helper cells, differ [58].
Furthermore, they differ in the methylation profiles of
certain CpG DNA in the enhancer region of the gene
encoding FoxP3. In cells formed from T-helper cells,
this region is methylated [59].

CD8* cells and CD4* Tregs have similar functions
[40]. In patients with inflammatory diseases such as
systemic lupus erythematosus, the number of CD4+,
CD257"%, and FoxP3* subpopulations increases [41].
Additionally, CD4*, CD25*, CD127'°%, and FoxP3* cells
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can be divided into naive nTregs and memory mlregs,
which have distinct functions (Table 1).

FoxP3 is detected in some nonregulatory T cells;
however, this does not result in an immunosuppressive
phenotype [60]. A detailed panel of markers,
including IKFZ** and ITGA4*, and the absence of the
TRIM marker on Tregs, which is highly expressed
in Tconv cells, distinguishes between these cell
populations [10, 39].

Tregs differ significantly from other T cells regarding
metabolism. In effector T cells, the main regulators of
metabolism are mTor, HIF-1a, Myc, ROHA, ICOS, and
BCL6. However, in Tregs, this role is played by mTor, Myc,
and FoxP3 [61]. Recent studies have shown that FoxP3
controls cell metabolism, facilitating cell adaptation to
low glucose and high lactate. This adaptation allows
Tregs to function effectively in ischemic tissues [62].

The immunoregulatory functions of Tregs are
carried out through the secretion of anti-inflammatory
cytokines, such as IL-10 and TGF-b, and the expression
of immunosuppressive molecules, including CD152,
CD39, and PD-1. Additionally, the binding of
extracellular IL-2 and increased expression levels
of CD25 (IL-2 receptor) can reduce the intensity of
the immune response. Further, regulatory molecules
expressed on the cell membrane, such as cytotoxic
T-lymphocyte glycoprotein 4 (CTLA4, CTLA-4, CD152),
interleukin IL-10, and transforming growth factor
TGF-b1, modulate the activity of antigen-presenting
cells [63]. CD152 plays a role in downregulating the
costimulatory molecules CD80 and CD86 on dendritic
cells [64]. These molecules are crucial for stimulation
to prevent the proliferation and apoptosis of activated
T cells. Moreover, Tregs can directly eliminate T- and
B-cells involved in inflammation [61] through perforin
and granzyme secretion.

Modern methods of single-cell DNA sequencing
have revealed a high degree of phenotypic
heterogeneity in cell populations involved in the
development of ischemic stroke [65]. A transcriptome
analysis has shown that Tregs exhibit high phenotypic
heterogeneity, and their ability to adapt to the target
tissue is manifested differently in various tissues [66].
Depending on the tissue microenvironment, Tregs can
express additional phenotypic markers, such as various
integrins, including ITGA4 [39, 57]. RNA sequencing
of single cells has clarified the phenotypic markers of
various Treg subpopulations, including tissue-specific
ones, in both mice and humans [66, 67].

The number of Tregs in the normal brain tissue of a
healthy person is small [29], and they are classified as
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resident cells [42]. They differ from peripheral Tregs by
expressing Blimp1, Ccr6, Ccr8, AREG, ST2, IL10, CD69,
PD1, KLRG1, 5-HT7, CD103, Neuropeptide Y, and
Osteopontin genes [42]. CD69* resident Tregs found in
the normal brain of mice and humans have specialized
protective functions and are rapidly activated under
neuroinflammation conditions. These cells can regulate
astrogliosis levels by producing amphiregulin, polarize
microglia into a neuroprotective state, and suppress
tissue inflammation by producing IL-10 [42].

The idea that Tregs are a homogeneous cell
population is outdated. Treg subpopulations differ both
phenotypically and functionally. This heterogeneity
emphasizes the importance of detailed phenotypic
and functional characterization and makes us critical of
earlier studies that treated Tregs as a single population.
Recruiting immune cells into the brain parenchyma of
patients with ischemic injury in the poststroke period
for future clinical applications should consider the
diametrically opposite local and systemic responses
upon activation of different Treg subpopulations.

Treg level as a prognostic marker of stroke

Clinical and laboratory studies indicate a decrease
in Tregs in peripheral blood on day 1 after an ischemic
stroke. This is due to their active migration from the
cerebral microcirculatory bed to the zone of ischemia
and inflammation in the brain [36, 68]. This process
is dynamic and reversible; therefore, a decrease in
peripheral Tregs in ischemic stroke may not always be
detected [69]. Hence, it is critical to determine whether
the dynamics of peripheral Treg levels, either as a whole
or as individual subpopulations, can provide additional
prognostic data in cases of ischemic stroke.

The level of certain Treg subpopulations may be
crucial for recovery from ischemic stroke. Research
has demonstrated that certain Treg subpopulations
can produce brain-derived neurotrophic factor (BDNF),
a secretory protein that supports neuronal viability.
A study has shown an increase in the number of Tregs
producing BDNF (BDNF*Tregs) in the peripheral blood
of patients after ischemic stroke. In patients with a
more favorable neurological outcome, the number of
BDNF*Tregs in peripheral blood after 6 months was
higher than that in other patients [70].

Treg levels in peripheral blood may depend on
neuroinflammation severity and infarction volume. In
patients with an infarct volume of 28.6 ml, the Treg level
in peripheral blood decreased insignificantly on day 1
after infarction. However, in patients with an infarct
volume >28.6 ml, a significant decrease in Treg levels

was observed on day 1, followed by an increase on
days 3, 7, and 14 [71].

A recent study has found that patients with acute
ischemic stroke had increased Treg frequency and
mTreg frequency (with CD45RA* Tregs accounting for
about 90% of circulating Tregs) and decreased nTreg
frequency and nTreg/mTreg ratio. The nTreg/mTreg
ratio on the day of hospitalization may independently
predict an unfavorable 90-day outcome in acute
ischemic stroke. In contrast, patients with high
CD4* Tregs among lymphocytes upon hospital
admission had a lower risk of adverse outcomes
at discharge [74]. The number of circulating Tregs
48 and 72 h after infarction negatively correlates
with infarct volume. That is, increased Treg levels
decrease infarct volume [69, 75].

In summary, the level of peripheral Treg may serve
as a biomarker for predicting stroke outcomes.

APPROACHES TO Treg LEVEL MODULATION

FOR ISCHEMIC INSULT THERAPY

The immunomodulatory and reparative properties
of Tregs make them an effective immunosuppressive
therapy for the “graft versus host” reaction in some
autoimmune diseases, including multiple sclerosis [8].
Isolating, ex vivo expanding, and subsequently
transplanting CD4+CD25+*CD127'°“Foxp3* Tregs has
allowed for long-term remission of the autoimmune
process in such patients. The experimental data
confirmed that Tregs induce a neuroprotective effect
during the acute stage of ischemic stroke and promote
brain recovery during the chronic stage. See below
for further details. This effect is mediated by various
mechanisms, including direct intercellular interactions
and secretion of soluble factors [76].

Transplantation of ex vivo-generated Tregs requires
licensing of the production site and registration of
the cells themselves as a high-tech drug or obtaining
permission to use Tregs as a hospital exception. The
technologies of mediated modulation of the amount
and functional activity of Tregs are much simpler from
the viewpoint of regulatory legislation.

Retinoic acid is a Treg modulator that stimulates
Tregs via the TGF-B/Smad3 signaling pathway [77]. It
is produced in vivo by dendritic cells [78]. Moreover,
chorionic gonadotropin, which was patented in 2023
by Russian researchers for autologous induction
of Tregs ex vivo, is a known Treg modulator [79].
Additionally, the immunosuppressant rapamycin,
which inhibits the mTOR kinase signaling pathway
cascade, can stimulate the expansion of human
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Tregs ex vivo along with retinoic acid [80]. The use
of rapamycin as a pharmacological agent to trigger
Treg expansion has been proposed. Research has
shown that exposure to rapamycin leads to selective
expansion of Tregs [81]. Further, signaling through
the mTOR pathway has been found crucial for the
activationand maintenance of theimmunosuppressive
activity of Tregs [82]. These findings indicate a need
to modify current ideas about the mechanism of
action of rapamycin in Treg expansion.

In mouse experiments, low doses of 5-aza-
2’-deoxycytidine, an inhibitor of DNMT DNA
methyltransferase that leads to DNA demethylation,
resulted in increased Treg level. This effect is expected
because of the impact of DNA methylation on FoxP3
expression and subsequent increase in FoxP3 levels
in cells after treatment with 5-aza-2’-deoxycytidine.
When combined with TGF- exposure, this treatment
made iTregs more similar in phenotype to nTregs.

In mice experiments, the administration of the IL-2
complex and an antibody recognizing IL-2 resulted in
an increase in Tregs in the peripheral blood, spleen,
and lymph nodes. Moreover, it stimulated CD39
and CD73 expression in these cells. Ultimately,
this immunotherapy protected the brain from
ischemic damage in transient middle cerebral artery
occlusion [85].

In vitro and in vivo studies have shown that nerve
tissue autoantigens trigger the conversion of Tconv to
Tregs [86]. Additionally, exosomes containing TGF-,
Smad?2, and Smad4, which are secreted by embryonic
stem cells (ESC-sEVs), lead to a significant increase in
Tregs after stroke. This is due to TGF-f/Smad signaling
pathway activation, which induces Treg expansion.
Therefore, ESC-sEVs may be considered candidates
for immune modulation [87]. In mice, recombinant
IL-33 administration after ischemic stroke increased
IL-10-expressing Tregs in the brain. This decreased
the infarct size, the amount of activated microglia,
and brain-infiltrating cytotoxic T cells. A more than
threefold increase was observed in the number of
Tregs in the brain 3 days after stroke compared with
controls [88].

An experimental model of cerebral occlusion
showed that microglia induced the expression of
sirtuin 2 (Sirtuin2) after a stroke. This, inturn, suppressed
the anti-inflammatory activity of Tregs, resulting in a
significant increase in the transcription factor HIF-1a
in Tregs. Conversely, inhibition of HIF-1a blocked the
increase in the level of sirtuin 2 [89]. Pharmacologic
inhibition of HIF-1a in ischemic stroke may prevent Treg

REVIEW

activity suppression by microglia. Inhibition of HIF-1a is
considered as a possible approach to stroke therapy,
regardless of its role in Treg regulation [90].

The relevance of this problem is evidenced by
the number of published studies. Remote ischemic
conditioning or remote ischemic postconditioning,
a method that induces short reversible episodes of
ischemia with reperfusion in certain tissues or organs
to protect other distant tissues and organs from
ischemic/reperfusion damage, was applied to mice,
resulting in increased Treg levels and decreased
affected area during stroke and, in turn, indicating
that Tregs play a causative role in this process. The
same effect was induced by nicotinamide adenine
dinucleotide hydrate [91]. A study has discussed the
function of the receptor for advanced glycation end
products (RAGE) in regulating the metabolism of
peripheral CD4* T cells. The study demonstrated that
neutralizing RAGE action by adding circulating RAGE
(SRAGE) to cells stimulates CD4* T-cell polarization
toward the Treg phenotype and reduces stroke
size [92]. Currently, active research on the therapeutic
potential of microRNAs expressed in Tregs or
activating their expansion is underway [93-95].

Notably, several biologically active substances used
to treat ischemic stroke affect Tregs [96], including
melatonin, estrogen, statins, and vitamin D [96].
Melatonin is particularly attractive owing to its well-
known neuroprotective properties, such as in the
treatment of cerebrovascular pathology [97]. Research
has demonstrated that melatonin impacts T cells,
including their activation and differentiation. However,
the effect of melatonin is context-dependent. In
cases of pathological processes characterized by
inflammation, melatonin suppresses the immune
response. Conversely, in conditions accompanied
by immunosuppression, it stimulates the immune
response [98]. For instance, melatonin has increased
the number of Tregs in peripheral blood in patients
with systemic lupus erythematosus [99]. Another
drug candidate that affects Tregs in ischemic stroke
is the multitarget drug metformin [100]. Studies have
shown that the use of metformin, both along with the
immunosuppressant tacrolimus and as monotherapy,
leads to an increase in the number of Tregs [101].

Studies assessing the potential use of inhibitors of
the sphingosine-1-phosphate receptor (S1P receptor)
in stroke therapy have been ongoing for over a decade
[102]. One such inhibitor, fingolimod, led to increased
FoxP3+Tregs in the spleen and peripheral blood and in
the brain after ischemia in a mouse model of ischemic
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stroke [103]. In a small study cohort consisting of 5 healthy
volunteers and 12 patients who had experienced
acute ischemic stroke 72 h prior, treatment with the
poly(ADP-ribose) polymerase 1 (PARP-1) inhibitor
JPI-289 resulted in an increase in Tregs. The study
showed a potential therapeutic benefit of JPI-289 for
treating acute ischemic stroke. The pro-inflammatory
cytokines (IFN-y, TNF-qa, and IL-17) decreased, whereas
the anti-inflammatory cytokines (IL-4, IL-10, and TGF-31)
increased. Initially, the proportion of Tregs in peripheral
blood was significantly higher in healthy subjects
[104]. The effect of PARP-1 inhibition on Treg functions
can be explained by the fact that PARP-1 performs
poly-ADP ribosylation of FohP3 [105].

Modulation of the immune response, including
ischemic stroke, by metabolites of commensal or
pathogenic microflora of the gastrointestinal tract
has recently gained attention. Published data show
that metabolites of commensal microflora, such as
butyrate, belong to histone deacetylase inhibitors
(HDACI) and can stimulate the formation of peripheral
Tregs by increasing the level of histone acetylation
in the locus where the gene encoding FoxP3 is
located [106]. This is particularly interesting given the
general immunomodulatory and neuroprotective role
of histone deacetylase inhibitors. HDACi increase
CTLA-4 expression, stimulatingtheimmunosuppressive
function of human Tregs [107].

Recruitment of Tregs to the brain

in ischemic stroke

Recruitment of immune cells to the brain
parenchyma during ischemic injury begins with
an increase in the permeability of the blood-brain
barrier. This increase occurs early in ischemic stroke,
within 10 min after reperfusion in rodents and within
2-6 h (average: 3.8 hours) from the onset of stroke
in humans [108]. From approximately 24 h, there is a
permanent pathological increase in the permeability
of the blood-brain barrier, which continues for several
weeks [109]. Simultaneously, mediators released in
the inflammatory focus stimulate the production of
chemokines, such as CXCL8 in humans and CXCL1
and CXCL2 in rodents. This enables peripheral
monocytes, neutrophils, NK-cells, and lymphocytes
to penetrate the blood-brain barrier and trigger
the inflammatory cascade [110]. Tregs infiltrate the
brain parenchyma later than other T cells [111].
Although immunophenotypically naive Tregs stay
briefly, activated Tregs can migrate to the ischemic
hemisphere of the brain and remain there for up to

30 days, particularly in mice [112]. Additionally, local
and systemic immunologic mechanisms contribute
to the pathogenesis of ischemic stroke, in which
peripheral Tregs are likely involved [113].

COVID-19, Tregs, and stroke

The relationship between systemic inflammation,
Tregs, and ischemic stroke has become
prominent because of the COVID-19 pandemic.
Immunopathological ~mechanisms  triggered by
SARS-CoV-2 infection, especially in long COVID-19,
alter the Treg system, increasing the risk of ischemic
stroke and other complications [114, 115]. Previously,
we discussed the neurological consequences of
COVID-19, including cerebral circulatory disorders
[116], and the pathogenetic mechanisms responsible
for the increased risk of stroke during and after
COQOVID-19 [26]. In this section, we summarize the main
immunopathological links between COVID-19 and
increased stroke risk, specifically focusing on the role
of Tregs.

Four key pathogenetic mechanisms of COVID-19
damage to the nervous system have been identified.
First, SARS-CoV-2 is neurotropic and can directly
infect the neuroepithelial cells of the olfactory
analyzer, causing damage to the first pair of cranial
nerves, allowing the virus to penetrate and spread in
the brain. Second, SARS-CoV-2-induced systemic
inflammation leads to hypercoagulability and an
increased risk of thrombosis, including in cerebral
vessels. Third, hypoxemia caused by partial lung
damage inevitably affects the central nervous system,
leading to a range of complications. The most severe
manifestation of these complications is critical-state
encephalopathy. SARS-CoV-2 infection can cause
immune-mediated damage to nervous tissue. This is
due to the production of pro-inflammatory cytokines
by resident macrophages and Th17+ cells and a shift
in the immune balance toward systemic inflammation
in response to central nervous system cell infection
[114-116]. Tregs play a key role in this mechanism,
which increases the risk of stroke.

A 2021 meta-analysis has found that COVID-19
survivors have at least a threefold increased risk of
stroke compared to non-survivors [117]. Moreover, all
COVID-19 patients experience decreased Treg levels
and impaired function [118], which is a key mechanism
of the immunopathologic manifestations of the disease
[119, 120]. A decrease in Treg levels leads to a Treg/Th17
imbalance, promoting the development of systemic
inflammation. This worsens both the prognosis of
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COVID-19 and comorbid disease outcomes and
coronavirus infection complications [120, 121]. The
most significant and prolonged decrease in Treg levels
was observed in long COVID-19 [121, 122].

Transcriptome analysis of over 100,000 viral antigen-
recognizing CD4+ T cells from 40 COVID-19 patients
revealed that hospitalized patients, as opposed to
outpatients with mild forms of the disease, exhibit
a significant increase in cytotoxic T-helper cells (CD4-CTL)
compared with SARS-CoV-2-reactive Tregs [123].
These findings reveal a shift in the immune balance
toward systemic inflammation, which is associated with
the severity of coronavirus infection. Transcriptome
analysis has revealed that the severity of COVID-19 is
positively correlated with Treg functional impairment,
as evidenced by decreased expressions of FoxP3 and
immunosuppressive cytokines IL-10 and TGF-f [121].
Conversely, in COVID-19 reconvalescents, the pool of
long-lived Tregs with high HLA-DRA expression levels
is restored after >4 months, and a unique cluster of
Tregs overexpressing TGF-f3 appear [124].

The present study examines the relationship
between COVID-19, vaccination, and the risk of
stroke. This retrospective study analyzed a cohort of
466 patients and found that those who received the
SARS-CoV-2 vaccine had a more favorable course
of ischemic stroke compared with the control group.
The authors believe that vaccination, which affects the
pathogen, may trigger a sanogenetic mechanism by
increasing the Treg level in cerebral vessels that provide
microcirculation in the area of cerebral ischemia or
infarction [125].

CONCLUSIONS

The role of Tregs in the modulation of ischemic
stroke is widely acknowledged. A comprehensive
set of markers for all Treg subpopulations will enable
a more accurate assessment of the functioning of
individual Treg populations at different stages of
ischemic stroke, from the initial acute phase to its long-
term consequences. Available data indicate that Tregs
have a protective role in ischemic stroke by affecting
the size of the ischemic penumbra and limiting the
size of brain infarction, promoting the recovery of
neurological deficits. Therapeutic approaches aimed
at increasing the number and activity of Tregs may
be the optimal solution to protect ischemic neural
tissue from immune inflammatory responses, prevent
astrogliosis, provide systemic neuroprotection, and
facilitate more efficient recovery of neurological
impairment after a stroke.
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HAYYHbI OB30P

BAPUAHT OMICRON KOPOHABUPYCA SARS-COV-2
W Ero PASHOBUAHOCTU / CYBBAPUAHTDI

C.I. Wep6ak' 2, O.A. BonorxaHuH' 2, A.C. lonota', A.M. CapaHa® 3, C.B. MakapeHko' 2

1 Topoackas 6onbHMLa Ne 40 KypopTHOro agMuMHMCTpaTUBHOrO paiioHa, CaHkT-Metepbypr, Poccuiickan ®epepaumsi
2 CaHkT-leTep6yprckuil rocyaapcTBeHHbINn yHBepcuTeT, CaHKT-MNeTepbypr, Poccuiickas depepauyst

3 KomuTeT mno 3ppaBooxpaHeHnio AgMuHncTpaumn CankT-MNetepbypra, CaHkT-MeTep6ypr, Poccuiickas ®epepauyisi

AHHOTAUUA

KopoHasupyc SARS-CoV-2 yxxe Tpu roga UMpKyampyeT cpeav IoAen, 3apaykasi COTHU MUJIIIMOHOB Ye-
noBek. MHorouncieHHble cOOBLYeHMSI CO BCEro Mupa CBUAETEIbCTBYIOT O TOM, YTO B HACTOSILLee BpeMsi
OOBLUNHCTBO MHEKLUNI BbI3BAHO pPas/inydHbiMu BapuaHTamm Omicron, npeobaagarowumy Hag Bce-
My paHee rnosiBUBLUMMUCS BapuaHTamy. [eHom wtamma Omicron Hakonw JECSITKN MyTaumii, KOTOPbIE
YBENYMBAIOT MPUCIOCOBISEMOCTb BUPYCa U SBASIOTCS MPUYNHON BO3SHUKHOBEHUS HOBbIX BapUaHTOB
n cybBapuaHTOB C MOBLILLIEHHOW KOHTarnoO3HOCTBIO, TPaHCMUCCUBHOCTBLIO M CITIOCOBHOCTBLIO YKIIOHSTh-
CS OT MMMYHHOro oTBeTa. OTO CTaBWUT 04 yrpo3y 3alyuTy, obecrneynBaemyo BakKyuHaMmu, U rymo-
pasbHbIi UMMYHUTET, UHAYLNPOBaHHbIN npeabiayLunmMmu nHdekumsamu. HecmoTpsi Ha 10, YTO 6UOa0rus
SARS-CoV-2 xopoluo u3y4deHa, ero CroCOBHOCTb WHGUUMPOBAaTb, PasMHOXaTbCs U PacrpocTpa-
HATLCS Cpeau HaceseHus1 3aBUCUT OT KOHKPETHOrO MMMYHHOIO KOHTEKCTAa B pa3Hbie nepuogbl naHge-
mun. lNpegrnonaraeTcs, YTO HOBbIE BapUaHTbl BO3HUKAIOT B PE3Y/IbTaTe XPOHUYECKON MHBEKUUN Yy JINL|
C 0c1abieHHbIM UMMYHUTETOM. BHyTpunnHeriHass pekoMbuHayms obecreunBaeT BUPYCy (heHoTunmye-
CKue rpeviMyLyecTsa OT OTAasEHHO POACTBEHHbIX UMPKYapyoLmx BapmuaHToB. OguH 13 rocaeqHnx
cybsapuaHToB Omicron, KOTOPbIV NOJy4Yusl Ha3BaHue «Kraken» u3-3a becrnpeLeneHTHO BbICOKOW TPaHC-
MUWUCCUBHOCTY, SIBJISIETCS NMOTOMKOM PEKOMOWHAHTHOW JIMHUW. Bupyc HernpepbiBHO 3BOJIIOLMOHMPYET
B Harpas/IeHUN YKITIOHEHWST OT BUPYCHENTPAINIYIOLLNX aHTUTES, MO3TOMY Be4ETCS MOCTOsIHHas pabora
10 co34aHuI0 HOBbIX 60s1ee 3(PDEKTUBHbBIX BaKLMH U APYrvuX MPpOTUBOBUPYCHLIX CPEACTB.

KnrodeBsbie cnoBa: kopoHasupyc; SARS-CoV-2; Omicron; «Kraken»; MyTaums; KOHTarmO3HOCTb,; TPaHC-
MUCCUBHOCTb, CITOCOBOHOCTb YK/IOHSITBCSI OT UMMYHHOIO OTBETa; BaKLMHa; MpOTUBOBUPYCHbIE CPEACTBA.

Ans yntupoBaHus:
LLlep6ak C.I, BonorxaHuH O.A., Tonota A.C., CapaHa A.M., MakapeHko C.B. BapuaHT Omicron kopoHa-
Bupyca SARS-CoV-2 n ero pasHosugHocTn / cybBapuaHTbl. KinHndeckas rpaxktvka. 2023;14(3):50-68.
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BBEOEHUE. 9BOJllOLUSA

KOPOHABUPYCA SARS-CoV-2

Mo paHHbIM BeceMupHoli opraHrsaumm 3gpasooxpa-
HeHust (BO3) Ha 27.03.2023, B M1pe 3aperncTpmpoBaHbl
761 402 282 noarBep>xAéHHbIX cnyydas COVID-19, B Tom
yucne 6 887 000 cnyyaes cmepT'. BO3 knaccuduum-
pyeT BapuaHTbl KopoHaBupyca SARS-CoV-2, Bbi3biBa-
towero COVID-19, kak BapuaHTbl, Bbi3biBatoLLme obec-
nokoeHHocTb (variants of concern, VOC), BapuaHThbl,
npeacTaengaowmne nHtepec (variants of interest, VOI),
1 BapuaHTbl, HaxoasLwmecs nog HabnogeHmem (variants
under monitoring, VUM). K VOC oTHeceHbl BapuaH-
Tbl Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), Delta
(B.1.617.2) n Omicron (BA.1/B.1.1.529), kaxgbliA ¢ HO-
BbIM HA6OPOM MyTauuii B BUPYCHOM FreHOME, N3MEHSI0-

1 WHO Coronavirus (COVID-19) Dashboard [nHTepHeT]. Pexum
poctyna: https://covid19.who.int/.
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LLIMX NATOrEHHOCTb, TPaHCMUCCUBHOCTb, CMOCOBHOCTb
K YKJIOHEHWIO OT MMMyHUTETa 1 3abonesaemocTb [1].
Kaxpgpim VOC cTan OOMUHMPYIOWMM pPernoHanbHoO
(Alpha B.1.1.7, Beta B.1.351 1 Gamma P.1 — B EBpo-
ne, KOxHon Adprke n KOxKHon Amepuke COOTBETCT-
BEHHO) nnu rnobanbHo (Delta B.1.617.2/AY n Omicron
BA.1/B.1.1.529, BA.2 n BA.5). CteneHb onacHoOCTU
BapuaHTa 3aBuiCUT OT B3aMMOLENCTBUSA TPEX OCHOB-
HbIX (DaKTOPOB — TPAHCMWUCCMBHOCTU, CMNOCOBHOCTU
K YKJIOHEHWIO OT UMMYHUTETA U TSHXKECTU TEYEHNSA VH-
dekummn (KoIM4eCTBO rocnuTann3aunini B OTOENEHUS
NHTEeHCcuBHON Tepanuu). KopoHaBupyc SARS-CoV-2
obnapgaet 60nbwmM reHoMoM (~30 000 HykneoTuaos),
YTO B COYETAHWU C NPEPLIBUCTLIM XapakTepoM TpaHC-
KPUMLMN KOPOHaBMpyca NprBeno K NOSBAEHUIO LUTaM-
MOB C BbICOKOV CKOPOCTbIO FEHETUHECKON PEKOMOUHA-
UMM N BO3HUKHOBEHUSI TOYEYHbIX MyTaLMA, NHCEPLMI
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ABSTRACT

The SARS-CoV-2 coronavirus has been circulating among the world population for 3 years, infecting
hundreds of millions of people. Numerous reports from all over the world indicate that the majority
of infections are caused by the Omicron variant and its subvariants, which predominate over all the
previously emerged variants. The genome of the Omicron strain has accumulated dozens of mutations
that increase the virus’s adaptability and cause the emergence of new variants and subvariants with the
increased contagiousness, transmissibility, and ability to evade the immune response. This compromises
the protection provided by vaccines or the humoral immunity induced by previous infections. Although
the biology of SARS-CoV-2 is well understood, its ability to infect, replicate, and spread in a population
depends on the specific immune context during different periods of the pandemic. It is assumed that
new variants arise as a result of chronic infection in immunocompromised individuals. The intralineage
recombination is an opportunity for the virus to gain phenotypic advantages from distantly related
circulating variants. The last of the subvariants of the Omicron variant, named «Kraken» due to its
unprecedentedly high transmissibility, is a descendant of the recombinant line. The virus is constantly
evolving in the direction of evading immune neutralization by vaccines, therefore, a constant work is
underway to develop new, more effective vaccines and other antiviral agents.

Keywords: coronavirus; SARS-CoV-2; Omicron; «Kraken»; mutation; infectivity; transmissibility; ability to
evade the immune response; vaccine; antiviral agents.
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n geneunin. B pesynstate MHOXECTBEHHbIX MyTauuid,
npeumyLLecTBeHHO B S(Spike)-6enke BUPYCHOro wmna,
BO3HVK/N HOBbIE BapUaHTbl C pPa3HbIM/ CBONCTBAMMU.
Hanpumep, MOBbILWEHHON KOHTarmo3HocTeto Omicron
06s3aH myTaumam S371L, G339D, S375F, S373P,
K417N, N440K, S477N, G446S, E484A, T478K, Q493K,
Q498R, G496S, N501Y 1 Y505H. CuMmnToMmbl MHEKL N
Omicron MmeHee onacHbI 1 YPOBEHb NETANIBHOCT HUXKE,
YeMm y ApyrvMx BapuaHToB, HO OH Bonee 3apaseH 1 Me-
Hee YyBCTBUTENEH K BakuuHam [2].

Lo nossnenns Omicron VOC BO3HUKAM 1 pa3su-
BaJIMCb HE3ABMCKMO APYr OT ApYra, U KaXKAbln N3 H1NX
ObICTPO CTan AOMUHVPYIOLLMM Ha PEernoHanbHOM 1u
rnobanbHOM ypoBHe. Tenepb NocnefnoBaTenbHble BON-
Hbl MaHAEMUK BbI3bIBaOT cybBapraHTel Omicron, KOTo-
pbIN DUIOrEHETNYECKN OTIMYAETCA OT 60s1ee paHHNX
wTtammoB SARS-CoV-2, Bkntovasi npeabiayLmin gomMu-
HupoBaBLwuii BapmaHT Delta [3]. Ycnex kaxporo VOC
No CPaBHEHNIO C paHee JOMUHPOBABLUVIM BapUaHTOM

obecrneyeH reHeTUHECKUM N3MEHEHNEM (DYHKLIMIOHAb-
HbIX CBOMCTB W @aHTUFEHHOCTU BMpYCa, NPULAIOLLMU
€My CMOCOBHOCTb YKJIOHATBLCA OT ryMopasibHOro Um-
MyHHOro oteeTa. dsostoums SARS-CoV-2 B KOHTEKCTE
BPOXXAEHHOMO 1 MONYSALNOHHOIO UMMYHUTETA OEMOH-
CTPUPYET CNIOXKHYIO B3aVMOCBSI3b MEXAY aHTUMEHHO-
CTbt0, TPAHCMUCCUBHOCTbLIO 11 BUPYNIEHTHOCTLIO BUPY-
ca, 4YTO UMeeT Henpeackasyemble MocneacTsus ANs
oynyweii TpaekTopun COVID-19. [1ns 06L,eCTBEHHOIO
3[PaBOOXPAHEHNSI Ba)XHO MOHSTb ABWXYLUME CUIbl
npucnocobnsemoct SARS-CoV-2, koTopas 3aBucut
OT (PaKTOpOB, ONPEAENSIOLMX ero CMOCOBHOCTb VH-
durympoBatb, penmunpoBaThCs B KJETKE 1 pacnpo-
CTpaHATLCA B nonynauun [2].

BAPUAHT OMICRON

Anupemuonorua Omicron

BapuaHt kopoHasupyca SARS-CoV-2 Omicron
(BA.1/B.1.1.529), KoTOopbIN B KOHLE HOs16pst 2021 ropa
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npusHaH BO3 BapuaHTom VOC, xapaktepuadyeTtcs
6ecnpeLefeHTHO BbICOKOW CKOPOCTbIO pacnpocTpa-
HeHus. PaHHre faHHble n3 KOxxHo-AdpurkaHckon Pec-
nyonukn (KOAP) n BennkobputaHum n nocnepytowime
COOOLLEHNA U3 OPYrnx PErmoHOB Mupa CBUOETESb-
CTBYIOT O TOM, 4YTO ObICTPO PacnpOCTPaHAILLMIACS
Omicron MeHee onaceH, Yem ero nNpeaLecTBEHHUK
Delta, koTopbI OMVWHMPOBAN B MUPE C CepeauHbl
2021 ropa. OgHako rmnepTPaHCMNCCUBHOCTL LUTaM-
ma Omicron npusena K 6bICTPOMY 3aMosIHEHNIO 60JIb-
HUL, HECMOTPS Ha CHUXEHWE TSAXKECTU Bbl3blBAEMO-
ro um 3abonesaHus. 30 gekabps 2021 roga Bnactu
HOAP ob6bsaBunn, 4To cTpaHa npeoponena nuk 3abo-
JIeBaeMOCTM HOBbIM BapuaHToM 6e3 3Ha4YNTEeNbHOro
BCMJlecka netanbHOCTU. A B OTYETE NpaBuTENbCTBA
BenukobputaHun ot 31.12.2021 roBopuTCs, 4TO XUu-
Tenun AHrammn, uHguumposaHHele Omicron, BOBOeE
pexe Hy>XpatTcs B rocnutanusauumu, 4em nHpuum-
poBaHHble BapnaHTom Delta. Tem He MeHee Hanun4yne
Ha MOMEHT nosiBneHns Omicron MMMyHUTETa NPOTUB
SARS-CoV-2, KoTopbIli MHOT1E NIOAW NONYYUIN B pe-
3ynbTaTe BakumHaumm, MHEKLMN UK TOrO 1 [pyroro,
He MO3BOJISET YBEPEHHO YyTBeEpXAaTb, 4To Omicron
BbI3blBaeT 60siee nérkyto opmy 3aboneBaHnsi, Yem
6onee paHHue BapuaHTbl [4].

B CLUA Omicron nepBble KIMHUYECKN NOaeHTUN-
uuposaH 01.12.2021, K KoHUY aekabps ctan npeobna-
garowmm wrammom, n K 15.01.2022 Ha Hero npuxoaun-
nocb 99,5% cekBeHMpOBaHHbIX 06pa3uoB. BapuaHT
Omicron 6onee 3apaseH, HO MeHee BUPYSIEHTEH, YeM
paHee UMpKynupoBaBLine BapuaHTbl. [10 AaHHbIM
cuctembl anupgHagsopa CLUA, B nepuop npeobna-
panunsa wramma Omicron (19.12.2021-15.01.2022) ce-
MUOHEBHBIA MakCUMyM 4ucnia CMepTei Obl1 HUXE,
4yeM B npefbigyLline nepuodbl, a YACAO rocnuTanu-
3auuin B OTAENEHNS MHTEHCUMBHOWM Tepanuu noYTu He
nameHunocb. B 199 6onbHuuax CLUA cpepnHsas npo-
OOMKNTENBHOCTb NPebbIBAHNS U MPOLIEHT NauneHToB
c COVID-19, rocnutannM3npoBaHHbIX B OTAENEHNS
WHTEHCUBHOW Tepanumn n ymepLmnx B 60nbHuLE, Oblan
MeHbLUe B TeyeHne nepruoga Omicron, Y4em B nNpedbl-
gywme nepuogbl. Takum o6pas3oM, TSXKECTb Tede-
Hus COVID-19 B nepuop, pacnpocTtpaHeHuss Omicron
HI>KE, YeM B MpefblayLLme Nepnonbl BbICOKON TpaHce-
MUCCUU, YTO, BOSMOXXHO, CBA3aHO C 6ONbLUUM OXBa-
TOM BakuuHaunen n NHMPEeKLMOHHO-NPUOBPETEHHBIM
UMMYHUTETOM, KOTOPbIE CHMXKAIOT TsXXecTb 3abo-
NeBaHns, a Takxe 6o0siee HU3KON BUPYSIEHTHOCTBIO
wramma Omicron. LLtamm Omicron Bbi3biBaeT 60nee
CUJIbHYKO UH(PEKLMI0 BEPXHUX OblXaTesNbHbIX MyTeMN,
HO MeHee TSXKENOe KNMHNYECKOe 3aboneBaHne HUX-
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HUX AbIXaTesbHbIX MYTEN MO CPaBHEHU C APYrUMU
BapuaHTamu KopoHasupyca [5].

Osonouusa sapmaHta Omicron

BapuaHT Omicron Bnepsble 6b11 06Hapy>keH B KO-
Hon Acbpurke n boTtceaHe B Hosi6pe 2021 roga [6]. Konu-
4ecTBO MyTauuin B reHome Omicron 6osbLue, YeM B re-
Home ntoboro gpyroro wramma SARS-CoV-2, K S-6enky
BMPYCHOro wuna oTHocsaTes 37 myTauui (tadn. 1) [3].
LLItamm Delta, ons cpaBHeHus, umeeT 9 MyTaLuii B reHe
S-6enka. MyTauum B peLenTop-CBA3bIBAOLLEM AOMEHE
(receptor binding domain, RBD) S-6enka perynupyoT
hyHKUMOHaNBHOCTL 3TON obnacTu [7].

B pesynstate myTaumin Kk anpento 2022 roga 3Bo-
noumnsa reHoma Omicron BA.1 npusena K nosiBAEHNIO
cybBapraHToB, KOTOpble 0603HayawTca kak BA.2,
BA.3, BA.4, BA.5 [8]. BapuaHT BA.2 ¢ Hanbonee pes-
KM POCTOM u4mucna cnydaeB B 163 cTpaHax nocte-
NMeHHo BbITecHUN ucxodHbli Omicron BA.1, a 3atem
ero npoumssogHble (cybBapuaHTel BA.2.12.1, BA.2.3,
BA.2.75, BA.2.75.2, BA.2.9, BA4 n BA.5 ¢ nosbl-
LUEHHOW CMOCOBHOCTBIO YKIOHATLCHA OT MMMYHMTETA
N BbI3blBaTb peuHdekuun) 3ameHnnn BA.2. BapunaHT
Omicron BA.5 Hakonun [OMNOSIHUTESbHbIE MyTaumm
B S-6enke n cTtan npeobnagawLliyM BapuaHTOM BO
BCEM Mupe B ntoHe 2022 roga [9]. Ha ToT MomeHT BA.5
NPOAEMOHCTPUPOBAN CUMbHENLLIEE UMMYHHOE YKJIO-
HEHWNE OT aHTWUTES, MHOYUMPOBaHHbIX NHAEKLMEN NN
BakuuHauuenn npotus SARS-CoV-2, n TepanesBTude-
CKNX MOHOKJIOHanbHbIX aHTuten [8]. OgHako Henpe-
pbiBHas aBontouns sapmaHta Omicron npreena K BO3-
HVKHOBEHMNIO [OMNOJIHATENbHBLIX CYONUHWIA, BKJHOYas
BQ.1 n BQ.1.1, c oTHOCUTENBHON OONEN BCEX CEKBEHM-
POBaHHbIX BapMaHTOB BO BCEM MUpe, COCTaBAsABLUEN
0,1% B aBrycTte 1 49,7% B Hosi6pe 2022 roga. Ysenu-
YeHne CnocOBHOCTN YKJIOHEHNSI OT UMMYHHOIO OTBE-
Ta cy6BapuaHToB BQ.1 n BQ.1.1 no3sonseTt um 3apa-
>KaTb BaKLMHNPOBaHHbIX NIOAEN 1 BbI3AOPOBEBLUNX OT
COVID-19. PacnpocTpaHsoTCs MOTOMKK BapuaHTOB
BA.4 n BA.5 — cybnuHnm BQ.1, BQ.1.1, BF.7 n BA.4.6.
Cy6BapuaHT BQ.1, BbisiBNEeHHbIN B 65 cTpaHax, cogep-
XUT MyTauumn S-6enka N460K 1 K444T B aHTUIreHHbIX
cavitax, cybnnHna BQ.1.1 copepxut dyHaaMmeHTansHo
BaXKHyto MyTaumio R346T, npugatoLtyo cnocobHOCTb
K YCUNEHHOMY YKJIOHEHUIO OT MHAYLIMPOBAHHbIX Bak-
LUWHOM 1 MOHOKJOHanbHbIX aHTuTen [10-12]. 9tu Ba-
PUaHTbI UMEIOT MPENMYLLECTBO B YCUIIEHHOM POCTE MO
CpaBHEHWIO C apyrumn cybsapuaHTamu. Bce HoBble
BapuaHTbl 1 cybBapuaHTbl 06nagakT MOBbILLEHHON
YCTOMYMBOCTBLIO K HENTpanusauuy aHTuTenamm, o0co-
6eHHO BA.2.75.2, BQ.1 n BQ.1.1 [13].
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Tabnuua 1/ Table 1

MyTauuun sapuaHta Omicron un ero cy6sapuanTos (ECDC?) /
Mutations of the Omicron variant and its subvariants (ECDC?)

BapuaHT MyTauun B S-6enke

G339D, S371L, S373P, S375F, K417N, N440K, G446S, S477N, T478K, E484A, Q493R, G496S,
BAA1 Q498R, N501Y, Y505H, A67V, HV69-, T95I, G142D, VYY143-, NL211l, 215EPE, T547K, H655Y,
N679K, P681H, N764K, D796Y, N856K, Q954H, N969K, L981F

G339D, S373P, S375F, T376A, D405N, R408S, K417N, N440K, G446S, S477N, T478K, E484A,
BA.2 Q493R, Q498R, N501Y, Y505H, T191, JTMNM24-26-/A27C, G142D, V213G, D614G, H655Y, N679K,
P681H, N764K, D796Y, Q954H, N969K

G339D, S373P, S375F, D405N, K417N, N440K, G446S, S477N, T478K, E484A, Q493R, Q498R,
BA.3 N501Y, Y505H, A67V, HV69-, T95I, G142D, VYY143-, NL211l, H655Y, N679K, P681H, N764K,
D796Y, Q954H, N969K

G339D, S371F, S373P, S375F, T376A, D405A, R408S, K417N, N440K, L452R, S477N, T478K,
BA.4 E484A, F486V, Q498R, N501Y, Y505H, T19I1, L24_P26del, A27S, H69_V70del, G142D, V213G,
H655Y, N679K, P681H, N764K, D796Y, Q954H, N969K

G339, S371F, S373P, S375F, T376A, D405A, R408S, K417N, N440K, L452Q, S477N, T478K,
BA.5 E484A, Q493R, Q498R, N501Y, Y505H, T19I1, L24_P26del, A27S, G142D, V213G, H655Y, N679K,
P681H, S704L, N764K, D796Y, Q954H, N969K

BA.2.75 (VOI) G446S, N460K, W152R, F157L, 1210V, G257S, D339H, K147E, Q493 (pesepcus)
BA.2.75.2 F486S

BA.2.12.1 L452Q

BA.4.6 R346T, N658S

BF.7 (VUM) R346T

BQ.1 n BQ.1.1 (VOI)
B.1

XBB* (VOI)
XBB.1
XBB.1.5" (VOI)
XBC** (VUM)
XE

BN.1 (VUM)
CH.1.1 (VUM)
XAY (VUM)
XBB.1.16 (VUM)

N460K, K444T, R346T
D614G

N460K, F490S

G252V

N460K, S486P, F490S, Q183E
N440K, F486P

C14599T, V1069I, C3241T
R346T, K356T, F490S
K444T, L452R

F486P

E180V, T478R, F486P

Mpumevanume. EBponeinckuii LeHTp NpodunakTuky n KoHTpons 3abonesanuin (European Centre for Disease Prevention and
Control, ECDC) nckntounn BA.2, BA.4 n BA.5 n3 ceoero crnmucka VOC SARS-CoV-2, NOCKONbKY 3TN POOUTENBCKUE NINHUN
6onbLUe HE LIMPKYNMPYIOT 1 HE UMEKOT OTHOLLEHNS K 3NMAEMMonorndeckon cutyauumn. * XBB u ero cybsapuaHTbl, 3a NCKO-
YyeHvem XBB.1.5 n ero cy6nunuia; ** rpynna XBB.1.5-nogo6HbIX BapnaHToB BKAOYaeT B ceba cybnunHum XBB.1.5, XBB.1.9.1,
XBB.1.9.2 n XBB.1.16, koTopble NMEIKOT CXOXKne Npodunn S-6enKoB U XxapakTepusyTcs onpeaenéHHbIM HabopoM MyTauuii
(Q183E, F486P 1 F490S); *** pekombuHaHT Delta (211)/BA.2.

Note: European Centre for Disease Prevention and Control (ECDC) has excluded BA.2, BA.4 and BA.5 from their VOC
SARS-CoV-2 list, since these parent lines are no longer circulating and are not relevant to the epidemiological situation.
* XBB and its sub-variants, with the exception of XBB.1.5 and its subline; ** XBB group.1.5-like variants includes XBB
sublines.1.5, XBB.1.9.1, XBB.1.9.2 and XBB.1.16, which have similar S-protein profiles and are characterized by a certain set
of mutations (Q183E, F486P and F490S); *** Delta (211)/VA.2 recombinant.

2 European Centre for Disease Prevention and Control [nHTepHeT]. SARS-CoV-2 variants of concern as of 7 September 2023. Pexxum
pocTtyna: https://www.ecdc.europa.eu/en/covid-19/variants-concern.
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BapuaHTtbl 1 cy6sapuaHTel Omicron obnagatoT
LUMPOKUM CMEKTPOM FEHETUHECKOro pas3Hoobpasus
N PasfiyHbIMN MeXaHN3MamMun YCKOJb3aHnsl OT UMMYH-
Horo oteeTa. Cy6BapuaHTel Omicron HecyT MyTaumm
N969K, Q954H, D796Y n N764K B cybbeguHuue S2;
Y505H, N501Y, Q498R, E484A, T478K, S477N, N440K,
K417N, S375F, S373P, S371L/F n G339D — B gome-
He RBD; G142D — B gomeHe NTD (N-terminal domain)
S-6enka, KOTopble YBENNYMBAIOT €r0 CMOCOOHOCTb U3-
6eratb HENTPANU3YIOLWMNX aHTUTEN, UHOYLMPOBaHHbIX
€CTECTBEHHOWN nHdekumen nnn sakumHaumen. Ceroa-
HA HET 3NMAEMUONIONMYECKUX OaHHbIX, CBUAETENbCT-
BYIOLLMX 00 yBENNYEHUN TSHXKECTU 3a00NEBaHNs, BbI3-
BaHHOro cybsapuaHtamm Omicron [7]. Mytaums D614G
BbI3blBAaET KOH(POPMAUNOHHOE M3MeHeHne S-6enka,
nosbiwas adhPUHHOCTL ero CBS3bIBAHUS C KJIETOHHbIM
peuentopom ACE2 (angiotensin-converting enzyme-2).
D70, B CBOI 04epenb, MOBbILLAET KOHTArMO3HOCTb BU-
pyca SARS-CoV-2, obecrneunBast eMy NONOXKUTENbHbIN
OTOOP M MOCTOSHHOE MPUCYTCTBME B YESIOBEYECKOM
nonynsauun. MyTtauns D614G B reHome Omicron u ero
cybBapuraHToB cBsA3aHa ¢ yckonb3aHnem SARS-CoV-2
OT UMMYHHOIO OTBETa, MOBBILEHHON CMOCOBHOCTHIO
K TPaHCMUCCUM U PEeninkauum, NMoBbILLEHHON YacTo-
Tol penHdekumnn. K cHacTbio, HECMOTPS Ha BbICOKYHO
CKOpPOCTb TpaHcmuccumn, myTtaums D614G He cBasaHa
C MNOBbILIEHHON NeTanbHOCTLIO [14].

PasnuyHble BapuaHTbl Omicron MMEOT pasHble
npocunmn MyTauuii, o0cobeHHo B S-6es1Ke, KOTOpble Ur-
patoT peLuaroLLyo posib B aBofoLmmu Bupyca. o cpas-
HeHnto ¢ S-6enkom npeakosoro wramma HU-1/Wu01
(Wuhan-1, wtamMmm gukoro Tuna ua YxaHs), S-6enok
Omicron BA.1 copepxut 6onee 30 mytaumn [15]:
B YacTHOCTU, MyTaumn B goMeHe RBD S-6enka Omicron
3HAYUTENBHO M3MEHSAT KOHpopmaunio RBD, ycunu-
Basi CNOCOBHOCTb YKJIOHATLCSA OT UMMYHHOIO Hag3opa
N CHMXast TEM CaMbIM KIIMHUYECKYO 3(DPEKTNBHOCTb
BakUMH [16]. B MHOro4ncneHHbix nccnegoBaHUsax co-
obuanocn, 4To cybsapmnaHTel BA.4 n BA.5 noBTOpHO
3apakanu Tex naymneHToB, KOTOpbIE YXXe Bbi30opoBe-
m oT nHdpekunn BA1 nnm BA.2 [16, 17].

leHeTu4Yeckasi pekomMbuHayus

B cnyvasax gnuTenbHOM KOUHMEKLMN BapuaHTOB
SARS-CoV-2 npoucxoguT pekoMOBuHaLms BUPYCHbIX
reHOMOB C 06pa30BaHMEM HOBbIX PEKOMOVHAHTHbIX
JIMHWIA. PeKOMOVHAHTHbIE BapuaHTbl COep)XaT MyTa-
Lun, npugaroLme natoreHHble CBONCTBA, OTINYHbIE OT
CBOWCTB POAUTENLCKUX NUHUA. K peKOMOUHAHTHBLIM
BapuaHTaM OTHOCAT 00 2,7% CEeKBEHUPOBAHHbIX re-
HoMOB SARS-CoV-2. BOnbLMHCTBO W3 HUX BO3HUK-
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10 B pes3ynbrate pekoMbrHauum mMexay COBMECTHO
LuMpKynupyowmmn cybnnHuamm Omicron (BA.1, BA1.1
nnm BA.2) n wtammom Delta. PekombyHaHTbI, KOTOpbIE
CofEep>XXaT reHeTUYECKNE 3NIEMEHTbI BbICOKOMATOrEeH-
Horo BapuaHTa Delta AY.4 n BapuaHta Omicron BA.1
C BbICOKOW CTEMNEHBbID UMMYHHOIO 136eraHns 1 TpaHc-
muccum, Hassanu «Deltacron» [18].

BapuaHT XBB, BO3HUKLUWI B pe3ynbrate pekomoun-
Hauum mexagy cyonuHusimm BA.2.10.1 n BA.2.75, Bnep-
Bble 0OHapy>eHHbIi B VIHanm B sHBape 2022 ropa,
pacnpocTtpaHsetca B Asum, Espone n CLUA [3].
K HacTosiwemy BpemeHn chopmMrpoBanuch nATb OC-
HOBHbIX cybnuHuin XBB (XBB.1-XBB.5), npu 3Tom
OOMBLUIMHCTBO Clly4yaeB MPUXOAMTCA Ha cybnu-
Huo XBB.1 [19]. Cy6eapuaHt Omicron XBB.1.5, no-
nyunswinn nms «Kraken», ABNSeTCAS NOTOMKOM 3TOW
PEKOMOVHAHTHON NIMHWK. TlOMUMO 3TUX CyOnUHWNA,
pacnpoCcTpaHeHbl PeKOMOWHaHTHble BapuaHTbl XD,
XE, XS n XF, KOTOpble BbI3bIBAOT CEPbE3HbIE NH(EK-
uun. CybsapuaHT XE npencrasnsaeT coboi pesynsraTt
pekoMbuHaumn nuHnii BA1 n BA.2, KoTopbin coaep-
XKWUT TPW HOBble MyTauun, KOTOPbIX He OblNo B Cy6-
BapmaHTax BA.1 n BA.2 (cm. Tabn. 1), n obnapaet
B 10 pa3 6onee BbICOKOI CKOPOCTLIO 3apaXkeHusi, Yem
cybnunns BA.2. BapuaHTtbl XD un XF — pekoMOuHaHTbI
mexay Omicron BA.1 n Delta [20]. HeT pokasaTenscTB
TOro, 4To Kakon-nnmoo 13 H1UX obnapgaet 60sbLUEl KOH-
TarnosHocTbto, Yem Omicron BA.1, n 6onbLuel KINHN-
4YeCKOW TAXeCTbHo, YeMm Delta [21].

[eHeTu4eckasa pekoMOUHaUUsS SBNSIETCA 3BOJIO-
LMOHHbBIM MEXaHN3MOM, KOTOPbI MOCTOAHHO N3MEHS-
€T reHeTnyeckoe pasHoobpasme SARS-CoV-2, noa-
TOMY HeNnb35 UCKNYNTb NOsiBAeHMe B OyayLlem ewwé
6onee BbICOKOTPAHCMUCCUBHBLIX PEKOMOUHAHTHbIX
BapuaHToB [18].

KnuHu4yeckue nposiBneHus nHpekuum,

Bbi3biBaeMoi Omicron

BapuaHT Omicron (BA.1/B.1.1.529) okasancsa 6onee
3apasHbIM, HO MEeHee CMEPTOHOCHBbIM, YEM BapuaHT
Delta, n 3a Heckonbko Hefenb pacnpocTpaHuncsa 6o-
nee 4yem Ha 150 cTpaH n Tepputopwuii, BoiaBaB 60JIb-
wow Bcnneck cnydyaes COVID-19 no Bcemy Mupy.
OCHOBHbIMUN KJIMHUYECKUMU NPOSBIEHUAMU ABASIOTCS
CUMMNTOMbI NIErKon NHQEeKLN.

M.K. Kim n coaBT. [22] onucanu KIIMH1KO-3nmgemMmo-
JIOrnyeckKne XapakTepucTukn nepsbix 40 naumeHToB
(55% >xeHLwH) ¢ nHekumen Omicron, N30IMPOBaH-
HbIX B HaunoHanbHOM MeanuMHCKOM LeHTpe HOXKHON
Kopewu B nepuog ¢ 04.12. no 17.12.2021. MegunaHa BO3-
pacta naumeHToB cocTtasBuna 39,5 net. [MonHocTblO
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BaKLMHNPOBaHHbIMU 6binn 17 (42,5%) nauneHToB, 1 HI
Yy OQHOrO M3 HUX 3apakeHue wrammoMm Omicron He
66110 NOBTOPHBIM. Y 19 (47,5%) naumeHTOB 3abone-
BaHWe NpoTekaso 6eCCMMNTOMHO, Y OCTaslbHbIX ObIn
nérkue cumntomel. Y 6 (15%) naumeHToB Ha KOMMbLO-
TEepHOI ToMorpaduv rpyaHON KNeTKn o6Hapy KeHbl UH-
nnbTpaThl B NEFKUX, HO HU OAMH U3 HX HE HY>XAancs
B AOMONHNTENIbHOM KUCIOpOae.

Mo coctosHuio Ha 09.03.2023, BapuaHTel Omicron
BA.2.75, BQ.1, XBB u XBB.1.5 «Kraken» oTHOCsTCS
K VOB. XoTs cnyvan rocnutanvsaumi MHuumMpoBaH-
HbIX WTammomM Omicron MeHee 4acTbl, 4eM UHPULMPO-
BaHHbIX NpeablayLwmMn BapuaHTamu, y rocnmranmau-
POBaHHbIX NALMEHTOB MOXKET Pa3BUTLCS 3ab0NeBaHue,
cpaBHUMOE C Tshkénon dopmori COVID-19, Bbi3biBa-
emon wrtammom Delta. Y nHMUUMpOBaHHbIX WTamma-
M Omicron n Delta HabntogatoTcs 3KBMBANEHTHbIE
NHMEKLMOHHBIE TUTPLI BUPYCa, HO MUK BupycHoin PHK
npu nHpekumsax Omicron HUXe, Yem npu NHEKLMSAX
Delta. MocTynuelive B OTAENEHUS UHTEHCUBHOW Tepa-
Nn NauneHTbl ¢ nHpekumen Omicron B TON Xe CTeNneH
HY>XJannCb B AOMOSIHUTENBHOM KUCNOPOAE, YTO 1 Na-
UMeHTbl, nocTynuBLmne ¢ uHdekumen Delta. BupycHas
Harpyska 6blia cxogHoM B 06pasLax nauneHTos, MHGK-
uMpoBaHHbIX wTammam Omicron u Delta, HesaBucrumMo
OT cTaTyca BakumHauuu. [Npy aToM BblgeneHne nHhek-
LMOHHOrO BMpYyca 6bl10 0OOQMHAKOBbIM Y MHULMPOBaH-
Hbix Omicron HeBaKUVMHMPOBAHHbBIX UL, MOJIHOCTBIO
BaKLMHUPOBaHHbIX 1 MOYHMBLUMX peBaKumHauumio [23].

MpeobnagaloWwymMn  KIMHUYECKUMI  MPOSIBNIEHUSA-
Mu wTtamma Omicron SBASOTCA Kalleflb, HacMOpPK
n yTomnsemocTb. Kpome TOro, pacrnpocTpaHEHHbIMU
CUMATOMaMun ABNSATCA 60/b B ropae U XpUnnbli ro-
1oc, nMxopapka, cunbHas ronosHas 6onb [24]. OcTpble
CUMMTOMbI Y MHPULMPOBaHHbIX BUPYycoM Omicron Ha-
6nofannch B TEYEHUE MEHee ONTENIbHOrO nepuopa
(B cpegHeMm 6,9 oHs), 4eM y NaLMeHToB, MHDULMPOBaH-
Hbix Delta (B cpeaHem 8,9 OHsl). bonbluee KONNM4eCTBO
6EeCCMMNTOMHbIX HOCUTENEen MAEHTUULMPOBAHO BO
Bpemsi Bcrbiwky Omicron. BapmaHTel Omicron He Bbli-
3bIBAOT 3HAYMTENBHOW NOTEPU MACChl TENA; BUPYCHas
Harpyska, CTeneHb MOBPEeXOeHus NErkux, netasb-
HOCTb MEHbLLE MO CPaBHEHMIO C APYrMM LUTaMMaMU.
Omicron nMeeT TEeHOEHUMI0O OCTaBaTbCs B BEPXHUX
ObIXaTenbHbIX MYTHAX (HOC, FOPAo 1 BPOHXK), a He pac-
npocTpaHaTbCA Brnybb nérkmx [25]. B Benukobpu-
TaHUW, B NPOCMEKTVBHOM KOrOPTHOM WCCefoBaHum
B3pocbix (=18 neT), rocnuTannMa3npoBaHHbIX B 60sb-
HULbl HEOTNOXKHOM MOMOLLM C OCTPbIM 326051EBaHNEM

3 European Centre for Disease Prevention and Control [uHTepHeT].
COVID-19. Pexxum goctyna: https://www.ecdc.europa.eu/en.

HVDKHUX OblXaTeflbHbIX MYyTEN, YCTaHOBMEHO, YTO Be-
POSATHOCTb rocnuTanusauum, NoTpebHOCTU B UCKYC-
CTBEHHOW BEHTUNALMK NErkux n 6onee MHTEHCUBHOM
Tepanuu, a Takxe npebbiBaHns B 6osbHMLE 6Gonee
3 gHelt ¢ Omicron mMeHbLUe Mo cpaBHeHuto ¢ Delta Ha 58,
67 1 16% COOTBETCTBEHHO [26]. DTN HETSKENBIE CUMI-
TOMbl OMUCHLIBAKOTCA B COOOLLEHNSX PasHbIX pPeruno-
HoB Mupa o COVID-19 ¢ BapuaHTom Omicron [27, 28],
OfHaKo TSHKEnble cnyYan C MHEBMOHMWEN, OblXaTesb-
HOI HEeJOCTaTOYHOCTBLIO U NETaNbHBIM MCXOL40M TaKXXe
BO3MOXHbI. Y 36,1% uHbuumpoBaHHbix Omicron nto-
Oen He OBHapy>XeHbl HYKakKue aHTutena, 62,7% npo-
gyumposanu I1gG, a 1,2% — IgG n IgM [7].

Jliogm Monogoro n cpegHero Bo3pacTa u geTu Jatle
3apaxkaroTcsa wrammom Omicron, 4eM 3TO NPONCX0aun-
10 BO Bpems npeabiaylimnx BOMAH NaHOeMun, OOHaKo
B 6onbWMHCTBE cnyyaeB uHdekumn Omicron rocnu-
Tanu3auum He Tpebyetcs [29]. MNMoka HeACHO, CBSI3aHO
JIN 3TO CO CHWXKEHWEM BUPYJIEHTHOCTM BUpyca uiv
C UMMYHWUTETOM UHMULMPOBaHHbIX. PakTopamn puc-
Ka pasButus Tsxxkénoro tedeHns COVID-19 y nHpuuym-
poBaHHbIX WwTammom Omicron, Kak 1 npegpiayLwmMm
LWwTaMMamu, SIBASIOTCS MOXunon Bo3pacT (=60 ner)
N CONyTCTBYIOLLME XPOHUYeCKNe 3abonesaHus [30].

B yHuBepcuteTe MpeTtopun (FOAP) npoBenéH cpas-
HUTENbHbIN aHanu3 466 cnyyaes rocnuMTanu3aumm
¢ COVID-19 co pgHs nepsBoro obHapyXeHus LiTam-
ma Omicron B.1.1.529 (c 14.11.2021 no 16.12.2021)
n 3962 cnyyaes rocnutanusauunm c 04.05.2020 po
BCMbilwkn Omicron (BO Bpems npeablgywimx TPEex
BOJIH NMaHAemMuu) ONsi CPaBHEHUS MEPBUYHbIX MOKa-
3aHUA K rocnutanusadnn, KAVMHUYECKOW TSXKECTMH,
YPOBHSI KWUCJIOPOQHON MOAAEPXKKU, BAVSHUSA BaKUuW-
Hauun 1 npepwecTsytoLLen nHgekummn COVID-19. [ns
Omicron 1 npefplayLLmMX BOSH NaHAEMUN NETANbLHOCTb
1 YacToTa rocnuTann3auun B OTAENEHUSA NHTEHCUBHOM
Tepanun coctasum 4,3 npotus 21,3% (p <0,00001)
n 1 npotuB 4,3% (p <0,00001); NPOOOIHKNTENBHOCTb
npebbiBaHUS B OTAENEHNAX UHTEHCUBHOW Tepanun —
4 pHs npoTuB 9 OHeN, a cpegHuii BO3pacT nauneH-
T0B — 39 npoTtmB 50 NneT cOOTBETCTBEHHO. Yucno
rocnutanusauuin B BonHe Omicron AocTUrno nuka
(28.11-05.12.2021) n ObICTPO CHWU3WIOCb, MPU 3TOM
NnMKoBasi 3aHATOCTb KOek cocTasuna 51% ot camo-
ro BbICOKOro nuka Bo Bpems BOJHbI Delta. B uHTeH-
CUBHON Tepanuu Hy>Xxganucb 28% nauneHToB, N3 HUX
45% — B pas3nn4HbIX BUAAxX KUCIOPOAHON MOAAEPXKKI
no cpasHeHutio ¢ 99,5% B nepsoii BonHe COVID-19.
Y 63% nauneHToB, rocnMTasM3npoBaHHbIX MO NOBOAY
Apyroro gmarHosa, 6bin BbigsneH Omicron. 3Tu cny-
Yau 6binn HadBaHbl «crydanHeiM COVID», NOCKONbKY
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OHW OblIN OUarHOCTUPOBaHbl B pe3ysfbTaTe TeCcTUpo-
BaHnst Ha SARS-CoV-2 npu rocnntanusaumn. deHo-
MeH «cnyyariHoro COVID» oTpa)kaeT BbICOKYIO 4vac-
TOTy 6ECCUMMNTOMHOrO TedeHus nHdekumnm Omicron.
ABTOpbI MCCNlefoBaHUs NMpepnonararT, YTO N3MeHe-
HME KJIMHUYEeCKOW KapTuHbl uHpekuun SARS-CoV-2
CBSAI3AHO C BbICOKMM YPOBHEM MPEeLIecTBYOLWEN VH-
dekumm 1 oxBaTa HaceneHus BakuunHauven. [dpyroi
BEPOATHOW MPUYNHON CHVKEHUS TsHKeCTu 3abonesa-
HUS1 U YMEHbLUEHMS YMcna rocnutann3aumnin SsBnseTcs
CHU>XeHue BupyneHTHocT Omicron [31].

M3y4eHne 61onornyecknx N KIMHUYECKUX Xapak-
TepucTuk BapnaHTa SARS-CoV-2 Omicron (B.1.1.529) no
gaHHbiM BO3, LleHTpa no KoOHTponto 1 NnpodunakTuke
3abonesaHnii CLLA (Centers for Disease Control and
Prevention, CDC), EBponeiickoro ueHTpa no npodu-
NaKTUKe 1 KOHTposto 3abonesaHuin (European Centre
for Disease Prevention and Control, ECDC) n gpyrux
opraHunzauuin B nepuog 24.11-09.12.2021 yctaHosuno,
YTO €ro OCHOBHbIMW KJIMHUYECKUMU MPOSBEHUAMM
Cny>aT CUMMTOMbI NErkon MHMeKunn, BKJKYas ro-
JIOBHYI0 60Nb, FrEHEPANN30BaHHYIO MUANTUI0, Kallerb,
OfbILLKY, NepLUeHne B ropne, nuxopagky [32]. Omicron
yTPOUN KOMNYECTBO EXELQHEBHbIX Clly4aeB rocnura-
nm3aunn, OLHAKO KOMMYECTBO eXeOHEBHbIX Clyvaes
WHTEHCVBHOW Tepanun okKasasioCb HUXE B Clyyae UH-
dekumm Omicron BO BCex cTpaHax. Takum obpasom,
CTeneHb TSHXKECTU MHeKLmn Omicron HaMHOIO HUXeE,
4YeM BO BpeMs Benbiwku Delta [33].

B obcepBaunMoHHOM KCCeaoBaHUM C y4acTUEM
2626 nuu, rocnutanuauposaHHbix ¢ COVID-19, nsyye-
Ha pacnpocTpaHéHHOCTb NocT-COVID cuHppoma [34],
M3BECTHOrO Kak «anuvHHbii COVD» (long COVD)
n onpegensemoro BO3 kak cOCTOsiHME, KOTOpOe
«BO3HVKAET Y L, C BEPOSATHOWN WU NOATBEPXXAEHHON
nHpekunen SARS-CoV-2 B aHamHe3e, 06bl4HO Yepes
3 Mecsua oT Havana 3abonesaHusa COVID-19, ¢ cumn-
TOMaMmu, KOTOpble ONSATCS HE MeHee 2 MEeCSALUEB U He
MOryT ObITb OObBSICHEHbI anbTepPHATMBHbLIM OUuarHo-
30Mm» [35]. Hanbonee pacnpocTpaHéHHbIMW NepCUCTr-
pyOLWUMI CUMATOMaMK, O KOTOPbIX Y4aCTHUKN CO06-
Wwanm cnycta 6 mecaueB oT Hadana COVID-19, 6bim
naTonormn4yeckas yctanocTb, OfpblLLKa, rofioBHas 60/b,
OTCYTCTBME KOHLEHTPAUMUM BHMMAHUSA U MbllLEeYHAs
6onb. Cpean y4acTHUKOB MCCefoBaHus, 60aeBLUmnx
BO Bpems Delta-BonHbl, 71% uncnbiTeiBanm >1 cumnTto-
Ma 4eped 3 mecsua n 61% — 4vepes 6 mecsueB. Cpe-
OV y4aCTHMKOB, 60NeBLUMX BO BpeMsi BOJIHbI Omicron,
28% coobLmnmn 06 ogHoM nnu 6onee CUMNTOMOB Ye-
pe3 3 mecsaua n 19% — vepes 6 mecsues [34]. VH-
dekunss Omicron, NO-BUANMOMY, 3HAYUTENBHO PEXe

HAYYHbI OB30P

conposoxgaetcs nocT-COVID cuHgpomom, 4em npe-
Obloyline BapuaHTbl. AHaNorM4Hble pesynsraTbl Mo-
Jly4eHbl B APYrMX UCCeoBaHnsax ¢ 6onee KOPOTKUM
neprofom HabntoaeHus [36, 37]. OgHako ocTaétcs He-
SAACHBbIM, CBSA32HO 3TO CHWXXEHMe 4acToTbl NocT-COVID
cuHgpoma ¢ camum BapuaHToMm Omicron unm MMyHN-
TETOM OT BakUUHaLMW, NpeaLlecTBOBaBLUEN eCTecT-
BEHHOW MH(EKLMN.

BnusHue mytauui Ha 6Guonormyeckue

cBoicTBa BapuaHToB Omicron

KOHTarno3HocTb n TPaHCMUCCUBHOCTb

MosiBneHne BapuaHta Omicron n ero cybsapuax-
TOB BbI3BaN0 POCT 4UCna UHDEKLMNA N PENHDEKLMIA.
B nocnepgHee BpeMsi JOMUHUPYIOT HECKOJSIbKO HOBbIX
cybsapmaHToB Omicron ¢ pasfimyHbIMU MyTaLNOHHbI-
MU NPOUNAMA, 3HAYUTENBHO YBENYEHHON KOHTa-
FMO3HOCTBIO, TPAHCMUCCUBHOCTBIO U CMOCOGHOCTBIO
YKJIOHATBCA OT BaKLMHONHAYLUMPOBAHHOMO NMMYHUTE-
Ta. BupycHas Harpyska Bo BpeMs nHeKuuy wramma
HU-1 Bupyca SARS-CoV-2 BblLLe B H/XKHUX AblXaTesb-
HbIX MYT$IX, a BO Bpemsi nHgekumnm Omicron — B BEpX-
HUX ObIXaTenbHbIX MyTSAX, 0COOEHHO B CIM3UCTbIX 060-
noykax Hoca u ropna [38].

B nHpuymposaHum knetkn supycom SARS-CoV-2
BaXXHyt0 posnb wurpatoT apduHHoCcTb gomeHa RBD
K peLenTopy aHrMoTEeH3nHNpeBpaLlaoLero epmeH-
Ta 2 (angiotensin-converting enzyme 2, ACE2) n pac-
wenneHne S-6enka dypuHoMm. MyTauun B caiiTe pac-
wenneHna S-6enka dypuHom (furin cleavage site, FCS)
n pomeHe RBD 3HaunTenbHO yBENMYMBAIOT KOMNYECT-
BO BMpYyCa B KJIeTKaX, KOHTarmo3HOCTb U TPaHCMKC-
cuBHocTb Omicron. BapuanTbl Alpha, Beta n Delta
obnapgatoT B 7, 19 1 11 pa3 605ee BbICOKON CKOPOCTLIO
TpaHcMmmuccum, 4em ncxogHein wramm HU-1, a Omicron
NpPOOEMOHCTPUPOBaN BABoe (Mm gaxe B 3,2 pasa)
6onee BbICOKYID CKOPOCTb TpaHcmuccum, 4yem Delta,
1 6onee 4yem B 10 pa3 60/bLUYIO KOHTArMO3HOCTb, YEM
apyrve BapuaHTbl [39, 40]. OgHa 13 paHHUX MyTauuia
S-6enka, ogHOHyKneotTugHas 3ameHa D614G, Bo3-
HUKLIAA B Havane naHgemun, yeunuia paclienneHme
S-6enka Ha cybbeamnHulpl S1 1 S2 n obecnevyuna sTum
NPEenMyLLIECTBO B pocTe npuMepHo Ha 20% no cpa.-
HeHuo co wrtammom HU-1. B HacTosLwee Bpems my-
Taums D614G npucyTCTBYET BO BCEX CYLLECTBYHOLUMX
BapnaHTax SARS-CoV-2 [2]. BonblWMHCTBO MyTauumi
RBD yBenuumMBalT 3HEPruto CBA3bIBAHWS W MNAOT-
HOCTb MHTepdeinca mexgy ACE2 n RBD, yto pgenaet
Omicron 6onee 3apasHbim [41]. AddumHHOCTL S-6en-
Ka HekoTopbix BapuaHToB Omicron kK ACE2 HamHoro
BbilLe, YeM Yy Mpeablaywmx BapuaHToB [42]. 3ameHa
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N501Y B npomeHe RBD S-6enka — ogHa 13 Hanbonee
BaXKHbIX MyTauulii, KOTOpas MNoBbilLaeT aprHHOCTb
cBA3biBaHus ¢ peuentopom ACE2, 0co6eHHO B KOMOU-
Hauum ¢ myTaumen Q498R [43]. B pononHeHne K N501Y
myTauumn T478K, S477N, Q496S, Q493R 1 Q498R no-
TEeHUMpYT B3aumopencTene supyca Omicron ¢ pe-
uentopom ACE2, o6pasys ¢ HUM HOBble BOLOPOLHbIE
ceaAsn [44]. Cpegn myTaumi, MNOBbILALWUX NPOSU-
depaumto U KOHTarmo3HOCTb, — [ABOMHas MyTauus
R203K+G204R HykneokancugHoro 6enka B LUtaMMax
Alpha, Gamma n Omicron [45].

Hannune B S-6enke canta FCS saBnsetcs yHu-
KanbHoM ocobeHHocTbio SARS-CoV-2. Y npenkoBoro
wTtamma HU-1 aToT canT 6611 cybonTuManbHbIM 1 pac-
Wwennancsa yprHoM He o4veHb addekTusHo. Nocne-
ayowme wrtammbl SARS-CoV-2 cogepxxat myTtauum,
koTopble n3MeHsoT FCS: Hanpumep, Delta cogepxut
myTaumo FCS P681R, a Omicron — myTauuto B TOM e
nosvnumn P681H n gononHutenbHyto mytaumio N679K,
KoTopble BMecTe ontumuanpytoT FCS, ycnnusas pac-
wenneHne S-6enka u pennuvkauuio. Bce cybnnHum
wramma Omicron cogeprxaT myTauum P681H n N679K,
KOTOpble MO OTAENBbHOCTW WAN BMECTE YCWIMBAKOT
pacwenneHne canta S1-S2 B S-6enke [46]. OgHako
ONTUMM3auuns TONbKO (hYPUHOBOIO CainTa He NoBbILLa-
eT TpaHcmuccusHocTb SARS-CoV-2, onst aToro Heob-
XOOUMbI AOMONHUTENbHbIE MyTauun [2]. Tem He MeHee
cy6nuHnn Omicron NpogosKaT AEMOHCTPMPOBATh
BbICOKYIO TPaHCMUCCUMBHOCTb, YTO nogpasymeBaeT
pasgeneHve mexay adeKTUBHOCTLIO pacLLenneHums
hypuHOM 1 (PYy30reHHOCTbK (CANSHMEM C KNEeToY-
HO MeMOpPaHo) 1 NX BKNaAOM B TPAHCMUCCUBHOCTb
Bupyca [47, 48].

®y30reHHOCTb — CJ/IUSIHUE C KJIETOYHOI

mem6paHoii

OnocpepoBaHHas S-6enkOM CMOCOBOHOCTb CNu-
BaTbCA C KJETOYHOW MeMOpaHoil, Tak HalblBaeMas
ysoreHHocTb (fusogenicity), urpaet BaxkHy ponb
B naTtoreHe3e BUPYCHOWN MHMEKLMN. XOTS TPaHCMUC-
cnBHOCTb Omicron BA.1 npeBOCXOANT TPaHCMUCCHB-
HocTb wTtamma HU-1 n gpyrux VOC, dy30oreHHoCTb
Omicron BA.1 3HaunTENBbHO CHKEHA, YTO corylacyeTcst
C ero CHWXEHHOWN KJIMHUYECKOW MaToreHHOCTbIo [49].
OpHako S. Xia n coaBT. [15] oBGHapyXunm y HOBbIX
cybsapuaHToB Omicron BA.5, BA.2.75, BA.4.6 n BF.7
B 2-4 pasa 6onee apekTuBHOE cnusiHne S-6enka
C KJIETOYHON MeMOpaHol, YeM Y UCXOQHOMO LWTaMma
Omicron BA.1. LLitamm Omicron cogepXxnt myTaumm
B cybbeguHnue S2 S-6enka (N764K, D796Y, N856K,
Q954H, N969K, L981F), koTopble oOTCyTCTBOBaNM

y apyrux VOC, a Takxe Tpu myTtaumm (P681H, H655Y
n N679K) B FCS, KoTOpble yBENMYMBAIOT pacLLlensieHne
S-6enka Ha cyobeamHnLbl S1 1 S2 n obpasoBaHne CH-
UMTMEB, acCOUMMPOBAHHOE C MaToreHe3oM TSHKENoN
dopmbl COVID-19. IMeHHO NO3TOMY OXMUOAN0Ch, YTO
OH Oy[eT BbICOKOKOHTarvO3HbIM W BbICOKONATOreH-
HbIM. [lapagokcanbHbIM 06pa3om 0KasanocChk, YTO WH-
dhekumst Omicron oTAINYAETCSH MEHbBLUEN KITMHNYECKON
TAXKECTbIO MO CpaBHeHWtO co wtammamm HU-1 n Delta.
S-6enok Bupyca Omicron He cnocobeH obecneynTb
CIMsiHNE KNETOK, 06pasoBaHne CUHLTUS U, COOTBET-
CTBEHHO, [OMOMHUTESNBHBIA MyTb PaCnpPOCTPaHEHs
BMpyca B WHMMUMPOBAHHOM opraHuame. CnvsHue
KNEeTOK, UHayLmpoBaHHoe BupycoM SARS-CoV-2, Tpe-
OyeT paclienneHns S-6enka Ha cybobeauHULbl B Npu-
CyTCTBMU TpaHcMeMbpaHHon npoTeasbl TMPRSS2
(transmembrane protease serine 2). HecmoTpsa Ha
Hanuyne MyTauuii, CMOCOOCTBYIOLLUMX PaCLLEMNSIEHMNIO
S-6enka wramma Omicron Ha cy6beamHuLbl S1 un S2,
Omicron HeahPEeKTNBHO UCMNONb3YET KNETOYHbIN akK-
TnBatop S-6enka npoteady TMPRSS2, ot koTopoi
3aBUCUT NPOHNKHoBeHNe SARS-CoV-2 B kneTky [49].
ViccnepoBaTtenu n3 FTOHKOHICKOro yHUBepcuTeTa nog-
TBEpann, 4yto Omicron xyxe, 4em Delta, pennmuu-
pyetcsa B knetkax néroyHon nuHum Calu-3, KoTopas
UmeeT ycTtonumsyto akcnpeccuio TMPRSS2. Omicron
TakXe nokasan 6onee cnabyld aKTUBHOCTb MeX-
KJIETOYHOrO CNMAHWSA 1 06pa3oBaHUsA CUHLUTUEB MO
cpaBHeHUIO ¢ BapuaHTom Delta B kneTkax, akcnpec-
cupytowwnx TMPRSS2. XoTa mHpuuupoBaHue KNeTok
BrpycoM Omicron nprBenio K 6onbLIEMY KOMNYECTBY
04aroB MHgEeKLMK, KaxXapli ovar MHpEeKL N 6bl1 3Ha-
YUTESILHO MEHbLLE MO pa3Mepy o4aros, 06pa3oBaHHbIX
Bupycom Delta. Omicron uHpULMpYyeT AbiXxaTenbHble
nyTn N pasMHoXaeTcs B 6poHxax yenoseka B 70 pas
obicTpee, 4em HU-1 n Delta, HO nHpMUMPOBAHHOCTb
Nérkux Bupycom Omicron 3Ha4YnUTENIbHO HUXKE, YEM
apyrumun wtammamm SARS-CoV-2, 4yTo siBnsieTcs no-
KasaTenem MeHbLUen TsxxecTn 3abonesanus [50]. 13-
MEHEeHNe MapLupyTa BXOLA B KJIETKY yKasblBaeT Ha TO,
YTO OH Hosiee NprcnocobeH ANs penankauum B Bepx-
HUX ObIXaTenbHbIX NyTsx [51].

CwmelueHne knetoyHoro Tponuama Omicron oT
KNeTokK, akcnpeccupyrowmx TMPRSS2 B HWXHUX Abl-
XaTeflbHbIX MNYTAX U >KEeNYyAOYHO-KULLEYHOM TpakTe,
B BEpPXHME OblXxaTesnbHble MyTW W3MEHUSI0 MaToreHes
3aboneBaHns. HesaBncMmo OT deHoTuna paclien-
neHust n akcnpeccun TMPRSS2 Omicron MoxeT uc-
Nnofib30BaTh afbTEPHATUBHBIA MyTb BXOAA B KETKY
C MOMOLLbBI0 3HOOCOMASIbHbIX MPOTeas, TakUMM Kak
karencuHbl. Crnoco6HOCTb MPOHUKATb B 3HOOCOMbI
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CBS3aHa CO CHWXXEHHBbIM NEroYHbIM TPOMU3MOM U CHU-
>KEHHOI naToreHHoCcThbio cybsapuaHTos Omicron BQ.1.1
n BA.2.75.2 [52]. 3TO Nno3BONSAET BUPYCY NHPULMPOBATb
6onbLuee KONMYECTBO KIETOK B PECNMPATOPHOM 3Mu-
Tenun, genas ero 6onee 3apasHbiM 1 NPUBOAS K MOBbI-
LUEHHOW TPAHCMUCCUBHOCTW 1 GONbLUOMY YUCAY Chy-
YaeB peuHdekunn. OgHako y cybsapuaHtos Omicron
BA.4/5, BA.2.75, BQ.1, BQ.1.1 n BA.2.75.2 o6Hapy>xeHa
MOBbILLEHHAs CMOCOOHOCTb K 06Pa30BaHNIO CUHLUTMEB
MO CPaBHEHMIO C NX NPELKOBbIMU BapraHTaMmn. STo MO-
)KET yKasblBaTb Ha COBUM B CTOPOHY 6oee athdhekTmB-
Horo wmcnonb3oBaHus TMPRSS2, 4tobbl obecneuntb
CIsiHME C nnasmaTnyeckon membpaHoi [13].

[Mocne B3aMMOLENCTBUS C KAETOYHbIM peLen-
TopoM obnacTtu rentagHeix nostopos (HR1 n HR2)
B cybbeanHuue S2 S-6enka KopoHasmpyca obpasyroT
CTPYKTYpPY, KOTOpas CTUMYIMPYET ChAusiHAe Bupyca
C KJIETOYHON MEMOPAaHOI 1 NMPOHNKHOBEHWE B KNETKY.
HR1 saBnsetca KoOHCepBaTUBHOW MULLEHBIO, NPOTUB
koTopon S. Xia n coasT. [15] pa3paboTanu nNaHKopo-
HaBUPYCHbI NEenTUOHbIN UHIMGUTOp cnusHua EK1,
KOTOPbI 3PHEKTUBHO MHIMOMPYET MHPEKLUIO BCEX
NMPOTECTUPOBAHHbLIX AyTEHTUYHbIX W MCEBAOTUMNUNPO-
BaHHHbIX KOPOHaBUPYCOB, BKo4Yas wrammbl SARS-
CoV-2 Delta (B.1.617.2) n Omicron (B.1.1.529), a Tak>xe
MERS-CoV n SARS-CoV. Uupkynupytowwme cybsapu-
aHTbl Omicron BA.2.75, BA.4.6, BA.5 n BF.7 ¢ ycunen-
HOWN KNHETUKOW CANSAHNS MO cpaBHeHuto ¢ BA.1 nmetoT
pa3Hble MyTauuoHHble Npodunn S-6enka, HO Ux po-
mMeHbl HR1 ocTaiotcsa HensmeHHbiMU. COOTBETCTBEH-
HO, MHMMBUTOPBI CNMAHNS Ha OcHoBe EK1 coxpaHnsioT
3(PPEKTNBHOCTb MPOTUB 3TUX HOBbIX CybOBapuaHTOB
Omicron. Mpwn atom nentug EK1 nposiBnseT HM3Kyto
UMMYHOTEHHOCTb. Takum 06pa3om, NMaHKOpPOHaBMPY-
CHble NnenTugHble MHMIMOUTOPbLI (hY30reHHOCTU Ha OC-
HoBe EK1 — nepcnekTuBHble KaHOuAaThl Ans paspa-
O0TKN B KaveCTBE KIMHUYECKNX MPOTUBOBMPYCHBIX
areHToB NPOTUB LMPKYIMPYIOLLMX B HACTOSLLEE BPEMS
cybsapuaHToB Omicron [15].

YK/I0HeHne oT UMMYHHOro Hag3opa

BapuaHTOB n cy6BapunaHToB Omicron

Hanbonee TPEBOXXHbBIM OTKPbITUEM SIBNSIETCA CMO-
cobHOCTb HOBbIX BapuaHTtoB Omicron 6narogaps
LOMONMHUTENbHBIM MYTaLMAM akTUBHO YCKOSb3aTb OT
WMMYHHON CUCTEMbI WHMULMPOBAHHOIO YesioBeka
N CHMXaTb 3(PEKTMBHOCTb BakumHauun. HepasHO
nosiBuBLUMIACA cybBapuaHT BA.2.12.1 geMoHCTpupyeT
0COBEHHOCTb, 3aK/04atoLLYHCS B TOM, YTO aHTUTENA,
NPUCYTCTBYIOLLME B OPraHM3Me X0351Ha, CTAaHOBATCS
HeapdeKTMBHbIMY [7].

HAYYHbI OB30P

B cuctematnyeckom o630pe n MeTaaHanmse, Bbl-
MOSIHEHHOM  MEXOyHapOOHOW rpynnor 3KCNepToB,
pacCcMOTpPeEHbl 65 pPeTpOCneKTUBHBIX U MPOCHEKTUB-
HbIX KOrOpTHbIX uccnegoBaHui u3 19 ctpaH, ony6-
NMKOBaHHbIX A0 31 ceHTA6ps 2022 ropa, B KOTOPbIX
cpaBHuBann puck 3abonesaHnss COVID-19 ¢ puckom
penHbekumn SARS-CoV-2. BhheKTVBHOCTb 3auThbl
OT pevHMEKUMN OLeHMBaNM MO XapakTepy TeyeHus
(MHbeKUMA, cMnTOMaTYECKOe 3ab0NeBaHne 1 TSKE-
noe 3aboneBaHune), BApnaHTy U BPEMEHN C MOMEHTa
3apaxeHus. MeTaaHanu3 nokasan, 41O 3awmrta oT
NH(EKUMM 1 CUMATOMAaTUYECKOro 3abonesaHns bbina
Bblcokol gnsa wrtammos HU-1, Alpha, Beta u Delta, HO
3HaunTENBHO HKe ansa Omicron BA.1. Co BpeMeHem
3almTa oT NOBTOPHOro 3apakeHus wrammamm HU-1,
Alpha, Beta n Delta HeckonbKO CHM3unach, HO 4epes
40 Hepenb nocne BbI3OOPOBMIEHNsT OCTasanacb Ha
ypoBHe 79%. 3awmTa OT NOBTOPHOIO 3apakeHus Ba-
praHToM Omicron cHxanack 6eicTpee 1 4epes 40 He-
nenb oueHusanack B 36%. B To e Bpemsa 3awmTa OT
TSXKENbIX hopm 3abonesaHns Yepes 40 Hepenb ocTa-
BaJlacb BbICOKON ansi Bcex BapuaHTos: 90% ans HU-1,
Alpha, Beta n Delta n 89% gna Omicron BA.1 [53].

MonynaunoHHbIA nMMyHUTeT nNpotms SARS-CoV-2
NUMEET peLuatoLLiee 3Ha4YeHNe A1 OLEHKN prCKa 3apa-
YKEHVSI U NPeoTBpaLLEHNS (CMArYeHUs) NoCneacTBU.
C aTOI Lenblo B MHOMOLEHTPOBOM UCCe0BaHUN U3Y-
4Ynnm ceponpesaneHTHoCcTb SARS-CoV-2 n HelTpanu-
3YIOLLY aKTUBHOCTb CbIBOPOTKM MPOTUB BapuvaHTOB
Wu01 (HU-1), BA.4/BA.5 n BQ.1.1 y 1411 4yenoBek, KO-
TOpble MONY4YUIN MEOUUMHCKYIO MOMOLLb B MATA OT-
OenNeHnaxX HeOTNOXXHONW nomoluy Fepmarum [54]. ons
YYaCTHMKOB, COOOLUMBLLMX O MPEAbIaYLLNX UHMDEKLM-
sX, coctaBuna 45%. Mpepgbioywe nHgekuun B 3Ha-
YNTENbHOWN CTENEHN CNOCOBCTBYIOT HENTPANN3YIOLLEN
akTmBHocTM npotuB SARS-CoV-2, 4yTo cornacyetcs
C apyrumm coobuweHuamu [55, 56]. HenTpanusytoLlas
aKTMBHOCTb CbIBOPOTKM NPOTUB BapnaHToB BA.4/BA.5
n BQ.1.1 6bina cHmkeHa B 6 1 23 pasa no CpaBHEHNIO
¢ npegkosbiM WTammoM Wu01; 23-kpaTHoe CHUXeHne
HENTpanu3yoLlell akTBHOCTN MPOTUB cybBapuaHTa
BQ.1.1 no cpaBHeHuto co wrtammom Wu01 o3Havaer,
yto BQ.1.1 siBNsieTCs OQHMM 13 BapMaHTOB C Hanbosb-
LU CTENEHbI0 YCKOIb3aHNs OT UMMYHHOIO OTBETA, KO-
Topble Habnwaanmeb 0o cux nop [8, 11, 13]. YuntbiBas
cobniofeHne pekoMeHgaumin no BakuMHaumn npoTuB
COVID-19 Ton1bKO 68% Yy4acTHMKOB, aBTOPbI MOQYEP-
KMBalOT HEOOXOAMMOCTb BakKUMHALWUN ON1S1 CHUKEHWS
pucka COVID-19 B npenctoswmx BOfHax MHMEKUUN
C BapuaHTamy, YKJIOHSIOWMMNUCA OT WMMYHUTETA.
MonynsuMoHHbIn  UMMYHUTET npoTnB SARS-CoV-2
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OyoeT urpatb KJOYEBYHD pOSib B XOAEe NaH4EMUM
N onpepenate 3aboneBaeMoCTb U JIETANIbHOCTb OT
CQOVID-19. CerogHs, cnycTta 3 roga nocne nosiBNeHnst
SARS-CoV-2, yKNIOHEHNE OT UMMYHUTETa NpPeAcTaB-
nseT cobol Hambonee cepbé3Hyo Npobnemy B 6opbbe
¢ COVID-19. ABTOpbI CHMTAIOT Ba>kHbIM MOAYEPKHY Tb,
41O nNo4Tn y 60% nuy ¢ S-cneuyndunyHbIMM aHTUTENa-
mMu IgG <1000 BAE/Mn He oBHapy>XnBaeTCcs HenTpanu-
3yloLLaa akTMBHOCTb B OTHOLUEHWM BapuaHta BQ.1.1.
OTa nHpopmauma akTyasnbHa A8 PYyTUHHOMO KNHUW-
YeCKOro TECTMPOBAHMSA M OO/MKHA Y4MTbIBATLCA NpU
OLeHKe puUCKa 3aparkeHnsi BBUOY NOTEHUManbHO BCe-
MUPHOro JOMUHMPOBaHus BapuaHta BQ.1.1. Habnopa-
emasi 3Ha4uTenbHas [ons nuy 6e3 o6HapyXMBaeMon
HENTPanM3yoLLe akTUBHOCTU OTpaXkaeT MOCNeAcT-
BUS YKIIOHEHNS OT MMMYHUTETA U HECOBNIOAEHMSA pe-
KOMeHAauuin no BakuuHaumn. ABTOPbI MPULLAN K Bbl-
BOAY, YTO YBENMYEeHMEe OxBaTa BaKUMHAUWEN UMeeT
peLuatoLLiee 3Ha4YeHne s CHuxkeHus pucka COVID-19
B NpencToswmx BonHax nHpekuuin BQ.1.1 [54].

YKNOHEHNE OT WUMMYHWTETA SABAAETCHA Kilo4ve-
BbIM KOMMOHEHTOM MOBbLILUIEHHON TPAHCMUCCUBHOCTU
Omicron (BA.1) no cpasHeHuo co Wwtammom Delta B ne-
puopg nx COBMECTHOW LmpKynauun. NepBoHavanbHbIN
BapuaHT Omicron BA.1, Bbi3BaBLUMIA BObLUYIO BOJSIHY
cny4aee COVID-19, npoOeMOHCTpUpOBan CWbHYHO
CMOCOBHOCTb K YCKONMb3aHMIO OT MMMYHUTETA, NHAOY-
LMpOBaHHOIrO AByMs unn Tpems gosamm MPHK-Bakuu-
Hbl, KOTOPas NPEeoJoNeBaeTCs BBEAEHNEM OYCTEPHON
MPHK-BakLuHbI [57, 58].

Bapuant Omicron BA.2 okasancs ewé 6onee cno-
COOHbIM 3apa)kaTb KaK HEeBaKLVHMPOBAHHbIX, TaK
N BakKLMHUPOBAHHbIX NUL, a TakxXe nogeln, KoTopble
paHee Obin MHpULMposaHbl BA.1, 4To obycnosneHo
CBOWNCTBaMM YKJIOHEHMS OT UMMYHHOIO OTBETa, NoJ06-
HbiMK cBoicTBaM BA.1, HO ¢ 6onee BbICOKOW BHYTPEH-
Hell TpaHcmuccueHocTeio [48]. V13 BA.2 B 6GbicTpoi
NnocnefoBaTeNbHOCT BO3HMKJIM HECKOJIbKO BapuaH-
TOB, Bktovast BA.4 n BA.5, KoTopble 3aTeM cTanu go-
MUHAHTHBIMW U OEMOHCTPMPOBANN AanbHelee ycu-
JIeHNe CMOCOBOHOCTM K YCKOJIb3aHUO OT UMMYHHOrO
otBeTa. Kpome Toro, BA.2 gan Hayano cybsapuaHTy
BA.2.75, KOTOpbIA B HacTosllee BPeMs yBenmynBa-
et gono cny4aes COVID-19, HO 6e3 ycuneHus ykno-
HEHNsi OT UMMYHHOrO OTBeTa MO cpaBHeHuio ¢ BA.4
n BA.5% Cy6Bapuantel BA.4, BA.5 n BA.2.75 npusenn
K panbHenwen gmeepcudukaumm SARS-CoV-2 ¢ no-
ABJIEHWEM HECKONbKMX [OOMOSHUTENBHBIX CcybBapu-

4 Centers for Disease Control and Prevention [uHTepHeT]. US
Department of Health and Human Services, CDC; 2022. COVID data
tracker. Pexxum goctyna: https://covid.cdc.gov/covid-data-tracker.

aHTOoB, BKtovas BA.4.6, BF.7, BQ.1 n BQ.1.1, a Takxe
BA.2.75.2 [59]. CnocobHocTb BapuaHtoB BA.2, BA.4
n BAS5 n nx cybnuHUin yKIOHATLCA OT UMMYHWTE-
Ta, NMPMOBPETEHHOIrO BO BPEMST NMpeaLecTBOBaBLLEN
nHpekuun Omicron BA.1, B 3HAYUTENbHOIW CTEMEHM
CBA3AHO C MyTaUWsiMU B @HTUMEHHO 3Ha4YXMbIX NO3K-
umax RBD, ocobeHHo B L452R 1 F486V B cybanHusx
BA.4/BA.5 [60]. CunTaetcsl, 4TO aHTUreHHas HOBM3HA
(@HTUreHHoe paccTosiHME) N CMOCOOHOCTb YCKOIb3aTb
OT VMMYHMTETA SABAAIOTCHA [NaBHbIMK (hakTopamu,
onpenensoLLMY 3BOMIOLNOHHbIN yCcnex BapuaHTa [2].
MHorouncneHHble mytauum B reHome Omicron n ero
BapuaHToB, ocobeHHO B goMeHax RBD u NTD, nsme-
HSIOT 06N1aCTb CBA3bIBAHUS HENTPANU3YIOLLMX aHTUTEN
(nAb) n no3BonsaoT MM n3beraTb HENTPanM3aunn BakLm-
Hou. OgHa nnu gse 0o3bl BaKUMHbI HE MOTYT 3alUMTUTb
OT 3TOro WwrammMa, No3ToMy 3(PPEKTNBHOCTL BaKLMHA-
L1n NOCTEMNEHHO CHKaeTcs. [axke nogu, noay4msLIne
TPV MHBEKLMWN BaKUWHbI, MMEKT TOJIbKO YaCTUYHYHO
3alnTy OT 3TOM UHdeKumm [7]. Boicokas yactoTa My-
Tauui B 3TUX NO3ULMAX SABASETCH KOYEBLIM (DAKTO-
pPOM, OTBETCTBEHHbIM 32 W3MEHEHWE AHTUrEHHOCTW.
AHTUIEHHBIN COBUM MOXXET aHHYNIMPOBATb JaXXe OOLLMIA
UMMYHUTET X03siMHa. KoHdopmauuss RBD n S-6enka
B LENOM SBASETCH 3Ha4YUMbIM (HaKTOPOM pacro3Ha-
BaHus aHTuTenamu. Mytauum Q498R, S371L, S373P,
S375F, S477N, Y505H, K417N, G496H 1 Q493R B gome-
He RBD S-6enka, Hapsgy ¢ myTaumsamu D614G, T478K,
N501Y n E484K, npucytcTtBytowmmn n B gpyriux VOC
N BOBJIEYEHHBIX B MU3MEHEHUE aHTUreHHocTu Omicron,
crnacatoT ero oT MMYHHOW cucTtemsl [61], yBenndmsa-
0T OTHOCUTESIbHYI0 YCTONYMBOCTb K CYLLECTBYIOLLUM
BaKLMHaM 1 OBLLMIA PUCK MOBTOPHOro 3apaxkeHus [3].
BapuaHTtbl Omicron BA.4, BA.5 n BA.2.12.1 nmetoT ewwé
bonee HapéxHble cTpaterun K3beraHns UMMYHHOMN
cucTeMbl, Yem BapuaHTbl BA1 n BA.2. Bnarogaps my-
Tauusam F486V n D405N oHM cnoco6HbI NINLLIWTL aHTUTe-
Jla HeMTpanuayoLLe akTMBHOCTU [16].
Mpopomxatowascs asonoums SARS-CoV-2 npu-
Bena K MOSBIEHNO HECKOJSIbKMX HOBbIX CyOGBapuaH-
ToB Omicron, Bkntodas BQ.1, BQ.1.1, BA.4.6, BF7
n BA.2.75.2, yCTON4YMBbLIX K HENTpann3auumn CbIBOPOT-
Kamy MNauueHToB, rOCMUTaNM3UPOBaHHbIX C UHGEK-
unenn BA.1, BA.4 wnn BA.5, n meguumHckux paboT-
HNKOB, BaKUMHUPOBaHHbIX Tpemsa po3amu. CunbHas
YyCTONYMBOCTb K HelTpanusauum y cybsapuantos BQ.1
n BQ.1.1 obycnosneHa B ocHoBHOM MyTauumen N460K,
a 'y cybBapuaHTa BA.2.75.2 — myTaumnen F4868S. MNMpu-
Me4aTenbHO, 4YTO F486S CHMXaeT KOHTarMo3HOCTb
BA.2.75.2 B kneTkax néroyHoi nuHum Calu-3. MyTtauum
R346T 1 F486S npupatoT yCTOMYMBOCTb K aHTUTENaM,
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NHAYUMpoBaHHbIM nHpekunamn BA1, BA.4 n BA.5
n 6yctepHon MPHK-BakuumHauuvein. Takum obpasom,
KOH(OPMaLNOHHbIE U3MEHEHUS S-6enka W3MEeHSsIIoT
YyBCTBUTENBHOCTb K HenTpanu3auun [13].

P. Arora n coasT. [19] npoaHanu3npoBany 4yBcTBU-
TenbHOCTb cyb6nuHum XBB.1 K HelTpanusauym MOHO-
KNIoOHaNbHbIMK aHTuTenamm (MAb) n kKokTennsamm mADb,
KOTOpPbIE HAXOOATCS B KIMHUYECKOM MPUMEHEHUN (MK
KJIMHNYECKOE MPYMEHEHME KOTOPbIX MPEKPALLEHO) Nn
paspabarbiBaloTcA Oas NpounakTuku 1 Tepanuiu
CQVID-19. Bce npoTtectupoBaHHble MAb 11 KOKTenIu
MAb 3(pheKTUBHO HENTpanmayroT BapuaHT B.1, Tor-
da kak cybnuHmio XBB.1 crnocobHbl HellTpanusosaTb
TONbKO coTpoBmMab 1 S2H97, npuyém ahHEeKTUBHOCTb
HenTpanu3aumn cHusmnacb 6onee 4em B 10 pas no
CpaBHEHMIO C 06E3BPEXMBaAHMEM MPEOKOBOrO Bapu-
aHTa B.1. ABTOpbI OLEHMAN TakXe 4yBCTBUTESIbHOCTb
XBB.1 K HeWTpanusauuu aHTuTenamu, MHOyLMpoBaH-
HbIMW BakLMHaLUMEN N BaKUMHaUWER B COYETaHUN C aH-
TUTENamMu, MHOYLMPOBAHHBIMU MPOPLIBHON NHEKLMNEN.
Bbicokas HenTpanuaytoLwas akTMBHOCTb MnasMbl Tpoe-
KpaTHO BaKLMHMPOBaHHbIX Ny, B OTHOWeHUM B.1 npa-
KTUYeCKU He obHapy>XmBaeTcs B OTHOLeHUN XBB.1.

COBOKYMHOCTb 3TUX [aHHbIX CBUAETENbCTBYET
0 TOoM, 4TO NHUSA XBB.1 npossnseT upessblvaiHO Cub-
HYt0 CMOCOBHOCTb YKNOHATLCS OT aHTUTEN, YTO npu-
OaéT en cxodcTeo ¢ cybsapuaHtam BQ.1 n BQ.1.19 —
BbICOKOYCTOMYMBBIMU K HENTpanu3auun CyonanHnsaMu
Omicron, pocT 3a60neBaeMOCTN KOTOPbIMU Habno-
[aeTcsa B HacTosLee BpeMs B page cTpaH mupa. ToT
hakT, 4To 60bLMHCTBO MAD Hea(h(EKTNBHbLI NPOTUB
XBB.1, nog4épknBaet, 4to Ana nedveHusa COVID-19
HY>XHbl HOBble MAD 1 4TO B permoHax C BbICOKOW 3a-
6oneBaeMocCTblo cybBapunaHTamn XBB cnepyet pac-
cmaTtpveaTtb Apyrue unv OOMONHUTENbHbIE BapyaHThbl
neyeHns (Hanpumep, Nakcnosug, MONHYNMPaBUP Um
pempecusup) [19].

BpoXXpEHHBIN UMMYHUTET

n BapmnaHTbl SARS-CoV-2

MHoO>XeCTBeHHblE MyTaumn S-6enka cnocobCTBYOT
YKIOHeHno Brpyca Omicron OT HenTpanm3auum aHTu-
Tenamm, ogHaKo Apyrue KOMMOHEHTbl UMMYHHOIO OTBe-
Ta, Takne Kak T-KNeTKu, No-npe>xxHemy MoryT y4acTBoO-
BaTb B 3alUUTE OT TSXKENbIX NMOCNEACTBUN NHMDEKLNN.
T-numcounTbl ABASIOTCA OCHOBHBIM 3BEHOM MMMYHHO-
ro oreeta Ha MHdekuno SARS-CoV-2, Bbipa>keHHbIN
otBeT T-knetok CD4 n T-knetok CD8 Habniopgaetcs
y 60MblINHCTBA UH(ULMPOBAHHbBIX Nofden 1 3awywa-
et oT Tsxénom dopmel COVID-19. MonHOCTbIO hyHK-
UMoHanbHbI T-knetouHbln oTBeT CD8 mMobunuayetcs
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Yyepes 1 Hepento nocne BBeAeHNs nepsoit 4o3bl MPHK-
BakuUuHbl BNT162b2, korga HenTpanusytoLlne aHTutena
NPaKTUYECKN OTCYTCTBYIOT. BO3MOXXHO, paHHSsA BakLm-
HOVHAYLUMPOBaHHas 3aluuTta 3aBMCnUT OT T-KNeToK [2].

OyYHKLUNOHaNbHbIE OTBETbI T-KNIETOK HarnpasfieHbl
NPOTMB HECKONBbKNX BUPYCHBbIX BENKOB, Mpy 3TOM Be-
JINYMHa OTBETa KOPPENNPYET C YPOBHSMMN SKCMPECCUN
BUMPYCHbIX 6enKoB. JJOMUHMPYIOT OTBETbI Ha S-6€enokK,
N-6enok n M-6enok, 3aMeTHble OTBETbI Tak>Xe Habsto-
patotcsa npotrs ORF3a n HecTPyKTYpHbIX 6enkos NSP3
1 NSP12. MpambiM JoKasaTensCTBOM YCKONb3aHNs OT
T-KNeTok sBAseTCsa 9BOAUNSA B UHOULUPOBAHHOM
OpraHn3Me BUWPYCHbIX 3MWTOMOB, Pacno3HaBaeMblX
T-knetkamu. MyTtaumm B anuTtonax N-6enka (M322l
n L331F), M-6enka (L90F) n S-6enka (L270F), obHa-
PY>XeHHble BO BpeMs OCTpbIx Hpekumin SARS-CoV-2,
npuBenn K noTepe SnMToMn-cneunduyHbiX OTBETOB
T-knetok CD8 [62]. lMpogomkuTenbHble WHGEKLUN
SARS-CoV-2 y nauneHToB ¢ ocnabneHHbIM UMMYHU-
TETOM NPELOCTaBNAT O0JblUe BO3MOXHOCTEN ONs
YCKOJSIb3aHus OT T-KneTok. BO3HUKHOBEHME MyTauuun
T504P B 6enke NSP3, npuBoasLel K notepe anuTon-
cneundunyHoro oteeta T-kneTok CD8, 3aperncrpupo-
BaHO Yy NuL, C rymopasnbHbIM UMMYyHoZeduumTom [59].
OTOT (PEHOMEH OrpaHMyeH HECKONbKMMU CryYasimMu,
No3TOMY HeOBGXOAMMbl KOropTHblE UCCNEeaO0BaHNs,
CUCTEMATNHECKN OLIEHMBAKOLME PUCK YCKONb3aHNS
BMpyca OT T-KJIETOYHOro Haf3opa y OnpefdenéHHbIX
KaTeropuii NaLneHToB.

Heckofbko MyTaLuii B UMMYHOLOMUWUHAHTHbIX 3MNn-
Tonax ORF3a u N-6enka, KoTopble NPUBOASAT K NMOJIHOW
notepe pacno3HaBaHus T-kneTkammu CD8, BO3HUKM
He3aBMCMMO BO MHorumx JimHuax SARS-CoV-2. 3a-
mMeHa L452R, obHapyxeHHas B S-6enkax BapraHTOB
Delta, Epsilon, Kappa n Omicron BA.4/BA.5, npnsogut
K notepe HLA A*24:02-peCTpyKTMPOBAHHOIO OTBETA
T-knetok CD8. 3ameHa P272L Bo3Hukna B S-6enke
MHorux nuHuin SARS-CoV-2 no BceMmy Mupy 1 NprBo-
OnT K notepe goMuHaHTHoro HLA A*02:01-pecTpukTu-
POBaHHOrO 3MNMTOMa, Pacrno3HaBaeMoro T-kneTkamm
CD8 [63]. HecmoTps Ha noTepto 3TUX crneunduyecknx
OTBETOB, 06N T-KNIETOYHbIA OTBET, BbI3BAHHbIN
NHMEKUNAMY 1N BaKLUMHAMK NEPBOro NMOKOJSIEHUS, CO-
XpaHsieTcsl B oTHoweHun 6onbwmHeTea VOC. Haxe
obwumpHble MyTauum B S-6enke Omicron npuBoaAT
K CHWXEHMIO obLlero KonmyecTsa OTBETOB T-KNETOK
CD4 n CD8 meHee 4em Ha 30% CO 3Ha4YMTENBbHON MeX-
NHoMBMAYanbHON BapuabensHocTblo [64]. MyTauumn
B gomeHax RBD n NTD S-6enka mHorux VOC, koTo-
pble NPUBOASAT K YKIIOHEHUIO OT aHTUTEN U MOBbILLAIOT
appuHuTeT K ACE2, MMetoT orpaHnyeHHoe BAUSHUE
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Ha o6 T-KNeToYHbIi OTBET. BonbMHCTBO pac-
no3HaBaeMbIxX T-KJIETKaMu 3MUTOMOB KOHCEPBATUBHbI
B pas3nuyHbix VOC, 410, NO-BMAMMOMY, CNOCOBCTBYET
COXPaHeHnto 3 HEKTMBHOCTN BTOPON U TPETLEN [O3bI
BaKUMHbI NpoTmB Omicron nMo CpaBHEHUIO C OTCYTCT-
BMEM BakLUuHaumm®.

Ha nonynsiuMoHHOM YPOBHE TakXXe CyLUeCTBYeT
ropasgo O0nblas reTeporeHHOCTb  T-KNeTOYHOro
OTBETA, YeM rymMopanbHOro WMMYHWTETa, U3-3a re-
HeTn4eckoro nonumopduama aHtureHos HLA-cucte-
Mbl. YKJIOHEHNE OT BPOXAEHHOrO MMMYHUTETA MOXET
NPOUCXOANTb NOCPEACTBOM HECKOJSIbKMX MEXAHU3MOB.
AMVHOKUCNOTHbIE 3aMeHbl MOryT HapyLuaTb NpPOLec-
CVIHI @HTWUreHa UM NpensTCTBOBaThb ero CBA3bIBAHUIO
¢ monekynamu HLA [65]. Oba 3T mexaHm3Ma npuBo-
OST K HeoBpaTuUMOoN NoTepe YyBCTBUTENBHOCTY T-Ke-
TOK K onpefenéHHoMy BUpycHomy anutony. ViameHe-
HUSI, KOTOPbIE HapyLUAT CBSA3bIBaHWE T-KNETOYHOro
peuenTtopa ¢ Komnniekcom nentng-HLA, moryT npu-
BECTU K YaCTUYHOMY WA MOJSIHOMY YCKOJIb3aHWIO.
Y HekoTOopbIX Ntogen UMMYHUTET K S-6ekaM BO3HU-
KaeT TONMbKO B pe3ynbrate BakuuHauuu [2]. Kpome
Toro, SARS-CoV-2, kak n MHorve gpyrue Bupycol, He-
nocpencTBeHHO nopgasnsieT akcnpeccuto HLA knac-
ca | Ha MHMVLMPOBaHHbBIX KNeTKax, YTobbl n3bexatb
pacrnosHaBaHus T-knetkamu 6enkoB ORF8, ORF7a,
ORF3a n ORF6 [66, 67].

Cneunanuctel 13 HOAP oueHunn cnocobHOCTb
T-kneTok pearupoatb Ha Omicron y HeBaKLMHMUPO-
BaHHbIX Bbi3gopasnmBarolmx naumeHtoB ¢ COVID-19
N Yy BakUMHUPOBAHHbLIX NML, 1 OOHapy>Xunm OTBET
T-knetok CD4 1 CD8 Ha BupycCHbIi S-6€n10K Ha ypoB-
He 70-80% BO BCeX UCCnefoBaHHbIX rpynnax. Benu-
YyrHa OTBETA MEPEKPECTHO-PEAKTUBHbIX T-KNETOK Ha
Omicron aHanorn4yHa OTBETaM Ha BbITECHEHHbIE Bapu-
aHTbl, BKMoYas BapuaHT Delta, HecmoTpsa Ha TO, 4TO
reHoM Omicron COmepXXWUT 3HaYUTENbHO Oosblue My-
Tauui. Y rocnutann3npoBaHHbIX NaunueHToB, MHpULm-
poBaHHbIX BapmuaHTom Omicron, T-KneTo4Hble OTBETHI
Ha CTPYKTYpHble Benkn Brpyca ConoCcTaBrMbl C OTBe-
Tamy y naumeHToB, rOCAMTAJM3UPOBAHHbBIX BO BPEMS
npegbloywmnx BOMH naHgeMuun. Takum obpasom, He-
CMOTPS HA MHOXXeCTBEeHHble MyTauun Omicron, 60nb-
LUMHCTBO OTBETOB T-KNETOK, UHAYLMPOBAHHbIX BaKLu-
Hauven nunmn HEeKLmen, NepekpeCTHO pacrno3HarT
3TOT HOBbI BapuaHT KopoHasupyca [68].

5 UK Health Security Agency (UKHSA). COVID-19 vaccine
surveillancereport[2022 Dec 1]. Week 48.2022. Pexxum goctyna:
https://assets.publishing.service.gov.uk/government/uploads/
system/uploads/attachment_data/file/1134074/vaccine-
surveillance-report-week-48-2022.pdf.

MpoTuBOBUpPYCHbIE CpeAcTBa

MpoTuBOBUPYCHbIE BaKLUHbI

BakuyHaumsa cymTtaetca Hanbonee 3apdeKTUBHbIM
CpeacTBoOM NpodunakTukn n 6opsbbl ¢ COVID-19, xoTs
VUMMYHUTET, BbI3BaHHbIA MHDEKLIMEN, TAK XXE UM Oaxke
6onee ahheKTUBEH, YEM BaKLMHALUS, B CHDKEHNMN TS-
XKECTMN MOBTOPHOrO 3apaxkeHusi BapraHtamu Delta nnn
Omicron [69]. MyLeHbo COBPEMEHHbIX BaKLH MPOTUB
CQOVID-19 saBnsietca S-6enok Bupyca SARS-CoV-2.
HenTpanusylowasa akTMBHOCTb Mia3mbl UL, MOny-
YmBLIMX ABe Ao3bl MPHK-BakuuHbl, B 4—-6 pa3 MeHbLLe
B OTHOLEHMM Omicron, Yem B OTHOLLEHWN UCXOLHOMO
wrtamma HU-1 [70] n wtamma Delta [71], ogHako gBe
[JO03bl BaKUMHbl MO-MPEXHEMY 3allMLLAT nauveHTa
OT TshkEnon hopMbl 3aboneBaHns U cMepTu [72], no-
CKOJIbKY T-KneTkn, 06pa3oBaHHbIe NOCHe BaKLMHALNN,
He noaBep>KeHbl BAVAHMIO MyTaumin Omicron [73].

KonnekTne aBTOPOB 13 PasnyHbIX MEOULMHCKMX
yupexgeHui Lanxas (Kutaih) n3yunn MMMYyHHbIR OT-
BeT y nauymeHToB ¢ COVID-19, Bbi3BaHHbIM LUTAMMOM
Omicron. 3710 nccnepoBarHne nokasano, 4To Omicron
C 6onbLUel BEPOATHOCTBLIO MOXET N36eXXaTb BaKLMHO-
NHOYLUMPOBAHHON MMMYHHOWN 3alMTbl MO CPaBHEHWUIO
co wrammom HU-1 n gpyrumn VOC. MNocne BBeaeHNst
OBYX 0O3 MHAKTUBMPOBAHHbIX LeSIbHOBUPUOHHBIX BaK-
LUUH TpeTbs [o3a 6enKoBol CybbeanHNYHON BaKLHbI
UM MHAKTUBMPOBAHHON OYCTEPHOW BaKLMHbI 3HA4U-
TENbHO yBeNM4MBaeT HenTpanusaumio Omicron [74].

Cnoco6bHocTb Omicron yckonb3aTb OT CYLLECTBY-
OLLMX BaKUMH MpeBbICUIa 3Ty CMOCOBHOCTb APYrnx
VOC wu3-3a MyTauMOHHbIX U3MEHEeHWn B ero S-6en-
ke. MacwwTtabbl 3TOro aHTUreHHOr0 U3MEHEHNS OTpa-
)KEHbl B AaHHbIX 006 3((HEKTUBHOCTN BaKLUH NPOTUB
NMHEKLUUA 1 cUMNTOMAaTYECKMX 3aboneBaHuin [75].
O PeKTVBHOCTL BakumMHaUUM NPOTUB TAXKENOro 3a-
6oneBaHusi, BbI3BaHHOro BapnaHToM Omicron, ocTa-
Banacb BbICOKOW 4epe3 4 mecsua nocne 6ycTepHOn
[JO03bl, a 3aTeM ObICTPO CHMXKaNacb, XOTA CHVDKEHUE
ObINO He TakUM ObICTPbIM, KaK MNOCc/e NEPBUYHON Bak-
unHauum [76]. N3-3a KOPOTKOW MPOACIKNTENBHOCTU
3alWMTHOro MMMyHUTETa NPoTMB MHpekumm Omicron
C MOMOLLBIO COBPEMEHHbIX BakLMH Ternepb YCUus
cocpefoTaynBalTCs Ha BaKuMHax BTOPOro MokoJse-
HKS, Takmx kak Omicron-cneundunyHble MOHOBaIEHT-
Hble Unn GuBaneHTHble BycTepsbl [77].

lpynna wccneposateneli LleHTpa no KOHTponto
n npodunaktuke 3abonesaHuii CLLUA aHannsmpyet
HENTPanM3yoLLYIO aKTUBHOCTb CbIBOPOTOK, COBPaHHbIX
nocne TPeTbeN UM YeTBEPTOW [03bl BaKLMHbLI NPOTUB
10 BapunaHToB Omicron — BA.1, BA.2, BA.5, BA.2.75,
BA.2.75.2, BN.1, BQ.1, BQ.1.1, XBB n XBB.1. buBaneHT-
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Has BycTepHas BakLUMHaLUs NOBbICUIA TUTPbl HENTPa-
JIMBYIOLLMX aHTUTEN NPOTUB BCEX MPOTECTUPOBAHHbIX
nuHua Omicron, BkoYas 10-kpaTHoe yBenuveHue
HenTpanusauun Bupycos BQ.1 n BQ.1.1, koTtopble npe-
obnaganu B CLLIA B Te4eHre nocnegHnx OByxX MeCsLEB
2022 ropa. NpepBapuTenbHble AaHHbIE YKa3blBaOT Ha
yCuneHve 3almnTbl 6yCcTepHON B1MBaneHTHOW BaKLMHOM
OT BapuaHToB IMH1M Omicron, KOTOPbIE MPOM3O0LLN OT
npepwecTBeHHNKoB BA.5 n BA.2 [78].

Mony4eHbl OOKNVHUYECKME [aHHbIE O TOM, YTO
6uBaneHTHbIN BycTep, coYeTaloWwuii OBa reHeTuYe-
CKM oToanéHHblx BapmnaHta — Delta n Omicron BA.2,
NHOYUMpyeT 6onee LWMPOKUA U KONMYECTBEHHO 60-
Jlee CUNbHbIN TyMOpasbHbIi OTBET Ha CybBapuaHThl
Omicron BA.2, BA.2.12.1 n BA.4/5, Ho He BA.2.75 [79].
[M6puaHbIN  MMMYHUTET, BblpabaTbiBaembll y L,
KOTOpble 3apasuiCb BUPYCOM U MOAYYUInM Bakuu-
Hy npotue COVID-19, npusdHaH Hanbonee HagEXHbIM
ans 6opbbbl ¢ SARS-CoV-2. 310 npoucxogut 3a
CHET KYMYNSATMBHOro adpekTa eCTeCTBEHHOro (B OT-
BET Ha MHMEKUMIO) N NPUOBPETEHHOrO (B pesynbrare
BaKUMHaUUy) MMMYHUTETA, KOTOPbIA obecnednBaeT
B 25-100 pas 6onee CunbHbIi ryMOpasbHbIi OTBET
Ha VOC SARS-CoV-2 no cpaBHEHWIO C OOHUM TOJIb-
KO €CTECTBEHHbIM U OOHUM TOJSIbKO BaKUWHHBLIM UM-
myHuTeToM [80]. KomnaHua ModernAtx paspabotana
OByXBasieHTHyt0 BakuuHy MPHK-1273.214, koTopas
copepxunt PHK S-6enka npegkosoro wramma HU-1
n wtamma Omicron B.1.1.529/BA.1 1 Bbi3blBaeT CUJib-
Hble 1 CTONKWE r'yMopasibHble OTBETbI HA S-6e0K cy6-
BapunaHToB Omicron BA.2, BA.2.12.1 n BA.4/5 [81].

YyBCTBUTENBHOCTb K HelTpanusauun cybsapuaH-
ToB BQ.1, BQ.1.1, XBB n XBB.1 cbiBOPOTKOI Bakuu-
HMPOBaHHbIX UL C NPEeALecTBOBaBLUEN UHDEKUNEN
nnm 6e3 Heé, BKJIHOYas PeBaKLMHUPOBAHHbLIX HOBbIMU
6usaneHTHbiMn (WA1/BA.5) MPHK-BakunHamn, pesko
CHI>XEeHa BCNIeOCTBME aHTUMEHHOro CABUra, CpaBHM-
MOIO C aHTUI€HHbIM CKa4YKOM NePBOHAYasIbHOro LUTam-
ma Omicron. XoTs aTu cybBapunaHTbl MOryT NPUBECTU
K BCMNECKY MNPOPbIBHbIX WHAEKUNUA U penHgEKLNN,
BakuMHbl NpoTuB SARS-CoV-2 ocTatoTcs addeKTrB-
HbIMW B MPEAOTBPALLEHNM TOCMUTANN3AUUA N TSHKE-
noro TeyeHus 3abonesanus [82], a Tak>xe, BO3MOXHO,
cHmkarT puck nocnepctsun COVID-19 (cuHgpoma
«aHHbIN COVID») [83].

PesynbraThl nccneqoBaHus CTENeHW YCKONb3aHUs
OT HENTPanM3ylLmx aHTUTEN HOBbIX CyOBapraHTOB
XBB, Bkntovas XBB.1.5, CH.1.1 n CA.3.1, npogemoH-
CTPUPOBAAN NOYTW MOJMHBIA YXOO 3TUX BAPUaHTOB OT
aHTUTEN, WHOYUMPOBaHHbLIX Tpems posamu MPHK-
BaKUVHbI, HO HenTpanu3auus Obina BOCCTaHOBMEHA

HAYYHbI OB30P

OBYXBaNeHTHOW peBakuuHaluumen. B nccnegoBaHHbIX
koropTax cybsapuaHT XBB.1.5 «Kraken» He nposis-
NS/ NOBbILLEHHON YCTONYMBOCTMN K HEATpanu3auumn no
CPaBHEHNIO C HEAABHO AOMUHMPOBABLUVIM BapriaHTOM
BQ.1.1. MNpumeyatensHO, YTO NOBbIWEHHAA y30reH-
HoCTb S-6enka BapuaHToB XBB.1.5, CH.1.1 n CA.3.1,
a Takxe BQ.1.1 n BA.2.75.2, no cpaBHeHuto ¢ S-6en-
KOM paHHux BapraHTtoB Omicron, KOppenmpyeT ¢ ycu-
JIEHHbIM MpoueccuHrom. B uenom, pesynstaTtel nog-
TBEPXKAAOT 3((DEKTNBHOCTL HOBBLIX OMBaNIEHTHbIX
MPHK-BakunH B 60opbbe C HepaBHO MNOSIBUBLLUMMMCS
cy6sapuaHTamy Omicron [84].

C uenblo NONyYnTb OTBET HAa KPUTUHECKN Ba>kHbIN
BOMPOC, CMOCOOHbI N aHTWTeNa, WHAYLMPOBAHHbIE
OycTepHON BakuuHaumen, HemTpannsosatbe Omicron,
aHanusnposanu obpasLbl CbIBOPOTKU OAEN, BaKL-
HMpOBaHHbIX BakunHamu BNT162b2 (Pfizer-BioNTech)
nnn ChAdOx-1, yepes MecsiL, nocne nepBoli fO3bl, Ye-
pes 6 MecsaueB nocne BTOPOM o3kl 1 Yepe3 1 mecsl
nocne TpeTben Oo3bl. [locne BTopon 0o3bl Habnaga-
nacb 6onee 4yem 10-kpatHas noTeps HeWTpanusauun
wramma Omicron no cpasHeHnto ¢ Delta. Hentpanu-
3aumsi Omicron He oBHapy>keHa y 60nbLIMHCTBA NNL,
nonyymBwWunx Ase A03bl BakumHbl ChAdOx-1. Mocne
BakUMHaUun TpeTben [p[o3oir (BakumHbl BNT162b2,
mPHK-1273 unn Coronavac) Habntioganocb yBenunye-
Hue 6onee Yyem B 10 pas HelTpanuadaumn kak Omicron,
Tak n Delta 3a CYET yBeENMYEHMS HE TONMbLKO TUTpa
aHTUTEN, HO U LWMPOTbl UMMYHHbIX OTBEeTOB [49]. [o-
KasaTenbCTBa YyCWieHus Hentpanusauum Omicron
TPeTbel 0O30M NMEIOT peLuatoLLiee 3Ha4YeHne ons Ha-
pawyBaHns yCuanin No pesakunHaumn. HakonneHHble
OaHHble CBUAETENbCTBYIOT, YTO AaXKe Noau, NPUBUTbIE
OBOWIHOW 00301 BaKUUHbI 1 Bbi3gopasnmBatoLne, He-
OOCTaTO4HO 3awuLLieHbl oT Omicron: OH NO-NPeXXHeMyY
6ygeT Bbi3biBaThb TxENyto hopmy COVID-19 n cmepTb
B rpynnax pucka n 'y HenpumsuTbix ntogen [1].

B CLUA, Kutae n M3panne paspaboTaHbl HOBble
BaKUMHbI, KOTOPblEe MHOYLMPYOT 06pasoBaHue HenT-
panu3yloLWmMx aHTUTeN MNPOTUB MYTaHTHbIX CalTOB
B gomeHax NTD n RBD wtamma Omicron [7]. Hanpu-
MepP, XMMepPHbIN MMmyHoreHHbln RBD-gumep Delta-
Omicron BA.1 nHOyuMpyeT LUMPOKWIA UMMYHHbIA OTBET
NPoOTMB BCEX MPOTECTUPOBAHHbIX BapuaHToB SARS-
CoV-2. PesynbraTbl OOKIMHUYECKOrO UCCNEAOBAHUSA
OEMOHCTPUPYIOT YCUNEHHbIN adEKT 3TON XUMEPHON
RBD-gmMMepHO BakuUHbI Y Mbllel nocne npanMmmnpo-
BaHUS OBYMS A03aMU MHAKTUBMPOBAHHbIX BaKUWH MO
CPaBHEHNIO C OyCTEpPHON VMMMYyHU3aUnein WHaKTUBK-
pPOBaHHON BakLUMHOW. BycTepHas nmmyHnsauns busa-
neHTHon BakuuHon Delta-Omicron BA.1 3Ha4uTenbHO
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MoBbICUIa HENTPAIN3YHIOLLYIO aKTUBHOCTb CbIBOPOTKM
BaKUVHNPOBAaHHbIX MO OTHOLUEHUIO KO BCEM BapuaH-
Tam SARS-CoV-2 [85].

lMpoTuBOBUPYCHBIE Npenapartsbl

[o cux nop paspaboTka BakUuMH He ycnesana 3a
passutuem eupyca SARS-CoV-2, noaToMy B TeKyLUMX
NUCCnefoBaHnsX BHUMaHWe yaensetca paspaboTtke
3(P(PEKTMBHBLIX MNPOTUBOBMPYCHbIX MpenapaTtoB Ans
WHAYKLUMM MMMYHHOro oteeTa npotus BA.4/BA.5 n nx
HOBbIX MOTOMKOB. HW3KOMONEKynsipHble MNPOTUBOBU-
PyCHble npenapaTtbl PEMOECVBUAP U  MOJHYNMpaBup
(remdesivir n molnupiravir — wuHrn6uTopsl PHK-3a-
Bucumont PHK-nonnmepasbl SARS-CoV-2), a Takxe
HUpMaTpensup (nirmatrelvir — WMHrMOGUTOP OCHOBHON
npoteasbl) 1 nycdotpesup (lufotrelvir) obnapatoT Tepa-
neBTMYeCKUM adpdekTom nNpoTus cybnuHuin BA.2.12.1,
BA.4 n BA.5 [49, 86]. HykneoaugHbili aHanor asBy-
OVIH — VHIMObUTOP BUPYCHON PETPOTPAHCKPUNTa3bl —
nogasnset pennvkaumio SARS-CoV-2 [87]. MonHy-
nMpaBnp, HUpMaTpPensup 1 UX KOMOMHauMs MOryT
npenoTepaTuTb 3apaxxeHne Omicron 1 npegbigyLmMm
VOC [88]. R. Arbel n coasT. [89] oueHNM aKTUBHOCTb
HupmaTpensupa y 3902 naunMeHToB C UHeKumnen
Omicron. lMokazatenn rocnutanuM3auum n neTasnbHO-
CTW ObINM 3HAYNUTENBHO HUXKE Y NMaUMEHTOB B BO3pacTe
65 neTt n crtaplle, NOnyYaBLUMX HUPMATPENBUP, YEM
y Tex, KTO ero He nonydan. He o6Hapy>xeHO gokasa-
TEbCTB MOJMb3bl ATOr0 Npenapara y Monogbix ogen.
L. Vangeel n coast. [90] nogTBepanv NnpoT1BOBUPYC-
HYI0O aKTMBHOCTb HYK/I€03MOHbIX MpenapatoB pemMpe-
CvBMpa 1 MOJIHYNUpasvpa 1 NpoTeasbl HUpMaTpensmpa
npotms Omicron u gpyrux VOC. MonHynupasup 1 Kom-
GuHaLMs HUPMATPENBUP+PUTOHABUP ABASIOTCHA 3HAYU-
MbIM LOMNOSIHEHNEM K fieveHnto paHHei hasbl COVID-19,
0Cc06eHHO UHekumm Omicron 1 ero cy6sapraHTos [7].

Mo nHdopmaumm BO3, kopTrkocTeponab 1 61oka-
Topbl peuenTopa IL-6 BCE eLé MOoryT yCneLwHo nevYnTb
TsHkénble cnydam COVID-19, Bbi3BaHHble LUTaMMOM
Omicron®.

MoHoknoHanbHbie aHTUTENa

Bapuant Omicron Bbi3biBaeT 06€CMOKOEHHOCTb
1 No nosofy aPdMeKTUBHOCTY TepaneBTU4EeCKNX Mo-
HOKMOHanbHbIX aHTuTen (MAb) 13-3a Konm4ecTsa my-
Taumn B S-6enke. B coBMecTHOM siNOHO-aMepuKaH-
CKOM nccneposaHuy naHens mAb npoTtus gomeHa RBD
BMPYCHOro S-6enka, UCMONb3yeMYI0 B KAVHUYECKON

6 World Health Organization [nHTepHeT]. Enhancing response to
Omicron (COVID-19 variant B.1.1.529). Pexxum goctyna: https:/
www.technet-21.org/images/easyblog_images/3194/2021201-
07-Global-technical-brief-and-priority-action-on-Omicron.pdf.

npaktuke [coTpoBumab (sotrovimab), Tukcaresnmab
(tixagevimab), unnrasnmab (cilgavimab), kasnpusumad
(casirivimab), umgesunmab (imdevimab), 6amnaHnsumad
(bamlanivimab), aTeceBmumab (etesevimab) n pergaHsm-
Mmab (regdanvimab)], npoTecTupoBanm Ha CNOCOBHOCTb
HenTpanuaosaTtb BUpyc Omicron. BamnaHmemnmab, ate-
ceBnmab, kasupusmumad, nvoesnmad n pergaHsnmab
MOSIHOCTBIO YyTPaTUIN HENTPANNIYIOLLYIO aKTUBHOCTb
B OTHOLLEHUK Wwtamma Omicron B KneTkax nvHun Vero-
TMPRSS2 n Vero-hACE2-TMPRSS2, B T0 BpeMsi Kak
aKTUBHOCTb KOMOWHauunM coTpoBrMab+umnraBumad
Oblna CHMxXeHa B ~12 pas. Pe3ynbrathl UCCneaoBaHus
MOKasbIBatoT, YTO HEKOTOPbIE aHTUTENA NPY KJIMHNYe-
CKOM MPUMEHEHUN MOFyT yTpaTutbh 3PHEKTUBHOCTD
npotme wramma Omicron [91]. Bnarogaps myTauu-
SIM B aHTUreHHbIX canTtax gomeHos RBD n NTD nu-
Hum Omicron BA.1, BA.2, BA.4 n BA.5 n nx notomku
O4YeHb crabo HENTPanNM3ylTCs TepaneBTUHECKMM
mAb. Hanpumep, myTauns H655Y y wtammoB Gamma
1n Omicron N3MeHsIeT aHTUreHHOCTb, YCUMBas YKo-
HeHue OT nofasnsiollero 60MbLUMHCTBA TepanesTu-
Yecknx mAb [92]. B HacTosLee Bpems TONbKO 6ebTe-
nosmumab (bebtelovimab) coxpaHseT adheKTUBHOCTb
npoTus Bcex BapuaHtoB SARS-CoV-2 [51, 93], kpome
XBB.1.5 «Kraken» [94]. BblcOKOa((HEKTUBHLIMU MPO-
B XBB.1.5 ocTaiTca HenTpanusylowme aHTutena
SA55, BblAeNEeHHble Y BaKUMHUPOBAHHbLIX N, nepe-
Hécwunx SARS, KOTOpble HaueneHbl Ha HEKOHKypU-
pYyIOLLME KOHCEPBATMBHbIE 3NUTOMbI [94].

YeTbipe HOBbIX cybBapuaHTa Omicron (BQ.1, BQ.1.1,
XBB n XBB.1) pacnpocTpaHsaoTca B rnobanbHOM mac-
wrabe n yxe npeobnagardT B HEKOTOPbIX pervoHax,
co3faBas OMnacHOCTb eLlé OAHOW BOJHbl MHGEKLMUN
B Gnvxanwme mecsaupl. BQ.1 1 BQ.1.1 o4eHb BbICTpO
pacnpocTtpaHunnck B EBpone n CesepHoit AMepuke,
XBB n XBB.1 6binu BnepBbie BbisiBNEHbI B VIHONMK B cepe-
OnHe aBrycta 2022 rofa v y>xe ctanm npeobnagaroLm-
mMu B Asun. BQ.1 n BQ.1.1 nponsownn ot BA.5, Torga kak
XBB n XBB.1 BO3HUKAM B pe3ynsrate pekomonHaumm
Mexay Asyms npoussogHeiMu BA.2 — BJ.1 n BA.2.75.
OTun gBe cy6nmMHMM NPOJOHKaOT pasBrBaTbCsA U AUBEP-
cnrUMPOBaTLCA C MOCTOSHHO BO3PACTaOLLUM HYACIOM
MyTauuii S-6enka. BeICTpbI pOoCT 3TUX CybBapMaHToOB
N X OBLUMPHBIA HAbop MyTauuii HAaNOMUHAET NepBOe
nosieneHvre BapuaHta Omicron 1 BbI3bIBAET ONACEHUS,
YTO OHW MOFYT CHU3UTb 3(MEKTUBHOCTb CYLLECTBYIO-
wmx BakuuH n mAb npotus SARS-CoV-2, 0cobeHHO
cybsapuanTos XBB n XBB.1 [11].

MpoTuBoBMpPYCHbIN Npenapat Isywweng, (Evusheld),
paspaboTaHHbI koMnaHuen AstraZeneca, npepcras-
nsieT cobon kombrHaLmo oByx mAb anuTensHoro gen-
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CTBUS — TUKcaresmmaba n uunrasnmabda. Ecnn Tpeby-
eTCH MOCTOSIHHAA 3alimTa, HanpumMmep, MeguLUHCKIM
paboTHVKaM, YNpaBreHne Nno KOHTPOJO KayecTsa nu-
LLIeBbIX MPOAYKTOB M NeKapCTBeHHbIX cpencts CLLUA
(Food and Drug Administration, FDA) pekomeHayeT
nosTopHoe BBefdeHne Evusheld kakgple 6 Mecsaues
B no3e 300 mr Tukcaresumaba n 300 mMr unnrasmma-
6a [18]. MoHoKNoHanbHble aHTUTENna 6GamnaHBumMad,
Kasupusumab, nvgesmmad, CoTpoBumMab, aTecesmman,
KoTOopble 3(MEKTNBHO HENnTpanMsoBann LUTaMMbl
Wu01 n Alpha, He NpoAeMOHCTPPOBaNN HENTPaNU3y-
IOLLIYIO @KTUBHOCTb NpoTMB BapuaHta Omicron [3].
S-6enkn cybsapunaHTos BQ n XBB umeloT Takyio xe
achrHHOCTL cBA3bIBaHuA ¢ ACE2, kKak n S-6enku ux
npegLwecTBEHHNKOB. JTO, NO-BUOUMOMY, O3HAYAET, YTO
MpPerMyLLECTBO HOBbIX CybBaprnaHTOB CBA3aHO C ApYru-
MU cpakTopamu. Npexxae BCero, 3To MOryT ObITb X 3KC-
TpemasibHble CBOWCTBA YKJIOHEHNS OT aHTUTEN, TaK Kak
cy6BapuaHTbl BQ.1, BQ.1.1, XBB 1 XBB.1 nposiBnsitoT ro-
pa3no 60MbLUYH0 YCTONYMBOCTL K aHTUTENaM, YeM 6onee
paHHVe BapuaHTbl. HECMOTPS Ha BCE YCUNSA HayYHbIX
KONNEKTVBOB B TeYEHNEe Bonee AByX NET, BUPYC NPOAo-
)KaeT pasBuMBaTLCA U YKIOHATLCS OT UMMyHUTETa. Oye-
BMOHa OocTpasi HeOOXOAUMOCTb B pa3paboTKe BakLVH
1 aKTUBHbIX MAb 0N KNIMHUYECKOro npumMeHeHus [11].

BapuaHT Omicron «Kraken»

B koHue 2022 ropma cy6nuHum SARS-CoV-2
Omicron BQ.1 n XBB, xapakTepusylowpmecs amyHo-
KNCNOTHbIMN 3ameHamn B S-6enke wuna, KoTopble
MoBbILLAIOT MPUCNOCOBNAEMOCTb BUpYyca, cTanm npe-
obnapatb B 3anagHoMm (BQ.1) n BoctovHom (XBB) no-
nywapusx. CybnuHua BQ.1 aBnseTca noTOMKOM Bapu-
aHTa BA.5, Torga kak XBB — npogykT pekoMbuHaumm
[OBYX BbICOKOANBEPCUDULMPOBAHHBIX KOLMPKYINPY-
towmx cybsapuaHTos BA.2 — BJ.1 n BA.2.75/BM.1.1.1
[11, 95, 96]. XBB.1.5 npepctasnsieT cobon cybnuHmio
XBB ¢ pononHuTenbHon myTtauueinn S486P B oomeHe
RBD. B pekabpe 2022 roga Ha XBB.1.5 npuxogunocb
5% CeKBEHMPOBaHHbIX reHoMoB B Hblo-Vlopke, a yxe
7 aHBapss — 6onee 80% (no Bcel cTpaHe 26%). 3710
No3BONSIET NPeAnonoXuTb, 4To Huto-Vopk 6bi anu-
ueHTpom nosineHus XBB.1.5. Mo gaHHbiM, ony6au-
kKoBaHHbIM 17 mMapTa 2023 roga Ha canTe areHTcTBa
ECDC, B natu cTpaHax EBponbl ¢ agekBaTHbIM 06bE-
MOM CEKBEHWPOBAHUSA WM FEHOTUNMPOBAHWUS [0S
clny4vaeB 3apakeHuns cybsapunaHTom XBB.1.5 3a nepu-
on 20.02-05.03.2023 cocTasuna 18,7%/.

7 European Centre for Disease Prevention and Control [nHTepHeT].
Pexum poctyna: https://www.ecdc.europa.eu/en/covid-19/
country-overviews.
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LleHTp no npocunakTnke n KOHTpono 3abonesa-
Hun CLUA (CDC) coobuiaeT, 4Tto Ha 25.02.2023 Ko-
NIMYECTBO CnyyaeB 3apaxkeHus BapraHTom Omicron
XBB.1.5 B CLLIA cocTaBuno 78,5%), Bpemsi yaBOeHUs
nonn — 9 gHen, a TeKyLyto 400 BapnaHTa oLeHmnBa-
eT oKoso 28%8. Ha 22.03.2023 Bupyc Omicron XBB.1.5
oBHapy>XeH B 85 cTpaHax®, n OH BbITeCHAET cybnu-
Huio BQ.1.1, gomuHmnposaswyio B CLUA B pgekabpe
2022 ropa. Bce aTn faHHbIe CBUOETENLCTBYIOT O TOM,
yTo XBB.1.5 6narogapsi cBoel noBbILLEHHOW TpaHC-
MUCCVMBHOCTU N 3KCMOHEHLMANbHOMY POCTY BbICTPO
pacnpocTpaHUTCA No BCeMy Mupy B Gavkaiiiem 6y-
OyLleMm 1, BeCbMa BEPOSATHO, BbI3OBET ClELYHOLLYIO
rno6anbHyto BonHy COVID-19 [94, 96]. V3-3a aToM
HEOObIKHOBEHHOI TPaHCMUCCUBHOCTN Cy6BapuaHT
XBB.1.5 nony4un umsa «Kraken» (C aHrn. — MOpCKoe
YyOoBULLE, CMIPYT).

3HayeHne KOHCTaHTbl auccoumauun gomeHa RBD
S-6enka BapuaHTa XBB.1.5 oT kneTto4Horo peuenTtopa
ACE2 B 4,3 pasa Huxe, 4em y RBD XBB.1, T.e. XBB.1.5
NPOSBASET YOUBUTENBHO CUMbHOE CPOACTBO K Krie-
ToyHoMy peuentopy ACE2, 4to cBA3aHO ¢ myTauwmen
B S-6enke — 3amMeHOoN AByX HykneoTuaos S486P. OTa
MyTauusi paHee Gblia PpegKoCTbio BO BPEMS MaHAEMUN,
BEPOSATHO, 13-3a TOrO, YTO 415 3aMeHbl (heHnnanaHmHa
Ha MPOSMH TpeboBanMCb ABE HYKEOTUOHbIE 3aMEHbI
B OQHOM 1 TOM >Xe KOfoHe. BapuaHTbl C 3TOI ABONHOW
MyTaLuuen NosBASANCE U PaHbLUe, HO He Oblin ycreLu-
HbIMW B CMbIC/IE pacnpocTpaHeHms. HecmoTtps Ha 60-
nee BbiCOKoe cpopctBo K ACE2, BapuaHT XBB.1.5 He
OT/IM4AETCA OT MNPELLWECTBEHHNKA CTEMEHbI CHIKE-
HUS HeMTpanusaunn CbIBOPOTKOW BaKLMHMPOBAHHbIX
1 BbI3LOPABMBAIOLLMX, YTO YKa3bIBAET HA NpeumMyLLe-
cT80 XBB.1.5 no cpaBHeEHNIO C NpeaKoBbIM BapraHTOM
XBB.1, 06ycnoBneHHOe TONMbKO YBEIMYEHWEM TpPaHC-
mMuccusHocTY [94]. B To e Bpems «Kraken» ycnewHo
YKJIOHSIETCS OT HEeWTpanusyloLlero nOencTeus Ousa-
JIEHTHOW BakUWHbl MPOTMB BapuaHtoB Omicron BA.1
1 BA.5'° n obnagaeT BbICOKOW YCTOMYMBOCTHIO K HEMT-
panusaummn CbIBOPOTKaMy MauMEHTOB C MPOPbIBHON
nHdpekumen BA.2 (8 20 pa3s yctondmsee BA.2 n 6onee

8 European Centre for Disease Prevention and Control [uHTepHeT].
Update on SARS-CoV-2 variants: ECDC assessment of the
XBB.1.5 sub-lineage. Pexum poctyna: https:/www.ecdc.
europa.eu/en/news-events/update-sars-cov-2-variants-ecdc-
assessment-xbb15-sub-lineage.

® WHO [uHTepHeT]. Weekly epidemiological update on
COVID-19-22 March 2023, Edition 135. Pexxum gocTyna: https://
www.who.int/publications/m/item/weekly-epidemiological-
update-on-covid-19---22-march-2023.

0 PCR.news [uHTepHeT]. «KpakeH» — HOBbIA cy6BapuaHT
wramma oMukpoH SARS-CoV-2. Pexxum gocTtyna: https:/pcr.
news/novosti/kraken-novyy-subvariant-shtamma-omikron-
sars-cov-2/?ysclid=Id7muleb8d861991435.
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yem B 40 pa3s yctonuusee B.1.1) n ceiBopoTKamu na-
LMEHTOB C npopbiBHON nHdpekunen BA.5 (B 9,5 pasa
yctonumsee BA.5 n B 32 pasa yctonmuusee B.1.1).
B xope uccnepgosanuii K. Uriu n coasT. [96] 3ameTu-
n, 4To y BapmaHta XBB.1.5 npousowna pesepcus
peneuun 144Y B S-6enke (Y144del). MyTtaums Y144del
NPUOAET MOBbILLIEHHYIO CMOCOBHOCTb YCKOMb3aTb OT
UMMYyHHOro oteeTa [95], ogHako XBB.1.5 ¢ peBepcuen
(XBB.1.5 ins144Y) nokasan 60fiee HU3KOE 3Ha4YeHue
KOHCTaHTbI AUCCoLMaLmn no CPaBHEHNIO C MCXOLHbIM
XBB.1.5. ABTOpbI yCTaHOBWAN, YTO nHCepumsa 144Y no-
BbILLIAET KOHTarno3HocTb XBB.1, HO He BNNSeT Ha KOH-
TarnosHocTb XBB.1.5, n, Kpome TOro, 3Ha4MTENBLHO MO-
BbILLAET YyBCTBMTENBHOCTb K CbIBOPOTKaM MauUMEHTOB
C npopbIBHbIMU UHDeKUuamMn BA.2 n BA.5. B uenowm,
3TV faHHble CBUAETENbCTBYIOT O TOM, YTO peBepcus
Y144del He yBennynBaeT NpucnocobaseMocTb BUPY-
ca. Takum obpasom, XBB.1.5 «Kraken» siBnsetcsa Hau-
6onee ycnewHom cyonmHueli XBB 6narogaps MmyTaumm
S486P, koTopas nosbiwaeT ahPUHHOCTb CBA3bIBAHNS
S-6enka ¢ peuentopom ACE2 6e3 yuiepba ang ero 3a-
MeyaTeNlbHON MMMYHHOI YCTONYNBOCTM [96].

3AKJIOYEHUE

BapuanTbl 1 cybBapuaHTel Omicron 4eMOHCTPUPYIOT
MOBbILUEHHYIO KOHTArMo3HOCTb U TPaHCMUCCUBHOCTb
No CpaBHEHWIO C NPefKoBbIM WTammom HU-1 n gpyru-
Mu VOC. VN3MEHEHHBIN KNETOYHbIN TPONU3M, pasnny-
Hble NyTU 3apa>eHns KNETOK U YKNOHEHME OT UMMYH-
HOro OTBETa CMOCOOCTBYHOT MOBbLILEHHOW CKOPOCTU
TpaHcmuccum Omicron.

B aToin ctaTbe Mbl cobpanu 1 0606LWMIn pasnny-
Hble MyTauuu BapraHTa Omicron 1 ero cybsapraHToB,
a TakXe UX BUSHUE Ha KOHTarMo3HOCTb, TPaHCMUC-
CUBHOCTb, CMOCOOHOCTb YKJIOHATBCA OT VMMYHHOIO
oTBeTa 1 JeCTBUS MPOTUBOBUPYCHBIX BakUyH. OCHOB-
HOe NpensTcTBre B 60pbbe C NaHaemMuren CBA3aHO C KO-
JIM4ECTBOM YCKOSb3atoLLMX MyTauulii B reHoMe Brpyca
N BHE3arnHbIM MOSIB/IEHNEM HOBbIX BapuaHTOB. HOBbIN
cybsapuaHT wramma Omicron XBB.1.5 «Kraken» B Hac-
TosILee BPEMS UMEET MPenMyLLIECTBO B pocTe 6onee
4YeMm BABOE MO CPaBHEHMIO C OPYTUMU LIUPKYIPYHOLLM-
Mu nuHnsmn B CesepHoli AMepurke u Espone.

B HacToslLee BpeMa HeJocTaToOuHO MHopMauum
OS5 OLLEHKN N3MEHEHNS TSHKECTU MH(EKLMM, BbI3BaH-
HOW BapuaHToMm «Kraken», 1 MPOrHO3UPOBAHNSA HOBbIX
BOJH NaHAeMun. OBOSOLMSA BMpYyCa No CBOEN NPUPOoae
Henpenckasyema, U BEpOSTHbIM CLEHApUEM SBSETCA
nosisneHne HoBoro VOC, KOTOPbIN aHTUIEHHO 1 (heHo-
TUNUYEeCKN BydeT oTnm4aTbCs OT PaHHMX BapuaHToB
Omicron. «<beckoHeYHas nctopusi»...

OONOJIHUTEJIbHAA UHOOPMALLASA

UctouHuk cuHaHcupoBaHus. liccneposaHue
n nybnMkaumsi cTatby OCYLLECTBEHbl Ha JIMYHbIE
CpefcTBa aBTOPCKOro KOMeKTrBa.

KoHhNUKT nHtepecos. ABTOPb! OEKNAPUPYOT OT-
CYTCTBUE SBHbIX M MOTEHUMASBHBIX KOH(DIMKTOB VHTE-
pPecoB, CBA3aHHbIX C NybnnKaLmen HacTosALLEN CTaTbN.

Bknap aBtopoB. C.[. Lllepbak, A.C. [losno-
Ta — HanucaHne TekcTa cTaTtbu; A.M. CapaHa,
C.B. MakapeHko, [.A. BonorxaHvuH — HanucaHue
N pepakTupoBaHue TekcTa ctatbu; A.M. CapaHa —
NMOUCKOBO-aHanuTnyeckaa paboTa, o0b6CyxaeHue
N pefakTupoBaHue TekcTa pykonucu. ABTOpPbI Nog-
TBEPXXOAKT COOTBETCTBME CBOEr0 aBTOPCTBA MEX-
gyHapopgHbeiM kputepuam ICMJE (Bce aBTopbl BHECU
CYLLECTBEHHbI BKNaf B paspaboTKy KOHLenuuu,
NpoBefeHNe UCCNefoBaHWs U MOJrOTOBKY CTaTbM,
npo4Ynu u opobpunu QUHaNbLHY Bepcuio nepen
nyénukawumen).

BnaropapHocTu. ABTOpPbI BbipaXkatoT CBOKO Npu-
3HaTenbHOCTb K.6.H. Kamunosoli TatbsiHe AckapOBHe
3a MOMOLLb B MOArOTOBKE Nybnukaumn.
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XNOKOCTHAA BUOMCUA MNA3MbI C BbIABAEHUEM
LIMPKYJIUPYIOLLEEV ONMYXONEBOM AHK

KAK CNOCOB MAJIOMHBA3UBHOW AUATHOCTUKU
PAKA LUTOBUAHOW XENE3bl

T.U. PaxmaTtynnun!, M. Oxaiid', J.M. Camoxogckas', B.A. XKusotos?
1 MoCKOBCKWIN rocyAapCTBEHHbIN YHBepcuTeT nmeHn M.B. JlomoHocoBa, Mocksa, Poccuiickan depepaumsi
2 HauvoHasbHbIi MeguKo-xupypruydeckuii ueHTp umenn H.W. Muporoea, Mockea, Poccuiickas depepauyst

AHHOTALUA

Pak LynToBUA[HOM XKene3bl 3aHUMaeT 9-e MEeCTO 10 PacrnpoCTPaHEHHOCTY Cpeaun BCero HacesneHus. lartuner-
HS1S1 BbKMBAEMOCTb My 3TOM 3abosieBaHnn coctassisieT 6onee 98%. OgHako y YacTv nayvmeHToB Habsmo-
[aroTcsi c/lydam ObICTPOMPOrpPeCcCUPYHOLLIEro, CTOMKOIrO K JIEYEHUIO paKa, KOTOpble He MOryT ObiTb BbisiB/IE-
Hbl Ha paHHel cTagun pyTUHHbIMU MeTogamu. OOHUM U3 METOAOB PELLEHUS] [aHHON rpobaemMbl SBASETCS
MCIO/Ib30BaHNe XUAKOCTHOM Guorncuy. OTa npouenypa 3ak/o4aeTCsl B aHaIn3e OMyXOJIEBbIX [epyBaToB
(B wacTHocTu, ynpkympytoLuei JJHK) B Gnonorniyeckux XvugKoCTsix opraHuama. st BbIsiB/IEHWS OryX0/1eBOM0
KOMIOHEHTa MPUMEHSIIOT aHa/m3 hotspot-myTayui v naTTepHOB SMUreHETUYECKOU PErynsLmng, XapakTepHbIX
47159 onpenenéHHOro HoBoobpas3oBaHus. VI3BECTHO, YTO MOBbLILLEHVE YPOBHS LMPKYJINPYIOLLEA OryXOaeBoM
JHK B nnaame KpoBu MOXET Ha HECKOJIbKO MECSLEB orepexarb AnarHoCcTuky rno gaHHsiM MPT naymneHToB,
a TaKkXxe rpeBOCXOANTb KOHBEHLNOHAIbHbIE OMOMAapPKEPBbI, TakKnNe KakK KaslbLMTOHWUH, NPy MEAYJISIPHO KapLu-
HOME LUNTOBYAHOM XKene3bl. KpoMe TOro, UMeeTcsi BO3MOXKHOCTb MaloOMHBAa3NBHOIO YCTaHOBIEHMS FeHOTUNa
ornyxosm A1si nogbopa onTuMasbHou XummoTepany. B gaHHOM 0630pe 06CyX4aroTCsl COBPEMEHHbIE OCTU-
JKeHWs1 B 061acTy aHav3a UnpKyvpyroLler onyxoaesoi [JHK ripy Takux OHKOJIOrN4eCcKux 3ab01eBaHsIX LLN-
TOBUHOW XXese3bl, KaK narnuiasapHas, OoMKyIspHas, MeayispHas v aHaniactnieckast KapLumHOMBI.

KnrodeBble cnoBa: upkynvpyrolas ornyxonesasi [HK; xugkocTHas GUMorncusi; pak LUMTOBYHOM Xerle-
3bl; CKPUHWHIT; OLEHKa OTBETa Ha XUMMUoTeparuio.

Ansa yntuposaHus:

Paxmarynnun T.N., DxanH M., Camoxoackas J1.M., )Kusotos B.A. )KngkocTHas 6uoncus nnasmbl C Bbi-
SABNIEHNEM LMpPKynupytoLwen onyxoneson HK kak cnoco6 mManonHBasnBHOM ANarHOCTMKUN paka LWNTo-
BUAHON >kene3bl. KnnHnydeckas npaktuka. 2023;14(3):69-79. doi: https://doi.org/10.17816/clinpract321281
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BBEAEHUE

B 2020 rogy pak wutosugHom »xenesbl (LLIXK) 3a-
Human 9-e MecTo No PacnpoCcTPaHEHHOCTU Cpean Ha-
ceneHusa nnaxetbl [1]. OcHoBy 3TOro 3aboneBaHnsi Co-
CTaB/ISOT MasioMHBa3nBHble HOPMbl — ManuInspHas
(MK) n donnnkynspHas (PK) kapunHombl LLIDK, 5-neT-
HSS1 BbDKMBAEMOCTb MPW KOTOPbIX MpeBbiwaeT 98%
[2, 3]. B TO >Xe Bpems y HEKOTOPbIX NauMeHTOB Habnto-
JatoTCs Cllydan yCTOMYMBOro K Tepanun uim peLmansm-
pytowlero 3abosieBaHns, HanNpyMep aHannacTuyeckas
(AK) n mepynnapHas (MK) kapunHOMbI, KOTOpbIE OT-
BETCTBEHHbI H0JIE€ YEM 3a NONIOBUHY CMEPTEN OT BCEX
OHkonorunyecknx 3abonesarHun LK [4, 5]. C 1974 no
2013 rog 3abonesaemocTb MK 1 ®K pocna B cpegHem
Ha 4,4 n 0,6% B rog (a B FOxxHoM Kopee B neprog Mex-
ay 1999 n 2016 rogamm Ha hoHe H6onee YacToro obene-
[oBaHus naumeHtoB — Ha 11,7-16%), ogHako 3abone-

JnueHsmns CC BY-NC-ND 4 /
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BaemocTb AK n ®©K 3a nepuog ¢ 1972 no 2016 rog He
npeTepnena 3Ha4nTebHbIX U3MEHEHWN [6, 7].

B HacTosilee Bpemsi OCHOBHbIMM MeToZamu guar-
HOCTUKM paka LK sBnstoTcs ynsTpasBykoBoe Ucchne-
[JOBaHve y3/10B M METaCcTa30B, TOHKOWUrOnbHas acnu-
paumMoHHas buoncusi, a TakKe aHanm3 CbIBOPOTOYHbIX
MapKepoB (TupeornobynnHa, kanbuntoHnHa) [8]. OgHa-
KO CTOUT OTMETUTb, YTO AaHHble NOAXoAbl He 06naparT
JOCTaTO4HOWN YyBCTBUTENIbHOCTBIO AN PaHHEW AnarHo-
CTVIK/ BbICOKOVHBA3UBHbIX 1 Hambosee onacHbIX Ory-
xonen LK [9-14]. X BbisiBNeHNe NpoucxoguT Ha Oo-
BOJIbHO MO34HEM 3Tane, YTo 1 06YCNOBANBAET BbICOKYIO
CMEPTHOCTb, aCCOLMMPOBAHHYIO C HUMU [4, 5, 15]. imeH-
HO NO3TOMY HeobXoauMa pa3paboTka HOBbIX MOAXOO0B
K OWarHOCTUKe 3TuX 3ab60neBaHnii Ha PaHHKX CTaaunsix.

OpHVM 13 Hanbonee NepcneKTNBHbIX METOAOB pe-
LIEeHNs1 faHHOW NpobnemMbl SBASETCA UCMOSb30BaHNe
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ABSTRACT

Thyroid cancer is the 9th most common cancer in the world. The five-year survival rate for this disease is
over 98%. However, in some patients there are cases of rapidly progressive treatment-resistant cancer
that cannot be differed from poor-invasive cancer by routine methods. Liquid biopsy could be one of the
methods to solve this problem. This procedure consists in the analysis of tumor derivatives (in particular,
circulating DNA) in body fluids. The analysis of “hotspot” mutations and patterns of epigenetic regulation,
which are usual for neoplasms with a certain genotype, is used to identify the tumor component in the
total mass of circulating DNA. The increase of circulating tumor DNA in the plasma is observed several
months ahead of the characteristic signs at MR images of patients, and also surpasses conventional
biomarkers such as calcitonin in medullary thyroid carcinoma. In addition, a possibility of minimally
invasive determination of the tumor genotype by analyzing circulating DNA is important to select the
optimal chemotherapy. This review discusses the current advances in the analysis of circulating tumor

DNA in thyroid cancers such as papillary, follicular, medullary, and anaplastic carcinomas.
Keywords: cell-free nucleic acids; liquid biopsy; thyroid neoplasms.
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YKNOKOCTHOWM BMONCUN — TEXHOJIOTK, MO3BOJIAIOLLEN
aHanM3MpoBaTb coaepXKallmecs B NasMe KJeTouHble
pepuBatbl. K TakmuM OTHOCATCS CBOOGOAHbIE HYKNen-
HOBbIE€ KUC/OTbI, BHEKNETOYHbIE BE3UKYJIbI, LIMPKYIN-
pytoLLme onyxonesble KNeTkn u T.4. [16]. Cpegn Hux
dparmeHTsl ynpkynupyowen OHK (wWOHK) npepcras-
NATCS Hanbonee ctabunbHbIM CybCTpaToOM ANs UC-
cnegoBaHMsa 1 anarHocTuky paka [17].

LHUPKYNTUPYIOLWAA OAHK

TepMUH «LUPKYNMPYIOLWLNE HYKIEUHOBBIE KNCOTbI»
BKJIOH2€ET B Ce0S KaK AOEPHbI, Tak 1 MUTOXOHAPWAb-
HbIi KOMMOHEHT [HK, a TakXXe HeKoTopble pasHOBUA-
HocTu PHK. BeckneTouHble pparmeHTbl LOHK 06bI4HO
obnapatoT pasamepom okono 135-240 nap ocHoBaHuiA,
YTO COOTBETCTBYET AJIMHE HYKNEOCOMbI [18].

OnyxoneBble KNETKN U UX OKPY>XXEHME SBASAIOTCS
WCTOYHMKOM 6GonbLlIoro konudectsa sgepHon udHK
[19, 20]. Jonroe Bpems cHATanoCh, YTO OCHOBHOM NPUYM-
HOW TOMY SIBASIKOTCS anonTo3 Y HEKPO3 KJIETOK OMyXosu
[21, 22]. OencTBMTENBHO, BOKPYT ONyX0nu hopMmpyeTcs
FMMOKCUYECKOE MUKPOOKPYXKEHNE C MOHUXEHHBIM PH,
YTO MPUBOAUT K MMOEN KNETOK: 3TO ABJIEHNE HA3BaHO
athekTom Bapbypra [23]. OgHako Takue ycnoBust He-
cyT 6osbLue Bpefa A5 HopMasibHbIX KNETOK, MOCKOJbKY

Y HUX HET ahhekTBHOIO cnocoba 6opbbbl C rMMOKCUeN
1 auMpo30M B OTIMHME OT OMYXONEBbIX KNETOK [24-26].

VIMEHHO reHeTMYecKuin mMaTepuasn HeomnyXoseBbIX
(B OCOBEHHOCTV MMEIOLLMX FEeMOMO3TUYECKOE MPOUc-
XOXX[OEHWE) KNETOK COCTaBnsieT ocHoBy obuwen uIHK
npu OHKoNorndyecknx sabonesaHusx [27, 28]. OgHako
yBenm4eHne KoHueHTpaummn obwen uHK He saBnseTcs
NMPU3HaKOM OrnpeaenéHHOro OHKOJIOrMYeCKOro NpoLec-
ca. bonee TOro, eé ypoBeHb MOXET CTaTUCTUHECKN He
OT/IM4aThCs y NauMeHToB ¢ pakoMm LLIXK 1 300poBbix fto-
nen [29]. 3To MOXEeT 0ObACHATLCA NHAMBUAYaNbHBIMA
0CobeHHOCTAMN B ckopocTu aerpagauun uHK B nnas-
Me 1 eé KnmpeHce neyeHbto n nodkamu [30, 31]. C opy-
rOM CTOPOHDI, faXKe Y ntofaen 6e3 OHKOSTIOrM4ecKmx 3ab0o-
NEBaHUA MOXXET MPOUCXOOUTb YBENNYEHNE KONNYECTBA
udHK BcneacTeue pasinyHbIX NPUYKH: TPaBM, OXOroB,
BOCMNaneHusi, cencuca n gaxe puan4eckon Harpysku
[32, 33]. o Halemy MHeHUIO, 3TO AenaeT HEBO3MOXXHOM
OVNarHoCTUKY paka JiMllb Ha OCHOBaHUM aHann3a obLue-
ro ypoBHs uHK, XoTa fonycKaeT ero ncnonb30BaHne
B Ka4eCTBEe BCMOMOrarTefisHOro Mapkepa.

VIMEHHO MO BbILLEHa3BaHHbLIM MPUYHAM XUOKOCT-
Has 6uoncusa nogpasymeBaeT MNpuLEeSbHbIA aHanm3
onyxonesoro KomnoHeHta uOHK. Ons aToro npous-
BOASAT MCCNefoBaHNe Tak HadbiBaeMbix hotspot-myTa-
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LI, T.e. KIOYEBbIX, NEXaLLVX B OCHOBE Pa3HbIX BUOOB
paka 1 XxapakTepHbIX AN HAX. DTN anbTepaLmmn BKIo-
YaloT B Ce0S KaK TOYEeYHble MyTauun, Tak U FTEHOMHbIE
NepecTpPoOnKK, Hanpumep, W3MEHEHWE KondecTBa
onpenenéHHbIX FreHOB NN NX CINSHUE MeXAy COBON.
Kpome Toro, ons pasnnyeHns HopMasbHOW U Onyxo-
neson UAHK MOXHO Mcnonb30BaTb aHann3 naTTepHOB
3NUreHETUYECKON Perynauumn, Hanpumep, MeTumpo-
BaHue [34]. AHanua myTaHTHbIX hopm LOHK BmecTo
obuwen udHK B nnasme no3BonsieT ropa3fgo TovHee
OTCNEeXUBaTb TeYEHMEe OMyXOSIeBOro npolecca u cy-
OVTb O NPOUCXOXAEHNMN, COCTOSAHUM OMYXONN U AnHA-
MUKe eé pas3BuTus unu perpeccun [35, 36].

XNAKOCTHASA BMONncus niA3mbl

nPu ANO®PEPEHLIUPOBAHHOM PAKE

LUNTOBUAHOW XXENE3bI

OunbdepeHumMpoBaHHbIl pak COCTaBNSET OKOJO
95% HoBoo6pa3zoBaHuii LXK [2]. OH npepcTtasneH
nanuNnspHon 1 MOoNANKynapHoOn KapumHomamu LLDK|
NATUNETHAS BbDKMBAEMOCTb MPU KOTOPbIX paBHa npu-
MepHO 98% [3]. HecMoTps Ha TO, YTO COBPEMEHHbIE
MeTOAb! ANArHOCTVKM MO3BOSIAIOT YCMELIHO BbIABAATb
3TOT TWN paka, 3a4acTyl OKOHYaTenbHas Bepudrka-
UM gnarHosa npou3BOAMTCSA YXXe Mocne 4acTUYHON
W TOTaNbHOM pe3ekumn opraHa. Tak, Hanpumep, Ya-
CTOTa JOOPOKaYeCTBEHHbIX HOBOOOPA30BaHNI Cpeau
NaumneHToB, NEPEHECLLUX TUPEOUOIKTOMUIO MO MOAO-
3PEHNI0 Ha HanM4yme 3noka4ecTBeHHon onyxonu LLDK,
cocTtaBnsieT okosio 70% pns HooobpaszosaHui Il
n VI kateropuin no knaccndpuxkauun Bethesda [37, 38].
[Mpn 3TOM M3BECTHO, YTO TOTaNbHas WM YacTUYHas
pesekuns LLIDK okasbiBaeT cepbE3Hoe BAUSIHME Ha CO-
CTOSIHME YeNOBEKa, Bbl3biBas Y HEr0 yCTanoCTb, Hapy-
LLEeHNst CHa, NOTEPIo anneTuTa, a TakxXe B peaKux ciny-
Yaax NoBpPEeXAeHne BO3BPATHOrO MOPTaHHOrO HEpBa,
ropTaHu, Tpaxeu, NOAKOXHOEe KpoBOTeYeHne 1 T.4. [39].

Camoli YacTon reHeTudeckon ansrepaumen npu MK
LLIXK (oT 20 go 40%) siBnstotcs myTauun reHa BRAF
(tabn. 1). Cpean Hux po 98% 3aHumaeT myTaums
BRAF V600E [40, 41]. Opyrumn tunudHbiMui ans MK
LK sBnsoTcs mytauum reHoB RAS n RET, npomo-
Topa TERT (pTERT), a Tak>XXe NMapHOe CNNsiHUE reHoB
RET+PTC ppyr ¢ gpyrom [34, 42]. Kpome Toro, nHorga
npy MK MOXHO 06Hapy>uTb MyTauum reHos PPM1D,
CHEK2, ARID1B, PTEN, TP53, EIF1AX n cnvsHus re-
HoB BRAF, NTRK1, NTRK3, ALK, THADA ¢ Heknmu re-
Hamun 6e3 onpedenéHHbIX YacTo BCTPeYaloLMXCs 3a-
KOHOMEpHOCTEN, a TakXxe napHole cnusaHua SWI+SNF
n PAX8+PPARG [34, 42]. Knetkn ®K 4vacTto copepxxat
myTaummn reHos RAS, DICER1, PTEN, pTERT, EIF1AX,

TP53, PIK3CA, EZH1, IDH1 n SPOP v napHoe cnvsiHue
reHoB PAX8+PPARG [34, 42]. Kpome TOro, n3BecTHo,
470 Npu anddepeHupoBaHHoM pake LLIK Habnoga-
eTcsa N3MeHeHne metTuamposaHus psga CpG-ocTpoB-
KOB MO CPaBHEHWIO C HOpMasibHOW TKaHbio [43, 44].
Tak, gnsa MK LLIXK B nepByto ovepenb xapakTepHO Ha-
JI4ne y4acTKOB rMnepmeTunmpoBanns reHos MIG-6,
SLC26A4, COL4A2, DACT2, RASSF1 n runomeTnnmpo-
BaHus reHa KLK10, a ®K cogep>xuT 601bLLIOe Konnye-
CTBO Yy4aCTKOB runepmeTunuposaHusa B reHax THR,
DLEC1, RASSF1, ZIC1, p16 INK4A [45-49)].

B Tabn. 2 npepctaBneHbl pesynsTaTtbl akTyasbHbIX
nccnegoBaHnii, NOCBALWEHHbLIX aHannay uHK B guar-
HoCTuKe anddepeHumpoBaHHoro paka LXK [50-59].
Hanbonee yacto B Hux onyxonesyto UOHK onpege-
nanm no Hanuymo mytauun BRAF VB0OE. Mpw nsyye-
HUn meTunnposanus LOHK oueHvBanacb anvreHeTu-
Yeckas mopudumkauusa reHos CALCA, CDH1, TIMPS,
DAPK, RARB2, MGMT n DNMTT.

YyBCTBMTENBHOCTb U CNEeUNUYHOCTb OUarHOCTuM-
Kn paka no aHanuzdy mytaumm BRAF V600E poxopsT
0o 61,54 n 90,91% cooTBeTCTBEHHO [55-57]. B HacTo-
silllee BPeMs AOCTYMHO NNLb HEGONbLLOE KONMMYECTBO
nccnenoBaHnie, NOCBALLEHHbIX anarHocTuke paxka LUK
Ha OCHOBE aHanm3a mytaumin RAS ¢ nCnonb30BaHMEM
XXngkocTHom 6uoncun [51]. Mo gaHHbIM aBTOPOB 3TUX
COODOLLEHNIA, 0OOCOBNEHHbI aHanMs MyTauuin reHa
RAS xapakTepusdyeTcsi 4Y4yBCTBUTENBLHOCTBIO U Che-
undunyHocTbio, gocturarowmmmn 50,0 n 98,2% cooT-
BETCTBEHHO [57]. B uccnegosanun S. Hu n coasr. [59]
COBMECTHbIN aHann3 metunnpoBaHus reHos CALCA,
CDH1, TIMP3, DAPK n RAR[32 xapakTepu3oBaJsics 4yB-
CTBUTENBHOCTBIO 68% 1 cneundunyHocTeio 95% [59].
B uccnepgosanun F. Khatami n coasT. [58] 6b1n npo-
OEMOHCTPUPOBaHbI 4YyBCTBUTENIBHOCTb U creumngmny-
HOCTb 78 1 72% COOTBETCTBEHHO. Kpome Toro, 66110
nokKasaHo, YTO METUNPOBAHNE MPOMOTOPHbIX PErno-
HoB MGMT n DNMT1 accouunpoBaHo C NpUCyTCTBU-
eM nanunnsapHom kapumHomsl LUK [58].

XNAKOCTHASA BMorncus

NP AHANMJTACTUHECKOM PAKE

LUNTOBUAHOW XXENE3bI

AHannacTnyeckas KapumHoma B oTam4me ot ¢os-
JINKYNSIPHOW 1 NanuiisipHoOn KapuvHOM COCTaBnsieT
Bcero 1-2% BCex 3/10Ka4eCTBEHHbIX 3abosieBaHuin
LLI>K [60]. HecmoTps Ha 97O, OHa SABNAETCA NPUYNHON
rnéenn o 50% nauneHTOB CO BCEMU 3/10KA4ECTBEH-
HbiMn 3abonesanHnsammn LLDK [4]. MegnaHHaa onurenb-
HOCTb BbDKMBaHUSA COCTaBNSIET OKONO 4 MeCsLEB,
a rogoBasi BbDKMBaeMOCTb He npeBbiwaeT 20% [4, 15].
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Tabnuua 1/ Table 1
YacToTta u xapakTep (%) reHeTU4eCKNX NU3MEHEeHU B ONMyXOJisiX WUTOBUAHOM Xene3bl /
Frequency of types (%) of genetic changes in thyroid tumors

FeHeTn4yeckue ManunnapHas donnnkynsapHas AHannacTtuyeckasi MeaynnsipHas
N3MeHeHus KapuuHoMma KapuyuHoma KapuyuHoma KapuyuHomMa
13meHeHns BRAF V600E (60) RAS (NRAS, HRAS PTERT (70-79) RET (50-59)
B OAHOM reHe PTERT (<9) n KRAS) (40-49) TP53 (60-69) RAS (20-29)
NRAS (8,5) DICER1 (10-19) BRAF V600E (30-39) TP53 (<5)
HRAS (<5) PTEN (10-19) RAS (20-29) BRAF non-
KRAS (<5) PTERT (10-19) PIBK/AKT/mTOR (10-19) V600E (<5)
EIF1AX (<5) EIF1AX (3-19) ALK (10-19)
PPM1D (<5) TP53 (5-9,9) PTEN (10-19)
CHEK2 (<5) PIK3CA (<5-9) EIF1AX (5-19)
ARID1B (<5) EZH1 (<5) KMT2D (10)
PTEN (<5) IDH1 (<5) NF1/NF2 (9)
TP53 (<5) SPOP (<5) RB1 (8)
EIF1AX (2) ATM (7)
TSHR (5-9,9)
DICERT1 (<5)
RET (<5)
RBM10 (<5) DNMT3A (3)
CnusHns RET+PTC (7) PAX8+PPARG (27) SWI+SNF (30-39) NTRK (<5)
RET (6,3-7) DERL-COX6C (<5) NTRK (<5) SWI+SNF (<5)
BRAF (<5) ALK (<5%) MYH13+RET
PPARG (<5) NCOA4+RET (<5) (<5)
NTRK1 (<5) NUT+BRD4 (<5) EML4+ALK (<5)
NTRK3 (<5) KIAA1549+BRAF (<5) GFPT1+ALK (<5)
ALK (<5)
THADA (<5)
SWI+SNF (<5)
PAX8+PPARG (1)
DNA CNA 20-29% 60-69% >80% 60-69%
[MnepmeTunupoBaHune MIG-6 (79) THRpB (81) SLC26A4 (71) RASSF1 (80)
SLC26A4 (71) DLECT1 (56-75) TSHR (33)
COL4A2 (41-66) RASSF1 (70) ERp (20)
DACT2 (64,6) ZIC1 (67)
RASSF1 (62) p16 INK4A (50)
TIMP3 (53) SLC26A4 (46)
PPTEN (45,7) KISS1R (17)
Rap1GAP (9-45) PTEN (<5)
p16 INK4A (44)
DKK3 (38,8)
XAF1 (35,7)
DAPK (34)
SLC5A8 (33)
DLECT1 (23)
RARB2 (22)
HOXB4 (18)
ADAMTSS (18)
NIS (<5)
RUNX3 (<5)
RECS8 (<5)
GPX3 (<5)
NKX2-1 (<5)
[MnomeTnnupoBaHune KLK10 (<5) - TCL1B (64) INSL4 (60)
NOTCH4 (45) DPPA2 (30)
MAP17 (33) MAP17 (38)

lMpumeyaHune. I3mMeHeHUs B OOHOM reHe — reHHble MyTauuy, KOTOpble BKOHAOT B ce05 3aMeHy, BCTaBKY UMW BbiNageHne
HyKneoTuga B rpaHmuax OfHOro reHa; CIMSHUS — 4acToTa CMSHUIA YKa3aHHOMO reHa C MHOXXECTBOM HEKMX APYruX reHoB
6€e3 4acTo NPOSABSAIOLLMXCSH 3AaKOHOMEPHOCTEN, NGO YacToTa NapPHbIX CAMSHWIA ABYX YKa3aHHbIX FEHOB (Mapbl OTMEYEHbI
3HaKOM «+»), KOTOPble BCTpeyatTcsa goctatoyHo Yyacto. DNA CNA — n3meHeHune Yncna Konmim Kakoro-nmbo reHa B reHoMe.
B ckobkax ykasaHa [onst NauneHToB C yka3aHHbIMY N3MEHEHNAMY OT 06LLErO YMcna y4acTHNKOB UCCefoBaHus.

Note: Changes in one gene are gene mutations, which include the replacement, insertion or loss of a nucleotide within
the boundaries of one gene; fusions are the frequency of fusions of the specified gene with a variety of some other genes
without frequently occurring patterns, or the frequency of paired fusions of two specified genes (pairs marked with

a “+” sign), which occur quite often. DNA CNA is a change in the number of copies of a gene in the genome. The percentage
of patients with these changes from the total number of study participants is indicated in parentheses.
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Tabnuua 2 / Table 2

UccnepoBaHus, nocBsilWEHHbIEe aHann3y yupkynupytowein AHK
B AnarHoctuke auddepeHUNpoBaHHOro paka WUTOBUAHOWM Xenes3bl /
Studies on the analysis of circulating DNA in the diagnosis of differentiated thyroid cancer

UccnepoBaHme [MauuneHTbl MeToponorusa MuweHn Ucxop
Hotspot-myrauun sgepHoin uJHK
Condello 59 MK WX 4 M1 nnasmbl BRAF UM =0
n coasr. [50] 24 KOHTPOJb MnupP-PB CM =1
43=0
C3=1
Lupo 13 MK LK 5 mn nnasmbl BRAF, CTNNBT1, 4YM = 0,091
1 coasT. [51] 43 KOHTPOJb NGS EGFR, FOXL2, CM =0,95
GNAS, KRAS, NRAS, 43 =0,077
PIK3CA, TP53 C3=0,95
Scholarship 26 MK LK 1 Mn nnasmel BRAF YM =1
1 coaBT. [52] 13 KOHTpONb KonunyectseHHas MNMLP CM=1
43 =0,308
C3=1
Kwak 67 NK LK - BRAF 43 =0
n coasT. [53] 26 KOHTpPOIb MnupP-PB C3=1
Chuang 14 MK LK - BRAF 4YM = 0,6
1 coasT. [54] 9 KOHTpPOJb MnupP-PB CM=1
43 = 0,21
C3=1
Kim 72 MK WK 500 Mkn nnasmel BRAF YM = 0,061
1 coasT. [55] 1 OK WK MUP-PB (clamp) CM =1
4 KOHTPONb Y43 = 0,041
C3=1
Jensen 57 MK LK 600 MKn Nnasmebl BRAF 43 yMypP = 0,14
1 coasT. [56] uMUP/unupP (COLD-MLP) Y3 uMLpP (COLD-MLUP) = 0,421
Li 59 MK LK 10 mn kpoBu BRAF YM BRAF V600E = 0,615
n coasT. [57] QuantStudio™ 3D NRAS CM BRAF V600E = 0,909
digital PCR 43 BRAF V600E = 0,322
YM NRAS Q61R = 0,5
CM NRAS Q61R = 0,98
43 NRAS Q61R = 0,05
MerunupoBanune yJHK
Khatami 57 MK WX 6 M1 nnasmebl MGMT, DNMT1 4YM MGMT = 0,78
n coasT. [58] 45 KOHTpONb HRM CM MGMT = 0,72
YM DNMT = 0,36
CM DNMT = 0,84
Hu 38 MK 1 M CbIBOPOTKM CALCA, CDH1, 43 obwasn = 0,68
n coasT. [59] n OK LK MLpP-PB TIMP3, DAPK, C3 obwasa = 0,95
19 KOHTpONb RARB2

lMpumeyarue. LK — wntosngHas »xenesa; MK — nanunnapHas kapuuHoma; K — donnukynspHas kapumHoma; MUP-PB —
nonmmepasHas LienHas peakumsi B peanbHoM BpemeHu; YM n CM — 4yBCTBUTENBHOCTb U CNeLUdUYHOCTb OGHaPYXXEHUSt MyTa-
L1 MO CPaBHEHMIO C AaHHbIMU FEHOTUNMPOBaHUS Pe3eKLUMOHHOro Matepuana; 43 n C3 — 4yBCTBUTENBHOCTL 1 CNeUnpUYHOCTb
onpefeneHusi 3a60eBaHns No CPABHEHWIO C JaHHLIMU MCTOSIOMMYECKOro CCNEeA0BaHNA PE3EKLMOHHOrO Marepuana.

Note: LLI>K — thyroid gland; MK — papillary carcinoma; ®K — follicular carcinoma; MLIP-PB — polymerase chain reaction in real
time; YM and CM — sensitivity and specificity of mutation detection compared with the genotyping data of resection material; 43 and
C3 — sensitivity and specificity of disease detection compared with the data of histological examination of resection material.

Ona anannacTuyeckon KapumHombl LLDK xapak-
TepHO 6O0JSbLIOE KOMMYECTBO FEHETUYECKUX anbTe-
pauuin (cm. Tabn. 1). Hambonee yacto myTauum BO3-
HukaloT B reHax BRAF, RAS, pTERT, TP53 n PIK3CA

[60, 61]. Bnpoyem, OHM MOryT MPUCYTCTBOBATb
n B apyrux reHax: ALK, PTEN, EIF1AX, KMT2D v T1.4.
[34, 42]. B knetkax aHanniacTM4YecKOW KapuuHO-
Mbl LLI>K yacTbl cnusHmua reHoB NTRK, ALK ¢ Hekn-
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MU reHamu 6e3 onpenenéHHbIX 3aKOHOMEPHOCTEN,
a Takxxe napHble cnusiHng NCOA4+RET, NUT+BRD4,
KIAA1549+BRAF n SWI+SNF [34, 62]. ImetoTcsa Tak-
)K€ [aHHble O TOM, YTO 3a4acTyl Npu OAaHHOM 3a-
6onesaHnn npomoTtop reHa SLC26A4 okasbiBaeTcs
rmnepMeTunupoBaH, a npomMoTopbl reHos TCLI1B,
NOTCH4 v MAP17 runomeTunupoBaHsbl [45, 48].

B Tabn. 3 npencrtaBneHbl HEMHOrOYMCEHHbIE
OaHHbIE MO N3YYEeHU0 ANarHOCTUYECKOro NoTeHuma-
Nla XXNOKOCTHOW Guoncuy nnasmbl Npu aHannacTu-
Yyeckon kapumHome LLIDK [63-66]. [NokasaHo, 4TO
yacToTa coBnageHun mytauui reHos TP53, NRAS,
BRAF n PIK3CA mexpgy uJHK n onyxoneBon TKaHbto,
Kak 1 nNpu aHanu3e nauueHToB C guddepeHumpo-
BaHHbIM pakom LLI>K, moxeT gocturate 6onee 85%
[63-66]. CyLiecTBYIOT faHHble O TOM, YTO Hanu4yme
myTauun PIK3CA 3HadMmo CBSI3aHO C XypALleln Bbl-
>KMBAEMOCTbIO MauVeHTOB, TOrga Kak Haamyine myTta-
umn BRAF n npyMeHeHne COOTBETCTBYIOLWNX nekap-
CTBEHHbIX NpenapaToB-UHIMMOUTOPOB MYTaHTHOIO

HAYYHbI OB30P

6enKOBOro NPOAyKTa NO3BONISET YBENNYNTL OOLLYIO
BbI>K1BaeMoCTb [63].

KupkocTHass 6Guoncust npu  aHanaacTU4eCcKon
KapumHome LLIXK Takxe MOXeT ObITb nosiesHa npu
KoHTpone Tepanun. B wuccnepoBaHun D.M. Allin
1N coaBsT. [65] 6blIO OTMEYEHO, YTO MOBbLILLEHNE MY-
TaHTHbIX NRAS n TP53 Ha HECKOJIbKO MecsLEB orne-
pexano obHapy>XeHue nporpeccuy onyxonum c no-
MOLLbIO KOHBEHLMOHAabHbIX Mapkepos. Kpome Toro,
B uccnegosaHun P.C. lyer n coasT. [66] BbICOKME
yposBHu uHK B 71% cnyyaeB npepckasbiBanu OTBET
Ha fieyeHne.

XNOKOCTHASA BUONCUA

NP MELQYNNSAPHOM PAKE

LIUTOBUAHOW XEJIE3bI

MepynnsapHas kapumHoma LUK, kak n aHannacTtu-
yeckas kapumHoma LUK, coctaBnsieT 1-2% BCex OH-
konorun LLIK, Ho siBnsieTcst npudmHoi cMepTr 8o 13%
NaumneHToOB 3/10Ka4eCTBEHHBIMI HOBOOBOPa30BaHNSMU

Tabnuua 3 / Table 3

UccnepoBaHus, nocBsiléHHblie aHanu3y uHK B guarHoctuke
N KOHTpPOJI€ Jle4eHUsi aHanacTU4eCKOro paka WwuTtoBugHom xxenesbl /
Studies on the cDNA analysis in the diagnosis and treatment of anaplastic thyroid cancer

UccnepoBaHune MaywveHTsbl MeTtoponorusa

Qin 87 AK LLI>XX NGS

1 coaBT. [63]

Sandulache 23 AK LK

1 coasT. [64] NGS Ha nnatgopme
Guardant 360

Allin 3 COK LXK 4 Mn nnasmbl

1 coasT. [65] 1 AK LK uknupP

lyer 44 AK LK 3 MA1 nnasmbl

1 coaBT. [66] ukrnupP

MuweHn Ucxop
TP53 4YM TP53 = 0,875
BRAF CM TP53 = 0,75

PIK3CA 4YM BRAF = 0,882
EGFR CM BRAF =1
RAS 4YM PIK3CA = 0,8

NF1 CM PIK3CA = 0,957
n op. 4YM NRAS = 0,6
CM NRAS =1
BRAF Y3 TP53 = 0,65
TP53 43 BRAF = 0,48
RAS

PIK3CA
EGFR
n gp.

AK LLIXK: TP53, AKT1, DOCK2 43 =1
COK: NRAS, TP53, PTEN,

NOTCH1

BRAF 4YM = 0,85
CM=1
43 =0,39

Mpumeyanune. LK — wntosmnaHasa xenesa; AK — aHannactunyeckas kapunHoma; UKILUP — undpoBasa kanenbHas no-
NmmepasHas uenHasa peakums; NGS — cekBeHnpoBaHue HOBOro nokosieHns; YM n CM — 4yBCTBUTENBHOCTb 1 Cneumgmny-
HOCTb O6HapPY>XeHNa MyTaummn No CPaBHEHNIO C AaHHBIMUN FEHOTUNMMPOBAHNS PE3EKLMOHHOro matepunana; 43 n C3 — 4yBCT-
BUTEJIbHOCTb 1 CNeUnUYHOCTb onpeaeneHns 3abonesaHns no CPaBHEHNIO C AaHHbIMY MMCTONOMMYECKOro NCCnenoBaHns
pesekumoHHoro matepuana; COK — cnabognddepeHupoBaHHas kapLyHoma.

Note: LLI)K — thyroid gland; AK — anaplastic carcinoma; ukllLP — digital droplet polymerase chain reaction; NGS — novel
gene sequence; YM and CM — sensitivity and specificity of mutation detection in comparison with genotyping data of the
resection material, 43 and C3 — sensitivity and specificity of disease detection in comparison with histological analysis of
the resected material. In cases where specificity was not provided, the studies did not include a control group.
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LK [5, 67]. YpesBblHaiHO Ba>KHO BbISBAATb Mefdyn-
NAPHYIO KapumHomy LLIDK Kak MOXXHO paHbLLUe: Ha CcTa-
avn T1 gecaTnneTHs s BbDKMBAEMOCTb NaLMEHTOB MO-
XeT pocturatb 87,5%, B TO BpeMsi Kak Ha ctaguun T4
OHa cocTaBnseT nuwb ~60% [5].

Hanbonee 4acto npu MemynnsapHON KapLuHO-
me LK myTupytoT rensl RET, RAS n TP53. Kpowme
TOro, NPpu 3TOM TUME paka NMPONCXOAAT CINSHNS reHa
NTRK ¢ HeKumn reHamm 6e3 onpenesiéHHbIX 3aKOHO-
MEPHOCTEN, a Tak>XXe napHble cnusaHua MYH13+RET,
EML4+ALK, GFPT1+ALK wn SWI+SNF [34, 62]
(cm. Tabn. 1). Ona memynnsipHol KapumHombl LLDK
XapakTEPHO  rMNepMeTUIMPOBaHNE  MNPOMOTOPOB
RASSF1, TSHR, ERB v runometunuposaHue INSL4,
DDPA2 n MAP17 [45, 48].

ViccnenoBaHuil, NOCBALWEHHbLIX MPUMEHEHWIO XKNA-
KOCTHOI Ouoncum npu MegynnspHor KapuuHome
LXK, cpaBHuTensHO Mano (tabn. 4) [65, 68]. B oT-
JIn4Me OT OMMCaHHbIX paHee OMnyxofien, Ans Menyn-
JNISPHON KapuMHOMbI y>Ke cyliecTByeT ahPeKTUBHbIN
nabopaTtopHbIi BuoMapkep — KasbLUUTOHWH, MO3BO-
NAWNA 06HAPYXXNTb Aaxke Onyxosb pa3mepoM Me-
Hee munaumeTtpa [69]. YyBCTBUTENBHOCTL 1 CReuu-
(PMYHOCTb AMArHOCTUKM Ha OCHOBE W3MEPEHUsi ero
CTUMYNMPOBAHHOro ypoBHA gocTuraioT 95 n 100%
cooTBeTcTBEHHO [70, 71]. Tem He MeHee aHanus
uOHK ona HemHBa3MBHOMO reHOTUNUPOBAHNSA OMNYXO-
JIN MOXET 0Ka3aTbCs LEHHbIM AOMOJIHEHNEM K N3Me-
PEHUO YPOBHEWN KanbuMTOHUHA. [poaeMOoHCTpupo-
BaHO, YTO BbISIBIEHME Y MAUNEHTOB C MELYNNAPHON

kapuyuHomon WK yOHK ¢ mytaumamu reHos RET
n BRAF 6bino accouumpoBaHO C Hanu4mem MeTa-
CTa30B, BbICOKOW OMyXOSIEBON HArpy3kom 1 B LieNOM
MeHee 6naronpusiTHbIM NporHo3om [65, 68]. Kpome
TOoro, yposeHb RET M918T B nnasme npenckasbisaeT
nporpeccupoBaHne MefynnapHon KapumHombl LUK
bonee TOYHO, YEM BPEMS YOBOEHMSA KasbLUTOHMHA,
1 MHorga obpaTHO KOPPENNPYET C YPOBHEM KasbLu-
TOHUHa [68].

OBCY>XXOEHUE

Kno4eBbiIM [OOCTOMHCTBOM >XWOKOCTHOW Ouon-
cun, pasyMeeTcs, SABNSETCHA CpaBHUTENIbHAS HEWH-
Ba3nBHOCTb. Kpome Toro, yxe cenvac aHanus yHK
nokasbliBaeT OOCNbLWYD TOYHOCTb B OOHapy>XeHuu
pPeunagnBoB, YeM aHaM3 Npo4vmx nabopaTopHbIX 6u-
omapkepoB [65]. CnocoBHOCTb [AaHHOW TEXHOOTM
K OBHapYy>XeHN reHOB PE3UCTEHTHOCTM Nosie3Ha AN
ObICTPOro pearvpoBaHNs Ha U3MEHEHNE OMyX0N1eBO-
ro heHoTuna 1 BO3HUKHOBEHNE HEBOCTPUMMYMBOCTU
HOBOOOpa3oBaHMsa K Tekyllen Tepanuu [72]. Tem He
MEeHee OHa OCTaETCH HECOBEPLLEHHOW, YTO NpUBOLAUT
K 60/1bLLIOMY pa3bpocy YyBCTBUTENBHOCTU. B nepsyto
o4yepedb 3T0 0OYCNOBNAEHO OTCYTCTBMEM CTaHOapT-
HbIX NOAX0A0B K aHanuady onyxoneson uAHK B nnas-
Me, B pe3ynbTaTe Yero MeETog0s1I0rno B psife paccMoT-
PEHHbIX PaboT MOXXHO NPU3HATb HEONTUMASLHON. Tak,
3a4acTyto BblgeneHne OHK npowncxognno ns 1-4 mn
nnasmbl (CM. Tabs. 2-4), XoTa 3asABNEHHbIE aBTOPaMU
Habopbl peareHTOB Ans BblgeneHns OHK nossons-

Tabnuua 4 / Table 4

UccnepoBaHus, nocBawWwéHHble aHanu3y uwHK B guarHoctuke megynnisipHOro paka WuTtoBuaHon xenesbl /
Studies of the cDNA analysis in the diagnosis and treatment monitoring of medullary thyroid cancer

WccnepoBaHue MauneHTbl MeTtoponorus
Allin 14 MK LK 4 Mn nnasmbl
1 coaBT. [65] ukMnupP
Cote 50 MK LK 3 Mn nnasmbl
1 coasT. [68] LkruP

MuLieHb WUcxop
MK: BRAF, NRAS, AKT1, 43 =0,86
PIK3CA, VHL, CDKN2A, APC.
OK: NRAS, TP53, PTEN,
NOTCH1, HRAS, ARID1A,
KRAS, APC, ATM.
MK: RET, BRAF, HRAS
RETM918T UM B Mn=0,4
CMBwMmn=1
43 B Mn =0,27

Mpumeyanne. LK — wmutoBugHas xenesa; MK — megynnapHas kapuuHoma; UKMNLUP — undposas kanenbHas nonu-
MepasHas uenHas peakuus; YM n CM — 4yBCTBUTENBHOCTb U CNeundUYHOCTb 0OHAPY>KEHUS MyTauun No CPaBHEHNIO
C [AHHbIMU FrEHOTUMUPOBaHNS Pe3eKUNOoHHOro matepuana; 43 n C3 — 4yBCTBUTENBHOCTb U CNELUdUYHOCTb ONpeaeneHns
3aboneBaHns Mo CPaBHEHMIO C faHHbIMY MTMCTONOMMHYECKOro NCCNefoBaHNs pe3ekuoHHoro marepwana; NK — nanunnsap-
Has KapuyuHoma; K — dhonnnkynapHas KapuymHoma.

Note: LLI>K — thyroid gland; MK — medullary carcinoma; uklnuUP — digital drip polymerase chain reaction; YM and CM —
sensitivity and specificity of mutation detection compared with genotyping data of resection material; 43 and C3 — sensitivity
and specificity of disease determination compared with histological examination data of resection material; MK — papillary
carcinoma; ®K — follicular carcinoma.
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am Bblgenutb UOHK 13 o6béma go 5 mn 6e3 notepu
3 heKTMBHOCTN IKCTpakumn [73]. Tem cambiM Npo-
ucxoguna noteps ot 20 po 80% ob6wen udHK,
YTO MO0 ObiTb MPUYUHOW NOXHOOTPULATENBHbIX
pe3ynbTaTos.

Mpn ananuze onyxoneson UOHK B psage wnccne-
OOBaHUN NPUMEHANCA MeTon, MonuMepasHon Len-
Hou peakuumn (MUP) B peansHOM BpemeHu, KoTopas
MMeEeT OorpaHu4eHns npu pabote B Auana3oHe HU3-
KX KoHueHTpauuin OHK, a Takxxe cnabyto yctonyu-
BOCTb K MHrméutopam [LP, B To Bpems Kak undpo-
Bas KanenbHas [LUP nuweHa BbilenepevncneHHbIx
HepocTaTKoB [74]. VIMEHHO C 3TUM MOXET ObiTb CBSi-
3aHa HeonTuMasibHask YyBCTBUTENBHOCTb B 4acTu
paccMOTpeHHbIX paboT [51, 53, 54]. Kpome Toro, Hus3-
Kasi YyBCTBUTENBHOCTb MOrfna 6biTb CBSA3aHa C HU3-
KM pasHoobpasneM aHanmMsnpyembiXx MapKepoB.
B OCHOBHOM aBTOpbI aHaNM3npPoBany MyTaL M BCEro
Heckonbknx reHoB: BRAF, TP53, NRAS. Vix yacToTa
B KapumHomax LLIXK B coBOKynHOCTM He pgocturaet
100%, T.e. He No3BoONSeT AOOUTLCSA OXBaTa BCeW Mo-
nynauuy nauneHTos [34]. MNMepcnekTUBHLIMY MULIEHS-
MU 1S aHanuaa Mornu 6bl 6bITb MyTauumn NpomMoTopa
TERT, yacToTa BCTPEYaeEMOCTN KOTOPbIX B HU3KOANMD-
hepeHUMpOBaHHbIX onyxonsx pocturaer 43-65%
[34, 75]. 5T0 0COBGEHHO BaXXHO, MOCKOJIbKY OMyXOJlb,
OLHOBPEMEHHO MO3UTUBHASA NO MyTauWUsiM MPOMOTO-
pa TERT v BRAF, siBnsieTcs ropasgo 6onee onacHom
Ons naymeHTa [75].

ManouuncneHHble uccnegoBaHnsi, MOCBSALLEHHbIE
aHanM3y 3NUreHeTUYECKOWN PEerynsaunm, TakxXe He Xxa-
pPaKTepmn3oBannCb BbICOKON TOYHOCTbI. BO MHOrom
3TO MOXET ObITb CBSAI3aHO C TEM, 4YTO BucynbhuTHas
KOHBEPCUS, NCMOMb30BaBLUASCH B PSAe PAaCCMOTPEH-
HbIX paboT [58, 59], npuBoguT K gerpagaumn oo 90%
HYKJIEMHOBbLIX KUCNOT [55, 58, 76]. YuuTbiBas n 6e3
TOro He3Ha4MTeNbHOE Kom4ecTso onyxonesoi uAHK
B nnasme, gaxe Hebonbline e€ noTepu MoryT ObiTb
Kputndecknmn ansa aHanusa [77, 78]. Bo3aMoxxHo, Ans
XKUOKOCTHOM Buoncum 6onee npepnoyvTUTENlbHO UC-
Nnofb30BaHMe YyBCTBUTESIbHbIX K METUIUPOBAHUIO
PECTpUKTa3, KOTopble MO3BONSIOT M3bexarb Hecne-
undundeckon pectpukumn [78]. HakoHel, H13Kas yyB-
CTBUTENIBHOCTb >KWAKOCTHON 6uoncum MOXeT ObITb
obycnosneHa ManbiM COAepP>XXaHNEM NN faxe OTCYyT-
ctBuem onyxoneson OHK B nsbimaemon nepudepunde-
CKOW KpoBW. EE KOHUEeHTpauns MOXeT 6biTb 6onbLue
B CMbIBax TOHKOUIOJIbHOM acnupauuoHHOW Guoncuu,
YTO NCMNOJIb3YETCA B ANArHOCTUYECKUX MOMNEKYNSAPHBIX
TecTax, Takux Kak ThyroSeq n Afirma GSC [79-81]. Ux
YyBCTBUTENBHOCTb 1 CNELNGUYHOCTb B nepudepuye-
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CKOW KPOBU, NO CPaBHEHWIO C TAKOBbLIMU NpY aHann3e
onyxoneson AOHK, gocturann 99 n 75% cooTBeTCT-
BeHHO [81]. OgHako CTOWUT OTMETUTb, YTO TOHKOUIOJb-
Has acnupaunoHHasi 6MoncKs MOXXET BbI3blBaTb PSf,
OCNOXXHEHUI, BKJIIOYaoWwmx B cebs 60nb, KpOBO-
N3NUAHMSA, BOCMaseHUs MecTa acnuMpauumn, a TakxXe
B PeOKux cry4asax napanuy BO3BPAaTHOro ropTaHHOro
HepBa, OCTPbIA U OTCPOYEHHbIN TPAH3UTOPHbLIN OTEK
LK, pucdarnio, nocTacnupaunoHHbIi TUPEOTOK-
CUKo3 1 T.4. [82]. Kpome TOro, BbINOSIHEHNE TOHKO-
UrONbHON acnMpaunoHHON Guoncun nopgpas’ymeBaeT
6onee BbICOKU YPOBEHb OCHALLEHNsI NPOoLEedypHOro
KabuHeTa 1 KBanmdurKaLmum cneymanucta, 4em B3sTne
nepunepmnyYeckon KPoBKU, YTO MOTEHLUMANIbHO MOXET
orpaHu4dMBaTh NOTeHUman K cbopy bruomartepuana ons
OTNPaBKN Ha MOJIEKYNSPHO-TEHETUYECKOE TECTUPO-
BaHMe B JIe4eOHO-NPOMUNAKTUHECKUE YYPEXOEHNS,
yAanéHHble OT permoHasbHbIX LIEHTPOB.

TaknM 06pa3oM, HECMOTPS Ha BbICOKYIO Crneuu-
(PUYHOCTb, METOQL, XXUOKOCTHOW 6Guoncumn naasmbl No
udHK Ha cerogHALWHMI AeHb 06naaaeT CpaBHUTENBHO
HU3KON YyBCTBUTENBHOCTBIO AJIS AMArHOCTUKU OHKO-
norunyeckunx 3abonesanuin LLIK. [1ns nepBuyHon gnar-
HOCTUKK 6oJsiee NPeanoYTUTENEH aHaNN3 ONyX0JIEBbIX
HYKJ/1EVHOBBIX KUC/IOT B COBOKYMHOCTY C LIMTONIOrnYe-
CKMM uccnefoBaHneMm 6uomatepuana, MnosyYeHHOro
NMpU TOHKOUIONIbHOW acnMpauuoHHOn Gruoncun, coB-
MeCTHasi YyBCTBUTENIbHOCTb U CrneundunyHOCTb KOTO-
pbix cocTaBnsAoT okoso 80,1 n 100% CoOTBETCTBEHHO
[80, 83]. Ans yBenu4eHnst AMarHoCTUYECKOro NoTeHUM-
ana >XugKoCTHON Bruoncun HeobxoanMbl pacLUpeHne
naHenn GMOMapKepPOB ANS BbISIBNIEHUS OMyXONEBON
LOHK, a Tak)xe onTumMmsaums n ctaHgapTmMsaums npo-
uenypsbl BblgeneHns UOHK n eé aHannsa. Bnpouewm,
yXXe cenyac ogHon 13 Hanbosee NepcrneKkTUBHbIX TO-
4YeK MPUIOXKEHNST XXMAKOCTHON Bmoncumn nnasmbel Mo-
XKET SBNSATbCA MOHUTOPUHI PELUOMBOB U KOHTPOJb
oTBeTa Ha Tepanuio. B psige muccnegoBaHuii npoge-
MOHCTPUPOBAHO €€ NPEBOCXOACTBO Ha, PYTUHHO Npu-
MeHsieMbIMK nogxogamun [65, 68, 84]. daHHbIn MeToA
MOXET BblTb 0COOEHHO 3h(DEKTMBEH, KOraga reHoTun
onyxoJu nauneHTa 3aBeflOMO M3BECTEH. B Takom cry-
yae BbigBneHne LOHK, HecyLleln MyTaHTHbIA annenb,
nocne XuUpypru4eckoro BMeLLaTeNbCTBA MOXET CBU-
OEeTeNbCTBOBATb O peuuamBe Onyxonu UM Hannuy4um
MeTacTaso0B.

3AKJTIOMEHUE

MeTon »xungkoctHom 6Guoncun udHK unmeet pspg
npeumyLlecTs neped Y3M 1 TOHKOUIONbHOW acnupa-
LMOoHHON 6uoncuent LLDK, KNoYeBbIMr N3 KOTOPbIX SB-
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NAI0TCA Manas MHBa3VBHOCTb U BbiCOKas crnewuuguny-
HOCTb. Kpome Toro, uHgopmaums, noayvyeHHas npu
3TOM aHanuse, MOXXeT 06SerynTb NPOrHO3npoBaHNe
3aboneBaHns 1 nogbop MPOTMBOOMYXONEBON Tepa-
nuu. HecMoTpsi Ha Manoe KoNMYeCTBO PeneBaHTHbIX
KJIMHNYECKUX WCCNEQOBaHNIN, >XXUAKOCTHas 6uorncus
NpeacTaBAseTcsa BeCbMa MHOroobeLarowmmMm MeTo-
OOM [MarHOCTUKN U KOHTPONs 3M@EKTUBHOCTU Te-
panuu paka LLI>K. Cnegytolimmm aTanamu B pa3sutiim
OaHHOI TeXHONOrMM OOSKHbI CTaTh CTaHAapTu3auus
1 onTuMmn3aumsa Bcex aTtanoB aHanusa ulHK, a Tak-
XKE pacLUMpeHne Cnmncka ncenegyemblx Mapkepos s
YBENNYEHNA OXBaTa FEHOTUMOB OMyXosien B MOmnyns-
LK1 NaumeHToB ¢ pakom LLIXK.

AOONOJNIHUTEJIbHAA NHO®OPMALLIASA

WUcTouHuK hmHaHcupoBaHus. ViccnenoBaHue Bbl-
MOJSIHEHO B pamMKax rocyfaapCTBEHHOro 3agaHus Moc-
KOBCKOIO rOCyAapCTBEHHOIrO YHMBEPCUTETA WMEHU
M.B. JlomoHocoBa.

KoHbnuKT uHTepecoB. ABTOpbI OeKNnapupytoT
OTCYTCTBUE SABHbIX W MOTEHUMANbHbIX KOHMIUKTOB
WHTEPECOB, CBSI3aHHbIX C MybnMKauunen HacTosLen
cTaTbMu.

Bknap aBTtopoB. T./. PaxmarynivH — NOWCKOBO-
aHanuTudeckasa paboTa, HanucaHwe TeKcTa CTaTbiy,
obcyxaeHne pesynstaToB uccneposanns; M. [IkaiiH,
J1.M. Camoxogckasi, B.A. XKusotoB — 06paboTka 1 06-
Cy>X[OeHne pe3ynbTaToB WCCeQoBaHUsl, HanucaHue
TekcTa cTaTbW. ABTOPbI NOOTBEPXAAKT COOTBETCT-
B/E CBOEro aBTOPCTBa MEXAYHApPOAHbIM KPUTEPUAM
ICMJE (BCe aBTOpbl BHEC/M CYLLECTBEHHbIN BKnapg
B pa3paboTKy KOHLeNuun, NpoBeaeHne UCCneaoBaHuns
N MOArOTOBKY CTaTbW, NPOYM 1 ogobpunu duHanb-
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DIAGNOSIS OF EPILEPSY: FROM THE BEGINNING
TO THE NEW HYBRID PET/MR TECHNIQUE
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1 Federal Center of Brain Research and Neurotechnologies, Moscow, Russian Federation
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ABSTRACT

The problem of diagnosis and treatment of epilepsy concerns medical society for a several thousands
of years. The understanding of the causes and pathological mechanisms of this condition underwent
numerous and substantial changes during this time, that allowed reaching significant advances in both
the diagnosis or treatment. At the present time, there is a wide spectrum of diagnostic methods that
allow localizing the epileptogenic focus, that is essential for planning the surgical treatment in patients
with pharmacoresistant epilepsy. The results of the surgical treatment are strongly dependent on the
diagnostic accuracy in the detection of one or several epileptogenic foci and on the prognosis of their
resection. In this connection, the research on the possibilities and perfection of new diagnostic methods
hold the potential to improve the results of the surgical treatment and the life quality in patients with
pharmacoresistant epilepsy. This review presents a detailed description of the evolution of epilepsy
diagnostics from the first implementation of electroencephalography in the 1920-s to the modern hybrid
methods such as SISCOM (Subtraction Ictal SPECT Co-Registered to MRI) and PET-MRI.

Keywords: epilepsy; diagnostics; magnetic resonance imaging; MRI; single-photon emission computed
tomography; PET-CT; positron emission tomography combined with magnetic resonance imaging PET-MRI.
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INTRODUCTION

Epilepsy is a complex set of conditions ranging from
asymptomatic to those accompanied by disability due to
various types of epileptic seizures (convulsive and non-
convulsive; focal and generalized), status epilepticus,
and severe personality disorders [1].

Epilepsy has been known for thousands of years.
In the past, it was referred to as a “sacred disease”
and was believed to be caused by the gods visiting
the patient’s body. Therefore, treatment was based on
observing seizures [2]. The earliest known account of
epilepsy was written by Hippocrates around 400 BC in
his treatise “On the Sacred Disease” [3]. According to
this account, epilepsy is caused by a brain disorder or
injury and not by gods or spirits. Hippocrates referred
to the fact that the sacred disease occurs in “watery”
individuals (also called phlegmatic people). He believed
that in epilepsy, liquefaction occurs in brain areas but
never in “bile” individuals (jaundiced). If it were the will
of the gods, it would occur equally in all.

The term “epilepsy” was first introduced by Avicenna
in 1025 AD. The disease was defined as preventing
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the “mental organs” from functioning and preventing
a person from standing in the brain’s attempts to
expel something foreign. During the Holy Inquisition,
the belief that epilepsy was of magical or diabolical
origin was widespread, which hindered the search for
effective treatments [2].

The nineteenth century marked the beginning
of rapid development in epileptology. Before 1870,
epileptic seizure was believed to originate in the medulla
oblongata. However, the development of physiology led
to the formation of the idea of the reflex arc. In 1833,
Marshall Hall first described the structure of the reflex arc,
and in 1836, he revealed that epilepsy develops because
of pathology in afferent or central neurons [4]. Excitation,
ascending along the arc from the afferent neuron
to the medulla oblongata, causes laryngeal muscle
spasm, leading to hypoxia and seizure development [5].
Furthermore, the role of the medulla oblongata in epilepsy
development was noted by Brown-Sequard [6], Kussmaul
and Tanner [7], van der Kolk [8], and Reynolds [9].

The idea that epilepsy originates in the cortex
was initially proposed by Richard Bright in 1831. He
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AHHOTALUSA

lpobrema anarHOCTUKM Y IEHYEHWS SMNIENCUN MHTEPECYET MEAULMHCKOE COOBOLLECTBO Ha MNPOTSIXKEHUN
HEeCKOJIbKUX ThiCcsiH NeT. [pencTaBieHvs O NPpUYnHax u MexaHusmax pas3BuTins aHHOro COCTOSIHUS B Te-
YeHue 3Toro nepuoga HeoqHOKPAaTHO NpeTeprneBasiy CyLeCTBEHHbIE U3SMEHEHWS, HYTO MO3BOJINIIO [O-
CTUYb HECOMHEHHbIX YCEeX0B Kak B ANarHOCTuKe 3ab0/1eBaHus, Tak U B ero ae4eHun. LLInpokui cnexkTp
AnarHOCTU4YEeCKNX METOAO0B Ha COBPEMEHHOM 3Tare Mo3BOJISET JI0Ka/IM30BaTb dMUAENTOreHHbIN oYar,
4TO MMEET 0CO0b0e 3Ha4YeHNe y nayneHToB C (hapMakope3VCTEHTHON dMUAErCUeN rnpv rnaaHupoBaHnm
XUPYpPrudeckoro sedeHusi. Pe3ynstarel onepaynv Harpsmyto 3aBUCST OT TOroO, HACKOJIbKO TOYHO yAa-
JIOCb BbISIBUTb 3MUIENTUYECKUE oYaru (O4WMH WM HECKOJIbKO) N OLE€HUTb BO3MOXHOCTU VX PE3EKLUN.
B aTovi cBs3u nccae[oBaHus BO3SMOXHOCTEN 1 COBEPLUEHCTBOBaHMNE HOBLIX ANarHOCTUHECKUX METOAUK
o06s1af4aroT MNOTEHUMNAIOM YIlyHLUEHUS] PEe3Y/IbTaTOB XUPYPrudeCKOro 1IeYEHMS U Ka4ecTBa XXU3HU nayu-
EHTOB C (hapMaKope3nCTEHTHON anuierncuen. B cTtatee nogpobHO U310XKeHb! aTarlbl Pa3BUTUS QuarHo-
CTUKW anusierncuy — OT NepBOro orbiTa MPUMEHEHWS 31eKTposHLedanorpagpun B 1920-x rogax [o cos-
PeMeHHbIX rnbpuagHbix meToaunk, Takux kak SISCOM (Subtraction Ictal SPECT Co-Registered to MRl —
cyb6TpaKkLMoHHas nKkTasibHas OgHOMOTOHHas SMUCCUOHHAsS KOMIbIOTEPHAs TOMOrpagus, COBMeLLEHHas
C MarHUTHO-PEe30HaHCHOW ToMOorpaguen) n no3nNTPOHHAas 3MUCCUOHHasi TOMorpagus, coBMeLYEHHAs
C MarHUTHO-PEe30HaHCHOV TOMOrpagpuen.

KnrodeBble cnoBa: anunaencusi; auarHoCTuka, MarHUTHO-pe3oHaHcHas Tomorpagus; MPT; ogHogo-
TOHHasi SMUCCUOHHasi KOMrbtoTepHasi Tomorpagus; OPIKT, NO3UTPOHHAs SMUCCUOHHas TOMorpagpus,
COBMELYEHHAsS C KOMIMbOTepHOU Tomorpadguer; MIOT-KT, no3auTpoHHas aMUCCUOHHAasi TOMorpagus,
coBMeLLEHHasi C MarHUTHO-pPe30HaHCHow ToMmorpacgpues; [NOT-MPT.

Ans yntupoBaHus:

3HameHckun W.A., OonrywuH M.B., KOpyeHko A.A., PoctoBueBa T.M., KapankuHa M.A. OuarHocTtuka
anunencun: oT UCTOKOB Jo rmbpugHoro metoga MNIOT/MPT. KnuHnueckas npaktuka. 2023;14(3):80-94.
doi: https://doi.org/10.17816/clinpract400254

Moctynuna 14.05.2023 MpuHsaTa 12.07.2023 Ony6nnkosaHa 29.09.2023

observed focal changes in the cortex of patients with
convulsive seizures; however, his observations were
not widely recognized at the time [5]. In 1878, Sam Wilks
directly referred to the cortex of the large hemispheres.
Wilks showed that the localization of changes and
“local irritant syndrome” are crucial in the development
of seizure syndrome and its specific manifestations,
regardless of any changes found in pathological and
anatomical examination of the brain [10]. John Dixon
created the hypothesis of epileptogenesis based on
Wilks’ work. Dixon defined an epileptic focus as an area
of localized decrease in the energy activity of cortical
neurons, resulting in decreased function control of
this area. When a threshold value is reached, this area

begins to reduce energy exchange in neighboring
neurons, and the process spreads, causing vasospasm,
which leads to epileptic seizures [11].

John Jackson is a pioneer of modern epileptology.
In his 1870 article, Jackson has identified the cortical
localization of the focus of seizure onset. Over the next
two decades, he developed his concept which is now
known as cortical epileptogenesis [12].

MOLECULAR AND CELLULAR CHANGES

IN EPILEPTIC FOCUS AND GLUCOSE

METABOLISM

The mechanisms in epileptic foci formation have
not yet been fully studied. However, epilepsy is
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generally considered to be a result of canalopathy,
which can be either genetically determined [13]
or secondary, resulting from conditions such as
stroke [14], tumor [15], and other diseases or metabolic
disorders. There is a change in the ratio of inhibitory
and excitatory regulatory impulses, resulting in
a paroxysmal shift in depolarization. This shift is
characterized by an increase in the resting potential
of neuronal membranes in the epileptic focus, which
increases their excitability. Epilepsy is characterized
by a decrease in the efficiency of the mechanisms
for the capture of K* ions by neurons during the
development of the action potential. This leads to the
maintenance and enhancement of the paroxysmal
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cytoplasmic concentration of K* ions significantly exceeds
their extracellular concentration, in contrast to the
concentration of Na* and Ca*. During the propagation of
the action potential, Na* and Ca* — channels and later
K* channels are opening, that provides a concentration
gradient for ions to flow.
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Fig. 2. Mechanism for the decrease of the K* ions’
concentration in the extracellular matrix. The decrease of the
K* ions’ concentration in the extracellular matrix generally
results from the effect of 3Na*/2K* adenosine triphosphatase
and inward rectifying potassium channels K. Functioning
of adenosine triphosphatase requires the presence of
adenosine triphosphate in the cytoplasm, whereas the
increase of the adenosine triphosphate concentration leads
to the decrease of the K channels’ activity.
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shift in the depolarization of neuronal membranes.
It has been shown that epileptic foci are more likely
to develop in initially more excitable structures in
a healthy brain [17].

The action potential initiates when the threshold
membrane potential is reached, and Na* and Ca?
ions enter the neuron, whereas K* ions exit. Restoring
the resting membrane potential requires a decrease
in potassium ion concentration in the intercellular
matrix, which is mainly facilitated by Na*/K+*-ATPase
and K, channels [18, 19]. The Na*/K*-ATPase enzyme
hydrolyzes adenosine triphosphate (ATP). However,
its activity is reduced in epilepsy, which may be
a result of the mutation and a compensatory response
to general pathophysiological changes [20, 21]. ATP
concentration should decrease to increase K -channel
activity, which in turn decreases glucose demand.
This may be a contributing factor to decreased
8F-fluorodeoxyglucose ('®F-FDG) accumulation in
the epileptic focus area during the interictal period,
as visualized by positron emission tomography (PET).
A possible explanation for the decreased ®F-FDG
accumulation during the interictal period is a reduction
in the activity of respiratory chain complexes in
epileptic cells [22-24].

The propagation of an action potential in one neuron
leads to its spread to all neurons in the pathological
focus, resulting in hypersynchronization and spike
activity on the electroencephalogram. Morphological
studies of the resected foci tissues revealed
a decrease in dendritic branching and excitatory
synapse closure among neurons [25]. Inhibitory
synapses increase over time, and hyperpolarization
develops perifocal to the epileptic focus, hindering the
propagation of paroxysmal impulses. During impulse
development, inhibition occurs at the expense of the
perifocal zone and a few inhibitory endings in the focus
itself. This is registered on the electroencephalogram
(EEG) as a slow wave whose size exceeds the size
of the epileptic focus [25].

The development of an action potential in neurons
releases neurotransmitters (Fig. 1 and 2). The most
common  excitation—inhibition = system involves
glutamate/gamma-aminobutyric  acid  mediators
[26-28]. The effect of action potential development
depends on whether it originates from an inhibitory
or excitatory end. However, neurotransmitter release
requires energy expenditure [2]. Thus, whether observing
excitation or inhibition, PET imaging with ®F-FDG will
visualize this process as a zone of hypermetabolism [29].
Additionally, after neurotransmitter release, a new
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portion should be synthesized. Vesicle transport to
the synaptic end of the neuron takes several hours to
several days [22], during which energy expenditure and
glucose metabolism increase [30].

Inhibitory mediator gamma-aminobutyric acid
(GABA) release leads to membrane hyperpolarization
primarily through the opening of chloride channels.
This prevents the propagation of the epileptic
impulse [22]. GABA synthesis and exocytosis require
active energy expenditure. Zones of active inhibition
during PET studies in the ictal period are visualized as
foci of '®F-FDG hypermetabolism [29]. Thus, the zone
of pathophysiological changes includes the epileptic
focus and perifocal zone, which prevents impulse
propagation from the focus. PET studies have shown
BF-FDG hypermetabolism in both of these zones
during the development of epileptic seizures. This
is due to the active release of excitatory mediators
in the focus and an attempt at compensatory
inhibition and active exocytosis of GABA in the
perifocal environment. Furthermore, comparable
enhancements in metabolism can be observed in
the opposite homotopic region and in other regions
that are functionally linked to the focus through
collaterals [28]. Simultaneously, constant background
hyperpolarization in the perifocal zone may reduce the
overall functional activity of the surrounding area. This
results in decreased glucose consumption and the
emergence of a hypometabolic area that encompasses
both the focal and perifocal zones in PET studies using
8F-FDG during the interictal period [31].

Thus, at the cellular level, the main mechanisms of
the decrease in '8F-FDG metabolism in the interictal
period include reduced glucose uptake from the
vascular bed in response to inhibitory effects in the
perifocal zone and decreased active neurons due
to depletion and death. However, hypermetabolism
during the attack period and within 2 days after the
attack is associated with a significant increase in
glucose consumption due to the need for compensatory
synthesis and transport of neurotransmitters. The size
of the '®F-FDG hypometabolic zone in PET studies
during the interictal period is often larger than the
actual size of the focus. This can be explained by the
inclusion of the perifocal inhibitory environment into
the zone of pathomorphologic changes in addition
to the epileptic focus. However, increasing the size
of the resected area to match the hypometabolic
area has not been correlated with improved surgical
outcomes. Changes in the perifocal area are often
reversible [34].

DEVELOPMENT OF EPILEPSY

TREATMENT TACTICS

The idea that a focal anomaly could cause seizures
led to the proposal that epilepsy could be surgically
treated. In 1886, Victor Horsley, a surgeon who worked
closely with John Jackson, performed the first surgical
operation to remove an epileptic focus. The patient
was a 22-year-old man who had been experiencing
epileptic motor seizures since the age of 7, following
a head injury. The concept of motor homunculus had
already been formulated at that time, and the post-
traumatic scar was located in the same area as the
focus of motor activity causing the seizures; thus, the
corresponding area of the motor gyrus was removed.
The epileptic seizures stopped following the surgery.
Therefore, the feasibility of surgical treatment for
epilepsy has been demonstrated [35]. Although
brain interventions were associated with numerous
complications, it was not always feasible to determine
the focus localization, particularly in multifocal
epilepsy, which resulted in the predominance of
pharmacological treatment for epilepsy.

Several medications have been proposed and
tested to suppress epileptoid activity. The first drug
used in epilepsy therapy was potassium bromide. Its
antiepileptic properties, which include reducing the
frequency of seizures, were accidentally discovered
by Wilks in 1857. Later, in 1888, Kovalevsky noted
a positive effect of long-term use of lithium bromide [2].

The anticonvulsant effect of phenobarbital was
discovered in 1912. It was widely used for treating
epilepsy and was the drug of choice until 1960 [14]. In
the 1940s, phenytoin, a barbiturate derivative whose
efficacy had been demonstrated as early as 1938,
began to be used. Unlike bromide compounds and
phenobarbital, phenytoin did not have a pronounced
sedative effect. Later, in addition to actively searching
for pharmacologically related barbiturate compounds
with anticonvulsant activity, studies were conducted
on chemical compounds from other groups. These
studies led to the development of three generations of
anticonvulsant drugs [2].

The first generation of anticonvulsant drugs includes
barbiturate derivatives. The second generation,
which emerged between 1960 and 1975, includes
carbamazepine, valproate, and benzodiazepines.
These drugs are chemically unrelated to barbiturates.
The third generation of anticonvulsant drugs, developed
in the 1980s, are targeted agents that focus on critical
mechanisms of epilepsy development [1]. Further
development of pharmacotherapy requires an improved
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understanding of the biochemical nature of changes in
the epileptic focus. The development of physiology has
made it possible to form an idea of action potentials
and synaptic transmission, and the appearance of EEG
has resulted in identifying differences in the electrical
activity of the epileptic focus and intact cortical areas.

This led to investigating the characteristics of the

generation of action potentials in epileptic neurons and

the function of their ion channels and neurotransmitter

receptors [2].

Channelopathies has been found to cause epilepsy.
Genetic abnormalities in ~1000 genes associated with
the development of ion channels and neurotransmitter
receptors may lead to the development of epilepsy.
Metabolic abnormalities are often associated with
these abnormalities, and epilepsy is one of the
symptoms [13].

The symptomatic treatment of epilepsy with
anticonvulsants typically involves one or more of the
following mechanisms of action:

1) Modulation of potential-dependent channels, such
as sodium channels (phenytoin, carbamazepine),
calcium channels (ethosuximide), and potassium
channels (retigabine)

2) Enhancement of GABA-mediated
transmission by activating GABA
(benzodiazepines)

3) Suppression of glutamate receptors (perampanel)

4) Modulation of neurotransmitter release via
presynaptic action (levetiracetam) [36]

Epilepsy is treatable with medication; however,
up to 70% of patients with focal epilepsy, particularly
temporal localization, may be resistant to drug therapy
[37, 38]. In these cases, non-drug therapies, such as
a combination of a sodium channel modulator and a
drug with GABAergic properties [39], ketogenic diet,
brain electrical stimulation, gene therapy, or surgical
methods [13, 40], may be considered.

inhibitory
receptors

METHODS OF VISUALIZATION

OF EPILEPTOGENIC FOCI

The EEG method was the first technique used to
diagnose and locate epileptic foci. Its history dates back
to 1875 when Carton recorded electrical potentials in
the open cortex of rabbits and monkeys. In the 1920s,
Berger published studies on the registration of electrical
potentials from the human scalp and open cortex[41, 42].
In the 1930s, neurologists Lennox and Gibbs became
interested in the method and described the patterns
of different types of epileptic seizures [43, 44]. Since
1930, Penfield and Jasper began performing surgical

REVIEW

removal of epileptic foci with preliminary determination
of their localization using EEG. Percutaneous and
cortical EEG and deep electrodes were used [45].
Surgical removal of the epileptogenic zone using EEG
mapping remains one of the most effective methods for
treating pharmacoresistant epilepsy [46-48].

In 1895, the discovery of X-rays by Roentgen
led to the emergence of neuroimaging as the
next stage in the study of epileptic foci [49]. One
of the earliest neuroimaging techniques was
pneumoencephalography, which was invented by
Dandy in 1918. The method involves visualizing the
brain ventricles and other liquor-containing spaces
using X-rays after injecting air into the dural sac.
This allows for outlining the boundaries of the brain’s
ventricular system on the X-ray image [50]. However,
the technique was found to be painful in some cases
and was associated with complications.

The development of X-ray contrast agents and the
introduction of angiographic studies have enabled
the visualization of cerebral vessels. Subsequently,
angiographic techniques were used in conjunction with
pneumoencephalography [49].

The invention of X-ray computed tomography (CT)
by Hounsfield in 1968 revolutionized the understanding
of central nervous system diseases. It made it possible
to differentiate between various brain structures and
the boundaries of gray and white matter. This included
the ability to visualize epileptic foci. In 1976, the authors
have identified foci of organic brain lesions causing
epilepsy in 2/3 of the 1702 patients [49].

In 1973, Paul Lauterbur developed magnetic
resonance imaging (MRI) [51]. However, despite its
potential, MRI was not immediately appreciated in
comparison with CT. It was not until 1980 that the
first MRI study of a patient’s brain was conducted.
Difficulties in interpreting MRI images meant that it was
not until 1992 that sufficient data had been accumulated
to prove the advantages of MRI over CT in patients
with epilepsy. The possibility of visualizing sclerotic
changes in the hippocampus, associated with epileptic
foci, played a significant role. Additionally, the ability to
visualize small anomalies of cortical development was
determined later [52].

According to the European Consensus Statement
(2005/2021), diagnosing epilepsy requires clinical and
EEG and MRI data [53, 54]. Meta-analyses indicate a
high probability of seizure disappearance or reduction
after surgery if MRI identifies the area of change
[65-57]. However, surgical intervention may be less
effective in cases where there are no organic changes
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on MRI or where EEG and MRI data are inconsistent.
In such cases, surgical intervention is often delayed,
which can lead to an increase in clinical symptoms,
secondary foci formation, and complications in
localizing epileptic foci and surgical treatment [55].

In atypical or clinically ambiguous cases, the
gold standard for diagnosing epileptogenic foci is
intracranial EEG. This method is highly invasive and
associated with a risk of surgical complications. In
some cases, it may not reliably identify epileptic foci
because its sensitivity decreases in the presence
of multiple sources of epilepsy. Thus, the search for
noninvasive methods to determine the localization of
epileptogenic activity foci or a combination of different
studies within the framework of hybrid technologies or
complex analysis remains an urgent issue.

Functional MRI, MR spectroscopy, and hybrid
Subtraction Ictal SPECT Co-Registered to MRI
(SISCOM) and PET/CT techniques to locate
epileptoid foci have been investigated in the last
decade. However, the PET/CT method has several
disadvantages, including low anatomical detail
of small brain structures and excessive radiation
exposure from X-ray CT. The modern hybrid PET/MRI
method eliminates these disadvantages by enabling
the simultaneous study of both functional and
anatomical features of the brain [61].

SISCOM METHOD

During a seizure, blood flow increases in the epileptic
focus. This allows for brain perfusion scintigraphy to
be performed on a patient either during the seizure
or immediately after. The onset of the seizure can
be determined by clinical manifestations, such as
a convulsive seizure, or by EEG data if the seizure is
asymptomatic. MRI data obtained immediately after
scintigraphy can be used as a structural and anatomical
map in such cases.

The SISCOM method is a diagnostic technique that
combines subtractive ictal single-photon emission
computed tomography (SPECT) with MRI. It involves
subtracting interictal SPECT perfusion data from ictal
examination data and comparing the results with MRl
data [37, 62]. SISCOM is not a standard method for
the preoperative localization of the epileptic focus.
However, it can provide additional information on the
exact localization of the focus, which is crucial when
MRI does not detect any pathological changes. In this
case, radiopharmaceuticals based on %°™Tc-labeled
hexamethylpropylene amine oxime (HMPAO) or ethyl
cysteinate dimer are commonly used [59]. Currently,

only radiopharmaceuticals based on **"Tc-HMPAO are
used in Russia.

During the interictal period, the epileptic focus
exhibits either reduced or normal perfusion. However,
during an attack, it is visualized as the focus of
hyperperfusion. Localization of thefocusin the presence
of pathological changes significantly correlates with
PET and MRI data [48, 59]. In some cases, perfusion
changes can be visualized contralaterally to the actual
primary focus. In 2002, So has reported a case in which
focus resection detected by SPECT in a 14-year-old
boy with convulsive seizures and loss of consciousness
resulted in the improvement of clinical symptoms. After
resection, epileptic seizures no longer caused fainting.
These areas of hypoperfusion may correspond to
secondary epileptic foci, which explains the partial
improvement in the clinical picture after resection [63].

Figure 3 shows SISCOM images of a patient’s brain
with complex partial seizures, indicating increased
perfusion in the anterior pole of the right temporal lobe,
primarily in the medial region [64].

MAGNETIC RESONANCE IMAGING,

FUNCTIONAL MAGNETIC

RESONANCE IMAGING

The International League Against Epilepsy
Commission on Diagnostic Techniques indicates that
brain MRI in epilepsy should include T1-weighted
images in three projections, T2-weighted fluid-
attenuated inversion recovery, and a spin echo

Fig. 3. A fused SISCOM image (SPECT of the brain
performed during a complex partial seizure combined
with MRI of the brain) demonstrating hyperperfusion in the
basal ganglia and insula of the left hemisphere (courtesy of
FSBI «<FCMN» FMBA of Russia).
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sequence in the oblique projection perpendicular to
the long axis of the hippocampus. Further, T1-mode
studies should be performed after the administration
of gadolinium-containing contrast agents [65].

The recommended magnetic field strength for an
MRI scanner is 3.0 Tesla. However, studies can also be
performed on a scanner with a magnetic field strength of
1.5 Tesla. Notably, spatial resolution may be insufficient
to detect some clinically significant structural changes,
such as small areas of focal cortical dysplasia [66].

Functional MRI can increase the informativeness of
a study. This technique is based on the Blood Oxygen
Level Dependent (BOLD) imaging effect, which relies
on the difference in hemoglobin properties between
its oxygenated and deoxygenated states. Oxygenated
and deoxygenated hemoglobin concentrations in the
blood affect MRI signal intensity.

Activation of nerve centers during a test task results
in a local increase in blood flow in the corresponding
area of the brain, leading to a slight increase in the
BOLD signal due to an increase in hemoglobin oxygen
saturation. Functional MRI is used for preoperative
mapping of various functional centers in the brain and
for planning surgical treatment. This type of study
requires specialized equipment [67].

The most frequent changes detected on MRI
in patients with epilepsy in the epileptic focus area
are hippocampal sclerosis (44.5% in adults, 15.0%
in children), brain tumors (23.6%), and cortical
malformations (20.0% in adults, 39.3% in children).
Focal cortical dysplasia, the most common congenital
malformation, accounts for up to 70.6% of all cortical
developmental anomalies. Moreover, MRI can detect
other cortical abnormalities, such as polymicrogyria
and gray matter heterotopia, vascular malformations,
glial scarring, infectious changes, and other alterations
[67, 68]. In 30%-50% of patients with epilepsy,
structural changes cannot be identified on MRI or there
is a mismatch between MRI findings, EEG data, and
clinical presentation [69, 70]. Radiological methods can
be used to localize the epileptic focus and assess its
resectability. These methods include PET and the new
hybrid PET/MRI method. The hybrid method allows
for a more detailed MRI study of the brain structure
in the hypometabolic areas detected by PET and the
detection of subtle changes [71].

POSITRON EMISSION TOMOGRAPHY

OF THE BRAIN

PET with "®F-FDG is commonly used for diagnosing
epileptic foci owing to its effectiveness and availability.

REVIEW

PET has been used to study abnormalities in ®F-FDG
metabolism in epileptic foci for over three decades [72].
The drug is administered intravenously and can easily
penetrate the blood-brain barrier. Once in the brain, it
enters neurons and is phosphorylated by hexokinase,
which turns into 18F-deoxyglucose-6-phosphate.
Unlike the glucose metabolite glucose-6-phosphate,
this compound does not participate in further reactions
of ATP synthesis and accumulates in cells [73].

During the interictal period, the epileptic focus is
identified on PET images as a hypometabolic zone.
Epileptic foci lack areas of hypermetabolism during
this period, and decreased ®F-FDG accumulation in
potential foci are sensitive but nonspecific to epilepsy.
Therefore, PET data should be interpreted with CT or
MRI data to visualize structural changes in areas of
hypometabolism [72, 74].

PET imaging during an epileptic seizure has
several limitations, including uncontrolled patient
movement. However, few studies have been published
on this topic. Additionally, the radiopharmaceutical
BF-FDG has a half-life of 110 min and requires at
least 30 min for distribution and accumulation in
cells. In most protocols, the period between the
administration of radiopharmaceuticals and the
start of the examination is 60 min [29]. The main
challenge in recording an ictal PET examination is
the practical impossibility of predicting the onset of
an epileptic seizure an hour before it occurs. Studies
have reported instances of unintentional registration
of ictal PET, where the onset of a seizure is typically
determined by EEG recorded simultaneously
with PET. During the ictal period and for a period
thereafter, there is a significant increase in FDG
metabolism in the epileptic focus compared with
that in the unchanged brain parenchyma [63].

In 1994, Chugani and Conti [29] have classified
hypermetabolic changes detected by PET during
epileptic seizures. Of the 139 children examined,
18 showed signs of unanticipated epileptic seizures,
and hypermetabolism foci were recorded on PET.
The authors identified three primary groups of foci:
those with asymmetric areas of increased '®F-FDG
accumulation, those with symmetric hypermetabolism,
and those with unchanged ®F-FDG metabolism in the
striatum and thalamus but changes in other areas.
Some patients exhibited signs of epileptic seizure
on EEG but no '®F-FDG hypermetabolism. In these
cases, the seizure began at least 20 min after ®F-FDG
administration, was brief, and was not accompanied by
convulsions [29].
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The decrease in ®F-FDG metabolism in the epileptic
focus during the interictal period and the increase
during the ictal period correlate with the SISCOM data.
Hypoperfusion was observed in the focus during the
interictal period and hyperperfusion during the seizure.
PET detects a larger focus size than MRI, EEG, and
SISCOM in most comparative analyses [48, 59].

A study of "®F-FDG metabolism within 48 h after
a seizure in patients with prolonged interictal period
showed an increase in metabolism during the first
24 hours, peak accumulation on the second day,
and a return of metabolism to baseline values after
48 hours [30]. Glucose hypometabolism is often
detected on PET in the presumed epileptic focus during
the interictal period, with localization of the metabolic
zones corresponding to structural changes on MRI
in 75% of cases. Surgical intervention can achieve
remission in several patients with pharmacoresistant
epilepsy (up to 90% in the absence of additional foci of
hypometabolism located outside the resection area) if
the localization of the epileptic focus coincides with the
EEG and PET data [59, 73, 75, 76].

In cases of MR-negative epilepsy, PET can be used
to identify hypometabolic areas and revise MRI data
in corresponding brain regions, thereby detecting
subtle structural changes. This is particularly critical for

small focal cortical dysplasias. Although some of the
hypometabolism foci detected are not confirmed by MRI
data, surgical resection of this area using intracranial
EEG in most cases leads to an improvement in clinical
symptoms, up to the complete disappearance of
seizures. Additionally, in some patients (up to 30%), an
MR-negative epileptic focus is visualized contralaterally
to EEG data. In such cases, EEG data (intracranial EEG)
is crucial [37, 59] (Fig. 4).

The visualized area of '®F-FDG hypometabolism
is distinct as it often extends to the ipsilateral frontal
and parietal lobes, significantly exceeding the actual
size of the epileptogenic focus. Therefore, PET
results should be compared with anatomical data,
especially in the preoperative planning of patients with
pharmacoresistant epilepsy. In a hybrid PET/CT study,
CT data can be used to locate the hypometabolic focus
anatomically. However, because of insufficient tissue
contrast, it is difficult to visualize the zone of structural
changes that correspond to the epileptic focus on
CT scans. Moreover, CT studies are associated with
additional radiation exposure.

The hybrid PET/MRI method can improve the
diagnostic accuracy of epileptic foci. Currently, it is of
scientific interest [32, 33]. Although hybrid PET/MRI
scanners are being actively improved [77, 78], they have

Fig. 4. Combined positron emission tomography combined and fLAIR images obtained in the axial (a) and coronal (b)
planes. Significant reduction of the "®F-FDG uptake is noted in the right hippocampus head and corpus (courtesy of FSBI
«FCMN» FMBA of Russia).

www.clinpractice.ru 87

2023

Vol 14 k3



not been widely used to date, and their role in epilepsy
diagnosis remains to be established. Importantly,
a scanner can often obtain data from both PET and MR
studies simultaneously. This is unlike PET/CT scanners,
in which PET and CT data are recorded sequentially.
This feature of data acquisition ensures that all data are
recorded at each moment of the study, allowing for the
simultaneous recording of structural, anatomical, and
functional parameters [79].

The first hybrid PET/MRI scanners were installed
in clinical centers in 2009-2010 [80]. One of the main
challenges of combining PET and MRI scanners was
the interference created by scintillator radiation in
positron emission sensors [81]. The technical difficulties
faced by creators of scanners have been overcome in
two ways: by removing the gentries for PET and MRI
examinations to a sufficient distance and by changing
the properties of PET detectors. The Philips Ingenuity
TF PET/MR system used the first method, which
involved separate PET and MRI tomographs positioned
2.5 m apart. The patient was moved sequentially on a
mobile table from examination to examination; however,
this approach resulted in the loss of the advantages
of a one-stage examination [82]. The second technical
method was first implemented in the Biograph mMR
Siemens tomograph. Avalanche photodiodes were
used as PET detectors in this case, which significantly
reduced the interference between the two types of
detection. Several separate PET gentri rings were
installed between the MRI sensors, enabling the
simultaneous performance of two examinations [77].
Currently, this system is the most widely used.

Hybrid PET/MRI has higher sensitivity and specificity
in detecting epileptogenic foci compared with analyzing
MRI and PET diagnostic data separately [32, 79].
Specifically, ®F-FDG-PET is more effective than MRI
in detecting small malformations, such as focal cortical
dysplasia, which are identified by PET in 60%-80% of
cases and by MRl in only 33%. Joint registration of PET
and MRI enabled the localization of hypometabolic
zones in 46% of MRI-negative patients and confirmed
12% of doubtful MRI results. This increases the
detection rate of focal cortical abnormalities by up to
94% [83]. The possibility of revising MRI data when
metabolic abnormalities are detected allows for
the detection of small structural changes that were
previously undetected or underestimated.

Importantly, '8F-FDG is phosphorylated by
hexokinase once it enters the neuron and does not
undergo further glucose metabolism. This may be
significant for patients sensitive to a ketogenic diet

REVIEW

because an increase in glucose levels is associated
with a higher likelihood of developing epileptic seizures.
Therefore, ®F-FDG has been identified as a glycolysis
inhibitor during the ketogenic diet [84].

Compared with the selective analysis of PET
and MRI, the use of hybrid PET/MRI increases the
detection rate of focal cortical dysplasia, provides
additional prognostic information, and allows the
detection of changes not determined by each method
separately [85]. Further, a unilateral decrease in "®F-FDG
uptake in temporal lobe epilepsy is characterized by
a more favorable prognosis of surgical treatment.

Several studies have suggested the use of
radiopharmaceuticals other than '®F-FDG in PET/MRI.
For instance, "C-flumazenil reduces "'C-flumazenil
accumulation in the epileptic focus. However, meta-
analysis data indicate that PET examination with
""C-flumazenil is not more accurate than that with
8F-FDG and only reflects the loss of neurons expressing
benzodiazepine receptors [86]. Kagawa et al. [87] have
demonstrated an increased uptake of ""C-alpha-methyl-
tryptophan by tuberculomas in children with tuberous
sclerosis. The use of "C-PK11195 radiopharmaceutical
has been demonstrated to enhance the precision
of epileptic focus localization in tuberous sclerosis,
thereby increasing the possibility of a positive outcome
of surgical treatment. Additionally, "'C-PK11195 can be
used to locate foci in Rasmussen’s encephalitis, which
is characterized by neuroinflammation and activation
of microglia that synthesize a specific translocator
protein that binds to ""C-PK11195. Consequently, this
radiopharmaceutical can be used to detect epileptic
foci in Rasmussen’s encephalitis and other epileptiform
conditions [88]. Moreover, '8F-FCWAY, which is
a 5-HT1A receptor antagonist, has been indicated as
a potential solution. Serotonin mediates anticonvulsant
effects via 5-HT1A receptors. Therefore, areas
with decreased '"F-FCWAY accumulation indicate
a reduction in the number of these receptors, making it
possible to identify regions with an increased likelihood
of epileptic seizure development [89].

Additionally, some studies have shown the feasibility
of perfusion PET using '°0O [29]. However, this method
has not gained widespread use because of the short
half-life of the radionuclide and need for an in-house
cyclotron.

A novel technique called dynamic PET with ®F-FDG
has been presented. Unlike static PET, which only reflects
the total glucose uptake over a certain time interval
(5-20 minutes), dynamic PET reflects a continuous
change in volumetric radioactivity. Scanning begins
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before the administration of radiopharmaceuticals,
and the indicator is administered during the scan. Data
collection proceeds as a series of scans, recording
changes in ®F-FDG concentration throughout the
scanning interval. In studies using ®F-FDG PET to
examine patients with epilepsy, kinetic processes
may be a differentiating factor. Abnormal tissues
may have higher or lower hexokinase concentrations
or differences in enzyme function, which can result
in higher or lower ®F-FDG accumulation rates and
changes in the glycolysis rate profile compared with
normal tissues [72]. Dynamic PET is scientifically and
practically interesting and appears promising because
of the developing technologies, fast data acquisition,
and high-quality processing of hybrid examinations.

CONCLUSIONS

The understanding of the origin, diagnosis, and
treatment of epilepsy has undergone significant
changes. Currently, the precise localization of the
epileptic focus and evaluation of its resectability
remain relevant issues. The accuracy of diagnosis
is crucial for the surgical treatment of patients with
pharmacoresistant epilepsy.

Although there are several diagnostic techniques
available, the best algorithm for the preoperative
examination of epilepsy patients remains debatable.
The hybrid PET/MRI method provides additional
information on the localization of epileptic foci, is more
sensitive and specific in detecting small anomalies of
cortical development compared with selective PET
or MRI, and allows for a shorter examination time
compared with performing PET and MRI separately.
This is more comfortable for patients and allows
researchers to study rapid processes simultaneously.
When conducting a study using modern PET/MRI
devices, anatomo-morphological data and functional
brain activity are analyzed simultaneously. This
guarantees full correspondence of the obtained images
and excludes changes in structural abnormalities
over time.

Further study of the possibilities of the hybrid PET/
MRI method is of scientific interest because it can
improve the surgical treatment results of patients with
pharmacoresistant epilepsy.
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HAYYHbIX OB30P

COVID-19: O630P AKTYAJIbHbIX METOAOB 3TUOTPOMHOIO
JIEYEHUA HOBOW KOPOHABUPYCHOW MHOEKLIUU

E.A. CuHuupbiH' 2, E.B. CmonsikoBa' 2, C.C. KambiwaHos?, K.A. 3bikoB:2

1 Hay4Ho-nccnenoBaTeibCKuii UHCTUTYT MyfibMOHooruv, Mockea, Poccuiickas degepauyst

2 MOCKOBCKUIN FOCYAapCTBEHHbI MEAVKO-CTOMATONIOMMYECKUn yHBepcuTeT nmeHn A./. EBgokrmosa, Mockea,
Poccuinckas ®egepaums

3 POCCUINCKIIN HaLMOHabHbIN UCCenoBaTenbCKUi MEAULIMHCKIUI YHUBEpcuTeT uMmeHn H.W. Muporoea, Mocksa,
Poccuickaa ®egepauns

AHHOTALUA

lNaHpgemusi HoBoWi KopoHaBupycHou uHgekumn (COVID-19), BbizBaHHass PHK-cogepxkalyum Bupycom
SARS-CoV-2, okazana cepbE3HOE BNSHUE HE TOJIbKO Ha XXU3HEHHbI yKa v 340P0BbkE JII0AEN, HO U Ha
MVPOBYHO 3KOHOMUKY B LiesIoM. 10 anugemMmonornyeckum gaHHbIM, Ha Tepputopun Poccuiickon ®Pegepa-
ymy MakcumymMm 3abos1eBaeMoCTy NPULLIENCS Ha siIHBapb-pespans 2022 roga, rnpy 3ToM JeTajabHOCTb OT
COVID-19 coctaBuna 1,9%. MHoro4ncneHHbie paboTei o ndyvyeHuto naroreHeda COVID-19 nossovnm
YAYHLINTB 0AX0AbI K pa3paboTke ahheKTUBHbIX TeparneBTUHECKUX CTpaTerui, TeM He MEHee Ha ceroj-
HSILLHWYA J€Hb OCTalTCSI HEPELLUEHHBIMU Ba>XHbI€ BOMPOCHI 110 KIVHUYECKOMY MPUMEHEHWNIO VMEFOLLINX-
CS1 Ha PbIHKE HOBbIX U MEPENPOGUINPOBaHHbLIX MpPenaparoB. VI3BeCcTHO, 4TO Hanbosee 3¢hHEKTUBHBIM
47151 IPeJOoTBPALLEHNS Pa3BUTYS runepakTusaLmy UMMYHHOIrO OTBETa 1 3arycka UMTOKMHOBOIO LTOpMa
SIBJISETCS paHHee Ha3Ha4yeHne STUOTPOIMHbIX MPernaparoB. OTv IeKapCTBEHHbIE CPEACTBA M0 MexaHN3-
My [eNCTBUSI MOXHO PasfesiMTb Ha TPpu rpynnbl; MpensTCTBYLME MPOHUKHOBEHWIO BUpYyCca B K/IETKY,
BO3AEVICTBYIOLME HA PErIMKaLNOHHO-TPAHCKPUMLIMOHHbBIA KOMITJIEKC v ripenaparsl, obnagaroLme Kak
MPSIMbIM, Tak 1 0rocpeoBaHHbLIM MPOTUBOBUPYCHBIM AeicTBreM. B pamkax gaHHOM cTaTbu MpoBoAUTCS

00630p npenaparos, 0ba[arLLmX MPOTUBOBUPYCHON aKTUBHOCTBIO B OTHOLLEeHU SARS-CoV-2.

KnroueBbie cnoBa: COVID-19; aTnoTponHas Tepanvsi; 1e4eHue.

ﬂﬂﬂ yntnpoBaHus:

CuHuupiH E.A., Cmonskosa E.B., Kambiwanos C.C., 3bikoB K.A. COVID-19: 0630p akTyanbHbIX METOO0B
3TUOTPONMHOO JIEYEHUSA HOBOW KOPOHaBUPYCHOW nHdekunn. KnnHndeckas npaktyka. 2023;14(3):95-102.

doi: https://doi.org/10.17816/clinpract473525

MocTynuna 06.06.2023

MpuHsaTa 20.07.2023

Ony6nukoBaHa 28.07.2023

BBELOEHUE

BcemupHasi opraHusaums 3gpaBooxpaHeHms (BO3)
obbsiBuna 05.05.2023 06 OKOHYaHUWM MaHOEMUKU, Tem
He MeHee akTyanbHOCTb npobnemsl COVID-19 ocTaét-
csl BbiCOKON. IMpun aHanm3e 3a60/1eBaEMOCTU O4EBUA-
HbIM CTaHOBUTCS CHWXEHWE CMEPTHOCTU, 4YTO 0Oy-
CINIOBNIEHO KakK POCTOM 4ucna BapuaHToB Omicron
SARS-CoV-2 ¢ 6onee NErkum KNMHUYECKUM Te4YeHNeM
3aboneBaHus, Tak 1 HOPMUPOBAHNEM BbICOKOIO YPOB-
HS1 KOJINEKTUBHOIO MMMYHUTETA cpeau nepeboneBLInx
N BakuMHUpoBaHHbIX [1]. OgHaKo TOMBKO 3a nepBble
Tpyn Hepenn mas 2023 roga B Poccuiickon ®epepa-
umn 3aboneno 6onee 64 TbiC. YENOBEK, U3 HUX Bonee
11,5 TbIC. NoTpeboBanacb rocnuTanM3auusi, MoYTU
600 yenosek nornbnu [2]. CTaHOBUTCA O4EBULHBIM, YTO
B TaKOW CMTyauu OCHOBHAs Harpy3ka JIoXKMTCA Ha am-
6ynaTopHOE 3BEHO MEAULMHCKON MOMOLUW, NPU 3TOM
Hanbonee akTyasbHbIl BapuaHT NeyeHus — 3TUO-
TpornHas Tepanust Kak OfVH N3 KJIOYEBbIX 3JIEMEHTOB
KOMIMEKCHOrO NIEYEHNST KOPOHABUPYCHON NHpEKLMN.
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OTUOTPOINHOE JIEYEHUE COVID-19

Mpenapatbl, BO3gencTBytowmne Ha Bupyc SARS-
CoV-2, He06X0AMMO Ha3Ha4aTb Kak MOXXHO paHbLle —
B MepBble OHWM OT Hayana 3aboneBaHusi, 4TOObl He
JONYCTUTb PasBUTUS TUNEPEPTNYECKOrO0 UMMYHHOIO
otBeTa [3]. 1o MexaHM3My OeCTBUS UX MOXHO pas-
OENUTb HA TPW rpynnbl: NPEnSTCTBYOLWME MPOHUKHO-
BEHUIO BMPYCA B KNIETKY, BO3OENCTBYIOLLME HA penu-
KaLVOHHO-TPAHCKPUMLMOHHBIA KOMMJIEKC U  Apyrue
npenapaTbl, 06nagatoLme Kak NnpsiMbiM, Tak U onocpe-
[OBaHHbIM NPOTMBOBMPYCHbIM aencTtarem (puc. 1) [4].

MpenapaTbl, HeTpanuayoLne BUPYC

M NpensaTCcTBYOLWME €ro NPOHNKHOBEHMIO

B KNEeTKy

YmudenoBup. lNpenapat no mMexaHnsmy npoTu-
BOBMPYCHOro AENCTBUSA OTHOCWUTCS K WHrubutopam
cnusaHus (pysun), B3aMMOLENCTBYET C remarrioTu-
HVHOM BMpyCa W NPEnATCTBYET CAUSHUIO NUNUGHON
060n04KKN BUpyCa M KNEeTOo4HbIX MembpaH. B Poccum
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ABSTRACT

The COVID-19 pandemic, caused by the SARS-CoV-2 RNA-virus, has a significant impact not only on
the people’s lifestyle and health, but on the global economy, as well. According to the epidemiological
data, the highest level of the sickness rate in Russian Federation was in January-February of 2022, while
the death rate was 1.9%. The numerous studies on the COVID-19 pathogenesis allowed improving the
approaches to the development of efficient clinical strategies. However, a number of important issues
regarding the clinical applications of new and repurposed drugs on the market still remain unresolved.
It is a well-known fact that the most effective way of preventing the immune system from developing the
hyperactive reaction known as a cytokine storm is prescribing the etiotropic therapy as fast as possible.
Etiotropic drugs are divided into three large groups: those preventing the virus from penetrating the cell,
those affecting the replication-transcriptional complex and the last but not the least group is the drugs
with the direct or indirect cytotoxic effect. This review introduces some important data regarding the
etiotropic treatment methods for the new coronavirus disease.

Keywords: COVID-19; etiotropic therapy; treatment.
For citation:

Sinitsyn EA, Smolyakova EV, Kamyshanov SS, Zykov KA. COVID-19: an Update on the Modern Etiotropic
Therapy Methods for the New Coronavirus Infection. Journal of Clinical Practice. 2023;14(3):95-102.

doi: https://doi.org/10.17816/clinpract473525

Submitted 06.06.2023

Revised 20.07.2023

Published 28.07.2023

n Kutae ymundeHoBnp ogobpeH n BHECEH B CMUCOK
npenapartoB ans neveHnsa COVID-19, ogHako, no faH-
HbIM MeTaaHanua3a 12 KIMHUYECKUX WUccnenoBaHuin
(n=1052), 6bI10 cAenaHo 3aKo4YeHne, YTO NPUMEHE-
H1e ymudeHoBupa y B3pOC/bIX NaLneHToB ¢ nabopa-
TOpHO noaTeepxaéHHbiIM COVID-19 xoTa 1 aBnsertcs
6e3onacHbIM 1 CBA3AHO C 60nee BbICOKOW 4acTOTOM
OTpUUATENbHbIX PE3YNLTAaTOB NOMMMEPA3HON LenHON
peakuun Ha 14-i OeHb, HO He OKa3biBAET BAUSHUSA Ha
Te4yeHne 3a601eBaHNs U yNydLWEeHNE KIMHNYECKINX NC-
xopoB [5]. Takum 06pa3om, JaHHble MO NPUMEHEHNIO
ymundeHosupa y nauneHtos ¢ COVID-19 orpaHunyeHsb,
3a4acTylo NPOTUBOPEYMBbLI U HE MO3BONSAT chopMy-
JIMpoBaTh OAHO3Ha4YHble PEKOMEHAALMMN MO NMpaKTnye-
CKOMY NMPUMEHEHNIO Mpenapara.
BupycHeiTtpanuaytowme aHtutena. OgHum U3
Hanbonee COBPEMEHHbBIX MOAXOA0B B TEpann TSXKENbIX
dopm COVID-19 aBnsetca MCNonb3oBaHNE BUPYC-
HenTpanuayrLmx aHtuten. B Havane naHgemum LLnpo-
KO paccmatpuBanacb BO3MOXXHOCTb UCMO/Ib30BaHNUS
nnasmbl PEKOHBANIECLEHTHbLIX MauneHToB, COoAep>Ka-
e BbICOKUI TUTP BUPYCHENTPANU3YIOWNX aHTUTEN
npotne SARS-CoV-2. B nepByto o4epefnb, Npeumy-
LLLeCTBO aHTUKOBUAHOM r1a3Mbl COCTOSINIO B feLle-

BN3HE MO CPaBHEHNID C PEKOMOVHAHTHbIMU aHTUTE-
namu, Npou3BoACTBO U NOJlyYEHNE KOTOPbIX OOPOXKE
N cnoxHee. BaxHO OTMETWUTb, YTO aHTUKOBUAHASA
nnasma LUMpOoKO MCNoMb30Banacb O nedyeHus na-
LIMEHTOB BO BPEMS ApPYriX BCMbILEK BUPYCHbIX 3a60-
neBaHui, Takux kak rpunn A, SARS-CoV, MERS-CoV
n Bupyc d6ona [6]. Oxngaemblii TepaneBTUHECKUN
9(h(PEeKT 3aKJOYAETCH B YMEHbLUEHUN BUPYCEMUN,
npodunakTmke pasBUTUS LIMTOKMHOBOrO LUTOPMA.
OrpaHnyeHneM mMeTofa MpepcTaBAseTcs JOoCTaTou-
HO Y3KOe TepaneBTMYEeCKOE OKHO, TaK Kak AeNCcTBue
aHTMKOBMAHON nnasmbl Hambonee adEeKTMBHO Ha
paHHKX cTagusax 3abonesaHns. Kpome TOro, umetoTcs
coobLLeHns 0 N060YHbIX 3 deKkTax, CBA3aHHbIX C MNe-
penvBaHneM nnasmbl, TaKUMN Kak 03HOO, nuxopagka
1 aHadunakTu4eckme peakuyum [7-9J.

Ha npoTskeHun Bcero nepvoga naHgeMmmn gaHHble
06 3(pPeKTMBHOCTN aHTNKOBMIHO NNasMbl y NauneH-
ToB ¢ SARS-CoV-2 ocTaBanmcb MpOTUBOPEYMBBLIMMU.
Ewé Bo Bpems nepsoit BonHbl B 2020 rogy Ha 6ase
OHKL, ®MBA Poccumn 6bi10 NMpoBeAeHO OTAENbHOE
OOHOLIEHTPOBOE PaHOOMU3NPOBAHHOE NCCNeaoBaHune,
nokasasllee 3(MEKTUBHOCTb Mna3mbl PeKoHBanec-
ueHTtoB [10], B TO Bpems Kak MeTaaHann3 33 paHpo-
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Pwuc. 1. Mpegnonaraembin MexaHn3Mm OENCTBUS NpenaparoB 3aTnoTponHon Tepanun COVID-19 (apantuposaH [4]).

Fig. 1. Assumed mechanism of the drugs’ action in the COVID-19 etiotropic therapy (adapted from [4]).

MU3UPOBAHHbIX KIIMHUYECKNX UCCNENOBaHNN C OOLLMM
KONM4eCcTBOM nauneHToB 16 477 paHHyto addekTns-
HocTb He noaTeepann [11]. OgnH 13 nocnegHUX MeTa-
aHann3oB, B KOTOPbIN BOLAM 32 paHOOMU3UPOBaHHbIX
KJIMHNYECKUX NCCNEfOBaHNSA C OOLLUM YMCIOM yyacT-
HuKoB 21 478, nokasan, 4To BBEAEeHNE aHTUKOBUOHOMN
nnasmbl He NPUBOOUT K OOCTOBEPHOMY CHVKEHUIO
28-OHeBHOI CMepTHOCTM y naumeHTtoB ¢ COVID-19
(20,0% B rpynne aHTWKOBWAHOW nNnia3mbl MPOTUB
20,8% B rpynne cpaBHeHus). [Ona BCex BTOPUYHBIX
WUCXOMOB TakXe He Oblfio BbISIBJIEHO CYLLECTBEHHbIX
pasnuuuin Mexxay cpaBHMBaeMbIMU rpynnamu. B ceasu
C 9TuM ObIN caenaH BbIBOA, YTO BBEAEHNE aHTUKOBUA-
HOW NnasMbl He cneayeT UCMONb30BaTh B KAYECTBE py-
TUHHOrO MeTofa neveHns naumeHtTos ¢ COVID-19 [12].
B cBoto o4epenp BBEOEHNE aHTUKOBMOHON MnasMbl na-
UMeHTam ¢ ocnabfiieHHbIM UMMYHUTETOM, NEPEHOCHB-

www.clinpr

wum COVID-19, npogeMoHCcTpupoBano 6e30MacHOCTb
N 3(PHEKTNBHOCTb €€ NPUMEHEHUS. Y 44 NMMYHOKOM-
NMPOMETUPOBAHHbBIX MaLMEHTOB, MEPEHECLUMX TPaHC-
nnaHTaumo opraHos (59,1%), TpaHcnnaHTaumio remo-
NMO3TMYECKIMX KJIETOK (22,7%), CO 310Ka4eCTBEHHBIMM
remaTonorndeckumm (11,4%) n ayTouMmMyHHbIMK (6,8%)
3aboneBaHnsiMK, Ha (OoHe BBEAEHWUS aHTUKOBUOHOW
nnasmbl C BbICOKUM TUTPOM aHTUTEN OTMEYanoch CHU-
YKEHNE CMEPTHOCTY U PErMCTPUPOBaNCh JydLune Knm-
HMYECKUE MokasaTeNn B CPaBHEHUWM C KOHTPOJILHOM
rpynnoii naumeHToB C OcCnabfieHHbIM UMMYHUTETOM.
TakuM 06pa3oM, aHTUKOBUAHAsS MnasMa C BbICOKUMY
TUTPaMU aHTUTEN MOXKET PacCcMaTpPUBaTLCH B JIEHEHUN
naumeHToB ¢ COVID-19 cO CHWXEHHbIM UMMYHUTE-
ToMm [13]. CnegyeT OTMETUTL, YTO aKTyanbHasi Bepcus
OTEYECTBEHHbIX PEKOMEHOALMIA MO NIEYEHNIO NauneH-
ToB ¢ COVID-19 ponyckaeT NMpvMeHeHNe aHTKOBUA-
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HOW nnasmbl TONIbKO TEM MauueHTaMm, Y KOTOPbIX OT-
CYTCTBYET 3HA4YMMbI COBCTBEHHbIN UMMYHHbIA OTBET
(IgG k S 6enky SARS-Cov2 meHee 20 BAU/mn y He-
BaKUMHMpoBaHHbIX nnn IgG kK S1 gomeHy Spike rnmko-
npoTenHa Bupyca SARS-CoV-2 meHee 50 BAU/mMn —
Y BakLMHNPOBaHHbIX NauneHTos) [14].
HeiTpanusywuwme peKOMOUHAHTHbIe MOHO-
KJIOHaJIbHble aHTUTeNa, N0 MHEHUIO pPALa aBTOPOB,
ABMAIOTCA OOHUM U3 Hambonee MepcrneKTUBHbIX Ha-
npaeneHnii B Tepanuu COVID-19 [15]. K HUM oTHOCSAT-
cs 6ebtenosumab, 6amnaHmemmab, aTeceBnmab, Ka-
3upusumab, nmgesnmab, cotTposmumab, peragaHsmman,
Tukcareesumab n umnrasumab. XoTs AaHHble in vitro
MoKasblBaloT, YTO 3TOT Kiacc npenapaTtoB No-npex-
HeMy 3heKTUBEH NMPOTMB BapuaHTa KOpPOHaBupyca
Delta, nonyyeHHas akTyanbHas wHgoOpmMauus CBu-
OeTenbCTBYET 00 OrpaHuyYeHHol 3hMEKTUBHOCTY
npoTne Oonee HOBbIX, @ TakXxe Haubonee pacnpo-
CTPaHEHHbIX B HACTOSILLIEE BPEMS LUTAMMOB, TaKMX Kak
Omicron. bonee TOro, NpegcTasneHHble NpenapaTsbl
OEMOHCTPUPYIOT PasfinyHyo 3PHEKTUBHOCTb B OT-
HoLleHun cy6BapraHToB Bupyca. Tak, 6amnaHnenmab
n ateceBumab He MPOAEMOHCTPUPOBaNN HenTpanu-
3ylolen akTMBHOCTM B OTHoweHun Omicron/BA.2,
a umpeBnMab, COXpPaHUB aKTUBHOCTb B OTHOLLEHWM
3TOro WTamma, He NPOoJEeMOHCTpMpoBan eé no oT-
HoweHnto K Omicron/BA.1 n Omicron/BA.1.1 [16]. To
Xe KacaeTtcs 1 6ebtenosnmabda, koTopbli 30 HOAGPS
2022 ropa 6bin gobasneH YnpaBrieHWeM Mo KOHTPOSIO
KayecTBa MWLEBbLIX MNPOAYKTOB M JIEKAPCTBEHHbIX
cpeacts CLLUA (FDA) B cnncok aBTOPU3MPOBaHHbIX
npenapatos npotue COVID-19, a 6 gekabps Toro xe
roga y>xe UCKJIOYEH N3 HEro B CBA3U C HU3KOW ad-
heKTUBHOCTLIO NPOTNB cybBapunaHToB Omicron BQ.1,
BQ.1.1, XBB, Hambonee pacnpoCTPaHEHHbIX Ha TOT
MOMEHT BpemeHn Ha Tepputopun CLUA [17]. B aton
CBA3M aKTyasneH Nouck aP@eKTUBHON Tepanuu Haun-
6onee «yCTON4YMBBIX» K BMONMOrMYecKUM npenaparam
wtammoB SARS-CoV-2. B ogHOM M3 Takux uccne-
[OBaHW nokasaHa 3((MEKTVBHOCTb KOKTENNEN aH-
Tnten EV053273 n EV053286 npotue cybBapnaHToB
Omicron, yctonumBbix K Tak HasbiBaemoli REGEN-
CQOV-tepanuu, cocTosileln 13 kacupusmmaba n nm-
pesumaba [18]. Takum obpasom, ycnex Tepanum mMo-
HOKJIOHasNbHbIMU  aHTUTENAMWU HaNpPsMyt0  3aBUCUT
OT FEeHOTUMUPOBAaHKS LUTamMMma BuUpyca, NPOBELEHNE
KOTOPOro NpakTUYEeCKN HEOCYLLECTBNMO B YC/IOBUSAX
peanbHON KINHNYECKON MPaKTUKU.
MmmyHorno6ynuH vyenoseka npotus COVID-19.
[MprmeHeHre Npenaparta OCHOBAHO Ha KOHUENuun nac-
CVBHOW UMMYyHM3auun. [JencTByoWmMM Ha4anom sBns-
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t0oTCA MMMYHOrNo6ynuHbl knacca G (He meHee 95%),
noJly4eHHble 13 nyna nnasmbl LOHOPOB 1 obnagaro-
e aktuBHocTblo K SARS-CoV-2 [14]. Monb3a Tepa-
NN BHYTPUBEHHBIM UMMYHOIMOGYIMHOM  YenoBeKa
npu COVID-19 ocTaétcss CnopHON, a YWUCNO KayecT-
BeHHO npoBenéHHbiXx PKN — HepgocTaTto4yHbiM. B Me-
TaaHanmae, BktoymBLLemM 4 PKU (M3 HUX TONbKO OOHO
nnaueboKoHTpoNMpyemMoe) 1 3 KOrOPTHbIX UCCneno-
BaHNs C OOLMM YMCNOM nauneHToB 825, aBTopbl Tak
XKE YKasblBalOT Ha «HU3KYK CTeneHb goKasaTesflbHO-
CTU» N3-3a HEOOHOPOOHOCTM aHaANN3NPYEMbIX AaHHbIX
N NPUXOASAT K HEOOHO3HAYHbIM BbiBogaM. C 0gHOM CTO-
POHbI, PaHHEE BBEAEHNE MMMYHOMIO0YIMHA YenoBeka
naumneHTam c KpanHe TSXKENbIM TEYEHNEM NPUBOANO
K CHUDKEHMIO PUCKA CMeEPTHU (Y HETSXKENbIX NaLUeHTOB
Takoro BANSHUSA HEe BbISBJIEHO), C OPYron — K yBenu-
YEHUI0 CPOKOB MpebbiBaHWs B CTauMOHape KpanHe
TSOKENBIX/TSXKENBIX MAUMEHTOB U K CHUXKEHWUIO CPO-
KOB — Y HETsKENbIX [19].

UBepmekTuH. lNpoTuBOnapasutapHbIi npenapat
NPOAEMOHCTPUPOBAN in Vitro NPOTUBOBUPYCHbBIA 3(-
(heKT B OTHOLUEHUN HECKONbKMX BUPYCHbIX areHTOB,
BkJItoyast SARS-CoV-2. B skcnepumeHTax 6bi1o noka-
3aHO, YTO MBEPMEKTUH NPENATCTBYET NPUKPENSIEHNIO
BMpYyCa K KJIETOYHON MeMbpaHe, CHMXasi KOHLEHTpa-
umto BupycHon PHK noytn B 5000 pas. 9Tu gaHHble
CnocobCcTBOBaM LUMPOKOMY MCMONBb30BaHNO npena-
pata gnsa Tepanun COVID-19 B HEKOTOPbLIX CTpaHax,
ocobeHHo B JlaTtuHckol Ameprike. OfHako MeTaaHanma
25 PKW (n=6310) He npogemMoHCTpupoBan BAUSHUSA
TepaneBTUYECKNX 0O3 MBEPMEKTUHA Ha NETasIbHOCTb
N PUCK MEpeBOAA Ha WCKYCCTBEHHYI BEHTUNSALMIO
nérkux y nauyneHtos ¢ COVID-19 BHe 3aBUCMMOCTN OT
TSOKECTU TeyeHust 3abonesBaHnsl. OTO MOXET 0ObsAC-
HATLCA HEeOQOCTaTOYHOM [O030M npenapaTa, Tak Kak
paHee 6bINIo YCTaHOBJIEHO, YTO AOCTMXKEHME NPOTNBO-
BUPYCHOrO ahdekTa y YenoBeka BO3MOXKHO Npu yBe-
JINYEHUN MaKCUManbHO 6e30MacHol CyTOYHOW [03bl
B 17 pa3 [20]. MockonbKy akTyasbHble AaHHbIE 06 adh-
hekTMBHOCTY 1 6€30NaCHOCTY NBEPMEKTMHA O fie-
YyeHus naumeHToB ¢ COVID-19 sBnsai0TCSA CnopHbIMY,
MCnosib30BaHve npenaparta B PYTUHHON MPaKTuKe He
pekomeHposaHo BOS3.

Apyrue npenapaTbl, o6nagatouime

NMPSAMbIMY M ONMOCPERO0BaAHHBIMU

NPOTVBOBMPYCHbIMY CBONCTBaMMU

Makponugbl. B OTKpPbITOM HepaHOOMU3MPOBaH-
HOM KJIMHNYECKOM uccnenoBaHun, I'IpOBe,D,éHHOM BO
®paHumn B mMapTe 2020 roga, 6b10 MOKa3aHo, YTO
Ha oHe Npuéma rMapPOKCUXIOPOXNHA N a3UTPOMU-
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LUUHa B 3HAYUTENBLHON CTEMNEeHU CHUXXaeTCHa BUPYCHas
Harpyska 3a CYET WX CUHepru4Horo pencteusa [21].
lMpyvHUMas BO BHMMaHWE 3TW Pe3ynbraTbl, KOMOUHU-
POBaHHbIN MPUEM TUAPOKCUXIOPOXNHA U a3UTPOMU-
unHa Oblil BHECEH B KJIMHMYECKME PEKOMEHAAUMMN MO
neyeHnto COVID-19. OpgHako no3xe HesaBucumas
rpynna aBTOpPOB MPOBesia MOBTOPHYIO KaYeCTBEHHYIO
CTaTUCTUYECKY0 06paboTKy AaHHbIX 3TOr0 UCCERo-
BaHNs 1 OMpoBeprna nepeBoHavasibHble BbiBOObI 00
3(hheKTUBHOCTN MPUMEHSEMON  KOMOUHNPOBAHHON
Tepanuu [22]. Heckofibko no3gHee rmgpoKCcuxaopo-
XUH He nokasan 3(PdeKTUBHOCTU Kak Yy rocnurtanu-
3/POBaHHbLIX MNaUMEHTOB C HOBOW KOPOHAaBMPYCHOW
WHpeKUnen, Tak 1 npu Npuéme C LeNblo NOCTIKCMO-
3NLUMOHHOM NpodrnakTuky [23, 24]. HecmoTps Ha 3To,
UHTEPEC K Makponugam He Obln NOTepsH, W, YYUTbI-
Basi UX yCMNeX B IEYEHUN Pa3INYHbIX PECMNPATOPHbIX
3aboneBaHnin 1 nonarasiCb Ha UX BO3MOXXHOE MpPO-
TMBOBMPYCHOE W VIMMYHOMOZYNUPYIOLLEEe OeiCcTBue,
npenapatbl A4aHHON rpynnbl ObIM BHOBb BKJIHOYEHBI
B UCCNEfOBaHNE YXXe Kak CamMoCTOoATeNbHaA rpynna.
B 2021 rogy B CpaBHUTENBHOM MnaLeboKOHTPONNPY-
emoMm PKW (n=305) no oueHke apheKTUBHOCTN a3uT-
poMULMHA W KNapUTPOMULUHA, NpedycmaTtpuBaio-
LeM paHHee HasHa4YeHne MakpoSMAOB y MNaLMeHTOB
¢ COVID-19, oba npenapata NpoOAEMOHCTPUPOBaIu
OOCTOBEPHOE BAIMSIHWE HA YTyHLLEHWE CUMMTOMOB (nin-
X0opagKa, OfblKa 1 Kallesb), CKOPOCTb 3IMMUHALNN
BMPYCa, YMEHbLUEHNE 0ObEMA NMOPaXKeHUs NErkux mno
OaHHbIM KOMMbIOTEPHON TOMOrpadun opraHos rpyga-
HOWN KNeTKWN Ha 14-11 geHb OT Havana nevyeHns rno cpas-
HEHMIO C rpynnon nnauebo 6e3 3Ha4YMMbIX PasMyuni
mMexay rpynnamu [25]. B cBA3u ¢ 3TMM LienecoobpasHo
JanbHellwee N3yYeHne BAUSHUS MakponuaoB Ha Te-
yeHne COVID-19 npu NnpUMeEHEeHNN UMEHHO Ha PaHHNX
cTagusx 3aboneBaHus.

MpenapaTbl, BO3gencTByOLWMNE

Ha penJIMKaLMOHHO-TPAHCKPUMNLNUOHHbIN

KOMMeKC

daBunupaBup — CUHTETUYECKNI CENEKTUBHbIN
nHrnéutop PHK-nonumepasbl, akTUBHbIN B OTHOLLE-
Hun PHK-copgepxawwmx Bupycos. [aHHble KAWHUYe-
CKMX MCCNeAoBaHUn no NpUMeEHeHNIO asunupasunpa
y nauyueHtos ¢ COVID-19 npotmsopeumsbl. C ogHow
CTOPOHbI, MpenapaTr MNPOAEMOHCTPUPOBA MpPenMy-
LLIeCTBO nepepn KoMOnHaumen nonvHaBup+puTOHaBUp
BO BPEMEHM ANIMMNHALIM BUPYCA U CKOPOCTM yny4Lue-
HUS PEHTFEHONOrMYECKON KapTUHbI NpyY AOCTOBEPHO
MEHbLLEM KOJIMYECTBE HEXeNnaTenbHbIX siBNeHui [26].
Mpn atom, no gaHHbeiM mccnegosaHus RECOVERY,

JIONUHAaBNP/PUTOHABUP HE OKasbiBas BAMSHWS Ha Te-
YeHne COVID-19 y rocnmTann3npoBaHHbIX MNauneH-
ToB. C Opyroii CTOpOHbI, coveTaHme casunupasupa
C uHTepcepoHom 6eTa-1b y rocnmTannanpoBaHHbIX
nauneHtoB ¢ COVID-19-accounnpoBaHHbIM nopake-
HMEM NETKUX He MOoKasano Pasnnyuii B KINHUYECKUX
NCXOAax Mo CPaBHEHNIO C rPYNMoN MTMAPOKCUXIIOPOXU-
Ha [27], koTopbI 6blS1 NPU3HaH He3MEKTNBHBLIM Npe-
napaTtoM Kak Ans JIeYeHns, Tak U gns npounakTukm
COVID-19 [28, 29]. B uccneposaruu, onybamkoBaHHOM
B Aekabpe 2022 roga, aBTOPbI MPULLAN K BbIBOAY, YTO
haBynmpaBnp He YnyywaeT KIANMHUYECKMX MWCXOO0B
y rOCAMTanM3npoBaHHbIX NaLMeHTOB, OQHAKO y naum-
eHToB Mnagwe 60 net HabnogaeTcs 6bonee 6naronpu-
ATHbIN KNuHNYecknin oteeT [30]. MNpoTMBOPEYNBOCTL
daHHbIX 06 apdekTMBHOCTM (haBunupasnpa 3acTas-
JIIeT OTHOCUTBLCS K €ro Ha3Ha4YeHu0 B KJIMHUYECKOW
NpakTke C OCTOPOXXHOCTBIO 1 TPeBYeT OanbHenwmx
nccnegoBaHuii.

Pempecusup. Viveetca psg HEOOHO3HAYHbIX CO-
obuweHun 06 3MEKTUBHOCTN MPUMEHEHUA B KJU-
HNYECKON MpaKTuKe uHrnbutopa PHK-nonnmepassbl
SARS-CoV-2 pempgecuBupa. Tak, aBTOpbl MeTaaHa-
nM3a, nocBsLlWEHHOro pempaecusupy npu COVID-19,
N3Ha4vanbHO BKJIHOYMAN B HEro 2634 yHMKasnbHbIX WC-
CnefoBaHMs, U3 KOTOPbIX TOMIbKO 6 Oblan OTOOpPaHbI
ANa aHanusa. OTOT MeTaaHanu3 nokasasn, 4To Jieye-
HVe PEeMOECMBMPOM CHVKAET NEeTaNbHOCTb U PUCK
nepesofa Ha WCKYCCTBEHHYK BEHTUNALMIO NETKUX,
YCKOPSIET BbI3AOPOBIEHNE MO CPABHEHUIO CO CTaH-
OapTHOWN Tepanuein y KUCI0POL3aBUCUMbIX NaLNEHTOB
COQOVID-19 [31]. Heobxoonumo OTMETUTb, YTO PeEMOECK-
BUP SIBNSIETCA NpenapaTtoM Afis BHYTPUBEHHOIO BBe-
OEHNS, YTO CYLLECTBEHHO OrPaHNYMBAET ero NpUMeHe-
HVe B aMOynaToOpHON NpakTuke, 1 abCoNOTHOE YNCNO
KJIMHUYECKUX UCCNefoBaHnin NPOBOAMIOCE C yYacTu-
€M roCnnTann3npPOBaHHbIX NALNEHTOB.

PuamunoBup — s HeKTVBHbIA NPOTUBOBUPYCHBIN
npenapar LUMPOKOro CnekTpa AencTemsa ¢ naronpu-
SATHbIMW TOKCMKOMOrndecknmmn cesoncteamu. B Kntae
ObI110 OpraHn3oBaHo ABolHoe cnenoe PKU ¢ yyacTtu-
€M TroCnuTanM3npoBaHHbIX naumeHToB ¢ COVID-19
(n=52). B rpynne puvammnoBnpa NpoLEeHT NauneHTOB
C KJIMHUYECKUM yry4lleHnem Obin no4vtn B 2 pasa
BbilLe, 4eM B rpynne nnauebo, a cpegHee Bpems 0o
KJIMHUYECKOrO YNyylleHnst 6bi10 Ha 5 OHeln Kopoue.
Kpome Toro, B KpOBM NauueHTOB rpynnbl puaMuioBu-
pa Habnoganacb 6onee BbiCOKas CKOPOCTb HOpMa-
nM3aumn copepXkaHusi HenTpodunos, NMMGoUNTOB,
ypoBHsi C-peakTuBHoOro 6enka, D-gumepa, TpaHcamu-
Ha3 1 naktaTgerngporeHasbl [32]). OTu gaHHble COOT-
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HOCATCS C pe3ynbratamy OTEHECTBEHHONO OTKPbITOro
KOrOPTHOr0 MHOrOLEHTPOBOrO UCCNEAO0BaHWS, BKJIIO-
yyBLUero 214 naumeHToB CO CpefHeTsKENo (HopMon
3ab0neBaHnsi, B KOTOPOM ObIJI0 YCTAHOBJIEHO, 4YTO
CpefHee BPeMs HACTYMNEHUS YNyYLUEHNS] COCTOSIHNS
nauMeHToB Ha (hOHe NneYeHns NpenapaTom COCTaBuIo
6-7 gHen [33]. MonyyeHHble AaHHbIe NO3BOANAN BKIO-
YATb NMpenapaT B OCHOBaHHbIE HA MPUHLMNE MHOXE-
CTBEHHbIX BO3[AENCTBUIA anropuTMbl ambynaTopHON
NeKkapcTBeHHOW Tepanun naumeHToB ¢ COVID-19 [3],
a TakXe B KJIMHNYECKUA MPOTOKON NleYeHNs naumneH-
T0B COVID-19, Haxo4sLWwmxcs Ha cTauMoHapHOM fieye-
HUW B MEAVLMHCKNX opraHn3aumsx Mocksbl [34].
CuHTeTnyeckas manas wHTepdepupyowas pm-
6oHyknenHoBasa kucnota (M1PHK) [oByuenoveyHas]
npencrtaBnseT coboli KOMOMHUPOBAHHOE JEeKapCT-
BEHHOE CpPeACTBO, obnaparolliee NPOTUBOBUPYCHbIM
ahdekTom B oTHOoweHUN SARS-CoV-2. B Poccuinckorn
®depgepaumn gaHHbIA Npenapart BbiNyCKaeTcsa nog, Top-
roeblM HassaHueM «MWP-19». MpoTusoBupycHoe aei-
ctene MMPHK ocHoBaHo Ha MexaHun3ame PHK-uHTepde-
PEHLMN 1 BKIIOYAET crneuunduyeckoe pacrnosHaBaHmne
reHOMHbIX MULLIEHEN BMpYCa C NOCneayoLmM npuse-
YeHreM COBCTBEHHbIX BGENKOBbIX KOMMIEKCOB KNETKMY,
paspyLlatoLLmX BUPYCHbIA reHoM (U ero MPHK-TpaHc-
KpUnTbl) U TEM CaMbIM HapyLLaLWmnx NpoLecc pennu-
kauun supyca [14]. «MUP-19» npopemoHCTpupoBan
3HAYNTENIBHOE CHWXKEHWEe TUTpa Bupyca W Bocnane-
HUS B ObIXaTeNbHbIX MNYTAX Y XXUBOTHbIX, 3apPa>KEHHbIX
SARS-CoV-2 [35]. B 2022 rogy 3aBepLUeHO nccneno-
BaHue ¢ y4actrem naumeHtos ¢ COVID-19, pesynbraThbl
KOTOPOro rnoka He onybnukosaHbl. K HacTosLLemy Bpe-
MEeHU npenapaT OTCYTCTBYET B CBOOOAHOM OOCTYMe,
N ero NpMMeHEHNEe BO3MOXHO TOJIbKO B YCJIOBUSIX CTa-
LMOHAPHOW MeQULIMHCKOW NOMOLLM C UCMNONb30BaHNEM
Hebynansepa. Npy 3TOM 3asBNEHO, YTO Makcumalsb-
Hasi aMEKTUBHOCTb AOCTUrAETCS MNPU NPUMEHEHNN
npenapara B nepsble OHU 3a00eBaHNs y NauueHToB
C HETSKENbIM TeveHneM OO0Ne3HW, 4YTO HaknagblBa-
€T CYLLEeCTBEHHbIE OrpaHNYeHnsi Ha WCMNOSb30BaHne
MUPHK B pyTUHHON KNMHNYECKOW NPaKTUKe.
MonHynupasup, HUpMmaTpensup/puToHasup. Haun-
GonbLnii MHTEPEC NPEACTaBAAOT OBa HOBbIX MEpo-
panbHbIX MPOTUBOBUMPYCHBIX MNpenapara — MOJHY-
nMpasmp 1 HUPMaTPENBUP/PUTOHABMP, MOKa3aBLUMX
9(h(HEKTUBHOCTL NpPU  aMOynaTOPHOM MPUMEHEHNN.
MonHynupasup — aHanor Hykneosunaa, KOTopbIii UH-
rméunpyet penaukaumio SARS-CoV-2. Hupmatpensup
ABNSETCA NHMMOUTOPOM OCHOBHOM 3C-nofgo6HOM Npo-
Teasbl (3CLpro) SARS-CoV-2, nHrnbuposaHmne KoTopoii
NPUBOAMT K NPeoTBPAaLLEHNIO BUPYCHON penankaumu,
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a pUTOHaBMpP BbICTYMNAEeT B KayecTBe (hapMaKOKUHE-
TWYECKOr0 YCUNNTENS, YBENNYMNBAS MNAa3MEHHYH KOH-
LueHTpauuto Hupmatpensupa. B metaaHanmse 3 PKU
C yyacTtveM 4241 naymeHTa C HETSKESNbIM TeYeHUEM
CQOVID-19 npogeMOHCTPUPOBaHO, YTO MPUEM 3TUX
NPOTUBOBUPYCHbIX MpenapaToB MPUBOOUI K CHUMXe-
HMIO pycKa rocnutanusauum uim cMepTy No cpaBHe-
HUo ¢ nnauebo [36]. OgHako B 3TUX MCCNeaoBaHnsaX
y4acTBOBaJIM TOJIbKO HEBAKLMHNPOBAHHbIE MALMNEHTH,
4YTO NPV COBPEMEHHOM MacLuTabe BakLMHaLUN He Nno-
3BONSIET 3KCTPANoNIMPOBaTh NOJy4YeHHble PedynbTaThbl
Ha BCeX ambynaTopHbIX NaLEHTOB.

3AKJTIOMEHUE

HecmoTps Ha obunne cpenctsB 3TUOTPOMHON Te-
panun, Ha CEerofHsILLHWA OeHb OTCYTCTBYET YHUBEP-
casbHbIN npenapaT ¢ foka3aHHOW 3(h(HEKTUBHOCTLIO
n 6esonacHocTbio npu SARS-CoV-2.

MakcrmarnbHas apPeKTUBHOCTb STUOTPOMHbIX Mpe-
napaToB AOCTUrAETCH NPU NX Ha3HAYEHUW B PAHHIOK
CcTaguio 3aboneBaHnsi, YTO OCOBEHHO akTyanbHO ANs
KOMOPOVAHBIX U MMMYHOKOMMPOMETMPOBaHHBIX Ma-
LMEHTOB, NMOABEP)KEHHbIX MOBbILUEHHOMY PUCKY pas-
BUTUS TSDKENOro TeyeHUs 3abonieBaHns U pasBuTyS
XKUSHEYPOXAIOLLMX OCIOXKHEHNI.

Hanbonee nepcnekTBHbIMM NpenaparamMn AaHHO
rPynmnbl, 3apPEeKOMEHA0BaBLLIMMU cebsi B KNMHUYECKON
npakTrke, cTann pPemMpecuBsup, HUPMaTpensup/puTo-
HaBup, MONHynupasup 1 pramunosup. OQHaKo, yyu-
ThiBasi UMEIOLLYIOCA HEOOCTATOYHYIO LOKa3aTesbHYo
6asy, TpebyeTcsa npoBeAeHUE LIMPOKOMACLUTABHbIX
nccnenoBaHuii ¢ y4acTueM 3Tux Npenapartos.

HecmoTps Ha To, 4To BO3 06bsiBMIa 06 OKOHYaHUN
nangemnyn COVID-19, Mbl He 3acTpaxoBaHbl OT HOBOW
BCIMbILLKN KOPOHABMPYCHOW UHMEKLMN, MOSTOMY aKTy-
aNbHOCTb Pa3paboTKM 1 U3yYeHUs HOBbIX NMpenapaToB
3TUOTPOMHOW Tepanun He Bbl3bIBAET COMHEHWIA.

AONOJIHUTEJIbHAA UHO®OPMALIUSA

UcTouHuk cuHaHcupoBaHus. ViccnegosaHve
M nybnvkaums CTaTby OCYLLECTBEHbl Ha JIM4YHble
CpefcTBa aBTOPCKOro KOJINEKTHBA.

KoHhnukT nHtepecos. ABTOPbI AeKNapupyoT OT-
CYTCTBUE SIBHbIX U NOTEHUMANBHBIX KOH(ANKTOB NHTE-
PEeCcoB, CBA3aHHbIX C NybnMKaumen HaCTOSALWEN CTaTbu.

Bknap aBTtopoB. E.A. CuHuibiH, E.B. CMosisiko-
Ba, C.C. KambilwaHoB — c60p OaHHbIX, 06Cy>XOeHne
pesynsraToB, HanucaHue pykonucu; KA. 3bikoB —
pefakTupoBaHue cTtaTbu. ABTOPbI NOATBEPXAAIOT
COOTBETCTBME CBOEr0 aBTOPCTBA MEXAYHAPOLHbIM
kKputepusm ICMJE (Bce aBTOpbl BHECNN CYLLECTBEH-
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HbIA BKNag B pasapaboTKy KOHLEeNUUM, MPOBELEHWE UC-
CnefoBaHWA 1 NOArOTOBKY CTaTby, MPOYN 1 OJ06pU-
1 prmHanbHy0 Bepcuto nepen nybavkauuen).
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AHHOTALUSA

anuTennasibHbie OryXou TUMyca — HanboJsiee 4acTo BO3HUKaOLME OryX0oiv rnepeaHero CpegoCcTeHus,
3abosieBaeMocTb KOTOPbIMy cocTassieT 0,18 Ha 100 000 Hacenenus. [poBegéH 0630p OTEHECTBEHHOM
v 3apybexxHou nTepatypsl B 6asax gaHHbix PUIHL] (eLibrary) n Medline (PubMed), nocBsaLYEHHBIN Xupyp-
rM4YeCKOMY JIEHEHMIO SUTEMaIbHbIX orlyxoaev Tumyca | v Il ctaguu. Llesb HacTosiLero o63opa — ocBe-
TUTb NPob6eMy BblIbopa OnNTUMasibHOro MaJsoMHBa3UBHOIO XUPYPru4ecKoro 4ocTyna npu TUMSKTOMUN
1 HeOBOXO4MMOCTb MPOBE[EHNS IMMGDO[NCCEKLMM MPY SMUTENNAabHbIX OfyX0/siX TuMyca. B HacTosLwmi
MOMEHT B XUPYPIrum 3rUTeINabHbIX OryXoes TMMyca OCTaéTcsi HepeLUEHHbIM Psig BOMPOCOB, a UMEH-
HO Ljes1eco0bpa3HOCTb MPeonepaLmoHHON rMMCcTOI0MMYeCKon BepyugukaLmy ofMyxoaeBoro npoLecca,
BbI6OP ONTUMAasIbHOIO XMPYPru4ecKkoro ocTyrna K obaacTu nepesHero cpeqoCcTeHns, HEO6X04UMMOCTb
BbIMOJIHEHWS Y MPOrHOCTUYECKUIA 3¢hhEKT OT MMEOANCCEKLMM, OnpeneneHne Heobxoaumoro obbéma
r/1aHnpyemMori onepawymy.

Knro4deBble cnoBa: TUMIKTOMUS;, TUMOMA; Pak TUMYCa; 3rUTesmabHbIe OryXoau TUMYyca; TOPakKOCKO-
ru4ecKasi Xvpyprusi; MasouHBa3nBHasi Xupyprusi; cybkcugpovganbHbii JOCTYI.
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SURGICAL TREATMENT OF STAGE | AND Il THYMUS
EPITHELIAL TUMORS
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ABSTRACT

Thymic epithelial tumors are the most common tumors of the anterior mediastinum, with an incidence
of 0.18 per 100,000 population. Here, we present a review of the national and foreign literature on the
surgical treatment of stage | and Il thymic epithelial tumors. The Medline (PubMed) and Russian Science
Citation Index (eLibrary) databases were used as search engines. The focus of the review is the problem of
choosing the optimal minimally invasive surgical approach for thymectomy, and the need for lymph node
dissection for thymic epithelial tumors. A number of issues remain currently unresolved in thymic epithelial
tumors surgery, namely the justification of the preoperative histological verification of the tumor process,
the choice of the optimal surgical access to the anterior mediastinum, the need for and prognostic effect
of lymph node dissection, and the determination of the required volume of the planned operation.

Keywords: thymectomy; thymoma; thymic cancer; thymic epithelial tumors; thoracoscopic surgery;
minimally invasive surgery; subxiphoidal approach.
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BBEAEHUE
onutenuaneHble onyxonu Tumyca (30T) — Hau-
6ofiee 4acToO BO3HMKAKOLWME OMyXONM MepeaHero
cpenocTeHns. B obLien CTpyKType OHKONOrMY4eCcKux
3aboneBaHnin YacToTa UX BCTPeYaemocTu JocTura-
et okosio 1% [1, 2]. O6wwii rogoBo ypoBeHb 3a60-
nesaemoctn 0T cpean eBPOMENCKOro HaceneHus
cocTtasnseT 0,18 Ha 100 000 ¢ He3Ha4YMTENBHbLIM Npe-
obnagaHmem My>xxunH (1,4:1). AHanornyHas 3abonesa-
emocTb (okono 0,13-0,15 Ha 100 000 4yenoBek) bbina
3apernctpupoBaHa B CoegnHEHHbIX LLTatax Amepuku
[1, 3]. Xupypruyeckoe neveHne B 0O6bEME TUMIKTOMUN
ABJIIETCA OCHOBHbIM CMOCOOOM NeYeHNst AaHHOro 3a-
6onesaHus [4]. B HacToAwmin MOMeHT B xupyprimn 30T
OCTaloTCH HEPELLEHHBIMUN CNEeQYOLLE BONPOCHI:
® LenecoobpasHOCTb NPOBEAEHNSA NpenonepaLoH-
HOWM rMCTONIOMMYECKON BepuurKaumm onyxonesoro
npouecca;
® BbIGOP ONTUMANBLHOrO XMPYPru4eckoro [ocTyna
K 0611acTu nepefHero CpeaoCTeHNs;
® HeoOXOOMMOCTb BbIMOMHEHUSA U MPOrHOCTUYECKUIA
aphekT OT MMM OLMCCEKLMY;
® onpegeneHne Heobxogmmoro o6bEéma nnaHupye-
MO onepauuu.

KJTIACCUOPUKALNA SNMUTEJTUMANIbHbIX

OMYXOJNEW TUMYCA

Mopdonorudeckn 30T xapakTepusyroTcs 605b-
LLION reTepOreHHOCThL0, BBUAY Yero ctaHgapTusaums
KJIMHUYECKUX N FUCTOMATONOrMYeCcKnX Knaccuduka-
unii o cux nop sarpygHutensHa. 1o cucteme Bcee-
MUPHOW opraHusauun 3gpaBooxpaHennsi, 90T gensT
Ha TUMOMbI U TUMUYECKNE KapLMHOMbI. B cBOKO ouve-
penb, TMMOMbI MOAPA3AENSATCSA Ha NMATb Pa3/INYHbIX
nogTunos (A, AB, B1, B2, B3), nucxogs ns mopdono-
rn 3NUTENnasbHbIX KNETOK U 0OUINSA HEOMYXONEBbLIX
numcounTtos [5-7]. MNMporHo3 nauneHToB ¢ TUMOMaMM
nporpeccrBHO yxyawaetcsa oT Tuna A go Tuna B3 [8].
OpHako BAMSIHWE TUCTONOMMYECKOrO Tuna TUMOMbI
B OTHOLUEHUN CPOKOB BbIKMBAEMOCTWN HE TakK OOHO-
3HAYHO, MO3TOMY He AO/MKHO UCMOSIb30BaThCH B Kaye-
CTBE W30MPOBAHHOrO MPOrHOCTUYECKOro akTopa.
B nocnegHue rogbl CNOXUNOCb MHEHWE, YTO CTaaus
3aboneBaHnNsi SIBNSIETCS CaMbIM CWUJIbHbIM MPOrHOC-
TNYECKM (DaKTOPOM B OTHOLLEHWUW BbIXMBAEMOCTU
nauymeHToB ¢ O0T.

[o 2014 ropga ctagupoaHne SOT BbINONHANOCH
no knaccugukauun Masaoka—-Koga [9]. OgHako B ue-
Nax yHudbukaumm B Knaccudukaumm 31oKa4ecTBeH-
HbIXx 06pa3oBaHuil, N0 UHUUKnaTee MexayHapogHoM
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accoumaumm no n3yyveHnto paka nérkoro (International
Association for the Study of Lung Cancer, IASLC)
1n MexXayHapOoLHOW rpynnbl MO U3YYEHUO 3J0Kaye-
CTBEHHbIX HOBOOOpasoBaHun Tumyca (International
Thymic Malignancy Interest Group, ITMIG), cTtagu-
poBaHve cTano ocyuwectenatbcs no TNM-knaccu-
dukauun (Tumor, Nodus, Metastasis) [10]. B HoBo
Knaccudukauuy OTAENbHO BblgeseH napameTp Mo
NMOPa>EeHN0 PErnoHapHbIX M OTOANEHHLIX AuMda-
Tnyecknx y3noB. CnenyeT OTMETUTb, YTO YyKasaH-
Hble Kraccudukauum no craguam  3abonesaHus
coBnagawT W MOryT MCMOJIb30BaTbCA HE3aBNCUMO

npyr oT gpyra.

OVNATHOCTUKA SMUTEJTUAJIbHbIX

OMYXONEN TUMYCA

B pnarHoctnke 90T meTogom Bbibopa siBNsieTcst
koMmnbtoTepHasa Tomorpadgusa (KT) ¢ BHYTPMBEHHbIM
KOHTPacTUpOBaHNEM. DTOT MeTOoL MO3BONSET MoJy-
YUTb flaHHblE O pa3Mmepax 06pa3oBaHmns, U3MEHEHUSAX
nmMmdaTnyeckux y3nos, Hannynm MeTacTasoB U MEeCT-
HOro pacnpocTtpaHeHus onyxonu [11, 12]. MarHuTHO-
pe3oHaHcHas Tomorpadusa (MPT) paHee pyTUHHO He
NpYMeHsNack BBUOY BO3MOXHbIX apTedakToB n3-3a
paboTbl cepaua, 0gHako npu ucnonb3oBaHun IKI-
CUHXPOHM3aUMN OaHHble CJIOKHOCTUM MOTyT HuBE-
nuposaTbcsa. HeocnopumbiM npeumyliectsom MPT
aBnsieTca 6osee TOYHOE ONpefeneHe nHBasum ony-
XONn B Npuiiexalyue CTPYKTYpPbl, @ TakXXe yCTaHOB-
NeHne TO4YHOW nokKanusauumu OnyxoseBoro Tpomba
B Clly4ae caaBfieHNs BEPXHEN MO0 BEHbl ONYX0bto
nepegHero cpepocteHus [12-15]. Vcnonb3osaHue
N3T-KT ¢ '®F-thTopae3oKCUrNioKo30iM B OMarHOCTu-
ke O0T B HacTosiLLiee BPeMS SIBASETCS NpeaMeToMm
N3y4eHNs 1 NOBCEMECTHO MOKa He pacrnpoCTpaHeHo.
I3BECTHO, 4YTO CTeneHb 3axBaTa KOHTPACTHOro Be-
LLlecTBa MOXET KOPPennpoBaTb C TUMOM TUMOMbI MO
wkane BcemumpHol opraHusaumm 3apaBOOXpPaHeHNs.
VimetoTcsa TakKe AaHHble, YTO MHAEKC HakonaeHus 60-
nee 7,1 xapakTepeH gna paka tumyca. Tunel B2 n B3
CKJIOHHbI K 60N1ee BbICOKMM UHOEKCAM, YeM Tunbl A,
AB, B1 [16, 17].

B HacTosiwee Bpems B gmarHoctuke ISO0T npwu |
n Il ctagum npouecca PyTUHHO MNpegonepaunoHHas
rmcTofiornyeckas Bepudukauns He MNPOU3BOLAMUTCS.
MokazaHnem K OGuoncum sBnsieTcs HeobxoanMOCTb
peLLeHst BOMpOCa O Ha3Ha4YeHUn XxumuoTepanum npu
pacnpocTpaHEHHOM MpoLecce 1 npoBedeHus aud-
depeHumnanbHom gnarHocTukn ¢ numcomon. C aTon
LUenbo Ons NoslyYeHns rMcTONIOrMYeCcKOoro marepua-

https://doi.org/10.17816/clinpract546144
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la NOMUMO WHBa3MBHbIX METOAMK (AMarHoCTUYecKas
TOPaKOCKOMNUSA, MNepegHss MeanacTUHOTOMUS) UC-
NoNb3YyTCA TOHKOUrOMbHAs acnupauuoHHas 6uon-
CUS 1 TpaHcTopakanbHas TpenaHobuoncus. JaHHble
METOAVKU BbINONHATCA Nof KoHTponem Y3U nam KT.
OpHako, yunTbiBas HU3KY MHHOPMATUBHOCTb UCCNe-
OOBaHNs, HEBO3MOXXHOCTb OMNpeaeneHns Tuna onyxo-
JIM 1 BbICOKNIA PUCK UMMNNI@HTaLMOHHOIO MeTacTasnpo-
BaHUSA, METOL, acnnpaunoHHON 6roncuy B HaCTOALLN
MOMEHT He PeKoMeHAayeTcs1 K BbinonHeHuto [18]. [aH-
Hble oOTpuuartesibHble MOMEHTbl OTCYTCTBYIOT npwu
TpaHcTopakaibHOW TpenaHobuoncum, BBUZY 3TOro
OaHHbIA METOA ONArHOCTUKM PEKOMEHAOBAH NMpu He-
06Xx0QMMOCTN MPeAonepaLiOHHON rMCTOIOrMYECKON
Bepudmkaumm [19-21].

ONPEAEJNIEHME OB bEMA OMEPALIUN

B HacTosIlWMIA MOMEHT CTaHOapTHbIM OO6BLEMOM
onepaTtnBHoro smewarensctea npu 30T | n Il ctagnm
SIBNSIETCA TUM3KTOMUS, KOTOpasi BKJIOYaeT B cebs
yoaneHne onyxofv, TKaHu TUMyca U KfeTyaTku ne-
peAHero cpenoCTeHMs C OUCCEKLMEN 30Hbl aopTo-
KaBanbHOro MpoOMexyTka KU 06nacTu aopTanbHOro
OKHa. Takoi nogxod AaéT HauMeHbLUUA pesynesTar
peungmBa 3abonesaHus [22-24]. OgHako WMeOTCS
CTOPOHHUKN W C pPafnKanbHO MNPOTUBOMOJIOXKHbLIM
MHEHVEM, KOTOPOE 3aK/4aeTcss B BO3MOXHOCTU
yhaneHms TOMbKO TUMOMbI C OCTaBfEHWEM TKaHU
TMyCa W KneTtyaTku (OrpaHnyYyeHHas TUM3KTOMMUS)
[25-27]. O6ocHOBaHMEM BbINOJIHEHNS OrpaHN4eH-
HOM TUMAKTOMUMN ABNSAETCA TOT (PaKT, YTO OCHOBHOW
NPOrHocTNYecKnii hakTop 6e3peunanBHON BbKMBA-
eMOoCTN Ans naumeHToB ¢ Tumomamu | n Il ctagum —
3TO OTpuULaTENbHbIN Kpar pe3ekummn 1 CoOXpaHEHHas
Karncyna, a He NOJIHOE yganeHne BUIOYKOBOW Xene-
3bl C OKpy>XXawLen knetyatkon [25]. Hanbonee nH-
TEPECHbIe pe3ynbTaThl AEeMOHCTPUPYET MeTaaHanus
2021 ropa [28], KOTOpPbIN BKAOYWUA 7 UCCne[oBaHui
c o6Wwmm Yucnom nauymeHToB 2310. Bce gaHHble Obinn
npencTaBfeHbl U3 asnaTtckux KnHuK. [posogunu
CpaBHeHMe OBYX Fpynmn, KOTOpbIM Obina BbIMOJHEHA
pacLUMpeHHas n orpaHu4eHHas TUM3KTOMUSA npu Tu-
Momax | u Il ctaguwn. Mo pesdynstatam mMeTaaHanmsa
nosly4eHbl CXOOHble OHKOMOrMYeckue pesynsrathbl
B 0b6eux rpynnax. OCHOBHbIMU HegoCTaTKaMm BCeX
BKJIIOYEHHbIX MCCNeaoBaHnin Obli  OTHOCUTENBHO
KOpPOTKMWIA nepuop HabnogeHuss (He 6onee 10 nerT)
N PETPOCMEKTUBHbLIA XapakTep nccnegosaHuns. B Ha-
CTOslLLiee BpeMs MoKa OTCYTCTBYIOT MPOCMEKTUBHbIE
nccnenoBaHnsi No AHHOW TeEMaTuMKe.
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XUPYPIT'MYECKOE JIEMEHUE

AMUTENNAJIbHBIX OMYXOJIEA TUMYCA

MNepByto UeneHanpaBAeHHYO TUM3KTOMUIO U3 CTep-
HOTOMHOrO focTyna BbinoaHUAM A. Blalock 1 coasT. [29]
B 1936 rogy no nosoAdy TMMOMbI Ha ()OHEe mumacTe-
HUW. /IMEHHO C 3TOr0 BPEMEHM MOXHO Ha4UHaTb OT-
CYET xmpyprun Tumyca. OgHako NpOBefeHne cucTe-
MaTUYECKNX TUMIKTOMUI NPUHAANEXUT BPUTAHCKOMY
xupypry Geoffrey Keynes, kotopsin B 1949 rogy ony6-
JIMKOBan OnbIT XMPYpruyeckoro nedeHns 89 nauu-
€HTOB C MWaCTEHUEN, MEPEHECLLUMX TUMIKTOMUIO 13
CTEPHOTOMHOrO gocTyna. Bnocnegctenm TMMakToMus
BOMOET B XMPYPruiYeCKUii Cnocodb neveHnss MmacTeHUN.
TpaAnuMOHHBIMU JOCTYNamMm K ONyxonsM Tumyca cTa-
HYT CTEPHOTOMHbIV (B NMogaBnsitoLleM GONbLUMHCTBE)
N pexke TOPaKOTOMHBbIN.

C koHua XX Beka MosiBUANCb COOOLLEHUS O Bbl-
NOSIHEHNV TUM3KTOMUM C UCMOSIb30BaHNEM BUOEOIH-
OOCKOMUYECKUX TexHomnoruin. OnbIT NepBoOil TOpako-
CKOMMYECKON TUMIKTOMUW MPUHALNEXUT [OKTOpam
Rodney Landreneau n Michael J. Mack. Briepsble
B 1992 rogy Oblnia BbIMNOSHEHA TUM3KTOMUSA Yepes Jie-
BOCTOPOHHUIA OOCTYM C MCMNOIb30BaHMEM MNSATU MOp-
ToB [30]. B Poccun B 1994 rogy E.N. Curan Bnepsblie
BbIMOJIHU TOPAKOCKOMUYECKOE YyAaneHue KUCTbl Tu-
myca. C 9Toro BpeMeHu ganbHelas 3BOMoLUSA Xu-
pypru4eckoro 4OCTyna K BUSIOYKOBOW Xenese MAET No
nyTW MaNONHBA3VNBHbIX TEXHOOMMIA.

BUAbl XUPYPIMHECKUX OOCTYNOB

NMPU TUMOKTOMUNA

Mpn nposegeHun noucka B Gubnmnorpaguyec-
ko 6ase Medline ncnonb3oBaH MOWCKOBbLIA 3an-
poc «Thymectomy/methods» [Mesh] AND (Minimally
Invasive OR VATS OR Video-assisted OR Subxiphoid
OR thoracoscop®). Mony4eHo 407 ny6nukauuin, u3
HUX PaHAOMU3UPOBAHHBIX KVHUYECKNX MCCNefoBa-
HWUIA, MeTaaHaNM30B U CUCTEMATNYECKMX 0O630pOB —
Bcero 16.

Mpu | n Il ctagun 3a6onesaHns abCOMOTHLIM MOKa-
3aHMEM SBNSIETCA XUPYPrMYeckoe NeveHne, KoTopoe
3aKJYaeTCs B yoaneHum Onyxosin C TKaHbKO BUSIOY-
KOBOW >Kenesbl N KIeT4aTKoN nepegHero cpepocTe-
Hug. [Mpyn cobnogeHun pagrkanbHOCTM onepawmun
10-neTHAs obwas BbhkMBaeMocTb npu | n Il cTagnsx
cocTasnseT 90 n 70% CoOTBETCTBEHHO, YTO SBNSIETCSA
XOPOLUMM NPOrHOCTNYECKMM hakTopom [22, 31].

TpagUUNOHHO 3TOT O6BLEM onepauun BbIMOMHSAN-
CA 4Yepe3 CTEPHOTOMMUIO, KOTOpas nokasana CBOK
acbdekTuBHOCTL U 6e30MacHOCTb ANs NauueHTa.
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K HECOMHEHHbIM MpeuMyLLeCTBamM OTKPbITOro nog-
Xo4a MOXHO OTHECTU OTYETIUBYK BU3yannsauuio
ONYyXONN N NPUIEXaLnX aHaTOMUYECKMNX CTPYKTYP,
yao6CcTBO npoBefeHns onepauun gns xupypra. Oga-
HakO MPVMEHEHNE CTEPHOTOMUM COMPOBOXOAETCA
Bblpa>keHHbIM 60neBbIM CMHAPOMOM B Mocfieonepa-
LUMOHHOM nepuoge, YBENMYEHWEM CPOKOB rocnuTa-
JIM3aummn 1 NOBbIWEHHBIMU PUCKaMU UHMULMPOBaHNS
paHbl. 10 Mepe HakoneHMs OaHHbIX O BOSMOXXHOCTM
NPYIMEHEHNST TOPAKOCKOMUU B TOPaKaibHON XUpypriu
Oblnn gokasaHbl 3M(PEKTMBHOCTL M 6E30MacHOCTb
ManouHBa3MBHOrO AOCTyna 6e3 yuwlepba Anst OHKO-
NOrnM4eckon pagukanbHOCTU. [daHHbi akT npusén
K HEYKJIOHHOMY POCTY 4acTOTbl BbIMOSHEHUSA Maso-
MHBa3VBHbIX Onepauuin Npy NaTosiornm BUIOYKOBON
»xenesbl [23, 32-37].

CornacHo pgaHHbIM MeTaaHaiM30B Mog PyKOBOA-
ctBom K. Qi [32] n Ya. Yang [37] oT 2016 roga, roe
aBTOpPbl MPOBOAMN PETPOCMEKTMBHBIA aHann3 pe-
3yNbTaToOB TUM3KTOMMIA, ObINO NPOAEMOHCTPUPOBAHO
HEOCnopMMOe MPEenMYLLECTBO TOPaKOCKOMUYECKOro
JOCTyna Hap, OTKPbITbIM MO OCHOBHbIM MOKa3aTensm
WHTPaoNepaunoHHOro 1 paHHero nocneonepaynoH-
HOroO NepuogoB (ANNTENBHOCTb onepauun, 06 bLEM UH-
TpaonepaunoHHO KpOoBOMNoTepu, MnocneonepaymnoH-
Hbl€ OCNTOXXHEHNS).

Mo mMepe HakoMieHWs pes3ynsTaTtoB UCMOJSb30Ba-
HUSE TPEXMOPTOBOro TOPAKOCKOMMYECKOro [AOCTyna
B XMPYPrum TUMyca OXngaeMo BO3HVK BONPOC O BO3-
MO>XHOCTV MUHMMU3AUMNA XMPYPIrMYECKON TpaBMbl Mo-
CpPeacTBOM YMEHbLUEHUSA KOMYeCcTBa MOPTOB. Topa-
KanbHbIMU XUpypramv 6b1n NPeLoXKeHbl pasinyHble
MasionHBa3uBHbIe AOCTYMbI. Tak, B 2004 rogy AOKTOp
M. Zielinski n coasT. [38] onybnnkoBanu onbIT XMpyp-
rndeckoro nedeHns 100 mauneHToOB C MMACTEHUEN,
KOTOPbIM OblIM BbIMNOJIHEHbI OMepauum C UCMOoNb30-
BaHWEM 3HOOCKOMMYECKOro 060opynoBaHust (aBTop-
CKU TEPMUH — «MaKCUManbHas TUMIKTOMUS»). CyTb
METOOMKUN 3akJilovanacb B BbIMOSHEHUN TUM3KTOMUU
N3 TpaHCUEPBUKANbHOro 1 cybkcuponganbHoro go-
CTYMOB: C MOMOLLBID OBYX KPKOYKOB rpygHas Knetka
npunogHMManacb KBepxy OTHOCUTENBHO MAOCKOCTM
OnepaLyoHHOro CToJa, YBEMYMBas TEM CaMbiM PET-
pOCTepHanbHOE MPOCTPaHCTBO. [JaHHOe onepaTuBHOE
BMeLLaTeNbCTBO, MOMMMO OT/IMYAKOLLErocs A0CTyna,
NMo3BOJISNO BbINOMHUTL 6onee obLWNpHYo numdoamnc-
CEKLMI0 M3 aopTOKaBaslbHOrO MPOMEXYTKa, a TakxXe
yoanuTb napartpaxeanbHyl0 KeTyaTky OO YPOBHS
6udypkaumm Tpaxenm U NPOBECTW AUCCEKUMIO OO ne-
peluenka LWMTOBUAHOM Xenesdbl. 10 gaHHbIM nccnego-
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BaHWs, SKTOMMPOBaHHasi TKaHb TUMycCa BbIsiBNSNach
B 68,4% cnyyaeB, 4TO CNy>XWno OOOCHOBaHMEM AnNs
BbINOSIHEHNSI PACLUMPEHHON OUCCEKLMN NMPU HANNYm
mMuacTeHum [38].

B HacToAWwMiAi MOMEHT CyLLECTBYIOT pasnnyHble
nogxodbl K BbIMOJIHEHNIO Ma/TONHBA3MBHbIX onepau,mﬁ
Ha BWJIOYKOBOW »enese. Hanbonee 4acto MpuMeHs-
eMblM BMELLATENbCTBOM SIBASIOTCA TPEXMNOPTOBAs
TOpakKocKonnyeckaa TMM3KTOMKA, ogHONopToBas To-
pakockonuyeckast TAM3KTOMUSA, TUM3KTOMUSA 13 Cyb-
kendonganbHOro gocTyna.

TPEXMNOPTOBASA U O4HOMNOPTOBASA

TOPAKOCKOIMUYECKAS TUM3KTOMUASA

TpéxnopTtoBas (three-port video-assisted thora-
coscopic, VATS) n ogHonopTtoBasa (uniportal video-
assisted thoracoscopic, UVATS) Topakockonuyeckue
TUM3KTOMUM BCELENO OTBEYAT KPUTEPUAM MUHU-
MHBA3VMBHOCTV U MPUHUMNUANBHO Mano 4Yem OT/u-
yaroTca opyr ot gpyra. MNockonbKy Kak B OOHOM, Tak
1 B OPYroM C/lyvae Npou3BOOUTCS pacceyeHne Mex-
pPEBEPHOro NPOMeXyTka, OT/IM4Me 3TUX AOCTYMNOB 3a-
KJIIOYaETCS B KONMYECTBE NMOPTOB. VIcnonb3ysa faHHble
OOCTYMbl, MO MHEHWIO OOMbLUIMHCTBA aBTOPOB, 6e3
0COObIX TPYOHOCTEN MOXHO BbINOHUTL pafukanb-
HOE XMPYPrnyeckoe BMELLATENbCTBO C OMyXOSbio A0
8 cm B Hamnbonblem namepeHun [35]. MNpu nnaHupo-
BaHUU onepauun XMpypr SO/MKEH YYnTbiBaTb CTEMEHb
NponabypoBaHns OMyxosn OT CPEAUHHON JIHAN 1 Y>Ke
Ha OCHOBaHMN 3TUX AaHHbIX BbIOpaTb CTOPOHY ANSA
XUPYPrnyeckoro pJoctyna. YuutbiBasg OCOOEHHOCTM
Tonorpauyeckoro pacnosioXKeHNss OpraHoB rPygHoi
KJIETKW, UMEIOTCS 3HAYUTENIbHbIE OTINYMSA B Bbibope
CTOPOHbI 40CTYyNa Npy TOPAKOCKOMUYECKON TUMIKTO-
Mun. Mpy BbINOAHEHUN TUM3KTOMUN U3 JIEBOCTOPOH-
Hero goctyna 6onee ygobHO BbIMOMHATb OUCCEKLMIO
aopTasibHOr0 OKHa, B TO BPEMS Kak Npy NPaBoOCTOPOH-
HeM JOCTyne y xupypra 6osblue NpocTpaHCTBa Afis
OMepupoBaHNA 1 NyYLINA KOHTPOSb MecTa BnaaeHns
6e3bIMsIHHOW BeHbI B nonyto. OgHako, He3aBNCUMO OT
BblbOpa CTOPOHbI A4S NPOBEOEHNS onepaLn, OQHUM
n3 cambix o4yeBuaHbix HepocTtaTkoB VATS n UVATS
ABNSAETCS Cnabbli KOHTPOJb NMPOTUBOMONOXKHOIO Ana-
parmanbHOro Hepsa NPU BbINOSHEHUM LUCCEKLMN
B 0611aCTV NepefHero cpenocTerHnsi. OTO MOXET Npu-
BECTU K penakcauum Kkynona gradgparmbl B cinyyae He-
npegHaMepeHHOro MOBPEXAEHNS WU NepeceyeHns
anadparmanbHoro Hepsa [39-42].

Mo Mepe pacnpocTpaHeHus TPEXNOPTOBOro 1 of-
HOMOPTOBOrO AOCTYMOB OCTaBasCs OOWMH U3 MNaBHbIX

https://doi.org/10.17816/clinpract546144
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HepeLLEHHbIX BOMPOCOB, a UMEHHO XPOHUYECKNIA NOCT-
onepauuoHHbIi 6oneson cuHapoMm. CBOE pelueHune
JaHHol npobnemMbl NpeanoXun GPUTaAHCKUA XUpypr
J. Dunning [43], koTopbii B 2015 rogy ony6nvkosan
TEXHUYECKMNE acneKTbl aBTOPCKON METOAMKM Nnog Ha-
3BaHUEM «TOPAKOCKOMMUYECKAss MUKPOTUMSKTOMUSI».
MpuHUMNblI onepaumn 3aknio4Yanucb B MCMNOAb30Ba-
HUN OBYX 5-MUANMMETPOBbLIX MOPTOB, YCTAHOBNEHHbIX
B MexXpebepbsax, n 12-MunanMeTpoBoro cybkcugou-
pansHoro nopta ana uHcydpnaumn CO,. Busyanusa-
UMsi onepauMoHHOro Mnosis OCYyLUecTBAsAnach 4epes
5-MunnnmeTpoBbI Topakockon. o MHeHWo aBTopa,
JaHHbIl BApUaHT fOCTyNa OnTUManbHO NOAXOAUT ANS
TOPAaKOCKOMNYECKOW TUM3KTOMMUKU, MOCKOMbKY Mpu
JaHHOI onepauun, Kak npasufio, HeT He06XoAMMOCTHY
MCNONb30BaHWS CLUMBAKOLLMX annapartos, a pe3ynsraTt
JOCTWKMM C MPUMEHEHNEM 3SHAOCKOMUYECKUX WUH-
CTPYMEHTOB AnamMeTpoM 5 MM.

TUMIKTOMUA U3 CYBKCUNO®OUAATIBHOIO

OOCTYMNA

HeobxoguMoCTb peLleHnst npobsieMbl XPOHUYe-
CKOro 60neBOro CMHOPOMa Y Ny4LlIero KOHTPOnsa 3a
anadpparmanbHbiM  HEPBOM  Ha  MPOTUBOMOSIOXKHON
CTOpPOHE MPUBENO K paspaboTke U pacnpocTpaHe-
HUIO cybkcuongansHoro goctyna (subxiphoid video-
assisted thoracic surgery, SVATS). B HacTosILLMIA MO-
MEHT OH CTall UCMNOJIb30BaTLCH N30IMPOBAHHO B BUAE
egnHoro cybkcndonpgansHOro ocTyna no aHanormm
¢ UVATS. OTgenbHble XMpyprii [OMONHUTENBHO yCTa-
HaBNMBAKOT HECKONbKO MOPTOB (00 ABYX B MEXpPEé-
6epHbIX NPOMEXYTKax nnv nogpébepHo) B Lensx 6o-
nee yaoobHOro MaHunynaMpoBaHUA Npu TUMIKTOMUMN.
K npeumyLiectBam faHHOro 4ocTyna OTHOCAT OTCYT-
CTBME HEOOXOOUMOCTU nepeceveHns MexxpebepHbIX
HEpPBOB, BO3MOXXHOCTb YETKOrO JIOLMPOBaHNS rpaHmnL,
KJIIOYEBbIX aHAaTOMMYECKUX CTPYKTYP W OTCYTCTBME
HeobXoaANMOCTN pa3feflbHON [ABYXMNPOCBETHON WH-
Ty6auun [44-48]. MNepBbiMM aBTOPaMu, KTO onyobnu-
KOBan AaHHble O BO3MOXHOCTU CyOKCU(OnaansHOro
JocTyna, 6bia rpynna Xnupypros u3 AnoHun nog py-
kosogcTeoMm T. Kido [49].

B HacTosiLLee Bpems B OTeHECTBEHHOW uTepartype
athbdekTnBHOCTL SVATS OLEeHEHA N1LLb B HECKOJbKUX
nyénukauuax [50-52]. Tak, B MetaaHann3 H. Wang
n coasT. [53] Bknto4YeHO 13 nccnegoBaHuin ¢ 06LLMM
dncnom naumeHtoB 1198, ns Hux B 563 HabnogeHu-
ax npumeHsnn SVATS, B 635 — VATS n UVATS. He
ObINO CYLLECTBEHHOW PasHULbl BO BPEMEHW onepaumm
(113,38 npotus 119,91 MuHyT; p=0,20) N YacTOTE UHT-

www.clinpractice.ru

paonepaumoHHbIX 1 NOCAEoNePaLNOHHBIX OCIOXHE-
Hun (oTHoweHwne puckos 0,82; p=0,25) mexgy SVATS
n VATS/UVATS. Tem He MeHee meToamka SVATS 3Ha-
YATENIbHO yMeHbLKUIa O6BbEM MHTpaonepauroOHHON
KposonoTepu (47,68 npoTtue 66,69 mn; p=0,004), Ko-
JINYECTBO OHEel NocneonepaunoHHOro ApeHNPoBaHNS
(2,12 npotmB 2,72 gHst; p=0,001), anmTenbHOCTL Nocne-
onepaunoHHOro npebbiBaHMs B cTauuoHape (4,53 npo-
TmB 5,9 gHs; p=0,0001) n Konm4ecTBo 6annoB Nno Bu-
3yanbHOW aHasoroBoii WkKane 6oy nocne onepalun.
Takum obpasom, 6onee wmnpokoe npumeHeHne SVATS
MOXET 3HaYUTENIBHO YMEHbLUNTL 0O6BEM NHTpaonepa-
LMOHHON KPOBOMOTEPY, BPEMS NMOCNEONEPaALLMOHHOIO
OPEHMPOBAHMSA 1N ONUTENBHOCTL NOCNeonepaLioOHHOM
rocnmTanm3aummn, a TakXe CHU3UTb BbIPa>XEHHOCTb
nocneonepayuoHHoro 601eBOro cuHgpomMa y nauu-
€HTOB, HE COMPOBOXOASICb MPU 3TOM YBENNYEHNEM
BPEMEHUN Ornepauun 1 4aCcTOTbl OCOXHEHWNA. TUM3IK-
ToMUA SVATS MOXET He TONbKO 06ecneynTb NyuLLYHo
XVPYPruyYeckyro Bu3yannsauumio, Ho 1 6onee 6esonac-
HOe ypdaneHne TUMOMbI C KJIeT4aTKON eauHbIM 6110-
koM [54]. Vicxoga n3 BblLENEPEYNCNEHHOIO, aBTOPbI
MeTaaHanmsa opMyanpyoT BbIBOL, O TOM, 4TO SVATS
ABAseTca 6osee NOAXOAAWMM AOCTYNOM AN TUM3K-
ToMuK, 4em VATS n UVATS. OgHako faHHbI JOCTYn
CnefyeT NCMnosib30BaTbh C OCTOPOXXHOCTBLIO Y MaumneH-
TOB C UHAEKCOM Macchl Tena 6onee 30 1 y naumeHToB
C Cepae4yHon HeJoCTaTO4HOCTLIO. [TOCKOSIbKY pPeTpo-
CTepHaNlbHOE MPOCTPaHCTBO U 06NacTb nepenHero
CPenoCTeHNsa HebonbLoe, W30bITOYHbI MeauacTu-
HaNbHbIA XMP Yy NAUNEHTOB C OXKUPEHNEM MOXET eLlé
6osblle YMEHbLUINTL OnMepaLyoHHOe MPOCTPaHCTBO
N YBENMNYMTb MHTPAOMEPauMOHHbI PUCK CepaeyHo-
COCYOMCTbBIX OCJIOXXHEHNIA.

JIMMO®OANCCEKLNA NPU SNMUTEJIMAJIbHbIX

onyxonsax TMMyCA

B 2003 rogy K. Kondo n Ya. Monden [55] nepBblie
3aroBOpuAN O HEOOXOAMMOCTM OLEHKM MOPaXKEHUS
mumdpatumdecknx yanos npu 30T. B wnccneposaHue
Ob1N10 BKIOYeHO 1320 nauneHToB ¢ anuTennanbHbIMK
onyxonsamu Tumyca, n3 Hux 1093 6binm ¢ TMMoOMamu,
186 — ¢ TMMMYecKummn KapumHomamu, 41 — ¢ Helpo-
SHOOKPUHHOW Onyxosbto TuMyca. Ons ctagnpoBaHus
ucnonesosanace TNM-knaccudukaums Yamakawa
(1991 r.). YacToTta mMeTacTasanpoBaHus B cry4ae c Tu-
MOMamMu, TUMUYECKUMN KapLUHOMaMu 1 HEMPO3HOO-
KPUHHBIMK Onyxonamu Tumyca cocTasnsna 1,8; 27
n 28% cooTBeTCTBEHHO. bonblias YyacTb onyxonen
nmena nopaxxeHne nepegHux MeauacTUHabHbIX JTUM-
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datnyeckux ysnos (Tumombl — 90%; TuMU4eckne
KapuMHOMbl — 69%; HEMPOIHOOKPUHHbBIE OMYXONN TU-
mMyca — 91%). MaTuneTHAsA BbKMBAEMOCTb NaLNEHTOB
Tmomamu npu nopaxkeHun NO, N1 n N2 6bina 96; 62
1 20% COOTBETCTBEHHO, MATUIETHAS BbDKNBAEMOCTb
naumeHToB ¢ Tummdeckummn KapumHomamm NO, N1, N2
n N3 — 56; 42; 29 n 19%, NATUNETHAS BbI>XXMBAEMOCTb
npu Tumomax MO n M1 — 95 n 57%, NSTMNETHNAS Bbl-
xnsaemocTtb npu MO n M1 kapumHomax Tumyca —
51 n 35% [55]. Mo pesynsratam NPOBEOEHHOIO UCche-
[OBaHNS BbISBIEHO, YTO BbDKUMBAEMOCTb MauUMEHTOB
C TMMOMOW 3aBucena OT KUHWYECKOW CTagum Mo
knaccugukaumm Macaoka 1 NOAHOTbI NPOBEOEHHON
pesekumn. MNpu KapuMHOME TMMyCa BbDKMBAEMOCTb
3aBucena B NepByl0 o4yepedb OT METacTasnpOBaHUS
B MMaTU4eCcKmne y3sbl 1 NOMHOTbI PE3EKLNN.

C momeHTa co3paHusa coBpemMeHHon TNM-knac-
cucpukaumm gna 0T u pasrpanHunyeHns N-ctatyca
npu cTagupoBaHWM OMyXONEBOro npoLecca BO3HUK
BOMPOC O BblgeNeHnn nyTein NUMQOreHHoro meta-
cTasupoBaHus. B uenax yHudukayum numpoguccek-
unn ¢ nogaym ITMIG co3paHa kapTa pervoHapHoOro
meTactasuposaHua npu O0T. N-ctatyc BKoYaeT
nepegHoto obnactb (N1), a uMeHHO nuMmdaTudeckne
y3nbl MNepegHero cpefocTeHus (NpeBacKynspHble,
napaaopTasibHble, BOCXOASLLEro OTAeNa aopThl, BEpX-
HME W HWKHWE AJunadparmanbHble 1 Hapgpuadpar-
MasibHbIE) U NepefHue LUeliHbIe Y3nbl (HN3KMe nepen-
Hue wenHble). Mybokas obnactb (N2) oxBaTbiBaeT
cpefHee CpefoCTeHME M pacnofaralwmnecs B HEM
mmdaTnyeckme y3nbl (BHYTPEHHME TpyOHble, BEPX-
HME W HWKHUE NapaTpaxeanbHble, cybaopTanbHble,
cybkapuHasbHble 1 NPUKOPHEBbIE) U rNyOOKNE LWen-
Hble (HUXHME APEMHbIE N HAOKJIOYMYHbIE). HecMoTps
Ha 060CHOBaHVEe NMMMOLUCCEKLUUN MPU ONYyXONax
TopakoabaoMMHANBHOM  30Hbl, BbINOJSIHEHUE [UC-
cekuyun npy BOT B HacTosILLEE BPEMS HE SABNSETCS
CTaHOapTHOW NpOoLeaAypon, 1 TepaneBTUYecKas posb
OVNCCEKLMM MOKa eLLE He n3yveHa [oCTaTo4HO rny6o-
KO. Hanbonee nonHbli cuctemaTnyiecknini 063op, Ko-
TOpbIV N3y4asn BONpoc 0 HeobxoanMocTn numdopuc-
cekuun, 6bin onybnunkosaH B 2021 roay [56]. B Hero
6b110 BKtoYeHo 15 nccneposaHuii 3a nepuog ¢ 2001
no 2021 rog. Bcero obcneposaHo 9452 nauueHTa,
B TOM 4ucne 6327 (66,9%) ¢ Tumomoi, 2450 (25,9%)
C KapuunHomoi Tumyca n 675 (7,1%) ¢ HelipO3HOOKPYIH-
HOI onyxonblo TuMyca. MeTactasnpoBaHue B M-
doyanbl 6610 BbiABAEHO Yy 976 (10,3%) nauneHToB,
13 Hux y 206 (3,3%) c Tumomon, 457 (18,6%) ¢ pakom
Tmyca n 189 (28%) ¢ HelpPO3HOOKPUHHBIMU OMyXO-
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namu. o pesynstatam NpPoOBEAEHHOrO MeTaaHanu-
3a Obln cpoenaH Crepylowmin BbIBOA: CTaHOAPTHbIN
00BbEM onepauun npu ONyxofsax Tumyca — pagu-
KanbHasi TUM3KTOMUS C pe3eKumein eguHbIM 610KOM
OKpY>KaloLLen KneTyaTku.

M3-3a pegkoro nopakeHuss numdaTnyecknx ys-
JIOB BOMPOC BbINOJIHEHNS fiuMdogunccekumn npu 90T
OCTaéTCA CrnopHbIM. ViMetoLLmecs faHHble 4EMOHCTPU-
PYIOT HanbONbLUYIO YacTOTy MeTacTas3npOoBaHus Mpu
TUMUYECKNX KapUMHOMaX UM HENpO3O0KPUHHBLIX Omny-
xonax. Jinmdboguccekumsa gomkHa OblTb PEKOMEHAO-
BaHa gns Il cTagum npouecca u Bbille, HO MOXET U He
BbINOMIHATLCS NMPU MMCTONOMMYECKOM TUME TUMOM A,
AB, B1 1 pasmepe onyxoam MeHbLUEe 6 CM.

COBCTBEHHbIV ONbIT

®rey ®HKL, ®MBA POCCUN

B oIrbY ®HKL, ®MBA Poccun B nepuog ¢ 2018
no 2023 rog TUM3KTOMUS Oblna BbinosiHeHa 50 605b-
HbIM, 3 HUX C UCMOJIb30BaHNEM TPEXMOPTOBOro [OC-
Tyna npoonepupoBaHo 24 4yenoBeka, OOHOMOPTOBO-
ro — 23, egnHoro cybkcudgongansHoro — 7. Bpewms
onepaunn coctasuno 75; 107,5 n 70 MMHYT COOTBET-
cTBeHHO (p <0,00545). KpoBonoTepsi 4OCTOBEPHO He
pasnuyanacb u coctasuna B cpegHem 30 M BO BCEX
rpynnax. Ocno)xHeHus pa3Buancb BCero y AByx 60Jib-
HbIX 1 OblIN NPEACTaBEHbI HAPYLLEHNEM PUTMa Cep-
aua n Hanndnem npopnéHHoro cbpoca Bosgyxa. Bo
BCex cny4yasx Obina BeinosHeHa RO-pesekuns, 4TO
noaTBEPXXAEHO MSIAHOBbLIM FMCTONIOMMYECKUM UCChe-
poBaHveM. [Npy aHanuse nosly4yeHHbIX pPe3ynbTaToB
YCTaHOBJIEHO, YTO BbINOJIHEHNE TUMIKTOMUN U3 efun-
HOro cybkcudonganbHOro goctyna npu HenHBasmBs-
HbIX TUMOMaxX NPEeLCTaBNAAET COOON ansTepHATUBHBIN
1n 6e30MacHbIl BapuaHT XUPYPru4eckoro pocTyna.
Mpn NPOXOXXAEHUN KPUBOW OBYYEHMS U HAKOMIEHWs
OOCTaTOYHOro OnbiTa MCNONb30BaHNE 3TOro AOCTY-
na No3BOMUT AOCTUYb GNArONPUSATHBIX KIMHUYECKMX
pe3yLTaToB.

3AKJIIOMEHUE

B HacTosWmMini MOMEHT, HECMOTPS Ha PEKOMEH-
faumyn HaumoHanbHOW KOMMIEKCHOW CeTu no 60pb-
6e ¢ pakom CLLUA (National Comprehensive Cancer
Network, NCCN) k npoBefeH/Ni0 TUM3KTOMUW C UC-
NoJIb30BaHMEM MaJIOMHBA3MBHOIO OOCTyNa, Mbl BU-
OMM NMOBCEMECTHOE MCMNOJIb30BaHNE OAHHbIX onepa-
LUWA TOJIbKO B BbICOKOMOTOYHbIX MHOMONPOMUIIbHbIX
ueHTpax. CylecTBYeT 3HaA4YUTENbHOE YUCNO pPeT-
POCMNEKTUBHBIX WCCNEAOBaHUN, AEMOHCTPUPYOLLINX
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npeumMyLLecTBO ManouHBA3MBHOIO AOCTyna B Cpas-
HeHUn ¢ OTKpbITbIM B Xxupyprum 30T | v |l ctagun npu
OTCYTCTBUM Pasfnyuii B OTAANEHHbIX OHKOMOrn4e-
CKNX pesynbraTax.

B utore, Topakockonuyeckne onepauumn B Xupyp-
rum HenHBasnBHbIX DOT aBnsOTCA MeTO4OoM Bbibopa.
MepcnekTBHbIM HanpasneHneMm, TpebywyMm ganb-
Helero n3y4YeHus, sSBASETCA NpUMEHeHne Cyokcu-
hounganbHOro AocTyna, KOTopPbIA NOMHOCTLIO OTBEYa-
eT KpUTEPUSM ManiouHBA3MBHOCTU, XapakKTepusyeTcs
OTCYTCTBMEM HEOOXOOUMOCTY BbIOOPa CTOPOHbI One-
pUpOBaHUS B CPaBHEHWM C KJaCCUYeCcKnMu Topa-
KOCKOMUYECKNMI METOAMKaMM, MEHbLUMM B60JIEBbIM
CUHOPOMOM, MeHbLUE KPOBOMOTEPEN U BO3MOX-
HOCTbIO UCK/IOYEHNST ABYXMPOCBETHON WHTYyGauun.
OnpepeneHne 4ETKMX MokazaHuin gnsi cybkcudoun-
JanbHOro [OCTyna SABNSETCHA aKTyanbHOW 3ajadven,
NOCKOMbKY B HacTOSALMIA MOMEHT BCE ellé HepocTta-
TOYHO [AaHHbIX A1 OKOHYaTENIbHOW OLEHKUN OTAANEH-
HbIX OHKONOMMYECKNX pPe3ynLTaToB.

AOONONIHUTEJIbHAA UHO®OPMALLASA

UcTouyHMK cbmHaHcupoBaHuA. ABTOPbI 3a8BSIOT
06 oTCYyTCTBUM (PMHAHCUPOBAHUA NMPOBEAEHHOMO NC-
cnepoBaHus.

KoHbNMKT nHtepecos. ABTOPbI OEKNAPUPYIOT OT-
CYTCTBUE SBHbIX 1 MOTEHLMASBHBIX KOH(DIMKTOB MHTE-
pPecoB, CBsi3aHHbIX C NybnKaumen HacTosILLEN CTaTbu.

Bknap aBTopoB. E.A. Enugaruyes, B.FO. [puyyH,
A.A. KewsegnHoBa, A.B. CMUpHOB — NONCKOBO-aHa-
nmTudeckasa paboTta, 06Cy>XAeHWe pes3ynsTaTtoB Uc-
cnepoBaHus, HanucaHue TekcTa ctatbn; HO.B. VBa-
HOB — KOHLENUMA 1 An3aiiH, pegakTupoBaHme TekcTa.
ABTOpbI MOATBEPXOAT COOTBETCTBME CBOEr0 aB-
TOpCTBa MexAayHapoaHbim Kputepuam ICMJE (sce
aBTOPbl BHEC/N CYLLECTBEHHbIN BKNag B paspaboTky
KOHUeNumun, NPpoBEAEHNE NCCEA0BaHMSA U MOArOTOBKY
cTaTbu, NPoYn 1 ogobpuny uHaNbHy BEPCUIO ne-
pen nyénukawumen).

ADDITIONAL INFORMATION

Funding source. This study was not supported by
any external sources of funding.

Competing interests. The authors declare that
they have no competing interests.

Authors’ contribution. E.A. Epifantsev, V.Yu. Gritsun,
A.A. Keshvedinova, A.V. Smirnov — search and
analytical work, discussion of the results of the study,
manuscript writing; Yu.V. lvanov — concept and design,
editing. The authors made a substantial contribution

www.clinpractice.ru

to the conception of the work, acquisition, analysis
of literature, drafting and revising the work, final
approval of the version to be published and agree to be
accountable for all aspects of the work.

JINTEPATYPA / REFERENCES

1. Engels EA, Pfeiffer RM. Malignant thymoma in the United
States: Demographic patterns in incidence and associations
with subsequent malignancies. Int J Cancer. 2003;105(4):
546-551. doi: 10.1002/ijc.11099

2. Minervini F, Kocher GJ. When to suspect a thymoma: Clinical
point of view. J Thorac Dis. 2020;12(12):7613-7618. doi:
10.21037/jtd-2019-thym-05

3. Engels EA. Epidemiology of thymoma and associated
malignancies. J Thorac Oncol. 2010;5(10 Suppl 4):S260-S265.
doi: 10.1097/JT0O.0b013e3181f1f62d

4. Lee Y, Samarasinghe Y, Patel J, et al. The short and long-
term effects of open vs minimally invasive thymectomy
in myasthenia gravis patients: A systematic review and
meta-analysis. Surg Endosc. 2023;37(5):3321-3339. doi:
10.1007/s00464-022-09757-y

5. Marx A, Strobel P, Badve SS, et al. ITMIG consensus statement
on the use of the WHO histological classification of thymoma
and thymic carcinoma: Refined definitions, histological
criteria, and reporting. J Thorac Oncol. 2014;9(5):596-611. doi:
10.1097/JTO.0000000000000154

6. Den Bakker MA, Roden AC, Marx A, Marino M. Histologic
classification of thymoma: A practical guide for routine
cases. J Thorac Oncol. 2014;9(9 Suppl 2):5125-S130. doi:
10.1097/JTO.0000000000000297

7. Padda SK, Yao X, Antonicelli A, et al. Paraneoplastic syndromes
and thymic malignancies: An examination of the international
thymic malignancy interest group retrospective database.
J Thorac Oncol. 2018;13(3):436-446. doi: 10.1016/j.jtho.2017.11.118

8. Conforti F, Pala L, Giaccone G, de Pas T. Thymic epithelial
tumors: From biology to treatment. Cancer Treat Rev. 2020;
86:102014. doi: 10.1016/j.ctrv.2020.102014

9. Detterbeck FC, Nicholson AG, Kondo K, et al. The Masaoka-
Koga stage classification for thymic malignancies: Clarification
and definition of terms. J Thorac Oncol. 2011;6(7 Suppl 3):
S1710-S1716. doi: 10.1097/JTO.0b013e31821e8cff

10. Fukui T, Fukumoto K, Okasaka T, et al. Clinical evaluation of
a new tumour-node-metastasis staging system for thymic
malignancies proposed by the International Association for
the Study of Lung Cancer Staging and Prognostic Factors
Committee and the International Thymic Malignancy Interest
Group. Eur J Cardiothorac Surg. 2016;49(2):574-579. doi:
10.1093/ejcts/ezv389

11. Strange CD, Ahuja J, Shroff GS, et al. Imaging evaluation of
thymoma and thymic carcinoma. Front Oncol. 2022;11:810419.
doi: 10.3389/fonc.2021.810419

12. LiHR, Gao J, Jin C, Jiang JH, Ding JY. Comparison between CT
and MRI in the diagnostic accuracy of thymic masses. J Cancer.
2019;10(14):3208-3213. doi: 10.7150/jca.30240

13. Takahashi K, Al-Janabi NJ. Computed tomography and
magnetic resonance imaging of mediastinal tumors. J Magn
Reson Imaging. 2010;32(6):1325-1339. doi: 10.1002/jmri.22377

14. Tuan PA, Duc NM. Magnetic resonance imaging characteristics
of thymoma in Vietnamese patients with myasthenia gravis in
relation to histopathological type and disease staging. Contemp
Oncol (Pozn). 2020;24(3):193-199. doi: 10.5114/w0.2020.98861

15. Heeger AP, Ackman JB. Added value of magnetic resonance
imaging for the evaluation of mediastinal lesions. Radiol Clin
North Am. 2021;59(2):251-277. doi: 10.1016/j.rcl.2020.11.001

16. Mikail N, Khalil A, Rouzet F. Mediastinal masses: "®F-FDG-PET/CT
features based on the international thymic malignancy interest
group classification. Semin Nucl Med. 2021;51(1):79-97. doi:
10.1053/j.semnuclmed.2020.07.007

109

2023

Tom 14 v:3


https://doi.org/10.1002/ijc.11099
https://doi.org/10.21037/jtd-2019-thym-05
https://doi.org/10.1097/JTO.0b013e3181f1f62d
https://doi.org/10.1016/j.jtho.2017.11.118
https://doi.org/10.1016/j.ctrv.2020.102014
https://doi.org/10.1097/JTO.0b013e31821e8cff
https://doi.org/10.1093/ejcts/ezv389
https://doi.org/10.3389/fonc.2021.810419
https://doi.org/10.7150/jca.30240
https://doi.org/10.1002/jmri.22377
https://doi.org/10.5114/wo.2020.98861
https://doi.org/10.1016/j.rcl.2020.11.001
https://doi.org/10.1053/j.semnuclmed.2020.07.007

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

110

Toker A, Erus S, Kaba E, et al. Has there been a paradigm
shift in mediastinal surgery from open to minimally invasive,
and from magnetic resonance imaging (MRI) to positron
emission tomography-computerized tomography (PET-CT)
in the last decade? Surg Endosc. 2014;28(3):861-865. doi:
10.1007/s00464-013-3233-8

Willner J, Zhou F, Moreira AL. Diagnostic challenges in the
cytology of thymic epithelial neoplasms. Cancers (Basel).
2022;14(8):2013. doi: 10.3390/cancers14082013

lllei PB, Shyu S. Fine needle aspiration of thymic epithelial
neoplasms and non-neoplastic lesions. Semin Diagn Pathol.
2020;37(4):166-173. doi: 10.1053/j.semdp.2020.04.006

Padda SK, Keijzers M, Wakelee HA. Pretreatment biopsy for
thymic epithelial tumors-does histology subtype matter for
treatment strategy? J Thorac Dis. 2016;8(8):1895-1900. doi:
10.21037/jtd.2016.06.77

Girard N, Ruffini E, Marx A, et al; ESMO Guidelines
Committee. Thymic epithelial tumours: ESMO Clinical Practice
Guidelines for diagnosis, treatment and follow-up. Ann Oncol.
2015;26(Suppl 5):v40-v55. doi: 10.1093/annonc/mdv277

Ruffini E, Filosso PL, Guerrera F, et al. Optimal surgical
approach to thymic malignancies: New trends challen-
ging old dogmas. Lung Cancer. 2018;118:161-170. doi:
10.1016/j.lungcan.2018.01.025

Solis-Pazmino P, Baiu I, Lincango-Naranjo E, et al. Impact of
the surgical approach to thymectomy upon complete stable
remission rates in myasthenia gravis: A meta-analysis. Neurology.
2021;97(4):e357-e368. doi: 10.1212/WNL.0000000000012153
Li J, Liu Y, Zhang X, et al. Prognostic factors for overall survival
after surgical resection in patients with thymic epithelial tumors:
A systematic review and meta-analysis. Med (Baltimore).
2022;101(39):e30867. doi: 10.1097/MD.0000000000030867
Yano M, Fuijii Y, Yoshida J, et al. A phase Il study of partial and
subtotal thymectomy for thymoma (JARTO02). World J Surg.
2017;41(8):2033-2038. doi: 10.1007/s00268-017-3990-y

Odaka M, Akiba T, Yabe M, et al. Unilateral thoracoscopic
subtotal thymectomy for the treatment of stage | and Il
thymoma. Eur J Cardiothorac Surg. 2010;37(4):824-826. doi:
10.1016/j.ejcts.2009.10.003

Xu C, Zhang Q, Li J, et al. Comparison of clinical outcomes
and prognosis between thymectomy and thymomectomy
in non-myasthenic patients with early-stage thymoma:
A systematic review andmeta-analysis. Asian J Surg. 2023;
S1015-9584(23)00371-8. doi: 10.1016/j.asjsur.2023.03.063
Pulle MV, Asaf BB, Puri HV, et al. Meta-analysis of limited
thymectomy versus total thymectomy for masaoka stage
i and ii thymoma. J Chest Surg. 2021;54(2):127-136. doi:
10.5090/jcs.20.140

Blalock A, Mason MF, Morgan HJ, Riven SS. Myasthenia gravis
and tumors of the thymic region: Report of a case in which
the tumor was removed. Ann Surg. 1939;110(4):544-561. doi:
10.1097/00000658-193910000-00005

Landreneau RJ, Mack MJ, Hazelrigg SR, et al. Video-assisted
thoracic surgery: Basic technical concepts and intercostal
approach strategies. Ann Thorac Surg. 1992;54(4):800-807. doi:
10.1016/0003-4975(92)91040-g

Scorsetti M, Leo F, Trama A, et al. Thymoma and thymic
carcinomas. Crit Rev Oncol Hematol. 2016;99:332-350. doi:
10.1016/j.critrevonc.2016.01.012

Qi K, Wang B, Wang B, et al. Video-assisted thoracoscopic
surgery thymectomy versus open thymectomy in patients
with myasthenia gravis: A meta-analysis. Acta Chir Belg.
2016;116(5):282-288. doi: 10.1080/00015458.2016.1176419
Batirel HF. Minimally invasive techniques in thymic
surgery: A worldwide perspective. J Vis Surg. 2018;4:7. doi:
10.21037/jovs.2017.12.18

Okumura M, Shintani Y, Ohta M, et al. Minimally invasive surgical
procedures for thymic disease in Asia. J Vis Surg. 2017;3:96.
doi: 10.21037/jovs.2017.06.03

Allakhverdiev A, Davydov M, Allakhverdieva G, Akhmedov P.
Thoracoscopic thymectomy: The method of choise in surgical

36.

37.

38.

39.

40.

M.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

HAYYHbI OB30P

treatment of non-invasive thymomas. Ann Med Surg (Lond).
2018;42:29-34. doi: 10.1016/j.amsu.2018.12.005

Matilla JR, Klepetko W, Moser B. Thymic minimally invasive
surgery: State of the art across the world-Europe. J Vis Surg.
2017;3:70. doi: 10.21037/jovs.2017.04.01

Yang Y, Dong J, Huang Y. Thoracoscopic thymectomy versus
open thymectomy for the treatment of thymoma: A meta-
analysis. Eur J Surg Oncol. 2016;42(11):1720-1728. doi:
10.1016/j.ejs0.2016.03.029

Zielinski M, Kuzdzat J, Szlubowski A, Soja J. Transcervical-
subxiphoid-videothoracoscopic “maximal” thymectomy: Opera-
tive technique and early results. Ann Thorac Surg. 2004;78(2):
404-410. doi: 10.1016/j.athoracsur.2004.02.021

Refai M, Gonzalez-Rivas D, Guiducci GM, et al. Uniportal
video-assisted thoracoscopic thymectomy: The glove-port with
carbon dioxide insufflation. Gland Surg. 2020;9(4):879-885. doi:
10.21037/gs-19-521

Ooi A, Qiang F. Uniportal video assisted thoracoscopic
surgery thymectomy (left approach). J Vis Surg. 2016;2:12. doi:
10.3978/j.issn.2221-2965.2015.12.18

Wu CF, Gonzalez-Rivas D, Wen CT, et al. Single-port video-
assisted thoracoscopic mediastinal tumour resection.
Interact Cardiovasc Thorac Surg. 2015;21(5):644-649. doi:
10.1093/icvts/ivv224

Bedetti B, Solli P, Lawrence D, et al. Single port video-assisted
thoracoscopic thymectomy. J Vis Surg. 2016;2:149. doi:
10.21037/jovs.2016.08.07
Dunning J. Video-assisted
tomy. Ann Cardiothorac Surg.
10.3978/j.issn.2225-319X.2015.11.04
Li M, Xu L, Li L, et al. The early perioperative outcomes of
subxiphoid approach versus lateral intercostal approach
thoracoscopic thymectomy for thymic tumors: A meta-analysis.
J Laparoendosc Adv Surg Tech A. 2022;32(3):256-264. doi:
10.1089/1ap.2021.0036

Mao VY, Lan Y, Cui F, et al. Comparison of different surgical
approaches for anterior mediastinal tumor. J Thorac Dis.
2020;12(10):5430-5439. doi: 10.21037/jtd-20-266

Chiu CH, Chao YK, Liu YH. Subxiphoid approach for video-
assisted thoracoscopic surgery: An update. J Thorac Dis. 2018;
10(Suppl 14):S1662-S1665. doi: 10.21037/jtd.2018.04.01
Zielinski M, Rybak M, Wilkojc M, et al. Subxiphoid video-assisted
thorascopic thymectomy for thymoma. Ann Cardiothorac Surg.
2015;4(6):564-566. doi: 10.3978/j.issn.2225-319X.2015.10.04
Mao T, Zhang X, Yang Y, et al. A uniport subxiphoid approach
with a modified sternum retractor is safe and feasible for anterior
mediastinal tumors. J Thorac Dis. 2023;15(3):1364-1372. doi:
10.21037/jtd-23-244

Kido T, Hazama K, Inoue Y, et al. Resection of anterior mediastinal
masses through an infrasternal approach. Ann Thorac Surg.
1999;67(1):263-265. doi: 10.1016/s0003-4975(98)01210-7
MuknH O.B., Psi6oB A.B., MaptbiHoBa [.E., Canumos 3.M.
ManouHBasnBHble TEXHONOrMM B  XUPYPruu  BUIIOHYKOBOW
Xenesbl (0630p nutepatypbl) // BecTHuK xupyprii uvme-
Hu U.W. Tpekosa. 2021. T. 180, Ne 4. C. 99-105. [Pikin QV,
Ryabov AB, Martinova DY, Salimov ZM. Minimally invasive
techniques in thymic surgery (review of literature). Grekov’s
Bulletin of Surgery. 2021;180(4):99-105. (In Russ)]. doi:
10.24884/0042-4625-2021-180-4-99-105

Mukun O.B., PsiboB A.B., LLlep6akosa H.W., n gp. PeTumakTo-
Mus cybkcndonganbHeiM [OCTYNOM Y BGOMbHOW C TUMOMOW,
accouMMpPOBAHHON C reHepanu3oBaHHOW ¢opmol  muac-
TeHun // Onkonorus. XKypHan um. [.A. TepuyeHa. 2022;11(1):
50-54. [Pikin OV, Ryabov AB, Shcherbakova NI, et al. Subxiphoid
rethymectomy in a female patient with thymoma associated
with generalized myasthenia gravis. P.A. Herzen Journal of
Oncology. 2022;11(1):50-54. (In Russ). https://doi.org/10.17116/
onkolog20221101150] doi: 10.17116/onkolog20221101150
Oaungsasa V.WN., Omutpoyerko W.B., ®ycaes E.E., n gp. Cny-
yail TUMOM3KTOMMUI 13 KOMBMHMPOBaHHOroO focTtyna // BecTHuK
xupypruv umenn U.U. pekosa. 2019. T. 178, Ne 5. C. 103-106.

thoracoscopic microthymec-
2015;4(6):550-555.  doi:

https://doi.org/10.17816/clinpract546144


https://doi.org/10.3390/cancers14082013
https://doi.org/10.1053/j.semdp.2020.04.006
https://doi.org/10.21037/jtd.2016.06.77
https://doi.org/10.1093/annonc/mdv277
https://doi.org/10.1212/WNL.0000000000012153
https://doi.org/10.1097/MD.0000000000030867
https://doi.org/10.1007/s00268-017-3990-y
https://doi.org/10.1016/j.asjsur.2023.03.063
https://doi.org/10.1097/00000658-193910000-00005
https://doi.org/10.1016/0003-4975(92)91040-g
https://doi.org/10.1016/j.critrevonc.2016.01.012
https://doi.org/10.1080/00015458.2016.1176419
https://doi.org/10.21037/jovs.2017.06.03
https://doi.org/10.1016/j.amsu.2018.12.005
https://doi.org/10.21037/jovs.2017.04.01
https://doi.org/10.1016/j.athoracsur.2004.02.021
https://doi.org/10.21037/gs-19-521
https://doi.org/10.21037/jovs.2016.08.07
https://doi.org/10.1089/lap.2021.0036
https://doi.org/10.21037/jtd-20-266
https://doi.org/10.21037/jtd.2018.04.01
https://doi.org/10.3978/j.issn.2225-319X.2015.10.04
https://doi.org/10.21037/jtd-23-244
https://doi.org/10.1016/s0003-4975(98)01210-7
https://doi.org/10.24884/0042-4625-2021-180-4-99-105
https://doi.org/10.24884/0042-4625-2021-180-4-99-105
https://doi.org/10.17116/onkolog20221101150]
https://doi.org/10.17116/onkolog20221101150]
https://doi.org/10.17116/onkolog20221101150

HAYYHbIX OB30P

[Dzidzava Il, Dmitrochenko IV, Fufaev EE, et al. The clinical
case of thymectomy using combined approaches. Grekov’s
Bulletin of Surgery. 2019;178(5):103-106. (In Russ).] doi:
10.24884/0042-4625-2019-178-5-103-106

53. Wang H, Wang M, Xin N, et al. Effect evaluation of subxiphoid and
intercostal thymectomy: A meta-analysis and systematic review.
Front Surg. 2022;9:925003. doi: 10.3389/fsurg.2022.925003

54.Li J, Qi G, Liu Y, et al. Meta-analysis of subxiphoid
approach versus lateral approach for thoracoscopic
OB ABTOPAX

ABTOP, OTBETCTBEHHbI 32 NEPENUCKY:

EnucaHues EBreHnn AHgpeeBu;

appec: Poccus, 115682, Mocksa, OpexoBbliii 6-p, f. 28;
ORCID: 0000-0001-9768-7440;

eLibrary SPIN: 1820-2153; e-mail: epifantsev.e@gmail.com

CoaBTopbl:

MpuuyH Bnapumup KOpbeBuy;
ORCID: 0000-0001-7647-9853;
e-mail: ords1313@gmail.com

KewBepguHoBa Alilue AGnsaiieBHa;
ORCID: 0000-0002-0045-2715;
eLibrary SPIN: 1577-0901; e-mail: aishe1998@mail.ru

CmupHoB AnekcaHpp BsuecnaBoBuY, K.M.H.;
ORCID: 0000-0003-3897-8306;
eLibrary SPIN: 5619-1151; e-mail: alvsmirnov@mail.ru

UBaHoB Opuit BuktopoBuy, o.M.H., npodeccop;
ORCID: 0000-0001-6209-4194;
eLibrary SPIN: 3240-4335; e-mail: ivanovkb83@yandex.ru

www.clinpractice.ru

2023

Tom 14 v:3

Thymectomy. J Cardiothorac Surg.
10.1186/s13019-020-01135-w

55. Kondo K, Monden Y. Lymphogenous and hematogenous
metastasis of thymic epithelial tumors. Ann Thorac Surg.
2003;76(6):1859-1865. doi: 10.1016/s0003-4975(03)01017-8

56. Brascia D, de Palma A, Schiavone M, et al. Lymph nodes
involvement and lymphadenectomy in thymic tumors: Tentative
answers for unsolved questions. Cancers (Basel). 2021;13(20):
5085. doi: 10.3390/cancers13205085

2020:15(1):89. doi:

AUTHORS’ INFO

The author responsible for the correspondence:

Evgeny A. Epifantsev;

address: 28 Orekhovy boulevard, 115682 Moscow, Russia;
ORCID: 0000-0001-9768-7440;

eLibrary SPIN: 1820-2153; e-mail: epifantsev.e@gmail.com

Co-authors:

Vladimir Yu. Gritsun;

ORCID: 0000-0001-7647-9853;
e-mail: ords1313@gmail.com

Aishe A. Keshvedinova;
ORCID: 0000-0002-0045-2715;
eLibrary SPIN: 1577-0901; e-mail: aishe1998@mail.ru

Alexander V. Smirnov, MD, PhD;
ORCID: 0000-0003-3897-8306;
eLibrary SPIN: 5619-1151; e-mail: alvsmirnov@mail.ru

Yury V. lvanov, MD, PhD, Dr. Sci. (Med.), Professor;
ORCID: 0000-0001-6209-4194;
eLibrary SPIN: 3240-4335; e-mail: ivanovkb83@yandex.ru

111


https://orcid.org/0000-0001-9768-7440
https://www.elibrary.ru/author_profile.asp?spin=1820-2153
mailto:epifantsev.e@gmail.com
https://orcid.org/0000-0001-7647-9853
https://orcid.org/0000-0002-0045-2715
https://www.elibrary.ru/author_profile.asp?spin=1577-0901
mailto:aishe1998@mail.ru
https://orcid.org/0000-0003-3897-8306
https://www.elibrary.ru/author_profile.asp?spin=5619-1151
mailto:alvsmirnov@mail.ru
https://orcid.org/0000-0001-6209-4194
https://www.elibrary.ru/author_profile.asp?spin=3240-4335
mailto:ivanovkb83@yandex.ru
https://orcid.org/0000-0001-9768-7440
https://www.elibrary.ru/author_profile.asp?spin=1820-2153
mailto:epifantsev.e@gmail.com
https://orcid.org/0000-0001-7647-9853
https://orcid.org/0000-0002-0045-2715
https://www.elibrary.ru/author_profile.asp?spin=1577-0901
mailto:aishe1998@mail.ru
https://orcid.org/0000-0003-3897-8306
https://www.elibrary.ru/author_profile.asp?spin=5619-1151
mailto:alvsmirnov@mail.ru
https://orcid.org/0000-0001-6209-4194
https://www.elibrary.ru/author_profile.asp?spin=3240-4335
mailto:ivanovkb83@yandex.ru
https://doi.org/10.24884/0042-4625-2019-178-5-103-106
https://doi.org/10.24884/0042-4625-2019-178-5-103-106
https://doi.org/10.3389/fsurg.2022.925003
https://doi.org/10.1016/s0003-4975(03)01017-8
https://doi.org/10.3390/cancers13205085

KJIMHUYECKUIA CNTYYAN

NMAYKOMA NMPU CUHAPOME AKCEHOEJIbA-PUTEPA.
KIIMHNYECKOE HABJIIOOEHUE

A.B. CtapoctuHa', A.B. Cupoposa’, K.C. Bypnakos', M.P. Xa6a3soBa?

! HaumoHanbHbIi MEQULMHCKUIN UCCNIEO0BaTENbCKMIA LEHTP «MeXXOTpacneBol HayHYHO-TEXHUYECKUI KOMMIEKC «MUKpOoXupyprus
rnasa» umeHn akapgemvka C.H. ®epoposa», Mocksa, Poccuiickas ®epepaunsi

2 depepanbHblii HAYYHO-KIMHUYECKINIA LEHTP CreuyananpoBaHHbiX BUAOB MEAULHCKON MOMOLLY 1 MEOULMHCKNX TEXHOMOrNIA,
Mocksa, Poccuiickas ®egepaums

AHHOTALUNA

O6ocHoBaHue. CuHapoMm AkceHgpenbna—Purepa — reHeTudecku reteporeHHasi rpyrna HapyLueHUi
MopgporeHesa, cBsi3aHHas C HernpaBuibHbIM Pa3BUTUEM MEPEQHEro OTpe3ka riasa, 3yboB, opraHa cyxa
m 6proLLHON obacTu. YacTbiM NposiBAEHNEM JaHHOIO CUHAPOMA SIBASIETCS BPOXAEHHAS rfiaykoma, peg-
pakTepHasi K CTaHAapTHbIM METOAaM JIEHEHUST N3-3a BblPa’KeHHbIX USMEHEHUI CTPYKTYpP rnepesHero orT-
peska rnasHoro s16;10ka v Apyrovi ConyTCTByroLen natosioruv. Metogamu Belbopa rpyi 1€4eHUn riaykom-
HOro npouecca y nayneHToB ¢ CUHAPOMOM AKceHbenbaa—Purepa aBasoTCs CUHYCTPabeKyI9KTOMYS,
UMIIaHTaUns PEeHaXHbIX YCTPOVICTB, TPaHCCKEpasbHas UnKaokoarynsyms. OnucaHmne KImHN4ecKoro
cnyyas. B otgeneqny xupyprimm rnaykomsbl MHTK «Mukpoxupyprus rnasa» r. MockBbl nayneHTy ¢ BpOX-
[EHHOW r/1ayKoMOM, accoummpoBaHHON C CUHAPOMOM AKceHenbaa—Purepa, Bbino/iHEHb! CUHYCTpabe-
KYJTOKTOMMUST C 3afHeN TpernaHayner CKiepbl Ha rnpaBoM rn1asy v uMriaHTayusi KaanaHHoro gpeHaxa Ha
JIEBOM /123y Ha (hOHe feKoMIeHcaLym BHy TPUIIa3Horo gassieHus. B nocieonepaynoHHOM rnepuoge y na-
LMeHTa BblsiB/IeHa NHKaricy/impoBaHHasi KUCTa BOKPYI Tesia [ipeHaxka, B falibHeliLleM rnpoBeaeHa peBnusns
30Hb!I oriepaymu. locre npoBeaéHHBIX aHTUIIaYKOMHbIX BMEeLLAaTesIbCTB y[asioCb [JOCTUYb KOMeHcauymm
BHYTPUIIa3HOro Aas/eHsi B CPOKY HabogeHns 4o 9 mecsiyes. 3akoveHne. B 3aBUCMOCTY OT Bbipa-
J)KEHHOCTU UBMEHEHUV CTPYKTYP yriia nepeaHe kKamepsl y nayneHToB C CUHAPOMOM AKceHgebga—Pu-
repa metogamy onepaTuBHOIO JIEHEHWS I71ayKOMbI SIBJISIIOTCS CUHYCTPA0EKYTOKTOMUS UM UMIT/IaHTayus
Kn1arnaHHoro ApeHaxxa 4151 KoMreHcauuy BHy TPUIryiadHoro as/ieHus v COXpaHeHWs 3pUTeSIbHbIX QOYHKLNA.

KnrodeBbie cnoBa: cuHApom AKceHgpensana—Purepa; BHyTpUrnasHoe aBaeHne; KInHu4eckoe Habio-
[eHve; KnarnaHHbIA APpeHaxX; CUHYCTPabeKy/19KTOMUS.

Ansa yntuposaHus:

CtapoctnHa A.B., Cugoposa A.B., bypnakos K.C., Xabasosa M.P. [nmaykoma npu cuHpgpome AKCeH-
denbpa—Purepa. KnuHnyeckoe HabnogeHve. KianHndeckas npaktuka. 2023;14(3):112-118.
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OBOCHOBAHME

CuHppom AkceHdenbga—Purepa (CAP) — aT0 reHe-
TUYECKM reTeporeHHas rpynna HapyLleHuin MopgoreHe-
33, CBA3aHHas C HernpasWibHbIM Pa3BUTEM NEPEHEro
oTpe3Ka rnasa, 3yboB, opraHa cnyxa n 6proLuHon obna-
ctn [1, 2]. B 1920-1930-x rogax HemeLKuin odpTanbMo-
nor T. AKceHdenbn onvucan aHoOManuio, BKIKOYAIOLLYHO
3aHU 3MOPUOTOKCOH 1 KopaKTonuio. B To >xe Bpems
aBCTpuncknn y4éHbin I Purep oxapakteprusosan CUHA-
pOM, MPOABAAOLWMACA runonnasvert pagy>xku, rnces-
[OMONMKOPUER, HanM4Mem 3afHero 3mMOpMOTOKCOHA
N COMPOBOXAAIOLLMACA NATONOrMent CO CTOPOHbI ApY-
rmx opraHoB. B 1983 rogy HasBaHue 6b110 06 bEANHEHO
B «CHOpOoM AkceHdenbaa—Purepa» B CBA3M C YaCTuu-
HO NepeKpbIBaLLUMUCS CUHOPOMAaSbHLIMY aHOManus-
MU, BCTPEYaLMMIUCHA BHYTPY CeEMbM [2—-4].
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MposiBneHnss CAP B nepegHemM OTPe3Ke MasHoro
A6710Ka MOryT ObiTb PasfiM4yHbIMU 1 BKJIKOYaTb MUMO-
naasuio CTPOMbI U/WAN MUTMEHTHOIO NINCTKA pagyX-
K1, OedekTbl 3padka (CMeLleHne, HapyLueHne hopMbl,
BbIBOPOT MUIMEHTHOrO JINCTKA), UPUOOKOPHEAsbHbIE
cnanku, Merasno- Win MMKPOKOpHea, 3a4H1in aMbpuno-
TOKCOH, Kocorfasue, katapakTy. VI3ameHeHuns valle 3a-
TparusatoT 0b6a rnasHbix s6oka [3, 5].

3agHuii SMOPUOTOKCOH KJIaCCUYECKMN OMUCHIBAET-
CS Kak BbICTynatwollasi cMmewérHHasa nuHua Llisanb6e,
OflHaKO HefaBHee rUCTONOrMYEeCcKoe uccefoBaHne
nokasaso, 4YTO cama NnHUA NpeacTaBnseT cobol ne-
puepn4ecknin BbICTyn CTPOMbI POroBuLbl, KOTOPbIN
obycnosnieH ocniabneHHoW [ecueMeToBO Membpa-
HoW. [pu roHuockonum nuHusa LliBanb6e BbigaéTcs
B MNepedHIOn Kamepy, 4TO 4acTo COMNpOBOXAAeTcs
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GLAUCOMA IN AXENFELD-RIEGER SYNDROME.
A CLINICAL CASE

A.V. Starostina', A.V. Sidorova', K.S. Burlakov'!, M.R. Khabazova?
' The S. Fyodorov Eye Microsurgery Federal State Institution, Moscow, Russian Federation
2 Federal Medico-Biological Agency Federal Research Clinical Center, Moscow, Russian Federation

ABSTRACT

Background: Axenfeld—Rieger syndrome is a genetically heterogeneous group of morphogenesis
disorders associated with abnormal development of the anterior segment of the eye, teeth, the organ
of hearing, and abdominal region. Congenital glaucoma, which is refractory to standard methods of
treatment due to pronounced changes in the structures of the anterior segment of the eyeball and other
comorbidities, is frequent manifestation of this syndrome. There are several methods for treating glaucoma
in patients with Axenfeld—Rieger syndrome: sinus trabeculectomy, implantation of drainage devices and
transscleral cyclocoagulation. Clinical case description: A patient with congenital glaucoma associated
with Axenfeld—Rieger syndrome underwent sinus trabeculectomy with posterior scleral trepanation in
the right eye and valve drainage implantation in the left eye at the S. Fyodorov Eye Microsurgery Federal
State Institution, Moscow due to the intraocular pressure decompensation. In the postoperative period,
an encapsulated cyst around the body of the drainage was detected, and then a revision of the operation
area was performed. After the anti-glaucoma operations, the intraocular pressure compensation was
achieved in the follow-up period up to 9 months. Conclusion: Depending on the degree of the changes
in the anterior chamber angle structures, sinus trabeculectomy or valve drainage implantation are the
methods of choice for the surgical treatment aimed at the intraocular pressure compensation and visual
function preservation in patients with Axenfeld-Rieger syndrome.

Keywords: Axenfeld—Rieger syndrome; intraocular pressure; clinical case; valve drainage; sinus
trabeculectomy.
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YIOTHEHVEM MpUneratLLen yBeanbHON Tpabekysbl
C Hanm4nem npupokKopHeasnbHbIX cnaek [3, 6, 7]. Otu
COeaVHUTENbHbIE CMANKMW MOryT ObITb TOHKUMU WU
TONCTbIMU, HO B OT/IYME OT NEPEAHNX CUHEXNI OObIYHO
He BbI3bIBAOT 3aKPbITUS yryia NepegHelt Kamepsbl 1 or-
PaHMYEeHUs OTTOKA BHYTPUINA3HOW XMOKOCTU. XOTA
3aHUIN 3MOPNOTOKCOH OBHapY>XMBaeTcs y 6OMbLUMH-
ctBa naumeHToB ¢ CAP, aTo He aBnsieTcs obsi3atesb-
HbIM KpUTEpUEeM NMOCTaHOBKU AuarHosa [5]. OTcyTCT-
BME WM MOPOK PasBUTUS CTPOMbI 1 MbILLL, Pagy>KKK
(chuHkTEpa 1 gunaraTtopa) B coHeTaHun ¢ NpUOOKOpP-
HeaslbHbIMK Cnakamu NPYBOAUT K AedopmMauy 3pad-
Ka 1 paspbiBaM pagy>kku. KopakTonus n ncesgonosu-
KOpUS PenKo SABAATCHA KMHUYECKU 3HAYUMbIMUK, HO
MOryT BbI3blBaTb KOCMeTM4eckne npobnembl. CtouT
OTMETUTb, YTO He y Bcex nauneHToB ¢ CAP Habnopa-
FOTCS KOP3KTOMWSA UK NCEBOOMOSIMKOPUS, TMNoniasms
MOXXET MPOSIBNATLCSA CEPOV ANCTPOdUYHON (OTCYTCT-
BVe KpunT, 60po3a n Konew) pagyxkon [3]. MNposisne-
HUS1 CO CTOPOHbI 3afHEro OTpesKa rnasa MoryT ObiTb

pas3nunyHbIMK: KoNIo6oMa, runonfaasvst Unmn annasms
3pUTENBHOMO HEPBa, MMMNoMna3ns nn aTtpodus Maky-
nsApHOM obnacTu, Konoboma XxOpuonaen, YTo Bbi3biBa-
eT TPYAHOCTU Npu NOCTaHOBKe auarHosa [7].

BTopu4yHasi rnaykoma no OTHOLUEHWIO K AUCTeHe3y
nepefHero cerMeHTa sABNsSEeTCst OCHOBHbIM (haKTOpPOM
notepu 3peHus npu CAP n nopaxxaet 6onee 50% na-
UMeHToB. Ecnm npu nepBUYHOM OCMOTPE MOXXET Mo-
KasaTbCsl, YTO OCHOBHAs MpuYMHA MOBbILLEHHOIO
BHYTPWUINasHOro [aBfieHUsl — UWPULOKOPHeasbHble
cnanku, CKopee BCero, natoreHes rnaykoMbl 00yCoB-
JIeH BPOXAEHHbIMW MOPOKaMU pPasBUTUS CTPYKTYP
yrna nepegHen kamepsl [3, 4, 71.

[MOBbILEHHOE BHYTPUra3HoOe [aBfIEHNE MOXET
BbISIBNSATLCS B IOOOM BO3pacTe, 0OHaKo y 60NbLUMH-
ctBa nogeri ¢ CAP gmarHo3 BTOPUYHOWN rNayKoMbl
yCTaHaBNMBaeTCs B AETCTBE 1 Yalle Ha oba rnasa. Na-
uneHTbl ¢ CAP Hy>KOalTCs B peryfispHoM 1 TllaTeNb-
HOM HabNOAeHUN Ha NPeaMeT BbISIBNEHUS] U3MEHEHUIA,
XapaKTepHbIX OJ1s1 FayKOMHOro npotecca.
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[Mpy neyeHun BTOPWYHON FNayKoOMbl, accouumpo-
BaHHON ¢ CAP, BaxxHO paspaboTarb XOpOoLLIO npogy-
MaHHyl0 CTpaTeruto, MOCKOJIbKY OOSbLUMHCTBY Na-
uneHToB TpebyeTcsi 6ofiee OOHOrO OnepaTuMBHOIO
BMeLLaTenbCTBa Ha opraH 3penns. VimnnaHtauus gpe-
Ha>KHbIX YCTPOWCTB YaCcTO MPUMEHSETCS y AeTel, oa-
HaKO NPV BbIPa>XEHHbIX U3MEHEHUSAX B Iy NepenHen
Kamepbl UMMNIaHTaLmMs MOXeT ObITb METOAOM BbiGopa
1y B3POC/bIX NALNEHTOB.

MpencTaBnseM KAVHUYECKUA Cly4ain MMnnaHTa-
uun kKnanaHa Axmep naumeHty ¢ CAP.

KJIMHWYECKWUW NPUMEP

O nauuneHTte

MauueHT A., 33 roga, anarHos «CuHapomM AKCeH-
denbpa-Purepa» yctaHOBneH B OETCTBE (FreHeTu4e-
CKOe TeCTMpOBaHWe He npoBoaunock). MNpu obLiem
OCMOTpe obpallaeT Ha cebs BHMMAHWE TMMOrHOTUS
N TUMOLOHTUS BEPXHEN YENOCTY, LUIMPOKOE OCHOBaHNE
Hoca. [maykoma, accouumnpoBaHHas ¢ CAP, BbisBneHa
Nno MecTy XWUTeNnbCTBa B geTcTee. KanaeT B oba rnasa
TpW BUAA r’MNOTEH3UBHbIX Kanenb. OnepaTuBHoe neye-
HVe paHee He NPOBOAUIOCh.

MauneHTt HanpasneH B MHTK «Mukpoxupyprus
rnasa» (Mocksa) B gekabpe 2021 roga nocne KOHTY-
311 NIEBOrO rnasa c xanobamu Ha CHUXXEHNE OCTPOThI
3PEHNS, FOe BbIABIEHO NPOrPeCcCUpPOBaHNE BPOXLEH-
HON KaTapakTbl, Bbl3BaHHOE TpaBMmoli. [1poBedeHo
onepaTtmBHOE neyeHne B 06bEMe hakoaMynbcudm-
Kauumy KaTapakTbl C UMMIaHTauMen UHTPaoKyNsSpHON
JIMH3bl N NAACTUKU pagy>XKM C NOMbITKOW hOopMUpO-
BaHUSA 3payka neBoro rnasa. B nocneonepauiOHHOM
nepvofe Habnaanock NOBbILEHNE BHYTPUMIA3HOro
0aBneHns, B CBA3U C YEM MauWeHT HanpasfieH B OT-
OeneHne XMpyprum rnaykoMbl O NPUHATUSA peLLeHns
O fanbHelLweln TakTUKe Ne4eHns.

KJIMHUYECKUIA CNTYYAN

®dusnkanbHasi, U(HCTPyMeHTalNbHasA AUarHocTuKa

LaHHble 06cnenoBaHNss Ha MOMEHT ObpaLleHusl.
MakcrmanbHO Koppurnpyemasi ocTpoTa 3peHust: npa-
BbIi rna3 (oculus dexter, OD) 0,5, He KoppurupyeTtcs;
nesbln ras (oculus sinister, OS) 0,06, He koppurnpy-
eTCsA (3KCLEHTPUYHO). BHyTpurnasHoe pasneHue no
Maknakosy: OD 34 mm pT.cT., OS 29 mm pT.CT. A- 1 B-
CKaHupoBaHue rnasa (axobrnomeTpus): gnvHa rnasa OD
27,56 mm, OS 30,98 mm (A-ckaHunpoBaHue); B-ckaHnpo-
BaHne oboux rnas (oculus uterque, OU). Mronunyeckas
ctacdmnoma. Obonoykm npunexar. [NepegHe3aaHss ocb
OS>0D. Nons 3peHus cootseTcTBYIOT lIl cCTagum rnayko-
Mbl. MIOTHOCTb 3HAOTENNANBHBIX KNETOK (KIETOK/MM):
OD 1995, OS 639. YnbrpassykoBasi GBMOMUKPOCKOMNMS:
OD yrna nepegHeinn Kamepbl 3akpbiT ¢ 11 0o 2 yacos
KOPHEM pafy>XKu, Ha OCTalbHOM MPOTSXKEHUN OTKPbIT;
OS yrna nepegHeli kamepbl ¢ 7 4o 1 Yaca 3akpbIT KOp-
HEM pafy>XKu, Ha OCTaslbHOM MPOTSXKEHNN OTKPbIT.

lfonnockonus. OD yrna nepegHen Kamepbl 3aKpbiT
¢ 11 go 5 yacos, Ha oCTaslbHOM NPOTSXXEHUN OTKPbIT.
NpugokopHeanbHble cuHexun (puc. 1).

Buomukpockoriva. OD cnokoeH. Porosuua npo-
3padvHas, guametpom meHee 10 mm. MepepHas kamepa
cpepHen rnybuHbl. Pagy»xka: me3ogepmanbHas gucT-
pous, BU3yann3npyeTcsa CPUHKTEP. 3pavoK: IKTOMNUS
KBepXy, 3 MM, peakLsl Ha CBET COXpaHHa. XpycTanuK:
NMOMYTHEHVE B KOPTMKanbHbIX Cnosix. Ouck 3putesb-
HOro Hepsa GMefHbINA, rpaHnLbl YETKUE, dKCKaBaums
ancka sputensHoro Hepsa 0,8. B mMakynsipHon 30He
6e3 ocobeHHocTel (puc. 2). OS ymMepeHHO pasaparkeH.
Porosuua gnametpom go 10 MM, anUTEnuMn OTEYEH,
cpes yTonwéH. lNMepenHss Kamepa HepaBHOMepHasi.
Papyxka: mesogepmanbHas guctpodus, 4acTuyHas
aHnpuans, OB Ha pagyxke. NHTpaokynspHas nuH-
3a B KarncyslbHOM MeLLKe, B NPaBuIbHOM MONOXEHUN.
masHoe gHo 3a hnépom (puc. 3).

Pwuc. 1. loHnockonus: a — Kpyroesasi rOHMoOCcKonus; 6, B — MPUAOKOPHeanbHbIe Cnanky, Me3ofgepmansHas aucTpogus
pagy>kKu.

Fig. 1. Gonioscopy: a — circular gonioscopy; 6, 8 — iridocorneal adhesions, mesodermal dystrophy of the iris.
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Puc. 2. buoMmnkpockonus nepegHero otpeska rnasa OD:
a — [0 neyeHusi; 6 — nepBble CyTKM NOCNe CUHycTpabe-
KYI3KTOMUMW.

Fig. 2. Photographs of the anterior segment of the right
eye: a — before treatment; 6 — first day after the sinus
trabeculectomy.

KnunHu4yecknin guarHos

Mo paHHbIM >Kanob, aHaMHe3a 1 pe3ynLTaToB od-
TanbMOJIOrMyeckoro obcnenoBaHns Obil BbICTaB-
neH gmarHo3d «OU: cuHgpom AkceHdenbga—Purepa;
BPOXOEHHAS HEKOMMEHCMPOBAHHAsA rnaykoma; aHu-
3omeTponus. OD: OCNOXXHEHHaA KaTapakTa; MUonus
cpepHen ctenenn. OS: apTndakms; MMONus BbICOKON
CTeneHu; anuTennanbHo-aHaoTeNManbHas oucTpodus
porosuubl».

OuvHamuka v ucxogbl

B ceHTsA6pe 2022 roga n3-3a geKoMneHcaumm BHy-
TpurnasHoro gasneHus Ha OD Gbina npoBegeHa CUHycC-
TpabeKynaKTOMMS C 3afHEN TpenaHaumen cKnepbi.

B okTsa6pe 2022 roga Ha OS 6bIn MMNAHTUPOBaH
KnanaHHbI gpeHaxx Axmen,

B nocneonepaunoHHoM nepuope 6e3 OcCnoxxHe-
HWn. BHyTpurnasHoe gaeneHne B nepsble CYTKM NOC-
ne onepauun (MHesmoToHoMeTpus): OD 10 mm pT.CcT,,
OS 12 MM pT.CT. (6€3 rMNOTEH3MBHBIX Kanesb).

BHyTpurnasHoe pasneHue Ha MOBTOPHOM OCMO-
TPpe Yepes MecsL, Nocse onepaTrBHbIX BMELLATENbCTB
(nHeBMoTOHOMETPMS): OU 22 MM pPT.CT. (6€3 rmnoTeH-
3VBHbIX Kanenb). [Mpy GUOMUKPOCKONUN BbIABAEHO
obpa3oBaHMe WHKancCynMpoOBaHHOW KUCTbl  BOKPYT
Tena knanaHHoro gpeHaxa Axmeq Ha OS. NMog mecT-
HOWN aHecTe3uel NPOBefEH HUAMHI 30HbI onepauun
CO BCKpbITMEM KUCTbl. BHyTpurnasHoe pgasneHne OD
CHU3unock Ao 13 MM pT.CT.

Mpyn nosTOpHOM oOcMOTpe B uone 2023 ropa:
ocTpoTa 3peHns OD 0,5, He koppurunpyetcs, OS 0,06,
He KoppurnpyeTcs; BHyTpurnasHoe gasneHune no Mak-
nakosy: OD 17 mm pt.cT., OS 19 MM pT.CT. (Ha 0gHOM
rMNOTEH3VBHOM npenapare).

Buomukpockorsa. OD crnokoeH. dunasTpaunoHHas
nogylka Ha 11 yacax BblpaxkeHa. [JuameTp porosuLpl

www.clinpractice.ru

Puc. 3. bomukpockonus nepepHero otpeska rnasa OS:
a — [0 NevyeHus; 6 — nepsble CyTKY MOC/e UMMIaHTaumum
KJlanaHHOro gpeHaxa.

Fig. 3. Photographs of the anterior segment of the left
eye: a — before treatment; 6 — first day after the valve
drainage implantation.

meHee 10 mm. lNepenHas kamepa cpegHen ry6OuHbl.
Papyxka: mesogepmanbHas guctpodus, Bu3yanu-
3MpyeTcs CUHKTEP, Xupyprudeckas konoboma Ha
11 yacax. 3payoK: aKTONUst KBEPXY, 3 MM, Xpypruye-
ckas konoboma Ha 11 yacax, peakuus Ha CBET COXpaH-
Ha. XpyCcTanuk: NMOMyTHEH/E B KOPTUKAIbHBIX CJIOSX.
Ouck 3pnTensHOro Hepsa GnefHbIi, rpaHuLbl YETKIE,
aKcKaBauusa gucka sputenbHoro Hepsa 0,8. B maky-
NsipHon obnacTtu 6e3 ocobeHHocTel. OS crnokoeH. [dun-
ameTp porosuubl o 10 MM, Cpe3 poroBuLbl YTOSLLEH,
poroBuua guddysHo nomyTHeHa. lNepenHss kamepa
HepaBHOMepHas, Tpyboyka KianaHHOro ApeHaxka Ha
1 Yyace B NpaBunbHOM nonoxeHun. Pagykka: meso-
aepManbHas guctpodus, YacTu4Has aHMpUOus, LLOB
Ha pagyxke. VIHTpaokynspHas nnH3a B KarcynbHOM
MeLLIKe, B MPaBuibHOM NOIOXKeHUU. JANCK 3puTebHOro
HepBa 6nefHbIN, rPaHNLbl YETKUE, IKCKaBaLms ancka
3puTenbHoro Hepsa 0,9. B makynapHoi obnactu 6e3
ocobeHHocTel (puc. 4).

[MauveHT HanpaBneH B OTAEN XMPYPrin pPoroBuLbl
ONS fanbHenWwero onepatuBHOMO NeYeHUs, rae emy
Obina npegnoXxeHa nepecagka porosuLbl 1EBOro rna-

Puc. 4. Buommkpockonus nepepgHero oTpeska rnasa 4e-
pe3 9 MecsiLeB Nnocie onepaTMBHOMO fie4eHus: a — npa-
Bbll rnas; 6 — ne.blil rnas.

Fig. 4. Photographs of the anterior eye segment 9 months
after the surgical treatment: a — right eye; 6 — left eye.
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3a (maumeHT nocTassieH B 04epenb Ha OXuaaHue [o-
HOPCKOro MaTepuana).

OBCYXJOEHUE

CAP — pepnkasi BpOXXAEHHAS NaTonorms ¢ 4acTo-
Ton BcTpevaemocTn 1:200 000 HOBOPOXXAEHHbLIX, KO-
Topasi NPOSBASETCA HE TOMbKO MOPa’KeHWeM opraHa
3PEHUSI, HO U CUCTEMHBIMM aHOManuaMKn. [ns nauneH-
ToB ¢ CAP TpebyeTcss MynbTUANCUUMIMHAPHDBIA Nnog-
XOf, C MPUWBJIEYEHNEM CMELMANNCTOB PasnyHbIX 06-
nactein. BaxkHo, 4to6bl nauneHtol ¢ CAP npoxogunu
nosHoe obcnenoBaHne O BbIABAEHNS Y MOHUTOPUH-
ra NobbIX CUCTEMHbIX NPOSBEHNIN 3ab601eBaHUS.

CAP xapakTepusyeTtcs crneundunyeckum Habopom
aHOManuin NepepfHero cerMeHTa rnasa, KOTopble ac-
COUMMPYIOTCA C FayKOMOW MPUMEPHO Y MOJSIOBUHbI
6onbHbIX [1, 5, 7-9].

Mmaykoma npu CAP 4acTo HeBOCMPUMMYMBA K MMno-
TEH3VBHbBIM Mpenaparam, NO3TOMy Yalle BCero B KO-
POTKME CPOKM NPUXOONTCS NEPEXOAUTL K XUpypruye-
CKOMY NiedyeHuto. Tak, No AaHHbIM UCCNefoBaHui, 00
67% nauneHToB ¢ rnaykomMon Ha hoHe CAP TpebyeTcs
Xupyprudeckoe nedenue [10-12].

[Mpn paccMoTpeHun BONpoca O Ha3HaYeHun rmno-
TEH3VBHBIX KaneJsb Npu rnaykomMe KJIUHULUCTbI SOMXK-
Hbl TaK>XXe YyYUTbiBaTb BO3MOXXHOCTb CUCTEMHbIX 3¢h-
dekToB Y NnaumeHToB, cTpagarowwmx CAP.

B nutepaTtype mMano coobuweHuint o Xupypruye-
CKOM NieveHun rnaykomel npy CAP, OTCyTCTBYET Tak-
e obwenpuHaTas TakThka OTHOCUTENIbHO Hambo-
nee 3HEKTUBHBIX XUPYPrUHECKUX aHTUrNayKOMHbIX
onepauuin. OgHako, N0 AaHHbIM HEKOTOPbIX aBTOPOB,
OONbLIMHCTBY NauueHTOB TPebyeTcs HECKOMBbKO orne-
paunin ons OCTUXKEHWUS] KOHTPOSS BHYTPUMNA3HOro
OaBfeHus, 4YTO OoTpaxkaeT pedpakTepHbIn xapakTep
rnaykombl npu CAP [13-17].

[oHMOTOMMA 1 TPABEKYNOTOMUST HE MOKa3ann Bbl-
COKOW 3(PhEKTNBHOCTN B KOHTPONE BHYTPUrNA3HOro
[aBJIEHNS: 3TO CBUAETENBCTBYET O TOM, YTO OrpaHnye-
H/e OTTOKa BOASHUCTOW Bfarn NPOUCXOOUT He TOJSbKO
B Npepenax TpabekynspHOM CETU, HO TakXke 3aTtparu-
BaeT 1 gpyrue nytn ottoka. B 3aknoyeHunsx A. Mandal
n coasT. [18] n D.S. Walton n coaBT. [19] ycnewHocTb
roHnoTomun Bapbmposana ot 0 go 40%. OTmedaeTcs,
YTO Yy OAHHOro MEeTofa NleHeHUss eCTb AOMONHUTESb-
HbIl HEOOCTAaTOK, 3aKJI4YaLLNACA B HEOOX0OMMOCTH
roHnockonmyeckoro ocmotpa [18, 19]. B uccneposa-
HuM M.B. Shields ¢ coaBT. [1] ycnex roHnoToMmmn co-
ctasnan 43%, Ho 10-neTHUin adheKT COXpPaHsscs
Bcero B 24% cny4aes [20, 21], noaTomMy 60MbLUNHCTBY
nauMeHToB C rnaykomow, accouumpoBaHHon ¢ CAP,
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TpebytoTcs onepaunm NPOHUKAIOLWEro Tuna M Ummn-
NaHTaums gpeHaxkHbIx ycTponcts [16, 17].

Mpu NpoBegeHN CUHYCTPaBbEKyNaKTOMUN Yy nauu-
eHToB ¢ CAP B nocneonepauoHHOM Neproge oTMeva-
€TCS1 BbICOKWIA PUCK TUMOTOHUN U LIMoxopronaans-
HOWM OTCNONKW. Y MOMoAbIX NauMeHTOB HabnogatoTcs
Tak>Xe aKTUBHbIE NPOLECCHI pyOLEBaHs, YTO NPUBOAUT
K AEKOMMeHcaumn BHYTPUIIA3HOro AaBneHns 1 Tpeody-
€T NOBTOPHbIX XMPYpPruyeckux smeruarenscts [17-19].

B onucaHHOM Hamu cnydae npu NpoBeLeHUN 06-
cnepoBaHns Ha Jlydlle BUAsiLEM rnasdy Obinn BbisiB-
NeHbl MPUOOKOPHeanbHble craiku, YTO He MO3BOJSINIO
NPYMEHNTb ManoNHBa3NBHbIE METOLBI XNPYPrYeCKo-
ro NeYeHusi, NO3TOMY ObINIO NMPUHATO PELLEHNE O NPO-
BeLeHUN cuHycTpabekynakTomumn. MNocneonepauynoH-
HbIl NeproA, NpoTeKan 6e3 OCNOXHEHW.

PaHee 6bIN0 yCTAHOBMEHO, YTO TPabeKynaKTOMMUS
B KOMOMHauum ¢ NpUEMOM aHTMMEeTabONNTOB MMEET
HanbONbLUWIA yCnex Npu NedYeHnn rnaykoMbl, accoLm-
nposaHHol ¢ CAP [1, 20, 21]. CTout OTMETUTb, Y4TO HEe-
KOTOPbIM 13 3TUX coobLueHun yxe 6onee 30 neT, 4To
COOTBETCTBYET NEPUOAY BPEMEHN OO BHEAPEHMUS Ope-
Ha>KHbIX YCTPOWCTB B XUPYPrin rnaykombl. AHanorny-
HO 3TVM McCcnegoBaHnsaM Obino 0bHapy>XeHo, YTo Tpa-
BGEKYNIKTOMUSA, OOMOMHEHHAs NMB0 MUTOMULUHOM C,
6o 5-propypauunom, umeeT 57%-i ycrnex npu OKoH-
YyaTesIbHOM HabnoAeHNM NPOACKUTENBHOCTLIO 6onee
20 neT. Takum 06pasom, TpabeKynaKToMus1 B KOMOMHA-
Ly C MPUEMOM aHTMMETabONNTOB MOXET 06eCneynTb,
Kak 1 npu gpyrux opmax rnaykomsl, 4OArOBPEMEH-
HYIO KOMMEHcaLWio BHY TPUra3HOro AaBfieHusI.

B HeckonbKuX MCCNefoBaHNsX, BKIOYAOLWMNX He-
60JbLLOE YNCNO a3, oueHnBanacb aeKTUBHOCTb
NPUMEHEHNST OPEHa)KHbIX YCTPOWCTB Mpu rnaykome
y nauymeHtoB ¢ CAP [21]. E.M. Zepeda c¢ coasT. [11]
B CBOEM mnccnegosaHum nokasanu 70%-10 ahhekTrs-
HOCTb apeHaxken (Axmen, bepeenbar).

B onmcaHHOM HamMun KIMHWYECKOM Cllyyae, Y4uTbl-
Basi BbIPaXXEHHbIE N3MEHEHUST PASY>KKUN, MHOXXECTBEH-
Hble MPULOKOPHeanbHble Chanku, SUCTPOgUIO poro-
BULbI M TPaBMy B aHaMHe3e, MeTOOOM Bbibopa bbina
VMMAaHTaumsa KnanaHHoro gpeHaxxa Axmegd. B paHHem
nocneonepayyoHHOM Nepruoge OTMEYEHO OTCYTCTBIE
OCNOXHEHU. B cpokn go 9 mecsueB Ha 06onx rnasax
nocne onepauum Habnganace KOMNeHcaLmsa BHy TpU-
rNasHoro AaBfieHus.

JlasepHaa TpaHccknepanbHas UMKNodoToKoa-
FynsiumMs MOXET TakXXe MPUMEHSITbCA Y MauneHTOB
C YKasaHHOW nartonoruen, ogHako 60see BbICOKYH
3(P(PEKTUBHOCTL OHA AEMOHCTPUPYET B KOMOUHAaLMK
C UMNAaHTaumen ApeHnpyoLWmx yecTporcTs [16—18].
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B nccneposanun E.M. Zepeda c¢ coasT. [11] uuk-
nodortokoarynaumnsa (TpaHccknepanbHas WAnM  9H-
JOCKOMMnYyeckasl) He MpUMeHsinacb B KavyecTBe Xu-
PYpPruyeckoro BMeluaTenbCTBa MEepBOW JIMHWAM, HO
ncnonb3oBanachb y NauneHToB, He AOCTUMLIMX FUMO-
TEH3UBHOro ahdekTa Nocne NPUMEHEHNS LPEeHaX-
HbIX YCTPOWCTB. XOTS MOKasaTeflb ycrnexa camoWn
umknoabnsumm coctasun 33%, KOMOUHMPOBaHHOE
NPUMEHEHNE APEHaXKHbIX YCTPOWCTB M LUMKnoabns-
uun (B HEKOTOPBIX Clly4asix MO HECKOJIbKO CeaHCOoB)
Nno3BOJIMNO [O0OMTBCA KOHTPOMSA BHYTPUIIA3HOro
OaBneHns Ha Bcex YeTblpéx rnasax. CnegosartesbHoO,
UMKoabnauus npuMeHUMa B chnydasix pedpakTtep-
HOW BTOPUYHOI rnaykoMmebl y nauneHToB ¢ CAP.

Taknm 06pasoM, cepusi Cly4aeB, OMUCAHHbIX
E.M. Zepeda n coaBT., LEMOHCTPUPYET, 4TO rnaykoma,
ceasaHHaa ¢ CAP, yacto TpebyeT HECKOJIbKMX Ore-
paTuBHbIX BMeLLaTenbCcTB. ABTOPbLI 0BHAPYXUNKW, YTO
onepauun Ha CTPYKTypax yrna nepegHer Kamepbl Me-
Hee 9h(EKTUBHBI AN OOCTUXKEHUS LONFOCPOYHOro
KOHTPOJSI BHYTPUIrNasHoro gasneHnst. dunstpytoLlas
XNPYprus C MCNONb30BaHNEM aHTUPUOPOTUHECKIX
npenapatoB [OEMOHCTPUPYET MOJIOXKUTENbHbIN pe-
3yneraT nNpyv ANMTeNbHOM HabniogeHun, HO HeobXo-
OVMMO YYATbIBaTh UMEIOLLMECS PUCKU Takoro BMmeLla-
TenbcTBa [11].

3AKNIOYEHUE

YuntbiBasi natoreHe3 rnaykombel npu CAP, npu-
BOASALWMIA K 06pa3oBaHUi0 MPUAOKOPHEeaNbHbIX cha-
ek, Hanbonee ahEKTNBHLIM METOAOM XUPypruye-
CKOro JIe4YEeHUs rnaykoMbl, C Hallel TOYKM 3PEHNS,
ABNSETCA CUHYCTPAOEKYyNaKTOMUS, OfHAKO C Mpo-
rpeccrpoBaHeM N3MEHEHWIA B CTPYKTypax yrna ne-
penHein Kamepbl B KOMOUHaLMK C COMyTCTBYHOLLEN
rnasHon naTtofiormen NpeanoyvTUTENbHA OpPeHaXKHas
XUpyprus ons MUHAMMU3aLuM nocneonepauoHHbIX
OCJIOXKHEHWI 1 MPOJIOHTMPOBaHWSA TUMOTEH3VBHOMO
apdekTa.

EQVHOrO MHEHUs OTHOCUTENBbHO OMTUMAsNbLHOro
BeOeHus rnaykomel y nauneHtos ¢ CAP npakTnyecku
HeT. [lpocnekTBHOE uccnegoBaHne ¢ 6ONbLINM KO-
JINYECTBOM MaLMEHTOB 3aTPyAHEHO W3-3a PEefKOCTU
3ab0/ieBaHNsA, XOT MHOMOLIEHTPOBOE COBMECTHOE C-
cnefoBaHve NOMOrAo Bbl PeLWnTb 3Ty NPO6AeMy.

AONOJNIHUTEJIbHAA NHO®OPMALIAA

NcTtouHuk cuHaHcupoBaHua. ViccneposaHue
n nybnukauus ctatbl uHaHCUpyOTcs 13 Bropyketa
OrAY «MHTK «Mukpoxunpyprus rnasa» UMeHn akage-
muka C.H. ®egoposa» MuHsgpasa Poccun.

www.clinpractice.ru

KoHbNuKT nHtepecoB. ABTOPbI OEKNApUPYOT OT-
CYTCTBUE ABHbIX 1 MOTEHLMANBHbBIX KOH(IMKTOB VHTE-
PEecoB, CBSI3aHHbIX C NybnMKaunen HacTosLLEeN CTaTby.

Bknapg aBTOopoB. A.B. CTapoctHa — ne4veHne na-
UMeHTa, BedeHne naumeHTa B nocneonepayoHHoMm ne-
puoge, o6Cy>XaeHne pesynbTaToB NeYeHns, HanMcaHme
TekcTa ctatbu; A.B. CugopoBa — 06CyXAeHME pe3yib-
TaToB NleYeHNsi, OCMOTP NaLumeHTa B nocneonepaLmoH-
HOM Meproge, PeAakTNpPOBaHne GrHaNLHOMO BapraHTa
TekcTa ctatbu; K.C. Bypaakos, M.P. XabasoBa — nouck
n obpaboTka nuTepatypbl, 06paboTKa OaHHbIX, Ha-
nMcaHne TeKcTa CTaTbW, KOPPeKuus TekcTa. ABTOpbI
NOATBEPXKAAIOT COOTBETCTBUE CBOEr0 aBTOPCTBA MEX-
ayHapopHbiM kputepuam ICMJE (Bce aBTopbl BHECN
CYyLLECTBEHHbIN BKJlag B paspaboTKy KOHUenumn, npo-
BELEHUE NCCNea0BaHUsA 1 NOArOTOBKY CTaTby, MPOYIN
1 opobpunmn hrHanbHy BepCcuo nepes nybnnkaumen).

Cornacue nauymeHTa. OT naumeHTa MOMyYeEHO
NCbMEHHOE cornacre Ha nNybnnkaumo COOTBETCTBYO-
e MeanLMHCKON NHopMaLumn 1 BCeEX CONpoBOXaa-
IOLLIX N300pa>keHNn B XXypHane «KnmHnyeckasi npak-
Tuka» (gata nognucaHus 12.09.2022).
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KIMHUYECKWNIA CNTYYAN

COYETAHUE MYKOLUEJNE YEPBEOBPA3HOIO OTPOCTKA
N XPOHUYECKOIO KAJIbKYJIE3HOIO XONELNCTUTA:
KNNHUYECKNI CNTYYHAN

E.A. AxTaHuH, A.A. loeB, K.Y. LLlykypoB, N.B. MapkoB

HauvoHaneHbI MeQULIMHCKUIA CCNepoBaTenbCKuin LIeHTP xupyprm umenn A.B. BuiHesckoro, Mocksa, Poccuinckas ®epepaums

AHHOTALUSA

O6ocHoBaHue. AHan3 faHHbIX 3apybeXXHON 1 OTEHECTBEHHOU INTEPATYPbI OKa3bIBAET KpariHe pes-
KOe co4YeTaHue MyKoLesie 4epBeobpasHOro OTPOCTKA U KaslbKyJ1E3HOro XOAeLNCTUTa, a BbIMOJIHEHNE
CUMY/ITAHHOMO XUPYPru4ecKoro JIeHeHUs1 B J1arnapOCKOMMYECKOM BapuUaHTe SIBASETCS ONTUMAasbHbIM
meTo[oMm iedeHusi. OnucaHue KanmHu4eckoro cay4as. [lpencraBieHO KIMHUYeCKoe HabnoaeHne Xpo-
HUYECKOro KasibKy/1I63HOro X0N1eLyncTuTa B coYeTaHum ¢ Mykoyesae 4epBeobpa3Horo OTpoCcTka y nayum-
eHTku 84 neT. OCHOBHOW Xa000u by TSHyLYmMe 601 B paBov NogB340LWHON obaactu. [uarHos ro-
cTaBJIeH Ha OCHOBaHUY OCHOBHbIX 1 JOMNOSIHUTE/IbHLIX METOL0B 06C1e40BaHVs (KIMHNYECKas KapTuHa,
YNIbTPa3ByKOBOE UCCAEA0BaHNE, MYyJIbTUCTINPAaIbHas KOMMbIOTEPHAs N MarHUTHO-PEe30HaHCHasi TOMO-
rpacusi opraHoB BPIOLLHOW 110/10CTY). B niaHoBOM MopsaKe BbIMOJIHEHO CUMYJIbTaHHOE XUPYPrndecKoe
BMeLLaTe/IbCTBO B 0OBLEME /1anapOCKONUYECKON anneHgaKTOMUM U X0N1eUUCTIKTOMUN. JanTenbHOCTb
onepayumn coctasuna 1 4ac 15 muHyT. [lpy MOPEGDOIOrN4eCKOM UCCAE[0BaHUN ANarHoO3 KasibKy/1é3-
HOro xonieyucTuTa v MyKoLesie 4epBeobpa3Horo OTpocTka bbl1 nogTeepxaéH. NayneHTka BbinucaHa
B y[OBJ/IETBOPUTEIILHOM COCTOSIHUM Ha 4-€ CyTKU. 3aksrodeHune. KInHUYEeCKUI Ccry4Yal rnokasblBaerT,
4YTO AMHaMU4YeCcKoe HabirogeHne MykKoLese 4epBeobpa3Horo OTPOCTKa AaxKe y BO3PACTHbIX NaLUueHTOB
C conyTCTBYIOLLEe NaToorner HeornpasaaHHO, TakK Kak B KOHEYHOM UTOre rMpuBOANT K (DOPMUPOBaHIO
MYLIMHO3HOM UNCTa[eHOKapLUMHOMbI CO BCEMU BbITEKAIOLUMMU OCAEACTBUSMU, TOSTOMY Ja>Ke fpu Cy-
YariHOM BbISIBIIEHUM MyKoUesie 60J/IbHOM MNOANEXUT ornepaTtuBHOMY edeHunto. CuMynbTaHHOe XUPypru-
4YecKoe BMeLLaTe/IbCTBO B BUAE /1anapOCKONMMYECKON anneHgdKTOMUN 1 XONEeLUCTIKTOMUN 103BOJISET
n36aBuTh NayneHTa oT AByX HO3010rui U HEOOXOAUMOCTY MOBTOPHOM XUPYPru4eCcKow ornepauumm.

Knro4yeBble cnioBa: Xo0neUyncTuT; MyKoLesie; ‘-Ie,OBeO6p63HbIV7 OTPOCTOK; CUMYJIbTaAHHOE X1pyprmnieckoe
BMeLlaTesibCTBO.

Ans yntupoBaHus:

AxTtaHuH E.A., ToeB A.A., LLykypos K.Y., Mapkos I1.B. CoyeTaHne mMykoLene 4epBeobpa3Horo oTpocT-
Ka 1N XPOHMYECKOro KaslbKyNE3HOro XONeumucTuTa: KIAWMHWYECKUA cnyYain. KianHudeckas rpakTuka.
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OBOCHOBAHUE

Mykouene 4epBeobpasHOro oTpocTka — pepakas
Ho3onorn4eckass opma, xapakTepusyloLwascs He-
cneumguyeckKMmn KIMHUYECKMMU  CUMMTOMaMK, HO
4acTo umeeT 6eccuMnToMHOE TeuveHue [1, 2].

BrnepBble MyKoLene 4epBeobpa3HOro OTPOCT-
Ka 6blI0 ONUCaHO aBCTPUNCKMM MaToNoroaHaTOMOM
C.F. Rokitansky B 1842 rogy Kak BOLsiHKa 4epBe06-
pasHoro otpocTka [3], a TepMUH «myKoLene» Obin
BBenéH nuwe B 1877 rogy G. Fere n onucaH nm Kak
anneHgukynapHas gunarauus [4].

CoyeTaHne KanbKylE3HOrO XONEUUCTUTa C MyKO-
Lene 4epBeobpasHoOro OCTPOCTKa, COrNAacHO AaHHbIM
MEXOYHapOOHOW NMTepaTypbl, BCTPEYAETCA KpanHe
penko. B gocTynHOW Ham nuTepaTtype MMeeTcs Tpu

JnueHsmns CC BY-NC-ND 4 /
The article can be used under the CC BY-NC-ND 4 license

KJIMHUYECKUX HabmogeHnss MykoLene 4YepBeobpasHo-
ro oTpoCTKa 1 xoneuuctuta [5-7], Torga Kak coyeta-
HMe OCTpOoro anneHanunTa ¢ XoneuncTnTomMm BCTpeva-
€TCA 3Ha4YNTEesIbHO Yalle.

dakTopamm, cnocobCTBYIOLLMMM Pa3BUTUIO MYKO-
uene, ABASIOTCA CTEHO3 OCHOBaHWSA anneHgnkca u us-
ObITOYHOE 06pasoBaHme cnuan [8]. Mo gaHHbIM pasHbIX
NCTOYHMKOB, 3abonesaHne BcTpedvaetcs B 0,2-0,5%
BCEX anneHgsKTomMuin [9] m xapakTepusyeTcsa Ku-
CTO3HbIM pacLUMpeHnemM 4epBeobpasHoOro OoTpocTKa
BCJIEACTBME HAKOMMEHNST B HEM CIM3UCTOrO CEKpeTa
N HapyLIEHNS OPEHNPOBaHNst B TONCTYO Kuwky [10].
B 10% cny4aeB MyKoLiene 4epBeobpa3HOro OTPOCTKa
noaBepraeTcs ManurHu3aumm n NpUBOAMT K FPO3HOMY
OCJIOXKHEHNIO — MYLMHO3HON LuUcTafeHOKapLMHOME
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A COMBINATION OF MUCOCELE OF THE APPENDIX
AND CHRONIC CALCULOUS CHOLECYSTITIS:
CASE REPORT

E.A. Akhtanin, A.A. Goev, K.U. Shukurov, P.V. Markov

A.V. Vishnevsky National Medical Research Center of Surgery, Moskow, Russian Federation

ABSTRACT

Background: The analysis of the data presented in the foreign and national literature shows that
a combination of the appendix mucocele and calculous cholecystitis is extremely rare, and the
implementation of simultaneous surgical treatment in the laparoscopic version is the optimal approach.
Clinical case description. Here, we present a clinical case of chronic calculous cholecystitis
in combination with mucocele of the appendix in an 84-year-old patient. The main complaint was
pulling pain in the right iliac region. The diagnosis was made on the basis of the main and additional
methods of examination: clinical picture, ultrasound, multispiral computed tomography and magnetic
resonance imaging of the abdominal organs. In a planned manner, a simultaneous surgical intervention
was performed consisting of laparoscopic appendectomy and cholecystectomy. The operation
duration was 1 hour 15 minutes. The morphological examination confirmed the diagnosis of calculous
cholecystitis and mucocele of the appendix. The patient was discharged in a satisfactory condition on
the 4th day. Conclusion. This clinical case shows that the dynamic observation of mucocele of the
appendix, even in elderly patients with a comorbid pathology, is unjustified. A simultaneous surgical
intervention in the form of laparoscopic appendectomy and cholecystectomy treats the two nosologies
and prevents repeated hospitalization and surgery.

Keywords: cholecystitis; mucocele; appendix; simultaneous surgical intervention.
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(nceBpomnkcome 6prownHbl) [11]. Bes neveHns Bbl-
XKNBaeMOCTb MaLMEHTOB C pPacnpoCTpaHéHHon dop-
MOI MCEBOOMMKCOMbI OPIOLVIHBI HE MPEBbLILIAET, Kak
npasuno, 2 net [12], a NATUNETHAS BbDKUBAEMOCTb
npy KOMOMHMPOBaHHOW Tepanun (LUTOPenyKTUBHOE
BMewarenscteo + HIPEC-Tepanusi) 3aBucut ot CTe-
neHn AndEPEHLUNPOBKN ONYXOM U He MNpeBbllla-
et 57,9% [13].

CornacHo Moponornyeckon knaccuukauum my-
Kouene anneHaukea, MNpPOCHEXUBAETCA STarnHOCTb
pa3BuTKs 3ab0sIeBaHNsA: PETEHLMOHHAS KUCTa annex-
AVIKCa, rnepnnasnst CinM3ucTon, MyLUHO3Hast LWCT-
afeHoMa u MyuuHO3Has uuctageHokapuuHoma [14].
B aHrnossbiqHOW nuTepaType TEPMUH «MyLIMHO3Has
uMcTageHoKapLuMHOMa» NpeacTaBiieH TEPMUHOM «Mo-
NMMUKcoma anneHgukca» [15].

B Hawen nybnukauun npegcTaBneHo pegkoe Kiau-
HMYECKOe HabnodeHne COoYeTaHusi OBYX HO30JS10ruin,
onncaHa TaKTWKa JleYeHns 1 rnokasaHa Heobxoau-
MOCTb BbIMOJIHEHUS CUMYJIBTAHHOTO XUPYPrnYeCKoro
JIeYeHns.
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KJIMHWYECKWUIN NPUMEP

O nauueHTe

MauyneHtka 4., 84 ropa, 12.05.2023 nocTtynuna
B OoTgeneHve abgomuHaneHom xupyprum OIBY «Ha-
LMOHabHBIA MEOULIMHCKNN NCCNEA0BaTENbCKUN LEHTP
xupyprum mnmeHn A.B. BuwHesckoro» MuH3ppasa
Poccun. Ha mMoMeHT rocnuTanu3aumm npegbssnsna
>Kanobbl Ha NEPUONYECKN BO3HMKAIOLLYKO 60Mb B npa-
BOW NoAB3AO0LLHON 06nacTu.

W3 aHamHe3a w3BecTHO, 4TO B mone 2020 roga
npy OUCNaHCEPHOM HabMIOOEHUN MO LAHHbIM YbT-
pa3BYKOBOro MCCReaoBaHnsi OpraHoB OpPHOLLHOWM Mo-
JIOCTW Y MauMEHTKN BbisSIBJIEHbI KUCTO3HOE 06pasoBa-
HMe Manioro Tasa 1 KanbKynésHblili xoneunctuT. [Npu
KOMMbIOTEPHOW TOMOorpadun opraHoB OPHOLLHON Mo-
JIOCTW C BHYTPUBEHHbIM KOHTPACTUPOBaHMEM ObHapy-
>KEHbl KMCTO3HAs OnyxoJjlb 4epBeobpasHOro OTpoCT-
ka pasmepom 70x50 MM C Hanuymem KanbLMHATOB
B CTEHKE U KanbKynésHbii xoneumctut (puc. 1). MNpw
OVHaMU4ecKom HabnofeHun Yepe3 3 roga oTmede-
Ha oTpuuaTenbHas OUHaMUKa B BUAE KJIMHUYECKON
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CUMMATOMATUKN U YBENIMYEHNS B pa3mMepax KUCTO3HOM
onyxonu. MarHuTHO-pe3oHaHcHas Tomorpadus opra-
HOB GptoLLHON nonocTu (anpens 2023 roga) nokasana
KMCTO3HYIO OMyX0Jlb YepBEOOPa3HOro OTPOCTKa pas-
Mepom 106x70 MM C HanMyYnMem KanbLMHATOB W Kafb-
KYNESHbIN XONeuncTuT (puc. 2).

Ha OHKONOrM4ecKoM KOHCUAMYME MPUHATO peLue-
HMEe O CUMYSIETAHHOM (OAHOMOMEHTHOM) BMeLlaTeslb-
CTBE (namapockonuyeckash XOMeLUCTIKTOMUS u an-
NEHA3KTOMUS).

®dusukanbHas guarHocTuKa

OO6ulee COCTOsIHME NPU MOCTYMNAEHUN YOOBNETBO-
putenbHoe. KaponopecnnpaTtopHbIX HapPYLIEHWI HET.
JKuBOT He B3[OyT, CUMMETPUYEH, Y4acTBYeT B akTe
ObixaHus. [Mpy nanbnauyy B NpasBoil NOAB3OOLLHOW
obnactu onpepenseTcsa noaBuKHoe 6e300ne3HeH-
HOe, Nlerko cmeliaemoe obpasoBaHune okosio 10 cm
B AMamMeTpe.

[aHHble nabopaTopHbIX MccnefoBaHuin 6e3 oco-
6eHHOCTEN.

lNpenBaputenbHbii anarHo3. OCHOBHOW: «XKény-
HOKameHHasi 60ne3Hb. XPOHNYECKUIA KaJlbKYNESHbIN
xoneumctuT. KncTtosHas onyxonb 4epBeobpasHoro
oTpocTka». ConyTcTBylowmin: «[MnepToHnyeckas 60-
nesHb. ApTepuranbHas runepteHaus Il ctenenn. Beico-
Kui puck. Mwemnyeckasa 6onesHb cepaua, CTeHoKap-
Ons HanpskeHns, | PyHKLMOHaNbHbIN KNnacc».

OnepaTuBHOE BMelLaTENIbCTBO

Mocne poobcnenoBaHUsA U KOMMMEKCHOW npegone-
PauUMoOHHON NOJrOTOBKM B NJIaHOBOM MOPSIAKE BbIMOS-
HEHO onepaTMBHOE BMELLATENIbCTBO.

Mop HapKo30M MpPOoV3BeREH NapayMOuInKasnbHbIN
paspe3 KOXW OO0 2 CM, HanoXeH MHEBMOMNEpUTOHe-
ym o 13 MM pT.CT. BeinonHeH TpoakapHbIn [OCTYN
B OptowHyo nosiocTb (10 MM Tpoakap CO CTUNIETOM).
BBegeHa ontudeckasa cuctema. Npu nHTpaonepaym-
OHHOM WCCNe[oBaHUM BbIiNOTa U CNae4yHoro npouec-
ca naTtonornyecknx obpasoBaHnii OpraHoB GPIOLLHON
nosiocTn He BbisiBNeHO. OnpepensieTcs Yepseobpas-
HbIi OTPOCTOK, OCHOBaHWE MOCNEOHEro He U3MeHe-
Ho. OTMevaeTcs KUCTO3HOE 06pa3oBaHue B o6nacTtu
BEPXYLLKN OTpOCTKa pasmepoM go 10 cm B guametpe
(puc. 3). YcTtaHoBNEHbl OBa AOMOMHUTENbHBIX TPOa-
kapa (B NpaBoOM K NIeBOM runoracTpuy). BeinonHeHa
Mobunn3aums 4epBeobpa3HoOro OTPOCTKa C nepece-
YyeHnem Opbhkelrikn annapatoM Ligasure. OcHoBaHuve
4epBeobpPa3HOro OTPOCTKA KIUMUPOBaHO. BbinonHeHO
nepeceyeHne OTPOCTKa C MOMOLLBIO HOXKHUL, 1 MOHO-
NONAPHON Koarynauun. YCTaHOBAEH OOMOSHUTENbHbIN

www.clinpractice.ru

Puc. 1. KomnbloTepHas Tomorpadus opraHoB OptoLu-
HOMN MOMOCTU C BHYTPUBEHHBIM KOHTPACTUPOBAHUEM:
1 — KaNbKynNé3HbI XONeuncTuT; 2 — KNCTO3Has Ornyxosb
anneHgnkca guaMmeTpoM OKOSO 7 CM.

Fig. 1. A Computed tomography scan of the abdominal
organs with intravenous contrast: 7 — calculous
cholecystitis; 2 — cystic tumor of the appendix with
a diameter of about 7 cm.

Puc. 2. MarHuTHO-pe3oHaHcHas Tomorpadgus opraHos
OpPIOLLIHONM NOIOCTY B ANUHAMUKKe Yepe3 3 roga: KUCTo3Has
onyxosb anneHgukca gnameTpom okono 10 cm.

Fig. 2. Magnetic resonance imaging of the abdominal
organs in the dynamics after 3 years: A cystic tumor of the
appendix with a diameter of about 10 cm.

Puc. 3. ViHTpaonepaumoHHasa doTorpacusa: 7 — ocHosa-
Hue 4epBeobpasHOro OTPOCTKa; 2 — MyKoLene yepse-
06pa3Horo OTpocTKa.

Fig. 3. An intraoperative photograph: 7 — the base of the
appendix; 2 — mucocele of the appendix.
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Puc. 4. YoanéuHbih npenapat: 1 — 4epBeobpasHblil OT-
POCTOK C KMCTO3HOW OMyXoJbio (MyKOLEne); 2 — XeNYHbIiA
ny3bIpb.

Fig. 4. The removed preparations: 7 — the removed
appendix with a cystic tumor (mucocele); 2 — the removed
gallbladder.

Tpoakap 5 MM B anuractpun. BbinonHeHa Tunu4Has
XOSIeUNCTIKTOMUSA.  YOanéHHble >KeNYHblA  My3blpb
N anneHOuKC C OMyxoSibto M3BMEYEHbl U3 OPIOLLIHON
MoJIOCTU B KOHTelHepe (puc. 4). Bpems onepauun —
1 yac 15 MUHYT.

3aksoveHne MopOsIOrn4eckoro MUCCe[0oBaHus:
«AnneHguKynsipHasi MyLMHO3Has OMyxofb 4epBeob-
pasHoro oTpocTka, low-grade, 6e3 pacnpocTpaHe-
HUS B Me3oanneHanke, 6e3 npu3HakoB NpoboaeHus
cepo3sbl (pTis). B kpae pesekuun CTEHKU OTPOCTKa
6e3 MpU3HAKOB HaNMyusi OMyXonu; KallbKySE3HbIN
XONeuncTuT».

lMocneonepaunoHHbI Nepuop, npotekan 6e3 oc-
NOXHeHWN. Ha 4-e cyTKu nauueHTKa BbiNnuUcaHa nog
HabntogeHne xupypra no MecTy >XXMTeNbCTBa B YOOB-
NeTBOPUTENIbBHOM COCTOSHUN.

MporHos

[MporHo3 nauneHTKn pJns  >XKU3HW, 300PO0BbS
N coumanbHOM ajanTaumu, yYnTbiBas BO3pacT, 06bEM
CUMYNbTAHHOrO BMeLLaTeNbCTBa, a TakXe [AaHHble
MOPONIOrNYECKOro NccnegoBaHns, aBnseTca énaro-
NPUATHbIM. [nHaMnyYeckoe HabnofeHe 1 OLeHKa Co-
CTOSIHUS XXN3HW 1 300POBbst OyayT OLEeHMBATbLCH Mpu
EeXEerogHon aucnaHcepuaauun: nepebin rog — 1 pas
B 6 MecsueB, B nocnepytowem — 1 pas B rog. O6bém
0o6cnenoBaHns BKIIKOYAET KIIMHUYECKNA 1 BUoXnMmnde-
CKUIA aHann3 KpoBW, YNbTPa3BYKOBOE MCCNeAoBaHne
N KOMMbIOTEPHYKD TOMOrpaduio OpraHoB OPHOLLHON
NONOCTN, TOTANIbHYH KOSIOHOCKOMMUIO.
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OBCYXAEHUE

MpeponepaunoHHas gnarHocTrka Mykouene yep-
BeOOpasHOro OTpoCTKa He MPeAcTaBfseT CNOXHO-
CTU 1 BKJIIOYAET Takue MeTodbl BUdyanusauuu, Kak
ybTPa3BYKOBOE UCCNefoBaHne, KOJIOHOCKOMUS,
MarHMTHO-pe3oHaHcHas Tomorpadus u  MynbTu-
cnuparnbHas KoMMbloTepHass Tomorpaduns opraHoB
OPIOWHOW MOMOCTU C BHYTPUBEHHLIM OOMOCHBIM
KOHTpacTupoBaHueMm. MynstucnnpasnbHas KOMIMbIO-
TepHas Tomorpadua opraHoB OPIOLIHOW MOMOCTH
C BHYTPUBEHHbIM GOMOCHBIM KOHTPACTMPOBaHNEM
aBnseTcs Hambonee WHPOPMATMBHLIM METOAOM,
NO3BONSAWMUM TOYHO MOCTaBUTb AMArHO3, a Tak-
XKE OMpefennTb pacnpoCTPaHEHHOCTb OMyxoau Mo
CTEHKe KULLKWN, Hann4yme acunuta n BO3MOXHOW nepu-
TOHeaNnbHOM AnccemuHauumn onyxonu [16]. Oudde-
peHumansHas gMarHocTika npoBoanTcs ¢ numdole-
e, rematoMmamu, oBapuasnbHbIMU KNCTamu, OCTPbIM
anneHguumTomM 1 T.4. [17]. CBOEBPEMEHHOE XNPYpPIri-
Yyeckoe NeveHne HeobxoamMmo ANs NpefoTBpaLleHns
raHrpeHbl, nepdopauuy 1 Manauransdaumum ¢ nocnegy-
foLLen NCeBAOMUKCOMON OpIOWNHBI, @ 06BbEM XMpyp-
rMYECKOro BMeLLaTEeNbCTBa MOXET BapbnpoBaTb OT
anneHAsKTOMUM OO0 UWTOPEAYKTMBHBIX XUpyprude-
cKux BMeLwartenncTs [18].

CuvmynsTaHHOE XMPYPrnyeckoe ieHeHne Mykouene
4epBEOOPA3HOro OTPOCTKA U KaJIbKYNE3HOr0 XOneLu-
CTWTa He N3Y4EeHO BBUAY Manoro Konm4yecTsa nayueH-
TOB, YTO HE MO3BOJISIET MPOBECTY CUCTEMHBIV aHaNN3
OaHHoM kateropum 60nbHbIX. OMMOEKTUBHOCTL CU-
MYJIETAHHOIO XVMPYPrYeCKOro BMeLlaTenscTBa N ns-
NleYeHnst OBYX KIMHUYECKMX HO30M0MMiA OGHOBPEMEH-
HO UMeeT onpefenéHHble NPeuMyLLIEecTBa, Takme Kak
OTCYTCTBME NOBTOPHOWN rocnuTanuaaummn 1 onepawun.
OpHako cnegyeT NpoOBOAUTL AOMNOJIHATENbHBIE UCCTEe-
OOBaHUS C Lefblo pacLUpeHnst FOPU30HTOB M1aHNpPO-
BaHWs, ANArHOCTUKN, NPOMUIAKTUKIN 1 NIEYEHNA OaH-
HOW KaTeropuv 60MbHbIX.

3AKJIOHEHUE

Takum 06pa3oM, ANMHaAMUYECKOe HabntogeHne my-
Kouene 4epBeoOpa3HOro OTPOCTKA HeonpaBLaHHO
La)ke y BO3pacCTHbIX MauMeHTOB C KOMOpPOUAHON na-
Tonorven. Takne nauneHTbl nocne goobcnenoBaHus
N KOPPEKLMN coMaTU4ecKnx 3abonesaHuii nognexar
XNPYPrmyeckomy fiedeHmnto. B npoTuBHOM cny4vae puck
nporpeccnpoBaHnst 3aboneBaHns U pasBUTUS MyLU-
HO3HOW LCTafeHOKapLUHOMbI KpaiHe BENVK.

Mykouene BcTpeyaeTcsa KpanHe pefko B KANHN-
Yyeckon npakTtuke. HecmoTps Ha 3TO, Heobxoaumo
MOMHUTb O gaHHOM 3abonesaHun YepBeobpasHoro
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OTPOCTKA, eOWHCTBEHHbIM METOAOM pPafnKanbHO-
ro Jfle4eHusi KOTOPOro SBASETCS anmneHOdKToOMUS.
CoueTaHne KafbKynésHoro XoneunuctTuta U MyKo-
Lene 4epBeobpas3HOro OTPOCTKa SIBNISIETCA KpaiiHe
penkoin cutyauueit. OOHOBPEMEHHOE CUMYJbTaH-
HOe XUPYypruyeckoe nedeHre AaHHON KoMop6uaHON
naTtonoruy MMeeT onpefeNéHHble 3HaudMble npe-
MMyLLIeCTBa, Takue Kak OTCYTCTBME MOTPeBHOCTU
B MOBTOPHOI rocnutanusauum, onepauum u peabu-
MTaummn naumeHTa.

AOOMNOJIHUTENIbHAA NH®OPMALUA

UcTouyHuK cbnHaHcupoBaHuA. ABTOPbI 3as8BSIOT
06 oTcyTCTBMM (DMHAHCUPOBaHUSI NPOBEAEHHOIO WC-
cnefoBaHus.

KoHhNMKT nHtepecoB. ABTOPbI OEKAPUPYIOT OT-
CYTCTBUE SIBHbIX W MOTEHUMANBbHBIX KOH(DIMKTOB MHTE-
PEecoB, CBSI3aHHbIX C Ny6nnKaunen HacTosLLEen CTaTby.

Bknap aBTopoB. E.A. AxtaHuH, A.A. [oeB, K.Y. LLly-
KypOB — nevyeHve nauneHToB, obpaboTka n 0bCyx-
OeHne pe3ynbTaToB NCCNefoBaHUs, HanncaHne TekcTa
cTatby, MOWNCKOBO-aHanuTuyeckasi paboTa, yTBep-
XKAEHNEe OKoH4aTenbHoro TekcTa; I1.B. MapkoB — py-
KOBOACTBO JIe4EHUEM MaUMEHTOB N 06CyXOeHNE pe-
3yNLTaTOB MUCCNenoBaHns, pefakTuposaHne. ABTOpbI
noaTBEPXXAAIOT COOTBETCTBME CBOEro aBTOPCTBA
mMexxgyHapogHbiM  Kputepusm ICMJE  (Bce aBTOpbl
BHECNN CYLLECTBEHHbIA BKSag B pa3paboTKy KOH-
uenuuun, npoBefdeHne UCCNefoBaHns U MNOAroTOBKY
cTaTby, NPOYIN 1 08o6punn GUHaNLHYIO BEPCUIO Ne-
pen nybnvkawumen).

Cornacue nauymeHTta. OT naumeHTa (3aKOHHOMO
NpeacTaBuTeNs) MOy4eHO AOOPOBONBHOE MUCbMEH-
HO€e MH(OPMUPOBAHHOE cornacue Ha nybénnKauuo ero
N300pa>kKeHNn B MELMLUHCKOM >KypHase, BKo4as
3MIEKTPOHHYI0 Bepcuto (ata nognucanus 15.05.2023).
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