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Abstract

Background: Extensive surgical procedures play a key role in treatment of various lung diseases. Nevertheless, these complex pro-
cedures are associated with a high risk of early postoperative complications.

Objective: To evaluate outcomes of the early postoperative period in patients with various lung diseases and determine risk factors
for postoperative complications.

Material and methods: We analyzed postoperative complications in 377 patients who underwent extensive lung surgery. The mean
age was 45.7+5.2 years. The majority of patients (56.0%) had malignant or benign lung tumors. Lobectomy was the most common
type of surgery. Pneumonectomy accounted for 26.5%.

Results: The overall rate of cardiovascular complications was 8.2%. The highest number of complications was observed after
right-sided pneumonectomy (21.7%). Respiratory complications after right-sided pneumonectomy accounted for 34.8%. Lobec-
tomy and bilobectomy had lower rates of complications (4.4% and 6.3%, respectively). The highest number of systemic compli-
cations was also recorded after right-sided pneumonectomy (23.9%), whereas lobectomy had a lower risk (4.4%). Patients with
primary lung tumors had significantly more complications (32.2%) compared with patients without cancer (10.8%). The main
risk factors were male gender (odds ratio [OR], 1.6; 95% CI, 1.1-2.2; P=.032), age >60 years (OR, 1.9; 95% CI, 1.5-2.6;
P=.001), smoking (OR, 1.7; 95% CI, 1.2-2.5; P=.019), C-reactive protein level >3 mg/dL (OR, 1.8; 95% CI, 1.1-2.7; P=.015)
and forced expiratory volume in the first second of expiration (FEV ) <60% (OR, 1.5; 95% CI, 1.1-2.2; P=.042), surgery dura-
tion >180 minutes (OR, 1.8; 95% CI, 1.3-2.3; P=.002), and anesthesia without additional epidural analgesia (OR, 1.5; 95% CI,
1.2-2.1; P=.007).

Conclusions: The complication rate after extensive lung surgery was 22.8%, with the highest rate after right-sided pneumonec-
tomy (4.8%). Respiratory complications predominated (14.1%): hydrothorax/pneumothorax (5.0%), acute respiratory distress syn-
drome (4.2%), pneumonia (2.9%), and ventilator-associated tracheobronchitis (2.1%). The main risk factors were male gender, age
=60 years, smoking, FEV, <60%, long surgery, no epidural analgesia, and high crystalloid infusion rate.

Keywords: lung surgery, early postoperative period, respiratory complications, cardiovascular complications, systemic complications,
risk factors

Cite this article as: Ibadov RA, Eshonkhodjaev OD, Ibragimov SKh, Turgunov BF. Early postoperative complications following
extensive lung surgery. Innovative Medicine of Kuban. 2024;9(4):7—13. https://doi.org/10.35401/2541-9897-2024-9-4-7-13
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Peztome

AKTyaJIbHOCTh: PacmmpeHHbple XUpypruieckre BMENaTebCTBa UTPAIOT KITFOUEBYIO POJTb B JICUCHUH PA3TUIHBIX 3a00IeBaHuUil JIeT-
KHX, OJHAKO 3TH CJIOKHBIE MTPOIETYPHI CBSI3aHbI C BBICOKMM PUCKOM PaHHUX MOCIEONEePAIMOHHbBIX OCIOKHEHHH.

Henn: OueHuTh pe3yiibTaThl PAHHETO MOCICONePAIIMOHHOTO TIEPHO/Ia XUPYPTUIECKOTO JIeUeHUs OOIbHBIX pa3IMIHBIMU 3a00JICBaAHU-
SIMH JIETKHX C OTIpeJielieHHeM (aKTOPOB PUCKA Pa3BUTHS ITOCICONIEPAUOHHBIX OCIIOKHEHUH.
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Marepuabl 1 MeToabl: [IpeacraBieHbl pe3yabraTbl aHAINM3a MTOCICONEPAIIMOHHBIX OCIOKHEHUH Y 377 MalueHTOB, IepeHec-
LIMX pacIIMpEeHHbIE onepanuu Ha Jierkux. CpenHuii Bo3pacT coctaBmi 45,7+5,2 rona. bonpmas yacte nauuentos (56,0%) nmena
3J10Ka4eCTBEHHBIC MM JOOPOKAaYeCTBEHHbIE OITyXouin Jierkux. Haunbonee yacto npoBoauiauck 10039kToMuu. [THEeBMOHIKTOMUHM CO-
craBuwH 26,5%.

Pesynbrarer: O0mast yacToTa KapJHOBACKYIISIPHEIX OCJIOKHEHHH cocTaBmia 8,2%. Hanbomnblree xoandecTBO HAOIIONAIOCH TTOCTE
ITHEBMOHAKTOMHUH cripaBa (21,7%). PecrimpaTopHble OCIOXKHEHHS 1TOCIIE THEBMOHAKTOMHH crnpaBa coctaBuiu 34,8%. Jlooskromun
1 OMII00PKTOMHMM UMEIM MEHBLIYIO YacTOTy ocioxHeHui (4,4 u 6,3% coorBercTBeHHO). Hanbompliee KoJIM4ecTBO CUCTEMHBIX 0C-
JIO)KHEHUH 3a()UKCPOBAHO TAKXKE I10CIIE ITHEBMOHAKTOMUH cripasa (23,9%), Torna kak J1009KTOMUM UMeNH MeHbIHH puck (4,4%). Y
MAIMEHTOB € IEPBUYHO OITYXOJIbIO JITKUX HAOJII0aI0Ch 3HAYUTEIIBLHO Oobliie ocnoxHeHuH (32,2%) 10 CpaBHEHHIO C ALMEHTAMHU
6e3 onkonoruu (10,8%). OcHoBHBIMU (hakTOpamu prcka Obuti: Mysxckoi o (OLI 1,6; 95% AU 1,1-2,2, p=0,032), Bo3pact >60 et
(OHf 1,9; 95% AU 1,5-2,6, p=0,001) u xypenne (OLI 1,7; 95% AU 1,2-2,5, p=0,019), CPb>3 mr/mn (O 1,8, 95% AU 1,1-2,7,
p=0,015) u ODB1<60% (OL 1,5, 95% AU 1,1-2,2, p=0,042), npomomxurenbHocTh oneparmu >180 mun (O 1,8; 95% AU 1,3-2.3,
p=0,002), npoBeenue aHecTe3nn 0€3 JOMOIHATENLHON nuaypanbHoi aHansresun (OLI=1,5; 95% AU 1,2-2,1; p=0,007).
3akouenne: Yactora OCIOKHEHUH TOCIIE pacIIMPEHHBIX XHUPYPTUYECKUX BMENIATENbCTB Ha JIETKUX coctaBmia 22,8%, ¢ Han-
OOJIBIIUM KOJIMYECTBOM TOCTIC TIPABOCTOPOHHEH THeBMOHAKTOMUH (4,8%), TIIe pecniupaTopHble ocaoKHEeHus npeodnananu (14,1%),
BKJIO4asl ruzporopakc/naeBmoropakc (5,0%), OPIC (4,2%), nueBMonuto (2,9%) u TpaxeoOpPOHXHT, aCCOUMMPOBAHHBII € HCKYC-
CTBEHHOH BeHTWIIsAIMEH serkux (2,1%), a OCHOBHBIMH (haKTOpaMH pUCKa ObUTH MY)KCKOH 1o, Bo3pact =60 net, kypenue, ODPB1
< 60%, JynTenbHas onepanus, OTCYTCTBUE SMULyPaIbHON aHAIbI€31UH 1 BBICOKAsk CKOPOCTh HH(Y3UH KPHCTAJUIOUIOB.

Kniouesnvle cnoea: Xupyprusi JIeTKUX, PaHHHUH MOCICONEPAIIMOHHBIN IEPUO, PECIHUPATOPHBIC OCIOKHCHHS, KapJAHOBACKYJISPHbIC
OCIIO)KHEHUS, CHCTEMHBIE OCJIOKHEHHUSI, ()aKTOPbI prUCKa

HurupoBars: Noanos P.A., Dmonxomkaes O.J., UoparumoB C.X., TypryHoB b.®. OcioxHeHHsT paHHETO I10CIEONEePAOHHOTO
Meprojia Mocie PacIIMPEHHBIX XUPYPrHYSCKUX BMEIIATENLCTB Ha JICTKUX. Mnunosayuonnas meouyuna Kyoanu. 2024;9(4):7-13.
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Introduction

Despite high risk and potential significant early postop-
erative complications, especially in cases of malignant and
benign tumors, extensive lung surgical procedures, such as
lobectomy, pneumonectomy, and complex resections, gen-
erally demonstrate favorable short-term and long-term out-
comes, with a 5-year survival rate of 60% to 70%.!"

Recent studies showed that pneumonectomy has a 5-year
overall survival rate of 65.4%. Furthermore, an analysis of
145 patients who underwent pneumonectomy for malignant
tumors revealed a 30-day complication rate of 41.4% and
a 30-day mortality of 8.3%."%* Studies in patients with non—
small cell lung cancer demonstrated that pneumonectomy
significantly improves both overall and cancer-specific sur-
vival compared with nonsurgical treatment.?

The early postoperative period (typically the first
30 days after surgery) is a critical time when patients are
particularly vulnerable to complications, such as respira-
tory failure, infections, and cardiovascular disorders. Early
detection and effective treatment of these complications are
crucial for improving recovery and ensuring the best out-
comes for patients undergoing extensive lung surgery.

The main risk factors for complications are cardiovas-
cular comorbidities, the leading cause of complications
with an incidence of 54.2%.? Emergency hospitalizations
and systemic postoperative complications also often con-
tribute to adverse outcomes.* Despite the high risks, ex-
tensive lung surgical procedures remain a viable option,
particularly for certain tumor types and stages. The key
to achieving optimal outcomes is careful patient selection
and proper management.

Despite significant advancements in surgery, anesthesiol-
ogy, and postoperative care, the rate of early postoperative
complications remains high. This study aims to analyze the
most common complications following extensive lung sur-

8

gery, identify risk factors for postoperative complications,
and assess the effectiveness of existing prevention and treat-
ment methods. Understanding these factors is essential for
optimizing postoperative care and reducing the complication
rate in patients who underwent thoracic surgery.

Methods

We retrospectively analyzed clinical data of 377 pa-
tients who underwent extensive surgery for various lung
diseases at the Republican Specialized Scientific and
Practical Medical Center of Surgery named after Aca-
demician V. Vakhidov (Tashkent, Uzbekistan) between
January 2009 and December 2022.

The mean age of the patients was 45.7+5.2 years.
Of all patients, 46.2% (n=174) were men, and 53.8%
(n=203) were women. The majority (56.0%, n=211) had
malignant or benign lung tumors. The second most com-
mon disease was bronchiectasis (22.8%, n=86), followed
by echinococcosis (17.0%, n=64). Bronchial disorders
accounted for only 4.2% (n=16).

The most common comorbidity was obesity (15.1%,
n=>57). Body mass index (BMI) ranged from 14.5 to 34.3
(mean, 25.4+3.6). Coronary artery disease was the sec-
ond most common condition (12.7%, n=48), followed
by diabetes (8.2%, n=31), smoking (6.9%, n=26), and
heart failure (2.6%, n=10). Nearly half of the patients had
a Charlson Comorbidity Index score of >5.

As part of preoperative assessment, all the patients un-
derwent general clinical and laboratory examinations.

All surgical procedures were performed by the same
surgical team. The surgery was performed under general
anesthesia combined with one-lung ventilation and in-
volved anatomical lung resection (lobectomy, bilobectomy,
pneumonectomy) and lymph node dissection (during lung
cancer surgery).


https://doi.org/10.35401/2541-9897-2024-9-4-7-13

OpuruHanbHble ctatbi / Original articles

Lobectomy was the most common type of surgery.
Left-sided lobectomy was performed in 33.4% (n=126) of
the patients, and right-sided lobectomy in 30.0% (n=113).
Pneumonectomy accounted for a large number of the pro-
cedures, with left-sided pneumonectomy (14.3%, n=54)
being slightly more common compared with right-sided
pneumonectomy (12.2%, n=46). Bilobectomy, though
less common, comprised 10.1% (n=38) of all procedures.

Postoperative complications were classified as per
Standards for Definitions and Use of Outcome Measures
for Clinical Effectiveness Research in Perioperative Med-
icine developed by the joint task force of the European
Society of Anaesthesiology (ESA) and the European So-
ciety of Intensive Care Medicine (ESICM).’ The compli-
cations were recorded throughout the entire hospital stay
and categorized as cardiovascular (arrhythmias, signs of
myocardial ischemia, thromboembolism), neurological
(stroke, delirium, transient ischemic attack), respiratory
(hydrothorax, pneumothorax, pneumonia, acute respira-
tory distress syndrome [ARDS], ventilator-associated tra-
cheobronchitis), and systemic (bleeding, sepsis, dissemi-
nated intravascular coagulation [DIC], multiple organ
dysfunction syndrome).

To identify risk factors for postoperative complications,
we examined the following:

- Individual and preoperative characteristics of the pa-
tients (gender, age, BMI, American Society of Anesthesiolo-
gists [ASA] score, smoking history, history of preoperative
respiratory infection, forced expiratory volume in the first
second of expiration [FEV ], previous lung surgery, preoper-
ative radiotherapy and/or chemotherapy, preoperative hemo-
globin levels, preoperative C-reactive protein [CRP] levels
>3 mg/dL, and preoperative blood gas levels);

- Characteristics related to surgery and anesthesia. We
analyzed anesthetic management based on specific aspects
of surgery, including the use of inhalation anesthetics or
total intravenous anesthesia, infusion therapy (intraop-
erative crystalloid infusion rate >6 mL/kg/h, total volume
of intraoperative crystalloids and colloids), transfusion

Table 1

Patient distribution based on the extent of lung surgery
Tabnuua 1

PacnipenesieHue nanMeHToB B 3aBHCHMOCTH OT 00beMa
XMPYPIrHH JIETKOI'0

Surgery type Total (n=377)
Right-sided pneumonectomy 46 (12.2%)
Left-sided pneumonectomy 54 (14.3%)

Bilobectomy 38 (10.1%)
113 (30.0%)

126 (33.4%)

Right-sided lobectomy

Left-sided lobectomy

therapy (red blood cells and fresh frozen plasma), and the
need for intraoperative vasopressor agents. Furthermore,
mechanical ventilation settings during one-lung ventila-
tion were analyzed.

Statistical analysis was performed using SPSS, ver-
sion 23 (IBM Corp, USA). Nonparametric Mann-Whit-
ney tests were used to compare variables between groups,
with statistical significance set at P<.05. Multivariate
analysis was conducted using logistic regression.

Results

The rate of cardiovascular complications was 8.2%
(31 of 377). The highest number of complications was
observed after right-sided pneumonectomy (21.7%): high
rates of arrhythmias (8.7%:; 4 of 46) and stroke (6.5%; 3 of
46) in particular. Lobectomy and bilobectomy showed
significantly lower complication rates (Table 2).

Pneumonectomy had the highest number of respira-
tory complications (34.8% for right-sided pneumonecto-
my and 29.6% for left-sided pneumonectomy), including
hydrothorax/pneumothorax, pneumonia, and ARDS. Bi-
lobectomy and lobectomy showed fewer complications,
with lobectomy presenting a significantly lower risk
(4.4% for right-sided lobectomy and 6.3% for left-sided
lobectomy) (Table 3).

Table 2
Cardiovascular and neurological complications
Taonuua 2
KapaunoBackynasipHbie H HEBPOJOTHYECKHE OCI0KHEHUS
Surgery type Stroke Arrhythmias Signs of MI TE Total
Right-sided pneumonectomy (n=46) 3 (6.5%) 4 (8.7%) 3 (6.5%) 0 (0.0%) 10 (21.7%)
Left-sided pneumonectomy (n=54) 1 (1.9%) 5(9.3%) 3 (5.6%) 0 (0.0%) 9 (16.7%)
Bilobectomy (n=38) 0 (0.0%) 2 (5.3%) 1 (2.6%) 0 (0.0%) 3(7.9%)
Right-sided lobectomy (n=113) 0 (0.0%) 3 (2.7%) 0 (0.0%) 1 (0.9%) 4 (3.5%)
Left-sided lobectomy (n=126) 2 (1.6%) 3 (2.4%) 0 (0.0%) 0 (0.0%) 5 (4.0%)
All procedures (n=377) 6 (1.6%) 17 (4.5%) 7 (1.9%) 1 (0.3%) 31 (8.2%)

Note: MI, myocardial ischemia; TE, thromboembolism

IHpum.: M1 — mmemus muokapaa; TE — TpomO0oaMO0THst
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Table 3
Respiratory complications
Tabnuua 3
PecniuparopHble 0C/10KHEHHS
Hydrothorax/ q 7
Surgery type Pneumothorax Pneumonia Tracheobronchitis ARDS Total
Right-sided pneumonectomy (n=46) 7 (15.2%) 3 (6.5%) 2 (4.3%) 4 (8.7%) 16 (34.8%)
Left-sided pneumonectomy (n=>54) 6 (11.1%) 3 (5.6%) 3 (5.6%) 4 (7.4%) 16 (29.6%)
Bilobectomy (n=38) 3 (7.9%) 2 (5.3%) 1 (2.6%) 3 (7.9%) 8 (21.1%)
Right-sided lobectomy (n=113) 2 (1.8%) 1 (0.9%) 1 (0.9%) 1 (0.9%) 5 (4.4%)
Left-sided lobectomy (n=126) 1 (0.8%) 2 (1.6%) 1 (0.8%) 4 (3.2%) 8 (6.3%)
All procedures (n=377) 19 (5.0%) 11 (2.9%) 8 (2.1%) 16 (4.2%) 53 (14.1%)

Note: ARDS, acute respiratory distress syndrome

Ipum.: ARDS — ocTpblil pecipaTopHBIi TUCTPECC CHHAPOM

Pneumonectomy was also associated with a high risk
of systemic complications. The highest number of sys-
temic complications was observed after right-sided pneu-
monectomy (23.9%). Both right-sided and left-sided lo-
bectomy had significantly fewer systemic complications
(4.4% and 3.2%, respectively) compared with pneumo-
nectomy and bilobectomy (Table 4).

Hospital mortality and outcomes of postoperative
complications were influenced by several serious factors.
Sepsis (2.4%; 9 of 377) resulted from pneumonia, leading
to septic shock and multiple organ dysfunction syndrome.
DIC (2.1%; 8 of 377) occurred against the massive blood
loss, accompanied by microthrombosis and bleeding. As
aresult of all these complications, mortality reached 3.2%
(12 of 377), with severe cases of sepsis, DIC, tracheo-
bronchitis, and ARDS.

A total of 86 patients (22.8%) had early postoperative
complications. Significantly more complications were ob-
served in the patients who underwent surgery for primary

lung tumors (32.2%; 68 of 211) compared with those
without cancer (10.8%; 18 of 148). For this reason, we
conducted further statistical analysis of this subgroup.

Findings of univariate analysis comparing the demo-
graphic and preoperative clinical characteristics of the pa-
tients with and without complications revealed that male
gender, age above 60 years, smoking history, history of
respiratory infection less than a month before surgery,
baseline CRP level >3 mg/dL, and FEV, <60% are po-
tential risk factors for complications after extensive lung
surgery (Table 5).

Significant intraoperative risk factors included sur-
gery duration exceeding 180 minutes, pneumonectomy,
increased intraoperative blood loss, intravenous infusion
volumes of crystalloids >6 mL/kg/h, need for intraopera-
tive blood transfusion, anesthesia without additional epi-
dural analgesia, and use of low positive end-expiratory
pressure values (<5 cm H,0O) during one-lung ventilation
(Table 6).

Table 4
Systemic complications
Taénuya 4
CucreMHBIEe 0CJI0KHEHHUS
Surgery type Bleeding Sepsis DIC MODS Total
Right-sided pneumonectomy (n=46) 2 (4.3%) 2 (4.3%) 3 (6.5%) 4 (8.7%) 11 (23.9%)
Left-sided pneumonectomy (n=>54) 2 (3.7%) 1 (1.9%) 2 (3.7%) 2 (3.7%) 7 (13.0%)
Bilobectomy (n=38) 2 (5.3%) 3 (7.9%) 1 (2.6%) 2 (5.3%) 8 (21.1%)
Right-sided lobectomy (n=113) 0 (0.0%) 1 (0.9%) 2 (1.8%) 2 (1.8%) 5 (4.4%)
Left-sided lobectomy (n=126) 0 (0.0%) 2 (1.6%) 0 (0.0%) 2 (1.6%) 4 (3.2%)
All procedures (n=377) 6 (1.6%) 9 (2.4%) 8 (2.1%) 12 (3.2%) 35(9.3%)

Note: DIC, disseminated intravascular coagulation; MODS, multiple organ dysfunction syndrome

Ipum.: DIC — qucceMuHHpOBaHHOE BHyTpHUCOCyaucToe cBepThiBaHue; MODS — cuHapoM nonnopraHHoi HEJOCTaTOUHOCTH
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Table 5

Univariate analysis of individual preoperative
characteristics

Tabnuua 5

OaHOMepHBI aHAJIN3 WHANBHIYAJIbHBIX
Npe1onepanuoOHHbIX XapaKTePUCTHK

Table 6

Univariate analysis of characteristics related to surgery
and anesthesia

Tabnuua 6

OnHOMepHBIH aHAJIU3 XaPAKTEPUCTHK, CBA3AHHBIX

¢ XHPYPru4eckKuM BMeLIATeJIbLCTBOM H aHecTe3Hneil

Notes: ASA, American Society of Anesthesiologists; BMI,
body mass index; CRP, C-reactive protein; FEV, forced ex-
piratory volume in the first second of expiration

Ipum.: ASA — American Society of Anesthesiologists; BMI —
unjexc mMaccel Tena; CRP — C-peakrusnerii Genok; FEV —
00beM (popcupOBaHHOTO BBIOXA 32 IEPBYIO CEKYHy MaHEBPa
(hopcrpoBaHHOTO BBIAOXA

The multivariate logistic regression analysis revealed
significant risk factors related to patients: male gender
(odds ratio [OR], 1.6; 95% CI, 1.1-2.2; P=.032), age
>60 years (OR, 1.9; 95% CI, 1.5-2.6; P=.001), and smok-
ing (OR, 1.7; 95% CI, 1.2-2.5; P=.019). Significant pre-
operative risk factors included CRP levels >3 mg/dL (OR,
1.8;95% CI, 1.1-2.7; P=.015) and FEV, <60% (OR, 1.5;
95% ClI, 1.1-2.2; P=.042). The surgical risk factor, sur-
gery duration >180 minutes, (OR, 1.8; 95% CI, 1.3-2.3;
P=.002) significantly correlated with the occurrence of
complications.

Two anesthesia-related risk factors showed signifi-
cant correlation with complications in the multivariate
logistic regression analysis: anesthesia without additional
epidural analgesia (OR, 1.5; 95% CI, 1.2-2.1; P=.007),

No With P No With
Indicator complications | complications value Indicator complications | complications | P value
(n=143) (n=68) (n=143) (n=68)
Individual characteristics Characteristics related to surgery
Male gender 80 (55.9%) 48 (70.6%) <.001 Surgery‘ duration 26 (18.2%) 25 (36.8%) 006
Age (years) 554473 597+82 | .001 12)180 min T IY T ReTe e
> 60 years 38(26.6%) | 22(32.4%) | .001 : ie“m"net‘ftomy (23.8%) @4.1%) | -
ntraoperati
BMI 25.6+6.1 25.8+59 658 blooc(i)rl)sss (;]neL) 420.6+22.8 534.5+£26.7 .0014
<19 7 (4.9%) 4 (5.0%) .549 Characteristics related to anesthesia
>30 28 (19.6%) 14 (20.6%) 959 Volume
1 o, o
Smoking 31217%) | 24(353%) | 007 | | orenstloid oh 96 (67.1%) | 58(85.3%) | .006
Neoadjuvant therapy Intraoperative
102 (71.39 2.49 .
Radiotherapy 17 (11.9%) 9 (13.2%) .061 Vasopressor agents 02 (71.3%) 56 (82.4%) 085
Chemotherapy 15 (10.5%) 7 (10.3%) .627 Intraoperative 4 (2.8%) 8 (11.8%) 021
- — blood transfusion
Preoperative characteristics Intraoperative
. ) o,
R‘}SPIFMO{Y N plasma transfusion 2 (14%) > (7.4%) 025
intection less than :
a month before 6 (4.2%) 7(103%) | .01 ecrf’i‘c’lﬁ?;"a“;algesia 96 (67.1%) | 33(48.5%) | .015
surgery
One-lung
CRP >3 mg/dL 102 (71.3%) | 58(853%) | 004 | | (o hilation with 64 (44.8%) | 44(647%) | o1
Hemoglobin (g/L) 114+£3.2 116+3.4 .866 PEEP <5 cm H,0
pH 742+0.03 7.42+0.,04 272 Note: PEEP, positive end-expiratory pressure
PaO, (mm Hg) 86.3+9.1 84.4+8.9 723
Ilpum.: PEEP — nonoxutenbHo€e 1aBjaeHHE KOHIIA BbIAOXA
PaCO, (mm Hg) 37.4+4.38 36.8+£5.2 24
FEV, <60% 22 (15.4%) 16 (23.5%) | <.001

Male gender Izlm—i
Age >60y e
Smoking E==1T
RP >3 mg/dL. =18,
FEV, <60% mmmme==1S
Surgery duration >180 min I:Ili
No additional epidural analgesia E&
Intraop crystalloids >6 mL/kg/h Ez—|

Postsurgical endotracheal intubation | =

0dds ratio '

Figure. Multivariate stepwise logistic regression analysis of in-
dividual and procedure risk factors for postoperative complica-
tions in patients with primary lung tumor lesions (odds ratios
and 95% Cls are shown)

Pucynok. Mnozomepnwiii nowiazoulii 102ucmudeckull peepec-
CUOHHBIU AHANU3 UHOUBUOYATILHBIX U NPOYEOYPHBIX PAKMOpPO8
PUCKA pa3sumusi ROCIeONEePAYUOHHBIX OCTLONCHEHUL Y Nayu-
€HMO8 ¢ NEPEUYHBIM ONYXOLEGbIM NOPAIICEHUEM JLe2KUX (No-
kazanwl OLL u npedenvt nocpewnocmu coznacno 95% /[H)
Note: CRP, C-reactive protein, FEV , forced expiratory
volume in the first second of expiration

IIpum.: CRP — C-peaxtunblii 6enok; FEV — o0bem dopcu-
POBAHHOTO BBIJIOXA 3a TEPBYIO CEKyHIy MaHeBpa (opcupo-
BaHHOTO BBII0XA
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prolonged mechanical ventilation (OR, 2.4; 95% CI, 1.4-
4.8; P=.001), and intraoperative crystalloid infusion rate
>6 mL/kg/h (OR, 2.0; 95% CI, 1.5-2.9; P=.001).

Discussion

Preserving maximum amount of lung parenchyma
during extensive lung surgery is now a favorable factor
for maintaining patient’s quality of life, provided that
oncological principles of surgery are observed. Most sur-
geons and intensivists prove it in practice, based on physi-
cal examination and imaging methods after surgery. Thus,
lung-preserving surgery is currently the surgery of choice
when the radicality of surgery can be maintained.®”

Lobectomy is associated with lower morbidity and
mortality compared with other major surgical procedures.
Studies show that the 30-day mortality rate for lobectomy
is significantly lower than those for bilobectomy or pneu-
monectomy. '

Bilobectomy may be required for more extensive tu-
mors but carries higher risks. The 30-day mortality rate of
bilobectomy is comparable to left-sided pneumonectomy
but significantly worse compared with lobectomy. Fur-
thermore, the overall morbidity for bilobectomy is higher
than that after lobectomy.’

Pneumonectomy is characterized by a high rate of
complications. The 30-day mortality rate is 8.3%, where-
as the 90-day mortality rate reaches 17.2%.2 The main
factor increasing the risk of complications is the presence
of cardiovascular comorbidities.*¢

Although lobectomy generally provides better out-
comes, the need for more radical procedures, such as bi-
lobectomy or pneumonectomy, may arise depending on tu-
mor characteristics. This underscores the importance of an
individualized approach and choice of a surgical strategy
based on the unique disease profile and patient condition.

The prevalence of variables affecting the risk of car-
diopulmonary complications has changed over time.
Some authors consider age to be an important risk factor
for morbidity after lung resection.?%!!

Heart failure development after pneumonectomy is
explained by a significant increase in mean pulmonary
artery pressure. A strong direct correlation between in-
creased mean pulmonary artery pressure after pneumo-
nectomy and plasma NT-proBNP concentration has been
identified."

Atyukov et al (2023) reported that high Charlson Co-
morbidity Index, surgery via thoracotomy, emphysema-
tous changes, adhesions, and absence of interlobar fis-
sures were independent unfavorable prognostic factors
for early postoperative complications. !

Such lung surgical procedures as lobectomy, bilobec-
tomy, and pneumonectomy play a key role in treating lung
diseases and have varying impacts on postoperative mor-
bidity. Understanding the differences in their outcomes is
crucial for preoperative risk assessment and subsequent
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patient management. Given the complex anatomy of the
thorax and the significant physiologic impact of lung
tissue resection, postoperative complications can lead
to prolonged hospitalization, increased mortality, and
poorer long-term treatment outcomes.

Conclusions

Our findings showed that the complication rate af-
ter extensive lung surgery was 22.8%, with the high-
est rate following right-sided pneumonectomy (4.8%).
Among these complications, respiratory complications
accounted for 14.1%, with hydrothorax/pneumothorax
(5.0%), ARDS (4.2%), pneumonia (2.9%), and ventila-
tor-associated tracheobronchitis (2.1%) being the most
common.

As indicated by the multivariate logistic regression
analysis, the main risk factors for postoperative complica-
tions after extensive lung surgery were male gender (OR,
1.6; 95% CI, 1.1-2.2; P=.032), age >60 years (OR, 1.9;
95% CI, 1.5-2.6; P=.001), and smoking (OR, 1.7; 95%
CI, 1.2-2.5; P=.019), CRP >3 mg/dL (OR, 1.8; 95% ClI,
1.1-2.7; P=.015) and FEV, <60% (OR, 1.5; 95% CI, 1.1-
2.2; P=.042), surgery duration >180 minutes (OR, 1.8;
95% CI, 1.3-2.3; P=.002), anesthesia without additional
epidural analgesia (OR, 1.5; 95% CI, 1.2-2.1; P=.007),
prolonged mechanical ventilation (OR, 2.4; 95% CI, 1.4-
4.8; P=.001), and intraoperative crystalloid infusion rate
>6 mL/kg/h (OR, 2.0; 95% CI, 1.5-2.9; P=.001).
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Pezrome

AKTyasnbHOCTB: Bpoxennsie nopoku cepana (BIIC) —ato oxuu u3 Hanbosee pacnpocTpaHEHHBIX MOPOKOB Pa3BUTHS I1JI01a, KOTO-
pble BeTpedaroTes ¢ yactotoit 5-9 Ha 1 Teic. HoBopoxaeHHbIX. BIIC pa3zBuTus 3aHMMAa0T BTOPOE MECTO CPeid MPHYHMH MJlaIeHUeCKOM
CMEPTHOCTH U COCTABISIOT 47% BCEX MPUUUH CMEPTH OT IIOPOKOB PA3BUTHSL.

OCHOBHBIM METOJIOM OILIEHKHM aHaToMuM U (pyHKImu cepaua spisercss 2D V3. TexHonoruu HCKyCCTBEHHOTO MHTEIUIEKTa ITPEBOC-
XOJIHO CHPABIISAIOTCS C PacIoO3HaBaHUEM M300pakeHHH, 3TO MO3BOJIAET OBICTPO CKAHUPOBATh U aHAIM3UPOBATh BU3YaIIbHYIO HH(OP-
MAIHIO, @ TAK)KE YCKOPUTH M YIPOCTUTH MPOIECC YABTPA3BYKOBOH THAarHOCTHKH.

Bo Bcex mporpammax uckyccrBeHHoro unresiekra (M), npumenseMbIx B akyllepcTBe, UCIONIb3YIOTCS CTaTHYECKUE KaJpbl. B Ha-
nieit pabore, npoeneHHoi Ha 6aze PI'BY «HMULL AT'TI um. akan. B.U. KynakoBa» B 2022—-2023 rr., MBI HCIIOJIb30BaIH BUIeO(aii-
JIbl, BKJIFOYAIOIIUE OT OJTHOTO JIO ISITH CTAaHJAPTHBIX CPE30B Cep/lia Ha KaX10To IUI0AA.

Heanb nccaenoBanusi: Coznanue Habopa TaHHBIX Ui pazpadotku UM -cepBuca, noBblaroniero kadectso auaroctuku BIIC muiona.
3anaua paborei: ©opMupoBaHne aaropuT™Ma ocMoTpa cepana mioxa mpu momommy M. Tlomydennoe B pesynsrare MEIUIMHCKOE 3a-
KITFOYEHHUE MOIJIO OBITH B OTHOM M3 JIBYX BapHAHTOB: «HOpPMay» — IpaBuibHoe cTpoenue cepana (BIIC ner); «He HopMay — HEIIpaBUIIBHOE
cTpoenue cepaua (Henb3st uckimounth Hamuuue BIIC), pexomenioBaHa paciiMpeHHast sxokapauorpadus miozna B Kparyaiiie CpoKH.
Metonpbl: VccnenoBanue mpoBoauiIoch Ha cpoke OepemenHoctu 18-21 nenens. Kaxxnoe nucceienoBanue Ha OIHOTO MAllMEHTa COZIEP-
a0 Buieo(daiibl ISTH CTaHAAPTHBRIX IpoeKiuid cepana. Kaxasiii cpe3 npencrasien He MeHee 25 kaapamu. Bepudukarms Obuia
BBINIOJIHEHA [Ty TEM MOJATBEPKICHUS/M3MEHEHH S TNarH03a BPA4OM-OKCIIEPTOM, a TAK)KE MOATBEPIKACHHEM IMArHO3a MOCIIE POXKIACHHS.
3akJ0uenne: B pesynbrare BhIIOIHEHUS paboT 3a/7a4a ONpEAEICHHs 30H TPYAHON KISTKU U Cepla IUIo/a PelieHa ¢ TOYHOCTHIO
~98%; 3aaua KiaccuuKaMy cpesa cepAla Ha Kape pelieHa ¢ TOUHOCThI0 ~82%, 3a1aua ONpe/IesIeHNs IaTOIOTHH Ha Cpe3ax cep-
11a pelIeHa ¢ TOYHOCThIO ~77%.

Kntouegvie cnosa: BpoxxJeHHBIE IOPOKU CEPALIA, HCKYCCTBCHHBIH HHTEIUIEKT, (peTatbHast 9XOKapanorpadus

Lumuposams: boxepus E.JI., Slnnaesa H.E., Cenua A.H., Merenkun I1.B., IOpuenko O.B. MckyccTBeHHBIN HHTEIUICKT B (peTallb-
HOU axokapuuorpadun. Munosayuonnas meouyuna Kyoanu. 2024;9(4):14-20. https://doi.org/10.35401/2541-9897-2024-9-4-14-20
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Abstract

Background: Congenital heart diseases (CHD) are one of the most common birth defects, occurring in 5-9 per 1000 newborns. CHD
are the second leading cause of infant mortality and account for 47% of all causes of death from birth defects.

The main method for assessing the anatomy and function of the heart is 2-dimensional ultrasonography. Artificial intelligence (Al)
technologies are great at recognizing images, thus facilitating quick scanning and analysis of visual information in order to speed up
and simplify the diagnostic ultrasonography.

All AT software for obstetrics use static images. In our study conducted at the National Medical Research Center for Obstetrics, Gy-
necology and Perinatology named after Academician V.I. Kulakov (Moscow, Russian Federation) in 2022-2023, we used video files
including 1-5 standard heart views for each fetus.

Objective: To create a data set for development of an Al tool that improves the quality of fetal CHD diagnosis and to develop an
algorithm for examining the fetal heart using Al. Resulting medical reports could be either “normal” (correct structure of the heart;
no sign of CHD) or “abnormal” (incorrect structure of the heart; CHD cannot be excluded; extended fetal echocardiography is recom-
mended as soon as possible).

Materials and methods: The examination was conducted at 18-21 weeks’ gestation. Each examination contained video files of 5 stan-
dard views of the heart per patient. Each view is at least 25 frames. Verification was performed by confirming/changing the diagnosis
by a physician and confirming the diagnosis after birth.

Conclusions: As a result, the task of determining zones of the fetal chest and heart was solved with an approximate accuracy of 98%;
the task of classifying the heart view on the frame was solved with an approximate accuracy of 82%, and the task of determining the

disease on the heart views was solved with an approximate accuracy of 77%.

Keywords: congenital heart diseases, artificial intelligence, fetal echocardiography
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BBepeHne

Bpoxnennsie nopoku cepana (BIIC) — sto omnm
n3 Hambojee pacHpOCTPAaHEHHBIX MOPOKOB DPA3BUTHUS
I1J10/1a, KOTOPbIE€ BCTPEUAIOTCA ¢ 4acToTor 5—9 Ha 1 ThIC.
HOBOPOXJICHHBIX [ 1-3].

BIIC pa3Butus 3aHUMAOT BTOPOE MECTO Cpeau MpU-
YUH MJIQJICHYECKOM CMEPTHOCTH MU cocTaBisitoT 47%
(12,2 na 10 TBIC. POXMBIINXCS JKUBBIMH) BCEX MPUYMH
CMEPTH OT IOPOKOB pa3BUTHA [4].

@axTtuuecku He MeHee 60% ciydaeB BIIC Tpelyror
XUPYPTrUUecKON KOPpPeKUUH, U U3 HuX 25% SBIAIOTCS
Kputuueckumu [3, 5].

BrrknBaeMocTh neTel, 00beM M KaueCTBO MEIUIIMH-
CKOIl TOMOIIHM, OKa3bIBAEMOW B pPaHHEM HEOHATAIFHOM
nepuose HoBopoxkaeHHbIM ¢ BIIC, 3aBucsaT oT BpeMeHU
MIOCTaHOBKH AMArHO3a U TSHKECTU MATOJIOTHH. PaHHSs qu-
arHOCTHKA ITOPOKOB CepAla y TUIOJA, TOAJAFOIINXCS XH-
PYPrudyecKoi KOPPEeKIUU, CHUKACT PUCK MepUHATAaIbHON
3a0071€BaEMOCTH ¥ CMEPTHOCTH [6, 7].

Taxke mpeHaranbHas TUATHOCTHKA MOPOKOB cepiia
IJI0a MPEJOCTABISICT CEMbSM €Ille 0 POXKACHUS BaXK-
HYI0 HH(OPMAIHIO O INATHO3€, ITOTEHIINAILHBIX BapHaH-
Tax JICYCHHSI, TAKTHKE BEACHUS U MapIIPyTH3AINN peOeH-
Ka MOCJIE POXKACHUS, YTO MOXKET 3HAYUTEIHHO YAYUIIUTh
MTOKa3aTeN BEDKHBAEMOCTH JETEH.

OCHOBHBIM METOJIOM OLIEHKU COCTOSIHUS ILI0/1a, B TOM
qycie aHaTOMHMU M QYHKIUM cepana, ssisercs 2D Y3U
M3-32 HU3KOM CTOMMOCTH, HIMPOKOM JOCTYIHOCTH, BO3-
MOKHOCTH TPOBEICHUS UCCICIOBAHUS B PEKUME pealb-
HOTO BPEMEHM M OTCYTCTBHUS BpeIHOTro M3mydeHus [8].
B Hactosimee Bpemsi B OOJNBIIMHCTBE CTpaH Ipejyiara-
eTcsl XOTsI OBl OFHO IJIAHOBOE YABTPA3BYKOBOE HCCIIC-
JIOBaHWE TPHMEPHO B CepelrHe OepeMEHHOCTH, MEXIY
18 m 22 menmemsimu Oepemennoct [9]. B Poccwuiickoit
®enepanun, cornacHo Ilpukazy Ne 1130 v Munzapasa

Poccun, mpoBenenue 2-ro ynbTpa3ByKOBOTO CKPUHUHTA
mpu cpoke 19-21 Hemenst OepeMeHHOCTH SBIAETCS 004-
3aTeNIbHBIM.

Jns aHanW3a aHATOMUM Cep/lla Ha OCHOBAaHMH PEKO-
MeHJauui MexIyHapoaHOro o0IIecTBa yJIbTPa3ByKOBOH
JUAarHOCTHKH B aKylepcTBe U ruHekosorud (International
Society of Ultrasound in Obstetrics and Gynecology,
ISUOG) (2023) BKIIIOYEHBI ISATh CTAHAAPTHBIX MPOEKIIUN
cepma u, 1o JTaHHBIM MHPOBOI JINTepaTypsl, pu coOITro-
JEHUU [IPABUII BBIBEICHUSI 3TUX CPE30B BO3MOXKHOCTD JAH-
araoctuku cioxHbIX BIIC cocrasnser 90% [10, 11]. On-
HAKO Ha MPAKTHUKE YYBCTBUTEIBHOCTb COCTABIISET BCETO
30% [12, 13]. 1 naxe Tam, rae npoBOAUTCS IKCIEPTHOE
YJIBTPa3ByKOBOE MCCIICIOBAHME IUIOAA, CHEUU(pUIHOCTD
TaKKe HeoNTUMalbHa B cocTasiisieT Bcero 40—50% [12].

KauecTBeHHast OlleHKa aHATOMHW CHIIBHO 3aBHCHUT
OT IMMOATOTOBKH, HABBIKOB M OIbITa crieruanucta [12—15].
B GompmmaCcTBE citydaeB npomnymieHHbx BIIC 160 m3o-
OpakeHHe cep/la IJI0/a MOJyYeHO HEMpaBUIbHO, JTUOO
nedekT He OBUT pacio3HaH BpadyaMu U omeparopom [16].
Kpome Toro, B oTnaneHHbIX pailoHax HE XBaTaeT XOpo-
110 TIOATOTOBJICHHBIX BpadeH, 4To JeNIaeT HEBO3MOKHBIM
WJIN MaJIO BBIIOJIHUMBIM IIPOBEICHUE 3XOKapauorpaduu
Ioza.

[lpumenenne wuckycctBeHHOro uHTeekTa (MN)
B DXOKapauorpauu B HACTOAIIEE BPEMS LIMPOKO H3-
ydaeTcs W B TOCIEIHUE TOBI CTaJI0 TOpSYe TOUKOH Hc-
CJIEZIOBaHUH, MOCKOJIBKY 3TO MOYKET ITOMOYb ONTHUMHU3H-
pOBaTh AMArHOCTHYECKUH MOTEHIINAI 3XOKApIUOTpapuH,
n30ekaTh HEHYKHBIX HUCCIIEIOBAHUI U B LI€JIOM CHU3HUTh
CTOMMOCTDH BEJCHHUS TALMEHTOB C MATOJOTHEel cepiedHo-
cocynuctoi cuctemsi [17].

Texnonorus UM npuMeHseTCs B UCCIAEIOBAHUU CEPI-
11a B3pOCJIOTO YeIoBeKa JiIsi 00pabOTKH HECKOIBKHX MO-
JANbHBIX M300pa)KeHUl, TaKUX Kak BCIIOMOTaTelbHas
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aJIEKTpoKapauorpaduueckass auarHoctuka [18], kom-
netotepHas tomorpadust (KT) cepaua [19] u pamguo-
HyKIHIHAS Bm3yanm3anus nepdy3unm muokapaa [20].
B ynerpa3BykoBOil TMarHOCTUKE COCTOSHHS CEp/IEYHO-
COCYIMCTOMN CUCTEMBI B3POCIIBIX JIIOACH TaKoKe OBLIH MPH-
MEHEHBI BOBMOKHOCTH aBTOMAaTHUECKOH 00padOTKH HM30-
Opaxxennii [21-23]. Ha ceropHsAIIHUI 1eHb CYIIECTBYIOT
CHENMATU3UPOBAHHBIC KapJNOJIOTHYECKHE IPOrPaMMBbI
Ha ocHoBe MU Ha ynpTpa3BykoBbIX mpubopax: Caption
Guidance (Caption Health, CIIIA) u UltraSight (13pa-
wib), EchoGo (Ultromics, CIIIA), KoTopble Jal0T Bpayam
MIOIIATOBBIE WHCTPYKIHU II0 YBEPEHHOMY ITOIyUCHUIO
VIBTPA3BYKOBBIX M300pa’kKeHUH MJIs1 OIICHKH COCTOSHUS
cepara.

Hakoner, HegaBHO METOIBI MAIIMHHOTO OOYYCHHS
CTaJIH MIPUMEHSTHCS IS YITY9IICHUS TpeHaTaTbHON ara-
THOCTHKH BPOXKJICHHBIX ITOPOKOB cep/ia. L. Yeo u coasr.
(2013) mpencraBuiIn MHTEIUICKTYyadIbHBIA METO HABHUTa-
nuu mon HazBanueM FINE (Fetal Intelligent Navigation
Echocardiography), mo3BoJisttoriuii aBTOMAaTHUYECKH I10-
Jy4aTh pa3IUYHbIC dXOKapAHOrpaduIecKue aHATOMUYE-
CKHe M300paKeHUS CepIIia TUIOIA ¥ BBISABISTH aHOMAJIAN
B aHaToMuH cepana [24].

B HEeCKOMBKUX HCCIEIOBAHUAX COOOIIAIOCh 00 yCIel-
HBIX pes3ynbTarax, Kacarommxcs crnocodnoctn MU cer-
MEHTHPOBaTh, KilaccuUIMpoBarh 1 o0HapyxuBarb BI1C
Ha OCHOBE MEAMLMHCKUX H300pakeHui [25-28]. Omna-
KO B OONBIIMHCTBE pabOT BOMPOCH aHATHM3a BHYTpPHUKA-
MEPHBIX TpaHUI] CepJlla OCTAIOTCS HepeneHHbIMU [26].
[peapayinue uccae0BaHusI peIiaraii U3BJIeKaTh U30-
OpakeHHUs cep/a IMyTeM BBIOOpa MOAXOIAIINX o0macTeit
nntepeca (Region of Interest, Rol) [21]. [Ipu 5TOM B 3KC-
MEPUMEHTE METOJIbI OOHAPYKEHUS UCCIIEIYEeMbIX 00bEK-
TOB Pa0OTAIOT TONBKO JJISI OJHOTO Cpe3a-KaHIuaaTa, ux
TPYIHO PeaM30BaTh ISl OOHAPYKECHUS HECKOJIBKUX Cpe-
30B-KaH/IMJIATOB.

S. Nurmaini u coasrt. (2021) pekoMeHI0BaIHN CleIaTh
sxXoKapanorpaduio 1miona aBToMaTHYecKoil. B mccnermo-
BaHUM MPEJIaraeTcsi KOMIIBIOTEpHAs dXOKapauorpadus
cepIra Toa Ha OCHOBE TITyOOKOTO OOyYEHUSI C MCTIONb-
30BaHUEM ITOJIXO/Ia CETMCHTAIMU 3K3EMIUIIPOB, KOTO-
PBI IO CBOGH CYTH CETMEHTHPYET YeThIPe CTaHIapTHBIX
M300pakKeHUsT cepAla W OTHOBPEMEHHO OOHAPY)KHBaeT
nedexT. ABTopsl ncronb3oBaiu 1149 n3o0pakeHnii HOp-
MausbHOTO cepaia mioaa (6e3 BIIC) B ueThipex cranaapt-
HBIX Cpe3ax cepAla IUIoAa U B TPEX CIydasX BPOXKICH-
HOTO TIOpOKa cepima. Pesymbrar mokasai, 94To IMpezio-
YKEHHasi MOJIeJIb UMEET yJIOBIETBOPUTEIILHBIE PE3YJIBTAThI
MIPU CETMEHTALMU CTAaHAAPTHBIX CPE30B: IEPECEUCHUE
Mo 00BENMHEHHIO cOCTaBmIO 79,97%, a cxomcTBO K0d(h-
¢unmenta Jlaiica — 89,70%. Taxke ObUIH MTOTYYEHBI XO-
porue pe3ynsrarsl mpu obHapykerun BIIC co cpenneit
TOYHOCTHIO OkoJIo 98,30% nsnsi Bapuauuii BHYTpU HU30-
OpakeHu# y onHoro mnarueHTa u 82,42% nyis Bapuanui
MeX Iy manueHTamu [28].
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B xone HenmaBHero mccienoBaHUsl OONBIIOTO o0beMa
nmaaHbIX R. Arnaout u coasr. (2021) pa3paboranm ancamOIb
HEHPOHHBIX CeTel AJIs ONPEICTICHUS PEKOMEHTYEMbIX H30-
OpaskeHMIA cepara M TUarHoCTHKH ciIokHBIX BIIC, koTo-
pBIIl AOCTUT YyBCTBUTENBHOCTH 95% 1 crienn(puuHOCTH
96%. D10 uccnenoBaHUE TaKXke IMPOJEMOHCTPUPOBAIIO,
9TO KIacCU(UKATOP MIPUHUMAI PEIICHUS Ha OCHOBE KJIH-
HUYECKH 3HAYMMBIX 0COOCHHOCTEW M300pa)XKeHHid, a Tpe-
OIIOJICHHE TTPOOJIEM OTCYTCTBHS OITBITA M HU3KOTO KadecTBa
n300paKeHUN OBUIM KITIOYEBHIMH MOMEHTAMH B JIUATHO-
ctuke BIIC ¢ momoltp1o HCKycCTBEeHHOTO nHTeeKkTa [21].

B 2022-2023 rr. B Kurae Takxke NpoBeIeHO HECKOIIb-
KO HcclenoBanuii no npuMmenenuto MU B sxokapauorpa-
¢buum mwiona [29]. Pe3ynpraThl SKCIEpUMEHTOB TIOKA3alH,
YTO HCIOJB30BAHME METOJOB MAIIMHHOTO OOyYeHHUs
mo3BoJisieT A(G(HEKTUBHO HACHTU(DUIIMPOBATH AHATOMH-
YeCKUE CTPYKTYPHI PA3IMYHBIX OTHCIIOB CEpAIa IUIOa
U CYIUTh O COOTBETCTBUM aHATOMUYECKUX CPE30B cepaua
CTaHapTaM HOPMBI, YTO MOXKET J1aTh BpauaMm ¥Y3U Bcno-
MOTaTeNbHYI0 TUATHOCTHUYECKYIO OCHOBY JJISI CKAHHPO-
BaHUS W 3HAYUTEIHHO TOBBICUTH 3(PPEKTHBHOCTE JTUAT-
Hoctuku BIIC mona Bo BpeMsi OepeMEHHOCTH.

Bo Bcex mporpammax M, onucaHHbIX BBIIIE, UCTIONB3Y-
FOTCSI cTaTnieckue Kampbl. OHAKO BHIBEICHUE KaueCTBEH-
HOTo MH(OPMATUBHOIO KaJjpa CTaHIapTHOIO cpe3a cepiia
TUTO/Ia MHOT/IA 3aHMMaeT OOJIbIlle BPEMEHH Bpada, 4eM CO-
XpaHeHHe Busieodaiina ¢ Toi xe rmpoekiueit cepama. Tawke
NpH BUICO(HUKCAIINH KaJIPbI, CBUJIETENTHLCTBYIOIINE O HAITH-
gre BIIC, ¢ Gomblriell BEpOSTHOCTHIO MOMAMYT B TIOJIE 3pe-
Hus aHanm3aropa (Bpada wim IN). B ¢Bsi3u ¢ 3TUM MbI B Ha-
et padore, posenerHor Ha 6aze OI'BY «HMUIL AI'TI
um. B.W. KynakoBa» B 2022-2023 rT., HCIIOIB30BaIM BUJIE-
o(haiiiIbl, BKITIOYAIOIIME OT OJHOTO JIO ISTH CTaHIapTHBIX
Cpe30B cepara, U Buaeodaiin, conepkammii HHPOPMAITUIO
0 PaCTIONIOKEHUH Cep/Ilia U XKeTyAKa y IIIofa.

LUenb nccnegoBaHuns
Coznanne Habopa maHHBIX 11 paspadorkn M-cepsu-
ca, MOBBIIIArOIIEro KauecTBo quarHoctuku BITC miona.

3agaua pa6oTbl

DopMUpOBAHUE ANTOPUTMA OCMOTpa CepAaua IUIofa
npu nomon MU. TlonyyeHHoe B pe3ynabTare MeIUIMH-
CKOE 3aKJIFOYCHUE MOIJIO OBITH B OJHOM W3 JIByX BapHaH-
TOB: «HOpMa» — MpaBwiIbHOE cTpoeHue cepaua (BIIC ner);
«HE HOpMa» — HEIMPaBWIBHOE CTPOCHHUE cepaua (Helb3st
nckmounts Hamnane BIIC), pekomenmoBaHa pacmmpen-
Hasl PXOKaprorpadus II0/a B KpaTUalIie CPOKH.

[Ipeanonaraercs, uro cucrema MM nomxkHa aBToMaTu-
YECKHU MPOBEPSATH:

v/ NOJIHOTY 3alMCH W300pakeHHi cepira BO BpeMs
CKpPUHHHTA IO, 00ECIIeUrBasl 3aliCh BCEX CTaHIApT-
HBIX CPE30B cepala,

v/ OIIEHHMBATh U KOHTPOJUPOBATH KAYECTBO ITUX M30-
OpaxeHuil B coorBeTcTBUU ¢ pekomeHaanusamu ISUOG.
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MaTtepwmanbl u metogbl

UccrenoBanne mpoBommioch Ha 0Oaze PI'BY «Ha-
[UOHAIBHBIA METUITMHCKUN HCCIICIOBATEILCKUN TICHTP
aKylIepCcTBa, TMHEKOJIOTUM U TMEPUHATONOTUU UM. aKa.
B.M. KynakoBa» MuHHcTEpCcTBa 3apaBooXxpaHeHuss Pd
B niepuoz ¢ Hostopst 2023 mo maii 2024 1. (OZHOLIEHTPOBOE).

O0I11e€e KOIMMYESCTBO UCCIenoBaHui coctaBuiio 2016, ko-
JIMYECTBO KaapoB — 659 324 jpg daiinos (puc. 1). Kommae-
CTBO KaJipoB ¢ maromnorueit — 27 886 jpg (13% ot obmiero
KosmyecTBa KaapoB). [Ipu aTom, ecnu x0T Obl ONUH Kajp
B CEpUH KaJPOB OJHOM MPOEKIUU OTMEUCH KaK MaTONOTHS,
TO BCE KJPBI B 3TON CEPUU IPHHUMAIOT KJIACC «TIATOIOTHID».

Becb ncxonusiit HaOOp TaHHBIX OBUT pa3feneH Ha TPU
BBIOOPKHU:

v" oOyuaromias BeiOopka — 459 631 kaap (~70% ot uc-
XOJTHOTO KOJIMUECTBA KaJpOB);

v' BamupanuonHas Beioopka — 100 652 kaxpos (~15%
OT UCXOAHOTO KOJMYECTBA KaIPOB);

v" tecroBas BeIOOpKa — 99 041 xanp (~15% ot ucxon-
HOTO KOJTMYECTBa KaJpPOB).

Kaxmoe mccnenoBaHie Ha OZHOTO TALMEHTa CONEp-
KaJlo BUACO(aiiiIbl CIeTyIONINX MPOSKINI cepaia:

1. Buaeodaiin xemymok-cepaiie, MOATBEPIK A0
MIPaBUJILHOE TTOJIOKEHHUE CEPIIa B TPYIHON KIIETKE.

2. YerslpexkaMepHBIl cpe3 cepaua.

3. Cpe3s uepes Tpu cocylia U Tpaxelo.

4. BBIXOAHOMW TPaKT JIEBOIO KEJIyJ0UKa.

5. BbIXOmHOM TPaKT MPaBOTO KEITYI0UKA.

6. CaruTTalabHBIN cpe3 aopThl WK V-CKaH.

HccnenoBanue npoBoausioch Ha cpoke 1821 Henens.
Kaxnprii cpe3 momkeH ObUT MPENCTaBICH HE MEHEe, YeM
25 xaapamu. lleneBbIM NPU3HAKOM IOJIHOTHI IIPOBEJICH-
HOTO HCCJICNOBAHUS SIBIISUIOCH HAIMYHE BCEX TPEOyeMbIX
CpE30B.

PacnpepeneHune nccnepgoBanuii
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Ka'reropvm nanepoBaHuAa
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be3 natonoruit

Bepudukarus Obu1a BEIIOTHEHA ITyTEM MOATBEPIKIC-
HUS/M3MEHEHHS JIMarHO3a BPauoOM-OKCIIEPTOM, a TaKKe
MIOATBEPKACHUEM AMArHO3a MOCIE POXKICHHUS.

PesynbTtaTthbl

B xozne mpoBeneHHbIX paObOT OBUIM JOCTHTHYTHI Clie-
IYIOIIHE Pe3ybTaThl:

1. B xone Banmmanuu mporecca pa3MeTKy Oblia pas-
paboTaHa METOAOJOTHs, MO3BOJIMBIIAA C(HOPMHUPOBATH
KaueCTBEHHBI HaOOp AAHHBIX, HA OCHOBAHUH KOTOPOTO
OBLTH TIPOBENICHBI BCE JAIbHEHTIIHE paOOTHI 110 00YUCHHUIO
MOJIeTIe KOMITBIOTEPHOTO 3PEHUS 1 OIIeHKe d(PPEKTHBHO-
CTH DTHUX MOJIETICH.

2. OOy4YeHHbIE MOJCIIH BKJIIOYAIOT B CCOS PELICHHMS
IO CJIEAYIOIINM 3a/ladaM:

* OIpeJeNIeHNe 30H TPYAHOM KISTKH 1 cep/lia Mioza;

* OIpEeJeNICHNE CPE30B CEPIa;

* BBIABJICHUE HAJMYM MATOJIOTHH Ha Cpe3ax cepira.

[emekuyus obracmeii niooa

3amaua ompeneseHus 30H TPyAHOM KJIETKH U cepAala
IUTOJIA pelIeHa ¢ TOUHOCThIo ~98% u TpeldyeT 1opaboTKH
TOJBKO B CITydae HEOOXOJMMOCTH MOKPBITHS CHenn(pud-
HBIX TPAaHUYHBIX clTydaeB (Tadm. 1).

Jlemekyus cmanoapmusix npoekyuil cepoya

3ajada KIaccu(UKaUK cpe3a cepAla Ha Kajape pele-
Ha ¢ TOUHOCTBIO ~82% U JJaeT 10CTAaTOYHO XOPOILLIYIO KJlac-
cu(uKanuio cpe3oB, 0COOCHHO IS YETHIPEXKaMEPHOTO
W CarUTTAIbHOTO CPE30B IYTH a0PThI, & TAKKE JI0 OMpesie-
JICHHOM CTENEHH, BEIHOCSIIUI TPAKT U3 JICBOTO JKEITYJOUKa
(left ventricular outflow tract, LVOT) (ta6m. 2).

HaunOomnbiryro Cl0KHOCTh NMPEACTABISIOT cO00il cpe-
361 uepe3 3 cocyaa (3V), BEIHOCSIIUN TPaKT U3 MPABOTO
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400

350

300

250

200

KonnuectBo

150

100 ——

50 —

500 750 1250

Konuyecto KaapoB

1000

Pucynok 1. Pacnpedenenue ucciedosanutl no Hopme, Haiudue namonrocuy cepoya y niood u pacnpeoenenue Koaiuiecmed

Kaopoe

Figure 1. The distribution of examinations according to normal and abnormal (fetal heart disease) findings and the distribution

of the number of frames

17



VIHHOBaLOHHas MeguumHa KybaHu. 2024;9(4):14-20. / Innovative Medicine of Kuban. 2024;9(4):14-20.

Tabnuuya 1
Jerexkuus odJiacreii mioga
Table 1
Detection of fetal zones
Tun mogean Cl'[opom DonoBbIe KANPEI — | DOHOBbIE KANPEI— | b0 iiion | Recall | mAP50 | MAP50-95
onf]/IoU cepaue rpyaHasi KJIeTKa
YOLOs 6e3 pona 0,001/0,3 99,8% 88,5% 0,984 0,984 0,985 0,632
Taébnuya 2
JeTrexuus cTaHAapTHBIX MPOEKUMIi cepala
Table 2
Detection of standard heart views
crienupuIHOCTH TOYHOCTH recall fl-score KoJi-Bo kaipoB
Tor: four chamber 0.957 95,1% 0.952 0.952 15099
Tor: LVOT 0.956 84% 0.905 0.872 6514
Tor: SagitAO 0.999 98,7% 0.947 0.967 2224
Tor: 3V 0.904 64,5% 0.791 0.711 6261
Tar: VScan 0.968 64,2% 0.569 0.603 2980
Tar: RVOT 0.968 61,1% 0.38 0.468 3960

Ipum.: Tor: four chamber — geTsIpexKaMepHBIi cpes;
Toar: LVOT — BeIHOCAIIMIA TPAKT U3 JICBOTO JKEITYI0YKa;
Toar: SagitAO — caruttanbHbIi cpe3 AyTH aopThl;

Tor: 3V — cpe3 uepe3 Tpu cocyna;

Tar: VScan — MecTo COeAMHEHUS a0pThI ¥ apTEPUATBHOTO
MIPOTOKA;

Toar: RVOT — BeIHOCSIIN TPaKT U3 MPABOTO KETYI0IKA

Note: Tag: four_chamber, 4-chamber view;

Tag: LVOT, left ventricular outflow tract;

Tag: SagitAO, sagittal view of the aortic arch;

Tag: 3V, 3-vessel view;

Tag: VScan, junction of the aorta and ductus arteriosus;
Tag: RVOT, right ventricular outflow tract

Taonuuya 3

JleTeKiusi MATOJIOTUU HA CTAHJAPTHBIX Cpe3ax cepana
Table 3

Disease detection on standard heart views

crenupuIHOCTD TOYHOCTH recall fl-score Kon-Bo xagpos
No_pathology 0,471 77,3% 0,931 0,845 24398
pathology 0,931 78% 0,471 0,588 12640

Ilpum.: No_pathology — daiiier 6e3 maronoruu cepia (Hopma)

Pathology — datiner ¢ maronorueit cepamna (ynprpa3pykoBsie puszHaku BIIC)

Note: No_pathology, files with a heart disease (“normal’)

Pathology, files with a heart disease (sonographic signs of CHD)

xkemymouka (right ventricular outflow tract, RVOT)
u VScan (MecTo COCMHEHUs] a0PThl U apTEPHUATBHOTO
MPOTOKA), B CBSI3U C BBICOKOW CTEMEHBIO UX B3aMMHOU
CXO)KECTH W BO3MOXHOCTBHIO HAXOXKICHUS Cpa3y He-
CKOJIbKHX CPE30B Ha OJTHOM Kajpe.

/lemexyusa namonozuu Ha CMaHOaApPMHBIX CPE3ax cepoua

3amaua KIacCUPUKANK HAJIMIMS OTKIIOHCHUI Ha cpe3ax
cep/lia Ha Kajpe sBIsieTcss HanOosee CIOKHOW U3 MOCTaB-
JICHHBIX U pelIeHa C TOYHOCTBIO ~77% (B paMKax pa3me-
YeHHBIX KazpoB) (Ta0m. 3). [lomaBmsiroree Yrcio maToIorHi
B JTAHHBIX TPUCYTCTBYIOT HA YETHIPEXKAMEPHOM CPE3€, B CBSI-
31 C YeM OH UMEET HAWTyUIIINe TI0KA3aTeIIH CPEIH MPOYIHX.

B pe3synbrare BBITOJHEHUS PadOT OBLIH ITOTyYCHBI
CIIEAYIONINE METPUKH KadyecTBa 0 KaKA0H 13 3aj1a4:

v' 3ajaua onpeeieHus 30H IPYIAHON KIETKH U CEep-
112 TUIOJ]A PEeIIeHa C TOUHOCTHIO ~98%

v' 3ajaua knaccuUKaIMy cpes3a cepila Ha Kaape pe-
LIE€HA C TOYHOCThIO ~82%

18

v" 3amaya Knaccu(pUKAIMKY HAIMYMS [IATOJIOTHHU Ha Cpe-
3aX cep/la peleHa ¢ TOHHOCTBIo ~77%

BbiBOAbI

MarmHHoe 00y4YeHUE — 3TO METOI, TPEOYIOIIHHA OO0JTb-
mux oO0bEeMOB JIaHHBIX. HaMu mpoaeMOHCTpUPOBAHO,
YTO HEOONBIIOE KOJMYECTBO BHICO(DANUIOB, MOTYUCH-
HBIX TIPY SXOKapAHOTpadpuu 1103, MOKHO HCIIOIE30BATh
JUTSL 3HAUUTEIIFHOTO YITyUYIIeHUS TUATHOCTHKHY 110 CPaBHE-
HUIO C TE€M, YTO OOBIYHO BCTPEUACTCS HA TIPAKTHKE.

Y4uThIBas OYEBUAHYIO TOJIB3Y PaHHEH TUArHOCTUKU
u neuenns BIIC, a Taxoke pacryiiee KOJIM4ecTBO BHYTPH-
YTPOOHBIX BMEIIATENbCTB, MOTPEOHOCTh B TOUHOM Mac-
mTabupyeMoM CKPHHHUHIE IUIOAA HA TOPOKUA PA3BHUTHUS
cepAla HUKOTAa He ObuIa CTONb OCcTpoil. B To ke Bpems
qYBCTBUTEIHHOCTh U CHECTIM(PUIHOCTD BBISIBICHHSI ITaTO-
JIOTHH Cep/lla BeChMa pa3invyaroTcs B IEHTPax M KIMHH-
Kax I10 BCeW CTpaHe M BO MHOTHX I[EHTPaX OCTAOTCS JI0-
BOJIbHO HU3KUMH.
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PesynbTarel okazany, 4TO aJrOPUTM UCKYCCTBEHHO-
IO MHTEJJIEKTa MOXET MOBBICUTH TOYHOCTBH YIBTPA3BY-
KOBOTO CKaHHMPOBAaHHUs cepjla IUIoJa U UMEET XOPOUIYIo
MIPUKJIAIHYI0 IEHHOCTh. KoMITbIoTepHas aBToMaTnaeckas
uAeHTUGUKAMS ¥ KIacCU(UKALUs MO3BOJSIIOT 3HAUU-
TEJIFHO COKOHOMHTB BpeMs, 00ecTIednTh A3PPEKTUBHOCTh
U MOBBICUTH TOYHOCTh JUATHOCTHKHM MO CPaBHEHUIO CO
CKaHWPOBAaHMEM CepJla IUIofa CHEeIHaINCTOM YIbTpa-
3BYKOBOM IMarHOCTHUKH.

OnHako BO BpeMs AWArHOCTHYECKOH WHTEPIIPETariy
MOpOKa Cepila y IUIoa ONPEAETAIONINM SBISETCS MHe-
HHUE HKCIIEPTOB 10 (heTaabHON 3XxoKapanorpaduu. Takum
00pa3oM, UCTIOJIB30BAHUE METOJIOB MAIIIMHHOTO OO0yYeHUs
B COYETAHUHM C KOHTPOJIMPYIOUIEH OLEHKOM pe3ysibTara
crienuagucTaMu-akenepramMu no3possier MW urparh Bax-
HYIO POITb B CTaHIAPTH3AINN JAHHBIX 00 aHATOMHH Cep/I-
11a TJI0/1a, YMEHBIIATh KOJIMYECTBO OLIMOOK, JOITyCKaeMbIX
HEONBITHBIMU coHorpaducramu. Kpome toro, MW moxer
OBbITH NMPUMEHEH JUI aBTOMAaTHYECKOTO KOHTPOJS Kade-
CTBa TOJTy4EHHBIX U300paKEHMUH, 00€CIIEYNTh MOIJIEPIKKY
B KJIMHHYECKON MHTEpIpeTaluy JUarHo3a, U TeM CaMbIM
YBEJIMYHTH MPOLIEHT paHHel auarHoctuku BIIC.
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Abstract

Introduction: As the rate of congenital heart diseases (CHD) remains high, medical imaging specialists face a task of early diagnosis
of CHD with minimal cost and burden to pregnant women and fetuses and need to verify the prenatal diagnosis in order to develop
a strategy for managing pregnant women carrying a fetus with CHD.

Objective: To optimize diagnostic measures in fetuses with CHD by comparing fetal echocardiography and cardiac magnetic reso-
nance imaging (MRI).

Materials and methods: We retrospectively evaluated findings from 35 fetal standard ultrasonography reports, 29 echocardiography
reports, and 35 fetal autopsy reports (termination for medical reasons). We assessed 18 cases of CHD diagnosed by ultrasonography
findings on the second screening; in 34% of the cases patients also underwent MRI at that time and a repeated procedure 30 weeks later.
Results: When standard ultrasonography and an extended protocol with echocardiography were used together, diagnostic errors were
14.3%. In 85.7% of the fetuses, the findings of different imaging techniques fully coincided with the autopsy findings.

Conclusions: In this cohort of pregnant women, the second screening should include more examinations to verify the diagnosis
of CHD. Based on the first screening findings (increased nuchal translucency thickness and ductus venosus pulsatility index)
patients should be referred to an expert for the second screening. If necessary, to verify the diagnosis of CHD ultrasonography
and MRI can be combined during the third screening (34-36 weeks) in order to plan postnatal management of the newborn.
The proposed algorithm for fetal CHD diagnosis enables to minimize the likelihood of error and maintain continuity of care be-
tween obstetricians-gynecologists, ultrasonographers, radiologists, neonatologists, and cardiologists.

Keywords: congenital heart diseases, ultrasonography screening, magnetic resonance imaging
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Pesrome

Beenenne: HecHikaronascs yactora BpoxkaeHHbIX mopokos cepia (BIIC) craBut nepen Bpadamu MeJUIIMHCKON BU3yaJIU3all1Hy 3a/1a-
4M 110 paHHeMy auarHoctiupoBaHuio BIIC ¢ MUHMMAaNbHBIMU 3aTpaTaMy M HAarpy3Koi Ha OepeMEHHYIO U IUIOJ, a TAKXKE HEOOXOAMMOCTH
Bepudukarmu quarsosa BIIC BHyTpuyTpoOHO Ut BEIpaOOTKH MOcieayomeil Taktuku Besenns oepemennsix ¢ BIIC y mmona.

Iean ucciaenoBanus: OnTUMU3ALNS AHATHOCTHYECKUX MepornpusiTii y mionoB ¢ BIIC mytem cpaBHEHHs 9X0Kapauorpaduu u Mar-
HHUTHO-pe30HaHCHOM ToMorpaduu (MPT) cepana mioaa.

Metoabl: PeTpoCreKTHBHO OIEHEHBI pe3yabTaThl 35 MPOTOKOJIOB CTaHIAPTHOIO yibTpa3BykoBoro uccienosanus (Y3U) rmiona
u 29 npotokonoB sxokapanorpaduu (OxoKTI'), a Takke 35 MPOTOKOIOB BCKPHITHS TUIONOB (TPephIBAaHKE 110 MEIUIIMTHCKAM ITOKa3a-
HusM). [Iposenena onenka 18 ciyuaes BIIC, nuarnoctiupoBaHHbIX 110 AaHHBIM Y3U Ha 2-M ckpuHuHre, y 34% n3 KOTOpPBIX HPOBO-
nwtock Takke MPT B 3tn cpoku u B tuaamuke rnocie 30 Henelns.
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Pesyabrarel: [lpu coueranHoMm ucnonbp3oBaHuy cTangapTHoro Y3U u pacmmpenHoro npotokona c¢ BeimonHeHneM OXoKI™ metou-
HOCTb B AuarHoctuke coctaBmia 14,3%. [TonHoe coBnazeHue mo JaHHBIM MIPOBEICHHBIX UCCIEIOBAHUN C UCTIOIB30BAHUEM Pa3INy-
HBIX TEXHOJIOTHI BU3yallM3alliy IUI0/IA C PE3yJIbTaTaMK BCKpPBITHS OblI0 Y 85,7% m1010B.

3axJirouenne: [Ipu mpoBeaeHNH BTOPOTO CKPUHMHIA HEOOXOAMMO PACHIMPUTh 00BEM HMCCIIEJOBAHUS y JaHHOW KOTOpThI OepeMeH-
HBIX C 1eNbio Bepudukanuu auartoza BIIC. HeoOXonuMMo y4nThIBaTh pe3ylIbTaThl MEPBOTO aKyIIEPCKOTO CKPUHHUHTA (YBEIHUCHUE
TOJILIMHBI BOPOTHMKOBOTO MPOCTPAHCTBA U BEIMYMHY IYJIbCAIIMOHHOTO WHJICKCA BEHO3HOTO MPOTOKA), HAMTPABJISAS TAKUX MAllMCHTOK
K 9KCIIEePTY JUIsl IPOBEAEHHS BTOPOro cKpuHUHTa. [Ipn HeoOxoaumMocTH ¢ 1enbto Bepudukanuu quarnosa BIIC couerars Y31 u MPT
IIPY IPOBEACHUHU TPEThero CkpuHuHra (34—-36 Heenb) ISl IUIAHUPOBAHUS IIOCTHATAIBHOTO BEJCHHUSI HOBOPOXKJICHHOTO. [Ipeanoxken-
HbIH anroputm quarsoctiky BIIC y miiozna mo3BossieT MUHUMH3HPOBATh BEPOSTHOCTD OLTMOKH, COXPAHUTD IIPEEMCTBEHHOCTh CPElU
aKyIIepOB-TMHEKOIO0ToB, Bpaueil Y3]l, peHTreHoI0roB, HEOHATOIOTOB M KapAHOJIOTOB.

Kntwouesvie cosa: BpoXIeHHBIC IOPOKHU CEPALIA, YIBTPa3ByKOBOW CKPUHUHT, MArHUTHO-PE30HAHCHAs TOMOTpadus

LHumuposamys: Tlomopue A.B., Kapaxamuc M.H., Kpuonocoa H.B., T'omocees K.®. Mynbsrumonansueii noxxon (MPT
n Y3UW) B 1uarHocTrke BPOXKISHHBIX MOPOKOB cepaua rioaa. Munosayuonnas meouyuna Kyoanu. 2024;9(4):21-29. https://doi.

org/10.35401/2541-9897-2024-9-4-21-29

Introduction

Magnetic resonance imaging (MRI) is currently a rap-
idly evolving method of diagnosing congenital heart dis-
eases (CHD) and assessing the cardiovascular system in
the fetus. Although fetal echocardiography, introduced
in the mid-1980s,' remains the primary technique, MRI
offers a valuable complement. The advantages of echo-
cardiography are safety, accessibility, and capability of
diagnosing CHDs.? Nonetheless, it should be noted that
limitations to echocardiography during pregnancy, such
as oligohydramnios, fetal bone ossification, fetal position,
as well as maternal overweight and obesity, have not been
overcome yet.>® Some researchers also believe that it is
sometimes impossible and/or difficult to assess such CHD
as coarctation of the aorta using echocardiography due
to difficulties associated with assessment of blood flow
characteristics and valve regurgitation.*

Despite being the first-line diagnostic tool for fetal
CHD, fetal echocardiography for cardiovascular abnor-
malities increasingly requires additional MRI not only
to advance research but also to address a clinical need,
primarily to improve diagnostic accuracy and detail
structural disorders. First of all, this is due to the need
for contractility monitoring and blood flow assessment
over time. Certain limitations to MRI in pregnancy, par-
ticularly fetal movement, hinder real-time visualization.
However, studies® of the joint use of Doppler ultrasound
cardiac gating and radial sampling with free breathing ret-
rospective cine-MRI demonstrated an evident prospect of
such approach, which increases the importance of fetal
cardiac MRI in clinical practice. Advances in the diagno-
sis of fetal cardiovascular abnormalities are partly owing
to MRI, which is now used both in prenatal and postnatal
diagnosis of CHD, expanding our insights into the normal
and pathologic physiology of circulation.

The study aimed to optimize diagnostic measures in
fetuses with CHD by comparing fetal echocardiography
and cardiac MRI.

Methods
We retrospectively evaluated findings from 35 fetal
standard ultrasonography reports, 29 echocardiography
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reports, and 35 fetal autopsy reports (termination for
medical reasons). The diagnosis was verified by postnatal
ultrasonography and computed tomography. We assessed
18 cases of CHD diagnosed during the second screening
(19-21 weeks+6 days’ gestation). In addition to ultra-
sonography, 34% of the patients underwent MRI at that
time and after 30 weeks’ gestation. The study included
pregnant women who carried fetuses with CHD and were
examined at perinatal centers of the Children’s Regional
Clinical Hospital and Regional Clinical Hospital No. 2
(Krasnodar, Russian Federation) between 2021 and 2024.

Inclusion criteria: pregnant women aged 18-45 years
whose fetuses were diagnosed with CHD during the
screening, newborns with CHD.

Exclusion criteria: pregnant women whose fetuses did
not have CHD during the screening, newborns without
CHD.

The statistical analysis was performed using STATIS-
TICA 10 (Tibco, USA) and Microsoft Excel 2016 (Mi-
crosoft Corp, USA). In most cases, data was nonnormally
distributed, so nonparametric methods were used. Along
with the arithmetic mean and standard deviation, the data
were described by the median and 25% and 75% inter-
quartile ranges. We used a cross-tabulation method, con-
tingency tables, to study the structure of the relationship
between qualitative indicators. The nonparametric Mann-
Whitney test, 2-tailed ¢ test, and Wilcoxon signed rank
test were used to assess the statistical significance of dif-
ferences between the study groups. If |R|<0.25, the cor-
relation was weak; if 0.25<|R|<0.75, the correlation was
moderate, and if |[R|>0.75, the correlation was strong. All
the tests used the conventionally accepted level of signifi-
cance (P=.05).6

Results

We compared the findings of prenatal ultrasonogra-
phy and echocardiography for fetal CHD with the final
result (postnatal autopsy findings) and found diagnostic
discrepancies in 5 cases (14.3%). The prenatal ultraso-
nography findings fully coincided with the autopsy find-
ings in 30 (85.7%) fetuses. Of them, 14 (46.7%) were pre-
natally diagnosed with a ventricular septal defect (VSD)
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alone or in combination with other CHD and/or congenital
anomalies of the genitourinary tract, bones, and the ner-
vous system. In 7 of 14 cases (50.0%), the ultrasonography
diagnosis of VSD was confirmed by the autopsy findings.
In 2 of 14 (14.3%) fetuses, there were diagnostic discrepan-
cies between the echocardiography and autopsy findings.
In one case, a VSD was combined with pulmonary atresia,
and in another case, with a common arterial trunk.

Analysis of the 4-chamber view revealed the VSD
(Figure 1).

The second most common confirmed CHD was hypo-
plastic left heart syndrome (HLHS) diagnosed by echo-
cardiography in 10 fetuses (33.3%). In one case (10.0%),
HLHS was combined with a complete atrioventricular
canal defect.

The B-mode showed the decreased size of the left ven-
tricle. Color flow Doppler revealed that there was no blood
flow through the mitral valve, which is shown on the abnor-
mal 4-chamber views (Figure 2A and Figure 2B).

The third most common diagnosis was coarctation
ofthe aorta (3 [10.0%] fetuses). In the first case, coarctation
of the aorta was combined with a VSD, and in the second
case, with HLHS; in the third case, coarctation of the aorta
occurred alone. An indirect sign of coarctation of the aorta
is a decrease in the left ventricle size (Figure 3A) detected
by the abnormal 4-chamber view, measurement of the ven-
tricular cavity width. The aortic arch view showed an area
of vessel narrowing in the isthmus region and subsequent
poststenotic dilatation (Figure 3B).

Figure 1. Ultrasonography of the fetal heart at 20 weeks’ gesta-
tion (verified diagnosis). Anomalous 4-chamber view with color
flow Doppler: ventricular septal defect (VSD) (4.9 mm) (arrow)
Pucynok 1. Vnempaszeykosoe uccnedosanue (Y3HU) cepoya
nnooa Ha cpoxe 20 Hedenv (OuacHos eepuguyuposat). AHo-
MATbHBLL YEMbIPEXKAMEPHBILL CPE3 8 PENCUME YBEMOBO20 Q0N -
niepoeckoeo kapmuposarus (LIIK): oegpexm medicorcenyooy-
Kogotl nepe2opooku (JMIKII) — 4,9 mm (cmpenka)

A. B-mode: decreased size of the left ventricle (arrow)

A. 6 B-pedicume ymenvuienvt pazmepui 18020 diceny0ouKa (cmpeixa)

B. Color flow Doppler: no blood flow through the mitral
valve (arrow)

B. 6 pesicume LJIK omcymecmayem nomox Kposu uepes mu-
MPATbHbILL KIANaH (Cmpeixa)

Figure 2. Ultrasonography of the fetal heart at 20 weeks’ gestation (verified diagnosis). Anomalous 4-chamber views in hypo-

plastic left heart syndrome

Pucynox 2. Y3U cepoya nrooa na cpoke 20 nedenwv (Ouaznos eepuguyuposatn). Anomanvhvle uemvipexkamepuvlie cpesvl npu CUH-

OpoMme 2Unona3uu 1ebix Omoenos cepoyd
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1P 111 cm
2 P 184cm

Figure 3A4. Ultrasonography of the fetal heart at 20 weeks’
gestation (verified diagnosis). Anomalous 4-chamber view,
measurement of the ventricular cavity width, decrease in the
left ventricule size (indirect sign of an aortic pathology)
Pucynox 34. Y3U cepoya nnooa na cpoke 20 nedenv (Ouacros
sepuuyuposan). AHOMAnLHLI YeMbIPEXKAMEPHBIIL CPe3, U3-
MepeHue WUpuHbl ROTOCHU HCeYOOUKO8, YMEeHbUUEHUE pazmepd
J1€6020 HCENYOOUKA (KOCBEHHDLI NPUZHAK NAMOLO2UL AOPHIbL)

We performed postnatal computed tomography to con-
firm the diagnosis on day 60 (Figure 4).

In 3 cases (10.0%), a single ventricle was diagnosed
by echocardiography and confirmed by the autopsy find-
ings. Tetralogy of Fallot verified by echocardiography
(3.3%) was confirmed during the fetal autopsy. In one
case (3.3%), pulmonary atresia diagnosed by echocar-
diography was confirmed during the autopsy.

As we mentioned above complete diagnostic discrep-
ancies were observed in 5 (14.3%) cases. In one case,
a single ventricle diagnosed by echocardiography was
not confirmed by the autopsy findings. The second case
was related to the ultrasonography findings of an atrio-
ventricular septal defect. Autopsy revealed an atrial septal
defect (8 mm) and a VSD (8 mm), and one vessel located
above the VSD (common arterial trunk, 9 mm in diam-
eter) was found to arise from the heart. In the third case,
a diagnosed interrupted aortic arch was not confirmed by
the autopsy findings. The diagnosis of a single ventricle
by ultrasonography and echocardiography was disproved,
and autopsy revealed aortic atresia with an 8 x 7 mm VSD.
We should note that the decision to terminate pregnancy
in these cases was made due to established defects of the
nervous and urinary systems, which were incompatible
with life.
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Figure 3B. Ultrasonography of the fetal heart at 20 weeks’gesta-
tion (verified diagnosis). Aortic arch view, area of vessel narrow-
ing in the isthmus region with poststenotic dilatation (arrow)
Pucynok 3B. Y3U cepoya niooa na cpore 20 nedens (Ouaznos
sepughuyuposan). Cpes uepes oyzy aopmol, Y4acmox CylHceHus:
cocyoa 6 obnacmu nepeweika ¢ nocieoyViowum nocmcemeHo-
Mu4ecKum pacuuperuem (cmpeixa)

HLA |(3] (2] Ul
0,75 cm 0,3 cm 0,28 cm

Figure 4. Coarctation of the aorta
Pucynok 4. Koapxmayus aopmoi

The fetal echocardiography findings in 5 pregnant
women were evaluated. All of them, after the CHD diag-
nosis, continued their pregnancy owing to the possibility
of surgical correction of the identified defects.

In one case, the echocardiography diagnosis of a mus-
cular VSD was not confirmed postnatally. The postnatal
diagnosis was transposition of the great arteries, patent
ductus arteriosus, restrictive patent foramen ovale. This
case indicates the need to expand methods of prenatal di-
agnosis of congenital cardiovascular abnormalities.
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In another case, the fetal diagnosis of transposition
of the great arteries was established. However, postnatal
echocardiography revealed type 3-4 pulmonary atresia,
major aortopulmonary collateral arteries, patent foramen
ovale, chronic hypoxia.

We observed a case with the ultrasonography diagno-
sis of tetralogy of Fallot (Figure 5). It should be noted that
the sonographic image with the 4-chamber view can be
unchanged (Figure 5A), which justifies the need to use
additional views.

During the imaging, all sonographic features of tetral-
ogy of Fallot (Figure 5B) should be ruled out: an overrid-
ing aorta.

In the color flow Doppler mode, we registered the
blood flow from the left and right ventricles into the di-
lated and displaced aorta (Figure 5C).

During the imaging, the pulmonary artery diameter
was 2.4 mm, which is associated with 5%o for this gesta-
tional age (Figure 5D).

Figure 5A4. Ultrasonography of the fetal heart at 20 weeks’ ges-
tation (verified diagnosis). In patients with tetralogy of Fallot,
a sonographic image can show an unchanged 4-chamber view
of the heart

Pucynox 5A. Y3U cepoya nnooa na cpoxe 20 medensv (Oua-
2Ho3 epupuyuposan). Ilpu mempaode Panno 803MONHCHO No-
JYUEeHUe dX02PAPUUEcK020 U300PANCEHUS HEUSMEHEHHO20 4-X
KamepHozo cpesa cepoya

Figure 5C. Color flow Doppler: blood flow from the left and
right ventricles into the dilated and displaced aorta (arrow)
Pucynok 5C. B pesrcume LI/[K pecucmpupyemcs nomok kposu,
ROCMYRAIOWUIL U3 16020 U NPABO20 JHCETYOOUKA 8 PACUIUPEH-
HYIO U CMEWeHHYI0 aopmy (cmpenka)

Figure 5B. Ultrasonography of the fetal heart at 20 weeks’ ges-
tation (verified diagnosis). The main sonographic sign of tetral-
ogy of Fallot is an overriding aorta (arrow)

Pucynox 5B. Y3U cepoya nnooa na cpoke 20 nedensv (OuacHos
sepuuyuposar). OcHosHOU dx02paghuueckuii npusHaK me-
mpaovt Panio — evlaieHUe PACUUPEHUS AOPHIbl, PACHOLA2A-
10U eticsl HA MeXNCHCENYOOUK0B0L nepe2opooke HAO deghekmom
(cmpenxa)

Figure 5D. Pulmonary artery diameter, 2.4 mm; less than 5%o
for this gestational age (arrow)

Pucynok 5D. Jluamemp necounou apmepuu 2,4 mm, menee 5%o
0J151 26CIMAYUOHHO20 CPOKA (CMpenKa)

Figure 5. Ultrasonography of the fetal heart at 32 weeks 4 days’ gestation. Diagnosis: tetralogy of Fallot (verified diagnosis)
Pucynox 5. Yaempaseyrkoeoe uccriedosanue cepoya niooa na cpoke bepemennocmu 32 nedenu u 4 ons. /Juaenos: mempaoa

@anno (OuazHos eepuduyuposar)
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The lack of prenatal diagnosis is often due to maternal
overweight or obesity and hydramnios.

Analyzing this case, we should note that the difficul-
ties in CHD visualization remained, and to overcome
them we developed a comprehensive approach to the
timely detection of fetal CHDs with subsequent referral
to an appropriate perinatal center for delivery and surgical
correction. Thus, we were convinced of the need to look
for ultrasound markers during the second screening that
should lay the foundation for additional methods of CHD
diagnosis, including fetal MRI.

After this analysis, we came to the conclusion
that additional MRI during pregnancy was need-
ed to verify the CHD diagnosis. We report a case of

ultrasonography and MRI during the second screen-
ing (19-21 weeks+6 days’ gestation) and at 30 weeks
4 days’ gestation. Ultrasonography during the second
screening diagnosed a CHD at 21 weeks’ gestation:
double outlet right ventricle. Ultrasonography by an
expert revealed a subaortic VSD (3.6 mm) at 22 weeks’
gestation (Figure 6).

During the imaging, abnormal 4-chamber view of
the heart and subaortic VSD (3.6 mm) were found. Both
great arteries arose from the right ventricle. MRI per-
formed at the same time revealed a double outlet right
ventricle (Figure 7).

To develop a postnatal cardiovascular management
strategy, both ultrasonography and MRI were performed

6A. Unchanged 4-chamber view
6A. Heuzmenennwiii 4x-xamepuulii cpe3

6B. Subaortic ventricular septal defect (VSD) (3.6 mm)
6B. I[looaopmanvrviii JJMXKII 3,6 mm

6C. Double outlet right ventricle
6C. Oba mazucmpanbHbix cocyoa 861X00sim U3 NOIOCMU Npa-
6020 Jiceny00uKd

6D. Color flow Doppler: blood flow from the right ventricle
into the great vessels

6D. B pexcume L{J]K onpedensiemca nomok Kposu, nocmynaro-
WU 8 MASUCMPATILHBIE COCYObL U3 NONOCIIU NPABO20 JICENYOOUKA

Figure 6. Ultrasonography of the fetal heart at 22 weeks 3 days’ gestation (verified diagnosis)
Pucynok 6. Y3U cepoya nnoda na cpore 22 nedenu u 3 Ous (Ouaznos eepuduyuposat)
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7A. 4-chamber view of the heart (MRI)
7A. 4-x kamepnuwiil cpes cepoya (MPT)

7B. 4-chamber view of the heart and descending aorta
7B. 4-x kamepnoiil cpes cepoya u Hucxoosiyas Ao

7C. Left arrow: aorta and pulmonary artery in cross-section,
right arrow: subaortic VSD

7C. Cmpenxou cnesa ykasanwvl Ao u JIA 6 nonepeunom ceue-
Huu,; cnpasa cmpenka nooaopmanvhsil JJMXKIT

7D. Aortic arch and superior vena cava
7D. Jlyea Ao u BIIB

Figure 7. Fetal MRI at 22 weeks’ gestation. double outlet right ventricle; parallel arrangement of the great arteries (verified

diagnosis)

Pucynox 7. MPT nnooa na cpoke 22 nedenu: 0801HOe OMXOAMCOEHUE MASUCTIPATLHBIX COCY008, NAPALIENbHbI X00 MALUCTPATb-

HBIX COCY008 (0UazHo3 8epuduyuposar)

at 30 weeks 4 days’ gestation. Repeated ultrasonography
and MRI confirmed the diagnosis (Figure 8).

As shown above, ultrasonography performed
by an expert at 22 weeks+3 days’ gestation and at
30 weeks +4 days’ gestation revealed that both great
arteries arise from the right ventricle, which was con-
firmed by MRI. A subaortic VSD (3.6 mm) was de-
scribed according to ultrasonography. A series of MRI
scans showed signs of the ascending aorta origin from
the right ventricle and the common pulmonary artery
origin from the right ventricle (Figure 8).

As a result of the postnatal follow-up examination,
the diagnosis was CHD, double outlet right ventricle
with a subpulmonary VSD (Taussig-Bing syndrome),

pulmonary artery stenosis, mitral valve anomaly, pat-
ent ductus arteriosus, chronic hypoxia. According to the
echocardiography findings, left ventricle end-diastolic
diameter was 20 mm; the walls were not thickened; ejec-
tion fraction was 69%; aorta, 13 mm; left atrium, 16 mm;
right ventricle, 9 mm; right ventricular walls, 3 mm; the
aortic valve was bicuspid; aortic valve velocity, 0.7 m/s;
pulmonary valve, 11 mm; pulmonary valve velocity, 3.6-
4.0 m/s (peak gradient, 56-64 mm Hg); VSD, 7 mm; the
tricuspid valve chord and mitral valve were attached to
the edge of the defect; the anterior mitral leaflet was split;
grade 1 tricuspid regurgitation was observed; there was
normal blood flow in the abdominal aorta with velocity
of 1.5 m/s.
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8A. 4-chamber view, subaortic VSD up to 5 mm 8B. Aorta, pulmonary artery, VSD
8A. 4-x kamepnoui cpes, IMIKII nooaopmanvhwiil 00 5 mm 8B. Ao, JIA, JIMKII

8C. VSD 8D. Aorta and pulmonary artery in cross-section, VSD
8C. JIMIKTIT 8D. Ao u JIA 6 nonepeurom cevernuu, IM>KIT

8E. Level of the aortic arch and superior vena cava 8F. Level of the aortic arch
8E. Vposenwv oyeu Ao u BIIB 8F. Vposens dyeu Ao

Figure 8. Fetal MRI at 30 weeks 4 days’ gestation: double outlet right ventricle (verified diagnosis)
Pucynox 8. MPT nnooa Ha cpoxe 30 Hedens u 4 OHA: 080UIHOE OMXOHCOEHUE MALUCTIPATLHBIX COCYO08 (OUAHO3 8epupuyuposar)
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Conclusions

In our earlier study,” we studied the relationship be-
tween the nuchal translucency thickness and the ductus
venosus pulsatility index, which are determined during the
first screening (11-13 weeks+6 days’ gestation) in fetuses
with CHD. One of the early diagnostic criteria of a pos-
sible cardiovascular pathology was found to be nuchal
translucency thickness of 3.68+ 1.3 mm and ductus veno-
sus pulsatility index of 1.098+0.169. We found a moder-
ate correlation (R=0.510) between both indicators.

During the second screening, the scope of the examina-
tion in this cohort of pregnant women should be expanded
to verify the CHD diagnosis. To do that and plan the post-
natal management, ultrasonography and MRI can be com-
bined during the third screening (34-36 weeks).

Compared with ultrasonography, fetal cardiac MRI
is more informative when it comes to the diagnosis of
a CHD combined with a pathology of the great arteries.
During the study, we found limitations to fetal cardiac
MRI during the second trimester of pregnancy that are
linked to fetal behavioral responses (motor activity).

The development of a fetal heart imaging protocol
aimed at the formation of risk groups among pregnant
women who carry fetuses with CHDs is justified.

The proposed approach to the fetal CHD diagnosis en-
ables to minimize the likelihood of error and maintain con-
tinuity of care between obstetricians-gynecologists, ultraso-
nographers, radiologists, neonatologists, and cardiologists.
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Pezrome

AKTya/IbHOCTB: KOoMOYCTHOIOTHS CTPEMUTENIBHO Pa3BUBACTCS, U B 3TOM CBSI3H CHOPBI O CI0OCO0aX U BPEMEHH 3aKPBITHS PaH OCTAIOT-
sl JOCTATOYHO aKTyaJILHBIMH. [IIsl IPFIKUBIICHUS TIOJTHOCIOWHOTO KOXKHOTO TPAHCIUIAHTATa €CTh JIBa PEIIalomuX (aKTopa: CTerneHb
MH(UIUPOBAHUS ¥ YPOBEHb BaCKYJISIPU3AllMM PAHEBOTO JOka. HeOnaronpusTHeIME NPUYMHAMY ISl IPYOKUBIICHUS TPAHCIIAHTATa
SIBJISIFOTCSL HEIOCTATOYHBIN reMOCTa3, MO3IHUE CPOKU OIepalny, OOHaKEHHAS IOJKOXKHO-KUPOBask KileTyarka. BeimojgHeHue 1uia-
CTHK IOJIHOCJIOWHBIMU ayTOTPAHCIIAHTATAMU Ha PaHbl PAa3JIMYHOTO I'eHe3a CII0COOCTBYET YIIyUIICHUIO OTAAJIEHHBIX KOCMETHUECKUX
1 (pyHKIMOHAJBHBIX PE3yJIbTaTOB ONEpaInii.

Henb: YoyuiieHue pe3yabTaToB JI€UEHHs MAIMEHTOB ¢ PaHAMU PA3IMYHON STHOJIOTUH IyTEM yCOBEpIIEHCTBOBAHUS CIIOCOOOB XH-
PYPrudeckoro BMELIaTeIbCTBA OMHOCIOWHBIMU KOXKHBIMU ayTOTPAHCIIIIAHTaTaMU.

MarepuaJsl 1 Metoasbl: Mccnenosaunue, nposenennoe B HUM — KKB Ne 1 um. ipod. C.B. OuanoBckoro, 6bU10 MOCBSIIEHO aHAM3Y
JTAaHHBIX 64 MAlMEHTOB, KOTOPHIE IPOJICYCHBI C OMOILBIO XUPYPrHYECKOT0 JICUSHHUS TIOJTHOCIIOWHBIMU KOKHBIMH 2y TOTPAHCIIIIAHTaTa-
MH, Bo3pacT ot 18 10 65 net. bonbHbIe OblIM pa3ziesieHbl Ha IPYIIbL, B 3aBUCUMOCTH OT BH/1a OIIEPATHBHOTO BMELIATEIbCTRA.
rpymma [ — 23 nanuenTa ¢ ocTpoii 03K0roBOH TPaBMOH, Y KOTOPBIX I'PaHy IALHOHHAS TKaHb HCCEKAIach M PaHEBOH 1e(eKT 3aKphIBAIICS
TOJTHOCJIOIHBIM KOXKHBIM ayToTpaHcIuiautaroM. [ pynma II — 21 nanuenT ¢ pyOouoBbiMy edopMaisiMi KOKHBIX TOKPOBOB, KOTOPBIM
HCCeKallach pyOIIOBasi TKAHb U BBIMOJIHSIACH IJIACTUKA TTOJIHOCIOWHBIM KOKHBIM ayToTpaHciuiantaroM. [pymna [II — 20 nauuentos
C TPaBMaTHYECKON OTCIIOMKON KOXKHOTO JIOCKYTa 0e3 KOCTHOM TpaBMbl, KOTOPHIM BBIIOJIHSJIACH IUIACTHKA 110 KpacoBUTOBY.
PesyabraTbi: CpoKu IPIKUBICHUS OTHOCIOWHOTO KOYKHOTO ayToTpaHcIulaHTara B rpymie | cocrasmm Me 10,0 (7,5; 15,0) cyt;
B rpymne II — 15,0 (13,0; 18,0) cyr.; B rpynne III — Me 28 (14,8; 44,3) cyr. IIpu npoBeaeHun CpaBHUTEIBHOTO CTATHCTHYECKOTO
aHanM3a rnpu nomornu kpurepust Kpackena-Yomnauca ObUTH BBISBICHBI CYIICCTBEHHbIC CTATUCTUYECKUE PA3JIMYUS B CPABHHBACMBIX
rpymmnax (p<0,0001).

BoiBoabi: Pa3paboranHble HOBbIE CIIOCOOBI BBIITOJIHEHHS IIACTUKU MTOJHOCIONHBIMHM KOXKHBIMU ayTOTPAHCIUIAHTATaMHU y TAlUEHTOB
C TPaHYILIIOHHOMN TKaHBIO U PYOLIOBBIMH Ae(hOPMALIMSIMU TI03BOJISIIOT 3HAYNTEIIBHO HOBLICHTD 3()()EKTHBHOCTH IPOBOAUMOTO JICUCHHSL.
Kniouegvie cnoga: koxHasi INIACTHKA, Ay TOTPAHCILIAHTAT, OMOJIOTHUECKUE PAHEBBIC IIOKPBITHUS

Lumuposams: bornanos C.b., Anagpuna B.A., Myxanos M.JL., 3aituesa C.JI., [lyroB B.C., 3akepsiea [I.C. OcobeHnoctu co-
BEPIICHCTBOBAHUS XUPYPrUUECKOrO JICYSHUS PaH MOJHOCIONHBIMU KOXKHBIMU ayTOTpPAHCIUIAHTaTaMH. MHHOSAYUOHHAS MeOUYUHA
Kybanu. 2024;9(4):30-37. https://doi.org/10.35401/2541-9897-2024-9-4-30-37
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Abstract

Background: Despite advances made in combustiology, the method and timing of wound closure remain a matter of debate. There
are 2 decisive factors in engraftment of a full-thickness skin graft: infection degree and level of wound bed vascularization. Reasons
for unsuccessful engraftment are insufficient hemostasis, late surgery, and exposed subcutaneous fat. Full-thickness skin grafting for
wounds of various origins optimizes improvement of long-term cosmetic and functional results of surgery.

Objective: To improve treatment results in patients with wounds of various etiologies by improving methods of full-thickness skin
autografting.

Materials and methods: This study was conducted in the Scientific Research Institute — Ochapovsky Regional Clinical Hospital No.
1 (Krasnodar, Russian Federation) and analyzed data from 64 patients (age, 18-65 years) who underwent full-thickness skin autograft-
ing. The patients were grouped based on the surgery type.

In group 1 (23 patients with acute burn injury), granulation tissue was excised, and the wound defect was closed using a full-thickness
skin autograft. In group 2 (21 patients with scar deformities of the skin), scar tissue was excised, and full-thickness skin autografting
was performed. Group 3 (20 patients with traumatic skin detachment without bone injury) underwent skin grafting by the Krasovitov
method.

Results: Time to engraftment in group 1 was median 10.0 (7.5; 15.0) days; in group 2, 15.0 (13.0; 18.0) days, and in group 3, 28
(14.8; 44.3) days. We found statistically significant differences when comparing the groups using the Kruskal-Wallis test (P <.0001).
Conclusions: New developed methods for full-thickness skin autografting in patients with granulation tissue and scar deformities can
significantly increase the treatment effectiveness.

Keywords: skin grafting, autograft, biological dressings
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BBepeHune

KomOycTHonornss akTUBHO pa3BUBAETCS, U CHOPHI
0 croco0e U BPEMEHH 3aKPBITUSL PaH OCTAIOTCS AKTyallb-
HBIMU 110 ceil eHb. i1 NPUKUBIIEHUS IOJTHOCIOHHOTO
KOYKHOTO TPAHCIUIAHTAaTa €CTh [IBa pemarmux (hakropa:
CTCTICHh MH(DUIMPOBAHUS W YPOBCHHb BACKYJISIPU3AIIUU
paneBoro yoxa [1-3]. HebnaronmpusTHRIMH TpHUYMHA-
MU JJIsl TIPUKHUBIICHUS! TPAHCIUIAHTATa SBJISIOTCS HENO-
CTaTOYHBIA reMOCTa3, MO3JHUE CPOKU OIEepaluu, oOHa-
JKeHHAs MOIKOKHO-KUpoBasi kierdarka [4]. Bemmomme-
HUE IUIACTUK TOJTHOCIOWHBIMH ayTOTPAHCIUIAHTATaMU
Ha paHbl Pa3JIMYHOTO TeHE3a CIIOCOOCTBYET YIyUIICHUIO
OTJAJICHHBIX KOCMETHYCCKUX U (DYHKITHOHAIBHBIX pe-
3yIIBTATOB Omeparuii [5, 6].

OCHOBHBIM METOJOM OIIEPATUBHOIO JICUYCHHS IOCT-
TPaBMATUYECKUX paH SBISAETCS ayTOAEPMOILIACTHUKA pac-
[ICTUICHHBIMIA KOXXHBIMH TPAHCIUIAHTATAMH, HA JOJIO0
KOTOPBIX mpuxoautcs ot 56,3 1o 90% Bcex xupypruye-
ckux BMemarenbeTB [7]. K coxanenuto, He Kaxablid Bpau
3HAET O MPEUMYIIECTBAX UCIOIb30BAHUS MOIHOCIONHO-
r0 KOXKHOTO ayTOTPAHCIUIAHTATa Tepell PaclleIICHHBIM,
TaK KaK HEPEIKO MOMOIIb MAIlMeHTaM OKa3bIBAaeT Bpad-
XUPYPT WIN BPad-TPaBMATOJOT, KOTOPHI HE MMEET CIIe-
OUaTH3aIHH 110 KoMOycTroorau [8—10].

HNmMeHHO OT BBIOOpA BOCCTAHOBIICHHSI KOXHBIX IT0-
KpOBOB 3aBHCHT OKOHYATEJIbHBIH BHUJ paHEE MOBPEK-
JICHHOM KokH. HempaBuibHBIA BEIOOP XUPYPrHIECKOTO
JICUCHUSI B paHHEM TIepHOE BiIeUeT 3a coO0i oTpwuIa-
TEIbHBII KOCMETHYECKHH pe3ylbTar B OTAAJIECHHOM
MOCJICONEPAIMOHHOM [€pUOJE, U, COOTBETCTBEHHO,
HEOJIarompusITHOE TICUXOJIOTHISCKOE COCTOSTHHUE TaIln-
eHra [11-16].

MaTepuanbl 1 meTofbl
UccnenoBanue, nposenennoe B I'bY3 «HUU —
KKB Ne 1 um. ipo. C.B. Ouanosckoro» MunnCTEpCTBa

3npaBooxpaHeHuss KpacHomapckoro kpas, OBLIO TIO-
CBSIIEHO aHaJU3y JaHHBIX 64 MallMeHTOB B BO3pacTe
ot 18 10 65 5et, KOTOPBIM OBLIO MPOBEACHO XUPYPrUUe-
CKO€ JICYCHHE C TIACTUYECKUM 3aMelleHneM Ie(heKToB
KOXKH TTOJTHOCTOMHBIMHU KOKHBIMU ayTOTPaHCIIAHTATa-
mu. [lannenTs! OBUTH pa3nelieHbl Ha TPYIIIL], B 3aBU-
CUMOCTH OT BUJA JICUECHHUsI, HA [IEPBOM 3TaIle 110 MECTY
MIEPBUYHOMN I'OCIUTAIU3ALUN.

I'pynna I — 23 manuenTa ¢ 0CTpoil 0:KOroBOi TpaBMO;
npu (OPMHPOBAHHU TPAHYJSIMOHHOW TKaHH, KOTOpas
HcceKagach, paHeBOM Je(eKT 3aKpBIBAJICS IOJHOCION-
HBIM KOXKHBIM ayTOTPaHCIUIAHTATOM.

I'pymma II — 21 mamuent ¢ pyOroBeMu Aedopmanu-
SIMH KOYKHBIX TIOKPOBOB, KOTOPBIM HCCEKaIach pyorioBas
TKaHb M BBIOJHSIACH IUIACTHKA MOJHOCIOWHBIM KOX-
HBIM ayTOTPAHCILIAHTATOM.

I'pynma III — 20 manueHTOB ¢ TpaBMAaTHYECKOH OT-
CJIOMKON KOKHOTO JIOCKYTa, 6€3 KOCTHOW TpaBMBI, KOTO-
PBIM BBINOIHSIJIACH ITIACTHKA 110 KpacoBUTOBY.

Ilepen BBINOIHEHHMEM IJIACTUKHU IOJHOCIOMHBIMU
KO>KHBIMM ayTOTPAHCIUIAHTaTaMU B TPEX Ipynmnax Ina-
LHUEHTOB: | — mpH UCCeUeHUU PyOIlOBOM TKaHU B IIa-
HoBoi xupypruu (n=10); 2 — mpu TpaBMaTHUECKUX
OTCJIOMKAaX KOXHU C BBINOJIHEHHEM NacTuku no Kpa-
COBHUTOBY (n=8); 3 — MpH NCCEUECHUH TPAHYIAUOHHON
TKaHu 10 Gudpo3HOoTO Ccinos (n=13), mpoBenH maToio-
rOaHaTOMHUYECKOE HccleoBaHue. [HucTomornueckui
Marepuai IUisl UCCIeAOBaHUs MOIYUYEH B CPOK S5 aHEH
mnocie mpoBeAeHus omepanuu. DparMeHTH pPaHEBO-
ro JIHa MCCEKAJIU IOJ HAapKO30M B XOJ€E ONEpPaTUBHOIO
BMELIATEIbCTBA MEpe] IJIACTUKOM MOJIHOCIOHHBIMU
ayTOTPAHCIUIAHTaTaMU.

Craructiyeckyro  00pabOTKy TNPOM3BONMIN C TIPH-
MEHEHHEM METO/IOB HEeNapaMeTPUYECKOM CTaTUCTUKU:
U-kputepusi ManHa-YUTHU 7SI IBYX HECBSI3HBIX BBIOO-
poK, a Takxke kputepusi Kpackena-Youtica u kputepus x>
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JUISl TIPOU3BOJIBHBIX TAOMMLL, TPEAHA3HAUYCHHBIX IS BBISIB-
JICHUs! Pa3Nnuunii TIoKa3aTenel B Tpex U Oosee HeCBA3HBIX
BEIOOpKAaX.

Jl1 mpoBepKU HCcielyeMbIX COBOKYITHOCTEH Ha HOp-
MaJbHOCTh paCHpEACiCHUs] 3HAYCHUH HCIOIb30BaAIN
Z-xpurepuii Kommoroposa-CMupHoBa — HemapaMeTpu-
YECKUI KPUTEPUH COMIAcHsl, TPEeJHA3HAYEHHBIN JIS [IPO-
BEPKH COBOKYITHOCTEH JaHHBIX, U3MEPEHHBIX B KOJIHWYE-
CTBEHHOHM mIKaje. B Hamiem uccienoBaHUM pacrpese-
JICHUE YHUCJIOBBIX 3HAUCHUM JaHHBIX OTIMYAJIOCh O HOP-
MalibHOTO 3akoHa (Z=1,98, p<0,001).

3HAYMMBIMU TPU3HABAIH PE3YIbTAThl, MPH KOTOPHIX
YPOBEHb CTAaTHCTHUYECKOH 3HAUUMOCTH p ObUI MEHBIIE
nnu paseH 0,05. IIpu npoBeeHNH CTaTUCTUYECKOTO aHA-
JIN3a MaTepuaia UCIOJIb30BAIN NEPCOHATBHBIA KOMIIbO-
Tep ¢ HabOpoM HEOOXOAWMOTO TPOrpaMMHOTO obecre-
yeHust (TabmuaHbIN mporieccop Microsoft Excel 2010 u
mporpaMMma JJisi CTaTUCTUYECKOW o0pabOTKH JaHHBIX
SPSS-16.0 s Windows).

PesynbTtatbl

[MocTpanmasmme rpynmsl 1: mepBEIH dTall XUpPypruye-
CKOTO JICYCHHUs TITyOOKHX 0XKOTOB OBLIT BBITIONIHEH B YCIIO-
BUSIX KPaeBOW KIIMHMYECKOH OOJIbHUIIBI B 52,2% ciydaes,
octanbHble 47,8% MaNMEeHTOB MOTyYald MEIUIIMHCKYIO
MIOMOIIIb B PAMOHHBIX OOMBHUIIAX KPasi WM HAXOIWINCH
Ha CaMOJICYCHWH B JOMAIIHHUX YycloBHAX. [lammeHTHI
rpymmst 11 8 100% ObiiM ToCIMTANM3UPOBAHbI B TUTAHO-
BOM TIOPSIIKE JUIS TIPOBEJCHUSI ONEPATUBHOTO JICUCHHMSI.
B rpynmne III (mnactuka mo KpacosuroBy) 85% moctpa-
NABIINX TOJyYald JICYCHHEC B PAOHHBIX OOJBHHUIAX
Kpasi ¢ TIOCJIEAYIOMNM MEPEeBOAOM B KPaeByI0 OOJIBHHILY,
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Pucynox 1. Mecmo nepguunou cocnumanuzayuu 6 uccieoye-
MbLX 2PYnnax
Figure 1. Place of initial hospitalization in the study groups
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Pucyrnok 2. Bpems ¢ momenma eocnumanuzayuu 00 onepayuil
Figure 2. Time from hospitalization to surgery

a 15% ObuM TOCIMTANIN3UPOBAHBI C MECTA MOTYYECHUS
TpaBMmsl, cpasy B I'bY3 «HUM — KKb Ne 1» (puc. 1).

Hamwu mpoBenien ananm3 BpeMeHH ¢ MOMEHTa TOCTY-
TUTEHUS TIAIMEHTOB Ha ATAITHOE XUPYPrUYecKoe JeUeHne
(puc. 2). Ha pucyHke 2 mpencTaBieHO BpeMsi OT MOMEH-
Ta TOCHUTANIM3alMU 10 omnepanuu. B rpynne I Bpewms
C MOMEHTa TOCHHUTAJIM3AMU 710 BBIMOJIHEHNS MIaCTUKU
MTOJTHOCIIOMHBIM KOXHBIM TPAHCIIJIAHTAaTOM COCTaBUIIO
ot 1 mo 28 cyt. (Me 4,0 (2,0; 15,5)); B rpynme 11 — ot 1 1o
4 cyt. (Me 1,0 (1,0; 1,0)); B rpymme III — ot 1 1o 2 cyT.
(Me 1,0 (1,0; 1,0)). CpaBHUTENBHBIH aHAIN3 TPEX TPYIIT
npu nomoiu Kputepusi Kpackena-Yomnuca BbISIBUI CY-
IIECTBEHHbIE CTATUCTUYECKUE Pa3INIHs B CPABHUBACMBIX
rpymnmnax (4uciio creneHei cBOOOABI PaBHO 2, 3Ha4YCHHE
kputepust ¥>=33,3, yposenb 3Haunmoctu p<0,0001). Oxn-
HaKo IPH TOIIAPHOM CPaBHEHWH CTAaTUCTUYECKH 3HAYH-
MBbIe pa3indus oOHapyskeHbI: B rpymmax [ u I (kputepuii
Manna-Yutau U=59,0, ypoBenb 3HaunMoctu p<0,0001)
u B rpynnax I u III (xpurepuit Manna-Yutan U=49,0,
ypoBeHs 3HaunMocTH p<0,0001). B TO Bpems kak B rpym-
nmax Il m Il crarucTHdeckn 3HAYNMOM pa3HHIEI HE 00-
HapyxeHo (kpurepuii Manna-Yutan U=189,0, ypoBeHb
sHauuMOoCTH p=0,604).

Takum 00pa3oM, IpyIIbl MO JAaHHOMY IOKa3aTellto
ObUTH Pa3HOPOJHBIMY M M3HAYAIBHO UX CPABHUBATH OBLIO
HekoppekTHO. B rpynmnax 1T u III Bce manueHTs! mpoormne-
PUpOBaHBI B TEPBHIE JIBOE CYTOK, TIOATOMY MEAHaHa CO-
BIIaja.

KonuuecTBo kolKo-IHEH mocie onepaTuBHOrO Jieue-
HUS TI0 3aMEIICHUI0 1e(EeKTOB KOXKU TOJHOCIOWHBIMU
KOXKHBIMH ayTOTPaHCIUIAHTaTaMH TPEACTABIEHO Ha PH-
cyHKe 3. JIaHHBIH NOKa3aTenb OTPAKAET BPEMs IPHUKUB-
JICHHUS TIOTHOCIIOMHOTO KOXXHOTO ayTOTpPaHCIUIAHTaTa,
TaKk Kak A3TO SBJSJIOCH KPUTEPHEM 3aBEpIICHHUsS dTara
JIGYeHHE B YCIOBUSX okoroBoro mneHrpa ['bY3 «HUU —
KKBb Ne 1», B panpHeWIeM MamueHThl MPOOTHKAIH
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Pucynox 3. Konuuecmeo Kouko-OHell nociie onepayuu 00 8binUCKu
Figure 3. The number of hospital bed days after surgery until
discharge

JIeUeHUE B aMOYTaTOPHBIX YCIOBHSIX IO KOHTPOJIEM CTIe-
[IUAJTUCTOB O’KOTOBOTO LIEHTpA.

CTpOKH TIPWIKUBIICHUS ITOJHOCIOWHOTO ayTOTpaH-
CIUIAaHTaTa COCTABUIIN:

I'pynma I — ot 5 1o 23 cyt. (Me 10,0 (7,5; 15,0) cyT.);

I'pymma I — ot 3 mo 22 cyt. (Me 15,0 (13,0; 18,0) cyT.);

I'pymma III — ot 6 10 47 cyT. (Me 28 (14,8; 44,3) cyT.).

Pesynbrarel CpaBHUTEIBHOTO aHAU3a CPOKOB IIPH-
YKUBIICHUS TIOJTHOCIIOMHOTO KOYKHOTO ayTOTPAHCILUIaHTaTa
MpEe/ICTABJICHBI HA PUCYHKE 3.

[Ipyn mpoBegeHWH CpPaBHUTENBHOTO CTAaTHCTHYECKO-
ro axaiauza npu nomouru kpurepus Kpackena-Yomnuca
OBUTH BBISBIICHBI CYIIECTBEHHBIC CTAaTHCTUYCCKHUE pas3-
JIMYUSl B CPaBHUBAEMBIX IpyInax (3Ha4YeHHWE KPUTEPHs
y* cocraBuio 18,4, yrcio creneHelr cBoOOABI — 2, ypo-
BeHb 3HaunMmocTH p<0,0001). Takum 00pa3zom, TPyMIIbI

CTaTUCTUYECKH 3HAUMMO Pa3INYaIUCh MO JUIUTEIbHOCTH
rociutanm3aiuu B 'bBY3 «HUU — KKb Ne 1y». IIpu mno-
MapHOM CPaBHEHHMU CTATUCTHUYECKH 3HAYUMBIX OTIUUHA,
TaKXe BBIIBUTH HE YJIAJIOCh:

I'pynner I u II: xpurepuit Manna-Yutaun U=139,0,
ypoBeHb 3Hauumoctu p=0,016.

I'pynmer 1T u II1: kputepuit Manna-Yutaun U=105,5,
ypoBeHb 3HauuMocTu p=0,004.

I'pynnst I n II: xpurepuit Manna-Yutau U=75,5,
ypoBeHb 3HaunMoctu p<0,0001.

O6cyxaeHune

Knunuueckuit npumep

Manuent I1., (puc. 4-9), uepe3 17 gHeit ¢ MoMeH-
Ta TMOJYy4YEeHUs TPaBMbI (KOHTAKTHBIH O0XOT) JOCTaBJIECH
B I'bY3 «HNU — KKb Ne 1», rme mocne ocMoTpa ObII
BBICTABIICH JTUATHO3: TEPMUYCCKUIH OKOT (KOHTAKTHBIH)
neBoit kuctu 1,5% 11l crenenu, amnyTalmoHHas KyJabTs
kuctH. [locie momHON mpenonepaoHHON OATOTOBKH
Ha 4-U JleHb C MOMEHTa TOCIHUTAIM3AIUH B CTAIl[OHAP
BEITIOJTHEHO OTMEPATUBHOE JICUCHHE.

[ocne 3a60pa KO)KHOTO TpaHCIDIAHTATa Ha JIEBOM Oezipe
TOJIIIUHOHN 1 MM ¢ METHATEHON CTOPOHEI OeMpa B3ST TPAHC-
1aHTar ToimuHon 0,25 MM, ieppopupoBaH ¢ ko3hhuIm-
eHToM niepdoparn 1:4 ¥ MOCIeAHUI YIIOKeH Ha JJOHOP-
CKHIi Y4aCTOK MOJHOCIONHOTO TpaHcIuianTara. Ha Kynsru
HICCEUYCHBI TUIIEPTPAHYIISIIHHA HEKPOTOMOM C TaHTCHITHAIb-
HBIM JBIDKCHUEM HOXA U CKaJbreneM. JKTyT CHST.

BrImionHeHa TIACTHKA TOTHOCIOWHBIM KOXKHBIM ay-
TOTPaHCIUIAaHTAaTOM C TOJIIMBaHWEM KpaeB. Hamoxena
JaBsiiast oBsizka ¢ OpayHonuHOM. Ha 4-ii nenp otmeva-
Jlach dTamHas ajanTtanus ayrtoruactukd. Ha 12-it nens
MAIMEHT BBIMTUCAH MMOJ HAOMIONEHUE Bpada-XUpypra Imo-
JTUKIMHAKA. 32 CUET UCCEUCHUS BEPXHUX PSIOB TPAHYIISI-
[IMOHHON TKaHW MOSBWJINCH YCIIOBUS JJIST TIPKUBICHUS
MTOJTHOCJIOMHOTO KOKHOTO ayTOTPaHCIUIAaHTaTa.

B N

Pucynox 4. 20 oneii nocie odxcoea
Figure 4. 20 days after the burn

Pucynox 5. Panegoe 0HO nociie maneeHyuaibHOU HeKPIKIMOMUU
Figure 5. Wound bed after tangential necrosectomy
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Pucynok 6. Bzamue nonnocaouno2o mpancniaumama
Figure 6. Harvesting a full-thickness skin graft

Pucynok 7. [Jno panvl nocie Hekpaxmomuu (d#ceym cHsm)
Figure 7. Wound bed after necrosectomy (tourniquet removed)

Pucyrnox 8. Buo oonopckoeo yuacmra nepeo svinuckoti (12-ii oenv)
Figure 8. Donor site before discharge (day 12)

3aknioyeHmne

BeloyIHEHNE IACTUKU MOJIHOCAOWHBIMU KOXHBIMU
ayTOTPAHCIIJIAaHTAaTAMH Ha TIPAaHYJUPYIOLIUE PAHBI OI-
TUMaJIbHO NPOBOJAUTH Ha 3—4-i Henese Mmocie TPaBMbl,
[IPU 3TOM HEOOXOAUMO MCCEKaTh BEPXHUHU CIION IpaHy-
JSIMOHHOM TKaHu. [1nacTuka npu uccedeHnH pyoLoBoM
TKaHU MIPOU3BOAUTCS cpa3y INocie ux uccedenus. Ilna-
ctuky 1o KpacoBuToBy ONTUMAaIbHO BBIIOIHATH B IEP-
BbIE CYTKM IOCJE€ TPaBMAaTUYECKOM OTCIIOHKH KOXKU.
IIpoBenenue rucToMopdOIOrUIECKOr0 HCCIECAOBaHUS
paHbl Iepes CBOOOIHOW KOKHOH IJIACTHUKOH IOJHO-
CJIOMHBIMU ayTOTPAHCIUIAHTAaTaMM TOKa3aylo, YTO IOJ-
HOCJIOWHAas ayTOAEPMOIUIACTHKA HMMENa HaWIydIlni
pesynbrar B rpynne Il y manuMeHToB mocie MmjiaHOBOTro
MccedeHus pyOI0BOil TKaHU BCIIEICTBHE XOPOIIO Pa3BH-
TOT0 MHUKPOIMPKYIATOPHOIO PycClla, a TAKXKE 3aBHCEII0
OT TOJIMHBI TPAHCIUIAHTATA, YTO CO3/1aBaj0 ONTUMAIIb-
HBIE YCIIOBHS JUIsl €T0 MPUKHUBIICHUS.

Pa3paboranHble HOBBIE CHOCOOBI IUIACTUKU IOJHO-
CIOMHBIMU KOXKHBIMM ayTOTPAHCIUIAHTATAMM y HalEH-
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Pucynox 9. pusicusnenue mpancnianmama, 12-ii Oets
Figure 9. Engraftment, day 12

TOB C TPaHYIIIIMOHHON TKaHBIO U pyOITOBBIMU Jehopma-
OUSMH TIO3BOJISTIOT 3HAYMTEIBHO MOBBICUTH I(PPEKTHUB-
HOCTB TIPOBOJIUMOTO JICYCHUSI.
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Abstract

Background: The development of alcohol dependence syndrome is accompanied by disturbances of neuroplasticity in neural circuits,
the imbalance of neurotransmitter metabolism and immune and hormonal statuses in the central nervous system, which are reflected
in changes in peripheral markers. Therefore, determining neuropeptide levels in body fluids is a potentially promising strategy for lab-
oratory monitoring of substance use.

Objective: To determine characteristics of changes in oral fluid and serum levels of protein markers and hormones in patients with
alcohol dependence syndrome during rehabilitation.

Materials and methods: We formed 2 groups of male participants: a control group of apparently healthy volunteers (n=30) and
a group of patients with alcohol dependence syndrome, which was similar in size, age, and gender (20-40 years) to the controls. At the
time of admission to the rehabilitation program and 3 months later, serum and oral fluid samples were collected. We used an enzyme-
linked immunosorbent assay to determine levels of brain-derived neurotrophic factor (BDNF), glial cell line—derived neurotrophic
factor, neuropeptide Y, orexin, pituitary adenylate cyclase-activating peptide, corticotropin, and cortisol in the body fluids.

Results: Laboratory findings revealed that it is possible to determine neuropeptides and hormones in the oral fluid. The wide vari-
ability of findings in the oral fluid and no statistically significant correlation with corresponding serum levels were characteristic of the
most protein markers. Only the BDNF levels were statistically significantly reduced (3.2-fold decrease) in both the serum and oral
fluid. Analysis of the serum and oral fluid BDNF and cortisol levels revealed a moderate correlation (#=0.51, P=.0189).
Conclusions: For laboratory monitoring of alcohol dependence syndrome, it is possible to determine oral fluid BDNF, which, like
cortisol, has demonstrated a statistically significant moderate correlation between the serum and oral fluid levels.

Keywords: dependence syndrome, alcohol, neuropeptides, blood serum, oral fluid, neurotrophins
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Peztome

AKTyaJbHOCTh: Pa3BuTne CHHIpOMA 3aBUCHMOCTH CONTPOBOXKIACTCS HAPYIICHUSMHU HEHPOIIIACTUYHOCTH B HEHPOHHBIX LETISIX, AUC-
0alaHCOM HEHPOMEIMaTOPHOTO 0OMEHA, MMMYHHOTO U TOPMOHAJILHOTO CTaTyCOB B LIEHTPAJIbHOW HEPBHOW CHUCTEME, KOTOPBIE OTpa-
JKAIOTCSl B U3MEHEHUH Tepr(epruuecKux MapkepoB. B CBsi3u ¢ ATUM ompelielieHie HeWPONeNnTHIO0B B OHOIOTHYECKIX HKHUIKOCTSIX —
MMOTEHIIMATBHO MTEPCIIEKTHBHAS CTPaTEeTHsl JIAOOPAaTOPHOTO MOHHTOPHHTA HAPKOIIATOJIOTHH.
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Heanb: Onpenenenue XxapakTepHbIX 0COOCHHOCTEH N3MEHEHHUH OEIKOBBIX MapKEPOB U TOPMOHOB B POTOBOI! KMKOCTH M CBIBOPOTKE
KPOBH OOJIBHBIX C CHHAPOMOM aJIKOTOJIEHOI 3aBUCHMOCTH Ha 3Tare peabuInTalyu.

MarepuaJbl 1 MeToAbI: boutn chopMupoBaHbI 2 TPYIITBI UCIIBITYEMBIX JIMI] MY>KCKOTO T10J1a: KOHTPOJIbHAS IPYIIa — NPAKTHYECKU
310poBEIe J0OpoBObIE! (n=30) — M aHAJOTWYHAS MO pa3Mepy W moioBo3pacTHEIM (20—40 1eT) xapakTepucTHKaM BTOpas TpyIia
OOJIBLHBIX C CHHAPOMOM 3aBHCUMOCTH OT ajikoroiisi. Ha aTane nocTymiieHust Ha peabMIMTaluIo, a TAKXKE CITyCTs 3 MEC. OCYILIECCTRIIS-
JIM B3SITUE CBIBOPOTKH KPOBHU M POTOBOM xuAKOCTH. B Onoxkuakoctsx merogom UDA omnpenensiiu conepxkanue mozrosoro (BDNF)
n mmansHoro (GDNF) ueiiporpodunoB, Heiiponentiaa Y, OpeKCHHA, MENTHIA, aKTUBHPYIOLIETO aJeHUJIATIMKIA3Y runodusa
(PACAP), AKTI" u xopTH3omna.

Pe3yibrarhl: AHAN3 pe3yNIbTaTOB J1a00PATOPHBIX UCCIIETOBAHUN MOKa3aJl IPHHIUITHATBHYEO BO3MOKHOCTb ONPEACIICHHS B POTOBO
JKUJKOCTH HEUPONENTHI0B 1 TOPMOHOB. OCOOCHHOCTHIO OOJIBIIMHCTBA BBIICTIEPEUUCICHHBIX OCIKOBBIX MapKepoOB OblIa IIUPOKas
BapualesIbHOCTh PE3YyJIbTaTOB B POTOBOW MHIAKOCTH M OTCYTCTBHE CTAaTHCTMYECKU 3HAYMMOMN KOPPEJALUH C CBIBOPOTOYHBIM COZIEP-
JKaHUEM COOTBETCTBYIOIHMX OesikoB. Tosbko kKoHueHTpalust BDNF Obuta craTuCTHYeCKH 3HAYUMO CHIDKEHa B 3,2 pa3a M B CHIBOPOTKE
KPOBH, U B CMEIIaHHOM citoHe. [Ipn 3TOM aHamM3 ChIBOPOTOYHOTO M canuBapHoro cozpepxkanus BDNF, Takxke, Kak U kopTu30Ia, 10-
Ka3aj Hajau4uue koppessun cpeaaeit cunsl (1=0,51, p=0,0189).

3akJiouenue: /1151 1a00paTOPHOrO MOHUTOPHHIA CHHIIPOMA AJIKOTOJIBHON 3aBUCMMOCTH BO3MOXKHO OIPEJIENICHHE B POTOBOIT HKUAKO-
cru BDNF, koTopblii, Kak ¥ KOPTH30:1, NOKa3aJl HATMYME CTAaTUCTUYECKU 3HAYMMOM KOPPEISIIUU CPEHEI CHUIIBI MEXTY ChIBOPOTOU-
HBIM U CAJIMBAPHBIM COZIEPKAHUEM.

Knrwouesvle cnosa: ciHIpOM 3aBUCHMOCTH, aJIKOTOJIb, HEHPOIIENTH B!, CBIBOPOTKA KPOBH, POTOBAs! KUIKOCTh, HEHPOTPO(DHUHBI
Iumupoeamys: Epmaxosa I A., beikoB .M., IToroB K.A. u gp. Conep:kanne 0ENKOBBIX MApKEPOB U TOPMOHOB B CBIBOPOTKE KPOBU
U POTOBOM JKUIKOCTH Y OOJBHBIX C CHHAPOMOM aJKOTOJBHOM 3aBUCHUMOCTH. Mnnosayuonnas meouyuna Kyoanu. 2024;9(4):38—43.
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Introduction

Psychoactive substance use is a serious, multifaceted,
and recurring public health issue worldwide, which has
significant social and economic consequences.'? One of
the fundamental problems in psychiatry and narcology
is the fallibility of the diagnostic process due to a large
share of subjective methods. Practicing narcologists come
across such problem less frequently because the very fact
of psychoactive substance use is revealed by chemical and
toxicological analysis of body fluids and in some cases
hair or nails. However, direct or indirect markers of psy-
choactive substance use do not allow to assess patients’
psychophysical state, normalization of which is stated as
the only criterion for successful rehabilitation in modern
clinical guidelines.? It is known that the development of
alcohol dependence syndrome is accompanied by distur-
bances of neuroplasticity in neural circuits, the imbalance
of neurotransmitter metabolism and immune and hormon-
al statuses in the central nervous system.* In addition to
data, indicating brain tissue changes in the expression and
concentration of such biomarkers as brain-derived neuro-
trophic factor (BDNF), glial cell line—derived neurotroph-
ic factor (GDNF), neuropeptide Y (NPY), orexin, and
pituitary adenylate cyclase-activating peptide (PACAP),
there are some data on the possibility and prospects of
determining their serum levels for laboratory monitoring
of chemical addictions. Thus, measuring serum BDNF
levels is a valuable diagnostic strategy for predicting re-
lapse, determining withdrawal severity at different stages,
and assessing treatment adherence and rehabilitation in
people with substance use disorders.>”’

An even more complex and less studied issue is a di-
agnostic value of determining changes in oral fluid lev-
els of the above-mentioned peptide markers. Neverthe-
less, oral fluid garners significant interest, owing to both
the noninvasive nature of its collection and analysis and

available positive data regarding the correlation of some
laboratory analytes between blood and saliva, including
cortisol levels. The disadvantages of oral fluid include the
low concentration of the metabolites in question and wide
variability of findings due to the influence of both exter-
nal factors and oral cavity tissues.®” Unifying biomaterial
sampling and using highly sensitive analytical methods
can partially overcome these obstacles.

This study analyzed changes in serum and oral fluid
levels of protein markers (BDNF, GDNF, NPY, orexin,
and PACAP) and hormones (cortisol and corticotro-
pin [ACTH]) in patients with alcohol dependence syn-
drome during rehabilitation. We specifically selected cor-
tisol, blood and salivary levels of which correlate well,
and BDNF, serum level of which correlates well with the
use of psychoactive substances, including ethanol.!® Thus,
we selected a set of markers, which included standard
well-known markers with well-predictable changes and
new promising markers that may be potentially useful for
developing informative algorithms for laboratory moni-
toring of substance use.

The study aimed to determine characteristics of chang-
es in oral fluid and serum levels of protein markers and
hormones in patients with alcohol dependence syndrome
during rehabilitation.

Methods

The study participants were divided into 2 groups.
The control group (group 1, n=20) included apparently
healthy men aged 20-40 years. The absence of somat-
ic and mental disorders was confirmed during health
screening and medical examinations at the Narcological
Dispensary of the Ministry of Health of the Krasnodar
Region (Krasnodar, Russian Federation). Group 2 com-
prised male patients aged 20-40 years (n=30) with
F10.252 diagnosis “Dependence syndrome due to use of
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alcohol, stage 2, regular consumption” who underwent
outpatient treatment and rehabilitation at the Narcologi-
cal Dispensary.

This observational study was approved by the indepen-
dent ethics committee of Kuban State Medical University
(Krasnodar, Russian Federation) (protocol No. 96 dated
January 29, 2021) and conducted in accordance with the
World Medical Association Declaration of Helsinki (2013)
and the Federal Law of the Russian Federation No. 323-®3
dated November 21, 2011 “On the Fundamentals of Health
Protection of Citizens in the Russian Federation.”

At the time of admission to the rehabilitation program
and 3 months later, venous blood samples (7-8 mL) were
collected from the cubital vein into test tubes with clot
activator to obtain serum. At the same time, oral fluid
samples were collected by the spitting method (unstimu-
lated saliva). Saliva was collected in clean dry containers
in the morning after preliminary preparation of the pa-
tients (brushing teeth and thoroughly rinsing the mouth
with boiled water one hour before the procedure). The pa-
tients were instructed to refrain from eating, drinking, and
smoking during that time. Sampled oral fluid was centri-
fuged at 1000g for 20 minutes, and the supernatant was
collected for further studies. The body fluid samples were
frozen immediately after collection and stored at —800 °C
for no more than 2 months before laboratory studies.

We determined the following markers (Cloud-Clone
Corp, China; product numbers of corresponding enzyme-
linked immunosorbent assay [ELISA] kits are provided
in parentheses) in serum and oral fluid by enzyme immu-
noassay: BDNF (SEAO011Hu), GDNF (SEA043Hu), NPY
(CEA879Hu), orexin (CEA346Hu), PACAP (CEB347Hu),

cortisol (CEA462Ge), and ACTH (CEA836Hu). The opti-
cal density analysis of wells in the microplate format was
performed using the FLUOstar Omega multimode micro-
plate reader (BMG Labtech, Germany).

Statistical data were processed using StatPlus, ver-
sion 7 (AnalystSoft Inc, USA). The distribution of the
data was assessed using the Shapiro-Wilk test. The non-
parametric Mann-Whitney test was used to check the
equality of the medians between the 2 study groups. The
Spearman correlation coefficient was used to assess the
relationship between the serum and oral fluid levels. Dif-
ferences between the groups were considered significant
at P<.05. The data in the tables are presented as medians
and interquartile ranges.

Results and Discussion

Determination of the baseline levels at the rehabilita-
tion start reasonably coincided with the discharge from
the hospital where the patients underwent detoxification
and stabilization. This resulted in relatively mild labora-
tory changes compared with the levels of the correspond-
ing analytes in the controls. The patients with alcohol
dependence syndrome were observed to have low serum
BDNF and ACTH levels but increased GDNF concentra-
tions (Table 1). Thus, compared with those in the controls,
serum BDNF and ACTH levels in group 2 were 3.2- and
4.1-fold lower, respectively. Under the same conditions,
at the initial stage of the rehabilitation, serum GDNF
levels in the patients with alcohol dependence syndrome
were increased by 36% compared with the controls. The
rest of the analytes in the serum did not significantly differ
from the values of the similar markers in group 1.

Table 1

Serum and oral fluid levels of some markers in patients with alcohol dependence syndrome

at the rehabilitation start (Median [IQR])
Taonuuya 1

Coaep:xaHue HEKOTOPBIX MAPKEPOB B CHIBOPOTKE KPOBU M POTOBOIi sKUIKOCTH 00IBHBIX
€ CHHAPOMOM aJKOT0JIbHOH 3aBHCHMOCTH B HayaJie peaduauranuu (Q1-Q3)

Study groups / body fluids

Analytes Group 1 (control) Group 2 (alcohol dependence syndrome)
Serum Serum Oral fluid
BDNF, pg/mL 3600.9 (2420.4-5050.4) 1108.5"(712.5-2133.9) 68.4 (58.2-81.6)
GDNF, ng/mL 0.84 (0.71-0.94) 1.14% (1.07-1.26) 0.16 (0.16-0.22)
NPY, pg/mL 88.8 (76.4-92.5) 72.8 (61.0-88.6) 39.6 (2.1-111.5)

Orexin, pg/mL 297.5 (219.4-727.5)

296.3 (181.0-495.2) 482.3 (121.4-1157.6)

PACAP, pg/mL 91.4 (77.5-124.3)

102.5 (81.4-119.5) 132.6 (103.1-186.6)

Cortisol, ng/mL 117.4 (106.4-126.5)

119.1 (110.5-128.7) 12.0 (9.7-15.4)

ACTH, pg/mL 37.0 (16.9-45.3)

9.0° (5.5-13.3) 720.8 (446.6-818.8)

Note: *, statistically significant differences when compared with a similar marker in the control group

HpuM * — CTATUCTHYECKU 3HAYNMBIE pa3anius nNpru CpaBHCHUN CO 3HAUYCHUCM aHAJIOTMYHOI0 MapKepa KOHTpOHLHOﬁ TpynIibl
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Table 2

Serum and oral fluid levels of some markers in patients with alcohol dependence syndrome

3 months after the rehabilitation start (Median [IQR])
Tabnuua 2

Conep:kaHue HEKOTOPHIX MAPKEPOB B CHIBOPOTKE KPOBH U POTOBO# KMIKOCTH 0OJIBLHBIX
¢ CHHJPOMOM AJIKOTOJIbHOM 3aBUCMMOCTH 4Yepe3 3 Mec. mocJie Hayaaa peaduauranun (Q1-Q3)

Study groups
Analytes Group 1 (control) Group 2 (alcohol dependence syndrome)
Serum Serum Oral fluid
BDNF, pg/mL 3600.9 (2420.4-5050.4) 1656.0" (1026.0-3606.0) 60.0 (58.3-92.7)
GDNF, ng/mL 0.84 (0.71-0.94) 1.17* (1.07-1.28) 0.17 (0.16-0.19)
NPY, pg/mL 88.8 (76.4-92.5) 74.3 (63.9-84.8) 18.6 (2.53-66.3)

Orexin, pg/mL 297.5 (219.4-727.5)

79.4" (64.5-181.0) 937.2" (717.8-1013.0)

PACAP, pg/mL 91.4 (77.5-124.3)

277.8" (187.9-310.5) 28.5"(19.8-38.3)

Cortisol, ng/mL 117.4 (106.4-126.5)

115.6 (108.3-122.3) 10.7 (8.6-13.8)

ACTH, pg/mL 37.0 (16.9-45.3)

12.0" (8.2-13.3) 639.8 (610.5-669.1)

Notes ", statistically significant differences when compared with a similar marker in the control group; ", statistically significant
differences when compared with data obtained at the rehabilitation start

Ilpum.: " — CTATUCTUYECKH 3HAYUMBIC Pa3IUMs TIPH CPABHEHHH CO 3HAYCHHEM aHATOTUYHOTO MapKepa KOHTPOIBHOW TPYIIIIbI,
" — CTATHCTUYECKH 3HAYUMBIC Pa3IHYKs IPU CPABHEHHUH C TAHHBIMH, TIOJYUICHHBIMH Ha JTare Havasia peabuiInTainu

The oral fluid levels of the analytes in the control
group were not determined by laboratory methods, so
they cannot be correlated with any reference or normal
values. Nevertheless, we conducted a correlation analysis
between the serum and oral fluid analytes and were able
to compare some markers with literature data. Salivary
cortisol is widely used in clinical laboratory practice. Its
concentration is usually no more than 10% of the serum
level and is 15-18 nmol/L (5.4-6.5 ng/mL) in the morn-
ing."!' According to our findings, the oral fluid cortisol
level in the patients with alcohol dependence syndrome
averaged 10% of the serum level (Table 1) and was 2- or
3-fold higher than the well-known reference level of this
analyte.!? Such findings may indicate a greater prospect of
using the salivary cortisol for laboratory monitoring dur-
ing treatment and rehabilitation in patients with depen-
dence syndrome.

Literature also has data on the oral fluid BDNF lev-
el in different groups of participants, which was 255.97
(standard deviation [SD]+83.90) pg/mL in people with-
out chronic diseases.'*'> We compared our findings in
patients with alcohol dependence syndrome with the lit-
erature data and can assume that salivary BDNF levels
significantly decrease similar to the changes in its serum
levels. Salivary levels of other proteins analyzed in this
study were not determined by other researchers; there-
fore, we can draw a conclusion regarding the diagnostic
value of their salivary levels based on the statistical analy-
sis of correlations between the serum and salivary lev-
els. What we thought was an interesting discovery were
high oral fluid levels of NPY, orexin, and ACTH, which

might be linked to cross-reactions of salivary peptides
with antibodies in the ELISA kits, as well as to the fact
that in some cases high levels of some peptides are ob-
served: substance P levels in oral fluid were shown to be
much higher than those in plasma.'®'” Nevertheless, due
to the recorded wide range of fluctuations the diagnostic
potential of oral fluid peptide levels will most likely not
be realized.

The second stage of the study was conducted 3 months
after the rehabilitation start and characterized by a num-
ber of specific changes in the analytes (Table 2).

We observed a slight increase in the serum BDNF lev-
els (49% increase from baseline). The orexin levels were
3.7-fold lower than those at the rehabilitation start. This
being said, the baseline value was within the reference
range, so such change after 3 months of abstinence from
alcohol can reflect specific events associated with meta-
bolic changes in the nervous tissue during recovery. On
the contrary, the serum PACAP level has a 2.7-fold in-
crease from baseline (before the beginning of the study).
The oral fluid orexin increased from baseline (1.9-fold
increase in the median value), while the PACAP level
had a 4.6-fold decrease. These findings contradicted the
data regarding serum. Serum or plasma are regarded as
the most reliable body fluids for laboratory diagnostics, as
they are the most informative in terms of internal charac-
teristics of the body, whereas other body fluids are highly
dependent on various external and internal factors. Al-
though even air contact can have an effect on saliva, the
state of the oral tissues has the strongest impact on the
composition and properties of this body fluid. Therefore,

a1
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the correlation analysis between serum and salivary pep-
tide levels plays a decisive role in assessing prospects of
saliva diagnostics. At the same time, a reliable correlation
of cortisol levels, the only steroid in our study, has been
known for a long time, and salivary cortisol is used in
clinical laboratory practice.'® In our study, the Spearman
correlation coefficient determined when comparing the
serum and oral fluid cortisol levels was 0.71 (P=.0108),
which can be characterized as a high strength of the rela-
tionship between the laboratory analytes. We found a sta-
tistically significant correlation when analyzing the serum
and salivary BDNF levels (r=0.51, P=.0189). The oral
fluid levels of the rest analytes did not correlate with the
corresponding serum levels of the biomarkers.

Conclusions

Analysis of laboratory findings revealed the fundamen-
tal possibility of determining oral fluid levels of such neu-
ropeptides and hormones as BDNF, GDNF, NPY, orexin,
PACAP, cortisol, and ACTH using the ELISA method.
While salivary cortisol has been used in clinical laboratory
practice for a long time, and literature has some informa-
tion on determining the BDNF level in certain groups of
people, other biomarkers were determined in saliva for the
first time. One of the characteristics of the above-mentioned
protein markers was a wide variability of findings in oral
fluid and the absence of statistically significant correlation
with the serum levels of the corresponding proteins. Apart
from cortisol, only BDNF level in body fluids of patients
with alcohol dependence syndrome proved its high diag-
nostic significance. We found the decreased BDNF level
at the local and systemic levels and a moderate correlation
between the serum and salivary BDNF levels.
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Abstract

Candida species have an impact on human skin health and occasionally can lead to catastrophic conditions, such as skin cancer. The ni-
trogen supply in growth media regulates MEP2 gene expression. MEP2 protein may regulate the amount of ammonium accessible to cells
by directly affecting ammonium assimilation. Reducing MEP2 expression removed its potential to drive filamentous growth.

This study aimed to examine serial imaging of the MEP2 gene with chaos game representation (CGR) and frequency chaos game
representation (FCGR). In addition, the effect of mutations in Candida albicans strains on MEP2 docking with lauramine oxide
(LDAO) was investigated. The MEP2 gene was selected for 10 Candida species from the National Center for Biotechnology In-
formation to compare DNA sequences using conventional and portray methods (CGR and FCGR). The molecular docking between
MEP2 and LDAO was determined using the HDOCK server.

CGR findings revealed that Candida margitis, Candida orthopsilosis, Candida dubliniensis, Candida theae, and C albicans had ap-
proximately 65% of the same characteristics. According to FCGR, there was a 75% similarity between C albicans, C theae, C dublini-
ensis, C orthopsilosis, and C margitis. In certain strains, but not all a mutation in the conserved region of the protein caused a change
in the docking residue of LDAO with MEP2.

The CGR and FCGR protocols are considered practical and reliable tools for identifying protein and DNA sequence similarities. Ap-
proximately 80% of the existing algorithms for determining multiple sequence alignments are similar to traditional methods. Targeted
treatment will be possible as determining MEP2 mutations is crucial for using Candida as a nitrogen source.
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Pezrome

Buzst rpu6oB pozna Candida BIustoT Ha 310pOBbE KOXKH YEJIOBEKA U IEPUOANYECKH MOTYT IPUBOIUTH K TAKMM CMEpPTEIbHBIM 3a-
OosieBaHUSM, KaK pak KOKH. FICTOYHMK a30Ta B MUTATENIBHON cpese peryaupyer skcnpeccuto rena MEP2. benok MEP2 mosxer pe-
I'YJIHPOBATh KOJMYECTBO aMMOHMS, JOCTYITHOTO KJIETKAM, HANpsSIMYIO BJIMsS Ha aCCUMWIISIMIO aMMOHHUS. CHH)KEHHE DKCHPECCHU
MEP2 ycTpaHsieT ero noTeHIUaNI HHIyIUPOBATh (HIIaMEHTAIHIO.

Lenbto nanHO#M paboThl OBLIO M3ydeHUe cepuitHoil Busyann3anuu rena MEP2 ¢ nmomomsio nmoaxonoB CGR n FCGR. Kpowme toro,
OBUTO MCcienoBaHo BIUstHUE MyTanuid B mramMax C. albicans na noxkunr MEP2 u oxcnna maypamuna (LDAO). 'en MEP?2 6b11 BBI-
Opan st gecstu BunoB Candida u3 6anka nanabix NCBI, uto0Obl cpaBHuTh nocnenosarensHoct JJHK ¢ ncrnonb3oBanueM Tpaam-
LIUOHHBIX MeTo0B 1 MeTonoB npencrasieHus (CGR u FCGR). Monexynspubiii jokuar mexay MEP2 u LDAO ObL1 ocyliecTBieH
¢ nomo1bto cepepa HDOCK.

Mo pesynsraram CGR, C. margitis, C. orthopsilosis, C. dubliniensis, C. theae n C. albicans nMeroT npuMepHo 65% OAMHAKOBBIX Xa-
paxrepuctuk. ITo pesynsraram FCGR, mexny C. albicans, C. theae, C. dubliniensis, C. orthopsilosis n C. Margitis naGmonaercst 75%
CXOZICTBa. B HEKOTOPBIX HITaMMaXx, HO HE BO BCEX, MyTallHsi B KOHCEPBATUBHOI 00JacTH Oelika BbI3bIBala M3MEHECHHE B CTHIKOBOYHOM
octrarke LDAO ¢ MEP2.
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IMpotoxonel CGR 1 FCGR cunTaroTest NpakTHYHBIMU U HAIEKHBIMU HHCTPYMEHTAMH JULS OLIPEIIEIICHUS CXOACTBA OSIIKOB U MOCIIENO-
patenbHOCcTel JIHK. IIpumepno 80% cyliecTByIOImUX aJrOpUTMOB ONPENEICHNs MHOXKECTBCHHBIX BEIpaBHUBAHUIM 11OCIIEA0BATENb-
HOCTEH aHaJOrWYHbl TPAAUIMOHHBIM MeToiaM. CTOMT OTMETHUTh, YTO TAPTeTUPOBAHHOE JICYEHHE BO3MOXHO, ITOCKOJIBKY OIpesese-
nue mytauuit MEP2 umeer pemaroiiee 3HaueHue npu ucrnons3zoanni Candida B kauecTBe HCTOUHMKA a30Ta.

Kntouegwie cnosa: Candida, noxunr, FCGR, okcun naypamuna, MEP2
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Introduction

Candida species are present all around the world; how-
ever, they primarily affect immunocompromised people
who have been diagnosed with severe illnesses, such as HIV
infection and cancer. Candida species are among the most
prevalent organisms that cause hospital-acquired infections.!

Ammonium is a preferred nitrogen source for the ma-
jority of microorganisms inhabiting the environment, and
it is assimilated into organic compounds via the gluta-
mine synthetase-glutamate synthase pathway. In Candida
species, ammonium permeases encoded by MEPI and
MEP?2 genes are responsible for ammonium uptake into
the cell in which it can then be utilized in a variety of
biosynthetic processes.> The expression of the MEPI and
MEP2 genes is regulated by the nitrogen source in
a growth medium, and the 2 permeases are thought to
have a redundant function. Disruption of either gene re-
sults in an inability to grow on media with ammonium
as the sole nitrogen source. The MEP2 gene of Candida
albicans has been cloned and functionally characterized.
This isofunctional enzyme represents a potential target for
development of novel antifungal therapies because its ac-
tivity is required for organism growth in the host.**

Transcriptional control of MEP2 homologs is con-
served, and C albicans MEP2 has been shown to be under
control of the GATA family transcription factor Gatl and
the nitrogen catabolite repression regulator Nrgl.’ Effects
of MEP2 regulation on nitrogen catabolism and virulence
are currently being investigated through construction of
C albicans MEP2 underexpression and overexpression
strains and analysis of their in vitro and in vivo behaviors.
Given MEP2 involvement in ammonium and lack of cur-
rent understanding of in vivo nitrogen sources for C albi-
cans, it is of interest to identify specific nitrogen sources
that trigger MEP2 transcription, as this may be a means to
elucidate the MEP2 natural function.®’

However, primary sequence similarities suggest that
MEP2 may regulate the level of ammonium available to
cells through direct effects on ammonium assimilation. This
theory is supported by the MEP2 conservation in nitrogen
catabolic repressed organisms, and data showing that Sac-
charomyces cerevisiae MEP2 is under control of both car-
bon and nitrogen sources at the level of transcription.

Throughout evolution, 2 primary means of nitrogen
uptake have arisen. Nitrate assimilation, a nitrate to glu-
tamine to glutamate to amino acid process, is used by
plants, fungi, and microbial eukaryotes.® Ammonium
compounds are assimilated by the biosynthetic glutamine

to glutamate to amino acid pathway but, prior to reactions
associated with this pathway, occur through direct incor-
poration into amino acids via the glutamine: 2-oxogluta-
rate aminotransferase and glutamate N-acetyl transferase
reactions. In most organisms, the enzymes involved in
nitrogen assimilation, be it nitrate or ammonium, are sub-
ject to coordinate gene expression by a nitrogen source
and regulation of enzyme activity.’

Reducing MEP2 expression eliminated its potential
to induce filamentous development. Enhanced promoter
activity and messenger RNA stability both contribute to
enhanced MEP2 expression levels. MEP2 fusions result-
ed in higher messenger RNA levels and greater cell fluo-
rescence. MEP2 may gain structural characteristics that
allow it to function as a signaling protein rather than an
ammonium transporter.'®!!

Multiple sequence alignment (MSA) is based on the
assumption that genetically related sequences perform
comparable tasks and conserved areas are critical to
a molecule’s activity. In contrast, chaos game representa-
tion (CGR) is utilized to convert a biological sequence
into a visual geometric representation.'> This approach
involves repeating a basic operation to create complicated
geometric patterns. Each nucleotide in the sequence indi-
cates a certain orientation in the painting. Frequency cha-
os game representation (FCGR) is an extension of CGR
that examines the distribution of nucleotides along a se-
quence. This approach calculates and depicts frequencies
of nucleotides in shifting windows of the sequence.!'*!*

MSA compares multiple sequences and identifies sim-
ilar and divergent regions between them, which makes it
useful for studying evolution and predicting a structure,
whereas CGR and FCGR analyze individual sequences
and uncover underlying patterns, which is helpful in
studying a structure, evolution, and nucleotide composi-
tion. In many investigations, these strategies are utilized
in conjunction. For example, MSA may be used to iden-
tify conserved sections, which can be further analyzed us-
ing CGR or FCGR.!516

Because the MEP2 protein is so important for Candida
development, this study focused on diagnosing and identi-
fying its gene using novel approaches and comparing them
to old ones. The current work sought to identify changes in
the DNA sequences of the MEP2 gene between 9 Candida
species utilizing established approaches, such as MSA vs
CGR and FCGR. Furthermore, this study investigated how
mutations in the MEP2 gene affect its interaction with lau-
ramine oxide (LDAO) through molecular docking analysis.
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Methods

DNA sequences of the MEP2 gene from 10 Candida
species were obtained from the National Center for Bio-
technology Information (NCBI) for comparative analy-
sis. These species included C albicans (NC_032092),
Candida theae (NW_026261424), Candida dubliniensis
(NC 012863), Candida tropicalis (NW_003020038),
Candida parapsilosis (NW_023503283), Candida pseu-
dojiufengensis (NW_026261543), Candida orthopsilo-
sis (NC _018298), Candida margitis (NW_026261739),
Candida oxycetoniae (NW_026055484), and Candida
Jiufengensis (NW_026261561). C albicans was chosen as
a wild type to compare with other species.

For DNA sequence alignment, 3 programs were em-
ployed: T-Coffee, CLUSTALW, and MAFFT version 7.
A phylogenetic tree was constructed using T-Coffee.

The CGR tool provides a fractal-like visualization
of DNA sequences.!” This visualization method facili-
tates understanding the distribution of nucleotides within
a sequence. To numerically represent nucleotides within
a DNA sequence, a counting system is established. Each
nucleotide is assigned a numerical value based on its posi-
tion within the sequence. This system simplifies the iden-
tification of specific nucleotides within the context of the
entire genome. A 2-dimensional grid or plot is utilized for
visualization. Typically, the origin is placed at the center,
dividing the grid into 4 quadrants representing the 4 DNA
nucleotides (A, T, G, and C). Each nucleotide is plotted
on the grid according to its position within the DNA se-
quence, using the x- and y-axes (x, y).'*"

To prepare it for the next iteration, the counter is in-
creased by one after each nucleotide assignment. In the
end, nucleotides are mapped to numbers based on the cu-
mulative effect of this iterative process. This cumulative
process is shown by the following accumulation equa-
tions:

new_x=current x+ (D (target x—current x)/2"n)

new_y=current y+(} (target y—current y)/2”n).

A chaotic game plot is used to show the frequency
of recurrence of a sequence, and the foundation of FCGR
is counting the occurrences of a certain pattern inside the
sequence.'® This is accomplished by associating different
color intensities or shades of grayscale with each com-
puted point on the (X, y) axis. Points are defined by repeat-
ing the shape element at the given place in the sequence.
The resultant FCGR approach gives visual insight into the
distribution of spots within the series, with darker regions
indicating higher theme frequency. The FCGR technique
was implemented according to the given approach:

Frequency (M)=(Number of times the motif
M appears in the sequence S)/(n—k+1),
where S is a sequence under study; n, length of the se-
quence (if S is a DNA sequence, then n is the number
of nucleotides in the sequence); M, the theme to be iden-
tified inside the sequence, and &, length of the motif.'"1?
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Prediction of the Three-Dimensional Structure of Ten
MEP?2 Proteins

The SCRATCH Protein Predictor (3Dpro) program
was used to predict a 3-dimensional structure of the
MEP2 protein in all 9 Candida species. Protein sequences
were graphically displayed; mutations were identified,
and the PyMOL software was used to analyze the results.

Identification of Mutations in the MEP2 of C albicans
Strains

The following section of the study compared 5 strains
of C albicans for the wild type of the MEP2 gene with
mutations that impact the LDAO binding in the protein.
MEP?2 strains selected from the Protein Data Bank includ-
ed SAEZ wild type, SAH3, SFUF, 6EJH, and 6EJ6. Py-
MOL was used to map proteins in surface and mesh for-
mats and discover significant strain-specific alterations.
The Pipeline Builder for Identification of Targets (PBIT-
V3) tool was used to identify a chemical or medication
that targets MEP2. PBIT-v3 can be used to detect a target
chemical by integrating and implementing distinct mod-
ules for each protein with the ability to bind to a drug-
like compound. This is accomplished through the use of
BLAST algorithms from sites in the DrugBank (version
5.0), Therapeutic Targets Database, and ChEMBL data-
bases.

Molecular Docking Between MEP2 and LDAO

Finally, after detecting the target drug LDAO, the
HDOCK tool was used to dock it with MEP2 strains. The
top 10 models were chosen for binding MEPT2 strains
with LDAO.

Results

C albicans was used as a reference point for the rest
of the Candida species in various tests since they are the
most common species that cause disease in humans. MSA
showed roughly 200 major mutations within MEP2 gene
classes. Mutations in the initial 18 nucleotides and the end
section of the gene, which contained roughly 1240 nucle-
otides, have been identified as the cause of the variances
between the species. As these mutations did not involve
the conserved area, they had no direct effect on the pro-
tein’s final composition. C tropicalis and C oxycetoniae
had the greatest difference within the last 185 nucleotides
compared with other species (Figure 1). Phylogenetic tree
analysis was based on assessing the alignment of several
sequences. It became evident that C dubliniensis was most
closely related to C albicans. Figure 2 depicts the remain-
ing species arranged according to their genetic closeness.
When DNA sequence segments of the MEP2 gene were
compared between the 10 Candida species, no substan-
tial differences were found. Figure 3 depicts the DNA se-
quence with an essentially identical curve and a similarity
level of more than 84%.
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Figure 1. Multiple sequence alignment of the MEP2 gene of 10 Candida species
Pucynox 1. Muooicecmeennoe svipasnusanue nociedosamenvrocmeti cena MEP2 decamu eéudoe Candida
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Figure 2. Construction of a phylogenetic tree depicting the relationships among the MEP2 gene of 10 Candida species
Pucynox 2. Illocmpoenue punozenemuuecrkoco depesa, uzobpaxcaroujeco omuoutenus cpeou 2enoe MEP2 oecsmu éudos Candida
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Figure 3. Graphical representations of the MEP2 gene in 9 Candida species compared with C albicans
Pucynox 3. I'paghuueckue npedcmaenenus cena MEP2 y 0essamu eudos Candida 6 cpasnenuu c C. albicans
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Following a complete portrayal of the DNA sequences
of the MEP2 gene across several Candida species, with
C albicans as a template for the principal model (Figure 4),
C albicans, C theae, C dubliniensis, C orthopsilosis, and
C margitis were revealed to share around 65% commonality.
The similarities reached 55% with C parapsilosis and C oxy-
cetoniae. In contrast, C tropicalis, C pseudojiufengensis, and
C jiufengensis differed from the rest of the species by 30%.

To gain a better understanding of the similarity degrees
among Candida strains, frequency imaging required the

incorporation of 4 nucleotides into the nitrogenous base
sequence representation. By evaluating the frequency
imaging data of the 10 Candida species, it became obvi-
ous that C albicans, C theae, C dubliniensis, C orthop-
silosis, and C margitis had approximately 75% in com-
mon. In comparison to the other species, C parapsilosis
and C oxycetoniae had 65% of similarities. In contrast,
C tropicalis, C pseudojiufengensis, and C jiufengensis
were more than 40% different from the rest of the species
(Figure 5). The genetic diversity within the MEP2 gene

JR—

Candida albicans (1443 bp)

Candida dubliniensis (1443 bp)

Ccandids these {1512 bp) Candida margitis (1509 bp) ‘| |candida orthopsilosis (1912 bp)

Candida owycetoniae (1521 bp) Candida parapsilosis (1589 bp} Candida p--h_uu'r-._.-n (-l:m'b Condida _M;ll‘-‘:u-is (1599 bp) Candida tropicalis (1455 bp)

Figure 4. Chaos game representation analysis of the MEP2 gene across Candida species revealed different variants. The blue rec-
tangles emphasize the closest similarities between the first 5 species in at least 5 bps. The red rectangles represent variances of 4 bps
across the species. The yellow rectangles demonstrate changes of at least 6 bps in the final 3 species relative to the other species
Pucynox 4. CGR-ananusz eena MEP2 y 6uooe Candida evissun pasnvie sapuanmol. Cunue npsamoyeoibHuKu YKa3uléarom Ha Hau-
bonee bnusKue cxo0cmea Medxicoy nepebiMu Nmvio UOAMU 8 He MeHee 5 n.H. KpacHole npsivoyeonvruku — paznudust (4 n.u.) mesicody
sudamu. JKenmoie npsmoy20nbHUKY — USMEHEeHUs. (He MeHee 6 N.H.) 6 NOCIeOHUX mpex GUOAX NO CPAGHEHUIO ¢ OPYeUMU GUOAMU

I. .l
| | |
| | |
| | |
| l .l - H

C. albicans C. dubliniensis €. orthopsilosis

B = e —
C. pseudojiufengensis C.

c. b& 11?1-351' .l o-fu' K] ¢, tropicalis

C. oxycetoniae

jiufengensis

Figure 5. Frequency chaos game representation of the MEP2 gene across Candida species, characterized by the progressive
accumulation of 4 bps over the entire sequence. The blue rectangles represent similarities in one set of base pairs between
the species, emphasizing small differences. The red rectangles demonstrate variations in 2 sets of base pairs among the first
5 species. The yellow rectangles indicate similarities in at least 2 sets between the final 3 species and the rest

Pucynox 5. FCGR 2ena MEP?2 y suoos Candida, xapakxmepu3syloujeecs npoepeccusHbimM HakonieHuem 4 n.n. no eceil nociedo-
samenvrocmu. Cunue npsamoyeoibHUKY OMPAXCArOm cX00CmE0 8 0OHOM HAbOpe Nap OCHOBAHUL MexHcOy euoamu (Hebonvuiue
pasnuuus). Kpacuvle npsmoyeonvhuku — éapuayuu 6 08yx Habopax nap OCHOBAHULL cpedu nepevix nsamu 6u0os. Kenmoie npsi-
MOY20NIbHUKU YKA3bIBAION HA CXOOCMB0 NO KpaliHell Mepe 8 08YX HabOpax medxcoy nocieOHUMU mpems U 0CMAalbHbIMU 8UOAMU
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between the species is successfully illustrated using
a 4-bps stepwise accumulation method, offering insight
into the degree of genetic variation across various species.

Our investigation revealed that there was a variation
in the evaluation of sequence similarity between Candida
species when comparing the alignment of MEP2 strains
using MSA compared with both CGR and FCGR. One
nucleotide resolution, for instance, prevented MSA from
clearly differentiating between Candida species. Con-
versely, it was simple to identify Candida species from
CGR and FCGR images at first sight. Furthermore, FCGR
was visually more accurate than CGR.

Five strains of C albicans MEP2 were selected based
on SAEZ being the wild strain and were compared with
the mutant strains. Two clear mutations could be observed
for SAH3 strain: the conversion of arginine to aspartic
acid (R452D) and serine to aspartic acid (S453D). SFUF
strain had the same mutation at residue 453 (S453D).
6EJH had a change of glysine to cysteine (G343C).
As for 6EJ6 strain, asparagine was converted to alanine

N240A

Candida albicans

6EJH-LDAO

Lauramine oxide (LDAO)

6EJ6-LDAO '*‘

SAEZ-LDAO

Candlida albicans
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(N240A). Mutations caused a conformational shift in the
protein chain as seen in Figure 6.

PBIT-v3 selected methylamine and LDAO, which were
the best potential target medicines to bind to the MEP2 pro-
tein, from DrugBank. Molecular docking between LDAO
and MEP2 was accomplished using HDOCK. Five different
MEP?2 strains were tested with the top 10 docking models.
Table below displays the docking analysis findings for the
10 models for each strain, along with the docking and con-
fidence scores and root mean square deviations. PyMOL
was used to determine where LDAO docked in MEP2 for
the models under consideration. Each MEP2 strain is lo-
cated in one of the top 10 LDAO docking areas. Our find-
ings indicated that the arginine in residue (452) was docked
with the LDAO in wild-type strain SAEZ. An aspartic acid
mutation at position (452) altered the docking site in strain
5AH3; hence the docking site changed as a result of the
mutation. For the other strains, our data revealed no influ-
ence of strain-specific mutations on the docking position
change as shown in Figure 7.

Figure 6. Key mutations that caused
conformational changes in 5 C albi-
cans MEP?2 strains. SAEZ: the wild type.
5SAH3 with mutations (R452D and S453D).
SFUF with the mutation (S453D). 6EJH
with the mutation (G343C). 6EJ6 with the
mutation (N240A4)

Pucynox 6. Knouegvie mymayuu, 6vi36a6-
uie KOHPOPMAYUOHHbIE USMEHEHUs Y NAMU
wmammos MEP?2 euoa C. albicans. SAEZ:
Oouxuti mun. SAH3 ¢ mymayusmu (R452D
u S453D). SFUF ¢ mymayueii (S453D).
6EJH c mymayueii (G343C). 6EJ6 ¢ myma-
yueti (N2404)

MEP2: 5FUF

Figure 7. Molecular docking between
LDAO and 5 MEP?2 strains of C albicans
(5AEZ, 5AH3, 5FUF, 6EJH, and 6EJG).
For each strain, there were 10 optimal
docking models. The arginine at position
(452) was docked with LDAO in 5AEZ.
The docking location in 5AH3 strain was
changed by an aspartic acid mutation at
residue (452); thus LDAO did not bind to
this residue

Pucynox 7. MonexynapHuiii OoKume mexncoy
LDAO u namsto wmammamu MEP2 euda
C. albicans (5AEZ, 5AH3, 5SFUF, 6EJH
u 6EJG6). /lnsa xajcooco wmamma OblLio
o0ecsimy ONMUMAIbHLIX MoOerell OOKUH2d.
Apeunun 6 nosuyuu (452) o6vin cocmwiko-
eéan ¢ LDAO 6 5SAEZ. Mecmo cmuikogxu
6 wmamme SAH3 OvL10 usmeneno myma-
yuell acnapasunogoll KUCIOMbl 6 OCHAN-
ke (452), nosmomy LDAO He ceasvisancs
€ 9MUM 0CIMamKom

S5AH3-LDAO

SFUF-LDAO
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Analysis of molecular docking between C albicans MEP2 strains and lauramine (Z:ib(;z
Tabnuua
AHaJIu3 MOJIeKYJISIpHOro JoKUHTa Mexxay mramvmamu MEP2 C. albicans u okcnoM 1aypaMuHa
dolc’ii'ng Description| M1 M2 M3 M4 M5 M6 M7 M8 M9 | MI10
D;’ccclfri:g ~109.42 | —99.53 | —98.93 | 959 | —95.85 | 9547 | —9338 | —92.94 | —91.82 | —91.73
E%EAZ(S C"Is‘f(iznce 0.3075 | 0.2671 | 0.2648 | 0.2531 | 0.2529 | 0.2515 | 0.2437 | 0.2421 | 0238 | 0.2377
RMSD (A°)| 5828 | 6124 | 56.63 | 6143 | 7246 | 60.09 | 5937 62.2 52.58 | 73.98
D;’C‘:(ljrigg ~105.47 | -101.26 | —98.36 | —97.04 | —96.16 | —9523 | —93.25 | —92.59 | —91.04 | —88.96
ﬁﬁ% COIS‘?&Z“CE 0.291 | 0.2739 | 0.2625 | 0.2575 | 0.2541 | 0.2506 | 0.2432 | 0.2408 | 0.2352 | 0.2278
RMSD (A°)| 522 5428 | 69.98 | 5441 | 7158 | 5277 | 7133 | 3843 | 7387 | 72.77
D;’(f(lfri:g ~109.02 | —106.33 | —104.59 | —102.05 | —100.11 | —97.9 | —96.82 | —96.34 | —95.73 | —95.59
f;‘f(; C"Is‘f(iznce 0.3058 | 0.2945 | 0.2874 | 02771 | 02694 | 0.2608 | 0.2566 | 0.2548 | 0.2525 | 0.252
RMSD (A°)| 51.09 | 3975 | 39.15 | 5274 | 4269 | 5205 | 5331 | 56.17 | 3751 | 59.51
D;’C‘:(l)‘ri:g ~107.11 | —104.63 | —99.12 | —98.43 | —97.49 | —95.04 | —92.6 | —91.91 | —91.68 | —91.14
ﬁ’gﬁb Cogg(ieence 0.2978 | 0.2875 | 0.2655 | 0.2628 | 0.2592 | 0.2499 | 0.2409 | 0.2383 | 0.2375 | 0.2356
RMSD (A°)| 385 | 4435 | 4394 | 4221 | 3736 | 39.81 | 3947 | 38.09 | 40.08 | 32.07
D;’g(l)‘rigg ~109.22 | —105.34 | —102.13 | —100.14 | =100.02 | —99.02 | —96.86 | —95.44 | —94.04 | —93.15
ﬁ]gi[[) Cors‘fgrznce 0.3067 | 0.2904 | 0.2774 | 02695 | 0269 | 02651 | 0.2568 | 02514 | 0.2462 | 0.2429
RMSD (A°)| 57.82 | 5851 | 6129 | 60.57 56.4 5583 | 61.54 63 60.71 | 58.88

Note: LDAO, lauramine oxide; M, model; PP, protein-protein; RMSD, root mean square deviation

Ipum.: LDAO — okcun naypamuna; M — mozens; PP — 6enok-6enxoBbiii; RMSD — cpenHekBaipaTnieckoe OTKIOHEHHE

Discussion

Ammonium is the preferred nitrogen source for many
microbes, and it enters the cell via MEP1-MEP3 proteins.
Each of these transporters may enable fungal growth on
media containing low concentrations of ammonium as the
only nitrogen source; however, mutations in MEP genes
prevent fungus from growing on ammonium at concen-
trations below 5 mM. MEP gene expression is enhanced
in nitrogen-limited circumstances and inhibited in high
ammonium concentrations. Under the latter circumstanc-
es, enough ammonium can easily move throughout the
cell as ammonia or be absorbed by nonspecific transport-
ers to promote growth.”!?

Furthermore, MEP2 is considered to function as an am-
monium sensor, stimulating pseudohyphal development
in response to extracellular ammonium. Current data show
that MEP2’s signaling function is linked to ammonium
transport, since amino acid changes that limit MEP2’s
transport action also reduce pseudohyphal development.?2!

Although several mutations have been detected
in MEP2, which are located in the protein’s early se-
quence and final section, they differ significantly between
Candida species and do not comprise the conserved area.
When the DNA sequence segments of the MEP2 gene
were examined between the 10 Candida species, no sig-
nificant differences were discovered; hence alternative
approaches were utilized to compare the sequences be-
tween the species. By evaluating the root analysis of the
strains, it became evident that they were interrelated, con-
firming that there was no basic difference between the
strains. The DNA plot between the 9 strains and C albi-
cans showed a rate of roughly 80%.

The use of coordinate imaging technology is critical
in detecting the differences between the DNA sequences
of the strains under investigation. The CGR study of the
MEP?2 gene across the Candida species revealed distinct
variations, as similarity was seen between the 5 species
closest to C albicans, and there were 3 species that differ
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considerably from the other 5 species in the yellow area
highlighted in Figure 5.

In terms of FCGR, by inserting 4 nucleotides into the
representation of the nitrogenous base sequence and an-
alyzing the data for the 10 Candida species, it became
obvious that C albicans, C theae, C dubliniensis, C or-
thopsilosis, and C margitis shared around 75% similar-
ity. They were 65% similar to the other species, including
C parapsilosis and C oxycetoniae. In contrast, C tropica-
lis, C pseudojiufengensis, and C jiufengensis varied from
the other species by more than 40%. Clearly, the applica-
tion of genetic imaging tools for strains can give results
that may have a different impact than that of standard pro-
cedures.

Candida species are responsible for the vast majority
of fungal pathogen-induced human illnesses. C albicans
is the most prevalent cause of opportunistic infections.
Candida auris, together with other developing species,
such as C tropicalis, C parapsilosis, and C krusei, pose
anew public health hazard worldwide. Some observations
indicate that the reported antagonistic relationship be-
tween the 2 Candida species might be bidirectional, with
C albicans releasing metabolites that might influence the
metabolic activity of C tropicalis on some level.”>* This
discovery prompted us to compare MEP2 protein levels in
different C albicans species.

Previous research revealed that amphotericin B and
ketoconazole have varied inhibitory effects on the ex-
pression of MEPI-5 genes in Candida epidermidis. Am-
photericin B suppressed MEP1-4 genes more effectively;
however, ketoconazole dramatically reduced MEP2 gene
expression. This work sheds light on the possible mech-
anisms of action of antifungal medications on Candida
epidermidis gene expression. It may also have ramifica-
tions for future research into more targeted antifungal
treatments.>*

Five strains of C albicans were chosen for comparison,
with SAEZ strain serving as the wild type. The 4 strains
were found to have 4 main MEP2 mutations. The chemi-
cal substance, LDAO, was chosen because of its capacity
to interact with proteins and accept the primary source of
ammonium. Mutations were found in each strain. LDAO
fusion sites were identified for each strain. Our findings
show that the mutation in SAH3 strain at residue 452 al-
tered the fusion position of LDAO in MEP2, implying
that this mutation eventually impacts Candida. Despite
the advent of drug-resistant C albicans strains, this sug-
gests that mutations play a basic and crucial role in modi-
fying the position of the drug’s docking with the protein.

The used software selects any chemical substance, re-
gardless of its toxicity to the human body, that has the
ability to dock to MEP2 by mathematical and chemical
operations. Currently, there are no studies supporting the
binding of MEP2 to LDAO in a laboratory setting or ani-
mal tests.
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Conclusions

The CGR and FCGR procedures are widely regard-
ed as useful and accurate methods for detecting DNA
sequence and protein similarity. Approximately 80% of
current MSA determination algorithms are comparable to
conventional approaches. The docking residue of LADO
with MEP2 varies as a result of a mutation within the pro-
tein’s conserved region in certain strains but not all. Since
identifying mutations in MEP2 is important for using
Candida as a nitrogen source, this will allow for targeted
therapy. Protein sequences from different species should
ideally be compared using both CGR and FCGR, as well
as by applying the MSA method.
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Peszrome

Heab uccaenoBanus: OLECHUTH YPOBEHb TPYOBON peaOMIIMTAIIMN TTALEHTOB, ONIEPUPOBAHHBIX I10 MTOBOJY TyOepKyJe3a ¢ MHOXKE-
ctBeHHoi (MJIY) u mmpoxoii nekapcTBeHHON ycToiunBocThio (LIIJTY) Bo30yauTesns B OTAAICHHbIH EPHO/] B CPABHEHHH C MAllUEeH-
TaMHM, OTKa3aBIIUMUCS OT NPEAJIOKCHHON ONEpaIy 1 NOJIyYaBIINX TOJIBKO KOHCEPBATUBHOE JICYECHHE.

MarepuaJjl 4 MeTO/bl: BbUIN OLIEHEHB! OTJAJICHHBIC PE3YJIbTAaThl XUPYPIUUECKOTO JICUCHUS IECTPYKTUBHOIO TyOepKyle3a JIerKHX
¢ MJTY u IIJTY muxoGakrepuii Tybepkynesa y 976 (I rpynma), a Taxoke oTaaneHHsle pesynbrarsl 888 manuentos (II rpynma), momy-
YaBUIMX TOJIBKO KOHCEPBATHUBHOE JIYCHUE C HEAP(EKTUBHO 3aKOHUYMBILUMCSI OCHOBHBIM KypCOM XHMHUOTeparuu 1o IV u V pexxumam
WIN ¢ penuanBaMu nociie 3GeKTHBHOTO Kypca XMMHOTEPAIHY, KOTOPBIM MPEIarajJoch XUpypruieckoe JIeUYeHne, HO OHU OT HEro
OTKa3aJINCh.

Pesyabrater: [lomHblii kimHIYECKU SPQEKT — 3aKpBITHE MOIOCTH U npekpamenne 6akreprosbienenus (KB-, MBT-) gepes rox
IIOCJIC OTepaluy ObUT JOCTUTHYT B 99,5% ciydaeB, TOrAa Kak M3 YHCJIA OTKA3aBLIINXCA OT OHeparuu 3GGEeKTHBHOCTh Yepe3 IOl HOocie
XMPYPIrU4ecKoil KoHCynbTauu coctabmia 5,3%. Uepes 5 et nocie onepanuu 0TMEYEH MOIHBIN KiinHInYeckuil addext B 97,7% ciy-
yaeB ¥ auiib B 3,2% y oTkazaBuIMxcs oT onepaiuu. CMepTh oT TyOepKyiesa 3a nepros HadmoneHus 10 12 net ormevanack B 0,8%
(9 ciryuaeB) cpenu ONepUPOBAHHBIX OOJBHBIX U B 72,4% (643 ciydas) y OTKa3aBIIUXCS OT onepanuy. Tpy0CcroCOOHBIMH B OTAAJICH-
HBII [IEPHOJL TTOCIIE XUPYPTUUECKOTO JiedeHust Obut 78,9% NanueHToB, a B IpyIIe OTKa3aBIIMXCcs OT onepaunu — 2,6%.
3akiiouenne: Hame cpaBHeHHE MOKa3ano, 4TO MOMHBEINA d(GEKT JiedeHHs: yepe3 Trof ObLI JOCTUTHYT B IPYIIC ONEPHPOBAHHBIX
B 18,8 pa3 warie, yeM B rpyImie OTKa3aBHIMXCS OT ONEPALUH; MOMHBIA AQQEeKT JeyeHus dyepe3 5 JIeT nocie Onepauuy JOCTUTHYT
B 30,5 pas yare; cMepTh OT TyOepKysesa 3a neproj HabmoneHns: orMedena B 90,5 pa3 yaiie y nmanueHToB, OTKa3aBIINXCs OT Orepa-
LIUH; 5-TH JICTHsIA BBDKUBAEMOCTh y ONIEPHPOBaHHBIX OblIa B 3,3 pasa Bblllle, @ BOCCTAHOBJICHHE TPYAOCIIOCOOHOCTH CPEeI OIIEPUPO-
BaHHBIX oTMeueHo B 30,3 pasa yarie, 9eM B IpyIIIe OTKa3aBIINXCS OT XUPYPTHUECKOTO JIEUCHHUSI.

Kniouegvie cnoga: TyOepKynes, XUPyprus, MHOXKECTBEHHAS JIGKaPCTBEHHAS yCTOHYNBOCTD, IIUPOKAst ICKAPCTBCHHAS! YCTOHIHBOCTD
LHumuposams: Cacuxo C.C., I'mnep JI.b., lllepbaxosa I.B. u ap. TpynoBas peaOunuranus mocie XUPyprudeckoro Je4eHus Jie-
CTPYKTHBHOTO TyOepKyJie3a JIETKHX ¢ MHO)KECTBEHHOH M IIMPOKOI1 JIEKapCTBEHHOW yCTOHYMBOCTBIO BO30OyIuUTeNs. MHHOSAYUOHHAS
meouyuna Kyoanu. 2024;9(4):54-59. https://doi.org/10.35401/2541-9897-2024-9-4-54-59
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Abstract

Objective: To assess the level of occupational rehabilitation among patients who underwent surgery for multidrug-resistant (MDR)
and extensively drug-resistant (XDR) tuberculosis in the long-term period compared with patients who refused surgery and opted
solely for conservative management.

Material and methods: We analyzed long-term outcomes of surgical treatment for destructive pulmonary tuberculosis caused by
MDR and XDR Mycobacterium tuberculosis in 976 patients (group 1). Furthermore, we evaluated long-term outcomes of 888 patients
(group 2) who had an ineffective main chemotherapy course (regimens IV and V) or relapses after an initially effective chemotherapy
course and were managed conservatively because they refused surgery.

Results: One year after the surgery or surgery consultation, the complete clinical response, ie, cavity closure and elimination of bacilli
(CV-, MBT-), was achieved in 99.5% of the operated patients, in contrast to only 5.3% among those who refused surgery. At the 5-year
mark after the surgery/consultation, we observed the sustained effectiveness in 97.7% of the operated patients compared with only
3.2% among those who refused surgery. During the 12 years of follow-up, tuberculosis-related deaths occurred in 9 operated patients
(0.8%) and 643 patients (72.4%) who refused surgery. Furthermore, 78.9% of the patients treated surgically were able to return to
work in the long-term period, in contrast to only 2.6% of those who refused surgery.

Conclusions: Our analysis revealed that the complete clinical response one year after the surgery/surgery consultation was 18.8 times
more common in the patients who underwent surgery compared with those who refused it. Similarly, the complete clinical response
5 years after the surgery/consultation was 30.5 times higher in the operated patients. Tuberculosis-related deaths during the follow-up
were 90.5 times more common among the patients who refused surgery. Furthermore, the 5-year survival rate among the operated
patients was 3.3 times higher, and occupational rehabilitation was 30.3 times more common compared with those who refused surgery.
Keywords: tuberculosis, surgery, multidrug resistance, extensive drug resistance

Cite this article as: Saenko SS, Giller DB, Shcherbakova GV, et al. Occupational rehabilitation following surgery for multidrug-
resistant and extensively drug-resistant tuberculosis. Innovative Medicine of Kuban. 2024;9(4):54-59. https://doi.org/10.35401/2541-

9897-2024-9-4-54-59

BBepeHune

[lokazarenu ycnenHoCT Je4eHns TyOepKye3a ¢ MHO-
JKECTBEHHON JIeKapCTBEHHOM ycroiunBocTthio (MIIY)
n yctoitumBocThio K pudammuiuay (LLIJIY) mo kpure-
pusim BO3 B mupe Bo3zpociu ¢ 50% B 2012 . 1o 60%
B 2019 1. [1], a puck cMepTH NpH JICYEHUH ITOW KaTero-
pun 6onbHBIX nipeBbimaet 40% [2].

B meraananmze J.R. Campbell u coast. (2024) co-
o0Imanoce: «YpoBeHb H3JIEYCHHUs TyOepKyie3a JIEIKHX
C MHOXCECTBEHHOH JIEKAPCTBEHHON YCTOMUUBOCTBIO
W yCTOWYHMBOCTBIO K pU(aAMIMIUHY B MHUPE COCTaBISET
oxono 60%, a CBOEBpEeMEHHOE XHPYyprHYecKOe BMeIIa-
TEIILCTBO MOKET YBEIMYHTh YPOBEHb M3JIe4eHUs Oolee,
geMm 10 85%», OmHAKO XHUPYpPrudecKoe JieueHue tyoep-
Kyne3a B mupe u Poccuiickoin @enepannu NpuMeHsIETCs
710 cHX Top odeHb penko [3]. IlpuunHamu Taxoi cutya-
UM BO MHOTOM SIBJISIETCSI paCIIPOCTPaHEHHOE CPeAr PTH-
3MaTpOB MHEHHE O BBICOKOM 4acTOTE PEIMIMBOB TyOep-
KyJie3a MOCJIe XUPYpPruuecKoro JeUeHUs] U UHBAJIUANU3H-
pYIOIIEM XapakTepe PTU3NOXUPYPTrUUECKUX OTepanuii.

Lenb pa6oTtbl

O1eHUTD YPOBEHD TPYIOBOW peaOMIINTAIINH MAIlliCH-
TOB, OMEPUPOBaHHBIX N0 moBoxy MJIY/IIIIY TyOepky-
Jie3a B OTJIaJICHHBIN MeproJl B CPABHEHHUH C MAllUeHTaMH,
OTKa3aBIIUMUCS OT MNPEAJIOKECHHOH omepanuu U MOody-
YaBIIUX TOJILKO KOHCEPBAaTUBHOE JIEUCHHE.

Martepuanbl n meTopbl

BbUIH OLlCHEeHBI OTHAJICHHBIE PE3yJabTaThl XUPYPrH-
YeCKOro JICUEHMsl JECTPYKTHBHOTO TyOepKyne3a Jer-
kux ¢ MJIY u HIJIY mukobakTepuii Tydepkymne3a y 976
(88,81%) u3 1099 naumentos (rpynma I), onepupoBan-
HBIX COTPYIHHKaMH Kadenpbl (HTH3HOMYITbMOHOIOTHH
U TOpakaibHOM Xupyprun Ce4eHOBCKOIO YHHUBEPCUTETA

u corpynHukamu PoctoBckoro OOIacTHOTO KIMHUYE-
CKOTO TIeHTpa (PpTH3HomynbMOHOIOTHH B Tiepuon ¢ 2011
o 2023 1., ¥ BEINIMCAHHBIX paHee rojia 10 MOMeHTa cOopa
JaHHBIX. Bee cimydyan Xupypruueckoro JIe4eHus 1o cTerne-
HU paJuKaJbHOCTHU OTEpalyii pa3aeieHbl Ha TPU KaTero-
PUHU B COOTBETCTBHHU C KJIACCU(PUKAINCH, TPEIITOKEHHON
Ha kadenpe GTU3UOMYIEMOHOJIOTHH M TOPAKATBHON XH-
pypruu um. M.U. Ilepenpmana CeueHOBCKOTO YHUBEPCH-
Tera [4] ¥ moJpa3ieNsuiuCh Ha paJiiKalibHbIE, YCIOBHO-
paaAMKalbHbIE U NAJUIMATUBHBIE.

Kputepun BKIIOYEHHS: TPOBENCHHAS PaJUKaIbHAsI
(405 cmyuaeB) winm ycnoBHO-paauKaibHas (694 cmydas)
OTIepaIys 110 MOBOJLY JIECTPYKTHBHOTO TyOepKyJIe3a JIETKHX
¢ 6akreproBbIIeeHreM 1 HammareM MJTY wm LLUTY, ox-
TBEP)KJCHHBIM TECTOM HA JICKAPCTBEHHYIO UYBCTBHUTEIIb-
HOCTh. Kpurepun WCKIIOUEHUs: coueTaHue TyOepKysesa
C PaKOM JIETKOTO U MAJUTUAaTUBHBIM XapaKkTep ONepaLiiH.

Hamu wu3y4yeHsl Takke OTHAJICHHBIC PE3YIbTAThI
888 mamnmenTtoB (rpymma II) m3 PocrtoBckoit obmactw,
nonyyaBmux B nepuon ¢ 2004 mo 2020 r. TOAbKO KOH-
cepBaTUBHOE JiedyeHne ¢ Hed(h(HEeKTHBHO 3aKOHUMBIINMCS
OCHOBHBIM KypcoM xuMuotepanuu 1o IV u V pexumam
WK C penuanBamMu nocie 3GpQeKTHBHOTO Kypca XHMHO-
TEpanuu, KOTOPBIM IPEIIaraioch XUPyPrudecKoe Jede-
HUE, HO OHU OT HETO OTKA3aJIUCh.

Kpurepun Bxnrouenus B rpynmy II: Hanuuue aectpyk-
THUBHOTO TyOepKysie3a JIETKHX C OaKTepHOBBIJICICHHEM
u HanmurueM MJIY wnn [JTY, noaTBepKIeHHBIM TECTOM
Ha JICKAPCTBEHHYIO YyBCTBUTEIHHOCTh, HEd()(DHEKTHBHO
3aKOHYMBLIMICSA OCHOBHOM Kypc Xumuorepanuu no IV
n V pexxumMaM WM penuans mnocie 3(h(HeKTHBHOTO Kypca
XUMHOTEPANNH, MOCTOSHHOE MPOKUBAHUE HA TEPPUTO-
pun PoctoBckoii obmactu. [10 OCHOBHBIM XapaKTepHCTH-
KaM TIallMeHTHI TPYIBI | ObUIM CpaBHUMBI C TAIMEHTAMHU
rpynmsl 11 (Ta6m. 1).
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Taonuuya 1
CpaBHenue o0mux xapaktepuctuk rpynn I u I1
Table 1
Comparison of general characteristics between groups 1 and 2
KpHTeDHH ChABHCHHS Onepupo- Crarucruueckne | OTkasaBmuecst CrarucTuueckue
putep P BaHHbIE MoKa3aTejan OT omepanun nmoKa3areu
OO0111€e€e KOIUYECTBO MAMEHTOB 976 888
Me = 34,0 Me = 39,0
. Q1-Q3 [26,00; 43,00], Q1-Q3 [31,75; 49,00],
Cpenunii Bo3pact 34,05 ner n=1099, 36,95 ner =888, min-15,
min-3, max-72 max-93
COOTHOMICHUE MYIKIHH/ K CHIILH 564/412 95%J11 54,9— 60,6/ 749/139 95% N 81,8-86,7/
Y B 57,8%/42,2% 39,4-45,1 84,3%/15,7% 13,3-18,2
636/340 95%1 63,1-67,2/ 503/385 95% N 53,3-59,9/
Coornomenue MIIV/IULY Th 65.2%/34,8% 32,8-36,9 56,6%/43,4% 40,1-46,7
Me —46,0; Q1— Me -30,0;
CpenHsst IATETHHOCTH 3%6OHeBaHI/ISI 46.3 mec. Q3_[28,00; 84,00], 30.3 wec. Ql—_Q3 [10,25; 37,5],
Ha MOMEHT IIPEUI0KEHHON Ollepanuu n=1099, min-1, n=888, min-0,24,
max-504 max-237
Hons NAIKMEHTOB, KOTOPIM XHPYPIHICCKOS 19,7% 95%I1 16,9-22,4 | 30,9% (n=274) | 95% JIN 27,8-34,0

JICUCHUEC TTPEAJIOKEHO B IIEPBLIC 12 mec.

YactoTa IByCTOPOHHUX JIECTPYKIHI B JIETKHX 224 (23,0%) 95% 11 20,8-25,6 244 (27,5%) 95% U 25,1-29,8
Yacrora ¢puOpo3HO-KaBepHO3HOTO TyOepKyne3a | 641 (65,7%) 95% U 63,0-68,2 704 (79,3%) 95% AU 76,5-81.,9
YacToTa 11CCEMIHUPOBAHHOTO TyOepKyesa 2,2% 95%1U1 1,4-3,2 59 (6,6%) 95% U 5,1-8,5
YacroTa Ka3e03HOI ITHEBMOHHH 2,2% 95% 11 1,4-3,2 4 (0,5%) 95% A1 0,1-1,1
Me -51,0; QI- Me - 68,0;
CpenHsist JUIMTeTbHOCTh HAOIFOICHUS 51.4 wec. Q3_[29,00; 6.6,00], 68.8 wec. QI-QE [21,00.; 79,00],
MOCJIE BBIITUCKHU n=1099, min-1, n=888, min-1,
max-280 max-240

PesynbTratbl

Jnd wuTIoCcTpaluy  poiii XUPYPTUH B KOMILIEKC-
HOM JICYEHHH OOJIBHBIX IECTPYKTHBHBIM TYOEpKYI€30M
¢ MJIYV u IIUTY MBT MBI cpaBHWIN pe3yJIbTaThl Jieue-
HUS OTIEPHPOBAHHBIX PAIUKAIBHO U YCIOBHO-PaANKaAIb-
HO C TPYINOH MAaIIeHTOB, OTKA3aBIIMXCA OT OIEpalnuu
(Tabm. 2, puc.).

[onublit addexr neueHus (MpexparieHue OaKTepu-
OBBIJICJICHUSI U 3aKPBITHE MOJIOCTEH pacrana B JIETKOM)

yepe3 rofi mociie onepauuu Obu1 Z0CTUrHyT B 99,5% ciy-
YaeB, TOTAA KaK U3 YHCIIa OTKA3aBIIUXCS OT ONepamuu 3¢-
(DEeKTHBHOCTP Uepe3 rojl Mocie XUPypPruIeckoi KOHCYIIb-
Tauu coctasuia 5,3%.

[Monuerit addexr reueHus yepes3 S5 jeT mocie onepa-
uuu oT™MedeH B 97,7% u nunib B 3,2% ciiydaeB y OTKa3aB-
IIMXCSl OT ONEpaIltH.

CMmepts OT TyOepkyne3a 3a mepuox Habmome-
Husa no 12 mer ormeuanacek B 9 (0,9%) cmyuaeB cpenu

Pe3ynbrarb| Jle4yeHuna onepnpoBaHHbIX pafAuKanbHO U YUI0BHO-PafUKaANbHO B (PaBHEHUU C 0TKA3aBLLUUMUCA OT onepaLuu

Npouentbl, %

08

(mepTHOCTb OT Ty6epKynesa
B OT/\aNleHHOM Nepuofie

JppexTuBHOCTDL
yepes 5 ner

= | rpynna
m |l rpynna

BoccraHoBneHne
TpyAocnocobHocTH

5-Tn neTHAA
BbIKNBAEMOCTb

Pucynox. Omoanennvie pezynomamol ewenus nayuenmos epynn I u Il

Figure. Long-term treatment outcomes in groups 1 and 2
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Tabnuua 2

Pe3yJ'l]>TaTl>I JICYCHHUSI ONIEPUPOBAHHBIX PAIUKAJBbHO M YCJIOBHO-PAAUKAJIBHO

B CPAaBHCHHUH C OTKA3ABHIMMHUCH OT onepanuun

Table 2
Treatment outcomes of patients who underwent radical or semiradical surgery compared with those who refused
surgery
p
Kputepun cpaBHeHust rpynma I rpynna II NPH CPABHEHUH
rpynn I u I1
OO0111€€ YHCIIO BBIITUCAHHBIX MMAIUEHTOB 976 888
976
Yucno npociaeKeHHbIX 0osee ToAa NanueHToB (100%) 888 (100%) <0,01
95% I 86,2-90,0
[Monusrit a3 dext gepes 1 rox (937510 %) 47 (5,3%) 0.038
(CV-, MBT-) 959 211/1,97 1-99.8 95% AU 4,1-6,5 ’
N 548 u3 561 28
[Monublit 3 dext yepes 5 IeT U3 BBITUCAHHBIX (97,7%) (3.2%) 0.03
panee 5 sier 95% JIU 95,4-99.0 95%J11 2,2-4.4
CMmepTh OT TyOepKyIiesa 3a Iepro/l HaOIOICHUS 2 643
o 15 ner (0,9%) (72,4%) 0,01
A 95% JI 0,4-1,6 95% JIM 70,2-74,6
29 122
CMepTb OT IpYTruX IPUUYHH 32 MEPHOJT HAOTIONSHNUS (2,9%) (13,7%) 0,02
95% AN 1,8-3,2 95% AN 11,2—-15,8
38 765
YMmepnu 3a nepron HaOMOIEHHUs OT BCEX MPUYMH (3,9%) (86,1%) <0,01
95% AN 2,9-4,8 95% 1 84,4-88,6
552 u3 579 234 u3 808
5-7eTHsIsl BBDKUBAEMOCTD (95,3%) (29,0%) 0,032
95% N 93,1-97,2 95% I 27,2-31,4
938 u3z 976 123
JKusel Ha 2023 roj oT npocieKeHHbIX 0ojee roaa (96,1%) (13,9%) 0,03
95% AN 94,2-98,3 95% AN 11,7-15,4
Yucito marieHToB TPYIO0CTOCOOHOTO BO3pacTa 890 318
(6e3 nereil u NEHCUOHEPOB)
He paboTtanu o nHBaIWAHOCTH HA MOMEHT 681 w3 890 >68 w3 818
XUPYPrudeCKOM KOHCYIbTALIUN (76,5%) (69.4%) 0,014
243 4 95% JIN 74,2-78,6 | 95% JIW 67,2-71,0
209 u3 890 250 u3 818
BpeMmeHHast HeTpyA0CIOCOOHOCTh HA MOMEHT (23.5%) (30,6%) <0.01
XUPYPrUIeCKOi KOHCYIBTAUH 95% JT1 21,4-25.9 95% JT1 28,8-32.4
124 u3 890 51m3 123
Wmetot unBanuanocts I rpynmnet Ha 2023 . (13,9%) (41,5%) 0,022
95%1 11,6-15,0 95% AN 39,2-43,1
443 u3 561 23 u3 885
TpymocmocoOHOCTE Yepe3 5 JIeT MOCIIe BBITUCKH (78,9%) (2,6%) 0,035
95%J1 76,6-80,4 95% N 1,2-3,6

OTICpUPOBAHHBIX MMAIUEHTOB U B 72,4% (643 cmydas) ot-
Ka3aBIIUXCS OT OIEpaIiu.

5-TeTHSAS BEDKUBAEMOCTD IMOCIE XUPYPTUUCCKOTO Jie-
yeHust coctaBuia 95,3% u 6pu1a B 3,3 pasa Oonblie, 4yeM
B IpyIIIE OTKa3aBIIMXCs OT onepanuu (29%).

TpynocnocoOHbIMU B OTHAJICHHBIA IEPUOJ MOCTe
XHPYPrUUECKOro JieueHus: Obutn 78,9% malueHToB, a B
rpynme I —2,6%.

O6cyxaeHune n 3aKn4YeHne

ITo manHbIM BcemupHON opraHusanuu 34paBoOXpa-
menus (2022), a¢ppexTuBHOCTS KOHCEPBATUBHOTO JIEUE-
Hust MJIY tyGepkynesa B mupe cocrasisier 59%, LITY

TyOepkynesa — 38% [5], m HU3Kas A0NA ycmexa XUMHUO-
Tepaly 3acTaBIsieT PSJ WCCIIeAoBaTeNell NCKaTh MyTH
YAYYIICHUS PE3YJIbTATOB JICUEHUS B IPUMEHEHUHU XUPYP-
rugeckoro Metoaa [6]. OueHb OrpaHMYECHHOE CETOIHS
MIPUMEHEHNE XUPYPTHUECKOTO METOd Y 9TOH KaTeropuu
MAIMEHTOB BO MHOTOM CBSI3aHO C HEAOCTATOUHBIM KOJH-
YeCTBOM HAYYHBIX paloT, TOKa3bIBAIONINX €r0 P PEeKTHUB-
HOCTB B OT/JIAJICHHBII ITEPHOI.

Hamu HalineHo MUIIb 7 MyOJUKAIUi, ONMACHIBAFOIINX
OTJAJIEHHBIE PE3YIbTaThl XUPYPruueckoro jgeuenus MJIY
TyOepkynesa [7—13], HO Bompoc TpymoBOW peaduiuTa-
UM He ObUT pacCMOTPEH HU B OfiHOW W3 HuUX. Hu B on-
HOH M3 BBHIICYTIOMSIHYTHIX Pa0OT HE MPUBEICHBI TaHHBIC
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CPABHUTEIBHON IPYyNIbl HEONEPHUPOBAHHBIX, HMMEBLIMX
MOKA3aHUS U XUPYPTHUECKOTO JIEUESHUS.

JIOCTOMHCTBOM Hallleli paboThl SBIIAETCS HAIMUYHE
TPYIITBI CPaBHEHUSI MAKCUMAJIBHO CXOXKEH C TPYIITON Ore-
PHPOBaHHBIX. YUUTHIBAs, YTO TIO OCHOBHBIM KJIMHHUYECKIM
XapaKTepPUCTHKAM ONEPHUPOBAHHBIC U HEONEPUPOBAHHBIC
B Hameld padbore ObUIH CPaBHUMBI, & PEXKUMBI XUMHAOTEPa-
MUY HE UMENTH OTIIMYMI B 00EUX TpymIax OOJbHBIX, MOXK-
HO TIOJaraTh, YTO PasHHLA B TOJYUYEHHBIX PE3ylbTaTax
CBSI3aHA UCKITIOYUTEBHO C XUPYPTUUECKUM JICUCHUEM.

Hame cpaBHenme mokaszano, 9To TOJHBIA 3(PdexT
JIiedeHUs1 4epe3 Toj] ObUT JOCTHTHYT B TPYIIE OIEPHUPO-
BaHHBIX B 18,8 pa3 yaiie, yem B Tpymnre OTKa3aBLUIUXCA
OT omepanuu; MoiaHbI 3¢ dexT aedenns gepes 5 ner mo-
cie onepanuu B 30,5 pa3 gaie; cMepTh OT TyOepKyse3a
3a reproj] HabmoaeHnss otMedeHa B 90,5 pa3 gamie y na-
[IUEHTOB, OTKA3ABIINXCS OT ONIEPAINH; S-JIETHSS BEIKUBA-
€MOCTh Yy OIlepUPOBAHHBIX OblIa B 3,3 pasa BhIIIE, a BOC-
CTaHOBJIEHHE TPYIOCIIOCOOHOCTH CPEAN OTIEPUPOBAHHBIX
ormeueno B 30,3 pa3a yaie, 4eM B IpyIIIe OTKa3aBIINXCS
OT XUPYPIUYECKOTO JICUECHUSI.
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Pesrome

AKTyalIbHOCTB: 3a nocienHue 60 JeT NpoBeJeHO MHOXECTBO HCCIICIOBAHUH, MOCBAIEHHBIX METOJaM JICYeHUs LepeOpaibHO-
ro arepockieposa. IIpeiokeHo HeCKOIbKO MOAN(BHUKALUN OTKPHITOTO OIEPATHBHOTO JICUCHUS — KAPOTHIHON YHIAPTEPIKTOMHUH,
IIPECTABICHHON B HECKOIBKUX TEXHUKAX, OIHAKO HE CYIECTBYET €IMHOIO MHEHUS O MPEUMYILECTBAX KaKOro-i1nbo u3 crocobon
orepanuu.

Leab uccienoBaHus: AHaJIU3 aHATOMUU U reoMeTpun Oudypkauuu oOrieil COHHOM apTepuH y MAlMeHTOB ¢ reMOJMHAMUYECKH
3HAYMMBIMH CTEHO3aMH BHYTPEHHEH COHHOU apTepuH.

MarepuaJibl 1 MeTobl: [eoMeTprueckre napaMeTpbl H3yueHbl Ha OCHOBE JIAHHBIX KOMIIbIOTEPHOH TOMOrpaduu nanyueHToB, Ipo-
onepupoBaHHBIX B «HayuHo-mccnenoBarensckoM HHCTHTYTE — KpaeBoit knuandgeckoit 6onpaume Ne 1 nm. pod. C.B. OuanoBckoro»
. Kpacuonapa. [lanuentaM BBINOIHEHB! CICAYIOIIUE ONEPALMH: KIACCHUECKasl, IBEPCUOHHAsS, TIIOMYyc-cOperatomas. C IOMOIIbIO
CHELUATM3UPOBAHHOTO IIPOIPAMMHOI0 00€CIIe4eH s TIOCTPOSHbBI FeOMETPUYECKHE MOJEIN M U3y4eHa TeMOJMHAMUKa B 00acTH Ou-
¢bypkanuu o01el COHHOM apTepuu NalMeHTOB B PaHHEM I10CJIEONepaiMoHHOM nepuoze (1-e cyT. mocie omnepanun) u uepe3 1 rox
10CJIe BMEIIATENIbCTBA.

PesyabTarsl: 30HE pucka GOPMHUPOBAHUS aTePOCKICPOTUIECKOH OJIAIIKY MPEUMYIIECTBEHHO PACIOIaraloTcs B 00mel COHHOM
aprepun. JlanHblld peHOMEH 0OBSICHACTCS TEXHUKOM Onepaiuy, a MMEHHO TeM, YTO B TOM 00JIACTH HAXOJHUTCS JIMHUS Cpe3a are-
pockiiepoTnueckor Oistku. Mogzenu, nocTpoeHHble Ha ocHoBaHuK KT-aHruorpam 4epes roj rnocie onepanyu, 1eMOHCTPUPYIOT
YMEHBIIEHHE IO PUCKOBBIX 30H. BEpOsATHO, 3TO MPOMCXOIUT 3a CUCT CIVIAKUBAHUS CTCHKH apTepuil U popMHUpOBaHUS He-
OMHTHUMBI.

Kntouegvie cnosa: arepockinepos, anaroMust 6udypkanuu o0melt COHHOI apTepuu, reoMeTpus OudypKamuy o0wIel COHHOH apTepuH,
reMOINHaMHKa, KapOTUAHAs YHAAPTEPIKTOMHUS, PECTEHO3

Lumuposamy: [lepounosa B.I1., Bunorpanos P.A., 3axapos IO.H. u np. 3MeHeHus reOMeTpUU 1 TEMOIUHAMUKH MOCIIE KApOTHIHOM
SHIAPTEePIKTOMUU. HHnosayuonnas meouyuna Kyoanu. 2024;9(4):60—-67. https://doi.org/10.35401/2541-9897-2024-9-4-60-67
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Abstract

Background: Many studies on cerebral atherosclerosis and its treatment have been conducted over the past 60 years. Several modi-
fications of open surgical treatment (carotid endarterectomy) have been proposed. There are several techniques of carotid endarterec-
tomy; however, there is no consensus on advantages of any of these techniques.

Objective: To analyze the anatomy and geometry of the common carotid artery bifurcation in patients with hemodynamically signifi-
cant stenoses of the internal carotid artery.

Materials and methods: To study geometric parameters, we used computed tomography data of patients operated on at the Scientific
Research Institute — Ochapovsky Regional Clinical Hospital No. 1 (Krasnodar, Russian Federation). The patients underwent the following
procedures: classical, eversion, or glomus-sparing carotid endarterectomy. We built geometric models using specialized software and stud-
ied hemodynamics at the common carotid artery bifurcation in the early postoperative period (1 day after surgery) and 1 year after surgery.
Results and conclusion: Zones at risk for atherosclerotic plaque formation are mainly in the common carotid artery. This phenom-
enon is explained by the surgery technique, namely, by the fact that the cut line of the atherosclerotic plaque is located in this region.
Models built on the basis of computed tomographic angiograms 1 year after surgery demonstrate a decrease in the area of zones at
risk. This might be due to the arterial wall smoothing and neointima formation.

Keywords: atherosclerosis, anatomy of the common carotid artery bifurcation, geometry of the common carotid artery bifurcation,
hemodynamics, carotid endarterectomy, restenosis

Cite this article as: Derbilova VP, Vinogradov RA, Zakharov YuN, et al. Changes in geometry and hemodynamics after carotid end-

arterectomy. Innovative Medicine of Kuban. 2024;9(4):60—67. https://doi.org/10.35401/2541-9897-2024-9-4-60-67

BBepeHune

CormacHO TOCIETHUM MHPOBBIM CTaTHCTHYECKUM
JAHHBIM, MHCYJBT SBJSETCS OCHOBHOM MPUYMHOM MHBa-
JUIHOCTH M CMEPTHOCTH. ATEpOCKIEPOTHUYECKHH CTe-
HO3 COHHBIX apTepuil BbI3bIBaeT OKoJio 18-25% cimyuaen
UIIEMHYCCKOTO HMHCYAbTa. KapoTrumHas sHAApTEpIKTO-
mus (KDD) cunraeTcst «30JI0TBIM CTaHAAPTOMY JEUESHUS
MAIUEHTOB C TeMOIMHAMHYECKH 3HAUUMBIMH CTCHO3aMU
BHyTpeHHell connoil aprepun (BCA). Onnako y 6-36%
naueHToB mnocie KOO MokeT pa3BUTBCS PECTEHO3.
Kak m3BecTHO, B OPMHPOBAHNN HEOMHTHMBI M PECTE-
HO3a apTepHH YYacCTBYIOT T€ e KJIETOUHbIE MEXaHU3MBI,
yTo W B areporeHese [1, 2]. IloMmumo 0OMIEH3BECTHBIX
CHCTEMHBIX (PaKTOPOB pHCKA, B Pa3BUTHH PECTEHO30B
OOJIBIIYIO POJIb UTPAIOT MECTHbIE (DAaKTOPBI: TEXHUKA
OTIEPAaTHBHOTO BMEIIATEIECTBA, OCOOCHHOCTH TEMOAH-
HAMHKH B OOJIAaCTH PEKOHCTPYKIMH, HAIWYHE 3aIlIaThl
W3 CHHTETHUYECKOTO Marepuana. lccrmemoBaHme xapak-
TEPUCTHK KPOBOTOKA, SBISIOLIMXCS MapKepaMu aTepore-
He3a, — MpoIecC TPYIOEMKHUI U CIOXKHBINA, OCOOCHHO in
vivo. llenpio MOAETMPOBAaHUS KPOBOTOKA SIBISIETCS W3-
yueHHe NMPUCTEHOYHOTO HarpspkeHust cisura (wall shear
stress, WSS), kak kacaTelbHOM, COCTABIISIFOIICH CJIBUTO-
BBIX HalPsOKEHUH TEUCHUs BOJIM3M CTEHKH, a Takke RRT
(relative residence time), XapaKTepU3YIOLIETO OCLMJIA-
TOPHOCTh M CpPEIHEE BPEeMs HAXOXKIACHUS YACTHII KPOBU
BOJIM3U OIPEICICHHBIX YYaCTKOB BHYTPEHHEH CTEHKH CO-
cyna. Ha ocHOBaHMM 3THX MapaMeTpOB OLIEHUBAETCS pac-
MOJIOKEHHE PUCKOBBIX 30H ()OPMHUPOBAHHS aT€POCKIIEPO-
TUYECKUX OJSIICK. YUHUTHIBAst TOT (akT, YTO U3MCHCHHE
JIOKaJIbHOM TeMOJIMHAMHUKHY B 30He OH(ypKarmu siBisieTcs
OoIHUM M3 (HaKTOPOB PHUCKA aTEPOCKIIEPO3a, BAXKHO OIIe-
HUTh OCOOEHHOCTH TEMOIWHAMHUKH TIIOCIIE Pa3IMYHBIX
MomuUKaIlMi onepandii B paHHEM W OTAAJCHHOM IIe-
puonax. Ilonnmmanme ocoOeHHOCTEH XapakTepa KpOBO-
TOKa IOCJIC ONEPATUBHOIO JICYCHMs JAcT BO3MOXKHOCTH
BBISIBUTH ONTHMAJIBHBIE pasMepsl U GopMy Heo-Oudyp-
kanuu obmrer connoi aprepun (OCA), a Takke crmocod
OTIEPATUBHOTO JICYCHHSI, IPU KOTOPBIX T'€MOAWHAMHUKA

B 00J71aCTH PEKOHCTPYKIIMN Hanbosee mpuommKeHa K Hop-
MaJIbHBIM 3HAQUYCHUAM, YTO IO3BOJUT CHU3UTH BEPOAT-
HOCTb PECTEHO03a B IOCICONEPAllHOHHOM HEPHOJIE.

Llenb nccnepgoBaHuns

AHanu3 aHAaTOMHUH U TeoMeTpun Oudypkrarum o0meit
COHHOMH apTepHuu y MallMEHTOB C TEMOINHAMHUYECKH 3Ha-
YUMBIMHM CTE€HO3aMHU BHYTPEHHENH COHHOW apTepuu.

MaTepuanbl 1 metTofbl

Bce maruenTsl, BKIIIOYCHHBIE B UCCIICIOBAHUE, OBLIH
o0cneoBaHbl M TpoonepupoBaHbl B ycioBusx ['BY3
«HayuHno-uccnenoBarenbckuii UHCTUTYT — KpaeBoii kin-
Hudeckoi oonpHUIe Ne 1 um. ipod. C.B. OuamoBckoro»
MunsnpaBa KpacHonapckoro kpasi. KpurtepueM BKIIIO-
YeHUsI SBUJIOCH HAIMYHE TEMOIUHAMHUYECKHA 3HAYUMOTO
aTepOCKJIEPOTUYECKOTO CTEHO3a BHYTPEHHEH COHHOM
aprepun. [larmenTaM BBITTOTHEHO OTIEPATHBHOEC BMEIIIA-
TEIBCTBO B 00bEME KapOTHIHOM IHIAPTEPIKTOMHUH B pa3-
JUYHBIX MOMU(MUKAIUIK: KIaCCHYECKasi, HBEPCHUOHHAS,
omyc-coeperatoiasi. Beioop Mertona ornepaiyu 3aBH-
cel OT JUYHBIX mpeanouyTeHuit xupypra. Ilocne onepa-
LIUY TTPOBOAMIIOCH JIBA 00CIIE0BaHHS TTAIIMEHTOB: OJTHO —
B l-e CyT. mocie orepaiuu, a BTOpoe — C WHTEPBAJIOM
12-18 mec. mis aHanmm3a W3MEHEHUH (OPMBI COCYIOB,
MIPOU3OIICIINX 32 3TO BpeMsl. JlaHHbIe O THITE OTIepaIuy
¥ BpeMEHHU 00CJIeIOBaHNs IPUBEICHEI B Ta0muIe 1.

B kadecTBe MCXOMHBIX HAHHBIX TSI TOCTPOCHHS T€O-
METPHUECKOH (POPMBI COCYIOB HCIIOIB30BAINCH PE3YITb-
TaThl MYJBTHUCIHPATIBHON KOMITBIOTEPHOH TOMOTpaduu
(KT) obcieoBanuii MalueHTORB, IPEACTaBICHHBIC B (hOp-
mare DICOM. Ha ocHOBaHMM J>THX HAHHBIX C IIOMO-
mipio npuioxennit ClearCanvas (https://clearcanvas.ca),
SimVascular (https:// simvascular.github.io/), MeshMixer
MeshMixer (https://meshmixer.com/) crpommucs Teo-
METPHUYECKHE MOJCTH M PACUCTHBIC CETKU IS TTOCHe-
IYIOIIET0 YHUCIEHHOTO MOJACTHPOBAHMS KPOBOTOKA.
UwncneHHbIe pacyeThl MPOBOIMINCH METOIAMHU BBEIYHCIH-
TEIbHON THIPOAWHAMUKNA B HpUiIokeHuu SimVascular.
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Tabnuuya 1
JlaHHbBIE 0 THIIE ONlePALUH
Table 1
Information on surgery types
HaunmenoBanue Tun onepamun Jara Bo3pact Mo
Moaean o0 cJieoBaHusI (J1eT)
Imepe_1 :‘)BepCI/IOHIl-IaSI KapOTHUIHAS SHAAPTEPIKTOMHUS 12.04.2021 ©. 74 ——
- -€ CyT. TIOCJIe OTIepaIiu
Snepe 1 1 DBepCHOHHAs KApOTHIHAS SHAAPTEPIKTOMHUS 16.05.2022 1- 74 KCHCKI
Yyepes roji nocje ornepauuu
Dom 1 FHOMyc-CGepeEafomaa KapOTHUIHAS SHAAPTEPIKTOMHUS 12.04.2021 1 74 KCHCKI
- -€ CyT. TIOCJIe OTIepaIiu
iom 1 1 I'momyc-coeperaroniast KapoTHIHAS SHIAPTEPIKTOMHUS 16.05.2022 - 74 KCHCKI
- = yepes ToJ1 oclie onepanun
Krace 1 Knaccnqecllcaﬂ KapOTHUIHAS SHAAPTEPIKTOMHUS 20.01.2021 1 69 MyRCKOR
- -€ CYT. TIOCJIe OTIepaIiu
Knace 1 1 Krnaccudeckast kKapoTHIHAsK SHAAPTEPIKTOMHUS 17.06.2022 1. 69 MY2KCKO#E
- yepes ToJ1 1oclie onepanun

sl KOPPEKTHOCTH CpaBHEHMs DPE3YJIBTaTOB pPacueThl
IUTSL BCEX MOJIETICH BBITIOTHSUIUCH C ONMHAKOBEIMH ITapa-
METpaMH KPOBOTOKA, COOTBETCTBYIOIIMMH TAHHBIM 3710-
poBoro yenoBeka [3]. B pe3ynbrare UncIeHHBIX pacyeToB
OBUTH TTOJTyYeHBI MACCHBBI JaHHBIX MO CKOPOCTSIM yCTa-
HOBHBIIIETOCS TEPUOJUUECKOTO KPOBOTOKA BO BHYTPEH-
HUX TOYKaX COCY/la B TEUEHHE OJTHOTO CEPJIEUHOTO LIUKJIIA
¢ AMCKpeTu3anuel mo BpeMeHu B 10 MUITUCEKYH]I.
[ocTmporiecciHroM TMOMYyYEHHBIX AAHHBIX BBIUUCIIS-
JIUCH MoJIs moka3zarenss WSS Ha CTeHKax COCYNOB, a Tak-
ke Apyrue reMOJAMHAMHYECKUE IOKA3aTesM, CBS3aHHBIC
¢ WSS [4, 5]. Ha ocHOBaHMM 3THX PacyeTOB CTPOMIINCH
30HBI PHCKa PECTEHO3a Ha BHYTPEHHEH CcTeHKe OUdypKa-
nun ¥ npwreratonpx oomactsx OCA u BCA. B xagectse
OCHOBHOI'O T€MOAMHAMHYECKOTO MOKa3aTelIsl IPH MOCTPO-
CHMH PUCKOBBIX 30H BbIOpaH mokaszaresib RRT, koTopbrit
YYUTBHIBaeT KaKk HU3KOE 3HaYEHHE TPHCTEHOYHOTO HAIpsi-
eHust ciura WSS, Tak U OCHMILIISITOPHOCTh IPUCTEHOY-
Horo TedeHus [5]. CpaBHEeHHE PUCKOBOTO (pakTOpa MpoBo-
nsres o RRT int - uHTErpaibHOMY 3HAYE€HHIO ITOKa3aTelst
RRT 1o 30He pucka, koTopas onpeaenseTcs Kak o0nacTh
CTEHKHM cocyna, B koropoi 3HadeHne RRT mpessimaer
BenmuuHy 6,25 Tla'. TIOCTIpOLIECCHHI, BH3yald3alus
PE3YJIBTATOB PACUETOB, a TAKXKE M3MEPEHMs M BCIIOMOTa-
TEJbHBbIE TEOMETPUUECKUE MTOCTPOEHUS OCYIIECTBISLINCH
B npuiiokernu ParaView (https://www.paraview.org/).
[IpoBoaMIIOCH CpaBHEHHE TOTYYEHHBIX JTAHHBIX MEX-
Iy TIOCTOIIEPAIIMOHHBIMU M TIOBTOPHBIMH MOJCTISIMHU H C
pe3yiabTaTaMi aHAJOTHYHBIX PACUeTOB, BBIIOJIHEHHBIX
Ha MOJEJISIX COCYIOB MPAKTUUECKH 310POBBIX JitoaeH [3].

PesynbTratbl

ITocmpoenue modenei u cpasnenue zeomempuiecKux
napamempos

Ha ocnoBe mannbix KT ObUIM MOCTpPOEHBI Tpexmep-
HBIE MOJIETIM TIOCTONEPAIIMOHHBIX MAaIlMeHTOB B 1-e CyT.
nocye onepanuu 1 yepes 1 roz. M3006pakeHus HOCTPOEH-
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HBIX TE€OMETPUYCCKIX MOJICNICH TOMAPHO TPEIACTaBICHBI
Ha pUCyHKe 1.

s OIIGHKM HM3MEHEHHs TeOMETPHUYECKON (HOpMBI
B paHHEM M I[IO3HEM IOCTONEPALMOHHBIX MEPUOIax
crpomuck nonepednsie cedernss OCA u BCA (puc. 2),

A 3sepc_1 Tnom_1
» /\ -~

. Ipepc_1_1
M A

§ . Knacc_1

Mom_1_1

-

Pucynox 1. l'eomempuueckue mooenu: Jeepc_1 —38epcuonuas
Kapomuonas snoapmepIkmomus, — I-e cym. nocie onepayuul;
Deepc 1 1 — sgepcuonnas Kapomuonas HOApmMepPIKmMomus
uepes 200 nocie onepayuu, Iiom 1 — enomyc-coepezaiowas
Kapomuonas sHoapmepIkmomust — I-e cym. nocie onepayui;
Inom_1_1 — enomyc-cobepeearouyas KapomuoOHast SHOAPMepPIK-
momusi uepes 200 nocie onepayuu, Knacc 1 — knaccuueckas
Kapomuonas sHoapmepakmomust — I-e cym. nocie onepayui;
Knacc 1 1 — knaccuueckas kapomuonas 3HOAPMePIKMOoMUs
yepes 200 nocie onepayuu

Figure 1. Geometric models: Deepc 1, eversion carotid
endarterectomy 1 day after surgery; Deepc 1 1, eversion
carotid endarterectomy 1 year after surgery, Inom_1, glo-
mus-sparing carotid endarterectomy 1 day after surgery;
Inom_1 1, glomus-sparing carotid endarterectomy 1 year
after surgery;, Knacc 1, classical carotid endarterectomy
1 day after surgery; Knacc 1 _1, classical carotid endarter-
ectomy [ year after surgery
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Pucynox 2. Ilonepeunvie cewenusi Mooenu Kiaccudeckol Kapo-
MUOHOU IHOAPMEPIKMOMUL Uepe3 200 NOCie Onepayuu
Figure 2. Cross sections in the classical carotid endarterectomy
model 1 year after surgery

U CPaBHUBAJHCHh YCIOBHBIC AMAMETPHI CEUCHUH MEXIy
COOTBETCTBYIOLIMMU NIapaMH MOJIEJIEH.

[Tnomany ceueHnit BEIYUCISAIUCH B PEKUME MOCTIPO-
LIECCHUHTA, O/ YCJIOBHBIM AUAMETPOM CEUEHUS I0/Ipasy-
MeBaJica AMaMETP, paBHbBIN MIoIIa 1 Kpyra. [Ipouecc no-
CTPOEHUS CEUCHUN HauYMHAaeTcs ¢ ceueHust «+0», KoTopoe
CTPOUTCS] HEMHOTO JIMCTaIbHEE CeIIOBUHBI OndypKaluu.
3arem ctpoutcs ceueHne «—0» Ha rpaHHIE C 00IACTBHIO
IPUCOEANHEHUS HApYKHOU COHHOU apTepun. OcTanbHbIe
ceueHusi crposarcs ¢ marom 0,3 ¢cM B MPOKCUMaJIbHOM
U JIMCTAJILHOM HAMpaBlIEHUSX, TPU 3TOM IO PaccTos-
HUEM MEXKIY CCUCHHUSIMH IOJPa3yMEBAaeTCsl PacCTOSIHUE
MEXIy UX TEOMETPUUCCKUMH IICHTPAMH, KOTOPbIE TAKKe
BBIYUCIISIIOTCSL B PEXKUME MOCTIIpOoLleCCUHIa. PaccTosHus
I MEXJy HyIeBbIMH cedeHusMu Mmojenei «Kmaccuue-
ckoit K99» pasno 0,76 cm, nns Mmoneneit « 9BepCUOHHON
K39» n «[momyc-coeperarorieir KO9» r paBao 0,56 cM

u 0,57 cM COOTBETCTBEHHO. 3HAUCHUSI AMAMETPOB CeUe-
HUH (CM) TIPUBEACHBI B Ta0IuIIE 2.

JuarpaMMbl 3aBUCHMOCTH THAMETPOB MOIMEPEUHBIX
CeueHMH (CM) OT ITO3UIHNI CeUeHUH TPUBEACHBI HA PUCYH-
ke 3. Kak BuaHO M3 muarpaMm Ha pucyHKe 3 W u3 Tabnm-
bl 2, BxojHbie quameTpbl OCA U BBIXOJIHBIE TUaMETPBI
BCA s mocTonepalMOHHBIX U MOBTOPHBIX MoOJenel
Ka)XJIOTO MaIleHTa MPUOIU3UTEIBHO COBIIAAAOT. DTO T0-
BOPHUT B IOJIb3Y KOPPEKTHOCTH MACIITaOMPOBAHUS MOJC-
J€H MIPU IOCTPOEHUHU.

W3menenus B OCA (unTepBan [-2,1; —0]) mist Bcex
tunoB KOO MOXXHO oXapaKTepH30BaTh KaK CIIIaKUBAHNE
CTEHKH apTepUu ¢ yMEHbILIEHUEM ee quameTpa. Criaxu-
BaHUE CTEHKU apTEepPHH, BEPOSITHO, IPOUCXOAUT 3a CUET
(hopMupOBaHUS HEOMHTUMBI.

[To pe3ympraram pacyeToB BO BCEX MOIEISIX ITOCTPO-
eHBI 30HBI pHcKa (puc. 4). PuckoBas 30Ha onpenensiach
MpeBBINICHHEM 3HadeHus mokazareinss RRT Bemmuunb
6,25 IMa'. 1IBeT pacKpacKu OMPEAEIISIICS BEIHIMHOM JI0-
rapupma or RRT+1 B uuTepBane or 0 10 6 B COOTBET-
CTBUHU C IPUBEIECHHON Ha PUCYHKE LIBETOBOW LIKAJIOM.

30HBI pHCKa MOZEIICH MOCIE IBBEPCUOHHON U TIIOMYC-
coeperaromux KOO moxanmm3yioTcst MpenMyIecTBEHHO
B obmactn OCA, 4TO CBSI3aHO C TEXHHUYCCKOW OCOOCH-
HOCTBIO onepaiuu. IIpy BHINOIHEHUN SHAAPTEPIKTOMUN
n3 OCA arepockiepoTHueckas OJisiiKa OTCEKaeTcs Mo-
nepeuno. Kpome toro, B obnactu OCA pacmonaraercs
HOIEpeUHbld OB aprepuoTromuu. IIpu BbIIOIHEHHU

Tabnuua 2

JAuamMeTpsl nonepeyHbIX cedeHui (cm)

Table 2

Diameters of cross sections (cm)

IBepe_1 IBepc_1 1 Inom_1 Timom_1 1 Knace_1 Kuaace 1 1

2,1 cm 0,76 0,78 0,64 0,67 0,67 0,66
-1,8 cm 0,75 0,76 0,65 0,67 0,66 0,67
-1,5cm 0,73 0,76 0,64 0,67 0,66 0,66
-1,2 cm 0,74 0,77 0,68 0,66 0,67 0,66
—0,9 cm 0,89 0,79 0,87 0,66 0,63 0,65
—0,6 cm 1,00 0,91 0,93 0,79 0,88 0,57
-0,3 cm 1,08 1,00 0,95 0,89 0,98 0,68
-0 1,02 0,96 0,88 0,87 1,05 0,97
+0 0,82 0,76 0,67 0,57 0,93 0,97
0,3 cm 0,83 0,74 0,64 0,53 0,82 0,84
0,6 cm 0,79 0,74 0,60 0,58 0,79 0,78
0,9 cm 0,74 0,70 0,53 0,47 0,74 0,75
1,2 cm 0,70 0,66 0,49 0,40 0,73 0,73
1,5cm 0,67 0,60 0,47 0,35 0,76 0,71
1,8 cm 0,53 0,52 0,46 0,34 0,71 0,65
2,1 cm 0,50 0,51 0,44 0,37 0,51 0,57
2,4 cm 0,52 0,54 0,42 0,37 0,48 0,50
2,7 cm 0,51 0,50 0,40 0,37 0,48 0,48

63



VIHHOBaLOHHan MeamnumHa KybaHu. 2024;9(4):60-67 / Innovative Medicine of Kuban. 2024;9(4):60-67

[nameTpbl ceveHuit (cM) [Ouametpbl ceyennin (cm)
- ~e-3pepc_1 =e=3sepc_1_1 - 0~ [NOM_1 =a= [Mom_1_1
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Pucynox 3. Jluamempul nonepeunvix ceuenuil (cm)
Figure 3. Diameters of cross sections (cm)

Pucynok 4. Jluamempol nonepeunvix ce-

_— - 3sepc_1 | Mom_1 yenuil (cm): Deepc 1 — s6epcuonnas Ka-
pomuonas suoapmepIkmomus — I-e cym.
nocne onepayuu, Jeepc 1 1 — ssepcu-
OHHAsL  KAPOMUOHASL  IHOAPMEPIKMOMUSL
uepes 200 nocie onepayuu; Inom 1 — 2no-
—_— Myc-cOepezaiowjas KapoOmuoHas 3dHOaAp-
3sepc_1_1 | Mom_1_1 mepakmomust — 1-e cym. nocie onepayuu

Tnom 1 1 — enomyc-coepeearowas ka-
POMUOHASL IHOAPMEPIKMOMUSL Uepe3 200
nocne onepayuu; Knacc 1 — kaaccuvecxas

Kapomuownasi snoapmepakmomusi — 1I-e
‘ cym. nocne onepayuu, Knacc 1 1 —xnac-
Knacc_1 CUYeCKast KapoOmMuOHdasl SHOAPMEPIKMOMUSL

=

yepes 200 nocie onepayuu

{ Figure 4. Diameters of cross sections
(cm): Deepc_1, eversion carotid endarter-
ectomy 1 day after surgery, Oeepc 1 1,
eversion carotid endarterectomy 1 year
after surgery; Inom_1, glomus-sparing ca-
rotid endarterectomy 1 day after surgery;
Tnom_1_1, glomus-sparing carotid endar-
terectomy 1 year after surgery, Kiacc 1,
. classical carotid endarterectomy 1 day af-
ter surgery, Knacc 1 _1, classical carotid
endarterectomy 1 year after surgery

Knacc_1_1

1]
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Tabnuua 3
3uauenus nokazaresass RRT int (ITa"cm?)
Table 3
RRT int values (Pa’cm?)
IBepc_1 OBepc 1 1 Inom_1 Inom_1 1 Kuace 1 Kmace 1 1
RRT int 21,9 18,4 28,6 19,4 33,1 34,9
% 100% 84% 100% 69% 100% 105%

Kinaccuueckux KO3 B 30HY apTepHOTOMHH WUMILIAHTH-
pyeTcsli CHHTeTHYeCKas 3amuiara (B HAIIeM HCCIeIoBa-
HUU HUCIIOJBH30BAJICS KCEHOTIEpUKAP). 30Ha PUCKA MOCIIe
kiaccuaeckort KOO Goree oOmupHas u mepexoauT Ha 00-
nmacte BCA. 3uagenust mokaszareiass RRT int (ITa'! cm?)
[0 PUCKOBBIM 30HaM U MPOIICHTHBIC U3MEHEHUS MOKa3a-
TEJISI IO TTapaM MOJIEJICH TTPUBEICHBI B TabwmIIe 3.

[lpu cpaBHEHMHM TEMOAMHAMHUYECKHX I1apaMeTPOB
MOTIAPHO B 1-¢ CYT. TIOCTIE OIepanuy U Yepe3 roj HaMu
obOHapyxxeHo, uro mokaszarenb RRT int mms mopemeit
9BEPCUOHHON U TIoMyc-coeperatonieit KOO ymyummiics
Ha 16 1 31% CcOOTBETCTBEHHO, a JUIS MOJIEJICH Kilacchuye-
ckoit KO3 ocrancs B nmpenenax mOrpelIHOCTH.

O6cyxaeHune n BbiBOAbI

Kapotugnas sHAapTEpIKTOMUS — MPEATIOYTHTENb-
HBI METOJl JICYCHUS] TEMOAMHAMHYECKH 3HAYMMBIX aTe-
pockiepornueckux creHo3oB BCA. Meton 3apekoMeH-
nmoBan cebs Omaromapst cBoel d¢dekTuBHOCTH U 0e3-
OIACHOCTH. DTO OTPAKAETCS B €KETOIHOM YBEIHYCHUHU
KOJIMYECTBA OTKPBITBIX OIEPAaTHBHBIX BMENIATEIbCTB
o Bcemy mupy [6-9]. M3BecTHO HECKOIbKO MOaupHKa-
LU ONIepaTUBHOTO JIEUeHHs, KOTOPbIE Pa3JIMYHBI 11O TeX-
HUKE UCITIOHEHHUS, BpEMEHH TMepexxaTs apTepHid, pucKy
Pa3BUTHS OCIIOKHEHHUH W BEPOATHOCTH Pa3BUTHUS pecTe-
Ho3a. KimHnueckne pexoMeHaiy 9eTKO He periiaMeH-
TUPYIOT BBIOOpP METO/Ia OTIePAIINH, OCTABIISS €0 HA YCMO-
TPEHHE ONEepUPYIOILEro xupypra. MisMeHneHue gokaabHOU
reMOJMHAMHUKHN B obnactu Omdypkauuu obmeil COHHOM
apTepuy, HapsaAy C CUCTEMHBIMU (paKTOpaMH pUCKa aTe-
pockiiepo3a, UrpaeT OONBIIYI0 POJIb B BO3HHUKHOBEHHH
MTOCTOTIEPALIMOHHOTO PECTEHO3A.

Wzyuenne nokanbHON TeMOAWHAMHUKH B 00NacTu OH-
¢dyprammun OCA ¢ mOMOIIBIO MAUEHTCIENN()UISCKOTO
KOMIIBIOTEPHOTO MOJIEIMPOBAHNS TEYEHHUs] C HCIONb-
30BaHHEM METO/IOB BBIUHCIUTEIBHON T'HMAPOJMHAMUKI
(computational fluid dynamics, CFD) mo3BomsieT ompe-
nenuth obmactu oudypkarm OCA, nMeronie BEICOKAN
pUcK areporeHesa. BiusiHue U3MEHEHUH JTOKaIbHOW Tre-
MOJMHAaMHUKH Ha (OPMUPOBAHHE aTEPOCKICPOTHUECKHIX
OmsiiIex ommcaHo B paboTax psija uccienosareneit [10,
11]. Ognako B iuTepaTrype BCTpEUarOTCsl HayYHbIE TPYbI,
B KOTOPBIX PACCMOTPEHBI MOJEIH COCYHIOB Oe3 Iarojo-
THH, & TAKXKe C TeMOJMHAMHYECKH 3HAYMMBIMHA M HE3Ha-
YUMBIMHU CT€HO3aMU apTepuil. [IpakTH4ecKyro LEeHHOCTb,
Ha HAIl B3MNIAM, MMEET H3YYCHHUE MOCTOMNECPAIIMOHHBIX

MOJIENIEH, TaK KaK OHO TO3BOJIUT XUPYPTraM MOHATH KaKas
MOJHM(UKAIUS ONEPAIli CMOXET MOBBICUTH 3P PEKTHUB-
HOCTH XUPYPTHUECKOTO JICUCHHSL.

ComracHO JaHHBIM HAIIETO WCCIICAOBAHUS, 30HBI
pHUCKa NOCTONEPALMOHHBIX U MOBTOPHBIX MOAEeH cMme-
meHsl B ctopony OCA, 0coOEHHO TIOCe YBEPCHOHHON
U TIOMYyC-COeperaroneii MeToquK. JTO CBA3aHO C TEM,
9TO B DTOW 007TaCTH pacHojaraeTcs JIMHUS Cpe3a aTepo-
CKIIepoTHyecKoi Onmsmku. JlaHHoe HaOMIOIeHNe TEMOH-
CTPHUPYET MPEUMYIISCTBO ITHX OIEpaIFid HaJ HCIIONb-
30BaHUEM CHHTETHUYECKHX 3ariaT. BTopbiM BaXXHBIM Ha-
OsrofieHueM paboThI SIBISIETCS TO, YTO MOJICIH, ITOCTPO-
eHHble Ha ocHoBaHuu KT-aHrmorpamm uepes roj mnociie
oTIepaIyy, IeMOHCTPUPYIOT YMEHBIIICHIE PUCKOBBIX 30H.
BepositHO, 3TO IPOUCXOTUT 3a cUeT (pOopMUPOBAHHUS HEO-
WHTHMBL. MBI cYlTaeM, 4To JJAaHHOE MCCIIE0BaHNe HE00-
XOJIMMO TPOJIOJDKUTH YIS TIOyYeHHsI OOJIbIIero o0beMa
“H(OPMAINH, YTO TO3BOIUT KOPPEKTHO OLEHHUTH T€MO-
TUHAMHYECKHE OCOOCHHOCTH IOCTONECPAIMOHHBIX OH-
(ypkaruit # 060CHOBAaTH BEIOOP METOAA OTKPHITOTO XU-
PYPTHUYECKOTO JICUSHISI, IMEIOIIET0 MUHUMAIIEHBIA PUCK
pecTeHo3a B OTJAJICHHOM MOCIIEONEPallMOHHOM EPUOJIE.
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Pesome

BBenenune: JleueHne MAIEHTOB C JKENYIOYHO-KHIICYHBIMH KPOBOTCUCHUSIMH U3 BEPXHUX OT/CIOB XKEIYJTOYHO-KUILICYHOTO TPAKTa
SIBJISIETCSI HEIIPOCTOM 3aja4eil BBULy IIUPOKOTO CIIEKTpa MPUYUH, BBI3BABLIMX AaHHOE COCTOSIHUE, a TakxkKe (aKTOpOB, CIOCOOHBIX
OKa3bIBaTh BIUSIHUE HA UCXObI FOCIIUTAIM3ALHH.

Hean: Mccnenosanue creneHy BIusHUS (HakTopoB Ha 30-1HEBHbIE MCXOJblI CTAIIMOHAPHOIO JICYCHHUS C MCHOJIB30BAHHEM METOI0B
MAaIIMHHOIO 00y4YeHus.

MarepuaJibl U MeTobI: Bbul cOOpaH peTpocneKTHBHbIH Ha0Op AaHHbIX y 101 manueHTa, BKIKOYAKOMINI KIMHHKO-aHAMHECTHYC-
CKHe, 1abopaTopHbIe, MHCTPYMEHTAJIbHBIC TTOKa3aTenu. B mocneayromem 6a3a JaHHBIX OblIa pa3JeieHa 110 3THOIOTHHU JKEeTYI09HO-
KHIICUHBIX KPOBOTEUCHHUI Ha JIBE IPYNIIbL: 3BEHHBIE, BapuKo3HbIe. [lomydeHHble BBIOOPKH OblIM 00paboTaHbl C IOMOIIBIO HHCTPY-
MEHTOB MalIMHHOTO 00y4eHus B J(Ba dTana: uMirytanus rnpu nomomnm moxenn MICE (multiple imputation by chained equations),
aHaJIN3 BKHOCTH (hakTopoB Ipu nomony Moaenu Random Forest.

Pe3yabraTbi: ConiacHO BBITIOIHEHHOMY HCCIICJIOBAHUIO Cpe/id Hanbosiee MPOrHOCTUYECKH LICHHBIX MTOKa3areliei, BHE 3aBUCHMOCTH
OT TUIA KPOBOTEUEHHUS, OBUTH HE TOJIKO XOPOIIO W3BECTHBIC MPEIAUKTOPHI JIETAIBHOCTH, a TaKXkKe (aKTOpbl, TOJAIOLINE HAICK bl
Ha POJIb MPEIUKTOPOB B HAYYHOM COOOILECTBE: YPOBEHb KPEaTHHUHA, apTepuaiibHoe naBienue, AUTB, ypoBeHb co3HaHUS, TIOKa3aTe-
JIM MOYEBHHBI, JIAKTATa, a TAKXKE KOMOPOUIHOCTH, YPOBHH IIPOKAJIBIUTOHNHA, (peppuTHHA, 00111eT0 Oestka KpOBH.

3akJiouenne: [IpiMeHEHHE IPOTPECCUBHBIX METOJOB CTATUCTHUECKOTO aHaIM3a MOITBEPIUIO 3HAYUMOCTD IMOIYISPHBIX U HPO-
BEPEHHBIX MPEANKTOPOB JICTAILHOCTH, BHECIIO BKJIAJ B Pa3BUTHE HE TOJIBKO MCCICAYSMbIX HAyYHBIM COOOIIECTBOM B MOCICIHUE
BpPEMEHa HOBBIX IIPEAUKTOPOB, HO U €IlI¢ HEUCCIIEI0BaHHbIX.

Kniouesvie cnosa: xenyn04HO-KUILICHHOE KPOBOTEUEHHE, UCXO/bI, IPEIUKTOP, JIETAIbHOCTh, IPOTHOCTUYECKH 3HAYMMBbII
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Abstract

Introduction: Treatment of upper gastrointestinal bleeding (UGIB) is a complex challenge due to the wide range of causes and fac-
tors affecting hospitalization outcomes.

Objective: To study the impact of various factors on 30-day hospital outcomes using machine learning (ML) tools.

Materials and methods: We compiled a retrospective data set that includes clinical, laboratory, and imaging data of 101 patients.
The database was divided into 2 groups by UGIB etiology: ulcer and variceal bleedings. Both etiological groups were processed using
ML tools in 2 steps: imputation by the MICE (multiple imputation by chained equations) model and factor importance analysis using
the Random Forest model.
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Results: Analysis revealed that the most prognostically valuable parameters in both groups were well-known mortality predictors and
emerging predictive factors, such as creatinine, blood pressure, activated partial thromboplastin time, level of consciousness, urea,
lactate, comorbidity status, procalcitonin, ferritin, and total protein.

Conclusions: The application of advanced tools confirmed the significance of popular and validated mortality predictors and contrib-
uted to the development of predictors, both explored and unexplored ones.

Keywords: gastrointestinal bleeding, outcomes, predictor, mortality, prognostic significance
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BBepeHune

HKemynouno-kumeunsie kpoBoteuenust (JKKK) u3 Bepx-
HUX OTIEJIOB JKeITymodHO-KumedHoro tpakra (JKKT) Bxo-
JUIT B AKTYaJIbHBIM CIIMCOK OCHOBHBIX HAaTOJIOTMHA XUPYp-
TMYECKHX CTAllIOHAPOB CKOPOIIOMOIIHBIX OoibHMIT [1, 2].
JleranbHOCTH TpU 3TOM MATOJIOIUM 3aBUCUT OT MHOYKECTBA
(hakTOpOB, YBEIMYMBACTCS C BO3PACTOM U C KOJIMYECTBOM
COMYTCTBYIOIMX 3a0oseBanuii [3]. i mporHO3upOBaHUS
JIETAJTBHOCTH CYIIECTBYET PsiJ] JOCTOBEPHBIX (haKTOPOB, TI0-
MOTAIOIIMX Bpady CTPATU(HIMPOBATH TTAIINEHTOB T10 TPYII-
maM prcka. Hambornee HaiexHbIe M3 TIOTOOHBIX ITOKa3are-
JIell yIIOMMHAIOTCS B POJN TIPEIUKTOPOB [4].

Co cTpeMHUTENbHBIM pa3BUTHEM TEXHOJOTHH HCKYyC-
ctBeHHOro MHTeNekTa (MN) npuMeHeHue mMojenei mMa-
muHHOr0 00ydeHus: (MO) cTaHOBUTCS OOBIICHHOCTBIO.
3a mocneqHue TOABI MOSBISETCS BCEe OOJNbIIE UCCIen0-
BaHUH ¢ ucnojb3oBanueM Moxaenet MO [5, 6], ciegoBa-
TEJIFHO, YYCHBIE BCE Yallle OCTaHABIMBAIOT CBOW BHIOOP
Ha MPOTPECCUBHBIX METOAAX CTATUCTHYECKOTO aHAJN3a.

HecMotpst Ha cyliecTBYIOIUI IIUPOKUNA Psi HOILY-
JISIPHBIX TPEIUKTOPOB JIETATHHOCTH, OCTACTCA aKTyallb-
HOM MOTPEOHOCTh B MCCICIOBAHUSIX C LTI HE TOJIBKO
MIEPECMOTPA U3BECTHBIX MPEIUKTOPOB, HO U MOTEHIIUAb-
HOTO BBISIBIICHHSI HOBBIX. B JTaHHOM HCCIIeZIOBaHUN BHH-
MaHHMEe HalpaBlieHO Ha aHaJIM3 CHEeKTpa JaHHBIX Malu-
€HTOB C HCITOJb30BaHueM Mojenei MO 1 BBISIBICHUS
3HAYUMOCTH (PaKTOPOB B Mporuose 30-THEBHON JeTab-
HOCTH.

Martepuanbl n meToabl

Husaiin uccneoosanusn

OAHOIICHTPOBOE PETPOCIEKTUBHOE HCCICIOBAHHE
OBUIO BBIMIOJHEHO B YCJIIOBHSX T'OPOJCKOM KIMHUYECKOH
oonmpaMIBI Ne 15 mm. O.M. ®uiatoBa JlemapramenTa
3npaBooxpanenust . Mocksbl, Poccuiickas ®enepanus.
baza maHHBIX OXBaThIBasia WH(POPMAIIMIO O MAIMEHTax
¢ KpoBoTeueHUAMH u3 BepxHux otaenos JKKT 3a nepuos
¢ 2020 mo 2023 r.

KputepusMu BKIIOUEHUS TAIIMCHTOB B UCCIEIOBAHIE
OBUIN: JIOCTHKEHHE BOCEMHA/IIIATHIICTHETO BO3PAcTa, XKa-
o0kl manuenTa Ha cuMitoMbl KKK mpu moctyrienun
B OOJBHUILY JINOO 7KAT00BI MAI[MEeHTa HITH MEIUIITHCKOTO
nepcoHana Ha npusHaku BozHukero KKK mpu npoxox-
JICHUU CTAIlMOHAPHOTO JIEYEHUS, YHIOCKOIMNIECKOe 000-
cHoBaHue akTuBHOro wim cocrosasuerocs KKK u3 Bepx-
Hux otaeinos JKKT.

KpI/ITepI/IHMI/I HUCKIIIOYCHHS IMMAITUCHTOB M3 UCCJIICI0BA-
HHS ObLIN: OTCYTCTBHEC BBIIIOJITHCHHOI'O 9HJOCKOITUYCCKO-
o UCCICOOBaHUsA, OTKa3 IIOAIIMCHIBATH I/IH(i)OpMI/IPOBaH—
HOC corjracuec Ha MCCICOOBAHMEC, BBIIIMCKA I10 COOCTBEH-
HOMY JKCJIaHUIO.

Coop oannwvix

B uccnenopanuu yuactsoBan 101 nanuent. boiabHbie
OBUTH CTPYIIUPOBAHBI IO STHOJOTHH KPOBOTCUCHHSI:
53 manmenta B rpymme ¢ s3BeHHbIMU KKK u 48 manm-
entoB — ¢ JKKK u3 Bapuko3Ho-pacmmpeHHbix BeH. Hc-
CJIeZIOBaHNE ITPOBOAMIIOCH B COOTBETCTBHH C 3THYECKUMHU
CcTaHJapTaMHu XEJIbCUHKCKOH Jaexyapauuu BceceMupHO
MEJIUITMHCKON accormaliny nepecmorpa 2013 1.

Bce mapamerpbl B 0a3e JaHHBIX BKITIOYAIM aHAMHE-
CTHYECKHe, KITMHUYECKHe, T1a00opaTopHbIe, YHI0CKOITNYe-
CKHe, a TaK)Ke HEKOTOPEIC JOMOTHUTEIHHBIC HHCTPYMEH-
TaJbHBIC JaHHBIC.

AHaMHECTHYECKHE TaHHbIE BKIIIOYAJIU: TIOJ AllUEHTA,
BO3DAcCT, POCT, BEC, BpEIHBIE TPUBBIUKH, COITy TCTBYIOIINE
3a00eBaHys, MPUHUMaeMble aMOyIIaTOPHO JIEKapCTBEH-
HbIE Tpernaparsl, nepBoHadanbHbie mpossieHust KKK
U BPEMEHHON MHTEpBal C MOMEHTA UX BO3HUKHOBEHUS,
MECTO BBISBICHHUS (BHETOCIIUTAIFHO WIIM B TIEPHOJ] CTa-
LIMOHAPHOTO JIedeHNns ), HH(opManns 0 BOZMOKHOM Tiepe-
HecenHoM panee JKKK, BbllonHeHHass KOHCEpPBAaTUBHAS
tepanus XKKK crarmonapHo.

JlaGoparopHble JTaHHBIE OBLIM TONy4YeHHl Ha 1-, 3-,
5-e cyT. ¢ momenTa BeisBieHus KKK u Bkimtoganu B ce0st
rokasarenu OOIIero aHajiu3a KPOBU W Pa3HHILy YPOBHS
reMorIo0NHa B JWHAMHKE, OMOXWMHYECKOTO aHalln3a
KpOBHU (OMOXMMHUS TIOYCK W TICUYCHH, aTbOyMHH, OOIIHN
0eJIoK, TII0KO03a, aMmiIasa), heppuTrHa, JaKTaTIAETUAPO-
rerassl (JIAD'), C-peaxtunoro Oenka (CPB), mpokannb-
uutoHunHa, J-numepa, pH BeHO3HOU MM apTepHaIbHOMN
KpPOBH, YPOBHEW 3JIEKTPOIHUTOB (KaJMii, HATPUH, XJIOP),
ypOBEHEil TaKkTara, ra30B KPOBH P BEIITOITHEHHOM 3200~
pe aprepuanbHOi KpoBH, koaryiaorpammsl (MHO, AUTB,
¢ubpunoren, [1TB).

OHJ0CKOTMYECKHE TAHHBIE BKIIIOYAIN B ce0s1 HH(OP-
MAIUIO O MPHOPUTETHOM TI0 PHUCKY KU3HEYTPOXKAIOIIETO
HEOIaroNpUsATHOTO KIMHUYECKOTO MCXOAa HCTOYHHUKE
KpOBOTEUEHUS (53Ba, BApPUKO3HO PACIIUPEHHBIC BEHBI
nuieBojia u xenyaka) uz sepxuux oraenon KKT u ux
KOJIMYECTBE, JIOKAIU3anH, TITyOnHe nedekra, pazmMepax
IIPU BOBMOXKHOCTH M3MEpeHus, kinaccuduxamnuu Forrest
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MIpU S3BEHHOM KPOBOTCUCHHH, METOAAX BBIMOIHEHHO-
IO DHAOCKOMUYECKOTO TeMocTaza (MHBEIUPOBAHUE,
ANEKTPOKOATYISIINS, apTOHO-TUTa3MeHHas 00paboTka,
KJIUIIUPOBAaHUE, JIMTUPOBAHUE), JAHHBIE O BO3MOXHBIX
peuuanBax, a TaKKe BBIYUCICHHE IUIOIMIAIN OCHOBHBIX
KpOBOTOYAIUX AC(EKTOB Y MAIMICHTOB C S3BAMU JKEITYII-
Ka U JTBCHATIATHIICPCTHON KUIITKH.

I'pynna ¢ s3BEHHBIMH KpPOBOTEUEHHUSMM BKIIIOYA-
Ja manueHToB ¢ ocHOBHBIM HcTouHUKOM KKK B BuIe
OCTPBIX SI3B KEIYIKA WU IBCHAMIATUTICPCTHON KUIITKH,
coBmanaromux mo kmaccudukanuu Forrest ¢ Fla, Flb,
Flla, FlIb, Fllc. I'pynma ¢ BApuKO3HBIMH KPOBOTCUCHUSI-
MU MOTJIa BKIIIOYATh B c€0s MAIUEHTOB C HE3HAYMMBIMU
9po3usiMU U si3BamMu BepxHux otaeson XXKT.

WHCcTpyMEeHTABHBIC JaHHBIC: PE3YJIBTAThl KOMIIBIO-
tepHoi Tomorpaduu (KT) mapeHXUMBI JIETKUX, 9XOKap-
nuorpadus ¢ omnpeneneHueM (paxmuu BrIOpoca JIEBOro
KETTy/I09Ka.

Kruandeckue naHHbIe BKIIOYATH HHPOPMAIIHIO O CO-
CTOSIHUY TallMeHTa B TeueHue 1-, 3-, 5-X cyT. OT MOMEHTa
nHcTpyMeHTanbHoro noarsepxaenus KKK, a umenHo:
0 YaCTOTE CEPACUHBIX COKPAMCHUH W WX PUTMHIHOCTH,
CHUCTOJIMYECKOM W THACTOJIMYCCKOM apTepHaIbHOM JIaB-
nenuu (A]l), HAIMYUU WU OTCYTCTBUU Ba30MPECCOPHOM
MOACPIKKU, YPOBHE CO3HAHUS MAICHTA, TEMIIEpaTrype
Tena, mHGOPMAIHIo 0 quype3e, HHPOopMAIHs O HATUIAN
Oouieil B )KMBOTE C yTOYHEHHEM OTHOCHTEIBHO HX JIOKa-
TU3alud, THPOPMALIUIO O YaCTOTE IBIXAHUS MPU CaMO-
CTOSITCIIEHOM JBIXaHUHU WU MTPOBOTUMON MCKYCCTBEHHON
BEHTWIANNN JIETKUX. Takke ObUT BBIMOJNHEH YYET TMPH-
HUMaeMbIX mnanueHToM 10 Bo3HMKHOBeHHs KKK mpe-
MapaToB ¢ MOCJIEAYIOMEeH KiIacCH(pUKAIMed Ha TPYIIIbL:
AQHTHKOATYJISTHTHI, aHTHATPETAHTHI (B TOM YHCIC AICTHII-
CaJIMIMIIOBAs KUCJIOTAa), HHTUOUTOPBI MPOTOHHON ITOM-
MBI, AHTUTUIEPTCH3MBHBIC Mpenaparbl, AHTHOMOTHKH,
AQHAJIBICTUKH, CTEPOMIHBIC MpEraparhl, HECTEPOUIHBIC
MIPOTHUBOBOCIIAUTEIBHBIC TIpenapaTsl (3a HMCKIIIOYCHH-
€M aleTWICATHUIMIIOBOH KHUCIIOTHI), Tepamnus OHoIo-
THYECKUMU TpernaparaMu (TOUUIn3yMad, JeBuaumao,
0JIOKM3yMal) mpH (pakTe MPOBEACHUS MAlMEHTaM C BbI-
sBineHHbiM COVID-19. brina Takxke 3apeructpupoBaHa
nHbOpMAITHsI O TPOBEICHUU TaCTPOIPOTESKTUBHOW Te-
pamuM ¥ reMOCTAaTHUYECKUX MEPOIPHITHI KOHCEPBAaTHB-
HOTO XapakTepa (reMOCTaTWYeCKHe Mpemaparsl, 30H/-
obryparop bmkmopa) mocne BeisBiaeHus JKKK. I'emo-
TpaHc(hy3HOHHAs Teparnys Oblla y4TeHa B MUJLTHIIUTPAX:
SPUTPOLIUTAPHAS U TPOMOOILUTApHAS MACCHl, IUIa3Ma.
Knuandeckue maHHBIE TaKKe BKIIOYANIA HH()OPMAITUIO
0 HAJIMYUHU PEIUIUBOB KPOBOTCUCHHS, (PAKTE BHITIOJN-
HEHHOM orepaiuy Mpu HECOCTOSATEILHOCTH SHAOCKOIMH-
YECKOTO U SHAOBACKYJSIPHOTO METOIOB I'eéMOCTa3a M HX
BO3MOXKHBIX OCJIOKHEHUSIX, NaHHBIE O IJIUTEIHHOCTU
TOCITUTAIM3AIIAN, a TAaKXKE HEKOTOPBHIC PAaCCUUTHIBAEMBIC
WHJICKCHI U IIIKaJIbl Ha OCHOBE COOpaHHOI B 0a3e 1aHHOMN
uH(bOpMaINK: MHICKC MacChl Tela, MHACKC YapiabcoHa
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B 0aJUIOBOM W TPOIEHTHOM BBIpaKEHUsX, cperanee A/l
Ha OCHOBE M3MEPEHHBIX CHUCTOIMYECKOTO U JTUACTOIHYE-
CKOTO, CHCTEMAaTH3aIlisl MIHIMAIHHO 3apETUCTPUPOBAH-
HOT'O YpOBHSI CO3HAHHUS MALUMEHTOB B nepuon 1-, 3-, 5-x
CYT. Ha TPH TPYMIIBI 1O THKECTH, a UMeHHO 0-9 OanmoB
o mkasne ['masro, 10—12 6ammos, 13—15 6amios, pacaeTs
IIOKOBOTO MHJICKCA M HAJTUYUS TeMOPPArHIECKOTO IOKa,
KaJIbKYJISIIUS 1IKaibl ASA, oOlee KOJIMYeCTBO COMYyT-
CTByIOINX 3a0oneBannid. KnmHWYeckne MCXOmbl OBLTH
chopmupoBansl B OmHapHOM (opmate: OnaromoiydHas
BBINIMCKA WJIH JICTAIbHBIN UCXO.

BBumy Toro, uto BHeceHHE BceX (aKTOpPOB B 0azy
JAHHBIX B YCIIOBUSAX CKOPOIIOMOIITHOW OOJHHUIIBI BEChMa
npo0eMaTnyHO, ObLTAa BBHIMOJIHEHA WH)KEHEPUs TPU3HA-
KOB B CTOJOIAX 0a3bl JAHHBIX C OOJBIINM KOIHYECTBOM
MPOITyCKOB — TYCTBIX S9YeeK. bputM CchOopMUPOBAHBI
CTOJIONBI C 0ObEAMHEHHEM aHAJIOTHYHBIX JIA00PATOPHBIX
nokasarenei u3 1-, 3-, 5-X CyT. O IPUHIUILY IPHOPUTET-
HOTO cOOpa JaHHBIX W3 XPOHOJIOTHUYECKH 0oJiee paHHHUX
CYTOK NpHU HAJIWYMM IOKazaTens. ToT ke camblil anro-
PUTM IeHCTBHI OBLT BHITIONHEH IS TIOKA3aTensa o0beMa
IUype3a, TO3BOJINB YMEHBIIUTH KOJMISCTBO MPOITYCKOB
B HOBOM CTOJIOIIE B OoJjiee, yeM 2 pasa.

CdopmupoBannas 6a3za JaHHBIX COCTOSIIA W3 HM3HA-
YyaJbHBIX 223 mapameTpoB AJid NAIUEHTOB C S3BEHHBIMU
KpoBoTeueHusiMu, 202 mapamMeTpoB — JJs TAIlMeHTOB
C BapUKO3HBIMH KPOBOTCUCHHUSIMH C MOCICAYIOIINM JO-
6aBneHneM 36 mapameTpoB, cPOPMHUPOBAHHBIX METOJIOM
WHXCHEPHUH MTPU3HAKOB, B KQXKIYIO TPYIILY.

Cmamucmuyeckuil ananu3z

CHoXXHOCTh JIAHHOTO HCCIIEIOBaHMs 3aKII04Yajach
B TOM, 4TO 3amnonHeHue 6onee 200-X KIMHHUYECKHUX I1a-
pamMeTpoB IS KaXI0TO M3 MAallHEeHTOB MPEACTABISIOCH
3aTPyIHUTEIBHBIM, OCOOEHHO B YCIIOBHSX CKOPOIO-
MOIITHOTO IIeHTpa. BBUIY Hamuuus JaHHOW MpOOIIEMBI,
CBSI3aHHOW C YacTOW HEBO3MOXKHOCTHIO 3allOJIHEHUS
B 0a3e JTaHHBIX BCEX PYOPHUIIMPOBAHHEIX (AKTOPOB, I0O-
TEHIMAIBHO OONaJaIoNIUX BIUSHHEM Ha UCXOJ Jiede-
HUS, OBIJIO MPHUHATO pelieHue MPUOETHYTh K 3aIOJHe-
HUIO TPONYIIECHHBIX 3HAYEHUH TTPU TTOMOIIIH POJIBUHY-
THIX aJTOPUTMOB CTATHCTUYECKOTO aHalli3a Ha OCHOBE
MaIIuHHOTO OOYYEHUS — UMITyTaIlliu C MPUMEHEHUEM
Mormraoi Monmenu MO mon HazBanmem MICE (Multiple
Imputation by Chained Equations). AiroputM MHO-
JKECTBEHHON WMITyTaluud OBUT peann30oBaH Ha S3BIKE
nporpammupoBanus Python ¢ mpumeHneHumeM crenu-
aJTM3UPOBaHHBIX OMOMMOTEeK «scikit-learny, «pandasy,
«numpy». Yncnossle nepemennsle B anroputme MICE
o0OpabaThIBaINCh WTEPATHBHON NHKINYECKOH (PyHK-
nueit «lterativelmputer» B HCHOJTHEHHMH perpeccopa
cryuaitnoro neca (RandomForestRegressor) c ko-
nuuectBoM utrepauuit 500, kareropualibHble Tepe-
MeHHbIe 00palaThIBaIMCh B HWCIOJIHEHHWU Kiaccu]u-
katopa ciyuaitHoro iseca (RandomForestClassifier),
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Pucynok 1. Cxemamuyeckoe uzobpasicenue 6binoIHeHH020 KOMNIEKCHO20 aHAIU3A HA OCHOBE MAUUHHOZ0 00VYeHUs
Figure 1. Schematic representation of the comprehensive machine learning-based analysis

C YCIOXXHEHHBIM IapaMeTpoM  KpOCC-BaJMIAllNU
«RepeatedStratifiedKFold», B cnemmansHoM pexnme-
cetke «GridSearchCVy».

[To 3aBepiieHHIO dTama CTaTUCTUYECKOW 00pabOTKU
TAHHBIX, CBI3aHHON C MHOXKECTBCHHON UMMy Talueil, ObL1
MIPOBEICH aHATHN3 JAHHBIX C UCTIOIH30BAHNEM aHCcamOIIe-
Boro anroputMa Ha ocHoBe MO — «Random Foresty,
YTO MEPEBOANTCS KaK «CIydaiHbIi jec» (puc. 1). lanHo-
MYy aHaJI3y ObLIN OABEPTHYTHI HE TOJIILKO TPYIIIIBI C BAPH-
ko3HbIMH 1 si3BeHHbIME JKKK 110 oT/1e1bHOCTH, HO U «00-
mash» BBIOOPKA C BKIIOUEHHUEM B BBHIYHCIUTEIBHBIN MPO-
1ecc 00enx TPYMIl OXHOBPEMEHHO. AHAIN3 «CIyJalHBIN
mec» mpoBommics B pexume-cetke «GridSearchCVy
JUTSL aBTOMATHYECKOTO MTOVCKA HAMITYy4IINX THIIeprapame-
TpoB. [lapamerp Kpocc-Banuganuu ObUT TaKXKe BBHICTAB-
neH B pexxuMme «RepeatedStratifiedKFold» ¢ mapamerpa-
Mmu «n_splitsy, paBHoii 10, «n_repeats» — 5. Bce BBIOOpKU
OBUIH CITydaifHO pa3ienieHbl Ha 00YYaromIylo U TECTOBYIO
CO 3HaueHHeM «test size», paBHBIM (.3, 9TO COOTBET-
ctBoBaso 70% oOyuaromeit BeIOOpku u 30% TecTOBOMH,
WCITIOJIb30BaHa CTpaTH(UKAIKS 110 apamMeTpy LeleBOro
ucxona. [lapamerp OIEHKH «scoring» Bcerja OCTaBalICs
Ha OIILUHU «accuracy.

ITo 3aBepiIeHUIO aHANM3a «CIYYaiHbIA JIeC», Pe3yilb-
TaThl 3HAYMMOCTH ITPU3HAKOB-TIAPAMETPOB, KOTOPBIE TTPH-
HATO 0003HAYaTh IIEHHOCTHIO TPU3HAKOB, OBUIN CTPYII-
MTUPOBAHBI TI0 MX aHAJIOTUYHOCTU C BBIBEACHUEM OOIIEH
CYMMBI JUIs yIPOIIECHUS NajJbHEHIIIEro MpocMoTpa 1 aHa-
nu3a. [ pe3ynapTaToB o0IIeH U KaKI0M U3 ATHONIOTHYe-
CKUX TPYyTIT OBUIH PACCUUTAHBI CPETHUE 3HAYCHUS CTPYII-
MMUPOBAHHBIX TPU3HAKOB C TIOTYYCHHEM JIBYX HUTOTOBBIX
pesynbratoB. s oOnerdyeHns BOCIPUATHS TTOyYeHHBIC
Cpe/lHue 3Ha4YeHUsl ObUIH MpeoOpa3oBaHbl B OTHOCHTEIb-
HbIC ITyTeM HOpPMaJIu3alluu ¢ cyMMoi, paBaoii 100. O6a

WTOTA TIPEICTABICHBI B BU/IC THCTOTPAaMM C COPTHPOBAH-
HBIMH IT0 BEJTMYHUHE 3HAUYCHUAMH (prc. 2, 3).

Pesynbratbl

Xapaxkmepucmuku ucciedyemvlx zpynn

B rpymme ¢ s3Benabivu JKKK 0110 60ITBIIE MYKUHH,
a cpeny TMaIMeHTOB C BAPUKO3HBIMU KPOBOTCUECHUSMH —
Oosbrre xeHIMH. [larueHTsl Ooslee MOIIOZOTO BO3pac-
Ta yaiie BCTpedyasuch B rpyiie ¢ Bapuko3HbiMu KKK
(Tabm. 1).

[TareHTOB ¢ HEOTATOIIEHHBIM (POHOM OBIIO OOJIbINE
B rpynne ¢ sa3seHHbIMU JKKK, ogHako B 3TOM e rpymnme
HaOIonaIch Ooiee YacThie CIydan pa3HOOOpa3HBIX CO-
ITyTCTBYIOIINX COCTOSIHWH, 32 UCKJIIOYEHHEM LHPPO30B
MIEUEHU M CIIy4aeB aJKOTOJIN3Ma, KOTOpble OblIH Oosee
xapaktepHbl s rpymnnsl ¢ Bapuko3ubiMu JKKK. Taxu-
Kapaus Oblta Oonee pacmpocTpaHeHa B TPYIIE C BapH-
KO3HBIMH KPOBOTCUCHHSIMH, a JIFOOOH M3MEHEHHBIA ypo-
BEHb CO3HAHMS — B TPYIIIIE C A3BEHHBIMU. B rpymrie ¢ Ba-
pukozabiMu KKK damie HaOmromanuch pe3kne U3MEHe-
HUs OOIIEero aHaIM3a KpoBU. YpoBHU OmmupyouHa, ACT,
AJIT Hepenko MpeBbINIATA HOPMY B TPYIIIIE BapHKO3-
Hex KKK, a nokasarenn nodyedHoi QyHKIMHM — B TPyTI-
e SI3BEHHBIX. YPOBHHU (heppUTHHA AOCTUTAIN Pa3HUIIBI
B 6—7 pa3 B rpymnmnax. [loBblllIeHHBIE MapKePbl BOCHAIH-
TENFHBIX PEeaKIUi, THIIONPOTEHMHEMHUS M MeTadoinde-
CKHI1 alu03 Yaire npeooiaaiy B TPYIIIE ¢ S3BeHHBIMU
JKKK. B rpynne ¢ Bapuko3usivu KKK Ob11u 6osiee pac-
MIPOCTPAHCHBI TOBLIIMICHUE JIAKTAaTa W THUIOKOATYIISIINS,
a B TPYIIE C SI3BEHHBIMU KPOBOTEUCHUSIMU — BBEIOPOCHI
H-numvepa. Ilpr cXoHBIX IOKa3aTensX JUIMTEIBHOCTH
CTaIlMOHAPHOTO JICYCHHs, KOJINYECTBO PEIMIUBOB Yallle
BcTpedanock B rpynme s3BeHHbIX JKKK. JlerambHOCTh
B 00euX rpynmnax Oblia cxoxkei (tadm. 1).
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Taonuuya 1
OcHOBHbIE XapaKTePUCTUKH TPy
Table 1
Main characteristics of the groups
I'pynna manuenToB mo 3tuojornu KKK SI3BeHHOE | Bapuko3noe
OCHOBHBIE XapaKTEePUCTHKH
KonnuecTBo nmanueHTos B rpymre, n 53 48
Myxaus, 1 (%) 33 (62) 21 (44)
Bospacrt, meouana (IQR) 65 (52-79) 58 (49-66)
Pocrt, cMm, meouana (IQR) 168 (165-176) 170 (165-175)
Bec, xr, meduana (IQR) 80 (71-95) 80 (65-94)
3anepikKa Hayajla MEAUIMHCKON TIOMOIIH, yackl, meduana (IQR) 3(1-12) 3,5 (2-24)
3HauuMBble COCTOSTHHSI KOMOPOMIHOCTH
Heorsromennsie, 1 (%) 6 (11,3) 1(2,1)
KKK u3 Bepxuux otaenos XXKT B anamuese, n (%) 8 (15,1) 10 (20,8)
COVID-19, n (%) 16 (30,2) 6 (12,5)
Mudapkr muokapya B anamuese, 1 (%) 13 (24,5) 3(6,3)
T'unepronnyeckas 6omnesus, n (%) 40 (75,5) 25 (52,1)
Octpoe HapyIIeHHe MO3rOBOTO KpOBOOOpaIIeH!s B aHamHe3e, 7 (%) 10 (18,9) 3(6,3)
XpoHHUYECKUE pecriupaTopHble 3aboneBanus, 1 (%) 5(9,4) 4(8,3)
Huppo3 neuenu, n (%) 2 (3,8) 36 (75)
Caxapublii quader, 7 (%) 15 (28,3) 12 (25)
XpoHHnueckas oYeyHast HeJOCTaTOYHOCTb, /1 (%) 11 (20,8) 2(4,2)
3n0KauecTBEeHHOE HOBOOOpaszoBauue, 7 (%) 4(7,5) 6 (12,5)
3noynorpedienHue ankoronem, 7 (%) 4(7,5) 13 (27,1)

HEKOTOPLIC JaHHbIE 00bEKTHBHOIO OCMOTpa

YCC, B munyty, menuana (IQR) 78 (70-88) 91,5 (85-111)
Cucronnueckoe AJl, MM pr. ct., Menuana (IQR) 120 (108-129) 113,5 (100-130)
Juacronmuyeckoe AJl, mm pr. ct., meauana (IQR) 75 (64-80) 70 (60-80)
M3meneHHbIH ypoBeHb co3HaHus, 1 (%) 16 (30,2) 9 (18,8)
Hexoropble 1a0opaTopHble JaHHbIE
JleiikounTsl, 109/1, mennana (IQR) 9,4 (7-13) 10,5 (7-17)
Temorno6uH, r/n, menuana (IQR) 88 (69-110) 81 (68-93)
Tpom6Gonutsl, 109/1, meanana (IQR) 223 (145-271) 158,5 (123-198)
O6uwmii 6esok, r/1, meauana (IQR) 51,4 (44-61) 56,3 (52-60)
MouesuHa, Mmmoub/i1, Mmeguana (IQR) 15,3 (9-24) 10,6 (7-15)
Kpearunun, mxmons/n, meguana (IQR) 106,7 (88—184) 83,3 (74-108)
Bunupyoun, mxmons/in, meauana (IQR) 12,7 (8-26) 26,9 (19-64)
ACT, en/n, mequana (IQR) 26 (16-66) 69,2 (42-148)
AJIT, en/n, menuana (IQR) 30,3 (14-57) 40,6 (25-74)
®DepputuH, Hr/Mi, meauana (IQR) 457,3 (64-584) 74,5 (38-79)
CPB, mr/n, mequana (IQR) 30,1 (10-74) 14,7 (7-32)
IIpokanbuuTonuH, Hr/mi, meauana (IQR) 0,6 (0,1-1,2) 0,3 (0,2-0,7)

pH xpoBu, mennana (IQR)

7,34 (7,28-7,37)

7,41 (7,35-7,44)

Xnop, mmos/i, meguana (IQR)

107,5 (103—111)

105 (103-110)

Jlaxrar, Mmmonb/i1, meauana (IQR) 2,2 (1,7-4.,2) 3,3 (2,2-5,8)
Buxkapbonar, Mmonb/n, menuana (IQR) 20,7 (19-24) 26,5 (23-29)
MHO, menmuana (IQR) 1,2 (1,1-1,4) 1,6 (1,5-2,2)
AUTB, cexynupl, mequana (IQR) 27,8 (24-32) 30,9 (27-36)
TITB, cekynsl, meauana (IQR) 13,2 (12-18) 17,3 (16-25)
®ubpuHoreH, r/in, meguana (IQR) 3,2 (2,4-4.,6) 2(1,4-2,4)
J-mamep, ur/min, meauana (IQR) 970,5 (512-2645) 891 (430-1558)
JauTeabHOCTH rocnuTaIN3auu, 1HU, Meguana (IQR) 5(2-10) 7,5 (5-12)
Peuunussi, 7 (%) 17 (32,1) 5(10,5)
JletanbHocTb, n (%) 20 (37,7) 15 (31,3)
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IIpeouxkmopwt ucxooa zocnumanu3zayuu

MeTtpuku, MOTyYEHHBIE B XOIC BAJIUIAIMH OOydYCH-
HBIX MOJIeNEeH, YKa3bIBalOT Ha TO, YTO MOJENb HECKONb-
ko a¢pdexTuBHEE 00yueHa Ha orpeneneHne (GaKTOpPOB,
BIIMSIONINX Ha BBDKHBAEMOCTh, HEXKEJIH Ha JIETaIbHOCTD,
YTO, BEPOSITHEE BCET0, CBA3aHO C TOAABIISIOLINM KOJIUYe-
CTBOM BBDKHBIIIUX MAI[EHTOB B 00euX rpynnax (tadm. 1).
OO11as TOYHOCTH — METPHKA «accuracy» — BO BCeX IpyTI-
max JOCTHTaia BBICOKHUX 3HaueHwi. [lpu rmybokom aHa-
JM3€ METPUKH Kiacca «BBDKHBAHUE» JIEMOHCTPHUPOBA-
T TIPEBOCXOHBIE PE3YJBbTaThl, & METPUKH CMEPTHOCTH
yKa3blBaJIM Ha HEKOTOPYIO HEOJHO3HAYHOCTh: B BEIOOPKE
¢ s3BeHHbIMU KKK mokasbiBanu Xopoliue pe3ysbTaThl,
B BBIOOPKE C BAPUKO3HBIMH — YAOBJIETBOPUTEIIBLHBIE, B 00-
e TpymIe — XopoIias TOYHOCTh METPHUKHU «Precisiony
1 CJIa0BIN TIOKa3aTeNb 1o MeTpuke «recall» (Tadm. 2).

HroroBble pe3ysbrarsl (JakTOpOB B TPYIIIE C S3BEHHBI-
mu JKKK omnpenessitor He TONbKO N3BECTHBIC KIIACCUYECKHE
MPEIMKTOPBIL, HO U (JaKTOPBI, paHEe HE YUUTHIBAEMBIC B ITPO-
THO3MPOBaHUH KJIMHIYECKUX UCXO/IOB Y TIAIINEHTOB JAHHON
rpymmsl (puc. 2). Hapamy ¢ W3BECTHBIME IPETMKTOpaMH
B TO1-20 OBUTO OOHAPYXKEHO OOJBIIIOE KOIMYECTBO BOCHA-
JIATETIFHBIX MApPKEPOB: JIaKTar, pokanbiuTonns, CPB, dhep-
PHTHH, ISHKOIUTBIL. JIOMUHHpYOIINE B PEHTHHTe OMOXMH-
YeCKHUe MMOKA3aTeli MOYeK COCTaBISLIM COBMECTHBIC TIOUTH
13 mynxroB m3 100. B ciincke nanbonee apekTuBHBIX Ipe-
JukropoB rpymms! si3BeHHbIX JKKK Takxke okazamich noka-
3ares KoMopOuaHOCTH, A/l 1 ypOBHS CO3HAHUSL.

V nauuentoB ¢ Bapuko3HbiMH JKKK moutn nonoBuny
Tor-10 eHHBIX (aKTOPOB 3aHMMAJIU MTOKA3aTeNn 00bEK-
THBHOIO OCMOTpa M aHaMHe3a: AJl, ypoBEHb CO3HaHWS,
POCTO-BECOBBIC TIOKA3aTEIH M KOMOPOUTHOCTE (pHC. 3).

Tabnuua 2
IosyyeHHble MeTPUKH 110 pe3yjbTaTam «Random Forest»
Table 2
Metrics obtained from Random Forest results
I'pyIIbI NAHHEHTOB MeTpHuKH BBIIIOJTHEHHOT0 AHAJIM32
no Ty KKK Accuracy Hexoapl Precision Recall Fl-score Support
BoikuBanue 0.89 0.80 0.84 10
SI3BeHHas 0.81
JleranpHOCTH 0.71 0.83 0.77 6
BroxuBanne 0.80 0.80 0.80 10
Bapuxosnas 0.73
JleranmbsHOCTH 0.60 0.60 0.60 5
BookuBanue 0.78 0.90 0.84 20
SI3BeHHas + BapukosHas 0.77
JleranbsHOCTH 0.75 0.55 0.63 11
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Pucynox 2. 3nauumocmov paxmopos y nayueHmos epynnol A36eHHbIX KPOGOMEHUEHUI CO2NACHO AHAUZY «CAVHAUHBIIL 1eCy
Figure 2. Significance of factors in patients with ulcer bleedings according to the Random Forest analysis results
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Pucynox 3. 3nauumocmo pakmopos y nayuenmog epynnsi 6apuKO3IHbIX KPOSOMEUEH Ul CO2NACHO AHANU3Y «CIVUATIHbLIL 1ecy
Figure 3. Significance of factors in patients with variceal bleedings according to the Random Forest analysis results

KpeatuHuH U MO4Y€BHHA TPAJULMOHHO JEMOHCTPHUPOBA-
JI1 BBICOKYIO IPOTHOCTHYECKYIO LICHHOCTb. Pe3ynbrarsl
AYTB, kak u B ciayuae ¢ rpynnoii si3BeHHbIx KKK, 3aHu-
MaJl MHoroobOewaromye mno3unuu. Ilokasarens ypoBHs
(eppuTHHA MTPOEMOHCTPUPOBAST OTIIMYHBIE PE3YIBTATHI
W BCe elle He sBJIsIeTCS OQHUIMAIbHBIM IPEIUKTOPOM
B MUpPOBOI npakTuke. [IpoKaqTbIUTOHUH 3aMBbIKAJI AECSIT-
Ky JHIUPYIOIUX IPEIUKTOPOB, a B IBaLATKe Hanbomee
3 }eKTUBHBIX OBUIM OTMEUEHBI MOYTH BCE IOKA3aTEIH
KOaryJaorpaMMsl.

O6cyxpeHune

Haubonee 3HaunMBIMU TIPEAUKTOPAMHU, YHUBEPCAIb-
HOCTh KOTOPBIX TIO3BOJISIA IPOTHO3HPOBATH HCXOIBI
y mauueHToB, BHe 3aBucuMmocTH OT 3THonoruu KKK,
obutn: ypoBeHb kpearunuH, AJl, AYTB, ypoBens co3Ha-
HUS, TIOKA3aTeIN MOYEBHHEI, TAKTAaTa M KOMOPOUTHOCTH,
YPOBHU TIPOKANBIIUTOHWHA, (eppUTHHA, OO0ImIero Oei-
Ka KpoBH. VX 3HAYCHWsSI MPEBBINIAN WHIUKATOPHI KOH-
TPOJIBHOTO TIOKa3aTelsl ¥ MO3UIIHOHIPOBAINCH Hanboee
ONM3KO K BEPXHEMY KOHITY pEHTHHra B 000MX UTOTOBBIX
pesyabratax. Jlomyckaercs, yTO MNPEAUKTOPBI, OKa3aB-
LIMECs BBILIE KOHTPOJIBHOIO MOKAa3aTels JMIIb B OJHOM
WUTOTOBOM pe3yJibTare, MPOsSBUIIN CHENU(DUIHOCTD U Tpe-
OyIOT OTJIEJIEHOTO YIITyONeHHOTO uccienoBanus. dakro-
pBl C CPaBHHUTEIBHO HU3KUMH IOKa3aTeNsIMH TPEOYHOT
aHaJIM3a C IEJBI0 BBISIBICHUS YCIOBUH, MO3BOJISIOMINX
MPeAUKTOpaM YOeIUTEeIbHO KOPPEIUPOBaTh C UCXOAaMHU
TOCIUTANIU3AINH.
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BonpmmHCTBO pe3ynbTaToB MO 3HAYMMOCTH JIOTHIHO
BITUCHIBAJINCH B TPAJAWUIIHOHHYIO KIMHUYECKYIO KapTHHY
MaTOJIOTHH, OTHAKO OBIIIM W HETIOMYJISIPHBIE TTPETUKTOPBI,
Takhe Kak HEeOOBIYHO BBICOKMH IMOKa3arellb (eppuTHHA
y nanuenToB ¢ Bapuko3HeiMU JKKK, uccienoBarensckux
paloT 1Mo KOTOPOMY TNPOBEIEHO IOKa eIle HeAOCTaTod-
HO [7, 8], unu pe3ynbTarsl aHain3a Ha J[-aumep, KOTO-
PHIif HAy4HOE COOOINECTBO paHee pacCMaTpPUBAJIO B POIH
MIPEAUKTOpa y MaIlHeHTOB C HEBAPUKO3HBIMH KPOBOTEYE-
Husamu [9, 10], HO MOKa 3TOT acMeKT He PeriaMeHTUPO-
BaH B KJIIMHUYECKUX PEKOMEHAANUAX. Ba)kHO OTMETHTD,
YTO NPOrHOCTHYECKUH IMOTEHIMal IOoKa3aTeslel Koary-
JIOTPAaMMBI aKTHBHO PacCMaTpHUBAeTCs B HAYYHBIX Kpy-
rax [11]. HecMoTpst Ha TO 4TO CYyIIECTBYeT HEOOIBITIOE
KoJn4yecTBO pabot ¢ mpumenenuem AYTB B pomn mpe-
nukrtopa [12], naHHBIM MOKa3aTelb, MPOAEMOHCTPUPO-
BaBIIMil B HaIlleM MCCIEIOBAaHUH JTOBOJIHHO BHICOKHUE Pe-
3yJIBTaThl, BCE €I1Ie ABISAETCS OJHUM U3 HanboJiee UTHOPH-
pyembIx. Kpome Toro, He ycTymaeT 1o mporHoCTHIeCKUM
MOKa3aTeNnsiM TaKoW MpPEeANKTOp, KaK ypOBEHb JIaKTara
kpoBu [4, 13]. IlpokanbIIUTOHUH OOCYKIAaeTcsi B KOH-
TEKCTE YBEJIUYCHUS YACTOTHI BAPUKO3HBIX KPOBOTCUCHUI
y MalMEeHTOB C HUPpo30oM [14], u B HalIeM UCCIETOBAHUN
MBI YOIUINCh B MPOTHOCTHYECKOH 3HAUMMOCTH IOJIH-
nentuaa. CHIKeHHe ypoBHS 00111ero 6eKxa KpoBH MOXKET
3 PEeKTUBHO TPENCKa3bIBaTh PEUUANBEl KPOBOTEUECHUS
W JetasbHOCTh [15], Oomee paHHHME pabOTHI yKa3bIBAIU
Ha JOCTOBEPHOE CHM)KEHHUE YPOBHS OejKa B KPOBHU Yy Ta-
1ueHToB ¢ J1roobM TuoM KKK [16].



OpuruHanbHble ctatbi / Original articles

Jlo HepaBHMX MOP MPOTHO3UPOBAHHME KIMHUYECKOTO
ucxona y narueHToB ¢ JKKK orpannumnBamock HeOONb-
IIIM 9UCIIOM (DAaKTOPOB, HA OCHOBE KOTOPBIX CTPOMIACH
rnocieayrolas TakTuka jedenus. Ha ceropnsimnmii 1eHb
npuMmenenue MM nocTeneHHo BXOAUT B PyTHHHYIO TPaK-
TUKy Bpadeid. MammHHOe oOyueHue, kak oTpacis MU,
M03BOJISIET UCTIOIb30BaTh MPOJIBUHYTHIE METObI aHATN3A
U B Pe3yJIbTaTe NOIYy4aTh MACCUBBI LIEHHBIX JaHHBIX.

[lo pesynpTaTaM JOaHHOTO WCCJIEIOBAHUS MOXKET
OBITh BBITIOJIHEH HE TOJBKO MEPECMOTP MPEIUKTOPOB,
HO ¥ W3yYCH CIIHCOK paHee HEHU3BECTHBIX, TPEOYIOIIHIX
BallUJAIUH.

Tem He MeHee y BBINOJIHEHHOIO UCCIEA0BaHUS HUMe-
eTcs psAn orpaHudeHuil. Bo-mepBwix, pabora sBisiach
OJTHOIIEHTPOBOM PETPOCIEKTHBHON. Bo-BTOpBIX, cOOp
JIAHHBIX TAIIMEHTOB OCYIISCTBISUICS Ha 0a3e CKOpOIo-
MOIIHOTO LIEHTPA, YTO 3aTPYAHSIIO MOJIHOE 3all0JIHEHHE
oonee, ueM 200 mapamMeTpoB TSI KKIOTO M3 TAIHeH-
TOB, B CBSI3U C 4eM ObUI MPUMEHEH METOJ MMITyTaIl|H.
B-Tperhux, OBIIM HMCHONB30BaHbI HEOONIbIINE BBIOOPKU
MAIMEeHTOB ¢ HecOaJlaHCHPOBAHHBIM 10 II€JIEBOMY IOKa-
3aTeNI0 COOTHOLIEHUEM, YTO MOIVIO HOBJIUSTH HAa OTCYT-
CTBHUE YBEPEHHOTO IIPOSIBJICHUS HEKOTOPBIX MPEAUKTOPOB
JIETaJIbHOCTU. B-ueTBepThIX, METOJ| «CIIy4ailHOro Jieca
SBIIAETCSI BBICOKOTOYHBIM, HO CIIO)KHO HMHTEPIPETHPY-
€MBIM II0 CBOMM pE3yJbTaTaM aHaJIM30M, B CBS3H C UYEM
TpeOyIOTCSI AOMOTHUTEIBHBIC KCCICOBAHUS BBISBICH-
HBIX MPEAUKTOPOB.

3akniouyeHue

Ha ocHoBe mepemoBBIX METOMOB aHaim3a OBLIO BEHI-
SIBIICHO, YTO HaWOOJIee BaXKHBIMHU MPEIUKTOPAMH, HE 00-
JIQJAFOIIUMU CIIEIU(UIHOCTHIO B OTHOIIEHUH dTHOJIOTHU
KpoBoTeueHuil u3 BepxHUX oraenos JKKT, sBmsuucs:
ypoBeHb kpearununa, AJl, AUTB, ypoBeHb co3HaHUS,
MoKa3aTelld MOYEBUHBI W JIaKTaTa, MOKa3aTeJM KOMOP-
OMTHOCTH, YPOBEHb IPOKAJIBIIUTOHUHA, (heppuTHHA U 00-
mmero Oesika KpoBH.

[IpoBeneHHOTO HCCICIOBAHUS MOXKET OBITH HEIOCTA-
TOYHO JIiJ1s1 Haubosee 3 (HEKTUBHOTO MPAKTUYESCKOTO MTPH-
MEHEHUS BBIABICHHBIX MPEIUKTOPOB B CTparupukanuu
pucka 30-1HEBHOM JETaIbHOCTH, B CBSA3M C YEM PEKO-
MEH/]IyeM MPOBEJeHUE MYJIBTUIIEHTPOBOTO UCCIIET0BAHUS
¢ OOJIBIIUM KOJMYESCTBOM yUACTHUKOB-TIAIIUCHTOB.
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Peziome

AKTyaJIbHOCTB: B cTarbe mpeacTaBieH HOBBIH OPUTMHAIBHBIN CIOCOO MOAEIMPOBAHHMS BHYTPHCYCTABHOTO TEpeIoMa IJIMHHON
TpyO4aToil KOCTH y 1a00PaTOPHBIX )KUBOTHBIX.

Heap uccaenoBanmusi: Co3aath HOBYIO SKCHEPHMEHTAIBHYIO MOJETb BHYTPHUCYCTABHOTO MHeEpeioMa JUIMHHOH TpyO4aToil KocTH
1 anpoOHpoBaTh ee Uil KOMIUIEKCHOH OlleHKH MOP(O]yHKIIMOHATIBHBIX TAPAMETPOB TEUCHUS PEeNapaluy Xpsila 1 KOCTH.
MarepuaJibl 1 MeTOAbI: DKCIIEpUMEHT IIpoBezieH Ha 30 GernbIX MooBO3peliblX Kpbicax JuHUU Wistar. MogenrpoBaHue BKITHOYAJIO:
BCKpPBITHE KOJICHHOTO CYCTaBa ITyTeM HOCIOWHOIO paccedyeHMs: TKaHel 1o NepeJHeMeHalbHON TOBEPXHOCTH, Jajiee OCTPOKOHEU-
Hoii [-00pa3Hoit paboueii yacThi0 HHCTPyMeHTa cO cTopoHaMu 0,2x0,2 cM ¢ HE3HAYUTETBHBIM OJJHOKPATHBIM MBIIIEUHBIM YCHUIIHEM
MEPICHANKYIISIPHO MEIUAaIbHOMY MBILICIKY TIPOBOAMIOCH (POPMHUPOBAHIE HE3aBEPILICHHOTO MEPEIoMa MEAUAILHOTO MBIIIEKa Oe-
JpeHHoi KocTh. JKMBOTHBIE BEIBOAMINCH U3 3kcrepuMmenTa 1o 10 ocobeit Ha 7-, 14-, 30-¢ cyt. I[IpoBoAMIOCH pEHTIEHOIOTHYECKOe
HCCIIeIOBaHUE KOJICHHOTO CyCTaBa, OpeJielieHne ypoBHel ocreokanbsiia 1 BMP7 kposu. ['ncronornyeckne n3MeHeHns CyCTaBHO-
O Xpsillla OLIEHUBAJIM Ha ocHOBaHMU HiKajabl Mankin. CpaBHeHHE IpyIi NpOBOAMIOCH C HCIIONb30BaHueM Tecta Kpackena- Yosuca.
CraTuCTUYeCKH 3HAYMMBIMU cUuTaNIu pasnuyus npu p<0,05.

Pesyabrarbi: [Ipu cpaBHenuu rpynn no Mankin oTMeuanuch craructuuecku 3Haunmble pasnuuust (p<0,0001). Post-hoc Tect BbI-
SIBUJI CTATHCTHYECKH 3HAYMMBIe pa3iiuus 1o 0amiam Mankin mexay 7 u 14 cyt. (p=0,014), a taxoke 7 u 30 cyt. (p<0,0001). YpoBeHb
OCTCOKAIIbIIMHA KPOBH HE MMEJI CTATUCTUYECKH 3HAYMMBIX pasnuuuii (p=0,518) npu cpaBHeHnH rpymmn. B To ke BpeMs: 0TMEYaInCh
cTatucTriecku 3Haunmble paszmnans (p=0,0028) mexy ucciemyeMbIMu rpymmnamu mo yposato BMP7 kposu. Post-hoc Tect BeisiBrn
CTaTUCTUYECKHIA 3HAYMMBbIe pa3nnuus o ypoBHIo BMP7 B kpoBu mexay 7 u 14 cyt. (p=0,048), a Taxke 14 u 30 cyt. (p=0,0195).
3akiouenne: PazpaboTaHHas SKCIIEpUMEHTaIbHAs MOJIENb BHYTPUCYCTaBHOTO MepesioMa JUIMHHBIX TPYOYaThIX KOCTEH MO3BOJISET
KOMIIJICKCHO OLICHUTh perapaTHBHbBIC MPOLECChl XPSILEBOH U KOCTHON TKaHU M MPHOIM3UTH MOJIENb K peaJbHOMY MEXaHU3MY pas-
BUTHS TATOJOTUYECKOT0 mporecca. [locne MoAeIMpoBaHusl BHYTPUCYCTABHOTO MEPEIOMa y KPbICHI UMENUCH JICT€HEPATHBHBIC H3-
MEHEHHSI, XapaKTePHbIC JJIsl TOCTTPABMATHUECKOTO OCTEOAPTPHUTA.

Kniouegvie ciosa: BHyTpUCYCTAaBHOM NEPEIOM, SKCIIEPUMEHTANIbHAS MOJIETb, JJA0OPATOPHBIE KPBICHI, XPALLl, CyOXOHApalIbHAs KOCTh
Lumupoeamy: 3vnoBkuH [1.A., Hukonaes B.1., Uyermosa H.B. u 1p. MozienipoBaHve 3a)KHBIICHUS] BHYTPHCYCTABHOTO TeperioMa JUTHH-
HBIX TPYO4aThIX KOCTEH y KpbIC. Munosayuonnas meduyuna Kyoanu. 2024;9(4):77-84. https://doi.org/10.35401/2541-9897-2024-9-4-77-84
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Background: We present a new original method of modeling an intra-articular fracture of the long tubular bone in laboratory animals.
Objective: To create a new experimental model of an intra-articular fracture of the long tubular bone and to approve it for compre-
hensive evaluation of morphofunctional parameters of cartilage and bone healing.

Materials and methods: The experiment was performed on 30 white sexually mature Wistar rats. Modeling involved layer-by-layer
dissection of tissues along the anteromedial surface and formation of an incomplete fracture of the femoral medial condyle using
a sharp L-shaped working end of an 0.2 x 0.2 cm instrument perpendicular to the medial condyle with a slight single muscle force.
The rats were euthanized in groups of 10 animals on days 7, 14, and 30. We performed knee radiography and determined blood os-
teocalcin and BMP-7 levels. The Mankin score was used in the histological evaluation of the articular cartilage changes. The groups
were compared using the Kruskal-Wallis test. P<.05 was considered statistically significant.

Results: We noted statistically significant differences (P<.0001) when comparing the groups using the Mankin score. The post hoc
test revealed statistically significant differences in the Mankin scores between days 7 and 14 (P=.014) and between days 7 and 30
(P<.0001). Group comparisons showed no statistically significant differences in blood osteocalcin levels (P=.518). However, there
were statistically significant differences (P=.0028) between the groups in blood BMP-7 levels. The post hoc test revealed statistically
significant differences in blood BMP-7 levels between days 7 and 14 (P=.048) and between days 14 and 30 (P=.0195).
Conclusions: The developed experimental model of intra-articular fractures of long tubular bones allows for a comprehensive as-
sessment of reparative processes of cartilage and bone tissue. The model is close to the real mechanism of pathology development.
Keywords: intra-articular fracture, experimental model, laboratory rats, cartilage, subchondral bone
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BBepeHune

CycTaB yenoBeKka INpeCTaBIseT COOOH YHUKAJIbHYIO
O6roTPNOOJIOrNIECKYI0 CHCTEMY, B KOTOPOil aKTHBHO B3a-
MMOJICHCTBYIOT CyCTaBHOM KOHEIl KOCTH, MOKPBITBIA XPsi-
IIIOM, CHHOBHAJIbHAS JKHIKOCTb ¥ CHHOBHAJIbHAs 000JI09Ka
(9TH KOMITIOHEHTHI BXOJIST B TIOHATHE «CUHOBHAJIBHAS Cpe-
Jla CycTaBay). DTO B3aUMOACHCTBHE 00eCIIeunBaeT HU3KHUI
KO3((UIIEHT TPEHUS U yCTONUMBYIO JIIUTEIBHYIO OMOp-
HO-JIBUTaTeJIbHYIO (DYHKIIHIO CycTaBa yesoBeka [1].

OnHolt u3 BayKHEHIINX TPOOIEeM COBPEMEHHON TpaB-
MAaToJIOTHU SIBIISICTCS JICYCHUE BHYTPUCYCTABHBIX IIepe-
sgoMoB. Mx ponst cocrasisier 10 17,6% OT Beex MOBpex-
JleHni ckeneta [2-5]. B 3aBucHMMOCTH OT aHaToMH4Ye-
CKOTO pacroyIokeHUs nepeaoMoB, B 9,4-47,7% cnyuyaes
HaAOTIONAIOTCST HEYAOBIETBOPUTEIIBHBIE HCXOJBI JIede-
HuA [6, 7]. BHyTpuCYyCTaBHOI NepesioM XapaKTepu3yeTcs
MEXaHWYECKUM pa3pylIeHHeM BCEX 3JIEMEHTOB CyCTaBa:
HapaBHE C KOCThIO HAPYIIAeTCs [IEJIOCTHOCTh THATMHOBO-
TO XpsIa ¥ CyOXOHIPaTbHON KOCTH, TOBPEKAAIOTCS MSAT-
KOTKaHHbIE CTPYKTYPbI CyCTaBa, BCICACTBUE YEr0 KPOBb
Y KOCTHBINM MO3T TIONAJIat0T B MOJIOCTh cycTaBa [8—11].

Hecmotps Ha GonbIioe KOMTMYECTBO Pa3sHOILUIAHOBBIX
croco0OB MOJETHPOBAaHUS BHYTPHCYCTaBHBIX TIEPEIO-
MOB JUTMHHBIX TPYOYaTBIX KOCTEH, Y HUX HMEIOTCS He-
JIOCTATKH, TaKhe Kak HEeOOXOIUMOCTh JIOMOJHHUTEIbHON
(puKCcaMu METAJUTOKOHCTPYKIMSIMA, Pa3BUTHE aceTTHYIe-
CKOTO HEKpO3a KOCTH, U30BITOUHOE MTOBPEXKCHNE XPsIla
U CyOXOHIpaJIbHOU KocTH [12—14].

B cooTBeTcTBHH € 3THM MOZIENb TaKOTO MEPesioMa U ero
3)KUBJICHHE 71 VIVO JIOJDKHBI IaBaTh BO3MOXKHOCTb TIEPEHO-
CHTh BecC JIaDOpaTOpHOMY KMBOTHOMY Ha OTIEPHpPOBAHHYIO
KOHEYHOCTh BO BpPEMs 3)KUBIICHHS IIEPENIOMa, T03BOJISITh
W3YYUTH BIMSHHE TIOTEPH [ETIOCTHOCTH CyCcTaBa Ha 3a)KUB-
JIeHHe CyOXOH/IpaJIbHOM KOCTH, CyCTaBHOTO Xpsiiia [15].

LUenb nccnegoBaHmns
Co3aaTe HOBYIO 3KCIEPUMEHTAJIbHYIO MOJEIb BHY-
TPUCYCTAaBHOTO I€pejioMa JUIMHHON TpyOuaToil kocTu
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W arnpoOHMpoBaTh €€ Ui KOMIIEKCHOW OLEHKH MOop(o-
(YHKIIMOHAJIBHBIX TTAPaMETPOB TEUCHHS PETapariuy Xps-
112 ¥ KOCTH.

MaTtepwmanbl n metogbl

OKCIIEpUMEHT OBLT MPOBEICH C COOTIONECHUEM TTPUH-
LUIOB OMO3THKH, COMIACHO TPeOOBaHUAM JIMpeKTHBHI
EBpornelickoro napiamMeHTa U COBETa €BPOIEHCKOro Co-
103a 2010/63/EU 1o oxpaHe >KHBOTHBIX, HCIOIB3yEMbIX
B HayuHBIX 1essix [16]. [IpoBeneHue uccnenoBanuii Op110
on00peHo komuteToM 1o 3THKe YO «l'oMenbckuit rocy-
TApCTBEHHBI MEIUIIMHCKUHA YHUBEPCHUTET» (TIPOTOKOI
Ne 2 3a 2023 1.). B uccnenoBanuu ObLIO MCIONIB30BAHO
30 xpsic muaEA Wistar o6oero mona Becom 284,3+14,6 .
JKHUBOTHBIX cOZlEpKaIl B CTAHAAPTHBIX KIIETKaX 110 5 0CO-
Oeli mpu pexkume ocBereHus 12/12 ¢ OecnpensTcTBeH-
HBIM JIOCTYIIOM K KOpMY W BoOjle. B mmoMemeHusIX BHBa-
pHsl IOJIEPKUBAJICS TeMIepaTypHbIil pexxum 21-23 °C,
BJIQXKHOCTh BO31yxa Obuia Onmm3ka Kk 50%.

[log wWHTraNsIIMOHHBEIM HApPKO30M JaOOpaTOPHOMY
YKUBOTHOMY, (DUKCHPOBAHHOMY B TIOJIOKEHUH Ha CIIHHE,
MIPOBOJIMIIM MOJATOTOBKY KOJIEHHOIO CyCTaBa: JUIsl 3TOTO
BBICTPUTAIT BOJIOCSTHOU TOKPOB M 00pabaThIBaIH KOXKY
5%-M pacTBOpoM ioma. 3aTeM BCKPBIBAJIH KOJCHHBIN
CyCTaB IyTE€M MOCJIOMHOIO pacceyeHHsl TKaHed Mo Me-
JTUATEHON TOBEPXHOCTH, SKCIIOHUPYS MEIUATHHBINA MBI-
IIEJIOK OeAPEHHON KOCTH KOJIGHHOTO cycTaBa (puc. 1A).
Jaitee octpokoHeuHoM ['-00pa3Hoi pabovell YacThbIO HH-
cTpymenTa co ctopornamu 0,2x0,2 cm (puc. 1b) nepnen-
JTUKYISIPHO TIOBEPXHOCTH MEIUANBbHOTO MBIIIENKA C He-
3HAYUTEITHHBIM OJTHOKPATHBIM MBIIIICTHBIM YCHIIUEM IIPO-
BOIMWIOCH (POPMHUPOBAHUE KOCTHO-XPSIIIEBOTO ne(deKTa,
UJCHTUYHOTO HE3aBEPIICHHOMY MEPEIOMY MEAHAIBLHOTO
MBIIIENTKa OenpeHHoi koctH (puc. 1B).

OmnepannoHHOE M0JIe M0 X0y BMEIATelIbcTBa Opo-
manu 0,02%-M pacTBOPOM XJOPreKCHAMHA M 3aBeplia-
U OpolIeHneM (DHU3NOJIOTHYECKUM DPAaCTBOPOM, paHy
MOCJIONHO ymmBany Hanryxo. ITocie 3Toro >KMBOTHBIX
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Pucynox 1. A — enympennuii moiugenox, b — donomo; B — kocmuo-xpawesoul oeghexm
Figure 1. A, medial condyle,; b, gouge; B, osteochondral defect
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Pucynox 2. Cxema sxcnepumenma
Figure 2. Schematic diagram of the experiment

BBIBOJIMJIM U3 dKCIiepuMeHTa Ha 7-, 14- u 30-e cyT. rpyn-
namu 10 10 )XKUBOTHBIX (puc. 2).

[Ipu BBIBeleHMH U3 SKCIEPUMEHTa y KMBOTHBIX 3a-
Oupanu BEHO3HYIO KPOBb U MPOBOIWINA PEHTTCHOJIOTHU-
YEeCKOe HCCIIIOBAHNE IPOOTIEPHPOBAHHOTO KOJIEHHOTO
CyCTaBa C WCIOJb30BAaHWEM YCTAHOBKH ISl OOTy9IEeHHUS
ouonormueckoro HazHaueHus X-RAD 320 c cucremoit
Bm3yanmsanuu OptiMAX (Precision X-Ray Inc., CIILIA)
(xBT =40, MA =3).

[Tocne BeIBemeHUS U3 SKCIIEPUMEHTA JKUBOTHBIX OBLI
MpoM3BeieH 3a00p MBIIIETKOB Oeapa i THCTOIOTHYe-
CKOTO WcciefoBaHua. Marepuan QukcHpoBaics B 3a-
oydepennom mo Jlwmmm 10%-m pactBope QopmannHa
B TeyeHHH 48 4, Mocie 4ero MpoBOIMIACH JIeKaJIbIIHHA-
uust B 20%-M pacTBOpe MypaBbHHON KHCIOTHI Ha MPO-
TsOKeHUH 5—7 cyT. JlekanbIuHUPOBAaHHBIE OMOMTATHI I10-
MEIIANCh B TUCTOJIOTHUECKHUE KACCETHI U MOJBEPTaINCh
TUCTOJIOTUYECKOM MPOBOAKE MO CTAHAAPTHOM METONIHKE

BoiBepenue u3 JKCnepnMeHTa

B rucronporneccope STP-120 (Thermo Fisher Scientific,
I'epmanusi), mocne 4Yero TKaHW 3alMBalId B mapaduHO-
Bbie Onoku. Ha mukporome Microm HM 450 (Thermo
Fisher Scientific, [epmanusi) u3roraBiuBaiu cepuu cpe-
30B TOAIMMHONU 5 MKM. IlonydeHHBIE cpe3bl MOHTHPOBA-
T Ha TIPEJMETHBIC CTEKJIa, OKpaImBaiu cadppanunaom O
10 CTAaHAAPTHON METOJMKE U 3aKJIF0YAJIU [10/1 HOKPOBHBIE
CTEKJIa MOHTHUpYIOIIeH cpenoii Burporens (bruoBurpywm,
Poccus).

MopdomeTpuueckuii aHanu3 CyCTaBHOTO XpsIia
MPOBOIWJICS. C TpPUMEHEHHEM MHKpockoma Nikon
ECLIPSE 50i (Nikon, SImonust). OneHka THaIMHOBOTO
Xpsillla BOKPYT MeCTa €ro HOBPEXICHUs MPOBOJIUIIACH
B 3-X HemepekphIBarOIIUXca HoisAx 3peHus. OleHka
CTETNICHH BBIPAXXCHHOCTH MOPQOIOTUYESCKUX H3MEHE-
HHUNA XpAlla KOJCHHOTO CyCTaBa MPOBOAMIACH C HC-
MIOJI30BaHUEM MOIU(MDHUIIMPOBAHHON OAJUTHHOW IIKAJIBI
Mankin [17, 18] (Tabm.).
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Taénuya
MonupuuupoBannas mkajsa Mankin
Table
Modified Mankin score
[esocTHOCTH
Crpykrypa Kaerounocts HesocTHOCTE MATPHKCA = Banast
NOrPAHUYHON JUHUHT
Hopmanbnaoe Hopmansnaoe Hopmanbhas
I'magxast noBepXHOCTB/HOpMA 0
pacnoyioKeHHe OKpaInBaHue W HEe HapylIeHa
[IlepoxoBarast HOBEPXHOCTH/ Knacreps! kneTok
OJIMHOYHAs TPEIINHA B IIOBEPXHOCTHOM CJI0€ Cnaas noreps OKpacKu Hapymena 1
WM 00JIaCTh PacCIIOCHUS XPSIIa | MM HoTeps KIeTok 110 10%
MHOXECTBEHHBIE TPEIIUHBI/ Jlezopranuzanus ‘YMmepeHHas norepst 5
YMEPEHHOE PACCIOCHHE XPSIlla | WU 1oTeps KIeTok 10 25% OKPACKH
PsiIBl KIIETOK OTCYTCTBYIOT
®parmeHTanys Wik CUIbHOE Bripaskennas motepst
ACCIIOCHUE Xpsllia VUTH TIOTCPA KIICTOK OKpPacKu 3
p P coctasiseT 1o 50% p
VYrpara pparMeHTOB Xpsiina Eaunauunble KiaeTku OTcyTCTBHE OKPACKH 4
Dpo3upoBaHUe HE JOXOIUT 5
JI0 TIOTPAaHUYHOHN JTMHUN
Dpo3upoBaHue TITyOKe 6
MOTPaHUYHOHN JTMHUU

B xozme BBIBemeHUST W3 DKCIEPUMEHTA Y KUBOTHBIX
MIPOU3BOMUIICS 3a00p BEHO3HOW KPOBH [JISl OTIpEreIie-
HUS B JAJIBHEHIIEM MapKepoB KOCTHOTO MeTaboin3Ma
MerogoM MDA ¢ uCHoab30BaHUEM JIMArHOCTHYECKHUX
nabopos kommannu Elabscience (Kuraii): BMP 7 (Bone
morphogenetic protein 7), ocTeoKalbIlMHA, U3MEPEHUS
ONTHYECKOW TUTOTHOCTH BBITIONHEHBI Ha MHUKPOTLUIAH-
metHoM puzaepe Tecan Safire 2 (Tecan Group Ltd.,
[IBetiniapus).

1 IpoBeIeHUs] CTAaTUCTUYECKOTO aHaN3a HUCIONb-
3oBasics nmaket nporpamm GraphPad Prism v.8 (GraphPad
Software Inc., CIIIA). b1 mpoBezieH TECT HAa HOPMaJlb-
Hoctb lanupo-Yunka, KoTopbli yCTaHOBWUII, YTO pacipe-
NIEJICHNE OTINYAJIOCh OT HOPMAJIbHOTO, B CBSI3U C ITUM
IaHHBIE OBUTH MPEICTaBICHBI Kak Meauana (25-, 75- npo-
neHTmwn). CpaBHEHHE TPYIMIT OCYHIECTBISUIOCH C HC-
nonbp3oBaHueM Tecra Kpackena-Yosiuca, ¢ nonpaskoi
no [auny. CTaTUCTUYECKU 3HAUYUMBIMU Pa3IU4Us MPU-
Humanu npu p < 0,05.

PesynbTtatbl

Ha pentrenorpammax Ha 7-€ CyT. y BCE JKHBOTHBIX
ONPENENSICS MEPEIOM MEAHANIbHOTO MBIIIENKa JIEBOU
OenpeHHoit KocTH, 6€3 BUIUMOTO CMEIICHHS OTIIOMKOB
(puc. 3A).

Ha 14-e cyT. onpenensics otek MsArkux Tkanei. [lepe-
JIOM MEIUAIEHOTO MBIIIENTKa JIEBOW OeqpeHHON KOCTH,
CTOSTHHE OTJIOMKOB OBLIO YIOBIETBOPUTEIBHOE, KOCT-
Hasi MO30JIb — YMEPEHHO BbIpakeHa. B cycTtaBHOM mienu
OTIPENIEeTSUTUCh €MHUYHBIC YIUIOTHEHHS OKpPYyTroil ¢op-
MBI C YETKMM KOHTYPOM KOCTHOH IuIOTHOCTH (pHc. 3b).
Ha 30-e cyT. HaOiroascst KOHCOMHIUPYIOIUHCS TIEPEeIoM
MEIMATHHOTO MBIIIENKA JIEBOW OCIPEHHON KOCTH, CTOSI-
HHUE OTJIOMKOB OBIJIO YJOBJIETBOpUTEIHbHOE (pHc. 3B).
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Mmukpockonmndecku Ha 7-€ CyT. B THAJIMHOBOM XPSIIe
HaOJroganack yMepeHHas HOTepsl OKpacKd, eAWHUYHbIC
ITyCThIE JIAKYHBI, YBETMUEHHE KIETOYHOCTH C TTOSIBICHH-
€M KJIaCTepOB KJETOK M y4YacTKOB IPEPBIBUCTOCTH MO-
rpanngaoit nmuHuN (puc. 3I7). K 14-m cyt. Habmromanuch
BBIPAKCHHbIE M3MEHEHUS TUAJIMHOBOIO XpsAIlia, Ipo-
SIBIISIBIIIMECS] TOSBIIEHHEM YYacTKOB yTpaThl BEPXHUX
CJIOEB, PE3KMM CHMIKEHHEM OKPacKW XpSIIEBOH TKaHH,
MOoTepell KJIETOYHOCTH C BBISBISEMBIM OOJBIIMM KOJIH-
YEeCTBOM IIYCTHIX JIaKyH WM TIPEPBIBUCTON HEPOBHOI MO-
rpanuyHoi nuHued xpsma (puc. 3/1). Ha 30-e cyT. oT-
Meuasach IIepoxoBaTas MMOBEPXHOCTh XpsIlia 3a CUeT 3a-
MEILEHHUs MOBEPXHOCTHBIX CJI0E€B Ipy0Oil BOIIOKHHCTOMN
COEAMHUTENBHON TKAaHBIO, XpSI] HMMET BBIPAKEHHBIC
JucTpoduueckue U3MEHEHHs ¢ 04aroBoi MOTepel OKpa-
CKH, HaOMIOAAINCh YYacTKU OCCU(UKAIINH, TTOTPAHUYHASL
JIMHUS 9€TKO HE OIPEJeNsiiach, UMEIINCh YIaCTKH Pa3Bo-
nokHeHus xpseBoi Tkanu (puc. 3E). IIpu cpaBHeHHH
rpymm mo Mankin oTMedannch CTaTHCTHYECKH 3HAYNMBIE
pazmuuns (p < 0,0001) (puc. 37K). Post-hoc TecT BbISIBHI
CTaTUCTUYECKH 3HaYMMBbIe pazanuus mo Oammam Mankin
Mexay 7 u 14 cyt. (p = 0,014), a takke 7 u 30 cyT.
(p <0,0001).

YpoBeHb OCTEOKaNbIIMHA KPOBM HE MMEJT CTaTUCTH-
YeCKH 3HaYMMBIX pazianuuii (p = 0,518) npu cpaBHEHHIX
rpym (puc. 33). B To e BpeMs 0OTMeUannch CTaTUCTHYe-
cku 3HaunMbIe pazinuus (p = 0,0028) mexay uccienye-
MBIMU rpynmamu B ypoBHe BMP7 kposu (puc. 31). Post-
hoc TecT BBISIBHI CTaTHCTHYECKH 3HAYUMBIE MO YPOBHIO
BMP7 B kpoBu mexay 7 u 14 cyt. (p = 0,048), a Taroke
14130 cyT. (p=0,0195). CHnxenue yposuss BMP7 B kpo-
BU J1a0OPATOPHBIX >KUBOTHBIX Ha 14-e CYT. MOXKET OBITh
CBSI3aHO C M3MEHEHHWEM COOTHOIICHHS JaHHOTO Oeika
B KPOBH M AKTUBHO PET€HEPUPYIOLIEH KOCTHOU TKAHH.
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Pucynok 3. A — Borosas penmeenozcpamma HudcHell mpemu Jieoli 6e0peHHOl KOCmu U 8epXHell mpemu 1601l 207eHU KPblCbl
Ha 7-e cym. sKcnepumenma,

b — Boxosas penmeenozspamma HudiCHel mpemu 1e6oti OeOpeHHOU KOCU U 8epXHell mpemu 1e6oll 201eHu Kpblchl Ha [4-e cym.
IKCnepumMenma,

B — Bokosasi penmeenozcpamma HudicHell mpemu 1e60t 6eOpeHHOU KOCMU U 6ePXHell mpemu 1e6oll 20JieHu Kpbicol Ha 30-e cym.
IKCnepumenma,

I" — Ilamomoponocuyeckue usmenenus 2uaiuno6020 xpauja 6eopennol kocmu Ha 7-e cym. sxcnepumenma. Okpacka: cagpa-
nun O. Veenuuenue: x200;

M — Cycmagnou xpsiy 6edpennoti kocmu na 15-e cym. sxcnepumenma. Oxpacka: cagppanun O. Yeenuuenue: *x200;

E — Hsmenenusa cycmasnoeo xpsiwya 6edpennou kocmu na 30-e cym. sxcnepumenma. Oxpacka. cagppanun O. Yeenuuenue: *200;

JK — Xapaxmepucmuxa epynn na ocnhoganuu wikaiwl Mankin;

3 — Xapaxmepucmuxa epynn na 0CHO8AHUU YPOBHS OCIEOKANbYUHA KPOBU,

U — Xapaxmepucmuka epynn na ocnosanuu yposHs BMP7 kpoeu

Figure 3. A, Lateral radiograph showing the lower third of the left femur and the upper third of the left tibia of a rat on day 7;

b, Lateral radiograph showing the lower third of the left femur and the upper third of the left tibia of a rat on day 14,

B, Lateral radiograph showing the lower third of the left femur and the upper third of the left tibia of a rat on day 30;

I, Pathomorphological changes of the hyaline cartilage of the femur on day 7 (safranin O, magnification *x200);

I, Articular cartilage of the femur on day 15 (safranin O, magnification *x200),;

E, Changes in the articular cartilage of the femur on day 30 (safranin O, magnification *200);

K, Characterization of the groups based on Mankin scores;

3, Characterization of the groups based on blood osteocalcin levels,

U, Characterization of the groups based on blood BMP-7 levels
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O6cyxpaeHue

B pabore M.B. I'mnesa u coasr. (2017) ommcan croco0
MOJIEIIMPOBAHHS BHYTPHUCYCTaBHOTO UMITIPECCHOHHOTO Tie-
penoMa MpOKCUMAaJIbHOTO OT/IeNa OOJIBIIeOePIIOBON KOCTH,
3aKITIOYAIOIINIACS B TOM, YTO MIPOU3BOAAT YETHIPEXCTOPOH-
Huil pactiil O0bIIeOepOBOi KOCTH KPOIUKA pa3MepoM
8x7 MM B 00J1aCTH MEIMAILHOIO MBIIIEIKA aIMa3HbIM Me-
TAITMYECKAM OTPE3HBIM AUCKOM JtnaMeTpoM 10 MM 1 ToI-
uHoH 1,5 MM, oTcTynast 3—5 MM OT CyCTaBHOM TOBEPXHO-
CTH B JIVICTAJIbHOM HAIIPaBJICHUH TaKHMM 00pa3oM, 4To 00-
pa30BaBIIUICS MPSIMOYTOJIBHBIA YYaCTOK H3BJICKAIOT, Jla-
Jiee TPOM3BOIAT HAAJIOM W CMEIIEHHE YacTH MBIIIENKa
B IUCTAJIFHOM HalpaBJIeHNH B 00J1aCTh KOCTHOTO AedexTa,
B pe3ysbTaTe 00pas3yloT MMITPECCHOHHBIH BHYTPHCYCTaB-
HOU TepesioM 0obiiedepIioBoit koctu [19]. OmgHako 3TOT
Croco0 SBISETCS BBICOKOTPaBMATHYHBIM H TpeOyeT Jo-
MOJIHUTENBLHON (PUKCAIIMU METAJUIOKOHCTPYKIHSAMH H3-32
(hopMHUPOBAHHS UMIIPECCUOHHOTO TIEPEIOMa MBIIIEIKA.

A.M. Mupomanos (2017) npeanoxui cnocod Momenu-
pOBaHMS CYOKalHMTAIFHOTO TIeperoMa OeApeHHON KOCTH,
BKJTFOYAIOIINH 0OHa)KEHHE TOBEPXHOCTH KOCTH Ha Y9aCTKe
MIPEANONaracMoro mnepejoMa M MEXaHHUecKoe Hapylle-
HHUE €€ ILIEJIOCTHOCTH: (PUKCAIIMIO MISWKU 32)KHMOM IPO-
W3BOJAT TakK, 4TOOBI paboyasi MOBEPXHOCTh OpaHII OHOM
CTOPOHOM CONPHKacaIach ¢ OONBIINM BEPTEIIOM, a APYTOi
pacronaranach Ha OCHOBAaHHH TOJOBKH OEIpPEHHON KO-
CTH TapaJUIeNbHO CYOKalHMTaILHON JIMHWH, MepeKphIBas
0a3aJbHYI0 U TPAaHCLEPBUKAIbHYIO, YCTaHABINBAIOT BTO-
POH 3aKUM MapajuieiIbHO MEPBOMY B IPOTUBOIOIOKHOM
HAaIpaBJIEHUN MEXy TOJIOBKOM OeApeHHOI KOCTH U Tep-
BEIM 32KUMOM TaK, YTOOBI OpaHIIN BTOPOTO 32KMMa OJI-
HOW CTOPOHOM COMPUKACATUCH C OOKOBOH MOBEPXHOCTHIO
TIEPBOTO 3aKMMa, a JIPyTOi — C TOJIOBKOI OeIpeHHOM KOCTH
Y CMBIKQJIM paboyre MOBEPXHOCTH OpaHII BTOPOTO 3ayKH-
Ma JI0 co3/1aHusl cyOkanuTanbHOro nepenaoma [20]. OnHako
9TOT CIIOCOO HE COOTBETCTBYET KAPTUHE UCTUHHOTO IIepe-
JIOMa, TIOCKOJBKY JHEPIHs, TPHUKIAJBIBACMAS 3aKUMOM,
OTJIMYAETCS] OT OCEBOW TEPerpy3KH, BHI3BIBAIOINICH pealb-
HBII TiepenioM. Kpome Toro, MeTo/] BHICOKOTpaBMaTHueH,
TaK Kak JByCTOPOHHEE CAABJICHUE MOXKET MIPUBECTH K pas-
MO3KEHHIO KOCTH, a PACCEUCHHE KAIICYIIbI TA300€APEHHOTO
CycTaBa MOXKET CIIPOBOLIMPOBATH ACENTHUYCCKUN HEKPO3
TOJIOBKH OCAPEHHON KOCTH M3-3a HAPYIICHHUS KPOBOCHAO-
JKCHUSL.

Taxoxe n3BecTeH crocod MOJETMPOBAHUS OCTE0APTPH-
Ta KOJICHHBIX CYCTaBOB Yy KPBIC, OCHOBAHHBII Ha pacceue-
HUH KOXKH U (DACIIMK KOJICHHOTO CyCTaBa KPBICHI [1OJ] MHIa-
JISIIIMOHHBIM HAPKO30M B aCENITUUECKUX YCIOBHUSX, TTOCIE
Yero B IOJIOCTh CyCTaBa BBOIWIN CTCPUIIBHYIO WHBEK-
[UOHHYIO WDy W MEXaHWYCCKU HAHOCWIM TPaBMY Xps-
MICBBIM CTPYKTYpaM HAapY>KHBIX MBIIIEIKOB OCIPEHHBIX
1 0OITBIIEOEPIIOBBIX KOCTEH peXyIIel YacThiO Cpe3a UIIIbL,
IIPU 3TOM JTUAMETP UIIbI COOTBETCTBOBAI CYMMAapHOH TOM-
IIMHE XPSIIEBOTO CIIOSI CYCTaBHBIX MOBEPXHOCTEH, 3aTeM
Ha pacceueHHbBIC TKAHU HAKJIABIBAIH IIBEI [21].
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OpHako Takoe JMHEWHOE HAHECEHHE TPaBMBl Xpsi-
IIEBBIM CTPYKTypaM HapyXXHBIX MBIIIEIKOB OCAPEHHBIX
1 60MBIIeOEPIIOBLIX KOCTEH HE MO3BOISET JOCTHYb KOCT-
HO-XpsIIEBOro nedeKTa, TaKk Kak MMpH 3TOM TIyOuHa Je-
(exTa cyOXOHIPaTbHOM KOCTH HEJOCTATOYHA.

IIpennokeHHBI HAMU METOJ MOACIUPOBAHMS BHY-
TPUCYCTABHOTO IEperoMa y JabOpaTOPHBIX KPBIC IPo-
JEMOHCTPUPOBAJT BBICOKYIO BOCIPOU3BOAMMOCTh U Ha-
NEKHOCTh, HE TpedyeT IOMONHUTEIHHOW (QHUKcauu
METAJUIOKOHCTPYKIIUSAMH, TO3BOJIIET IIE€PEHOCHTH BeC
Ha ONEPUPOBAHHYIO KOHEYHOCTH B IPOLIECCE 3aKUBIIC-
HUS, MAJIOTPAaBMAaTUYEH, MIPU 3TOM HE HapyIIaeTCsl KPo-
BOCHAO)KEHNE OKPY)KAIOUINX TKaHEH, YTO HE TPUBOAWUT
K aCEeNTHYECKOMY HeKpo3y KocTH. OH MO3BOJIAET a/IeKBaT-
HO HCCIIEZIOBaTh JUHAMUKY 3aKHUBJICHHUS KOCTHOM U Xps-
IIEBOH TKAHEW B YCIOBHSIX, OMM3KNAX K KIMHUYECKHM.

[Ipenmaraemerii croco® MOIENUPOBAHUS BHYTPHUCY-
CTaBHOTO TepesioMa AJHMHHOW TpyOwaToit koctu ¢ op-
MHPOBaHHEM KOCTHO-XPSIIEBOTO IIEJIEBUIHOTO Jie(eKTa
TI03BOJISIET MOTYYNTh AeTeHEepaTHBHBIE H3MEHEHHS, XapaK-
TepHBIE IS TTOCTTPABMAaTHYECKOTO OcTeoapTpuTa. B co-
OTBCTCTBUU C PEHTTCHOTPAMMaMH SKCICPUMEHTAIbHAs
MOJIENTb BOCIPOM3BOAMMO BBI3BIBAET CYCTaBHBIC TEPEIO-
MBI, CXOJTHBIE C BHYTPHCYCTaBHBIMHU MEPETOMAMH, aHAIIO-
THYHBIME y Jrofeit [22]. [laromopgonorudeckoe uccueno-
BaHME BBIIBIISUIO JICTCHEPATUBHBIC M3MEHEHUS C MOTepei
MIPOTEOTNIUKAHOB B CYCTaBHOM XpSIIe, IPOrpecCUpyIoIiee
B TEYECHHUE 4-X HE/IENb TIOCHIE BHITIOIHEHNS BHYTPHCYCTaB-
HOTO TIepesioMa, TpU 3TOM HM3MEHEHHs Xpsia HaOmroma-
JIUCh HE TOJIBKO B MECTE MEPEIOMa CYCTaBHOM MOBEPXHO-
CTH, HO U Ha IIPOTHUBOIOJIOAKHOM CyCTaBHOM IMOBEPXHOCTH,
YTO SIBJISIETCSl XapaKTEPHBIM MOPQOJIOTHYECKUM IpU3HA-
KOM TOCTTPaBMaTHYECKOIO OCTEOapTpHUTa y J1aboparop-
HBIX JKUBOTHBIX [23]. A MOBBILIEHHE YPOBHSI KOCTHBIX
MopdoreneTrueckux 0enkoB BMP7 nHa 30-e cyT. MmoxeT
OBITH CBSI3aHO C PETCHEPATHBHBIMU IMPOIECCAMH, IPOUC-
XOIIAITUMH B KOCTH Y THAJIMHOBOM Xpsitiie [24].
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MepeBA30YHbIN MaTepuan C raJIoXPOMHbIM KpacuTtenem
KakK MHGOpPMaLMOHHDbI pecypc B MOHUTOPUHIe paHeBoro npouecca
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Peszrome

AKTyabHOCTh: Ha cerogusiHuii neHb NponeHT HHQUIUPOBAHNUS YUCTBIX PAH OCTAeTCs JOCTATOYHO BBICOKUM (2—5%), B CBS3H
C 9TMM MOHUTOPHHI' PaHEBOTO MpoIiecca SIBIIETCS aKTyalbHOM 3aa4eil COBpEeMEHHON XUPYPIUH.

Heanb: PazpaboTka u anpodarys nepessi304HOro Marepuaa ¢ raJJoXpOMHBIM KPACUTEINEM /IS Ope/IeJICHUS] HATHOCHUSI YUCTON PaHbI
KOKU M MSTKUX TKaHEH.

MarepuaJibl 1 MeTObI: DKCIIEPUMEHT BbINOMHEH Ha 30 Kpbicax 1moposl Bucrap, KOTOpsIM MOJIETHPOBAIIN YUCTYIO PaHy U jajee
YKPBIBAJIU TIEPEBA30YHBIM MaTEepUaIoM, (pyHKINOHATU3UPOBAHHEIM TaJOXPOMHBIM KpacHTeleM. B xozme sKcliepuMeHTa oCyIecT-
BIISIM M3MepeHue pH panbl, miomaan paHeBoro aedexra, ONnpeaessuii KaueCTBEHHbBIH M KOJMYECTBEHHBIH COCTaBbl MUKPO(IIOPHI
pasbl. CtaTHcTHYECKYI0 00pabOTKY ITPOBOJIMIIM C IIOMOILIBIO KpUTEpUs BHIIKOKCOHA, KpUTHYECKUI YPOBEHb 3HAYMMOCTH IIPHHUMAIIN
paBubM 0,05.

Pesynbrarel: BbUTO BBISBICHO, YTO MCXOHAS TUIONIAIb paH coctasisiia 253 (248; 257) Mm%, a pH paneBoii moBepxHOCTH — 5,80
(5,55; 5,90). Ynctsle paHbl, yKPHITHIC NEPEBSI30YHBIM MATEPUATIOM, HE ITOABEPTaICh MEIUKAMEHTO3HOH 00paboTKe, 4TO MPHUBEIIO
K MX MHOUIMPOBAHHIO, U BBI3BAJIO M3MEHEHHE LIBETA MEPEBI304YHOr0 Marepuaina B cpenHeM Ha 4 (4; 5) cyr. sxcniepumMenra. [locie
yIaJIeHHs MIePeBsA30YHOr0 MaTepHralia OTMETHIIH, 4TO roka3aresb pH pan Haxomuics Ha ypoBue 7,79 (7,68; 7,88), a muomanp pan —
238 (234,3; 242,5) MM, pa3mudus C IEPBHIMHU CYTKAMH OBLIIH CTATHCTHYECKH JOCTOBEPHBIME. [Ipy aHaM3e CTENeHNn KOHTaMUHAIIHH
paH 1ocJe yfajeHus MepeBsI304YHOro Marepraia Obu10 0OHAPYKEHO, YTO B PaHE COJEPIKAINCh adpOOHBIE, aHAPOOHBIE MUKPOOpPTa-
HU3MBbI, I MUKPOCKOITHYECKHE IPHOBI, Yeil YPOBEHb CTATUCTUYECKH 3HAYMMO IMPEBBIIIAN MTPEACIBHO JOIMYCTUMBIH, YTO TaKXKe MOJ-
TBEPXKIAJI0 pa3BUTHE MH(EKIIMOHHOTO Npoliecca B paHe.

3akJouenne: [IpuMeHeHNe IePEeBA304HOr0 MaTepHaa ¢ raloXpOMHBIM KpacuTesleM, KOTOPBI pearnpyer U3MEHEHHEM L[BeTa B OT-
BT Ha n3MeHeHue pH pansbl, ciocoOCTBYeT CBOEBPEMEHHOMY OOHAPYKEHHUIO Pa3BUTHs MH(PEKIIMOHHOTO Tpoliecca B paHe.
Kniouesvie cnosa: ranoxpoMHbIi KpacUTelb, MOHUTOPUHT PAHEBOTO Tporecca, paHa, pH pax

Lumuposamyp: I'puropbsn A.1O., Mummna E.C., Kynpssuesa T.H. u np. IlepeBsizounsiii Marepuan ¢ raloxpoMHBIM KpacUTEIEM
Kak MH(QOPMAIIMOHHBIA pecypc B MOHUTOPHHIE paHeBOro mpoiecca. Munosayuonnas meouyuna Kyoanu. 2024;9(4):85-92. https://
doi.org/10.35401/2541-9897-2024-9-4-85-92

Dressing Material With Halochromic Dye as an Information Source
in Wound Healing Monitoring
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Background: The percentage of clean-wound infection remains fairly high so far: 2% to 5%. Therefore, monitoring wound healing
is a critical task in modern surgery.

Objective: To develop and test a dressing material with halochromic dye in order to determine the suppuration of a clean wound
of the skin and soft tissues.
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Material and methods: The experiment was conducted on 30 Wistar rats: clean wounds were formed and then covered with a dress-
ing soaked in halochromic dye. During the experiment, we measured the pH of the wounds and wound area and determined the quali-
tative and quantitative composition of the wound microflora. Statistical analysis was conducted using the Wilcoxon test; the level
of significance was taken at 0.05.

Results: We found that the initial wound area was 253 (248; 257) mm? and the surface pH, 5.80 (5.55; 5.90). Clean wounds covered
with a dressing material were not treated with medication. It led to their infection and a change in the color of the dressing material on
average on day 4 (4; 5) of the experiment. After removal of the dressing material, we noted that the pH of the wounds was 7.79 (7.68;
7.88) and the wound area, 238 (234.3; 242.5) mm?; the differences compared with the data on day 1 were statistically significant.
When analyzing the degree of wound contamination after removal of the dressing material, we found that the wound contained aerobic
and anaerobic microorganisms and microscopic fungi, the level of which statistically significantly exceeded the maximum permissible
level, confirming development of the wound infection.

Conclusions: The use of a dressing material with halochromic dye, which changes its color in response to the pH of the wound, fa-
cilitates timely detection of the development of the wound infection.

Keywords: halochromic dye, wound healing monitoring, wound, pH of wounds
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AKTyanbHoOCTb

YactoTa THOWHO-BOCHAJHMTENBHBIX  3a00JIeBaHHUN
KOXH U MSTKHUX TKaHel nocturaet 30-35% B cTpyKType
CTallMOHApOB Xupypruyeckoro mpoduias. Kpome Ttoro,
HarHOEHHWE PaH IOCIIe TUIAHOBBIX OIEPaIlfil BCTpedaeTcs
B 2-5% ciyqaes [1, 2]. B cucreme amOymaTopHOTO 3BEHA
00pamraeMocThb 10 TIOBOY paHEBBIX A€(PEKTOB COCTABIIS-
et 35-60% [3, 4].

HenpepbiBHBIIT MOHUTOPUHT paHbl SBISETCS OIHOM
U3 CTPAaTerui, MO3BOJAIOIE MUHUMU3UPOBATh TSKECTh
WHQEKINN U ONIEPaTHBHO MEHATH TEPANEeBTUYECKYIO IT0-
MOIIIb TIOCTIE TUATHOCTUKA WHPEKINH [5].

Kpome TOro, pacmpocrpaHeHHe pPE3HCTEHTHOCTH
K IIPOTHBOMHUKPOOHBIM IpernaparaM TpeOyeT UCTI0NIb30Ba-
HUS yCTPOUCTB IS JICUCHHSI XPOHUUECKHUX PaH, KOTOPhIE
MOTYT B3aMMOJIEHCTBOBATh C PAHEBBIM IKCCYaTOM U CUT-
HaJIM3MPOBaTh 00 MH(EKINN ¢ TIOMOIIBI0 HEMEIICHHBIX
BH3YaJIBHBIX 2P PEKTOB [6].

Takum 00pa3oM, Ba)XHOW COCTABIISIONIEH B JICUCHUH
paHBI ABJISAETCS € MOHUTOPHHT, JUISl ATUX Iielield pa3pada-
TBIBAIOTCS OMOCEHCOPBI W HAHOJATYMKH, 00ECIeUHBar0-
M€ HempepbIBHOE HaOMIOeHNe 3a (PU3NKO-XMMHUUECKH-
MH U OHMOJOTMYECKHUMH IPOIECCaMH, MPOUCXOISIIIMHU
B pase [, 7].

B acmekre oOHapyxeHnsi OakTepHalbHONH HH(EK-
LMY UCTOUYHUKOM JUI TOMCKA MOXKET SIBUTHCS YHHUKAIb-
Has MuKpocpena Oaxrepuii (pH, TokcuHbI, (hepMeHTHI
u T. A.) [8, 9]. HanmpumMep, KUCIOTHOCTH SBISETCSA pe-
3yJBTaTOM TIIMKOMEeTa0o0M3Ma OOJBITMHCTBA MAaTOTEHOB
Y IIPOKO UCTIONB3YeTCS IS OTpeNieNieHus] OaKTepruaib-
HBIX MH(QEKIHUHA, TP 3TOM OJHUM M3 BapHaHTOB HeETIpe-
PBIBHOTO HEMHBA3MBHOIO KOHTpojsi pH pasbl siBisercs
WCTIOJIb30BaHUE TEPEBS30YHBIX MaTepuasoB, (YHKIIHNO-
HaJIN3MPOBAHHBIX TAJIOXPOMHBIMU Kpacurensamu [10, 11].
Takue mepeBs304HBIE MaTepHalbl CIIOCOOHBI K 00paTH-
MOMY M3MEHEHHIO [IBETa, B 3aBUCHMOCTH OT pH paHsbI.

Brepseie Hemerkumu yaenbmu (G.J. Mohr, S. Trupp,
A. Schulz, T. Doussineau) ObuTH pa3paboTaHbI HAHOIAT-
YUKH, OOECIIeYMBAIONINE HAJEKHBIA W HENPEePhIBHBIN
Monuropunr pH. Hanocencopst pH mnomyuens! myrem
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KOBaJICHTHOM HMMMOOWIIM3AIUH WHAUKATOPHBIX KpacH-
TeJeH Ha Pa3IUYHBIX THIAX MOJMMEPHBIX dacTuil. Jlo-
MIOTHUTENFHBIC ITAIOHHBIC KPACUTEH MO3BOJISIOT PaTH-
OMETPUYECKU M KOJMYECTBEHHO OIPECIsiTh W3MEHECHUS
cur"aina [12, 13].

B nmocnenname romsl pe3ko BEIPOC CIIPOC Ha Pa3padOTKy
MUHHATIOPHBIX JaT4ukoB. Oco0oe BHUMaHHE YIEISIeTcs
JaTINKaM, BCTPOSHHBIM B TEKCTHIIbHEIC TKaHU. OHU MTOp-
TAaTUBHBI, JIETKH W SBISIOTCS JIyYIIUMH KaHAWJATaMU
JUIT MOHUTOPUHTa OMOMETPHUYECKHX TapaMeTpoB. Bosz-
MOXXHOCTh HMHTETPAITNN XUMUYECKUX TaTIYNKOB B TEK-
CTHJIb OTKPBLJIA HOBBIC PHIHKA YMHOM OEXIbI [7].

Lenb nccnegoBaHmns

Pa3pa60TI<a u anp06au1/1${ NEPECBA30OYHOIO Marcpuaia
C FaJIOXpOMHLIM KpaCI/ITCJICM JJIs1 OHpCI[eJICHI/IH Har”Hoe-
HHUS YUCTOU PaHbl KOKH U MATKUX TKaHeH.

MaTtepwmanbl n metopbl

DKCcIIeprMeHTa bHAsT YaCTh MCCICIOBaHMs OblIa BEI-
MIOJTHEHA B JTAOOPATOPUH HKCIEPUMEHTAIBHON XUPYPTUn
1 oHKoJIoTHH Ha 0a3e HUU sxcriepuMeHTaTsHOM METHITH-
HbI KypcKoro rocynapcTBeHHOTO METUITTHCKOTO YHUBEP-
cuteta Ha 30 kpbicax mopoiel Bucrap, maccoit 180-200 T,
B COOTBETCTBUM ¢ EBporneickoil KOHBEHIIMEH O 3alIuTe
MTO3BOHOYHBIX JKUBOTHBIX, UCTIONB3YEMBIX IJIS DKCIICPH-
MEHTOB WJIM B MHBIX Hay4HBIX Hensax (CtpacOypr, 18 map-
ta 1986 1) ETS N123. MccnenoBanue ObIIO0 0100peHO
Y BBIMIOJHSUIOCH 1O/ HAOMIOACHUEM PErHOHAIBHOTO ATH-
yeckoro komuteta npu ®I'bOY BO KI'MY Munznpasa
Poccun (Ilpotokon Ne 2 ot 05.11.2013 ). s uccme-
JOBaHUSI OTOMPAJH KUBOTHBIX 0€3 BHEIIHUX MPU3HAKOB
3a00JieBaHMs, TPOIICANNX KAapaHTUH B BUBAPHH DKC-
nepuMeHTaiIbHo-0nonorndeckoit knuankn GI'bOY BO
KI'MY Munsapaa Poccun (. Kypck). Bee kuBOTHBIE
COJICPKAITICH B OIMHAKOBBIX YCIIOBHSX HAa CTAaHAAPTHOM
MUIIeBOM parone [14].

MonenupoBaHue YUCTONH paHbl MPOBOJUIM B CTe-
PWIBHBIX YCJIOBHSX IIOJ HHTAJSIIHOHHBIM MacOYHBIM
Hapko3oM u3odiaypanom 2,5 06.% co CKOPOCThIO MOTOKA
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0,8 1/mun (R540, RWD Life Sciences, Kuraii) ciemyro-
UM 00pa3oM: Ha MPEABapUTEIbHO BEIOPUTOM ydaCTKe
CIIUHBI KPBICHI MCCEKAJICS KOXHO-IOJKOKHBIM JIOCKYT
pasmepom 16x16 MM (TakuM 00pa3oM IUIOMIAAb PaHBI
cocranisia 253 (248; 257) mM?); ipu HEOOXOAUMOCTH
BBITIOJTHSITH T€MOCTA3 MMy TeM MPIIKATHs K KPOBOTOUAIIIE-
My y4acTKy Tyrdepa, mocie 4ero pany yKpbIBaIH Mepe-
BA30YHBIM MaTepUaJIOM, KOTOPBII ObUI IPEeIBAPUTEIHHO
OKpalleH TaJlOXPOMHBIM coequHeHneM. [loBepx paHbl
¢ukcupoBanace nwuieiika SciCat H-201 (mpo3paunas)
(HIIK SciCat, Poccus) i 3amuThl paHbl OT BHEIIHE-
ro Bo3meicTBus (puc. 1), mpu STOM COXpaHsIACh BO3-
MOYKHOCTh CaMOKOHTaMHHAIIMU PAaHEBOW MOBEPXHOCTH
3a CYeT MUTpaIliK B 001aCcTh PaHEBOTO Jie(hekTa MUKPO-
(hITOpBI IPUCYTCTBYIOMICH Ha OKPY)KAIOMICH paHy KOXKe,
YTO B KOHEYHOM HTOTE MPUBOJAMIO K MH(DUIIMPOBAHUIO
W HAarHOGHHWIO paHBI, KOTOPOe HaMH (UKCHPOBAIOCH
Ha OCHOBaHMHU HM3MEHEHHUsS LIBETAa IMEPEBA30YHOTO Ma-
Tepuana.

B xoze skcniepumenTa BeinonHsuin pH-meTputo pane-
Boro aedekra ¢ momomipio pH-meTpa «pH Bluetooth YY-
1031». M3mepeHus mpOBOAUIN B MOMEHT (DOPMUPOBAHUS
paHbI 10 €€ YKPBITHS MEPeBA30YHBIM MaTepHaioM, BTO-
poii pa3 pH panbsl u3Mepsau mociae Toro, Kak OTMeyaiu
M3MEHEHHE [IBeTa MePEeBA30YHOT0 MaTepraa.

[Inomane pan uU3MepsUId C MOMOLIBI0 MOOHIIBHOTO
npunoxerust LesionMeter (mporpaMMa 3aperucTpupoBa-
Ha B ®DenepanbHOil CiTy)KO€ M0 MHTEIUICKTYyalIbHOM CO0-
ctBeHHOCTH PD 2020664636, mpaBoOOIagaTens Mexpe-
THOHAJIbHAsE OOIIECTBEHHAsI OpraHu3alus «ACCOIHAINs
(ebonoroB Poccumy).

[locne Bu3yanpHOW (UKCAMU M3MEHEHHS IIBETa Iie-
PEBSI30YHOTO Marepuana Mbl OLEHHBAIN BHEIIHUH B
paubl, u3Mepsuid pH 1 17151 KaueCTBEHHON U KOJIMYECTBEH-
HOW OLIEHKHM OOCEMEHEHHOCTH paHEBOH IOBEPXHOCTH
MHUKpOOPTraHM3MaMHU OCYILIECTBISUIM 3a00p Marepuaia
paHbl IOCNe BBIBEJCHHS J>KMBOTHOTO M3 AKCIIEPHMEH-
Ta, JJaHHOE HCCJIEJOBAaHUE MPOBOAMIM METOJOM Macc-
CTIIEKTPOMETPHH MHUKPOOHBIX MapKepoB C MOMOIIBIO:
ra3oBoro xpomarorpaga ¢ Macc-CeNIeKTHBHBIM JIETEKTO-
pom «Mansctpoy» I'X 7820 (xpomarorpad) Agilent 5975

AR |

P gese ez
Pucynox 1. Mooenuposanue panul. A. B mecme gpopmuposanus panesoco depexma yoanena uiepcmo. b. Cdhopmuposan oepexm
Koxcu pazmepom 16 %16 mm. B. [logepx panvt Ha kpwicy Haoema uinetika SciCat H-201
Figure 1. Wound modeling. A. The fur at the site of the wound defect was removed. B. A 16 x 16 mm skin defect was formed.
C. The rat had a SciCat H-201 harness over the wound

(merextop) (OO0 «MHTEPAB», Poccust), auciio Mukpo-
OpraHu3MOB BbIpakaiu B 10° KIETOK/TpamMM.

Craructuyeckas o0OpabOTKa JaHHBIX ObLIa IPO-
BeJIeHa NpHu nomomu mporpamm Microsoft Excel 2010
(Microsoft Corporation, CIIIA) u Statistica Bepcus 13
(TIBCO Software Inc., CIHA, 2017 r.). C moMombio
kputepuss KonmoropoBa-CMupHOBa TPOBOIWIN KOH-
TPOJIb HAa COOTBETCTBHE MOTYUYSHHBIX JAHHBIX HOpMallb-
HOMY paclpeAeNeHHI0. YUYHUThIBas TOT (akT, 4TO MOJy-
YEHHBIC BAPUAIIMOHHBIC PSABI HE TOAUYUHSIIACH 3aKOHAM
HOPMAaJIBHOTO paclpesiesieH s, KOIHYECTBEHHBIE MpPH-
3HAKW OIMHUCHIBATHM KaK MEIuany, 25 U 75 mepUeHTHIN
(Me (25;75)) m mist cpaBHEHUS TMONYYCHHBIX JaHHBIX
MPUMEHIIN HelapaMeTpuieckuil kputepuil Buiikokco-
Ha. Kputnueckuil ypoBeHb 3HAUMMOCTH MpPH IPOBEPKE
CTAaTUCTHYECKUX TUTMIOTE3 B JAHHOM HCCIIETOBAaHUH MPHU-
HuMaJcs paBHbeIM 0,05.

Hcnonn30BaHHbI B HACTOSILEM HWCCIIENOBAHUU CHH-
TETUYECKU CyOCTaHTHWBHBIM TaJOXPOMHBIH KpacHTENb
CTHILOCHOBOTO psiZia ObUI IOJYyYEH B HAy4HO-HCCIICIO-
BaTeJILCKOW J1TabopaTopuu OpraHndeckoro cuHresza Kyp-
CKOTO TOCYJapCTBEHHOTO YHHBEPCHTETa a30COYETaHU-
eM OHCIua3oTHPOBaHHON 4,4’ -THMaMUHOCTIIIHOCH-2,2 -
JHCYITB(POKUCIIOTHI C IBYMsI MOJISIMH 2-MeTOKcH(eHoa.

CTpykTypa ¥ 4YHCTOTa CHHTE3UPOBAHHOTO CO-
€IMHEHUSI TOATBEPKACHBI METOAOM XpOMaTO-Macc-
cnexrpomerpu (Liquid chromatography-mass spectrom-
etry) u UK-cnexrpockonuu. CUHTE3UPOBAHHBIM COE/IH-
HEHHeM ObIT OKpamieH OMHT MEIUIMHCKUA N3 HETKaHOTO
MaTepuana ¢ HeochbimaromuMmcs kpaem (TY 9393-015-
44881728-2012) mo MeToAnKe KpalIeHUs! IPSIMBIMHU Kpa-
CUTEIISIMU.

OxpamieHHbslii OMHT OBIT HMCCEAOBaH Ha YCTONYH-
BOCTh OKPAacKd K JEUCTBHUIO COJEBBIX PacTBOPOB, UMH-
THUPYIONMX TIOT W TasMmy kpoBu. CocTaB pacTBoOpa,
UMUTHpPYIOIIEro 10T, rotoBuin cortacho 'OCT 9733.6
(Mertogn I). B xauecTBe pacTBOpa, UMUTHPYIOIIETO ILJIa3-
My KpOBH, UCIIOJIb30BAJIM CTaHIapTHBIN pacTBop Punrepa
U1 MHQY3Hi.

Hanwume MyTareHHOTO, MHUTO3MOIU(MHUIIUPYIOIIETO
1 TOKCHYECKOT0 3 (PEKTOB OIIEHUBATIOCH 10 OTHOILIEHUIO

B/C I

ISl =
it & 1/1’
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K KJIeTKaM MmepucteMbl pactenus Allium cepa (Allium
test), KOTOpPBIA CYMTAETCS ITAIOHHBIM TECT-O00BEKTOM
B COBPEMEHHBIX HccienoBaHusax. Allium test sBisercs
OTHOCHUTEIBFHO MPOCTHIM, OBICTPBHIM M YYBCTBUTCIHHBIM
METOJIOM aHajin3a MYTareHHOCTH, MHUTOTOKCHYHOCTHU
Y TOKCUYHOCTH U, B CHITY BBICOKOH KOPPEIISIIHH PE3YITh-
TaTOB, HCIIOJIb3YyETCS KaK aJIbTepHATHBA T€HOTOKCHUKOJIO-
THYECKHUM TE€CTaM Ha Ja0OpaTOPHBIX KMBOTHBIX [15].

Pesynbratbl

[Ipn m3mepennu pH BHOBB c(hopMIpOBaHHOH KOKHOMH
paHbl OBUIO BBISBJICHO, YTO MOKAa3aTesb COCTABIAN 5,80
(5,55; 5,90) (puc. 2).

¢

Pucynox 2. okazamenu pH 61o6b cghopmuposanoil pamul
Figure 2. pH of a newly formed wound

,#H ,l "".":g;l '\
il 1A

Pucynox 3. A. Hamenenue ysema nepesszounoeo mamepuana 6 oonacmu pansl. b. Bnewnuii 6uo panvl na 4-e cymku. B. Buew-

HULL 8UO pausl HA 5-e cym.

Figure 3. A. Change in the color of the dressing material in the wound area. B. Wound appearance on day 4. C. Wound appear-

ance on day 5

Pucynok 4. Hoxazamenu pH panvl npu yoanienuu nepeesizou-
HO20 Mamepuana nocie usmenenus e2o yeema. A. Ha 3-u cym-
xu. b. Ha 4-e cymxu. B. Ha 5-e cymxu.

Figure 4. pH of the wound during removal of the dressing mate-
rial following a change in its color. A. Day 3. B. Day 4. C. Day 5

88

B mporniecce HaOmoneHns 3a M3MEHEHHEM I[BETA IIe-
PEBSI30YHOTO MaTepHalia C TaJOXPOMHBIM KpacHUTEJIeM,
KOTOPBIM OBUIM YKPBITBI PaHbl, OTMEUaJId H3MEHEHHE
ero 1Bera B cpeaneM Ha 4 (4; 5) cyT. (4 pa3a Ha 3-u CyT,,
14 pa3 Ha 4-¢ cyT., 12 pa3 Ha 5-¢ cyT.) (puc. 3).

B cBs3u ¢ TeM, 4TO NEpeBsI30YHBIA Marepuan C ra-
JIOXPOMHBIM KpacHTeJIeM, KOTOPBIM OblIa YKpBITAa paHa,
He 00Jazan MpOTHBOMHUKPOOHOH aKTHBHOCTHIO C Tede-
HUEM BPEMEHH MPOHMCXO/IHIa CAMOKOHTAMHHAIIMS PAHBI,
YTO M ITPUBEJIO K € NHPUIIMPOBAHHIO U U3MEHEHUIO IIBETa
MIEePEBSI30YHOTO Marepuana. [Ipu ynaneHun ¢ paHsl mepe-
BS30YHOTO MaTepHaja 1ociie M3MEHEHHS ero BeTa HaMu
ObuTa rpoBesieHa oBTOpHAs pH-MeTpus paHeBoro Jroxa
(puc. 4), koropas mokasana, uto pH pan (1o BHeNmHEMY
BUJy COOTBETCTBYIOIIMX MH(MUIIMPOBAHHBIM paHaM) CO-
craBuna 7,79 (7,68; 7,88), mpu 3TOM MmI0MAAbL PaH COCTa-
Bma B cpenHeM 238 (234,3; 242,5) mm? (puc. 5), pasiu-
YU ¢ UCXOJHBIMU 3HAYCHISIMH TIIOIAnU paH U pH Obum
cratucTHaecku 3HaguMbIMU (p=0,000002).

[locne BBIBeNEHHS HSKCIIEPUMEHTAIBHBIX YKHBOTHBIX
M3 SKCIIEPUMEHTa Y4acTOK paHbl ObLI OTOOpaH Ui Ka-
YECTBEHHON M KOJMYSCTBEHHOW OLIEHKH OOCEMEHEHHO-
CTH paHEBOW MOBEPXHOCTH MHUKpPOOpPraHM3MaMH (Taoi.).
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Pucynox 5. A. JJunamuxa pH pan. b. /lunamuxa niowaou pan
Figure 5. A. Dynamics of wound pH. B. Dynamics of wound area

CyTkn

Taonuua
AHaJHU3 MUKPOOHOTHI METOIOM MAacC-CIEeKTPOMETPHH MUKPOOHBIX MapKepPOB
Table
Microbiota analysis using mass spectrometry of microbial markers
. 4-5-e cyTKH
HaumenoBanue JomycTumbIii
MHKpPOOPTaHH3MOB YpOBeHb 105 kJIeToK/TpaMM Yacrora
(Me (25; 75)) ooHapy:xenus (%)
Koxku, Oarumisl
Enterococcus spp. 266 591 (417; 1748)* 100
Streptococcus mutans (aHa’poOHBIE) 645 1909 (1505; 3352)* 100
Staphylococcus aureus 242 358 (188; 773)* 100
AHa3po0bI
Clostridium spp. (rpynma C. tetani) 225 551 (378; 1191)* 100
Clostridium difficile 275 4850 (3893; 7873)* 100
Clostridium ramosum 1484 6047 (4192; 6339)* 100
Eubacterium spp. 3564 8539 (5874; 9829)* 100
Peptostreptococcus anaerobius 0 94 (0; 649)* 70
Propionibacterium spp. 0 122 (54; 193)* 76,7
AKTHHOOAKTEpUU
Nocardia spp. 53 | 126 (39; 174) | 60
I'pamMoTpHIaTENbHBIC TATOYKH
Kingella spp. 12 | 86 (70; 130)* | 100
T'pubsl, Ipoxoxn
MHukp rpuOBbI, KaMIIeCTePOI 78 1528 (1237, 2824)* 100
Muxkp rpubbI, CHTOCTEPOT 177 1358 (1207; 3263)* 100

Ipum.: * — p<0,05
Note: *, P<.05

B pesynbrare mpoOBEICHHOTO WCCIIEIOBAHUS OBUIH TIO-
JlydeHbl cleayromme pesyasratel, B 100% cmydaes
B paHE OOHAPYKWUBAJIH CICAYIONIHE IITAMMBI MHUKPO-
OpPraHU3MOB, YPOBEHb KOTOPBIX MPEBBIIIAN IIPEAEIBLHO
nomyctumsblii: Enterococcus spp., Streptococcus mutans

(amarpoburie), Staphylococcus aureus, Clostridium spp.
(rpymma C. tetani), Clostridium difficile, Clostridium
ramosum, Eubacterium spp., Kingella spp., Mukp. rpu0st
(xammiectepon u curoctepoi). B 60% u 6onee (no 77%)
HAONIOZICHUIT  OOHApY)KMBAJIM  CIEAYIOIIME IITAMMBbI
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MHKPOOPIaHU3MOB, YPOBEHb KOTOPBIX HPEBBIIIAN IIpe-
JIENIBHO JIOMYyCTUMBIN: Peptostreptococcus anaerobius,
Propionibacterium spp., Nocardia spp.

W3 naHHBIX, NpENCTaBICHHBIX B TaOIHUIE, CIELYeT,
4To 3a uckmoueHrueM Nocardia spp., B OTHOIICHUH OCTalTh-
HBIX LITAMMOB-MHKPOOPTaHM3MOB PA3JIMYMs MEXKIY J0-
MYCTUMBIM YPOBHEM M YpPOBHEM OOCEMEHEHHOCTH paH
Ha 4-5-e CyT. ObUIM CTATHCTHYECKH 3HAYMMBIMH, YTO CBHU-
JIETENICTBOBAIO HE TOJBKO O Pa3BUTHU MH(MEKIHOHHOTO
npolecca B UCXOJHO YUCTOH paHe, HO U O MPUCYTCTBUH
B paHe accoLayii MUKPOOPTaHM3MOB H 3TO HEOOXOIHMO
YUYHTBIBATh IIPU BBIOOPE CIIOCO0A JICUCHHUSI.

O6cyxpeHue

Ha nam B3misa, mpUMeHEHHE MEepeBS30YHBIX Mare-
pHUaJoB C peBEpCUBHOM LIBETOBOM MHIMKAIIMEN sIBIsETCA
MEPCTIEKTUBHBIM HaIpaBieHUEM B XUpypruu. IloBs3ku,
CIIOCOOHBIE MEHATH IBET MPU KOHTAKTE C PAHEBBIM OT-
JIeJSIEMBIM C OTpesieeHHbIM pH cpelibl, M03BOJISIOT CBO-
€BPEMEHHO OOpaTHTh BHUMAaHUE METUITMHCKOTO IEpCo-
HaJla Ha TalWeHTa W MPHHATh COOTBETCTBYIOIINE MEpPHI
10 CMEHE TOBS3KU U KOPPEKIIHH JICUCHHS.

[lomyueHHsle HaMU pPE3yNBTaTHl MO0 TPUMCHEHHIO
MIEPEBSI30YHOT0 MaTepraja ¢ TaJOXPOMHBIM KPacUTEJIeM
Kak MHQOPMAIIMOHHOTO pecypca B MOHHUTOPHHIE paHe-
BOIO TpOIecca TOKa3alid BBICOKYH) HWH()OPMATUBHOCTh
JTAHHOTO MeTo/a. B HamreM ncciiefoBaHWM akIEeHT cre-
JIaH Ha cBure pH cpersl B IENIOUHYIO CTOPOHY, KOTOPBIN
MIPOUCXOAVII B PE3YNbTaTe MYJIBTHILTUKAIIIN MHKPOOP-
TFaHU3MOB B MCXOJHO YUCTOH paHe 3a CUET €€ CaMOKOH-
TaMUHAIUH, YTO B KOHEYHOM UTOTE MPUBEIO K e¢ HHPH-
nupoBanuio. OpHEeHTHPYSACh Ha U3MEHEHUs IIBETa Iepe-
BS30YHOTO MaTepuajia, HaMU CAETaH BBIBOI O Pa3BUTUU
WH(EKIIMOHHOTO TIpoIiecca B paHe, YTO OBUIO TTO/ITBEPIK-
JIEHO Ha OCHOBaHHM pH-MeTpuH, a TaKke KaueCTBEHHOTO
Y KOJINYECTBEHHOTO aHAJIM30B BHOBOTO COCTaBa MUKPO-
OpraHu3MOB B paHe.

[IpoBeneHHbIe HAMW WCCIEIOBAaHWA ¥ ITOJIYYEH-
HBIE pe3ynbraThl cooTHocsTcs ¢ maHHbiMH C. Brooker
u G. Tronci (2023), KOTOpbIE W3TOTOBHIIN PAaHEBOE IO-
KpBITHE, TJi€ B KaYECTBE FaJOXPOMHOIO KPACUTEINS, UM-
MOOMJIM30BAaHHOTO Ha THUAPOTENEC Ha OCHOBE KOJUIATCHA,
OBUT B3ST OpoMTUMONIOBBIN cuHUU [5]. [Ipou3BeneHHOE
TaKuM 00Pa30M PaHEBOE MOKPBITUE OBLIIO YCHEIIHO anpo-
OMpOBaHO aBTOpAMHM JUIA JIEYEHHST 1 MOHUTOpPHHTA XpO-
HUYECKHUX PaH.

B ommmume ot mpespcTaBIeHHOTO MpUMeEpa, MBI TTOII-
JM TIO0 TIYTH TEXHOJIOTHYECKH OoJiee MPOCTOro crocoda
(DYHKIIMOHAIM3AUN TOTOBBIX TEPEBSI30YHBIX MaTepHha-
JIOB CyOCTaHTHBHBIMHU KpacuTessiMu [16].

[IpenmMyIiecTBOM TaKOTO METOA SIBIISIETCSI €TO YHU-
BEpCaJbHOCTh, ITOCKOJIBKY HMEETCs IIUPOKOH BHIOOP
TOTOBBIX TEPEBS30YHBIX MATEpPHalioB, KOTOPHIE B TOU
WA MHOH (popMe MPUMEHSIOTCS Ha BCEX dTarax Je4eHUs
pan. Kpome Toro, BEIOpaHHBINH METO| MO3BOJISIET COXpa-

20

HUTh MCXOJIHbIE TUTUEHUYECKUE CBOWCTBA MEPEBSI30UHO-
ro marepuasia. OUeBHIHBIM YCIOBUEM SIBIISICTCS OHOIIO-
ruyeckast 0e30MacHOCTh HMCIOIb3YEMOTO TaJlOXPOMHOIO
KpacuTelisl IPH yCIOBUH YIOBIETBOPUTENFHON CTAOMIb-
HOCTH CBSI3M KPACUTEIsl C MaTEpUaIOM.

B ycnoBusix uccnenosanus mo 'OCTy 9733.6 (Me-
toz I) Marepuan mokasan BEICOKYIO yCTOWYHBOCTH OKpa-
CKH, YTO TIO3BOJISICT TOBOPHUTH O €ro HU3KOH MHUTpannu
B TKaHU PaHBI.

MyTareHHbIH, MUTO3MOAU(DHUIUPYIONIUH W TOKCHYE-
ckuil 2(pPEeKTH MO OTHOIICHUIO K KIETKAM MEPUCTEMBI
pactenns Allium cepa (Allium test) oOpaboranHoTO Ma-
Tepraa COrnocTaBUMBI ¢ 3(h(eKTOM OT MaTepHaloB, 00-
paboTaHHBIX OPUILTHAHTOBBIM 3€JICHBIM M METHIICHOBBIM
CUHHM.

3aknovyeHne

[Tpumenenne pa3pabOTaHHOTO HAaMM TaJOXPOMHOTO
KpacuTeJisi, IMMOOMIN30BaHHOTO Ha NEPEBA30YHOM MaTe-
puaine, 3pQEeKTUBHO U CBOEBPEMEHHO JaeT HH()OpMannio
00 ycyryOlleHHH TE4eHHs paHeBOTo Ipoliecca, O 3alle-
JIaYMBaHUM PaHbl BCIECICTBUE MYJIBTHIUIMKALUK MHKPO-
OpraHu3MOB U, B KOHEYHOM HTOTre, O Pa3BUTHU MH( EK-
IIHOHHOTO ITpOIecca B MCXOJHO YUCTOHW paHe, 9To OBLIO
MOATBEPKACHO B HAIIIEM HCCIIEIOBAHUH.
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Peziome

Heab uccaenopanus: Pazpaborka 1eTepreHTHO-3H3UMAaTHYECKOTO METO/1a TTOYYEHHs AEHEIUTINIIPU3NPOBAHHOTO KapKaca MyJIbIIbl
3y0a M OIIEHKA ero Ka4ecTBa JUIs UCIIONb30BaHKs B PETCHEPATUBHOM YHIOJOHTHH.

Marepuasibl U MeToabl: OCHOBOI /It CO3/IaHUsl OroMarepHaia U MOJTyuYeHUs] Me3eHXUMaJIbHBIX CTBOJIOBBIX KieTok (MCK) Obuia
ImyJibIa 3y0a TpeTbUX MOJISPOB, YIaJCHHBIX [0 OPTOAOHTHYECKUM MOKAa3aHUAM y MalMeHTOB B Bo3pacte oT 14 1o 18 ner. O6pasip
ITYJIBIIBI O/IBEPTaJIUCh JETePreHTHO-IH3MMATHUECKOH 00paboTKe JUIs MOyYeHHs IS eIUTIOIIPH3UPOBAHHOIO Kapkaca. OmeHKa mpo-
nudepaTuBHOI akTHBHOCTH U jku3HecocoOHocTn MCK mysibIibl 3y0a mociie KyJIbTHBUPOBAHUSI C KAPKACOM ITYJIbITbI 3y0a OCYIIeCT-
BISUIACh C TIOMOIIBIO OKpaInBaHus TpunaHoBeIM cuHUM M XTT-tecrta. [l OIEHKH TKAaHEBOH peakiuy MPOBOIMIACH ITOJKOKHAS
MMILTAHTALUS HATUBHOM U JICLEILTIONAPU3UPOBAHHOM MMyNbIIbI 3y0a KpbicaM JIMHUK Bucrap, Ha 7-¢ u 14-¢ CyT. OCyIEeCTBISIIN JKC-
IUIAHTALMIO 00Pa31oB VIS OKPAIIMBAHHS T'€MATOKCUINH-903UHOM.

Pe3ysbraTbi: Pe3ynbraTbl JeTepreHTHO-3H3UMATH4YeCKOH 00paOOoTKM Myiblbl 3y0a MOKa3aJd OTCYTCTBHE SIIEPHOTO MaTepHaa,
TP 2TOM THCTOAPXUTEKTOHMKA ITyJIBITEI 3y0a He3HaunTenbHOo Hapymanach. Coxepkanne JJHK B oOpasmax menemmoinsipu3npoBan-
HOTro Kapkaca cocTaBuio 22,79+2,1 ur/mr tkanu, konudectso JJHK B HaTuBHBIX 00pasuax — 78,5+5,4 ur/mr tkanu. I1o pesynsraram
XTT-recta He ObUIO YCTAHOBJIEHO IIMTOTOKCHYHOCTH JACLEIUTIONPU3UPOBAHHOrO Kapkaca o otHomenuto Kk MCK. Buonrarsl kpsic,
KOTOPBIM ObliIa UMIUTAHTHPOBAHA JICIEIUTIOISIPU3UPOBAHHAS IyJIbIIa 3y0a, XapaKTepU30BaINCh OTCYTCTBUEM NPU3HAKOB BOCIIAJICHHUSI.
3axJiouenue: [lomydeHHbIe pe3yabTaThl IIO3BOJIAT B AalbHEHIIEM co31aTh OMoMarepual, KOTOPbIi MOCITyKUT OCHOBOM TKaHEHHKe-
HEPHOW KOHCTPYKIINH ITyJBITEI 3y0a I MOXKET OBITH MCITOIB30BAH JUISI PETCHEPALIUH ITyITBITO-ICHTHHHOTO KOMITIEKCA.

Kntwouesvie cnosa: perenepanus myibIiibl 3y0a, JEHEIUTIONAPU3NPOBAHHAS MyNbIa 3y0a, pereHepays Mmyabl1o-AeHTHHHOTO KOMIUICK-
ca, pereHepaTuBHas SHIOJOHTHS, pereHepaTHBHAS MEeIULINHA, JICLEIUTIOIApU3aHs

LHumuposams: MenxousiH K.W., Pycunosa T.B., 3amopoxckas-AbGpamosa E.C. u np. KomruiekcHas olieHKa JelesuTIoIsipU3NpOBaHHON
ITyJbIbI 3y0a B Ka4ecTBE HOBOTO OHOMaTepHalia JUlsl pereHepaluy MyJiblo-IeHTHHHOTO KOMIUIeKea. Munosayuonnas meouyurna Kyoanu.
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Abstract
Objective: To develop a detergent-enzymatic method and evaluate the quality of a decellularized pulp scaffold for regenerative end-
odontics.
Materials and methods: Biomaterial and mesenchymal stem cells (MSCs) were derived from dental pulp that was obtained follow-
ing third molar extraction indicated for orthodontic reasons in patients aged 14-18 years. The detergent-enzymatic method enabled
to obtain a decellularized scaffold from pulp samples. The proliferative activity and viability of dental pulp-derived MSCs were
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assessed using trypan blue staining and XTT assay. To assess tissue response, Wistar rats underwent subcutaneous implantation of na-
tive and decellularized dental pulp. Explanted samples were stained with hematoxylin-eosin on days 7 and 14.

Results: The detergent-enzymatic treatment of the dental pulp demonstrated the absence of nuclear material, whereas the histoar-
chitecture of the dental pulp was disturbed. The DNA content in the sample of the decellularized scaffold was 22.79+2.1 ng/mg
of tissue; the amount of DNA in the native sample was 78.5+5.4 ng/mg of tissue. According to XTT assay results, no cytotoxicity
of the decellularized scaffold against MSCs was found. Biopsy specimens of the rats with implanted decellularized dental pulp were
characterized by no signs of inflammation.

Conclusions: The study results will enable to create a biomaterial that can be the base of a tissue-engineered structure of the dental
pulp and be used for the regeneration of the pulp-dentin complex.

Keywords: dental pulp regeneration, decellularized dental pulp, dentin-pulp complex regeneration, regenerative endodontics, regen-
erative medicine, decellularization

Cite this article as: Melkonian KI, Rusinova TV, Zaporozhskaya-Abramova ES, et al. Comprehensive evaluation of decellularized
dental pulp as a new biomaterial for regeneration of the pulp-dentin complex. Innovative Medicine of Kuban. 2024;9(4):93—100.
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BBepeHune

[Tynbna 3y0a siBisieTcss COCTaBHOW YacThIO IYJIBIIO-
JNIEHTHHHOTO KOMIUIEKCA ¥ BEITIONHSCT BaKHBIC (DYHKIIAN
JUTS TIOJIEPYKAHUS LEIOCTHOCTH W KH3HECIIOCOOHOCTH
3y0a, B YacTHOCTH, OOECHEYMBAET UyBCTBUTEIHHOCTH
W mHuTaHue 3y0a, crocoOCTByeT 00pa30BaHUIO JIEHTHHA
B CIlydae TIOBPEXIEHHS, a TaKkoKe ABJISETCS IIaBHBIM HC-
TOYHHUKOM ME3EHXMMAJIbHBIX CTBOJIOBBIX KieTok (MCK),
Omaromaps KOTOPBIM W TIPOHMCXOIHUT pPEreHeparus TKa-
Heti [1-3]. Oxoio 48% mrozieid B MUpe UMEIOT SHI0IOHTH-
YeCKHe TaTOJIOTHH, OOJIbINAs YacTh KOTOPBIX TPUXOANTCS
Ha 3a0osieBaHusI MyJbITbI 3y0a. PacnpocTpaHeHHbIMU 3a-
OoJIeBaHUSAMU TIYJBITBI 3y0a SBISIFOTCS MYJIBIUT U HEKPO3
TyJIBIIBI, KOTOPBIE MOTYT OBITH BEI3BAHBI TPABMOI, KapHe-
coM 3y0a Wi ATpOTeHHBIMH NipuanHamu [2]. [Ipu Tpagm-
[IMOHHOM JICUCHUH JAaHHBIX 3200I€BaHUN OOBIYHO YIAIIS-
FOT IOBPEKICHHYIO ITYJIBITY M OCYIIECTBIISIOT 00Ty paIuio
KaHaJOB 3y0a CHHTETHYECKHIMH CTOMATOJOTMYECKUMU
Martepuanamu [4, 5]. JlaHHas MaHUTYJSIUS Y4acTo IPH-
BOJHT K TOTepe OOJBIIMHCTBA OMOMOTHYECKUX (DyHKINI
3y0a, KOTOPBIN BIIOCIIEJCTBUM CTAHOBHUTCSI BOCIIPHHMYH-
BBIM K WH(EKIMSIM U TMOBPEKICHUSIM H3-32 OTCYTCTBUS
pereHepanMoHHOTO MMOTEHIINAa, KOTOPBIH paHee odecre-
yuBasin MCK nynenel. HecMoTpst Ha OTCYTCTBUE KIMHU-
YEeCKOH CUMITTOMATUKH, BUTAILHOCTH 3y0a HE BOCCTaHAB-
nBaeTcs [6]. B ¢Bsi3u ¢ 3TUM HJIeT aKTUBHBIN TIOWCK aJTb-
TEPHATUBHBIX METOMIOB JICUCHUS 3a00JCBAHHM IyJBIIBI
Y pa3BUTHE PEreHEPaTHBHON YHIOAOHTHH.

PereneparuBHast >HIOMOHTHS MpPEACTaBIAET COOOM
OJIHY M3 CaMbIX CJIOKHBIX W TIEPEIOBBIX TEM B pereHe-
paTUBHON CTOMATOJIOTMH, LEJIbI0 KOTOPOHM sIBIsiEeTCA
BHEJIPEHUE AJITEPHATUBHBIX BapUaHTOB KIJIACCHUECKHUX
CTpaTeruii JIeUeHUs: 0OPaTUMBIX (POPM BOCIIATICHUS TYITb-
el [7—14]. HaubGonee mepCrieKTUBHBIM HarpaBICHUEM
SBISIETCS WCIOJNB30BaHNWE PA3IUYHOTO POJa TKAHEBBIX
KapkacoB. MieanbHbIi KapKac JIOJKeH ObITh OMOCOBMeE-
CTHMBIM, HEIUTOTOKCHYHBIM, OCTaBaThCS CTAOMIBHBIM
u oOecreynBaTh KJICTOYHYIO IMOJJICPIKKY, BaCKYISAPH-
3alUio, HE JIOJDKEH BBI3BIBATH BOCIAIHMTENBHYIO PEak-
nuo [9—15]. MHOroo0OemarmmuM SBiaseTcs UCIOJIb30Ba-
HUEe OMOJOTMYECKHX KapKacoB, COCTOSIIMX W3 BHEKJIE-
ToyHoro marpukca (BKM), momydeHHbIX B pe3yabrare
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nenerutronspu3anun Tkaneit [2—10]. BKM obecrieunBaet
HE TOJIBKO MEXaHUYECKYIO MOAJEPHKKY KIETOK, HO TAKXe
JeCTBYET KaK peryaupyomuid (pakTop BO MHOTHX OHO-
JIOTUYECKUX IpPOLECccax, TAKUX KaK BOCHAJIECHUE, AHTH-
OreHe3, peMojeIupoBaHue U pereHepauusd. Ha naHHbId
MOMEHT CYLIECTBYIOT UCCIIEJOBAHNUS, KOTOPBIE MTOCBSIIIE-
HBI pa3paboTKe Pa3TUYHBIX ITOJXOAOB K CO3JAHUIO Jie-
HEJUTIONSIPU3NPOBAHHBIX KapKacoB Mynbmsl 3yoa [11-13].
CaMbIMM pacIpOCTPAHEHHBIMU METOAAMHU JCLEIUIHONIS-
pU3amMy MYJIBIBEl SBIAIOTCS (DU3NYECKHE, XMMHUYECKHe
W JeTepreHTHo-3H3uMarndeckne. OgHako OHM TpeOyioT
JajbHEeNe ONTUMHU3aluU, TaK Kak MpHU HCIOJIb30Ba-
HUU «arpecCUBHON» AELEUIIOISIPU3ALUN TOTyYEHHBIN
Kapkac 007agaeT NIHUTOTOKCHYHOCTBIO H3-32 BBICOKOM
KOHILIEHTPALIMY OCTATOYHBIX PEAareHTOB, a MPU «MSITKOI»
JENeIUTIONAPU3aUN  HaOMOaeTcss WMMMYHHBIH  OTBET
HA aJU10- U KCEHOT'€HHbIE KOMIIOHEHTB! UIMILIAHTHUPYEMBIX
Marepuaios [16].

Uenb

Pa3paboTka meTepreHTHO-IH3UMATUYECKOTO MEeTofa
MOJIyYeHUS JELEIUTIONSPU3NPOBAHHOIO KapKaca IMyJbIIbl
3y0a M OIleHKa ero KauecTBa Il MCIIOB30BaHUS B pere-
HEpaTUBHOM SHJOJJOHTHH.

MaTepuanbi u meToabl

[Tymemia 3yba Obuta TMOTy4eHa IpY yAJICHHH TPETHHX
MOJIIPOB Y MAIIMEHTOB B Bo3pacte ot 14 mo 18 ner (n=37)
110 OPTOJIOHTHYECKNM TIOKa3aHUAM TIOCIIE TIONMyYeHUS WH-
(hOpPMHPOBAHHOTO COTNIACHS MAIMEHTa MIIH €T0 3aKOHHOTO
npencraButens. [locme ymanenns 3y0 mpoMbIBamu (oc-
(batHO-coIeBBIM Oyepom u mpocymmBany. /s coxpane-
HUSI CTPYKTYpPHOH IIETOCTHOCTH MyJIBITBI 3y0a SKCTHpIa-
LU0 TIPOBOAIMIIM IIyTEM pacKaJIbIBaHUS 3y0a, TIOCIIE TyIIb-
my 3y0a 3amopaxuBanu U xpanwii mpu —80 °C He Oonee
6 mec. Ha pucynke 1 npezacrasien qu3aiiH UCCIeIOBAHUS.

JleTepreHTHO-3H3UMAaTH4eCKas  JeNEeIUTIONAPU3ALIUSL
MIPOBOAMIACH C MTOMOIIBIO MTOIIArOBOM 00PaOOTKH ITyIb-
el 3y0a pacTBopamMH (PEPMEHTOB M JIETEPTE€HTOB B CO-
orHomrenun 1:10. OO6pasiel 0OpabaThiBald pacTBOPOM
Tpuncuna-Bepcena (buonoT, Poccus) mpu temnepary-
pe +37 °C nHa weiikepe-unky6arope Excella E24 (New
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Brunswick, Kanana) npu 150 o6oporax B MHH B Tede-
HUE 6 4, CO CMEHOM pacTBOPOB Yepe3 Kaxaple 2 9; To-
CJIEIOBATENIFHO JIBYKPaTHO BO3/EHCTBOBAIM Ha IIEHKepe
PSU-10i (Biosan, JlatBust) mpu 100 o6opoTax B MUH pac-
tBOopamu 1%-ro Tpurtona X-100 (Sigma-Aldrich, CIIIA)
B TeueHue 3 4 U 4%-M pacTBOPOM JI€30KCUXO0JIaTa HATPUs
(Sigma-Aldrich, CIIIA) B Teuenue 3 4. Jlamee oOpa3ibl
MPOMBIBAJI JTUCTUIUNIMPOBAHHOM BOIOM M oOpabaThiBa-
nu cBuHOM mankpearndeckoit JJHKazoi (Sigma-Aldrich,
CLUA) B Teuenue 4 4 nipu Temneparype +37 °C Ha mei-
kepe-unkyoarope Excella E24 (New Brunswick, Kanaza)
mpu 150 oboporax B MuH. OO1iee Bpems 06paboTkn 00-
Pas3LoB MyJIbIIbI COCTaBUIIO 22 Y.

OneHkKa COXPaHHOCTH THCTOJIOTHYECKON CTPYKTYPBI
MoCyIe JACTEIUTIONAPHU3AIINK IPOBOAMIIACH ITyTEM OKpAIIIH-
BaHMsI TeMaTOKCHIIMH-203WHOM HATHBHBIX W 00paboTaH-
HBIX 00pas3I0B MyJIbIIBI 3y0a.

KonmuuectseHHoe ompenenenue conepxanus JHK
B HAaTUBHOM OO0pa3Iie MYJBIEI 3y0a U B pa3paboTaHHOM
JELEUTIONIPU3UPOBAHHOM KapKace BBITOIHSIIM HA CIICK-
tpodoromerpe NanoDrop ND-1000 (Thermo Fisher
Scientific Inc., CIIIA) ¢ ucmoms3oBaHEEeM Habopa pea-
reatoB «DNeasy Blood & Tissue Kit» (Qiagen, l1IBerms)
10 MIPOTOKOJTY (PUPMBI-M3TOTOBUTEIIS.

Jii mpoBeneHHUsT TeCTa Ha IUTOTOKCUYHOCTH OBLIH
BoienieHsl MCK u3 mynbiiet 3y0a. i1t 3Toro n3mensaaii
HAaTUBHYIO IJIBITY, B3ATYIO U3 3y0a ¢ HEC(OPMHUPOBAHHOMN
anMKaIbHOM dYacTeio (n=2) m wmHKyOmpoBamu B 0,1%-Mm
pactBope kosutareHasbl [-ro tuna (STEMCELL, Kanana),
MOJTYYSHHYIO KIIETOYHYFO CYCIICH3HIO IIEHTPU(YTHPOBAIIH,
0CaJIOK PECyCIIEHIMPOBAIIN B TIOTHOH MUTATETHLHON cperie
(IITIC) m BBICEeBaNIM HA KJICTOYHBIC (akoHbI JlambHEl-
1ee KyJIbTUBUPOBAHUE KIETOK ocymecTBisiock B CO,-
nakybarope Galaxy 170S (New Brunswick, Kanana)
npu Temneparype 37 °C co cmenoit II1C kaxapie 3 qHsl.

UToOBI OLIEHUTh META0OIMUECKYIO U TposndepaTuB-
HYI0 aKTHBHOCTH KJIETOK B TPHCYTCTBHUH pa3paboTaH-
HOTO Kapkaca MyJbIbl in vitro ucnoib3oBaiu XTT-tect
(Biological Industries, M3paunib) — KOJIOPUMETPUICCKUI
METOJI C KICTIONTb30BaHueM coiu TeTpaszoiwst X 1T (2,3-6wmc-
(2-meTokcu-4-HUTpPO-5-cynbdodenmn)-2H-rerpazonmii-
5-kapOOKCaHMITH]T), KOTOpasi 00pa3yeT CTOHKO OKpalleH-
HBIH (hopMa3aH NMpH B3aMMOJICHCTBUH C IPOAYKTAMH Me-
tabonmu3ma neixarensHoi rern. MCK mynbIrer 3yda nHKyY-
OMpOBaAIM B TEYCHUE CYTOK C JIEICIUTIOISPU3UPOBAHHBIM
KapkacoM Mmyibnbl (10 TeIC. KIeTOK Ha JIyHKY). [lomoxu-
TeJbHBIM KOHTpoJsieM cinyxuia cycrnen3uss MCK mysbms
3y0a B IIIIC, orpuniatenbabpiM KOHTposieM ToJibko TITIC.
B sueiikn 96-myHOUHOTO MtaHieTa BHOCHIN 1o 100 Mk
HCCIIeyeMOU CYCTIeH3UH U J00aBsuii S0 MK peakiiu-
OHHOTO pacTBopa. MHKyOupoBamu B TeueHWe 4 4 TIpU
+37 ° B CO,-unkybarope Galaxy 170S (New Brunswick,
CILIA). M3mepeHnst MPOBOMIIHN C TOMOIIBI0 MHOTO(YHK-
MOHAJILHOTO MHKpOIUTaHIIeTHoOro puaepa FilterMax F5
(Molecular Devices, CIIIA) ra mune BoaHb! 450 HM.

Orenka xusHecrocooHoctn MCK mociie KynbTHBU-
poBaHus B TeueHue 48 4 B 6-JIyHOUYHOM IUIAHIIETE C Kap-
KacOM ITyJIBITBI 3y0a MPOBOAMIACH C TIOMOIIBIO OKpAITHBA-
Hus 1po6s! 0,4%-M TpunaHoBbIM cuHMM (Sigma Aldrich,
CIIIA) B cootnomennu 1:1. KoHTponeM cirykuia Kylb-
typa MCK B IIIIC, noacuer xonuyecTBa >KUBBIX U MEPT-
BBIX KIIETOK MpoBOIMIN B kKamepe [opsieBa (Munnmern,
Poccus). KonudecTBo XKMBBIX U MepTBBIX KJeToK (N)
B 1 My IIIIC nmoacuuteiBanu no hopmyine:

N=kxnx10%

IJe N — KOJIMYECTBO KUBBIX HIIU MEPTBBIX KJICTOK, TOJ-
CUMTAHHBIX B 25 00JbIINX KBaaparax; kK — ko3ddumment
pa3BeIcHHUS.

[IporeHT >XKHU3HECTIOCOOHOCTH KIIETOK PacCUUTHIBA-
JM KaK OTHOIIICHHE KOJIMYECTBA JKUBBIX KIETOK K 0OIIe-
My KOJTHYeCTBY KJeToK. [IponmdepaTnBHy0 aKTHBHOCTh
PACCUUTHIBATIHM KaK OTHOIIICHUE KOJUYECTBA JKUBBIX Kile-
TOK K HCXOIHOMY KOJIHYeCTBY KaeTok (1,0x10°).

Jl71s1 OLIEHKH MECTHOM TOKCHMYHOCTH Pa3paboTaHHOTO
JETCIUTIONAPU3UPOBAHHOTO KapKaca MPOBOIMIACH TOA-
KOYKHASI UMIUTAHTAITUS B MEKJIOMIATOUHOM 30HE KPBIC TO-
poxst Buctap (n=10) Bozpactom 6 mec., Mmaccoii 250£50 T
JKWUBOTHBIX pa3aeNviiy Ha KOHTPOJIBHYIO TPYIITY ¢ 00pas-
[IaMH HATUBHOM MYJBIIBI M Ha SKCTIEPUMEHTAIBHYIO C 00-
pasnamu JIeneuTIIIPU3UPOBAHHOM MyMbITbI 3y0a. Ha 7-¢
1 14-e CyT. moce MoaKOKHON UMIUTAHTAIIUU TTPOBOIIIIN
3a00p Marepuana ¢ MPUICKAIIMI TKAHIMH JIJIS UCCIIe-
JIOBaHUS TECTOMOP(OIOTHUCCKOW KapTHHEL. [ mcTonoru-
YECKHU aHaJIW3 BKJIIOYAT B ceOs PYTHHHOE OKpaIliBa-
HUE reMaTOKCUJINH-303UHOM. MccnenoBanue mpoBOIuIn
Ha HECKOJIBKHUX Cpe3ax C MCIHOJIb30BAHUEM MHKPOCKOIA
Olympus CX41 (Olympus, Snonust), n3odpaxkenus o00-
pabaTbIBagM C TOMOIIBIO0 MPOrPAMMHOTO O0OeCHeUeHHs
Olympus cellSens Entry (Olympus, Snonus).

Onpepenenue
LUTOTOKCUYHOCTH
marepuana
(n=5)

Ouenka Konuyectsa IHK
B nynbne 3y6a
n=>5

OueHka
TUCTOAPXUTEKTOHWKN
nynbnbl 3y6a
(n=5)

HatugHasa
nynbna 3y6a
(n=20)

HatugHaa
nynbnasyba |-
(n=22)

Jleuennionapuauua
nynbMbl 3y6a
(n=20)

ﬂOAKO)KHaﬂ UMnIaHTauua
Kpbicam nopogp! Bucrap
(n=5)

Y

[cTonornyeckuit aHanms
3KCNNAHTMPOBaHHOro
Mmarepuana

Pucynox 1. Juzaiin uccnedosarus
Figure 1. Study design
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Bce MaHWUTYNSIIMM COOTBETCTBOBAIN TPEOOBaHHSIM
npuka3za Munszgpasa Poccun ot 23.08.2010 . Ne708u
«O6 ytBepxkaenun llpaBun mabopaTtopHON TPaKTHKH»
n @enepanbHoro 3akoHa P® «O 3amure >XKUBOTHBIX
OT ’kecTokoro odpamenns» ot 01.12.1999 .

CraTtucTudeckyo 00padOTKy MONTYYEHHBIX pe3ysbTa-
TOB MIPOBOAWJIM C MOMOIIBIO porpamm Microsoft Excel
2016 u GraphPad Prism 6.04. JlanHble mpeacTaBisuind
B BHuIe M=S, rme M — cpennee apudmerudeckoe, S —
CTaHJAPTHOE OTKJIOHEHHUE. Pa3nnuus cuutany 3Ha4UMBbI-
mu 1pu p < 0,05 no xpurepuro MaHHa-YUTHHU.

PesynbTtatbl

[Iporiecc co3manmst Kapkaca IMyJIbITbI 3y0a BKITIOYAI JBa
srana. Ha mepBoM 3Tame mpous3BOAMIICS PAcKod TPETHUX
MoJsIpoB 0Oe3 Kaprueca M C Pa3IMgHONW CTETeHBIO KapHo3-
HOTO TIOBPEXICHHS U 3200p HaTUBHOMW IMyIbIel. U3 50 3y-
60B ObuTO TOMydeHO TONbKO 40 0Opa3IOB, MOIXOMAIINX
UL TATTbHEHIIel 00paboTKH, B 3y0ax ¢ CHIILHBIM KapHecoM
mynba ObTa THOWHON WM HaOIIOAAIOCh HeoOpaTumoe
BOCIaJICHHE ITYITBITHI 3y0a. B xoz1e ncciemoBanms ObUTO BBI-
SIBIICHO, YTO JUIsl TIOTYYEHHUsI KapKaca ITyJIbIIbl 3y0a MOXKHO

WCTIONB30BaTh TPEThU MOISIPBI, ITOABEpIIIMecs crabomy
KapHO3HOMY MOBpexIeHu0. CIeayronmM I1aroM MpoBo-
JMJTN JIETEPTEHTHO-IH3UMATHUECKYIO JELEIITIONApU3aLHIo,
B XOJ€ KOTOpOH OBUIM MOMy4eHbI KapKachl ITyIIBIIBI 3y0a,
TIpH 3TOM crienmduaeckas Gopma coxpansack (puc. 2).

['mcronmormueckast oneHKa TMOCie JAeTepreHTHO-3H3HU-
MaTu4eckoll 00padOTKHU IyJbIBI 3y0a IMoKas3ajla OTCYT-
CTBME SIEPHOTO Marepuaya, NMpH 3TOM THCTOapXHUTEK-
TOHHUKA IyJbNbI 3y0a 3HAYUTENFHO Hapyllajach, HO €€
TKaHecTenupuueckas CTpyKTypa CoXpansiack (puc. 3).

Kommuectso JIHK B HaTHBHBIX 00pa3iax myses! 3y0a
coctaBmio 78,5+5,4 ur/mr Tkanw, cofepxkanne [JHK B nc-
CllelyeMbIX 00pa3nax JIeleuToIsipU3UPOBaHHOTO KapKa-
ca myJabIbl cocTaBmiio 22,7942, 1 ur/mr Tranu (p<0,05 mo
OTHOIICHUIO K HATHMBHBIM OOpasiiaM), YTO COOTBETCTBO-
BaJIO TPeOOBAHMUAM K Ka4eCTBY UMIIJIAHTHPYEMBIX OHOIIO-
FHYECKHUX MaTepHalloB B OTHoIIeHUH KonnuecTtBa JJHK —
menee 50 Hr/mMr TKaHH, 1o gaHHBIM P.M. Crapo n coaBT.
(2011) [17].

l'uctonornueckuii ananus oOpas3IoOB TKaHEH Mocie
MOJKOKHON MMIJIaHTAllMM HaTUBHOM MyJIbIBI U JIELeN-
JOJIIPU3NPOBAHHOTO KapKaca MoKa3aj, 4To B o0pa3max

Pucynox 2. Dmanvt coz0anus 0eyerniorapuzuposanino2o Kkapkaca nyionsl 3yoa. A — necgpopmuposanuwiii mpemuti moaap, b —
pacnun mpemve2o monapa,; B — namuenas nyisna mpemuve2o monspa; I — nyivna nocie 0emepeeHmHo-3H3UMaAmMu4eckoll oe-

yennonAapusayuu

Figure 2. Making of a decellularized dental pulp scaffold: A, unformed third molar, B, third molar cutting; C, native pulp of the

third molar; D, pulp after detergent-enzymatic decellularization

Pucynox 3. Tucmonoeuueckaa cmpykmypa nynvnuvl 3y6a. A — namugnbvlii obpasey, cmpenkamu yKa3auvl KiemouHvle a0pa;
b — nynona 3yba nocne demepeenmuo-snzumamuieckoli deyennoasapuzayuu. OKpacka 2emamokcunun-303unom. ¥Ys. x200
Figure 3. Histological structure of the dental pulp: A, native specimen, arrows indicate cell nuclei,; B, dental pulp after detergent-
enzymatic decellularization. Hematoxylin-eosin, magnification %200
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5.

AT ol el .

Pucynok 4. Pezynbmamvl nOOKONICHOU UMNJIAHMAYUYU HA 7-e cym.. A — dSKCnaanmayus HamugHou nyavnel;, b — sxenranmayus
oeyennonspusuposantoll nyavnol, B, I'— cucmonocuyueckas KapmuHna dKCRIAGHMUPOBAHHBIX 00PA3Y08 HAMUBHOU U OeYeIoNs-
PUBUPOBAHHOUL NYIbIbL COOMEEMCMEEHHO, OKPAUUUBAHUE 2eMAMOKCUTUH-203UHOM, V8. %200

Figure 4. Subcutaneous implantation results on day 7: A, native pulp explantation; B, decellularized pulp explantation; C-D, histologi-
cal pattern of explanted samples of the native and decellularized pulp, respectively. Hematoxylin-eosin, magnification *x200

C HaTUBHOW NyJbIOW Ha 7-€ CyT. NPUCYTCTBOBAJHU 3a-
METHBIE TIPU3HAKA BOCIATUTENHFHOW WHQWIBTPALNU
B MECTE NMPUISKAIMX TKAaHEH 1 UHKAIMCYIALUNA MaTepU-
aja, B YaCTHOCTH, 00pa3oBaHUE dKCCylaTa BOKPYT HM-
IUTaHTUPOBaHHOTO Matepuaia (puc. 4 A, B). buonrars
KpBIC, TIOJYYUBIINX B KaUeCTBE MMILIAHTATA JCICILTIO-
JAPU3NPOBAHHYIO MYNbITY 3y0a, XapaKTepHU30BaJIHCh OT-
CYTCTBHEM IPU3HAKOB BOCIIAJICHUS W MHTpanned Kie-
TOK B HMIUTAaHTHPOBAHHBIN Kapkac (puc. 4 b, I).

Ha 14-¢ cyT. B 00pa3siax ¢ HaTHBHOW MYJIBITOH THCTOJIO-
IMYeCcKash KapTHHA XapaKTepu3oBajlach Ciabod BOCIIAIIH-
TEIbHOMN peakieil. AHain3 OUONTATOB C JICLCIUTFOIISIPU3H-
POBAHHOM ITYJIBITON TIOKA3aJT IOCTATOYHYIO HHTETPALHIO 00-
Pa3IoB B OKPYXKAIOIINE TKAHA U OTCYTCTBHE BOCIIATUTEIh-
HOU peakuuu. Takum 00pazoM, MOPHOIOTUISCKUI aHATN3
TIOTyYEeHHBIX JIAHHBIX TIOATBEP/IHI OE30ITaCHOCTh M OMOCOB-
MECTHUMOCTb pa3pabOTaHHOTO KapKaca ITyJIbIIbI 3y0a.

Ilo pesynsraram XTT-recra, 3HA4YEHUS KOTOPOIO
MIPE/ICTABIIEHBl HA PUCYHKE 5, ACHEIUTIONAPU3NPOBAHHBIN
Kapkac He TMPOSBII IMUTOTOKCHYHOCTH 110 OTHOIICHHUIO

A6cop6uua XTT peareHTa npu AnnHe BOAHbI 450 HM

KontponbHas
cpepa

KoHTponbHbie
MCK

MCK + kapkac
nynbnbl

Pucynox 5. Pezynbmamoi Konopumempuiecko2o memood ¢ uc-
nonvzosanuem conu mempaszonusi XTT. MCK — mezenxumans-
Hble cmeonosvle kiemku, * — p<0,05

Figure 5. Results of the colorimetric method using tetrazolium
salt XTT. MCK, mesenchymal stem cells; *, P<.05
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k MCK. TIpu stom MCK 1mipu COBMECTHOM KYJIETHBHPO-
BaHUM C KapKacoOM IyJbIBI 3y0a MPOAEMOHCTPHUPOBAIU
3HaYMMO Ooliee BbicOkue 3HaueHust X TT-TecTa, yeM KOH-
TponbHbIe 00pasips! (p<0,05), YTO MOXKET KOCBEHHO CBH-
JIETETTHCTBOBATH O TIOJIOKUTEITHHOM BIIMSTHUH JICTICIITEONS-
PHU3UPOBAHHOTO KapKaca Ha METa0OINIECKYIO aKTUBHOCTh
KJIETOK.

Orenka sxusHecrnocoonoct MCK mocite 48 1 xyiib-
THBHUPOBAHUS ¢ KAPKACOM ITyJIBITHI ITOKa3aja, 9To B 1 mi
uccleyeMol cycrieH3nu Obuto 82+3% KHMBBIX KIETOK,
TOTJa KaK B KOHTPOJIIHOM o0pasie 0buto 78+3% KHUBBIX
kieTok B 1 mit. B xone ananu3a nposudepaTuBHON aKTHB-
HOCTH KJICTOK MHJIEKC Iponudepannu UCCIeayeMoro 00-
pasna coctapisut 1,91, a uaAeKe nmponudepaiui KOHTPO-
151 — 0,86. Taknum 00pa3oM MOYKHO CAEIATh BBIBOA O TOM,
9TO pa3paboTaHHBI MaTrepHai CIOCOOCTBOBAII JTydIIei
nponuQepaTuBHON aKTUBHOCTH IO CPABHEHHIO C KOH-
TPOJBHBIM 00pPa3IoM, a TaKke He 0071a1ain MUTOTOKCHY-
HOCTbhIO. [lomyyeHHbIe JaHHbBIE MOKa3ald, YTO pa3pado-
TaHHBIA KapKac MYJbITEI SIBISETCS 0e30MMacHBIM IS 1ajTh-
HeHIIe UMIUIaHTaLUH.

O6cyxpeHune

Metoauka pereHepaTUBHOW SHJIOAOHTUHU, KOTOpast
B MHUPOBOH JHTEpaType UMEHYETCS KaK «PEBACKYJISPH-
3alMsD) WIM «PEBUTANMU3ALMS IMYJIbIbl, OCHOBBIBACTCS
Ha TPUHIUIIAX TKAHEBON WH)KCHEPUH W OIPEACIICTCS
KaK KOMITJIEKC OMOJOTHMYECKUX MEpOIpPHATHH, HaIrpaB-
JICHHBIX HA 3aMEIICHUE MyIbIO-ICHTHHHOTO KOMILIEKCa
TKaHbIO, MPEANOUYTUTEIBHO UMEIOLICH CXOIHOE MpPOMC-
XOKIeHUE, KoTopas obecreunBaia Obl JambHEHIINHA Qu-
3HOJIOTHYECKHUI pOCT KOPHS U (DYHKITHOHUPOBaHUE 3y0a.
OpHako HEZaBHO OIMyONMKOBAaHHBIA CHCTEMAaTHUECKUI
0030p ¥ MeTaaHaJIN3 IMOKa3aJH, YTO NMEIOIIHeCs Ha JJaH-
HBII MOMEHT Pe3y/bTaThl HE MOTYT 1aTh OKOHYATEIbHBIX
BBIBOZIOB 00 YCIEIIHOCTH U TPEICKa3yeMOCTH 3TOTO Me-
tona [18]. OnHa U3 MpUYKH, TO-BUAMMOMY, 3aKIIF0YASTCS
B TOM, YTO COBPEMEHHBIC METO/IBI HE BCETIa COOTBETCTBY-
IOT KPUTEPHSIM «30JI0TOTO CTaHIapTay OMOWMHKEHEPUH —
KOMITIEKCA ITyIbIIa-IeHTHH, IPUYEM OTHUM H3 PEIIaio-
mMx (aKTOPOB SBJISETCS BBHIOOD MOIXOISIIETO0 Kapkaca
JUTS YCTIITHOW pereHeparuy Tkanei. Pa3paboTka nenen-
JOJIIPU30BaHHOTO KapKaca C TOJIHOW dJIMMUHAIMEN J10-
HOPCKHX KJICTOK U aHTUTCHOB MIPH COXPAHCHUU CTPYKTY-
pet BKM MoskeT cTaTh OTIHYHOM 11atdopMoii s pere-
Hepanuu Tkanei [10]. Tak, L. Hu u coast. (2017) mpo-
BEIU Psil DKCIIEPUMEHTOB, KOTOPHIC ITOKA3alld, YTO Jie-
LEJUTIONSPU3UPOBAHHYIO YNy 3y0a CBHHBU MOYHO
WCTONB30BaTh B KadecTBE KCEHOTEHHOTO OnoKapkaca
JUISL pereHepanuu myibenbl 3y0da yenoBeka. Mccnenosa-
TETH TS ACTeIUTIONIPU3AIliN UCIToNIb30Banu 1%-it pac-
TBOp goxenmicyinbdara Hatpus (SDS) B Teuenue 24 4 u
1%-i1 pactBop Tputon X-100 B Teuenue 24 4. OmgHaKo
Takoi MeTo]] 00pabOTKH MyJBITBI 3y0a HETAaTHBHO BIIHSIET
HAa TUCTOAPXUTEKTOHHUKY M CTPYKTYPYy KapKaca IyJIbIIbl
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3y0a, 4To OyIeT OTpUIATEIbHO CKa3bIBAThCS Ha JalIbHEH-
el uMITanTanuu 1 perenepannu [2]. [LH. Kim u coast.
(2021) pa3paboTanu METOAMKY JJIS JICTCIUTIONSAPU3AIIAN
MyJbIbl 3y0a YenoBeKa, ITaBHOM OCOOEHHOCTHIO KOTO-
po#t OvITO0 TIpoMBIBaHWE 00pa3ioB 10%-i >THIICHIHA-
MUHTETPAYKCYCHOM KHCIOTOM MOCIE Ka)KAO0T0 IHKIa 00-
pabotku pactBopoM SDS u 1%-m Tpuron X-100. B xozme
paboTHI UccaeIoBaTeIl He 0OHAPYKUIM UMMYHOTCHHON
peaxkuy Ipy TPaHCIJIAHTALMH TAaKOro MaTepHhaia, Tak
KaK IpH UL pU3alii ObUIN yAaJIeHbl KJISTOYHbIE
komnoHeHTsl U konuyectBo [JJHK e npesbsimano 50 Hr
Ha 1 mr cyxoro Beca [15]. OnHako IIaBHBIM HEJOCTAaT-
KOM paHHee IMPOBEICHHBIX HCCIIEAOBaHUN B 00JacTH Je-
HEJUTIONAPU3aIAN TKaHEeH NIl KapKacoB SIBIISIETCS IMPH-
MEHEHHE arpeCCUBHBIX JAETEPreHToB, B yacTHOCTH SDS,
KOTOpBIE MOTYT OCTaBaThcs B pa3padaTbiBaeMOM KapKace
B BUJI€ IOTEHIIUAIBHBIX TOKCUHOB [19]. B pe3ynbrare Ha-
IIETO MCCIIE0BaHUsS ObLT pa3paboTaH M MPOTECTHPOBAH
aNTOPUTM OOpPabOTKH MyJbIBI, OCHOBAHHBIM Ha IOIIa-
TOBOM BO3/ICHCTBHH (pEepMEHTAMH H JIeTepreHTamMu (pac-
TBOpHl Tpuncun-Bepcena, 1%-it Tputon X-100, 4%-it
Jie30Kcuxonar HaTpus W maHkpearmdeckas [IHKasza),
B XOJIe KOTOPOTo OBUI IMOJy4YeH OM0o0e30macHbIil MaTe-
puain s pereHepanny mylbno-IeHTHHHOTO KOMITIEKCa,
oOmamaromnii HEOOXOOMMBIMUA CBOMCTBAMHU JUIA JaJIb-
HelIero NpUMeHeHHs B Ka4eCTBE XUPYPruuecKoro M-
TUTaHTaTa.

Taxum 06pazom, Ha CETOMHSIIHUN IEHb HE CYLIECTBY-
eT KapKaca IMyJIbIbl 3y0a, KOTOPBIA OBl MOJHOCTHIO BOC-
MIPOM3BOAMI MUKPOOKPYKEHHUE MYJIbIIBI 3y0a, HHAYIHPYS
npsaMyto u(pGepeHInpoOBKy CTBOJOBBIX KIETOK. Tem
HE MEHEE HCIOJb30BaHUE IEICIUTIONIPU30BAHHBIX Kap-
KacoB SIBIAETCS TEPCIEKTHBHBIM HarpasieHnem. buno-
MaTepual Ha OCHOBE JAELEUTIOSIPU3UPOBAHHON MyJIbIIbI
3y0a MO3BOJIUT MPEOAONIETh TPYIHOCTH B DHIOAOHTHYE-
CKOH pereHepaTMBHOHN MpaKTHKEe, TOCKOIBKY Kapkac Oy-
JIeT HE TOJBKO MOKPBIBATh OTKPBITHIE YYACTKH ITYINIBIIBL,
HO W WMETh TKaHECHeNH(UYHYIO CTPYKTYpY, KOTOpas
CMOXXET 00€CIeUnTh NPOTU(EPaIHIO KIETOK H JUTHTEIb-
HOE TIOA/IepKaHNe BUTAIBHOCTH ITyJIBIIBI 3y0a.

3aknovyeHne

B pesynbrare npoBeeHHBIX UCCIIeI0BaHMH OblIa J10-
KazaHa OMOCOBMECTHMOCTb pa3paboTaHHOTO Onomare-
puana. PesymbTarhl JeTepreHTHO-IH3MMAaTHUECKOH 00-
paboTKKM TynbIbl 3y0a MOKa3adu OTCYTCTBUE SIEPHOTO
Marepuaa, IIpu 3TOM THCTOAPXUTEKTOHUKA ITyJIBITEI 3y0a
Hapymanach He3HaunTenbHo. Comepkanue [JHK B mc-
clleryeMoM 00pasIie JIeTeUTIONIPU3NPOBAHHOTO KapKaca
COOTBETCTBOBAJIO TPEOOBAHMAM K KAau€CTBY HMILIAHTH-
pyeMBIX OMONOTHYEeCKHX MarepuanoB. [lomydeHHsle pe-
3yNbTaThl [I03BOJIAT B JaJIbHEHIIEM pa3padoTaTh Onoma-
TepHaJl, KOTOPbII NOCIYKUT OCHOBON TKAaHEHHKECHEPHOU
KOHCTPYKIIMH ITYJIBITBI 3y0a W MOXKET OBITh MCITOJIh30BaH
JUIsl pereHepalyy MyJabo-1eHTHHHOTO KOMIUIEKCa.
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Ponb peKOHCTPYKLUN HNXKHEro BeKa B MNOJIHOL,eHHON
PyHKUMOHaNbHOM peabunutayum
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Pezome

Hean: [leMoHCTpays KIMHUYECKOTO ClTydasi PEKOHCTPYKIUH TOJIHOCIOWHOTO Ae(heKTa HUKHETO BeKa.

Koannnyeckwuii coyuaii: IMamuenr 5., 71 roa, mysxckoro nosna, 6bu1 rocrimtanuzuposas B 'BY3 « HUM — KKB Ne 1 um. ipo¢. C.B. Oua-
nosckoro» Munszapasa Kpacnonapckoro kpast ¢ auarao3oM: C-r KoKu JaTepalibHOro yria jesoro riasa, TINOMO I st., IT k. Tp.

U3 anamHe3a: HOBOOOpa3oBaHUE OOHAPYKEHO CAMOCTOSTEIBHO 5 JIeT Ha3a. BINOIHEHO NPHKU3HEHHOE THCTOIOTHYECKOE HCCIIe0-
BaHME, BbIsBIICHA 0a3aJIbHOKIIETOYHAs MUKPOHOYJISIpHASE KAPIIMHOMA.

INocre oOLIEKITMHNYECKOT0 1000CcIe10BaHNs ObUIO MIPOBEIEHO ONEPATHBHOE BMEILIATEILCTBO B 00BbEME ylaleHHss HOBOOOpa30BaHUS
KOKM HM)KHETO BEKa U JIaTepabHOW CIAiiKH 11a3a ¢ peKOHCTPYKIMEH Ae()eKTa JJIOCKYTOM JIaTepaIbHOTO MOANIA3HUYHOTO KUPOBOTO
MaKeTa, a TAKKe MECTHBIMHM TKaHSIMH M CBOOOIHBIM XPSILEBBIM ayTOTpaHCIUIaHTaToM. KoH(purypamus MArkux TKaHedl Beka BOC-
CTaHOBJICHA, OTEKOB MATKHMX TKaHEel He HaOmonanock. @yHKIMOHAIBHOE COCTOSHUE CIIE3HOTO anlapara jia3a COXpaHeHO B IOJIHOM
o0beMe. DCcTeTHKa MSITKHX TKaHeH peadrIIuTHPOBaHa.

3akJil0ueHne: PeKOHCTPYKIUS B TAKOH SCTETUYECKN 3HAUMMON 30He, KaK CpeiHssl TPETh JIUIIA, COIIPsKEHa ¢ 0COOBIMU TpeOOBaHMsA-
MH K (POPMHPOBAHHUIO U TIO3UIIMOHHPOBAHUIO TpaHcIuianTara. [l{aasias, pyHKIHOHATIbHO 000CHOBaHHAS METOIMKA BOCCTAHOBIICHHUS
rapamMeTpOB Tap3aJbHOU IIACTUHKH, KOHBIOHKTHBAJIBLHOW MOJIOCTH, a TAKKE KOKH HHIKHETO BEKa rapaHTUPYET MOJTHOLICHHYIO peadu-
JIMTALMIO TTALEHTOB, YTO COBEPLICHHO OYEBUIHO OTPAXKACTCS HA IOBBIIICHUH Ka4eCTBA UX JKU3HH.

Kniouesvie cnosa: peKOHCTPYKINS HIDKHETO BeKa, 0a3annomMa BeKa, )KUPOBOU ayTOTPAHCIUIAHTAT, ITOBBIIIEHHE Ka4eCTBA )KU3HU
Lumuposamy: 3a0ynsu [ A., MaptupocsiH A.A., bapeimes A.I, [TopxanoB B.A. Poib pekOHCTPYKIIMM HIKHETO BeKa B TIOJTHOIICH-
HOM (QYHKIMOHANIBHO# peabunuratyu. HuHosayuonnas meouyura Kyoanu. 2024;9(4):101-105. https://doi.org/10.35401/2541-9897-
2024-9-4-101-105

Role of Lower Eyelid Reconstruction in Complete Functional
Rehabilitation
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Abstract

Objective: To present a case of reconstruction of a full-thickness lower eyelid defect.

Case report: Male patient Y. aged 71 years was admitted to the Scientific Research Institute — Ochapovsky Regional Clinical Hospital
No. 1 (Krasnodar, Russian Federation) with the diagnosis: cancer of skin of the lateral canthus of the left eye, TINOMO, stage I, clini-
cal group II. According to the medical history, the neoplasm was self-detected 5 years ago. Histology findings revealed micronodular
basal cell carcinoma.

After a general clinical examination, the patient underwent surgery to remove the neoplasm of the lower eyelid skin and lateral can-
thus and reconstruct the defect using a lateral infraorbital fat pad flap, local tissues, and a free autologous cartilage graft. The configu-
ration of the soft tissues of the eyelid was restored. Soft tissue edema was not observed. The functional state of the lacrimal apparatus
was fully preserved. The esthetics of the soft tissue was rehabilitated.
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Conclusions: Reconstruction in such esthetically significant area as the middle third of the face is associated with special require-
ments for graft formation and positioning. A gentle and functionally justified method for restoring the parameters of the tarsal plate,
conjunctival sac, and lower eyelid skin ensures complete rehabilitation of patients and improves their quality of life.

Keywords: lower eyelid reconstruction, basal cell carcinoma, autologous fat graft, quality of life improvement

Cite this article as: Zabunyan GA, Martirosyan AA, Baryshev AG, Porhanov VA. Role of lower eyelid reconstruction in complete
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BBepeHune

370KaueCTBEHHbIE OIMyXOMH KOXKH COCTaBIISIOT OKOJIO
1/3 Bcex BHOBB BBISIBIICHHBIX 3IOKaY€CTBEHHBIX HOBOOOpa-
30BaHMi "enoBeka. B cBoto ouepenp, 6a3aTIbHOKICTOIHBIIN
pak sBisieTcss HauOoJiee pacIpOCTpaHEeHHOH MOpQOIoTH-
YecKkoi (hopMOi HOBOOOPa30BaHUT KOXKH BEK M COCTABIISIET
91,14% ot obmero uucna [1]. IlonmHocnoitHeie AedeKTbI
HIDKHETO BeKa, TPeOyIoIne OJHOMOMEHTHOM PEeKOHCTPYK-
IIMM, 3aHUMAIOT ¥4 OT OOIIEro Yucia B CTPYKTYypE OCIIOXK-
HEHUI XUPYPTrHYECKOr0 JIUSHHUsI OHKOJIOTHIECKHX 3a001e-
BaHMH ko Juna [2]. Kak mpaBmiio, cyOTOTa bHBIC ITOpa-
YKCHUsI BOBJIEKAIOT JIaTepasIbHbIA WIIH K€ MEANATIbHbIM KaHT
asza, HE OCTACTCs JMIICHHBIM HHBAa3UM U KOHBIOHKTH-
BaJIbHBIN MEIIOK, YTO B COBOKYITHOCTH TpeOyeT BHEIPEHNUS
B KJIIMHUYECKYTO MPAKTHKY HOBBIX TTOJIXOZ0B K PEKOHCTPYK-
UM JTaHHBIX JedexToB. Puznomorndeckas IesTeNbHOCTh
CIIE3HOTO armapara Iiia3a IpeayCMaTpuBaeT COXpaHEHHE
HENIOCTHOCTHU CITM3UCTON 000JIOUKH KOHBIOHKTHBEI [3].

Kak cremyer n3 KIMHUYECKUX HAOMIONEHUN, HU OJUH
13 CIOCOOOB BOCCTaHOBJIEHHUS JIJAHHOTO YdYacTKa IpHIa-
TOYHOTO arapara 1j1a3a He IpUBOANT K LIEIOCTHOH peadu-
JITAIN THCTOJIOTHYECKOTO COCTaBa KOHBIOHKTUBAIBHON
BBICTHJIKH M, 00Jiee TOTO, He TapaHTUpPYyeT MperyIpexkie-
HUE BO3HWMKHOBEHHUS HEMPUATHBIX CYOBEKTHBHBIX OIILY-
LICHUH y MAIUeHTOB. DTO OOBSICHSAETCS TEM, YTO Cpeau
MHOKE€CTBA METOJIOB, UCTIOIB3YEMBIX JJISI PEKOHCTPYKIIUU
TIOJTHOCTIONHOTO JedpekTa BeKa, HENb3d BBLICIUTH TOT,
TP KOTOPOM BHYTPEHHSS TOBEPXHOCTH HCIIOIB3YEMOTO
TpaHCIDIaHTaTa IMUTHPOBaJia ObI MEXaHUYECKHE CBOMCTBA
CIM3UCTON 000JI0YKH KOHBIOHKTHBAILHOTO MEIIKA.

Kpome TOro, M3BecTHO, YTO CBOOOAHBIC M YK TEM
OoJsiee peBacCKyJIIpU30BaHHbIE KOJKHBIE JIOCKYTHI, COMEp-
JKaIllie MPUIATOYHBIC CTPYKTYPHI — CallbHBIC, MOTOBBIC
JKETIe3bl, a TAKKe BOJIOCSHBIE (DOJUTHKYIIBI, HMEIOT TEH-
JICHIIMIO K OTCPOYEHHOU Mposudepanny CBOUX BCIIOMO-
raTelilbHBIX AJIeMeHTOB. Hepenko naHHas mpoOiema pea-
JU3yeTcs B ele OobineM JuckoMdopTe Ui NanueHTa,
YTO 3HAUUTENFHO CHIDKACT KAYeCTBO JAAHHOTO IOIXOIa
K PEKOHCTPYKIIMH U CTaBUT BOTIPOC O LIEIeCO00pa3HOCTH
WCTIOJIB30BAHUS KOXKHBIX JIOCKYTOB JUISI BOCCTAHOBJICHUS
BHYTpEHHEH MOBEPXHOCTH BEKa, HEMOCPEACTBEHHO IPH-
JIeKaIeH K rasHoMy SIOJIOKY.

Takum 00pazoM, pazpaboTKa COBPEMEHHBIX MTOJXOI0B
K BOCIIOJIHEHHIO YTPaueHHBIX TKaHeH B xone Omedapo-
wIacTuk| [4, 5] v TedeHne OCHOBHOTO OHKOJIOTHYECKOTO
3a00JIeBaHUS SBISIOTCS BCEOOBEMITIOIIUMHE TIPOOIIeMaMH
1 TpeOyIOT OJHOBPEMEHHOTO BOBJIEYEHHS B IPOLIECC pe-
adUIUTAllMK CIELMATINCTOB U3 CMEXHBIX CIEeHUaTbHO-
CTeil, BIaCIoNUX TEXHUKAMU TIIACTHUECKOM XUPYPIHH.
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KnuHnyecknin npumep

Hayuenm A., 71 200, 6pi1 rociuranusuposad B [BY3
«HUU — KKb Ne 1» um. mpodp. C.B. Ouamnosckoro» Munu-
crepcTBa 3apaBooxpanenns KpacHomapckoro kpast (HUM —
KKB Ne 1) ¢ quarHo3om: C-r KOXKU JIaTepabHOTO yIvia Jie-
Boro miaza, TINOMO I st., IT k. rp. JKano6sr npu mocry-
IUICHUU Ha HATM4Ke HOBOOOPA30BAHUS KOXKH HIDKHETO BEKa.

AnamMHe3 6051e3HH: HOBOOOPA30BaHHUE MOSBUIIOCH OKO-
JI0 5 JeT Hazaj, OHAKO IMAIMeHTa He OECHOKOMJIO M T10-
CTEINEHHO YBEJIIMYMBAJIOCH B pa3mepax. 1 om Hazax ObLT TO-
CIIUTATM3UPOBAH B OT/IeJIeHNe 0(TaTbMOJIOTHH, TJIE TI0 pe-
3yNbTaTaM TUCTOJOTUYECKOTO MCCIIEIOBaHMs ObLIa BBISIB-
JICHA MUKPOHOYJISIpHAst 0a3aIbHOKJIETOYHAs KapIHHOMA.
Iocre yero marueHT ObII TOCTUTANIN3UPOBAH B OT/EIICHNE
omyxoneit ronossl U men HUM — KKB Ne 1 ¢ nenbto npo-
BEJICHHS XUPYPIHIECKOTO JICUSHNSI.

AHaMHE3 OKW3HH: aJUIeproJIOTHUECKHi aHaMHe3
HE OTSATOILIEH, MEePEIUBaHUs KOMIIOHEHTOB KPOBH, 3IIH-
JIeMUOJIOTHYECKUE 3a00JIeBaHusl, TYOepKyJie3, BUPYCHbIE
ramatutel, BUY, 3a0oneBanusi, nepeaaronmecs moJIoBsIM
myTeM, orpunaer. CeMelHblil aHAMHE3 HE OTSATOLIEH.

OusuKagbHAs TUATHOCTHKA: MIPH OCMOTpPE U TabIia-
UM OOHapyKMBAaeTCs HOBOOOpA30BaHHE KOXKH JIEBOTO
HIKHETO BEKa Ha IIMPOKOM OCHOBAHMHU, PACTIONOKEHHOE
B 001acTH JIaTepaibHOTO yIvia Ivas3a, ¢ MEJIKO3CPHUCTON
MOBEPXHOCTBIO, IJIOTHON KOHCHUCTEHIMH, MOABHKHOE
110 OTHOIIEHHIO K MOJICKAIINM MATKHM TKaHSIM, pa3Mme-
pom 1,5%2 cm. JImmoy3mbl men He MaTbIUpyIOTCS.

[IpenBapurenbublil quarHo3: C-r KOKU J1aT€pabHOTO
yrina nesoro rmasa, TINOMO, I st., IT k. rp.

Luacnocmuueckue npoyedypbi

[Iprmxn3HEeHHOE THCTOJIOTHYECKOE HCCIIEIOBAaHNE OTIe-
PanMOHHOTO MaTepuaa: MaTTePHbI MEJIKMUX THE3/] U TSDKer
0azamonaHO-TI(PEePeHITNPOBAHHBIX KIETOK M aICHOTCH-
HO JM((EepeHITMPOBAHHBIX THE3/, C TUIOTHBIM SIEPHBIM
XpOMAaTHHOM, C TITyOOKOW MH(MWIBTpAIlel 1epMbl, TIepH-
(hokampHOM BocTanuTeIbHON HHHIBTpanueit. HoBoobpa-
30BaHUE YJAJICHO B IIpefeliax 310pOBbIX TKaHed. MUKpo-
HOAYJIApHAS CMEIIaHHas 0a3albHOKJIETOYHAs KaplIHHOMA
yaajieHa B Ipejiesax 30POBbIX TKaHEH.

Knunnueckuit nuarnos: C44.3 — Pak koxu Apyrux
U HEyTOUHEHHBIX yacTed juma C-r KOXH JaTepajbHOrO
yria jieBoro riasa, pT1bNOMO, Ist, I1I k. p.

Juddepenimanbaas AMarHOCTHKA: TUIOCKOKIETOUHBIHN
pak. JloOpokauecTBeHHOE HOBOOOpa30BaHME KOKU BEKa.

MenuImHCKHE BMEIIaTeNbCTBA: HCCeIeHHEe HOBOOOpa-
30BaHUs KOXKM JIaTEPaIbHOIO yIJia I1a3a ¢ PEKOHCTPYKIIM-
el nedexra. [IprKH3HEHHOE TUCTOIOTHYECKOE HCCIIEeNO-
BaHHE OMEPALMOHHOIO MaTepHaa.
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OvHamuka n ucxopbl

VYuuTpiBasi BEPOSATHOCTh HAPYIICHUS ICTETHYCCKUX
[apaMeTpoB BeKa M (PyHKLHUOHAIBHOIO COCTOSHUS CIIE3-
HOTO ammapara Iasa B IOCJICONECPALHOHHOM IEpPHOLE,
OBbUIO MPUHATO PELICHHE O BHIMOJHEHUH PEKOHCTPYKLIMU
nedekTa ¢ UCTIONb30BaHUEM TPAHCIUIAHTATA JIaTePaTbHO-
TO MOJMIA3HIMYHOTO KHPOBOTO TTaKeTa, CBOOOIHOTO Xps-
IIETO ayTOTPAaHCIUIaHTaTa, JIOCKYTa KOYKH BEPXHETO BEeKa.

B npenonepanuoHHOM neproze Oblia IpoBeIeHA pa3-
METKa 110 KOHTYpaM HOBOOOPA30BaHUs M IpeAroarae-
MOH TMCCEKIMHU JIOCKYTa BEPXHETO BeKa.

WHTpaonepaiioHHO B CTEPUIIBHBIX YCIOBUSIX MO 00-
meit anecresueit ¢ BJI, mocie TpexkparHoil 00paboTKu
OTIEPAIMOHHOTO TOJISI PAaCTBOPOM HOMONMpOHa OBLIO HC-
CEeYEeHO HOBOOOPa30BaHUE HIKHETO BEKa B IIPEAeax 3/0-
POBBIX TKaHEH C OTCTYMJIEHHEM OT MAaKpPOCKOIMHMYECKUX
rpaHul; HoBooOpas3oBaHusi He Menee 0,5 cm. bwut 06e-
CIIeYeH TPAHCKOHBIOHKTHBAJIBHBIA JOCTYI K JIaTepajb-
HOMY TOJINIa3HUYHOMY XXHPOBOMY ITaKeTy, TepeMelieH
JIOCKYT JIATEPaIbHOTO MOATTIa3HUYHOTO )KHPOBOTO MAaKeTa

¥

Pucynox 1. Jlockym namepanvhoco uH@paopoumaibHo2o
JACUPOBOO NAKEMA HA NUMAIOWEM COCYOe
Figure 1. Lateral infraorbital fat pad flap on the supplying vessel

Pucynok 2. Mobunuzosanuwiii 10cKym aame-
PanbHO2O  UHDPAOPOUMATLHO2O HCUPOBO2O
naKema u KOM#CHulUl 10CKYM 8epXHe20 6eKd

Figure 2. Mobilized flap of the lateral infraor-
bital fat pad and a skin flap of the upper eyelid

Pucynox 3. Bud copmuposaroti
KOHBIOHKIMUBATLHOU NOTOCTIU
Figure 3. Formed conjunctival sac

Ha MUTAIOUIEM COCyIe K oOnacTu oO0pa3oBaBLIETOCs Jie-
(hexTa KOHBIOHKTUBBI HHYKHETO Beka (puc. 1).

Brina ocymectiieHa pukcanus J0CKyTa JaTepaabHoO-
IO TIOAMIa3HUYHOTO KUPOBOTO MAKeTa Ha MHUTAIOIIEM CO-
Cy/e K KpasiM KOHBbIOHKTHBBI HHYKHETO BEKa.

Jaee ObUT OCYIIIECTBIICH 3200p CBOOOIHOTO XpSIIe-
BOTO ayTOTPAHCILUIAHTATA JICBOH YIIHON PAaKOBUHBI, BbIJIC-
JICH KOXKHBIW JIOCKYT BEPXHEro BeKa B 001acTH M30BITKA
TKaHEH ¢ COXpaHEHHEM OCHOBAHMS JIOCKYTA WHTAKTHBIM
y JaTepanbHOTO Kpas m1asa (puc. 2).

KoxXHBII TOCKYT BepXHETo Beka ObUT TIepeMeIlieH B 00-
nacTh oOpa3oBaBmIierocs aedexTa HWKHEH Tap3ajbHOU
IUIACTHHKH, IIPOW3BEICHa (UKCALMs KOKHOTO JIOCKYTa
BEPXHET0 BeKa K KpasM KOXKHM HIDKHETO BeKa, TaKKe Ipo-
u3BeneHa (UKcalys CBOOOTHOTO XPSIIEBOrO ayTOTpaH-
CIIaHTaTa MEXIy KOXKHBIM JIOCKYTOM BEPXHEro BeKa
1 JKHPOBBIM JIOCKYTOM MH(paopOnTampHON 001acTH, BBI-
TTOJTHEH TeMOCTa3, Te(eKT KOXKH BEPXHETO BeKa ObIT yIITHT
HHTPaJAepPMaIbHBIM IIBOM (puc. 3).

MakponpenapaTbl: HOBOOOPa30BaHHE KOXKH HHKHETO
BeKa.

[IporHo3: OmaronpusATHEINA B OTHOLIEHNUH TTOBBIIIICHUS
KauecTBa KM3HM MalneHTa.

MHuenue nanuenTa: 60JIpHON OBUT YIOBIETBOPEH IPO-
BE/ICHHBIM JICUCHHEM, BBICKA3aJICS 00 ONTUMHCTHYHOM
HacTpoe Ha PeaOMIMTALMOHHBIA MEpHOI BBHIY COXpa-
HEHUSI ICTETHYECKHUX MapaMeTpOB BEKa U COXpPaHCHHS
(YHKIIMH CII€3HOTO anmapara miasa (puc. 4).

O6cyxaeHue

CyiecTByronme CrocoObl PEKOHCTPYKIMH TIpe-
CTaBJICHBI:

1. IlapameanaHHBINA JTOCKYT [6].

2. TlnacTuka NOJHOCIOMHBIM TPAHCIUIAHTATOM C MPO-
THBOTIOJIOKHOTO Beka [7].

3. 3amemnieHne nedeKTa KOKHO-MBIIIEYHBIM M Ha/l-
KOCTHUYHBIM JIOCKyTamHu [8].

:

Pucynok 4. Buo nayuenma nocne
onepayuu

Figure 4. Patient’s appearance af-
ter surgery
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4. BoccraHoBieHHe Ha301a0uaNbHBIM V-Y BacKyJis-
PH30BaHHBIM JIOCKYTOM [9].

5. BoccraHOBnEHUE POTALMOHHBIM BUCOYHBIM JIO-
CKyTOM C JiepMalibHBIM ajutorpagTom [10].

6. BoccraHoBleHHE J1aTepaIM30BaHHBIM JIOCKYTOM
C WCTIONB30BaHNEM Z-TUTACTHKH M dJIEMEHTaMH HaJKOCT-
Hune [11].

Taxyke U3BECTHBI MOAXO/BI, IEMOHCTPUPYIOIIHNE IPU-
MEHEHHE Cpa3y HECKONBbKUX Pa3HOPOAHBIX TKaHEH (Koxka,
MBIIIIA, TPAHCKOHBIOHKTHBAIBHBIA JIOCKYT) B XOE pPe-
KOoHCTpyKIuu aedexra [12, 13].

Onnako anmpoOMpoOBaHHAs METONMKA JEMOHCTPHPYET
KaueCTBEHHO 0oJiee BBIJAIOIIUECS PE3YIbTaThl KOMILIEKC-
HOTO JICUEHUSI, KOTOPBIE OTPAXKEHBI, IPEXKAE BCETO, B CO-
XpaHEeHUH (PU3UOIOTHUHBIX CYOBEKTHUBHBIX OIIYIICHUN
y MaleHTa B MO3JHEM ITOCICONEePAlIOHHOM MEepHOAe,
M, 9TO HE MEHee BaKHO, B MOJHOIIEHHOM BOCIIOJTHEHUH
JCTETHYECKUX MapaMeTpOB Cpe/iHel TpeTH uma (puc. 5).

3aknioyeHmne

PexoHCTpyKIIMS B TAKOM 3CTETUYECKH 3HAYMMOM 30HE,
KakK CpeHss TPeTh JIMIA, CONMpshKEHa ¢ 0COOBIMU Tpedo-
BaHMAMH K (POPMHUPOBAHHUIO 1 TIO3UIIHOHUPOBAHUIO TPAHC-
mwrantara [13]. Hlansammas, GyHKIIMOHAIEHO 00O0CHOBAH-
Hasl METOJIMKAa BOCCTAHOBIIEHUS ITAPAMETPOB Tap3albHON
TUTACTUHKY, KOHBIOHKTHBAIBHOMN IMOJIOCTH, a TAKKE KOXKHU
HIDKHETO BEKa TapaHTHUpYeT IOJHOLEHHYI0 peabuinTa-
IO TIAIMEHTOB, YTO COBEPIIEHHO OYEBHIHO IOBHINIAET
KageCTBO X YKHM3HH.

MexuciuIMHapHas TpodeMa BOCCTAaHOBJICHHS TIep-
BOHAYaJILHOTO BU/IA M COXPAHEHH TAaKTUIIBHBIX OIIYIIEHHUI
CTasla peajn30BaHHOM Onarogapsi BOCIIOIHEHUIO (PU3HOII0-
THYECKHX TIapaMeTpPOB CIIE3HOTO arapara rjasa.

BbiBOAbI

KauecTBO JKM3HM TAlMEHTOB, TEPEHECIIMX OHKOJIO-
rudeckoe 3a0oJieBaHUE, Ha CETOJHAIIHUKA JeHb — TeMa
BCECTOPOHHSIS, BKJIFOYAIOIIAs, TIOMUMO aHAllu3a KJIMHH-
YECKUX TMOKAa3aTeJei BBI3IOPOBICHUS, KaK TAKOBBIX, CIIIE
¥ TIEPCOHANIFHYIO OIIEHKY OOJBHBIMU PE3yJIBTaTOB Jicde-
Husl. HecoMHEHHO, HCTIONb30BaHUE TEXHUK THIACTHIECKON
U OCTETUYCCKON XHMpypruu [14] sBisercs: o0s3aTelIbHBIM
KpHUTEpUEM TOJHOIICHHOTO OKa3aHHs MOMOIIU U JIOJDKHO
BOWTH B PYTHHHYIO TPAKTUKY KaXKIOI0 XUPYpra, LEIbo
po¢heCCHOHATBHOM AEATEIFHOCTH KOTOPOTO SIBISIETCS T10-
BEIIIICHHUE KAa9eCTBA KU3HU MAIIMEHTOB.
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Pucynor 5. Buo obracmu pekoHcmpyKyuu 6 nocieonepayuoH-
HOM nepuooe
Figure 5. Reconstructed area in the postoperative period
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TpaHcnnaHTayna neyeHn BHe MunaHcKux Kputepmes:
oTAaNneHHble MeTacTasbl renatouennionapHon KapynHombl (yactb Il)
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Peztome

TpancrutanTanys Me4eHu — OAWH U3 HanOoee YPPEKTUBHBIX METO/IOB JICUSHHS TEeNaTOESILTIONIPHON KapIIMHOMEL. BBenenne B mpak-
THKy MUJTaHCKUX KPUTEpHEB, pa3padboTaHHbIX moutu 30 JIeT Ha3aj, MPHUBEIO K YBEIHUCHHUIO S-IE€THEH BBKMBAEMOCTH MAaIMEHTOB
¢ 9TUM 3a00JIeBaHUEM TTOCJIE TPAHCIUIAHTALIMH JI0 YPOBHS [0 HEOITyX0JIEBBIM MOKa3aHusM. HecMOTps1 Ha OsIBIIEHHUE alIbTePHATUBHBIX
cUCTeM cTpaTH(UKAIUH, KITIOUEBbIM MPOTHBOIIOKA3aHUEM JUIs IPOBEICHUS TPAHCIIAHTAI[MHM OCTACTCsl BHENCYCHOUHOE METacTasn-
poBanue. Tem He MeHee clTydau, KOT/ia Imepecaka oCylIecTBIsIach BOIPEKH ATOMY, BCTPEYAIUCh HE TOIHKO BO BpeMeHa JIMarHOCTH-
YECKUX OrpaHndeHuid, Ho U B XXI Beke.

Panee mamm mpezacTaBieH OTUYET O MAMEHTE, KOTOPOMY HECMOTpS Ha JIETOUHBIE MOPAXKEHUs, KaK BBIICHHIOCH MOCTE ONEparnuy —
MeTacTa3bl renaToleUTIONSPHON KapIIMHOMBI, ObLIa MPOBEICHA TPAaHCIUIAHTAIMS NeueHH. B 3Toi yacTi 0030pa ObLTH pacCMOTPEHBI
aHAJIOTUYHBIC TIPUMEPHI U3 JTUTEPATYPHI.

[Ipu ycrienrHoM JiedeHNH METacTaTHIECKUX TTOPaXKEHUH, HAIMYUN POJCTBEHHOTO JIOHOPA M OIIEHKE MHBIX METOZOB KaKk MEeHee Tpei-
MMOYTHUTENHHBIX B OTHOIIEHUH MPOTHO3a 3a00JIeBaHNs TPAHCIUIAHTAIMS TIEICHN MOXKET PAcCMaTPUBATHCS KaK MOIAXOMSAIINN CIIOCO0
MPOJICHUS )KU3HH MAlEHTa, XOTS TAKOU MOIXO/ ¥ HE JIOJKEH PEKOMEHIOBATHCS B IIIUPOKOU MPAKTHKE.

Knrouesvle cnoea: TpaHCIIIAaHTALUS TICYCHU MIPH METACTa3aX TeMaTOLEIUTIONIPHON KapIIMHOMBI, BHEIICUEHOUYHOE PACIPOCTPAHCHHE
TeraToIesUTIOISIPHON KaplMHOMBI, TPAHCIUIAHTALINS BHE MHUJIAHCKUX KPUTEPHUEB, TPAHCIUIAHTALINS P T'eNaTOIEIUTIOISIPHOM Kapiu-
Home craauu [VB

Humuposeams: Koctpeirun H.E., Bamsakuc J[.A., Yymauenko J[.C., IlonoBunkuu B.B. Tpancruranranus nedenn BHe Muman-
CKHX KpPUTEPHEB: OTIAJICHHBIE METACTa3bl I'eMaToOUE/UTIONsIpHON KapuuHoMbl (uacte I1). Hunosayuonnas meouyuna Kybanu.
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Abstract

Liver transplant is one of the most effective ways to treat hepatocellular carcinoma (HCC). Thanks to the implementation of the Milan
criteria, developed almost 30 years ago, 5-year survival rates for patients who underwent a transplant for HCC increased and reached
the rates for patients with nontumor indications. Despite the emergence of alternative stratification systems, extrahepatic metastases
remain a key contraindication to a liver transplant. Nevertheless, there have been reported cases of liver transplants in spite of the
contraindication not only in times of diagnostic limitations but also in the 21st century.

We have previously reported our own case of a patient who underwent a liver transplant in spite of pulmonary lesions, which postop-
eratively were found to be HCC metastases. In this part of the review, we discuss similar cases from the literature.

If metastatic lesions are successfully treated, a related donor is available, and other modalities are seen as less preferable in terms
of the disease prognosis, a liver transplant may be considered an appropriate way to prolong the patient’s life, although such approach
should not be recommended for widespread use.
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BBepeHne

B mocienHue ronpel BKIFOYEHNE HEXUPYPIHUSCKUX Me-
TOAOB Tepamuu renarouesonsapaoi kapuuHoms! (I'LK)
B QJITOPUTMBI BEACHUS MAIEHTOB OTPA3UIOCh HA YAyd-
IICHUU CTATHUCTUKU BBDKUBAEMOCTU. PanmkanbHOe Jie-
yeHue pexkomenayercs npu BCLC-0, -A u -B bapcenon-
ckoii cucremsl craguposanus ['IIK (BCLC), B To Bpems
kak cragusi BCLC-C npenmnonaraet npoBe/ieHUEe CUCTEM-
Hoii Tepanui [1]. [Tocnennss MOKeT He OKa3aTh TOJHKHOTO
a¢dexra, wim noTpedyercsi HEKOTOPOe BpeMs Ha €ro Ipo-
sIBJIEHHE, KOTOPOTO 3a4acTyl0 HE XBaTaeT NMpH ObICTPOM
MIPOTPECCUPOBAHUN 3a00JICBAHNS.

Panee 6bu1 mpuBener ciryyait xenmmas! ¢ 'K kpur-
toreHHol stHonornu craguu BCLC-C, xotopoi ObLia
BbINOJIHEHA TpaHcmantauus nedenu (TII) mpu namuuun
JIETOYHBIX MeTacTa3oB [2]. [yt morcka Ipyrux cliyvacs,
B KOTOPBIX OTEpaIys OCYIIECTBISUIACH MPU OTJATCHHBIX
metacTazax ['1IK, 1 olleHKH CBSI3aHHBIX C 3TUM TIPOOIEeM,
OBUT MPOBE/IEH MOWCK JUTepaTypsl B cucteme PubMed,
6a3zax Scopus u PUHLI.

O6cyxpaeHue

Tpancnnanmayun neuenu npu OMOANEHHLHIX
Memacmazax 2enamoyenirIApHON KapuuHomol

BriepBeie ycreniHas roMOTpaHCIUIAHTAIMS TICYCHH
yenoBeka Obi1a npoeneHa B CHIA B 1963 1., cBsA3aHHas
¢ 'K — B 1967 1. [3]. OnbITHBIC Bpauyu-TPaHCIIAHTO-
JIOTH YK€ TOTHA YISIsUTH 0c000¢ BHUMAHHUE BBISIBICHUIO
BHEIICUCHOYHBIX METACTa30B NpU TMPUHITHH PEIICHUN
00 onepariy. akTHIECKU UX HATUIHE OBIIIO SIMHCTBEH-
HBIM a0COJIFOTHBIM TpoTHBOIoKazanueMm kK TII, He mox-
BEprarouMcsi COMHEHHUSIM U HE 3aBUCSIIMM OT KOHKPET-
Horo ciy4asi. beuto oueBuano, uto TII He oxa3biBaeT
SIBHOTO BO3JICMCTBMSI Ha OTJAJICHHBIE OYardh, HO TaKiKe
BBICKA3bIBAINCH BEPCUH O HETAaTUBHOM BIUSHUH UMMY-
HOJICTIPECCAHTOB U TPEAONEPAINOHHOM CYIIECTBOBAHUN
MHKpPOMETACTA30B, YeM OOBSICHSITUCH PAHHHE PEIIUINBHI
I'lIK. OgHako MX YacToTa BCe paBHO MOIVIa MPEBHIIAThH
80% [4], 1 0ueBUIHO, YTO POJIb B ITOM UTPATH HE TOJIBKO
JOSTTbHBIE KPUTEPUH OTOOpa PELUIIUEHTOB, HO U HEIO-
CTaTKH METOMIOB JICUCHHUS, a TAK)KE HECOBEPIIICHCTBO Y-
YeBOW NUArHOCTUKU. BeposTHO, MHOTHE OONBHBIC MIME-
JIU CKPBITBIC METACTa3bl, IIOCIE OIEPAIH BBISBIISIEMbIC
B CPOKH, KOTOPBIE 3a4aCTyI0 UCUUCISIIMUCH HECKOJIbKUMHU
HEICISIMH.

Co BpeMeHeM CIIHCOK MPOTUBOMOKA3aHUHA PACIIIUPUII-
Cs, HO CTaTUCTHKA MO-TIPEKHEMY 0CTaBajlach HEYIOBIIET-
BOPUTENBHON, MATUICTHSSA BBEDKMBAEMOCTH COCTABIISIIA
30-48% [5], B TO BpeMs KaK TPaHCIUIAHTOJIOTHSI IPOJI0JI-
KaJia pa3BUBAThCS U BOSHHUKAI AC(PHUIIMT OPTaHOB.

[Tozxe ObUTM OMYOJIMKOBAaHBI PE3YNIBTATHl HCCIEI0-
Banus V. Mazzaferro u coasrt. (1996), rue B 10NOIHEHHE
K HAJIWYUIO BHEMIEUYCHOYHBIX METACTA30B M OIyXOJEBOU
VMHBAa3UH COCY/IOB HCIIOJIB30BAJICSl AHAIN3 PaJNOIOTH-
YEeCKHX pa3MepoB OITyXOJIM: ITOPOT 5 CM — MPH HAJINYNHU
€MHCTBEHHOro o4yara u 3 ¢M — mpH 2-3-X ouarax [6].
Bcekope 5T mpuHnMne! ObUTM Has3BaHbl MUMJIaHCKUMU
KPUTEPUSMHU, U OHU JO CHX IOP SBISIIOTCS «30JO0THIM
CTaHJApTOM» B Tpouecce oroopa perunueHtos ¢ I'IIK,
pexomennoBanubix s TII. Kak mokasanu naHHbie, mo-
JIy4eHHbIE 3a TocieHue 15 Jer, mATUIeTHSAS BbDKUBA-
eMOCTh manueHToB, nepeHecmux TII mo mosomy I'IK
U COOTBETCTBOBABIIUX MUIIAHCKUM KPUTEPHUSIM, COCTAB-
nsma 65—78%; mpu 3TOM TOT K€ Mapamerp, HO IS Ma-
LIUEHTOB C HEOMYXOJIEBEIMH MOKa3aHUsIMU — 68—87% [7].

HecmoTps Ha cTONMb yCmemHoe MpUMEHEHHEe KpHUTe-
pHEB, TpPEAIarasoch MHOXECTBO JPYTHX CHCTEM OIle-
HOK, KOTOpbIe B OCHOBHOM I€peCMaTpHUBAIOT MTOPOTOBBIE
pa3Mepbl U KOJIMYECTBO OIYXOJEBBIX OUAroB, a TaKXKe
JIOTIOJHSIFOTCS  aHAJIM30M YpPOBHS  ajb(a-(heTonpoTeu-
Ha (A®II) n apyruMu 1abOpaTOPHBIMU TOKa3aTEISIMH.
B gactaocTH, B 2001 1. MunmaHcKue KpuTepun OBUIH pac-
mmpens! ¥ Bonutd B cuctemy UCSF (Yausepcurer Kann-
(opuun, Can-Opanrucko), B 2009 r. V. Mazzaferro u co-
aBT. nipeuioxkmm kputepuun Up-To-Seven («Jlo cemuy),
B 2018 . — Metroticket 2.0 [8]. IIaTuieTHss BbDKUBac-
MocTh Juisa cucteMm 1996, 2001 u 2018 1. cocraBuina 73,
80 n 81% cOOTBETCTBEHHO, AeCATHICTHISI — 65, 72 11 73%
COOTBETCTBEHHO [9].

B TO BpeMsI KaK XapaKTePUCTHKU BHYTPUIICUCHOTHBIX
nopaxxeHuid hopMupyroT ocHoBHOM nporieHT TI1 ¢ BbIxo-
oM 3a Muanckue KpUTEpHH, BIUIOTH 0 UX ITOJHOTO He-
yueTa, BHETICUEHOUHOE paclpocTpaHeHne — Oonee Tadyu-
poBaHHbI mapametp. V. Ince u coasr. (2018), Ha ocHOBa-
HUM JJAHHBIX TPEX MAIMEeHTOB, CEIall BEIBOA O CPEAHEH
oOmiedl BeDKMBaeMOCTH 26 Mec. mpu nposeaeHun TI1
nanueHTam ¢ pudpomamesapron 'K u permoHapHbI-
MU MeTacTa3aMHu B JUM(Oy37ax BOPOT MEUEHH, IPH 3TOM
cymiecTByeT Oosee coTHU monoOHbix ciydaes [10]. Tak-
ke BCTpedanoch npumeHenue TII mpu uHBa3uM onyxosu
B cocennue opransl. K mpumepy, T. Tuxun u coast. (2021)
coobmanmm 06 ycrerraoit TII mpu naBasuu 'K B Tkanu
JKellyaKa U IpaBoe Mpeacepaue, HO Mepuo HaOMoAeHUs
cocTaBuJ Jimiib 2 mec. [11].

Onnako Hambojee peaKuM IyTeM BBIXOZA 3a Tpejie-
76 MUITaHCKHX KPUTEPUEB B paMKaX BHETIEYCHOUHOTO
pactpocTpaHeHHs OIYXOJH SBISETCS HTHOPHPOBAHHE
OT/IaJICHHBIX METacTa30B, MOCKOJbKY WX HAJIWYHE OBLIO
a0COJIFOTHBIM ITPOTHBOIIOKA3aHHEM Ha TPOTSHKEHHH BCEH
ucropuu TII (Tabm. 1).
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YuurtbiBas BHICOKYIO 4acToTy MeTactazupoBanus ['TIK
B JIETKHUE, a TAK)KE TUATHOCTUUCCKUE 3aTPYIHCHHUS, CBSI3aH-
HBIC C aHATOMHUYCCKUM CTPOCHHUEM U IMIMPOKUM CIIEKTPOM
BO3MO)KHBIX IAaTOJIOTUH 3TUX OPTaHOB, MOXHO MPEATOIIO-
YKUTb, YTO KOJIMYECTBO CIy4aeB, B KOTOPBIX JIETOUHBIC ME-
tactas3bl I'LIK He Obliu BbsiBiieHbI Tiepen TI1, HenooeHu-
Baetcs. [Ipu 3ToM NOMYIAIMOHHBIN aHamu3 33 THIC. MaIH-
enToB ¢ ['LIK, 3apeructpupoBaHHbIx B 6a3e qanHbpX SEER
HamuonaneHoro uncturyta onkonorun CIIA, mokaszan,
41O B 6,28% CilyyaeB NpH ee MEPBUYHOM BBISBICHUH YK€
MMEIOTCSI CHHXPOHHBIE JIETOYHbIe MeTacTassl [12]. B Ty ke
0a3y 3aHECEeHBI CydaH, IMOTEHIIMAIHHO YBEITUUUBAIOIINE
MOMYJSIIMI0 ManueHToB, nepeHecnx TII mpu ornanen-
HbIX Metactazax 'K, omHako u3-3a ee ocoOeHHOCTEH HuC-
TMIOJIb30BaHKE 3THX JAaHHBIX 3aTpyAHUTENBHO [13].

Kak BuHO 13 TabnuIrs!, 1ake IpH HATWYIWN BHETIede-
HOYHBIX o4aroB ¢ nomoripio TII Bo3MokHO oOecreunTh
YAOBIETBOPUTEIEHYIO OOIIYI0 BBDKHBAEMOCTH ITallUCH-
TOB. CllelyeT OTMETUTh, YTO BO BCEX CIIyYasx, HE CUUTAs
IBYX [2, 14], oTnaneHHble MeTacTa3bl YCIEUIHO BbISBIS-
JIUCh U YCTPAHSUIUCh NIEpe] Onepanueii.

B cBsizu ¢ 3THM, He HCKIIOYash HEOOXOAMMOCTH HC-
MONIb30BaHMSI HEKUX KOMIUICKCHBIX KPHUTEPUEB OTOOPA,
MOYKHO NPHUHUTH K BbIBOAY, 4T0 TII mpu BHeneueHOUHOM
pacnpoctpanenun I'lIK He Bcerga JoikHa paccMmarpu-
BaThCsl KakK 3alpeTHas TeMa, U HEKOTOphIC MalMeHTHI
MOTYT OIICHUBATHCS] UHANBUAYAIBHO, OCOOCHHO MPH BO3-
MOXKHOCTH JICUCHUS BBISIBICHHBIX OYAaroB W IPH HAJH-
YUK POJCTBEHHOIO J0HOpa. Bo3MoHO, ¢ MMKBUAALMEH
nedunrTa TPAHCIUIAHTATOB 32 CYET pa3pabdOTKH HOBBIX
TEXHOJIOTUH, CO BPEMEHEM €IUHCTBEHHAS POJIb JIMMUTH-
posanus TII GyneT cBOOUTHCS K JOCTHKECHHIO Oosee Oma-
TOTPUSTHOTO TPOTHO32, YeM TIPH UCTIOIB30BAHUH APYTHX
METOIOB JICYEHHsI KOHKPETHOTO MaIeHTa.

Ilpogpunaxkmuxa peyuousa 3a6onesanusn
K nacrosmemMy MOMEHTY HET OOOPEHHBIX CIOCOOOB
MOCJICONIEPAIIOHHON MPO(UIIAKTHKA MEeTacTa3HpOBaHUS

I'IK, nockonbKy 0OBIYHO OHH HE AEMOHCTPHPYIOT JIOJIK-
HOU AddekrrBHOCTH. ClieyeT OTMETHTh, YTO OCHOBHAs
POJb B PacIpOCTPAaHEHUHU OIyXONU OTBEICHA KiacTepaM
OUPKYAUPYIOMINX OIyXOJECBBIX KJIETOK. | eTepOoreHHOCTh
3THX Macc, TO €CTh BKJIIOUEHHE B MX COCTaB IEMEHTOB,
HE OTHOCSIIUXCSI K TENaTOICIUIIONIAPHBIM, (haKTHIeCKH
CO3/IaeT MHUKPOOKpYXEHHE, T03BOJIIIoIIee H30erarh MM-
MYHHOTO OTBETA, YTO BMECTE C UX [IACTUYHOCTBIO U CTBO-
JIOBOCTBIO CO3[a€T OCHOBY JJsI 0Opa3oBaHMs MaKpOMe-
TacTaszoB. TapreTupoBanHas 6opr0a ¢ KiacTepaMu Mpea-
CTABJSIETCS MEPCHEKTUBHOM, OIHAKO COOTBETCTBYHOILUE
WCCIIEI0BAHUS HAXOISATC Ha JOKIMHUYECKUX dTamnax [ 19].
B T0 e BpeMst BO3MO)KHOCTb pa3BUTHS TOOOUHBIX dPeK-
TOB, CBSI3aHHBIX C MOMBITKAMH HAa3HAYCHUS CTaHIAPTHBIX
MIperapaToB B KAYECTBE aIbIOBAHTHON TEPAITUH, BHI3HIBACT
HEOOXOIMMOCTb B TIOMCKE METOOB, KOTOPbIE 10 KpaitHei
Mepe nMemH ObI IprueMIIeMbIi podriTb 0e30MacHOCTH.

Kax u3BecTHO, UMMYHOJIENIPECCAHThI, UCTIONB3YEMbIE
MoCIie TPAHCIUIAHTAIINY TIeYeHH, 00JIaatoT TPOOITyX0JIe-
BBIM JielicTBUEM. [[71s1 pemeHus 3Toi mpoOieMbl, TOMH-
MO pa3pabOTKH MPenaparoB, KOTOPBIC Ooyee CeICKTHBHO
neificTBoBaM OBl HA MEXaHU3MBI PEAKIHH «TPAHCILIAHTAT
npotuB xo3suHay (PTIIX), nmm obmamamm ObI caMoOCTO-
SITETTFHBIM TIPOTHBOOITYXOJIEBBIM 3(h(HheKToM (Kak B CITy-
yae ¢ uaruouropamu mTOR), BO3MOXKHO HCTIONIB30BaHNE
HHBIX METOI0OB MMMYHOMOIYJSIINU, TAKUX KaK JKCTpa-
KopropanbHbIi poTtodepes (DKD).

OKO® mpencrasiser coboit adepes u 00TyIeHHE MOHO-
HYKJIEapHBIX KJIETOK Meprdepriaeckoiil KpoBH A-CIIEKTPOM
yAbpTpaduonera B MPUCYTCTBHM (DOTOCEHCHOMIM3ATOpa
C UX MmocJeayroe penudysueit. XoTs OH He OBUT ITUPOKO
pacmpocTpaHeH B MpPaKTHKE TPAHCIUIAHTAIIMK CONUIHBIX
OPTaHOB, PE3YABTAThl UCCICIOBAHUN JEMOHCTPUPYIOT TO-
TeHIMan 3Toro Meroza B tepanuu PTITX u cHuxeHun TuT-
POB UMMYHOJICTIPECCAHTOB, B YACTHOCTH, — IPUMEHUTEIb-
HO K TpaHCIU1aHTaruu nedexu [20].

ITo Bceit BugumocTd, DK® MOXET HE OKa3arh 00LEK-
THUBHOTO BJIMSIHUS Ha MOKa3aTed UMMYHOIPAMMBI, €CIIU

Tabnuua
Cayyau TPaHCILUIAHTALMM MEYEeHH C NPeIoNepalMOHHbIMU oTAaIeHHbIMU MeTacTazamu I'IIK
Table
Cases of liver transplants with preoperative distant metastases of hepatocellular carcinoma
Crarbs AT MR T Pe3yabTaThl
0 ManueHTe MeTacTa3oB
H.E. KocTpeirun u coasr., Jleranbuerit nexon uepes 21,3 mec. mocne TIL
XK, 46 ner Jlerkue
2024 2] MHOK€eCTBEHHBIE JIETOYHBIE METACTA3bI
D.J. Joo u coasr., 2021 [15] M, 50 net. HBV+ Jlerkue 8 ner Oe3 peryanBa 3a001eBaHUS
Bpeokeiika Jleranbueril ncxon uepes 29 mec. nocne TII.
J. Hu u coasr., 2020 [16] M, 40 ner TOHKO} KUIIIKY. MHOX€eCTBEHHbIE BHYTPH- 1 BHEIICUEHOUHBIE
ToscTast Kumka MeTacTa3bl
M.S. Seng u coasr., 2019 [17] M, 8 ner Jlerkue 3 roma 6e3 penuarBa 3a00JIeBaHUS
E. Chen u coasr., 2018 [18] M, 10 sner. HBV+ Hpeiit 7 mec. 6e3 penuaBa 3a00JI€BaHUS
numdoysen
G.C. Sotiropoulos u coasr., M., 62 roa Tlerkue Jleranbubiii ucxon uepes 16 mec. nocne TII.

2008 [14]

MHOKeCTBEHHBIE JIETOUHbIE METaCTa3bl
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OH HA3HA4YaeTcsl B IO3JHEM IOCTTPAHCIUIAHTALOHHOM
nepuone win Ha (orHe aumdonenun [2]. Tem He MeHee,
MMOCKOJIBKY TPOQIIL 0E30IacHOCTH 3TOW IPOIETYPHI
KpaliHe OnaronpusteH, a ee¢ 3(QEKTUBHOCTh NOKa3aHa
B MHOTOYHCJICHHBIX MCCIIEIOBAHHAX, B IMOIXOISIINX YC-
noBusax DK® MokHO paccMaTrpuBaTh Kak CIIoco0 CHIDKe-
HUS POJIM IMMYHOZETIPECCAaHTOB B TIOCTTPAHCIUIAHTAIIH-
OHHOM BeieHnH namueHToB ¢ I'TK.

Muaznocmuxa peyuouea 3a601e6anus

B TUMUUHBIX ciTyyasix Ui IPOTHO3UPOBAHUSI PELUIUBA
I'TK nocne TII ucnons3yercs mkana RETREAT, Bkiro-
qaromas B ce0st Janubie o Benmunae ADIT nepen Tpanc-
IUTaHTalMEeH, KOJMMYECTBE M MAaKCHMAJbHBIX pa3Mepax
OITyXOJIEBBIX 00pa30BaHMWi, HAIMYNH MUKPOBACKYISPHOMN
WHBa3WHU. bputn pazpaboTaHbl W MHBIE CIIOCOOBI OIIEHKH,
OIIHAKO, MOCKOJIbKY BCE OHHU MPEAINOJaraioT OTCYTCTBUE
OTJAJICHHBIX METacTa30B nepen nposeneHueM TII, Hapy-
IIEHHNE ATOTO YCIIOBUSI MOXKET MPUBECTH K 3HAUUTEIEHOMY
cHkeHHo crierduiHocTH. ONTHMaIBHBIM PElICHHEM
OCTaeTCsl BBISBICHHE MaKpOMETAcTa30B IyTeM KOHTPOJISI
LUPKYIUPYIOLIUX MapKepoB, Takux kak ADIT n ADII-L3,
Jiec-TaMMa-KapOOKCHITPOTPOMOHH, MPOTenH [onbmku-73,
a B MEPCHEKTUBE — U Apyrux [21], u ¢ MOMOIIBI0 METOIOB
ny4eBoi auarHoCTUKU. CTaHIapTHOE BBISBICHHUE IHPKY-
nupytomieit omyxoneoil JJHK moxer mpuHecTH mosnb3y,
OfHaKO 0oJiee MPEANOYTUTEIBHBIMH KaXKyTCs TICPCOHAIN-
3WpOBAaHHbBIC AJETEPHATHBEI, TAKWE KaK HETAaBHO BBECH-
HBIC B MPaKTUKy Signatera u FoundationOne Tracker.

B omnuuue ot penuausoB 'K nocne pesexuuu me-
YeHH, KOIyia 00pa30BaHMs Halle UMEIOT BHYTPHITEUYEHOU-
HYI0 JIOKaJU3alUI0, 32 KOTOPOHl CIIEAYIOT CMEIIaHHas
Y BHEIICYCHOYHBIC [22], I TpaHCIUIAHTAIlUK XapaKTep-
HO MPEBAIMPOBAHNE BHETICUCHOUYHOTO PacTIpOCTPaHEHHS.

Hawnbonee wacto ouaru JIOKaJM3yrOTCS B JIETKUX, KO-
CTAX, OTHAJICHHBIX TUM(pOy3TaxX, OpIOLUINHE, HAAIOYCTHU-
kax [23]. K cymecTBeHHO Oonee penkuM MecTaM MOTYT
OBITh OTHECEHBI TOJIOBHOW MO3T [24], CKEIETHBIC MBIIII-
161 [25], opraHbl KenyI04HO-KHILIEYHOTO TpakTa [26], Mo-
YeroNIoBoOi cucteMsl [27], koka [28] u apyrue, BKIIIOUast
cene3eHky [24], cpenocrenue, cepaue. Crnenyetr OTMETUTb,
YTO PUCK METACTa3UpOBAaHUS B TOJOBHOH MO3T MOXKET
OBITH TIOBEIIICH MTPHU HAJTMYUH JIETOYHBIX 04aroB [29].

B cBs3m c HamenwBaHWEM pPYTHHHOM JMarHOCTH-
KM Ha TUIUYHBIE MECTAa BBISIBJICHHUE METACTA30B MOXKET
OBITH HECBOEBPEMEHHBIM, OCOOCHHO INPH OTCYTCTBUHU
SIPKOHM KIMHUYECKOH KapTHHBI WM TPH MacKHUpPOBKE 3a-
OoJsieBaHMs IOl KOMOPOWHYIO Tartonoruto. Hampuwmep,
PETUCTPUPYIOTCS CIydad MeTacTa3npoBaHMS B 00JacTH
MeXaHWYEeCKUX TPaBM, KOTOpbIE MOTYT OBITH 00ycCIIOBIIe-
HBI YCHJICHHEM KPOBOCHA0KEHUS U ITPOOITYXOJIEBBIM JIeH-
CTBHEM IIUTOKHUHOB [30].

«30JI0TBIM CTaHIAPTOM» OTPENENEHUs JOKAIN3AIIUH
METacTa30B OCTAIOTCS METOJbl JTy4eBOM JAMAarHOCTUKH.
CoBpeMeHHBIE anmaparsl 00€CIEeYNBAIOT BU3YaIN3aIUI0

C MaJjoi TOJIIMHOM CPEe30B M BBICOKUM pa3pelieHUuEM
n300paxkeHuii. BMecTe ¢ TeXHHYEeCKHM COBEPIIICHCTBOBA-
HUEM TaKXXe MEHSETCS MPOrpaMMHOE 00eCTICUeHHE, CIT0-
CcOOHOE Cpe/iCcTBAMH MAIIMHHOTO OOy4YeHHs YIpOIIaTh
PYTUHHOE OOCIEOBaHUE 3a CYCT BBLISBICHUS MOTCHIIH-
ATBHO 3JIOKAUYECTBEHHBIX OOpA30BaHWA W YBEIHMUCHUS
paspetnieHusi CHUMKOB [31].

[lepcriekTHBHO W BHEApEHHE TOMOTPa(OB ¢ HHIYKIIH-
et maruutHoro nosist 7 Tecna [32]. HecmoTrpst Ha MHO-
TOJICTHEE HCITOJIE30BAaHUE B HCCIIEAOBATEIBCKUX IIEIISIX
MPT ¢ unayknuein kak 7T, Tak ¥ BbIIIC, TIEPBbIHA M0100-
HBI ipubop — Magnetom Terra (Siemens Healthineers,
I'epmanust) ObT OZOOpPEH IS IIMPOKOTO MPUMECHEHUS
tonbko B 2017 r. Cetiuac 7T-MPT ucnonb3yercst nms au-
ArHOCTUKU W HM3y4YeHHs 3a00JIeBaHUI TOJOBHOTO MO3Ta
U CyCTaBOB KOHEYHOCTEH, HO B OyIyIieM BO3MOXHO pac-
LUIMPEHUE TOKAa3aHUM, YUWUTHIBas NMPEUMYIIECTBA TOBBI-
[ICHUS MHAYKIIUY TOJS B HEKOTOPBIX CUTYAIIHsX.

Tepanusa I'l]K nocne mpancnaianmayuu neweHu

ComracHO CyIIECTBYIOIINM Ha TEKyIIeH MOMEHT JaH-
HbiM, jedenue peruausa ['TIK nocne TII cymecTBeHHO
HE OTJIMYAeTCs OT OOBIYHBIX AITOPUTMOB.

3a4acTylo IpOJUIEHHE BBDKHBAEMOCTH JIOCTUTAETCS
XUPYPrUUeCKUM ynajeHUeM MeTtacTas3os [14, 24-28, 33,
34, 37, 41] u npuMeHeHUEM JIOKOPETHMOHAJILHOU Tepa-
muu [14, 24, 26-28, 34-39]. MeTtacTa3sKTOMHsI BO MHO-
THX CITy4asix SBIISETCS METOIOM BBIOOpa, OJJHAKO ee TPo-
BEJICHHE I1eJIecO00pa3Ho JUIb TPU OJIMTOMETacTaTH-
YeCKOM 3a0oJieBaHWU. BeposTHO, COMpspKeHHAs ¢ HEH
TpaBMaTH3alysl TKAaHEW yBETHMYMBAET PUCK TTOBTOPHOTO
permuBa 'K, ocoGenHO Ha hoHE MMMYHOCYITPECCHH.
[Nocnenusisi Takke yBEIUYMBACT PHCK WHQPEKIIMOHHBIX
ocliokHeHU. HenHBa3uBHBIE METO/BI JIy4E€BOH Tepanuu
M30aBIISIOT OT 3TUX MPOOJIEM, OTHAKO WX APPEKTHUBHOCTH
MOXKET OBITh CHIKCHA MO CPAaBHEHHUIO C PaJUKaJIbHBIM
JI€YCHNEeM, ¥ OHU He JINIIEHBl TOKCHYHOCTH. TeM He Me-
Hee TNpH Mmogdope aleKBaTHOW JI03bI M HCIOJIB30BAHUU
COBPEMEHHBIX aIapaToB, 00eCIeUNBAIOLUINX MUHUMAIb-
HOE BO3/IeCTBHE Ha 37I0POBBIC TKAHH, PUCKH MOTYT OBITh
CHIDKCHBI.

[TockonpKy MpUMEHEHHE XHUPYPrUYECKHX U JIOKOpe-
ruoHaibHbIX MeTonoB npu ['TIK 3adacTyro orpaHuyeHo,
BO3pacTacT 3HAYUMOCTb CHCTEMHOM Tepamnuu. ITpumens-
IOTCSI MYJIBTHKWHA3HbIE WHTHOUTOPBI, TaKUE KaK peropa-
(enud [36, 39, 40], kabo3anTurnb [28, 35, 38, 41], co-
padenud [24, 26, 28, 33-39, 41-43] u neuBaruuuod |35,
43], a Taxke UMMyHOTepanus [44], BKITFOYass KOMOMHAIMN
C MYNBTUKMHA3HBIMH WHTHOUTOpaMHu [45] M, B PeAKHX
cllydasix, — KJIETOUHYO Tepanuio [46] U paguoMMMyHOTe-
panuto [14]. [Ipy HEBO3MOXKHOCTH MCIIOIL30BaHUS COBPE-
MEHHBIX IIPenaparoB JOMYCTHMO MIPUMEHEHHE CTaHIapT-
HOW XMMHUOTEPAIHH, OTHAKO e¢ 3(H(HEKTHBHOCTH 3a9acTyIO
HU3KA, BBICOKM PHCKHM HENEPEHOCUMOCTH M YTHETCHHUS
TeMOII033a, YTO MOKET YXYIOIIUTh MPOTHO3 MAIEHTOB
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¢ ummyHocympeccuer nocne TII [14, 24, 26, 27, 33-35].
B 10 ke Bpems mpoBesieHHe NMMYHOTEpPAIH CONPSHKEHO
¢ Bo3MOXHOCThIO pa3Butus PTIIX, paspemaemoii umMmy-
HOJETIPECCAaHTAMHU TN PETPAHCIUIAHTALUCH, KOTOpasi Mo-
Ka3bpIBaeT MEHee OJarompHATHBIE PE3yJIbTaThl 10 CpaBHE-
Huto ¢ iepBoit TI1 [47] m HemoCTaTOUHO U3yUYeHa B KOHTEK-
CTe MexoIepalMoHHOW nMMyHoTepanuu [48]. Tem He me-
Hee HY>KHO OTMETUTb, YTO MCIIOJIB30BAHUE ITUX Mpenapa-
ToB npuBoAUT K PTIIX, 3auacTyro KOHTpOIUpYyEMO, JIUIIIb
B 18,5% ciyuaes [44]. OnHako 30710TOM cepeAnHON B BEZe-
HUM NALKEHTOB ¢ penuauBoM nocie TII octarorcs Myib-
TUKWHA3HBbIe HHTHOUTOPBL. CopadeHud mo-npexHeMy siB-
JsieTcs penaparoM nepBoi auHun i gedenus 'K [1].
[NockonbKy MHOTHE TaIleHThI IPOXOAAT TEparuio ¢ HAM
nepes poOBEAECHUEM OIEPaIi, 3TO MOJKET OOJIErYUTh BbI-
00p MeXIly peKOMEH/TlyeMBIMH BO BTOPOH JIMHUH Kab03aH-
TUHUOOM U peropadeHrO0M, Be/ib CTPYKTYPHO TOCIICIHHUN
omMyaercsi oT copadeHnda JHIIb 3aMeNnIeHHEM OIHOTO
W3 aTOMOB BOjIoposia (PTOPOM B IIEHTPATLHOM (DeHHITBHOM
KoJbIIe. JIEHBAaTHHHUO TaKKe OTHOCUTCS K IIperapaTaM mep-
BOM JIMHWH, U KaK KaDO3aHTHHUO, TaKk U peropadeHud or-
JIMYAI0TCs OT Hero 1o npodwiro mumieneit [49]. Ipu stom
MeXKIy co00ii 00a Iperapara JJEeMOHCTPHPYIOT COTTOCTaBH-
MbI€ yPOBHH 3(PPEKTUBHOCTU U O€30MIACHOCTH MPH KIMHH-
yeckoM cpaBHeHuH [50].

BbiBOoAbI

Co BpeMeH MepBOi yCINEIIHOW TpaHCIUIaHTALUU Ie-
YEHU YeJIOBEKY oTjaneHHble MeracTtasbl ' TIK cunratorcs
aOCOJIIOTHBIM IPOTHBOINIOKA3aHUEM K 3TOH onepannu. Ox-
HaKo OBIBAIOT CITy4yaH, B KOTOPBIX HHBIE METO/IbI JIEUEHUS
MOTYT 3HAYUTEIBHO YXYIIIMTh IIPOrHO3 MAlMEHTA JaKe
10 CPAaBHEHHUIO C IPOTUBOIOKA3aHHOM TpaHCIUIAHTALIUEN.
OTKa3 OT XHPYyprUYeCcKOro BMeEIaTeIbcTBa B TaKUX 00-
CTOSITEIbCTBAX MPECTABIACT ITUUECKYIO IIPOOIIEMY.

XOTsl B IMTEPATYyPE 3apErUCTPUPOBAHO MAJIO IAHHBIX,
KacaroIluXcsl 9TOro BOIPOCA, HA MX OCHOBAaHMU MOYKHO
clies1aTh IIPEJBAPUTEIIbHBIN BBIBOJ O NEPCHEKTUBAX HH-
TUBHyadbHOTO moaxoAa. HecMoTps Ha omepannoHHBIE
PHUCKHU, HAIM4YHUE POJACTBEHHUKA, CONIACHOIO Ha JIOHOP-
CTBO, OLIEHKA MHBIX IyTEeH BEelEHMs MalEeHTa Kak He-
ONTUMAJIBHBIX MOXET CHOCOOCTBOBAaTh CKIOHEHHUIO CIie-
LUAJIMCTOB K TPAHCIJIAHTALMU IE€YEHU KaK K METOoay
BbIOOpa. [Ipu mnpenBapuTEIbHOM YCHEIIHOM JIEYEHUH
METacTaTHYECKNX 04aroB MOXKET OBITh IOCTUTHYTA YIOB-
JIETBOPUTENbHASA MPOJOJIKUTENBHOCT JKU3HU C JUIH-
TEJIbHBIM COXPAHEHUEM €€ KaueCTBa, HA YTO B KOHEUHOM
UTOTe U HaIlpaBJIeHa AEATENbHOCTh Bpaua. TeM He MeHee
9TO HE OTHOCHUTCS K TPaHCILIAHTATaM, IPEANOJIAraroIUM
KOHKYPEHIIMIO MEKIY MaLlUEHTaMU, B YCIOBUSAX KOTOPOIH
IpEeJNOYTEHUE AOJDKHO OTAABaTbCs TOMY, OXKUAAEMast
HPOIOJDKUTEIBHOCTD KH3HU KOTOPOro OyJeT BBILLE.

IIpuBeneHHBII B ATOH CTaTbe aHAU3 HE NPU3BAH
MEPEeONeHUTh CYIIECTBYIOIINE METObl CTpaTH(HKa-
LIUM PUCKOB, Takue Kak MmiaHckue kputepun. OmHako
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OH TPEIOCTABIISET MOJIE3HYI0 HH(OPMAIHIO, KOTOPAs MO-
3BOJIUT 3aWHTEPECOBAHHBIM BPauaM-OHKOJIOTAM TPHUHSTH
0oJiee 0CO3HAHHBIC U B3BCIICHHBIC PEIICHHUS, KOT/Ia B CO-
OTBETCTBYIOIINX YCIOBHUSIX OHH CTOJKHYTCS C 00O3HA-
YEHHOH BBIIIE STUIECKOHN MPOOIEMOA.
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Pe3zrome

AKTYaJIbHOCTD: CIIOXKHBIH XOJI€0X0IUTHA3 OCTACTCS aKTyalIbHOW MEIUKO-COLMAILHOM MPpo0OIeMoii COBPEMEHHOM MeTUIIUHBI. [laH-
Hasl aTOJIOTHs Yallle BCTpedaeTcsl y OOJIbHBIX KETUHOKAMEHHOW OOJIE3HBIO U ABJIACTCSA PUYMHON TaKUX OCIOKHEHUH, KaK: MEXaHH-
YecKast JKeITyXa, OCTPBId U XPOHUYECKHUI TaHKPEATUT, XOJAHTUT U Ap. DPPEKTUBHOE JI€UCHHE NATOJIOT UK 3aBUCUT OT PaBUIBHOTO
TIPEONEePAIIIOHHOTO 00CIeI0BaHus, UTO SIBISETCS BeCbMa TPYAHOH 3amadell. B aToMm cirydae ocHOBomomararomas poib OTBOANUTCS
MaJIOWHBA3MBHBIM METOJaM JWArHOCTHKU. DHJOCKONMNYECKasi XOJAHIMOCKOIHS MPEACTaBIseT co00i 3(p(EKTUBHBIH U BBICOKOMH-
(hopMaTUBHBIA METOJ IMArHOCTUKH U Jie4eHHs 3a00JeBaHUH OMIMAapHOTO TPaKTa, B TOM YHCIIE CIOXKHOIO XOJISHOXOJIUTHA3a, U BO
MHOT'UX CIIy4asiX SBIISETCS €IUHCTBEHHBIM METOJJOM 00CIIe1I0BaHHs, C IOMOIbIO KOTOPOTO MOKHO ITOCTaBHUTh JOCTOBEPHBIH ANarHo3.
AKTyasIbHBIM OCTaeTCs BOIPOC 3(h(HEKTUBHOCTH U BO3MOKHOCTEH BHEIPEHHS JAHHON METOAMKH BELYIIIMMHU CIICIMAIUCTAMH 110 BCEi
CTpaHe U MHPY.

Heab nccaenoBanus: OO00IICHNE UMEIOMIUXCS JTUTEPATYPHBIX AaHHBIX O BO3MOKHOCTSAX MPUMEHEHHUSI METOJd XOJIAHTHOCKOIIUU
B JIMArHOCTHKE U JICYCHUH CIIO)KHOTO XOJIEZ0XOIUTHA3A.

MarepuaJibl 1 MeTObI: bbul IpOBeIeH UTepaTypHbIH 0030p HAYUHBIX TPYAOB 3a nocieanue 10 JieT ¢ UCnoNb30BaHUEM BEAYILNX
Hay4HbIX pecypcoB PubMed u eLIBRARY c nienbio anannsa Hanbosiee COBPEMEHHBIX MEAUIIMHCKHIX CTAThEH, OMyOIMKOBAaHHBIX B HC-
crenyemoii obnactu. MccnenoBanus, BKIOUCHHBIC B 0030p, OCHOBaHbI Ha SKCIIEPUMEHTAIIBHOM M KIIMHUYECKOH 0a3ax AaHHBIX. DTO
I03BOJIMJIO HAM IOJIyYUTh HauOoJiee HAJICKHBIC U JIOCTOBEPHBIC PE3YNIbTaThl, KOTOPhIE MOTYT OBITh MCIOJIB30BaHbI B JaJIbHEHIINX
HCCIIEJIOBAHUSX U NPAKTUUECKOH MEIMIMHE.

PesyabraTbi: B pesynbrare npoBeeHHOT0 HaMH 0030pa ObLIO BBISBICHO, YTO SH/IOCKOITMYECKask XOJAHMOCKOITHSI UIMEET 3HAYUMYIO
KIMHAYECKYIO IIEHHOCTH, YTO TIOATBEPKIACT €€ POJIh KaK BaKHOTO JIMATHOCTUYECKOTO U TePAIeBTHUECKOr0 HHCTPYMEHTA B JIOTIOJ-
HEHHE K 9HJIOCKOITMYECKOW PETPOrpaHON XOJaHTHONAHKpeaTorpaduu Mpu JEYCHUU CIOKHOTO XOJIEIO0XOIUTHA3a U TPeOyeT Jajb-
HEHIero TIATeIbHOTO UCCIIEIOBAHUS.

Knioueswie cnosa: naronorus OWINapHOTO TPAKTa, XOJIAHTMOCKOIIHS, X0JIEIOXOINTHA3, IIepopajibHas xoiaanruockonus, SpyGlass
LHumuposamy: [Tpravko B.YO., abpmane C.A., Mamumie A.K., Kpymensuunkwii B.C., Kynarun B.B., ['punaii A.Jl. BoamoxHOCTH
TIepPOPATEHON TPAHCTIANMMIUIIPHON XOJIAHTHOCKOIIMN B JICUCHUHU CIIOKHOTO XOJIEIOXONHUTHAaza. Munosayuonnas meouyuna Kybanu.
2024;9(4):113-119. https://doi.org/10.35401/2541-9897-2024-9-4-113-119
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Abstract

Background: Complex choledocholithiasis remains an urgent socio-medical problem in modern medicine. This pathology is more
common in patients with cholelithiasis and causes such complications as obstructive jaundice, acute and chronic pancreatitis, chol-
angitis, etc. Effective treatment depends on proper preoperative examination, which is quite challenging. In such cases, minimally
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invasive diagnostic methods play a fundamental role. Endoscopic cholangioscopy is an effective and highly informative method
for diagnosis and treatment of biliary diseases including complex choledocholithiasis; in many cases it is the only examination
technique that allows for a reliable diagnosis. The effectiveness of this technique and possibilities of its implementation by leading
specialists in the Russian Federation and around the world remain important issues.

Objective: To summarize available literature data on possibilities of using cholangioscopy in diagnosis and treatment of complex
choledocholithiasis.

Materials and methods: We conducted a literature review using PubMed and eLIBRARY. Our goal was to cover the most up-to-date
medical articles published on the subject in the past 10 years. Studies included in our review are based on experimental and clinical
data. Thus, we obtained the most reliable results that can be used in further research and practice.

Results: We found that cholangioscopy has significant clinical value, which confirms its role as an important diagnostic and thera-
peutic approach in addition to endoscopic retrograde cholangiopancreatography in treatment of complex choledocholithiasis. This
technique should be further thoroughly studied.

Keywords: biliary disease, cholangioscopy, choledocholitiasis, peroral cholangioscopy, SpyGlass
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BBepeHune

Crnoxubiii  xonenoxonutuas (XJI) ocraercst aktyanib-
HOM MpobeMoii coBpeMeHHON MenIHbL. B HacTosmee
BpEMsI TaHHAs MATOJIOTHS Kak B Poccnn, Tak u 3a pyoeskoM
XapaKTepU3yeTcss YCTOMUMBOW HEYKJIOHHOW TEHACHIIM-
el Kk pocTy, a mpodiemMa BEIOOpa CIIOCOO0B TUATHOCTHKHU
W JIeueHHs JaHHOMW MaTOJIOTUH MPUHUMAET Bce OoJIbIiee
3HaYCHUE. ANBTEPHATUBON XUPYyPrUUE€CKUM BMEIIATENb-
CTBaM CTaHOBSITCS SHIOCKOMMYCCKUE YPECHAMMUIIPHBIC
MeTOJIbI JieueHwus [1].

ManonHBa3WBHBIC YHIOCKOMUYCCKUEC UPECTIAIIIISIP-
HBIC BMEIIATEIHCTBA, BIIEPBIC BHEPECHHBIC B IPAKTHYIC-
CKYIO JIeSITEIbHOCTh CHEIUATUCTOB B 70-X IT. IPOILIO-
TO CTOJICTHSI, BHECIM HECOM3MEPHUMBIN BKJIal B JICUCHUE
00bHBIX co ciaoxHbIM XJI [2-3]. TlocTenenHoe paciiu-
peHue 00OpYIOBaHUS M HHCTPYMEHTAPHS, @ TAKKE HAKO-
IUICHUE OTIBITA W 3HAHUI TO3BONMIIO YBEIHYUTH CIIEKTP
YpecnanwIISIPHbIX BMEIIATENIbCTB [4].

OHJOCKONMYECKas IepopabHas YpecHanuuIsipHas
XOJIQaHTHOCKOITUS TIPENICTAaBIsET OO0 BBICOKOMH(OP-
MaTUBHBII MaJIOMHBa3WBHbBI METOJ BHYTPHUIIPOTOKOBOU
BH3YQJIM3AINN KETICBBIBOISIINX TyTEH, TTO3BOJISIFOIINAN
OIICHUTh WX KOHTYPHI, TUAMETp, HaIn4ue neheKToB Ha-
TIOJTHEHVSI, a TaK)Ke OCYIIECTBHUTH IICJICHANIPABICHHBIN
3a00p TkaHed [5—6]. DdGheKTUBHOCTh JAHHOTO METOJA,
mo HamuM HaOmomeHusM, nocruraer 98%. Ha ceroa-
HALTHUNA JeHb Hanbojee paclpoCTPaHCHHBIM TOKa3aHU-
€M K BBITOJHCHHUIO YHIOCKOTTMYCCKOW XOJAHTUOCKOTUU
(OXC) sBnsiercst ymaneHue CIOKHBIX KamHei. [lo maH-
HBbIM Pa3HBIX ABTOPOB, 52% BCEX XOJIAHIMOCKOIHN BBI-
TIOJTHSIOTCST JUTSI JICUCHUSI CIIOMKHBIX JKETYHBIX KaMHEH,
35% — 11 OLEHKU HEOIPENeNeHHbIX CTPUKTYp U 13% —
[0 Ipyr'uM MoKa3aHusM. B HacTosIiee BpeMsi HAKOIUICH
OTPOMHBIN OTIBIT BHIIOIHEHUS IEPOPATHEHON UpeCTIauI-
JISIPHON XOJAHTUOCKOTMH B PA3IMYHBIX CIICIIHATH3UPO-
BaHHBIX KJIMHUKAX [0 BCEMY MHPY, KOTOPBIH 00CCIIeUI
JIOCTATOYHO XOPOIIe, HO OTHOCHTEIIEHO BapradenbHbIe
pesynbrarsl [7]. Takum 00pa3oM, 0 MHEHHIO Pa3HBIX aB-
TOPOB, 3)(HEKTUBHOCTD YPECIATUILISIPHON XOJIAHTHOCKO-
MU B JIedeHun ciokHoro XJI cocrasmsier ot 48 10 98%,
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ocnoxxHeHUst HaOmonaiotess 'y 1-37% oOparuBmmxcs
32 MEAMLIMHCKON MOMOILBIO U TOTYYMBILUX JICUCHHE.

MeTon XOIaHTMOCKOIIUH OBLI BIIEPBBIC ONKCAH B Me-
JUIUHCKOM nuteparype ewme B 1950-x rr. Buawane ero
HA3BIBAINA «XOJIEOXOCKOMHEH», W OH HCIOIB30BAJICS
B JIOTIOJTHEHUE K XOJNIAHTHOTPadUH TSI OTICHKHM HATHMYINS
JKEITIHBIX KaMHEH MpH sKeTIHOKaMeHHOH Oose3nu u XJ1
BO BpeMs omepanumii [7—8]. B 1970-x rT. ObuTH OMUCaHBI
JIBa PA3JIMYHBIX METOJa TPAHCHANWIIIPHON XOJaHTHO-
cxorrm (TXC). PanHuit MeTOT OCHOBBIBAJICS Ha HUCITOJb-
30BaHUH TOHKOTO «JIOYCPHETO» XOJAHTHOCKOIIA, KOTOPBIN
BBOAMJICS Yepe3 pabouuii KaHAl «MaTepPHHCKOTO» IyO-
nenockona. J. Urakami m coaBT. IEpBBIMH TIPHMEHIITH
SHJ0CKOM TipsiMoit Bu3yanusanmu st TXC. B To Bpems
HCIIOTB30BAIMCH ONTHUKOBOJIOKOHHBIE YHIOCKOMHBI. [lep-
Bast DXC ObuIa BITOHEHA B 1975 . MPOTOTHIIOM XOJIaH-
THOCKOTIA, KOTOPBIH OBLI JOCTaTOYHO TOHKHUM ISl TIPO-
XOKJICHUS 4yepe3 kaHall ayoneHockona [9]. Konuenuus
MIPOBEACHNUS WHCTPYMEHTA MEHBIIETO TUaMeTpa K 30HE
oTieparfii C MOMOIIBI0 OOJBINEro MOoIKe MONTyUHiIa Ha-
3BaHHE «MaTh-peOeHOK» (mother-baby), a cam xosaHTH-
OCKOI — «JlouepHuil anmnapar». B cepenune 1980-x rr.
OBLIO MPOJEMOHCTPUPOBAHO CIEAYIONIEE MOKOIEHUE XO-
JIAHTHOCKOIIOB. Y ATHUX allllapaToB MOSBIIUCH ITOIBUXK-
HOCTh JINCTAILHOTO KOHIIA W pabouuil KaHall, KOTOPBIH
MpeIaraioch HCIONB30BaTh KaK ISl OPOIICHHS, TaK
U A1 M”HCTpyMeHTOB [10].

B xonite 1990-x rT. 1 B Hayajie HOBOI'O THICSYEIIETUS
JOCTIDKCHHS B OOJIACTH HAYKW M TEXHOJIOTHH BH3yalln3a-
WU MIPUBEIU K CO3IAHUIO BUICOXOJIAHTHOCKOIIOB C YCO-
BEPIIICHCTBOBAHHBIM KaueCTBOM H300PaKCHUS i BO3MOXK-
HOCTBIO Bu3yanuzamuu B NBI-cnekrpe [11].

OcHoBHasA YacTb

Jlo HemaBHEro BpeMEHU caMbIM 3(QEKTHBHBIM Me-
TOZOM JWAarHOCTUKM TATOJOTWH OWIMAapHOTO TpakTa
CUMTANIACh SHIOCKOIMYECKasi PEeTPOrpanHasl XOJaHTHO-
nankpearorpadus (OPXIII'), Ho oHa HEe KaBana BO3MOXK-
HOCTH TIPSIMOTO OCMOTpA KETYHBIX IyTeH H, TaKUM 00-
pa3om, 6buta Mao3¢GPEeKTHBHA B AUATHOCTHKE CIOKHOTO
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XJIT12]. OnHako ¢ mosBIIEHUEM B KIIMHUYECKOU MPAKTUKE
HOBOI1 1IppoBOIt 3HIOCKOTMUecKol cucteMbl SpyGlass,
BO3MOXKHOCTH W CIIEKTP HCIIONH30BAHUS MaJOWHBA3HB-
HBIX METOJIOB JICYCHHUS M JJMarHOCTHKH 3HAYUTEIHHO pac-
IIHPUITUCH.

IXC ¢ 0onum onepamopom

Cucrema npsimoit Bmsyanmzanuu SpyGlass, paszpabo-
tanHas B 2005 r. komnanuei Boston Scientific Corporation
(CIIA), mo3BONSeT BU3YaTU3UPOBaTh CIM3UCTYIO 000-
JIOYKY BHYTPHIICYCHOUYHBIX M BHEIICUCHOUHBIX KESTIHBIX
IIPOTOKOB, KEIUHOTO Iy3bIPSI U MOPKEITYT0OUHOMN JKEIE3bl,
B HACTOSIIIEE BPeMsl MOydryIa MIUPOKOE PacIpoCTpaHe-
HUE, T. K. IMECT BaXKHOE 3HaYCHUE B U HepeHInaIpHON
JUArHOCTHKE MaTOJIOTUi OuarnapHoro Tpakra [13].

CrenmanbHO pa3paboTaHHBIE SHAOCKONBI M HHCTPY-
MEHTBI MEHBINIETO TuameTpa («0I0M-CKOI») MO3BOJISIOT
OCYILECTBIISAITh MPSIMYIO BH3yallM3allMI0 OOIIEro emd-
Horo mporoka (OXII), mpoBoANTs MHCTpPYMEHTAJIbHBIE
MaHUNYISIANA U 3a0UpaTh 0Opasibl TKaHEH I OWOII-
cun [14-15]. Cucrema SpyGlass cocTouT u3 THOKOTro
9HAO0CKOMMYECKOTO 30Ha, KOTOPHII BBOAUTCS Yepe3 POT
MAIUeHTa U JOCTUTACT JKEIYHBIX TPOTOKOB. 30HI OCHA-
IIEH ONTHUYECKOW CHUCTEMOH, KOTopas mepenaer u3odpa-
JKeHHE Ha MOHHUTOP, MO3BOJISISL Bpady BUACTH BCE NCTAIN
¥ “3MeHeHus B mpoTtokax [15]. lanHas cuctema 0003Ha-
YHJia MepopaibHYI0 XOJAHTHOCKOITUIO KaK METOJI ITUPO-
KOT'O HCIIONIb30BaHUsI M IO3BOJIMJIA LIMPOKO MPOBOAUTH
JJAHHYIO TMPOLIEYpPY B MOBCEIHEBHON IHA0CKONMUYECKOM
npaktuke. Tem He MeHee SpyGlass Legacy mmena He-
KOTOpBIE OTPaHUYCHHUsI, CBSI3aHHBIC C JOJTOBEYHOCTHIO
OTITUKOBOJIOKOHHOTO 30H[IA, OTPAHWYCHHBIM Ka4eCTBOM
M300paKeHUs U OIS 3peHHs, HEOOIbIIUM TepareBTHYe-
CKHMM KaHAaJIOM W CIIO)KHOH HacTpoiikoi [16]. [To mpuunne
BBINICYKA3aHHBIX TPUYHH 3TUX HEIOCTATKOB ObLIA TIPE/-
cTaBlieHa IM(pOBas YCOBEPIICHCTBOBaHHAs CHCTEMa
npsimoii Busyanm3aruu SpyGlass DS (Boston Scientific
Corporation, CIIIA), ¢ ymy4ieHHBIM KauecTBOM I dpo-
BOTO M300pakeH s, 0oJiee MHUPOKUM I0JIeM 3peHus 1 00-
Jiee M3rubaeMbpIM JUCTaJbHBIM KOHIIOM XOJIAHTMOCKOIIa
KOHHYECKON (hOPMBEL.

IXC c ucnonvzoeanuem 08yx onepamopos

Hns npoenenust 9XC mpUMEHsieTCS JTyOIEeHOCKOII,
gepe3 paboumii KaHall KOTOPOTO MPOBOAUTCS XOJIAHTHO-
CKOII, MCIIOJIb3YEMBIH HEIOCPEICTBCHHO JIUIST BU3yalln3a-
LU TIPOTOKOBOM CHCTEMbI OMITHapHOTO Tpakra. JlocTas-
Ka XOJIAHTHOCKOIIA Yepe3 KaHall HJOCKOIA U 3aBEACHUE
€r0 B MPOCBET KEITICBBIBOIIINX ITyTEH OCYIIECTRIISICT-
Csl 10 TPOBOJIHHUKY, NPEIBAPUTEIHHO YCTAHOBICHHOMY
B Kem4Hble myTH [17-18].

BuieoxomaHTHOCKONIBI  TIEPOPATBFHOTO  TIPHMEHE-
HUS COCTOST W3 IIUPOKOKAHAIBLHOTO JYOJE€HOCKOIA
«motherscope» U IOYEepHEro y3KOKAHAJIBLHOTO XOJaH-
ruockona «babyscope». XOIIaHTHOCKON TIPOABUTACTCS
yepe3 pabouunii KaHaJ CHEIUAIBHOTO TEPaIIeBTHIECKOTO
IyOACHOCKOIA 1O MPOBOAHUKY [19]. DTa Manumymsus

TpeOyeT yJacTHs JIByX OIepaTopoB: OJUH ONEepaTop Hy-
JKEH JJIs1 YIPABICHUS «MATECPUHCKUMY» TYOJCHOCKOTIOM,
TIPYTOW — ISl YIIPABICHUS «IOYCPHIMY XOJIAHTHOCKO-
noM. OAHUM U3 NPUMEPOB XOJAHTMOCKOIA TEKYIIEro
nokonenus sBisietcss Olympus CHF-B260 (Olympus
Corporation, SmonHwus), rae TUaMeTp AUCTATBLHOTO XO-
JIaHTHOCKOTIa cocTaBisgeT 3,4 MM, a TMaMeTp BCIIOMO-
rateapHOro kaHaia — 1,2 mm [20—23]. XoJaHTHOCKOI
MIPOJIBUTAETCS] UePe3 BCIIOMOTATCIBHBIA KaHAT TUaMe-
TpoM 4,2 MM TepareBTUYECKOTOo JIyo/ieHocKona. Ps He-
JIOCTAaTKOB OTPaHUYMII HCIIOJNIb30BAaHUE AAHHOM CHCTE-
MBI: BBICOKHE JKCILTyaTAIIOHHBIE PACXOMBI, XPYIKOCTh
«JIOYCPHETO» XOJIAHTHOCKOTIA, HEOOXOJUMOCTh B JBYX
KBIH(DHUIIMPOBAHHBIX Bpauyax-3HOCKOMUCTAX, & TAKKe
OTPAaHUYCHUS B BO3MOXKHOCTSX OTKIOHCHUS IUCTAIhb-
HOTO KOHIIa XOJIaHTHOCKoma [24-26].

Juist noBbImeHns 3pPEKTHBHOCTH 3H]I0CKOITUIECKOIO
MeTo/1a JIieueHU s C0KHOro XJI IpUMEHSI0TCS ClIeAy0IIHe
METOJMKY OWJIHMAPHOW JTUTOTPHUIICHH: ICKTPOTUIPABIH-
yecKasi, MexaHudeckas, jJazepHas [27-28]. s nposese-
HUS 2IEKTPOTUAPABINYECKOM INTOTPUIICUN HEOOXOTUMBI
JTyOJICHOCKOTI FUTH KOMIUIEKC JHIOCKOIIOB «MAaTh—IUTSD)
¢upmbr Olympus Corporation, 3JIeKTpOTHAPABINIECKIE
30HA6I quamMeTpoM 1,7 MM u mymmHOo# 700 MM mu 1800 MM
(B 3aBucumoctu ot mocrtyma), WALZ Lithotron EL23
(I'epmannst), xop3unsl Jlopmua, Ha300MIHApHBIE ApEHA-
xu (HB/I); omepanus mpoBOAUTCS MO XOJTAHTHOCKOIIH-
YECKUM KOHTPOJIEM. «MaTepUHCKAN YHIOCKOIT BBOIHT-
Csl B IBEHA/ILATUIIEPCTHYIO KUIIKY, YCTAHABIMBACTCS Ha-
MIPOTHUB OOJNBIIOTO COCOUKA ABCHAIIATUTICPCTHON KHUIITKU
u ocyuectBisercs ero pesusus [29]. [lo xanany «wma-
TEPUHCKOIO» HHJIOCKOIA B paspe3 manmuisl MuMo HBJI
B IIPOTOKU BBOJIUTCS «IOUESPHHUID DHIOCKOI, C TOMOIIBIO
KOTOPOTO OCMATPUBAIOTCS MPOTOKU M KAMEHB, OIIPEICIIsI-
FOTCSI €T0 XapaKTCPUCTHKHU U H30MPACTCSI MECTO KOHTAKTa
C 30HIIOM. 3aTEM BBOIUTCS 30H] [0 KaHAITY «IOYEPHETO»
SHAOCKOIIA, TIPUKUMACTCS TUIOTHO W TEPIICHANKYISIPHO
k kamH10 [30-31]. IIpu npsamoi 2H10CKOMMYECKON BU3ya-
JU3AIUH 30H] HAIPaBJISeTCsl HA KAMEHb M MPOJBUTACTCS
110 MEHbILIEW Mepe Ha 5 MM OT KOHYMKA XOJIAaHTHOCKOIIa,
pacnonarasice Ha paccrosHuu 1-2 mm ot kamHs. [lepe-
Jaya 3apsiaa yepes MEeKTPOoAbl Ha KOHYHKE 30HAa TeHEpH-
PYeT UCKpY. DTO OIpEeAeIsieT paCIIupEHIE OKPYKAIOIIeH
CpeIsl U B KOHEUHOM CUETE TPUBOTUT K KOJIeOATEITHHON
yIapHOM BOJHE MAABICHHUS C YacToToi 12 uMIynbcoB
B CEKyHIY, KOTOpas OCYMIECTBISIET APOOICHNUE KOHKpE-
MeHTOB. Korma gocturaercs mMpaBHIIBHOE M YCTOWYIHBOE
MIOJIOKEHUE U KaMEHb YETKO BHU3YyalIU3HPYETCs, CHCTEMa
AIEKTPOTUAPABINYCCKON JIMTOTPHUIICUU AKTHBHPYETCS
HOXXHOM Trenansio [32—-34]. Oneparus cunutaercs dhdek-
TUBHOH, €ClTi 00pa3oBaBIINecs (QparMeHThl 10 2—4 MM
B IHaMeTpe JIETKO yHmajsroTcs: kop3uuoit JJopmma. Oc-
JIOKHCHHSI BO3HUKAIOT B OCHOBHOM W3-3a CIIOKHOCTEU
B [IPABWJILHON YCTAHOBKE AJIEKTPOrHIPABINYECKOTO 30H-
Jla — MepIIeHIMKYIAPHO MTOBEPXHOCTH KOHKpeMeHTa [35].
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Ouyenka rhhexmuenocmu u 603modxcnocmeii npu-
MeHeHUA X0IaHZUONAHKDeamoCcKonuu

JJ1 IPOCTIEKTUBHOM OICHKH BBITIOJIHUMOCTH, KJIHHU-
YeCKOr A(PQPEKTUBHOCTH M OE30MaCHOCTH XOJIAHTHOCKO-
TIUU ¢ HOBOM cUcTeMOH TpsiMoii Bu3yanmzarmn SpyGlass
P.V. Draganov u coasr. (2011) noctumiu cienyroomux pe-
3yJBTaTOB: B IEJIOM XOJAHTMOKOITUH C HCIOJNb30BaHHEM
SpyGlass B neqennn cioxxaoro XJI mpoBesieHb! yCIEHo
y 70 u3 75 marmenToB (93,3%). Cpenuuii pasmep KaMmHs
coctaBmwi 1,3 cm. [lpu ynasieHuu KemT4HBIX KaMHEH HuX
TIOJTHOE BBIBEICHHE OBLIO TOCTUTHYTO ¥ 24 13 26 maruen-
T0B (92,3%). X0onmaHruoCKOIHs 110 TIOKa3aHUsIM, He CBS3aH-
HBIM ¢ KaMHSIMH, Tpouuia ycremHo y 43 u3 44 manuen-
TOB (97,7%) — TIEHTp TPETUUHOU MEIUIITMHCKOHN MTOMOIITH,
CIIA [36]. YacToTa HexelnaTenbHbIX SBJICHUH COCTaBHIIA
8,7 %. Cpennee BpeMs npouenypsl — 67,0 MuH.

B unccnenosannm, nposenennom M. Reuterwall u co-
aBT. (2019) B GonpHuIle KapoaMHCKOTO YHHUBEPCHTETA,
OBIJIO BBISIBJIICHO, 4TO 3a 7-1eTHUM nepuoa 311 manueH-
TaM OBLIO TpOBeAeHO 365 mpoleayp C HCIIOIb30BaHU-
em 1utatdopmel SpyGlass. OCHOBHBIM TOKa3aHHEM OBLI
cnoxupii  XJI. CrokHas jkeT4HOKaMeHHas OoJe3Hb
ObLTa TIOKAa3aHUEM K TIPOIeype TOIbKO B 16% cioydaes.
Cpennuii pa3mep U3BJIeKaeMbIX KaMHel cocTaBmi 1,5 cm.
bruto BeigBeHO, uTo DXC MMEET KIHOYEBOS 3HAUCHHE
(4-s1 cremrens) B 19% ciny4aeB m mMeeT OONbIIOE K-
HU4eckoe 3HaueHue (3-s crenens) B 44% ciryuaeB. DXC
HE MOBJHsIIA HA MIPUHATHE KIMHUYECKUX PEIICHUN U He
M3MEHHWJIa KIMHW4eckoe Tedenue (1-1 m 2-s1 crereHw)
B 37% ciyuyaeB. Bce mpoueaypbl MpOBOIIIUCEH IO 00-
IIMM HapKO30M C ITOMOIIBI CUCTEMBbI MPSIMOI BU3yasIH-
3ammu SpyGlass. Cpemree BpeMst TIpOTIeTyphl COCTABUIO
67,2 mus. B 79% npouenyp, BHIIIOJHEHHBIX TP JICUEHUU
CJIOKHBIX KAMHEH JKEITYHBIX TPOTOKOB, TEPATIeBTHUECKAs
[ICHHOCTh OIICHHWBAJIach Kak 3—4 (MMeromas KI4eBOe
win OoJbIIoe KIMHIYecKoe 3HaueHue) [37]. YacToTa He-
JKeJIaTeNbHBIX SBJICHUH B cpeHeM cocTaBuia 8,9 %.

B uccnenoBanmm C.A. I'abpudns u coasrt. (2013) 6putm
MPOBEJCH aHalM3 YpeCHanwUIAPHBIX BMENIATeIbCTB
y OomnbHbIX, Haxomsmuxcsa Ha jedennn B ['BY3 KKb
Ne 2 . Kpacnomapa B mepuon ¢ 2008 o 2011 . Obmee
KOJIMYECTBO MalueHToB coctaBmiio 1063 yenoseka, cpenu
KoTOphIX 394 (37%) Mmy>kuunsl 1 669 (63%) sxenuuH. bo-
Jiee TMOJIOBUHBI MAIueHTOB (74,7%) — OOJBHBIE CO CIIOXK-
HbIM XJI, 7,5% — ¢ OHKOJIOTMYECKOW MaTOJIOTHEH, C XPO-
HUYECKUM OCJIOKHEHHBIM MMaHKPEATHUTOM — OKOJO 8%,
co cTpuKTypoit xonemoxa — 2,8%. Y 74 (7%) mamueHTOB
uMerach coueTaHHas marosorus (crpukrypa + XJI, pak +
XJI u np.), MOATBEPIKICHHAS MJIM BIIEPBBIC BBISBICHHAS
[IpY TpaHCHANWIISIPHOM BMelarenbcTae [38].

beuta BeimonmHeHa 561 mexaHWdYeckas JHTOIKCTpaK-
s 1o moBoxAy ciokHoro XJI, 54 MexaHWdecKue JIUTO-
TPUTICHH TI0]T KOHTPOJIEM XOJIAHTHOCKOIINU. B CIIOKHBIX
KIIMHUYECKUX clydasix, HaunHas c¢ 2010 r, mamueH-
TaM Ha3Ha4ajaach KOHTAKTHAs 3JIEKTPOTrHIPaBINYECKast
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JUTOTpHUIICUS. TakuxX BMEUIATENLCTB OBUIO  BBITION-
Heno 8. Cpemnuii pasmep KamHe#dl coctaBmsn 1,7 cm.
B 1-i1 Tanm sHIOCKONTMYECKHE BMENIATEIHLCTBA BBITIOIHE-
HBIL Y 799 6onbHBIX (75,2%). Bo 2-i1 atanm —y 166 60:1b-
HbIX (15,6%). B 3-it u cnenyrommue 3tansl — y 98 O0MBHBIX
(9,2%). B cpennem Ha BBITTOIHEHUE POLIEAYPHI OBLIO 3a-
TpaueHo 66,9 MuH. HacToTa HexXenaTeIbHbIX SIBICHUH CO-
crasmia 9,1 % [38].

C.A. byn3unckuii u coast. Ha 6a3e I'Kb Ne 31 . Moc-
kBbl 1 ['Kb nm. mpod. A.M. Boiino-Scenenxoro 1. Xa-
Oaposcka B niepuoa ¢ 01.01.18 mo 01.01.22 r. mpoBenu
PETPOCTIEKTHBHBIN aHAJIN3 PE3yJIETaTOB HCIONb30BaHUS
BHYTPHIIPOTOKOBOW KoHTakTHOW JsmtoTpuncun (KJIT)
MOJ KOHTPOJIEM XOJAHTMOCKONUHU TpHU JICUCHUU Mallu-
eHTOB co ciaokHbIM XJI. B rpymnmy o6cienoBanust BOII-
nu 20 manueHToB: 13 >KeHUIMH U 7 MYX4YUH B BO3pacTe
ot 33 o 84 net. B pe3ynbrare npoBeIeHHOro 00CIe0Ba-
HUS OAMHOYHBIA KaMEHb B IIPOCBETE JKEITYHBIX MTPOTOKOB
BeisIBIIeH y 12 (60%) marmmenTos, 2 kaMHA — Yy 5 (25%),
3 -y 1(5%) 6onpHOTO; MHOKECTBEHHBIE (>3) KaMHU — Y 2
(10%). Pazmep KOHKpEMEHTOB BapbUPOBAT OT 8 110 35 MM
1 B cpentHeM cocTtaBmi 2148 mm. [Ipu oOHapykeHNH KaM-
HS B INPOCBETE KETUYHBIX MPOTOKOB JINTOTPUITUYECKOE
BOJIOKHO (JIa3epHOE WIIM 3JIEKTPOTHIPABINYECKOE) HU3-
BOJIMITH Yepe3 MHCTPYMEHTAIBHBIN KaHaJI XOJIAHTHOCKOTIA
U pacrojarajiy y HUKHETro Kpast KoHKpeMeHTa. [l cpaB-
HUTEIBHOTO aHaju3a (PaKTOPOB, BIUSIOIINX Ha PE3yib-
TaTHI JISYEHUS TAIMEHTOB CO «CIOXKHBIM» XJI ¢ Bcmoib-
30BaHUEM METOJ10B BHYTpunpoTokoBoil KJIT u Bpemenu,
MOTPAUEHHOTO Ha OMNEpPaTHMBHOE BMEIIATEIHLCTBO, BCE
naruedTsl (n=20) ObUTH pa3fenieHsl Ha 3 TPYNIBL, B 3a-
BUCHUMOCTH OT pa3MEpOB KOHKPEMEHTOB: l-t0 rpymmy
coctaBwiu 4 OONbHBIX, HUMEBIIUX KAMHU JHAMETPOM
<15 mM; 2-10 rpynny — 11 nanueHToB ¢ KAMHAMHU JUaMe-
TpoM 16-25 MM 1 3-10 TpyIIy — 5 NAUEHTOB, Y KOTOPBIX
kamMHM ObutH >25 MM [39]. YemexoM npUMEHEHHS pas-
JIMYHBIX CTIOCOOOB KOHTAKTHOH JINTOTPUIICHU B JICUCHUN
cJIokHOrOo XJI cunMTany MOCTUMKEHHE IIOJHOW CaHalluu
JKETYHBIX NPOTOKOB. CpenHee BpeMsl TakoW MpoLeayphl
cocraswio 67,4 mun. B 17 (89,5%) cinywasx oneparus-
HO€ DJHJIOCKOIIMYECKOe BMEUIATeNLCTBO 3aKOHYMIOCH
YCHEILIHO Y€ TMOCJe MEPBOro ceanca JUToTpuncuu. B 1
(5%) cnyuae ymanenne Iuratypsl 1 (pparmMeHnTa ApeHaxa
Kepa BemmonmHeHo kop3uHKOW JlopMua, y Apyroro 0oib-
Horo (5%) IuIst 3aXBaTa W M3BICUYEHHUs JIUTATyphl OBLTH
MIPUMEHEHBI IIUIIBI JUTS BHYTPUIIPOTOKOBOM XOJIAHTHO-
cxoru. Eme y 1 (5%) manuenta mocie nposenenus KJIT
U JINTOSKCTPAKIUH MOMBITKY YIaJCHUsSI HHOPOJHOTO Teja
OXII mumnuamu 1 Kop3uHKo# Jlopmua okazanuce Hedd-
(PeKTHBHBIMH, BCJIEJCTBHE YETro MOTpedOoBasiach 3aMeHa
XOJIaHTMOCKOTIA YIBTPATOHKUM TPAHCHA3aJIbHBIM I'acTpo-
CKOTIOM JJIsl TIPOBEJCHHUS MOJIMIIIKTOMHYECKON IeTIn
C TIOCJIEAYIOINM TIePECEYCHNEM W yCIICIIHBIM H3BIIEYe-
HUEM JIUraTypHoro marepuania. Takum oOpa3oM, mosiHas
caHalusl OMJIMApHOTO TpPakTa IPHU BHYTPUIPOTOKOBOM
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JUTOTPHUIICUU Obuta JocTturHyta B 19 (95%) ciydasx,
HEY/JIOBJIETBOPUTENIBHBIN pe3ynsrar otMeueH B 1 (5%).
B o00mem ugacTora HeXenaTelbHBIX SBJIEHUN COCTaBHiIa
9,0%. IlpuunHO#l OnHON HEymayM MOCIYKWIAa HHU3Kas
JIOKAJIN3alnsl KOHKpEMEHTa B OOJIACTH HaIaMIYIISIPHOU
yactu OXKII, yTo MpuUBEIO K HEBO3MOXKHOCTH aJIeKBaTHO-
TO MMO3UITMOHUPOBAHUS XOJIAHTHOCKOIIA ¥ BOJIOKHA JIUTO-
TpUIITEpa Ha HWKHUHN TTONIOC KamHs [39].

B uccnenosanue, nposenennoe A.Jl. KoaneBckum
u M.U. [IpynxoBeim Ha 6a3ze 'AY3 CeepayioBckoit o0ia-
ctn «l'opozackas kauHNYeckas 6ompHuIa Ne 14» ¢ 2017—
2019 r., 6p10 BKIHOUeHO 314 mamuentos [40]. ¥V aTux
MAIUEHTOB Tpeanonaraau ciokueii XJI. Bece OompHBIC
paHnee nepenecnu ot 1 70 3 onepaiuii Ha BHENEUEHOUHbIX
JKEITIHBIX TPOTOKaX. UpeCHUCTYIBHYIO XOIAHT O CKOITUIO
BBITIOJTHSUTH TI0J] YMEPEHHOM cenariei miu 6e3 00e300:1m-
BaHUS B YCJIOBUSAX THOPUIHOM OMEepariiOHHOM, OCHAIICH-
HOM BHJICOIHIOCKOMUYECKUME Komruiekcamu Olympus
(AAmonus) m Pentax (SImonwust) s mepopasibHOW IHIO-
ckonmH ¥ xonaHruockonuu, C-myroit Carmex (Mramms),
anmaparom Mindray (Kurait) mist Y31, xonemoxockorna-
mu Olympus (AAmonns) CHF P-20 u CHF P-10 ¢ mapyx-
HBIM AMaMeTpoM 4,9 MM U MaHUIYISLUOHHBIM KaHAJIOM
muametpoM 2,2 mm. Kaman 10 5—-6 MM ynansmm, 3aXBaTuB
MIPOBOJIOYHOW KOP3WHKOU IO BU3YaJTBLHBIM KOHTPOJIEM.
Cpennee BpeMsi BHITOTHEHHS JTa3ePHOM JIUTOTPUIICHU CO-
ctaBwio 66,8 MuH. KpynHble U BKJIMHEHHbIE KAMHU y/ia-
JSUTH 32 1 WITH HECKOJIBKO CEaHCOB IO YaCTsIM — MOCIIE X
¢bparmenTranuu. CpenHuii pasMep H3BJICKAEMBIX KaMHEH
cocTaBui 2,2 cMm.

V¥ 32 nanueHTOB CUTyallMsl OKa3ajlach CyIIECTBEHHO
CIIO)KHEE BCJIEICTBUE OCO0O0 KPYMHBIX U BKJIMHEHHBIX
KOHKPEMEHTOB, KOTOpPhIC HEPEAKO OKA3BIBAUCH MHOMKE-
cTBeHHBIMU. KpymnHble KaMHM y 32 TTallMeHTOB ObUIN pa3-
IpOOTICHBI MEXaHWYECKUM 3aTSATUBAHHUEM IPOBOIOYHOU
ey (n = 14), ¢ TOMOIILI0 KOHTAKTHOU 3JICKTPOTUIPAB-
nuaeckoil (n = 33) winu nmaszepHoit (n = 21) nuroTpwu-
CUM W M3BJICUYCHEI IO YacTsaM (B cpemaneM 2,1 mporemypa
Ha 1 6ospHOTO). [ToTHOE 0CBOOOXKICHUE TIPOTOKOB OT KOH-
KPEMEHTOB JIOCTUTHYTO y 158 manumenTtos, uto TpeboBa-
710 0T 1 710 4 ceaHCOB YPEeCPUCTYIILHON XOITaHTHOCKOITHU
n ca”anuu. OCIIOKHEHMsI Pa3BWINCh y 14 manueHToB.
OO61ast yacToTa OCIOKHEHHI cocTaBuia 8,9%, B ToM
gucne 1,9% — 11—V crenenn no Clavien-Dindo [40].

3aknovyeHne

B nemsax omeHkH >QQEKTHBHOCTH BHEIPEHUS XONaH-
THOCKONUH IIpU JiedeHUH cioxkHoro XJI Obl1 mpoBeneH
CTaTHCTHYECKUi 0TOOp, BKIOYaBIIMKA 1763 yd4acTHHKOB
W3 5 KIMHUK, OPE/ICTaBICHHBIX B TaHHOM 0030pe (43,4%
MYXX4HH; CpelHui Bo3pacT 61,5 [craHmapTHOE OTKIIOHE-
mue (SD) 11,0]). IlpemmiecTByromas XOJCIIUCTIKTOMUS
Obla BbITONTHEHa 37% MalMEeHTOB, ITPU 3TOM JI0 IUTOTPHII-
cnr ObUTO BBIMONHEHO B cpenHeM 1,6 (SD 0,5) OPXIII.
Cpennuii pa3mep kamus cocrasuin 1,8 (SD 0,3) cwm.

[Ipu nepopajibHON XONAHTUOCKOIUHU C BHYTPUIIPOTOKOBOM
JIUTOTPHUIICHEN OOIIUIA ycriex TpoOieHnsT KaMHS COCTaBHII
91,2% (I*> = 63,2%) nipu nipoBeeHun B cpemanem 1,3 [SD
0,6] ceanca murorpurncuu. IlomHbIA ycmex (parMeHTa-
LUK 3a OJIMH ceaHc coctaBui 76,9% (I> = 74,3%). Yactora
HEKeNaTeNbHbIX siBieHni cocraBuia 8,9% (12 = 60,6%).
CpemHee BpeMsl IPOLICAYPHI TIPH TIEPOPATHHOIN XOTaHTH-
ockormuu — 67,1 (SD 21,4) mun. He BbIsiBIeHO pazmuuuit
B 00IIeil YacToTe (parMEeHTAlMKM WIA B HEXKeJIaTeIbHBIX
SIBJICHUSIX; OJTHAKO OBLJIO YCTAHOBJICHO, YTO IPH IPOBEIC-
HUHW JIA3€PHON JIMTOTPHUIICHH JTOCTHTaeTCst 00jIee BBICOKOS
gacTtota (pparMeHTaly 3a ONWH CEaHC M 3HAYUTEIHHO
MEHBIIIe BpeMEHH TPeOyeTcs Ha BHIIOJIHEHHE MPOLIETyPhI
10 CPAaBHEHMIO C NIEKTPOrMAPABINYECKON JINTOTPUIICHEN.
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Pesrome

Ienbro JaHHOM CTAThU SBJISAETCS aHAJIU3 COBPEMEHHBIX SHIOCKOINUYECKUX METOAMK OMOINCHU CUTHAJIBHBIX JIUM(ATHIECKUX Y3JI0B
1 aKCHJUIAPHOHN JTMM(POANCCEKIIMH B XMPYPIHYECKOM JICUEHUH paKa MOJIOYHOH JKeJIe3bl.

C MOMOIIIBIO YHIOCKOITMYECKAX METO/IOB 3HAYUTEIILHO PACIIMPUIIACH BOBMOKHOCTH XMPYPIUH paka MOJIOUHOI JKele3bl 3a cueT bonee
TOYHOU TUATHOCTUKH, YMEHBILICHUS TPABMATHYHOCTH OTIEPALUi, U, COOTBETCTBEHHO, CHUKEHHSI PUCKOB JIJIsl ALIUCHTOB.

B 0030pe paccMarpuBarOTCsi OCHOBHBIE TEXHHUKH, UCIIOIb3YEMbIE PH SHOCKOINYECKOM ITOJX0/Ie K OMOICHM CUTHAIIBHBIX JUMda-
TUYECKUX Y3JIOB U aKCHIUIIPHON JIMMQOIUCCEKIMHU, aHATU3UPYIOTCs 3P ()EKTUBHOCT U OE30IaCHOCTD, a TAKXKE UX CPABHHUTEIIbHBIC
IIPEUMYIIECTBA B OTHOLICHUH TPAJIUIIMOHHBIX OTKPBITBIX METOIOB.

B crarbe 00Cy)IaroTcs pe3ysibTaThl MOCIEAHUX NCCICI0BAHU, KACAIOIMXCS TOYHOCTH IUATHOCTUKH U YaCTOThI OCIoKHeHHH. Kpo-
M€ TOTO, PACCMaTPUBACTCS BIMSHUE YHIOCKOIMMYECKONW aKCHIUISIPHOH JTUM(OAUCCEKIIMHM Ha MPOTHO3 U KA4€CTBO KM3HHU MALMCHTOB
C PaKOM MOJIOUHOM KeJle3bl.

Knioueswvie crosa: 3HN0CKONNSA, OMONCHUS CUTHAIBHBIX JIMM(OY3II0B, TUCCEKIMS TTOMbILIEYHBIX JIUM(OY3II0B, paK MOJIOYHOM xKelle-
3bl, OHKOJIOT U
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Abstract
This article aims to analyze modern endoscopic techniques of sentinel lymph node biopsy and axillary lymph node dissection in breast
cancer surgery.
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Owing to more accurate diagnosis and minimized patient morbidity and risks, endoscopic techniques have significantly expanded

capabilities of breast cancer surgery.

We review the main endoscopic techniques of sentinel lymph node biopsy and axillary lymph node dissection, analyze their efficacy
and safety, and compare their benefits with those of conventional open techniques.

The article discusses results of recent studies regarding diagnostic accuracy and complication rates. Furthermore, we discuss the im-
pact of endoscopic axillary lymph node dissection on the prognosis and quality of life in patients with breast cancer.

Keywords: endoscopy, sentinel lymph node biopsy, axillary lymph node dissection, breast cancer, cancer
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ITo nanHbIM BecemupHO opraHusanuu 31paBooXpaHe-
Hus, B 2023 1. pak MonouHo# xene3sl (PMIK) Op01 iuarno-
CTHpPOBaH y 2,3 MJIH >KEHIIMH U BbI3Bas 670 ThIC. CirydyaeB
cMmepteit Bo BceM mupe [1]. B cBsi3u ¢ 3TUM pa3BuUTHE CO-
BPEMEHHBIX TUArHOCTHYECKUX TIOIXOJI0B U METO/IOB Jieye-
HUsI, OCHOBAaHHBIX Ha 0OJiee TOYHOM BBISBICHUH CTaJIUPO-
BaHMS OITyXOJIEBOTO TIPOIIEcca, SIBISIETCS BEChMa aKTyailb-
HoM 3anaueit. TaxTuka neueHust PMOK 3aBucut ot Mosneky-
JISIPHOTO TIOATHUIA PaKa U CTEIICHH €r0 PaclpoCTPaHCHHUS
3a Mpeaessl MOJIOYHOM JKENe3bl, YTO MOAYCPKUBACT BaXK-
HOCTh HMHIUBHIYaJM3HUPOBAHHOTO MOAXONA K KAKIOMY
CITyyaro JUIsl JOCTHKEHHS HAWTYYIINX Pe3yIbTaToB.

3a nocnennue 100 jgeT Xupypruyeckue MeToIbl Jieye-
Husg PMIK 3BoIO1IMOHUPOBAIN OT pajiuKalbHOW MaCTIK-
TOMUHU 10 MOTUGHUIIPOBAHHBIX METOAWNK C TPUMCHCHH-
€M PEKOHCTPYKTHBHON XHUPYPTUH, OOCCICUNUBAIOIINX
JTydIiee KaueCTBO JKU3HU M ICTCTUYCCKUE PEe3yabTaThl
Juisi mareHToB [2]. OgHako HEMaJOBaKHBIM aCIEKTOM
xupyprun PMK siBisieTcs cocTosiHUE aKCUIUTAPHBIX JTHUM-
¢armueckux y3moB (JIY), koTopoe ompenemnseT CTaIuio
W TIPOTHO3 TIpH 3a0ojieBaHWU. MHOTHE HCCIeNOBaHUSL
TIOATBEPIMIIA, YTO OWOIICHS CHUTHANBHBIX JTUMQaTHde-
ckux y31moB (BCJIY) sBhsercss TOUHBIM B O€30TaCHBIM
METOZOM TPOTHO3UPOBAHMS BEDKMBAEMOCTH IMAIUCHTOB
U TI03BOJIIET M30ekKaTh aKCHJUIIPHON JIMMQOIUCCEKIINH
(AJI1) mpu OTCYTCTBUU METACTa30B B CUTHAJIBHBIX JIUM-
(armueckux y3max [3-6].

B Hacrosiiee Bpems Bce yamie bCJIY 3amensier py-
TUHHYIO AJIJ] M CTaHOBUTCS CTaHAAPTHBIM XHUPYpIH-
YEeCKUM METOJIOM ISl CTaaupOBAHHS paka MOJIOYHOU
xene3pl. Tpagunnonno BCJIY BritodaeT MapKHpPOBKY
curHaibpHbIX JIY myTem BBenmeHust Kpacutenst (MeTHIIC-
HOBBIIl CHHUI/UHIOIIMAHHH 3eJICHBIH ) MU PaIMON30TOIIa
(TexHenMit-99m), 4TO TO3BONSET XHPYypraM BU3YaJH3H-
poBath U uaeHTHGHUIUPOBATH JTUM(OOTTOK U JIY mtst mx
MOCTIETYTOIIEeTO yIaJIeHUs! ¥ THCTOIOTHIECKOTO UCCIIeI0-
BaHUs. B monckax BOZMOXKHBIX ITyTeH JICUCHISI, YITydIIe-
HUSI KOCMETHUECKHUX PE3yIbTAaTOB M COKPAIICHUS CPOKOB
npeObIBaHMS MAlMEHTOB B CTAIMOHAPE HA CETOMHSIIHUN
JIeHb pa3pabaThIBAlOTCS M COBEPIIEHCTBYIOTCS 3HIOCKO-
NUYecKue noaxosl B xupyprun PMXK.

B 1992 1. P. Kompatscher BrepBwie omucan 3HJIO-
CKOIIMYECKYI0O METOAWKY YNAJeHUs WMIUIaHTa MOJIO4-
HOHM KeNe3bl B CBS3M C PA3BHUBIIUMCS OCIOXHEHHEM
B BHUJIe KOHTPaKTypsl [7]. Crycts Heckombko jet J. Salvat

¢ xojuteramu B kiuHKKe Jlemana (Tonon-ne-ben, ®pan-
1IUs1) BBITTOJTHUIIM TIEPBYIO dHI0CKonnueckyto AJIJ[ y ma-
etk ¢ PMOK. B 2000 r. T. Kithn u coaBT. 3amoKy-
MEHTHPOBIA TIEPBYIO JHIOCKOMUYECKYIO MPOLEAYPY
BCITY. Onnako, HecMOTps Ha pa3BUTHE JaHHBIX METOJIUK,
Ha CETOAHSLIHUNA I€Hb YHJO0CKOIMYECKUN MMOAXO] B XHU-
pyprur PMK He MOIyYriI IMHUPOKOTO pacipoCTPaHCHUS
HH B Poccuiickoin denepannn, HU B MUPE.

Takum 00pa3zom, JaHHAS CTaThs HAPaBJICHA Ha OICH-
Ky BO3MOXkHOCTel sHockonuueckoit bCITY u AJIJ] u ux
3¢ (HEeKTUBHOCTH.

SHaockonunueckne metopguku bCJY n A1

Kaxk mpaBuIio, manygeHTaM ¢ KIIMHUYECKH TTO3UTHBHBI-
mu JIY 10 HEoanblOBaHTHOM XUMHUOTEpAIlMU, KOTOPBIE
M03Ke KOHBEPCUPYIOT A0 KIMHIUUECKH HETAaTUBHEIX, TPa-
TUITHOHHO BBIMONTHIOT AJIJl. Axcrmnspras mumdomrc-
CEKIHUs 3a4acTyIO BIICUET 32 COOOH MHOXKECTBO OCIIOXK-
HEHUH, TaKUX KaK cepoma, TuMdocTas, HHPEKIHOHHBIC
OCIIO’KHEHHUSI, OTPAaHUICHUE TTOIBIYKHOCTHU U OOJIb B BEPX-
HEU KoHeuHOoCTH [§].

Tpapunuonnas bCJIY npumeHsieTcsl B KadeCTBE Me-
Hee MHBa3UBHOM anbTepHaTtuBbl AJIJ], KoTOpas Takxke 4a-
CTO CONPOBOXKJAETCA 3HAYUTEIbHBIMU OCJIOXKHEHUSMHU.
UccnenoBanusi mokaszainu, YTO MAlMEHTHI, MPOILEIIINE
OMOIICHIO CUTHANIBHBIX JIY, UMEIOT 3HAYUTEIIBHO MEHb-
LM PUCK pa3BUTHS OociiokHeHUH [4, 5, 9]. B onucanun
MOCJEIHUX JAHHBIX TaKXKe PacCMaTpPUBAETCS BO3MOXK-
HocTh mpoBeneHuss BCJIY mociie HeoaablOBaHTHOW XH-
muoteparud [10]. DTOT MOIX0M MOXKET OBITH TpHUEMIIC-
MBIM U () ()EKTHBHBIM y MAITUEHTOB ¢ KJIMHHYECKH HE TT0-
paxenHbiMu JIY. Pe3ynbraThl HECKOJIBKUX MPOBEICHHBIX
METaaHaJIM30B MOJITBEPKIAAOT, YTO YaCTOTa BBISBIICHUS
u tounocts BCJIY mocne XuMuoOTEepanuu COMOCTaBUMBI
C TAKOBBIMH Y TMAIIMEHTOB, MIEPEHECIINX MMEPBUYHOE XU-
pyprudeckoe BmematenbceTso [10, 117.

OHupockonmueckue metonuku bCITY u AJIJ] npenocras-
JISTFOT BO3MOYKHOCTh MUHUMH3AIMHA UMEIOIIUXCSI HA CErO/I-
HAITHAN JCHb OCJIOKHEHUM U YIy4IICHUS KOCMETHUECKOTO
pe3ynbrara, 4To JefaeT WX MePCIeKTUBHBIMU HaIlpaBJICHU-
simu B xupyprud PMOK. OnmHako aHaTOMUYECKH MOJIOYHAS
KeJie3a SIBJISICTCS TTIOTHBIM OpTaHOM 0€3 €CTeCTBEHHBIX TI0-
nocreit. Kpome Toro, oouime )KUpOBOH U KeJIe3UCTON TKa-
HU YCJIOKHSIET MIPOLICAYPY U OTPAaHUUUBACT OOJee IUPOKOE
MIPUMEHEHHE YHI0CKONMYECKUX MeTOIuK [12].
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Texymue uccieaoBaHUsl JEMOHCTPUPYIOT peaju3a-
U0 MHOXECTBa cTpareruii snpockonuveckon BCITY
u AJIJ], HO HU OflHA W3 HUX TaK U He ObLIa CTAHIAPTU3H-
poBaHa. Ha ceropHsimiHuil 1eHh Hanbosiee MHPOKO pac-
MPOCTPaHEHHAs TEXHUKA BKITFOYAET B ce0sI [TPeIBAPUTEIb-
HYIO JIUTIOCAKITUIO TIOAMBIIICYHON 00JIacTH. JTOT METON
MO3BOJISICT C OOJIBIIEH TOYHOCTHIO BU3yaTu3upoBarh JIY,
B 0COOCHHOCTH Y MAIIMEHTOK C U30BITOYHOM MACCOM Tea.
W HecMOTpst HA TO YTO B HEKOTOPHIX COOOIIEHUSX PEUb
UJIET O MaJIOd BEpOATHOCTH PEIUJAMBA paka MOJIOYHOM
JKeJNe3bl ¥ BIUSHUY Ha CHIDKEHUE O0ILEeH BRKUBAGMOCTH
MAIUEHTOK TOCIIe TPEABAPUTEIBHBIX JIIOCAKIINH, TIPO-
Heaypa XapakTepusyercst 00j1ee BRICOKHM PHCKOM SITPO-
TEHHOTO MoBpexIeHus JIY ¢ yBeTnueHneM BO3MOXKHOCTH
JIOKaJbHBIX ¥ OTAQJICHHBIX MOcaeacTByit [13].

Bemonaenne supockornmueckort BCJIIY u  AJIJL
0e3 mpeaBapuTeIbHOM JIMIOCAKIIUY SBIIsIETCS OoJIee TeX-
HUYECKHU CIOKHON MPOLENypOil, IOCKOJIbKY BHU3yalln3a-
s JIY 3agactyro ObIBaeT 3arpymHEHa Jake MPH Kiac-
cudecKkoM noaxoze. Hemunonuruyeckuit MeTos| yBeIu4u-
BAeT CIIOKHOCTH OIEPALIMU U €€ BpeMs, a TaKkke TpeOyeT
OTIBITA XUPypra B MOAOOHBIX omepanusix. /lannas mMero-
JIUKa TaKKe HE MOXET pacCMaTpUBaThbCs y MALUEHTOK
C OXKHpPEHUEM, ¢ OONBIINMH pa3MepaMy MOJIOYHOM JKee-
3Bl M TIPH JIOKAJTU3AINH OIYXOJIM B HAPYKHBIX KBaJpaH-
Tax MOJIOUYHOMH skene3sl [7].

CrangapTtHas mnpoueaypa sHaockomnudeckod bCIIY
u AJI]] BKiIIOUaeT UCMONb30BaHUE Tpex Tpoakapos. Kap-
THPOBAHOE «CTOPOXKEBBIX» JIY MpOBOAUTCS MO CTaH-
ApTHOM METOMUKE MyTEM MPEIBApUTEIBHOTO BBEACHUS
KpacuTelst Win (IyoOpecIeHTHOTO areHTa. B MoJjIouHyIo
JKeJe3y 4depe3 IMepUapeossIpHbId pa3pe3 BBOAATCS [JBa
Tpoakapa (5 u 10 MM cooTBeTCTBeHHO). TpeTuit Tpoakap
BBOJUTCS yepe3 paspes ainunoit 0,5 cM, pacroaoKeHHbIH
0 IepeAHEN MOAMBIIIEYHON TMHUH. Yepe3 Tpoakap aua-
MeTpoM 10 MM ycCTaHaBIMBAeTCS IHAOCKON TUAMETPOM
10 MM ¢ mocnenyromeit nHCYh el yTIIeKnCIoro ra3a
JI0 IOCTHKEHUs JaBieHus ~ 8 MM pT. cT. [locne pacceue-
HUSL TOAKOKHO-KUPOBOM KIIETYATKU BU3YaTU3UPYIOTCS
IIPOKpPAIIECHHbIE «CTOPOKEBBIE» JIY U ynanstorcs ¢ OKpy-
xKatomed kierdatkol. [lpu Beimonnenun AJIJ[ nanee
noameiednsie JIY 1 u Il ypoBHelH ynansioTcs eIuHbIM
61oxom. Ilpu BestBneHnn JIY mexay Gomnbmioi n Maioi
TPYAHBIMH MBITIIIAMHA TaKKe HEOOXOIMMO BBITOJIHUTE FX
yAajgeHue. 3aTeM MOJMBIIIeYHasi 001acTh MPOMBIBACTCS
U JPEHUPYETCsl UEPE3 HUKHEE OTBEPCTUE TPOaKapa.

B MHOro4uciaeHHbIX MCCIEIOBAHUAX OTMEUYEHO, YTO
KOJIMYECTBO pe3elUpoBaHHbIX JIY mpu 3HI0CKOMNYECKON
AJI]] 66110 MeHbIIIe, YeM IIPU OTKPBITHIX OINepanusix, of-
HAaKO pEerucTpUpoBaIIOCh He MeHee necsatu [13—-18].

O030p KIMHUYECKHUX HCCIIENOBaHUI TEMOHCTPHPYET,
gto suHgockormueckas AJIJl u BCJIY mpencraBisiior co-
00H XUPypPrudeCcKue METOBI C JOCTATOUHO HIU3KUM KOJIHU-
YECTBOM HMHTPAONEPALMOHHBIX OCIOKHEHUI, a YPOBEHb
KOHBEPCHH JOCTYIIA IPaKTUIECKH paBeH Hyro [14—18].
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[Ipn aHanu3e HECKONBKUX KIMHUYECKUX CIIy4aeB
OIMCAHBI CIIEIYIONINE OCJIOKHEHUS: TOAKOXKHAs IMpu-
3eMa, TPYIHOCTH C YOAJICHHEM ITUMQPATUISCKUX Yy3JI0B
Y TpoOJieMBbl C KOHTpOJIeM remocrasa. Tonbko 13 marm-
eHTaM B 6 HCCIIeJIOBaHMIX TTOTpeOOBaIach KOHBEPCHUS J0-
ctyna. M3 HUX B 4-X HCCIIEIOBAHUAX Y MAIIEHTOB OblIa
BBITIOJTHCHA TIPEABAPUTEILHAS DHIOCKOIMMYCSCKAS JIUIIO-
cakmus [13-18].

DHIOCKOTIMYECKHE METOAWKH SBIISIOTCS JTOBOJBHO
TPYITOEMKHAM METOIIOM, KOTOPBIH 3HAYUTEILHO YBEITHIH-
BaeT BPEMs BMEIIATENHCTBA B CPABHEHUU C TPAAULMOH-
HBIM XHPYPTHYECKAM TIOAXOMOM. TeM He MeHee HEeKOTO-
pBIE aBTOPHI YTBEPIKIAIOT, YTO BPEeMsI OIEpAIMH 3HAYH-
TEJIBHO COKpAILAeTCsl IO MEpe TOro, KaKk XUPypr OBIaje-
BaeT JaHHOW MeTOIUKOH [15].

Pesynerarel HAOMIOACHUS TIO3BOJISIFOT TPEATIOIOKHUTE,
yto sHj0ckonmueckas BCIIY u AJIJ] narot cxoxue pe-
3yABTATHI C TOUKH 3PESHUS PA3BUTHS IO CICOTICPAITIOHHBIX
OCITOKHEHHH B CPABHEHHUE C TPATUITHOHHBIMHA ITOIX0TAMHU
U BappupyroTcs oT 2 10 59,5% [14—18]. OnHaxo 3HA0CKO-
MUYECKUE METOIUKH IEMOHCTPHUPYIOT SIBHOE MIPEHMYIIIE-
CTBO TIEpel OTKPHITON XUPYpPrUeH B TUIAHE YMCHBIICHUS
nocneonepanroHHoi mumdopen. [lo naHHBIM cucTema-
Tnyeckoro o6zopa M.E. Aponte-Rueda u coast. (2009)
OTMEUYEHO, UTO CpeaHUi 00beM JmMQOpen Tpu OIEHKE
IpeHaxel coctaBisger 23,4 MJI MPOTUB CPEIHETO O0b-
ema B 40 M1 ipu TpaauLIMOHHBIX nmoaxonax [19]. Hpyrue
paHHEE OCIIOKHEHUS, TAKHE KaK TeMaToMa, BapbUPYIOTCS
ot 1,38 1o 16% mocie 3HA0CKOMUYECKOro MOAX0/a Mpo-
tuB ot 2 10 10% mocne xknaccuueckoit AJI/ [20, 21].

UacroTa mocieonepannoHHbIX HHQPEKIA Tpu KItac-
cuueckorr BCJIY n AJIJ], mo gJaHHBIM KIIMHUYECKUX HC-
crenoBaHuii, Bapeupyetr oT 1% cmyudaeB go 20% [22].
B xpymroM Mmetaanammse 1. Langer u coasr. (2005) mpo-
JIEMOHCTPHPOBAHBI 00JIee HU3KUE TOKa3aTeH JTaHHOTO
BHUJA OCJIOKHEHUI NpPU SHIOCKONMYECKOM IOAXONE —
ot 1 mo 5% [23].

Kpome TOro, Ha OCHOBE aHaIM3a HECKOJIBKHX WC-
CIIEZIOBaHUN MPOIEMOHCTPUPOBAHBI OOJNee HU3KHE IO-
Ka3aTelIu 4YacTOTHl Pa3BUTHS JUMQEIEMBl y MAIUCHTOB
nocie sHuockonuueckod AJIJ[, KOTOpble COCTaBISAIOT
ot 1 no 20% mpotus 2,4—43% npu OTKPHITHIX BMeIlla-
TenscTBax [13-18].

Hapymienne 9yBCTBUTEIHFHOCTH PYKH U OOJTH B KOHEU-
HOCTH, 110 JAAHHBIM PE3yJbTAaTOB aHAJIH3a HHJIOCKOIUYE-
ckoit BCJIY n AJI/L, y 80 marmeHTOK HabII0AAI0Ch OT 3 10
30% ciryuaeB [24]. OnHAKO TIPH OIICHKE OOJTM B KOHETHO-
CTH Ba)KHO YYUTBIBATh, YTO MPOBECHHBIC UCCIICAOBAHUS
HE HMENH «3aCICIUICHUS», YTO IOIBEPTraeT COMHEHHUIO
BBIPQXCHHOCTh U KIIMHUYECKOE 3HAUYCHUE O0JIEBOTO CHH-
npoma. Kpome Toro, HecMOTpsi Ha TO 4TO B 00EHMX TPO-
LeAypax He ObUIO 3aperucTPUPOBAHO PA3TUYMNA B TOJ-
BIDKHOCTH TUICYCBOTO CYCTaBa, COOOIAIOCh O CHUKCHUN
CTENeHEeN OrpaHuYeHUs TP UCTIOIB30BAHUN HHI0CKOIHU-
YECKOT0 MOAXO/A.
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BbiBOAbI

Hcxonas U3 aHanu3a JaHHBIX, MOKHO CACJIaTh BBIBOJI,
yto ’ug0ckonmyeckas bCJIY u AJIJl sBiusioTcst anek-
BAaTHBIMH W OC€30MaCHBIMH albTCPHATUBAMU TPAIUIIH-
OHHOMY IOAXOAY U JIEMOHCTPHUPYIOT 00Jiee HU3KHUE IM0-
Kazarenu OCloKHEeHUH. TeM He MeHee MpeCTaBICHHbIE
JMAHHBIC HENb3sS CUUTATH OKOHYATECIHHBIMH, MOCKOIBKY
KaueCcTBO TEPBHYHBIX HCCICIOBAHMM OCTaeTCs JOCTa-
TOYHO HH3KHM. JIOCTYIIHBIC CBEIEHUS OTPAHUYCHBI,
MTOCKOJIBKY KOHTPOJHPYEMBIE HCCICAOBAaHUS HE OO0a-
JAIOT JIOCTAaTOYHOM CTATHUCTHYECKOH JTOCTOBEPHOCTHIO
JUTSI BBISIBIICHUS PA3IUYHi BBUIY COKPAIEHHOM JTHHBI
BBIOOPOK M HEIOCTATOYHOTO HAOTIONEHNUS 32 MPOJICUCH-
HBIMH TTaIlACHTaMH.

JlonrocpoyHasi BEDKHBAEMOCTh IPEICTABIIICT COOOM
[IaBHYIO TpoOJieMy B OTHOIIEHHH 3HIOCKOMHYECKOH
MPOIIETYPhI, TTOCKOJIBKY TOJBKO B OJHOM HCCIIEAOBAHUH
€O00IIAIOCH O JUIMTEILHOM IISTUIETHEM HAOIIOACHUH.

BrimonHeHne JUMOCAKIIUU TIEPBBIM 3TAllOM 10 CHUX
TOP OCTAETCS CIIOPHBIM MOAXOJIOM TI0 TIPUYHUHE BO3MOXK-
HBIX PUCKOB, B TO BpeMsI KaK HEJTUTIOIUTHICCKUI BapHaHT
supockormmueckor BCJIY u AJIJl mpeacraBmsier coboit
XUPYPTUUYECKH CIOKHYIO 3a/1ady U UMEET PsiJi OTpaHuyve-
HUH, CBA3aHHBIX C KOHCTUTYITHOHAIEHBIMEA 0COOCHHOCTSI-
MM HAIIEHTOB.

ITockonpky knaccuueckyro AJIJl u BCIIY moxHO
BBITIOJTHUTE C TIOMOIIBIO HEOOJBIIIOTO paspe3a B IMOJ-
MBIIIEYHOU O0JIACTH, YHIOCKOITMYECKUE Pa3peskl 37eCh
HE Jal0T MPEUMYIIECTB C TOUKHU 3PEHUS KOCMETUYECKOTO
s dexra.

B macrosmee Bpemsi Ha OCHOBAHHWU TPOBEICHHBIX
HCCIIEIOBAaHUN AHAOCKOMUYECKHUE TOIXO/AbI B XUPYPTUH
oaMBIIIeTHOM obactu mpu PMIK moOyxnaroT Ha mpo-
JOJDKEHUE TOWCKA ONTHUMANBHBIX PEIICHUH, KOTOpBIC
MO3BOJIAT OOBCIUHUTH IPPEKTUBHOCTD JICUCHUS C MH-
HMMAaJIbHO MHBA3UBHBIMM TEXHHKAMHU U JCTETHYECKUMH
MIPEeIMOYTCHUSMU TAIMCHTOB. B KOHEYHOM WTOTE IIeNb
0CTaeTCs HEM3MEHHON — 00eCIIeYeHHE JTyUIIero KauecTBa
JKU3HU IS TIAIICHTOB Yepe3 WHHOBAIMOHHBIC W CTaTH-
CTHUYECKH MOATBEPKACHHBIC MEAUIINHCKNAE JOCTHKCHUSI.
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Abstract

Sodium-glucose cotransporter 2 inhibitors (SGLT21i) have emerged as a revolutionary class of drugs with far-reaching protective ef-
fects in multiple organs. The protective potential of SGLT2i is much broader than that of the classical concept of glucose control and
consists of an entire conglomerate of associated pleiotropic effects. This study aims to provide a descriptive review of the pleiotropic
therapeutic potential of SGLT2i. The first part of the literature review examined the use of SGLT2i in cardiology and nephrology.
The use of SGLT2i represents an innovative approach to improving patients’ quality of life and course of heart failure and chronic
kidney disease, regardless of left ventricular ejection fraction and type 2 diabetes.
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Pesrome

WHruburops! HaTpuii-IIII0KO3HOTO KoTpancnoprepa 2 tumna (SGLT2i) Bonum B KIMHUYECKYHO MIPAKTHKY KaK PEBOJIFOIMOHHBII KIIacc
NepOPaJIbHBIX CaxapoOHKAIOIINX MpernaparoB. [To Mepe HaKOIJICHUs KIMHHUYECKHUX JaHHbIX ObUIM OOHAPYKEHBI X J0JTOBPEMEH-
HbIE 3aIUTHBIC 3()(PEKThI B OTHOLIEHMH MHOTUX OPTraHOB M TKaHel. 3auuTHbli noreniuan SGLT2i ropaszno mupe, yeM Kiaccuyeckas
KOHIICTIIIMS KOHTPOJISI INIFOKO3bl M COCTOMUT M3 LIEJIOr0 KOHIJIOMEpaTa IeHOTPONHbIX A(PdHeKToB.

Ilenpio TaHHOM CTATHU SBISETCS IPEAOCTABICHHE OIUCATENHFHOr0 0030pa IUIEHOTPOITHOro TepareBTHIecKoro norenuuama SGLT2i.
B nepBoii yactu 0630pa auTeparypbl paccMarpuBaercs ucnoiab3oBanue SGLT21 B kapaAnonoruu 1 HepoIoruu.

Takum oOpazom, ucnonb3oBanue SGLT2i npexncrapisier co00H HHHOBALMOHHBIN MOAXO0/] K YJIyUIICHHIO Ka4€CTBA )KU3HH MAlUEHTOB
U TEUYEHMs KaK CepJeYHON HEOCTAaTOYHOCTH, TAK M XPOHHUYECKON OO0JIE3HN TTOYeK, HE3aBUCHMO OT (paKkIMu BHIOpOCA JIEBOTO JKEITy-
JIOYKa U HAJIMYHMS caxapHoro auadera 2 Tumna.

Kniwoueswie cnosa: SGLT2i, kapanonporekuus, HeGponpoTekuus, Aanaruio3nH, sMIarii@Io3uH

Lumuposamyp: Aparnmvsin A.A., lleiibann M., Tpodumenko A.U. u ap. [IpoTeKTUBHBIN MOTEHIXMAT HHTUOUTOPOB HATPHUI-TITIOKO3-
HOTO KOTpaHCTIOpTepa 2 TUIA B KIIMHUKE BHYTPEHHUX Oonesnel (dacte 1). Munosayuonnan meouyuna Kyoanu. 2024;9(4):126-135.
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Introduction

Sodium-glucose cotransporter 2 inhibitors (SGLT21i)
have emerged as a revolutionary class of drugs with
far-reaching protective effects in many organ sys-
tems.! The protective potential of SGLT2i is much broad-
er than that of the classical concept of glucose control and
consists of an entire conglomerate of associated pleiotro-
pic effects, leading to multisystem protection.>® Devel-
oped as antidiabetic agents, SGLT2i have demonstrated
cardioprotective properties; they significantly reduce the
risk of heart failure after myocardial infarction, cardiovas-
cular death, and major adverse cardiovascular events. !’

In nephrology SGLT2i have shown promising results
in slowing progression of chronic kidney disease and
improving renal outcomes, even in patients without type
2 diabetes (T2D).} Interestingly, these drugs have also
demonstrated potential neuroprotective effects, suggest-
ing potential applications in neurology.” Emerging data
indicate potential benefits of SGLT2i in ophthalmology
and oncology.!!!

The multifaceted effects of SGLT2i in various medical
specialties highlight their potential as versatile therapeu-
tic agents. As new areas of application and mechanisms of
action continue to be explored, SGLT2i may revolution-
ize management of internal medicine patients. However,
further studies are required to fully elucidate the efficacy
and safety profiles in these diverse areas.

This article aims to provide a descriptive review of the
multiorgan (multisystem) pleiotropic therapeutic poten-
tial resulting from SGLT2 inhibition. The first part of the
literature review examines the use of SGLT2i in cardiol-
ogy and nephrology, and the second part observes their
therapeutic potential in neurology, ophthalmology, hepa-
tology, oncology, and other areas of clinical medicine.

Discussion

SGLT2i in Cardiology

Cardiovascular diseases (CVD) remain a global health
problem.!? Thus, development and continuous modern-
ization of prevention and cardiac rehabilitation programs
using evidence-based approaches is an urgent task in
modern cardiology.!*!*

In recent years, many studies have been published in-
dicating a whole conglomerate of pleiotropic effects of
SGLT2i, which made a breakthrough in heart failure (HF)
treatment.'>!® One of the modern approaches aimed at im-
proving the efficacy of primary and secondary cardiovas-
cular prevention programs is SGLT2i administration.!’

The main mechanisms underlying the glucose-indepen-
dent cardioprotective effects of SGLT2i are as follows:

1. Nuclear factor erythroid 2-related factor 2 (Nrf2)
activity is regulated by cytoplasmic Kelch-like ECH-as-
sociated protein 1 (Keapl). Keapl binds to Nrf2, leading
to its ubiquitination by the CUL3/RBX1 complex and its
subsequent degradation by the 26S proteasome.'® Many
proteins containing the BTB domain serve as substrate-
specific adaptors for CUL3-based ubiquitin ligases.'” The
primary function of the BTB domain is to facilitate the
interaction between Keapl and Nrf2 and the subse-
quent degradation of Nrf2 through ubiquitination.?® Un-
der oxidative stress, Keapl is inactivated, thereby halt-
ing Nrf2 ubiquitination and enabling the accumulation
of newly synthesized Nrf2, which, in turn, activates the
Keap1-Nrf2-ARE signaling pathway.?! Keap1/Nrf2/ARE
signaling is involved in the HF pathogenesis.?? Simulta-
neously, SGLT2i stabilized the reduced activity of this
cascade, exhibiting a pathogenetically significant anti-
oxidant effect. SGLT2i also stabilize NADPH oxidase 4
in cardiomyocytes and reduce the level of methylglyoxal,
a precursor of advanced glycation end products.?

2. TGF-1B/Smad cascade. Transforming growth
factor B1 (TGF-PB1) plays a critical role in the initiation
of myocardial fibrosis and regulation of reactive oxygen
species.”* In an “inflammatory microenvironment,” the
binding of TGF-B1 to its membrane receptors leads to the
activation of Smad proteins, which migrate to the nucleus
and participate in the activation of target gene transcrip-
tion responsible for proliferative activity.”

Activation of Smad2 and Smad3 has been extensively
observed in fibroblasts infiltrating fibrotic and remod-
eled hearts, whereas Smad1/5/8 activation is less promi-
nent. Smad3 plays a crucial role in regulating multiple
functions of cardiac fibroblasts.??” The basic principles
of Smad3 activity are as follows:
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1. Smad3 promotes the conversion of fibroblasts
to myofibroblasts by upregulating a-SMA expression and
facilitating its recruitment to stressed fibers. This process
involves direct effects of Smad3 on a-SMA transcription,
as well as indirect mechanisms such as upregulation of fi-
bronectin expression and downregulation of FOXO3a.

2. Smad3 stimulates the transcription of structural and
extracellular matrix proteins, including collagen types
I and III, fibronectin, periostin, and tenascin C, and in-
duces enzymes responsible for matrix cross-linking, such
as lysyl oxidase and tissue transglutaminase.

3. Smad3 promotes a matrix preservation phenotype
characterized by suppressed synthesis of extracellular ma-
trix components, decreased activity of MMP-3 and MMP-8
matrix metalloproteinases, and induction of antiproteases
such as tissue inhibitors of metalloproteinases (TIMP-1).

4. Smad3 stimulates the expression of integrins o2,
a5, B3, and all, facilitating interactions between fibro-
blasts and the extracellular matrix, which may be impor-
tant for the formation of organized scar tissue.

5. Smad3 may exert antiapoptotic effects by increas-
ing fibroblast viability under stressful conditions. Thus,
SGLT2i-related inhibition of the TGF-B1/Smad cascade
is one of the pathways with a cardiopreventive potential.

Moreover, SGLT2i increase the level of phosphorylat-
ed phospholamban (a key regulator of SERCA) and have
a positive effect on hyperphosphorylated ryanodine-sensi-
tive channels (RyR), which are responsible for the release
of Ca?* from the sarcoplasmic reticulum by reducing the
activity of Ca*/calmodulin-dependent protein kinase 1.8

It is noteworthy that SGLT2i stabilize AMP-activat-
ed protein kinase (AMPK) activity, normalizing the en-
tire cascade of cellular bioenergetics restoration, lead-
ing to increased production and decreased consumption
of ATP.*’ SGLT?2i also suppress myofibroblast infiltration
into the myocardium by adjusting polarizing macrophage
maturation through the modulation of STAT3 signaling.*

SGLT2i significantly improve the function of the
microvascular endothelium and have a beneficial effect
on arterial stiffness, which is manifested by a decrease in
the carotid-femoral pulse wave velocity and augmentation
indices of the carotid artery and aorta.’! Dapagliflozin re-
duced expression of adhesion molecules, such as ICAM-
1 and VCAM-1, on the endothelium, thus stabilizing the
endothelial cell-cardiomyocyte interaction.*

The key clinical trial data that underpin the efficacy
of SGLT2i in CVD treatment are presented in the Table
below.

Table

Main results of clinical studies of SGLT2i for CVD treatment

Tabnuua

OcHoOBHbBIE pe3y/bTaThl KIMHUYECKUX HCCIeI0BaHNi 10 ucnob3oBanuo SGLT2i

B JIeYeHHUH CeP/IeYHO-COCYTUCTHIX 3200/1eBaHU

Main results

Compared with placebo, dapagliflozin reduced risks of HF by 27% (HR, 0.73; 95% CI, 0.61-0.88),
kidney disease by 24% (HR, 0.76; 95% CI, 0.67-0.87). Dapagliflozin provided lower rate of CV
death or hospitalization for HF (4.9% vs 5.8%; HR, 0.83; 95% ClI, 0.73-0.95; P=.005).

Dapagliflozin reduced the risk of death from CV causes or HF exacerbation by 26% (16.3%
vs 21.2%; HR, 0.74; 95% CI, 0.65-0.85; P<.001) and all-cause mortality (11.6% vs 13.9%; HR,

Dapaglifiozin reduced the risk of HF exacerbation: 368 patients (11.8%) in the dapagliflozin group
and 455 patients (14.5%) in the placebo group (HR, 0.79; 95% CI, 0.69-0.91). CV death was
recorded in 231 (7.4%) and 261 patients (8.3%), respectively (HR, 0.88; 95% CI, 0.74-1.05). The
number of CV events and symptom severity were lower in the dapagliflozin group. Dapagliflozin
reduced the combined risk of HF exacerbation or CV death in patients with HF.

Dapagliflozin improved the primary composite outcome of a sustained decline in the estimated GFR
of at least 50%, end-stage kidney disease, or death from renal or CV causes in 197 of 2152 participants
(9.2%) compared with 312 of 2152 participants (14.5%) from the placebo group (HR, 0.61; 95%
CL 0.51-0.72; P<.001). Death occurred in 101 patients (4.7%) in the dapaglifiozin group and
146 participants (6.8%) in the placebo group (HR, 0.69; 95% CI, 0.53-0.88; P=.004). The effects
of dapagliflozin were similar in participants with and without type 2 diabetes.

Compared with placebo, dapaglifiozin reduced the primary end point (change in pulmonary
capillary wedge pressure) both at rest and during exercise (P<.001). Body weight was lower
with dapagliflozin (ETD, —3.5 kg; 95% CI, —5.9 to —1.1; P=.006), as was plasma volume (ETD,

Dapagliflozin increased walking distance by >15 m during the 6-minute walk test compared with
placebo (n=64, 44% vs n=48, 34%). Dapagliflozin-treated patients with HFpEF experienced clinically
significant improvement and less decline in exercise capacity over 12 weeks.

Study Sar-nple
size
DECLARE-TIMI
58 trial®? 17160
DAPA-HF* 4744
0.83; 95% CI, 0.71-0.97).
DELIVER® 6263
DAPA-CKD* 4304
CAMEO-DAPAY 38
285 mL: 95% CI, —510 to ~60; P=.014).
PRESERVED-HF* | 162
39
DAPASALT 14| lizes endothelial function (P<.05).

Dapaglifiozin treatment is associated with a decrease in mean BP by 10 mm Hg (P<.05) and stabi-
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Study Sal'nple Main results
size
The canagliflozin group had a lower risk of CV death, MI, or stroke (HR, 0.80; 95% CI, 0.67-
CREDENCE# 4401 0.95; P=.01) and of hospitalization for HF (HR, 0.61; 95% CI, 0.47-0.80; P=0.01). The RR of
creatinine doubling or death from renal causes was lower by 34% (HR, 0.66; 95% CI, 0.53-0.81;
P<.001), and the RR of end-stage kidney disease, by 32% (HR, 0.68; 95% CI, 0.54-0.86; P=.002).
The primary outcome occurred in 361 of 1863 patients (19.4%) from the empagliflozin group com-
EMPEROR- 3730 pared with 462 of 1867 patients (24.7%) from the placebo group (HR for CV death or hospitalization
Reduced” for HF, 0.75; 95% CI, 0.65-0.86; P<.001). The total number of hospitalizations for HF was lower in
the empagliflozin group than in the placebo group (HR, 0.70; 95% CI, 0.58-0.85; P<.001).
The primary end point was achieved in 415 of 2997 patients (13.8%) from the empaglifiozin group,
EMPEROR- compared with 511 of 2991 patients (17.1%) from the placebo group (HR, 0.79; 95% CI, 0.69-0.90;
Preserved® 5988 | P<.001). This effect was mainly due to a lower risk of hospitalization for HF in the empagliflozin

group. The total number of hospitalizations for HF was lower in the empagliflozin group than in the
placebo group (407 vs 541; HR, 0.73; 95% ClI, 0.61-0.88; P<.001).

The rate of primary end-point events was lower in the sotagliflozin group than in the placebo
group (51.0 vs 76.3; HR, 0.67; 95% ClI, 0.52-0.85; P<.001). The rate of CV death was 10.6 in the
SOLOIST-WHF* 1222 | sotagliflozin group and 12.5 in the placebo group (HR, 0.84; 95% CI, 0.58-1.22); the rate of all-
cause death, 13.5 in the sotagliflozin group and 16.3 in the placebo group (HR, 0.82; 95% CI,
0.59-1.14).

The rate of the primary outcomes was lower with canagliflozin than with placebo (26.9 vs
31.5/1000 patient-years; HR, 0.86; 95% CI, 0.75-0.97; P<.001 for noninferiority; P=.02 for
CANVAS#* 15494 | superiority). The results showed a possible benefit of canagliflozin on albuminuria progression (HR,
0.73; 95% CI, 0.67-0.79) and the composite outcome of a sustained 40% reduction in estimated GFR,
need for renal replacement therapy, or death from renal causes (HR, 0.60; 95% CI, 0.47-0.77).

The primary outcome occurred in 490 of 4687 patients (10.5%) in the combined empaglifiozin
EMPA-REG group and 282 of 2333 patients (12.1%) in the placebo group (HR in the empaglifiozin group,
7020 | 0.86;95.02% CI, 0.74-0.99; P=.04). The empagliflozin group had lower rates of CV death (3.7%

OUTCOME® o/ . 2Q0 T o o 0 0.
vs 5.9%; 38% RRR), hospitalization for HF (2.7% vs 4.1%), and all-cause death (5.7% vs 8.3%;
32% RRR) compared with the placebo group.
A major adverse CV event occurred in 653 of 5493 patients (11.9%) in the ertuglifiozin group and
VERTIS CV* 8246 | 327 of 2745 patients (11.9%) in the placebo group (HR, 0.97; 95.6% CI, 0.85-1.11; P<.001 for non-

inferiority).

The rate of primary end-point events was 5.6 events/100 patient-years in the sotagliflozin group
and 7.5 events/100 patient-years in the placebo group (P<.001). The rate of CV deaths per
SCORED" 10584 100 patient-years was 2.2 with sotagliflozin and 2.4 with placebo (P=.35). In patients with dia-
betes and CKD, with or without albuminuria, sotagliflozin administration resulted in a lower risk
of the composite outcome comprising CV mortality, hospitalizations for HF, and urgent visits for
HF compared with placebo.

Empagliflozin-treated patients showed improvement in both the primary end point, SAQ total
score (192.734+20.70 vs 224+25.36, P<.001). Exercise testing components (time to onset of 1 mm

: 48

EMPT-ANGINA & ST-segment depression and heart rate recovery) were significantly improved in the empagliflozin
group.

Significant improvements in sleep parameters, including AHI, HI, longest rest time, ODI, time

DAHOS % lo7 | spentat SpO, <90%, and mean SpO,, were observed in the dapagliflozin group. There was an

improvement in ESS, MLHFQ, and EQ-5D-3L scores, as well as a significant decrease in CRP
and IL-6 levels, while CRP and IL-6 levels did not change in the controls.

Dapagliflozin improved cardiometabolic parameters by 34% compared with placebo. However,
DAPA-MI* 4017 | after approximately 1 year of treatment, there was no effect on cumulative CV mortality or hospi-
talization for HF compared with placebo.

Note: AHI, apnea-hypopnea index; BP, blood pressure; CI, confidence interval; CKD, chronic kidney disease; CRP, C-reactive
protein; CV, cardiovascular; ESS, Epworth Sleepiness Scale; ETD, estimated treatment difference; GFR, glomerular filtration
rate; HF, heart failure; HFpEF, heart failure and preserved ejection fraction; HI, hypopnea index; HR, hazard ratio; MI, myocardial
infarction; MLHFQ, Minnesota Living with Heart Failure Questionnaire; ODI, oxygen desaturation index; RR, relative risk;
RRR, relative risk reduction; SAQ, Seattle Angina Questionnaire

IIpum.: AHI — nunnekc anno3-runonHod; BP — aprepuansnoe nasnenue; CI — noBepurensuelii uaTepsan; CKD — xponudeckas
6one3nb nouek; CRP — C-peaxrusHsblii 6enox; CV — cepaeuno-cocynuctsiii; ESS — mikana connmuoctn OnBopra; ETD — nipen-
nosaraemas pasuuua B jedenun; GFR — ckopocts kiryOoukoBoit ¢punsrpanun; HF — cepaeunast Henocrarounocts; HFpEF —
cepIcyHas HeTOCTaTOYHOCTh C COXpaHCHHOU (hpakmmeit BeIOpoca; HI — naaexc runomHo; HR — oTHOMIEHNE prickoB; MI — nH-
¢apxt muokapna; MLHFQ — MuHHECOTCKHIA OIIPOCHUK KadeCcTBa JKU3HU y OOJBHBIX C CEPACYHON HemocTaTroyHOCThI0; ODI —
HUHJIEKC JiecaTypanuu Kuciopoaom; RR — otHocurensHbld pruck; RRR — cHmkeHue oTHocuTenbHOTO prcka; SAQ — CudTickuit
OTIPOCHUK KayeCTBA *KU3HU IPU CTEHOKAPIUU
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Thus, the results of future clinical studies and experi-
ence with the use of SGLT2i in cardiological practice will
provide an innovative approach to improve the quality of
life and course of HF, regardless of left ventricular ejec-
tion fraction and T2D.>! Impressively, there was a reduc-
tion in the risk of cardiovascular death and death from all
causes, as well as a reduction in the number of hospital-
izations for HF across the entire range of left ventricular
ejection fraction.

SGLT2i in Nephrology

Since their introduction as antidiabetic agents,
SGLT2i have shown significant progress, demonstrat-
ing positive effects on renal outcomes regardless of dia-
betic status.” These mechanisms include the activation
of tubuloglomerular feedback, leading to a reduction in
glomerular hyperfiltration, alleviation of hypoxia, and
oxidative stress in the renal cortex.>® The most observed
alterations associated with diabetic nephropathy involve
thickening of various kidney compartments, such as
the glomerular, capillary, tubular, and basement mem-
branes, which is associated with metabolic changes that
contribute to inflammation and fibrosis.**** SGLT2i can
preserve kidney function by mitigating glomerular hy-
pertension through tubuloglomerular feedback, regard-
less of its effects on glycemic control.’® It is important
to note that SGLT2i may initially cause a temporary de-
crease in the glomerular filtration rate due to reduced
glomerular hypertension.”°

SGLT2i-induced nephroprotection may act either di-
rectly or indirectly both locally and systemically. For in-
stance, SGLT2i not only promote glycosuria but also im-
prove glucose metabolism in the liver and reduce insulin
resistance in muscles.®*!

Similar to the DAPA-HF, EMPEROR, CREDENCE,
DAPA-CKD, and EMPA-KIDNEY trials, SGLT2i have
been proven to effectively enhance renal and cardiovas-
cular outcomes in individuals with T2D and chronic kid-
ney disease, despite their limited impact on blood glucose
levels.®? Deeper insights into the renoprotective effects of
SGLT?2i have been gained through experimental research
and clinical studies uncovering both blood glucose-de-
pendent and -independent pathways.

SGLT?2i can influence the activation of tubuloglomeru-
lar feedback by increasing sodium delivery to the macula
densa. This mechanism reduces glomerular hypertension
and albuminuria.®*® Recent meta-analyses have demon-
strated that SGLT2i are associated with a notable and con-
sistent reduction in acute kidney injury.%

By inhibiting SGLT2, the distribution of the transport
workload across tubular segments becomes more eq-
uitable. These effects of SGLT2i may contribute to the
preservation of mitochondrial function and metabolism
of tubular cells, which are expected to sustain their func-
tion.**” A recent study conducted on patients with T2D
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and albuminuria revealed that dapagliflozin treatment re-
sulted in an increase in urinary metabolites linked to mito-
chondrial metabolism compared with placebo, suggesting
that dapagliflozin may crucially improve mitochondrial
function in patients with T2D.®®

Empagliflozin treatment stabilized mitochondrial
function and autophagy activity in renal proximal tu-
bular cells under elevated glucose conditions in a strep-
tozotocin-based mouse model of diabetes.® This effect
may involve the AMPK and mammalian target of ra-
pamycin (mTOR) signaling pathways, ultimately lead-
ing to reduced apoptosis and tubulointerstitial fibrosis.
Similarly, the SGLT2i ipragliflozin reversed tubular
and mitochondrial damage induced by a high-fat diet
in mice, regardless of blood glucose levels.”” Therefore,
SGLT2i may provide renoprotection and maintain kid-
ney integrity by enhancing mitochondrial function and
regulating autophagy.”!

In summary, the primary mechanisms of SGLT2i-in-
duced nephroprotection can be divided as follows. The first
mechanism involves a reduction in glomerular hyperfiltra-
tion, which is linked to diabetic glomerular injury, although
it has also been suggested that this may occur indepen-
dently of glucose levels. The second mechanism pertains
to a decrease in energy consumption leading to hypoxia
adaptation, which is inherently glucose-dependent and sig-
nificantly exacerbated under diabetic conditions. The third
mechanism involves the suppression of inflammatory, fi-
brotic, and proapoptotic responses, which largely operate
independently of T2D. This highlights the extensive direct
effects of SGLT2i on kidney function and elucidates their
efficacy in treating chronic kidney disease in patients with
and without T2D."

A randomized placebo-controlled clinical trial on the
effects of canagliflozin, involving 10 142 participants with
T2D and a high risk of cardiovascular events showed that
renal outcomes were statistically insignificant. However,
the occurrence of increased albuminuria was significant-
ly lower in the canagliflozin group.” In a double-blind
placebo-controlled clinical trial (3730 patients), analysis
showed a significant decrease in the rate of eGFR decline
in the empagliflozin group.”™ Dapagliflozin improves kid-
ney function in mice with ischemia-reperfusion injury.
Dapagliflozin induces the expression of hypoxia-induc-
ible factor-1a (HIF-1a) and reduces the Bax/Bcl2 ratio
in ischemic renal tissues and hypoxia-cultured tubular
cells. Dapaglifiozin elevated the levels of phosphorylated
AMPK and extracellular signal-regulated kinase (ERK)
in hypoxia-cultured HK-2 cells. Elevated phosphoryla-
tion of AMPK and ERK may also induce HIF-1a expres-
sion. In addition, dapagliflozin treatment resulted in de-
creased glucose uptake and SGLT2 expression in hypox-
ia-cultured HK-2 cells.” Furthermore, luseogliflozin was
effective in preventing rarefaction of renal capillaries and
fibrosis in a mouse model of renal ischemia-reperfusion.”
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Conclusions

The use of SGLT2i is an innovative approach to im-
prove the quality of life and slow the progression of CVD
and kidney diseases in patients with or without T2D.
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Abstract

Currently, the literature has limited information on potential risks of pulmonary toxicity in patients receiving anticancer therapy. Nev-
ertheless, this complication is not uncommon in some patients and can manifest in various patterns of changes in the lung parenchyma.
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BBepeHne

[Ipumepro y 10% OHKOIOrMUYECKUX MALUEHTOB BO BpeE-
M1 WM TIOCTIE TEPATTUK MOTYT Pa3BUTHCS JIETOUHBIE OCTIOXK-
HEHUS, CBSI3aHHbIE C JIEKAPCTBEHHOW Teparuei OIyXoJieBo-
TO TIpoliecca, KOTOPBIE HEPEKO COMPOBOXK/IAIOTCS PECITH-
PaTOPHBIME CHMITTOMAMH, a TAK)KE PEHTTCHOIOTUIECCKIMU
MIPU3HAKAMH HAJIWYHsI JISTOYHOW TMATOJIOTHU TI0 JaHHBIM
METOZIOB JIy4eBOTO HCCIEeJIOBaHMSA. B Takux ciydasx
B quddepeHnnanbHblid JHarHo3 MOTYT BKJIFOYATHCS JIaH-
Hble 00 MH(EKIMH ¥ 3a00JIEBAaHHSX, BBI3BAHHBIX IPOBE-
JICHUEM TEpaIuy, a TAKoKe MPOTPECCUPOBAHUU OITYXOJIH.
B mo6om cirygae, oTHIM B3 OCHOBHBIX METOZIOB 00CIIe10-
BaHWUSI SIBJISIETCS] KOMITbIoTepHast Tomorpadus (KT).

QoS

NC
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Pasnuunble MOTEHIMABHBIC IPUYMHBI CHMITOMOB I1a-
TOJIOTHH TPYIHOM KJIETKM MOTYT HOTPeOOBaTh COBEPILCH-
HO pa3HBIX TEPAIEBTHYECKUX MOAXONOB. B GonbmmHcTBE
CITy4aeB JAWArHo3 JEKApCTBEHHOW TOKCHYHOCTH SIBIISIETCS
JIMarHO30M HCKITIOueHHUs. KITMHn4eckue pu3HaKy U CUM-
NTOMaTHKa 3a00JeBaHMS JIETKHX, TaKHe KakK Kallelb,
OJIBIIIKA, TMIOKCHUS M IPH3HAKK BOCHAJIEHHs, OOBIYHO He-
crier(UYHBI U HE MO3BOJISIOT JOCTOBEPHO U (epeHIr-
pOBaTh pa3IMyHbIe COCTOSHUS. B psiie ciydaeB BBITIONHE-
HUS J1a0OpaTOPHOM TMATHOCTUKHM OBIBAET HEIOCTATOYHO
JUIs BesieHns nanuenTa. B cessu ¢ atum, KT — kimroueBoit
METOJI OLIEHKH HEXeJIaTeNbHbIX PeaKLnii, KOTOPBI Urpaet
pelaoniee 3Ha4eHHE B OAOOHOTO posia 00CTOSTENbCTBAX
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U OKa3bIBAET CEPhE3HOE BIMSHUE HA TEPAEBTUUECKUE Pe-
LICHHUS, a 3a[a4a Bpauya-peHTIeHOJO0ra — CyMeTh Paco3-
HaTb HEXKENaTebHbIC SBJICHUS, CBSI3aHHBIC C 3TUMH IIpe-
maparaMmu, He 3a0bIBasi, YT0O HEOOOCHOBAHHOE TPEKparie-
HUe npreMa 3PQeKTHBHOTO Tpernapara MOKET MPUBECTH
K HETaTHBHBIM ITOCIISJICTBHUSIM JUTS TIAITHEHTA.

B coBpeMeHHON CHCTEMHOM Tepanuu 3J10Kade-
CTBEHHBIX HOBOOOpa30BaHWH HCIIONIB3yeTCs OOJbIIoe
pasHooOpasue JeKapCTBEHHBIX CPEACTB M OOBIYHO Ha-
3HA4YaI0TCsAd KOMOWHAIMM JIBYX HJIM OoJjiee IpenaparoB
JUTST TIOBBIIIIEHUS A(P(PEKTUBHOCTH 03 yBETWUYeHUS
TOKCMYHOCTH. MHOTHE W3 JTHX NPErnapaToB HMEIOT
11o604HbIe (P PEKTHI, KOTOPHIE MOTYT MPOSBIATHCS U3-
MCHEHUSIMH B JIETKUX. B CBSI3U € TeM, 4TO CyIIEeCTBYET
OCCUHCIICHHOE KOJIWYECTBO KOMOWHAIIMEH pa3IMYHBIX
MIpEenaparoB C pa3HBIMHU J103aMH, OBIBA€T JOCTAaTOYHO

TPYAHO MPEACKa3aTh MNOTEHIUAIBHOE TOKCUYECKOE BO3-
JIEeUCTBHUE HA JIETKUE.

Cpenu JEroyHbIX OCIOKHEHUH TpU JIEKAPCTBEHHOM
TEparuy OHKOJIOTMUYCCKUX MAIMCHTOB TMPHUHITO BBIIC-
JIATh THUIEPUYBCTBUTEIHHBIA MTHEBMOHUT, WHTCPCTHUIIH-
QTBHBIN TTHEBMOHUT C HECTEIU(PUICSCKON HHTEPCTHIIN-
aJbHON THEBMOHMEH, KPUIITOTEHHYIO OPTraHU3YyIOIIYIO-
Csl MTHEBMOHMIO, JIETOYHOE KPOBOTEUCHHUE, OTEK JICTKHX,
OpOHXHMONUT, BaCKyIUT U MHoOTue npyrue [1]. Hecmotrps
Ha TO YTO MEXAaHU3M TOBPEKICHUS JICTKUX TIPH XUMHOTE-
panuu OTIIHYaeTCs OT MEXaHU3Ma TIOBPEXKICHUS TIPH Tap-
TeTHOH W WMMYHOTEpAIWH, KINHUKO-PEHTTCHOIOTHIC-
CKas KapTHUHA Y HUX ofuHaKoBas (Tabi. 1) [2].

[Ipu mpoBezeHUH TApreTHOM Teparnuu 1 UMMYHOTEpa-
MU TOJIBKO MOBPEKICHNUE JIETKHUX MOKHO OTHECTH K He-
JKemaTeabHbIM sBIICHUsIM (Tadu. 2) [3].

Tabnuua 1

PenTrenonornueckasi KapTHHa U3MeHeHHii, B 3aBUCHUMOCTH OT rpynimnbsl NPpOTHBOOITYXO0JI€BBIX IpernapaTroB

Table 1

Radiological patterns of changes, depending on the group of anticancer drugs

Pentrenosiornueckas KapTuHa

JlekapcTBeHHBIE MPenapaThl

WurepcTunyansHble HHOUIBTPATHI

BiieoMu1nH, METOTpEKCAT, TAKCaHbl, INIATHHBI, PUTYKCUMa0, TeMIUTaOKH,
6opTe30Muod, IBEPOIUMYC, TEMCOPUIUMYC, re(PUTUHIO

JuddysHoe anpBeoIsIpHOE TOBPEKACHIE

Bbreomnnun, Oycynbdan, kKapMyCcTHH, MendaiaH, MUTOMHUIH,

nukiopocdamu

Hecnenmguueckas HHTepCTHINATBHAS
[THEBMOHHUS

Mertotpekcar, 6IeOMHUIINH, KAPMYCTHH WIIH XJIOPaMOyLIHII

Jlerounoe KPOBOU3JIUAHUC

Beicokue 10361 muknodochamua, nutapadun (ara-C), MUTOMULINH,

OeBar3yma0, MIaTHHBI

D03uHO(UIbHAS THEBMOHHS

MeroTpekcar, 6J1eOMUIITH

KpunrorenHas opraHusyoascst
ITHEBMOHUS

breomunnH, muKIopochamMum, IBEpOIUMYC M METOTpPEKCaT

['mnep4yyBCcTBUTENBHBIN THEBMOHUT

MertoTpekcar

Tabnuua 2

Bo3MmokHbBIE 0CTI0KHEHHUS CO CTOPOHBI JIEIKHMX IPU MPUMEHEHUH ITPOTUBOOITYXO0JIEBLIX IIPeMapaToB

Table 2
Pulmonary complications related to anticancer drugs

Knacc npornBoonyxoJieBbIX

u III/IM(baZ[eHOHaTI/ISI

OciaoxxneHue IIpemapar
NpenaparoB
Wuruburop PD-1/PD-L1 Husosnyma6, nemOponnsyma0, are3oau3ymad

Wurn6urop mTOR 3BepoIMMYyC, TEMCHPOJIIUMYC
TTHEBMOHUT Wuruburop EGFR Opnotunubd, reputuHuO, adhaTHHUO, OCUMEPTUHHO

Wuruburop ALK Kpu3oTrHn0, anekTiHuO, epUTHHUO

Muru6urop HER2 Tpacry3ymad

Anrutena xk CD20 Putyxcumab
Capxou101oJ00HBIH IpaHyIeMaTo3 CTLA-4 unruburop Nnunnmymad

Wuruburop PD-1/PD-L1

Husosnyma6, nemOponnsymad, are3oau3ymad

Jlerounoe KPOBOU3JIIUAHUC

Wuruburop VEGF

BeBauunzymab, copadeHn0, CHHUTHHHO

Tpom603MO0Hs TErOYHON apTepun

Wuru6urop VEGF

Besarzymad, copadeHnO, CHHUTHHHO

HJ'IeBpaJ'H;HLIﬁ BBIIIOT U OTEK JICTKUX

Wuruburop kuna3sl BCR-ABL

Jlacatuuu6, MaTuHUO, HUIIOTUHUO

[TneBMOTOpaKc

WHrHOUTOp THPO3HHKUHA3HI
Wuru6urop VEGF

Bbepauuzymab, copageHn0, CHHUTUHHO

137



VIHHOBaLOHHas MeaunUmHa KybaHu. 2024;9(4):136-144 / Innovative Medicine of Kuban. 2024;9(4):136-144

Tabnuua 3

IIaTTepHbI H3MEHEHHUH B JIETKUX U X XapaKTepUCTHKA
Table 3

Patterns of changes in the lungs and their characteristics

IlaTtTepn

IIposiBjienns NIpU KOMNbIOTEPHOI TOMOrpagun

Hecnenmduueckas HHTepCTHIHATBHAS THEBMOHHS
(HCHIT) / nonspecific interstitial pneumonia (NSIP)
(puc. 1A)

HaumnHaroTcs ¢ NATHUCTBIX YYaCTKOB «MaTOBOT'O CTEKJIAy, IPOrPECCHPYs
JI0 HEPeryJISIPHBIX PETUKYJISPHBIX YIUIOTHEHUH, HAPYIIEHUs apXUTEKTOHUKHI
U TPAKIOHHBIX OPOHXOIKTA30B C Y4aCTKaMH KOHCOJIIMAALUH WIH 0€3 HUX;
JIBYCTOPOHHHE U CUMMETPUYHBIE, C TPEUMYIIECTBEHHBIM MOPaKEHUEM

HMKHHUX OTACIIOB JICTKUX

KpunrorenHasi opranu3yromasics THEeBMOHUS
(KOIT) / cryptogenic organizing pneumonia (COP)
(puc. 1B)

MynbTH(})OKaTbHBIE HEOTHOPOIHOE ATbBEOISIPHBIC TOMYTHEHUS, 0OBITHO
¢ IepruOPOHXOBACKYJISIPHBIM H/HJTH MEepUPEPUICCKUM PACTIPOCTPAHCHHEM;

MOTYT I€MOHCTPUPOBATh OOPA3HBIN 3HAK «OPEoIa»

TunepuyscrBuTenbHbiil mHeBMOHKT (T'TT) /
hypersensitivity pneumonitis (HP) (puc. 1C)

Citabo oyepyeHHBIE MEIKHE IIEHTPATbHO-T0JIBIAThIe Y3€JIKH, 1By CTOPOHHHE

YYaCTKH YIUIOTHEHHS 110 TUITY «MaTOBOTO CTEKJIIa»

JuddysHoe anbBeonspHoe noBpexaeHue (JJAIT) /
diffuse alveolar damage (DAD) (puc. 1D)

OOmmmpHBIe IBYCTOPOHHHE 00TACTH YIUIOTHEHHS 110 THITY «MaTOBOTO
CTEKJIa» U yJaCTKU KOHCOJIMJIAIMY JIETKUX B DKCCYAaTHBHOH (dase;
TPaKIMOHHbIE OPOHX03KTA3bl U YMEHbBILICHUE 00BEMOB JIETKUX

B opranusytoniei u Guopo3Hoit Ppazax

TpaH3UTOPHBIEC YYACTKH «MATOBOTO CTEKIIa /
ground-glass opacities (puc. 1E)

HCCCFMCHTapHaﬂ KOHCOJIMgaus UK «MaTOBOEC CTCKJIO», OIHOCTOPOHHUEC
WA MUTPUPYOHINE, 9aCTO BCTPEYACTCS CIIOHTAHHOC pacCaCchlBaHUC

B TeUEeHHE 4-X HeNellb

Kax y»e 0b110 cKa3aHo, TposiBieHns u3MeHenuit na KT
JOCTAaTO4YHO pa3zHooOpasHbl. B Tabmuie 3 mpexncrasieHs
OCHOBHBIE PEHTI'€HOJIOIMYECKUE NaTTEPHbl UIMMYHOOIIOC-
PEIOBaHHOI'O OPAYKEHUS JIETKHX.

JleKapCTBEHHO-NHAYLNPOBaHHbI MHEBMOHUT

[THeBMOHHUT cpel UMMYHOOTIOCPEIOBAHHBIX HEXKela-
TEJIBHBIX SIBICHUU SIBISCTCS OTHOCUTENBHO PEIKUM BOC-
MaJUTEIBHBIM MporeccoM (dactora — 2,7% mpu MOHOTE-
panuu u 6,6% — Ipu KOMOMHUPOBAHHOM TEPAIUK), OTHA-
KO KJIMHHYECKH CEPhE3HBIM, MOTCHIMAIBHO JIETaIbHBIM
OCJIOKHEHHEM, YTO B OHKOJOTMYECKOW MpaKTHKE OBLIO
MIPU3HAHO «COOBITHEM, MPECTABISAIOIUM 0COOBINH HHTE-
pee» [4, 5].

JlexapCTBEHHO-MHAYIUPOBAHHBI ITHEBMOHUT IIPEJ-
CTaBJISIET KIMHIUYECKYIO MTPOOIeMy ISl OHKOJIOTOB U PEHT-
TEHOJIOTOB, OCOOCHHO B CBSI3M C PACTYIIEH YacTOTOH HC-
TIOJTE30BAaHMA HOBBIX TPOTHBOOITYXOJIEBBIX ITpENaparoB
(narnbuTopsr mTOR, narHONTOpE! EGFR, MHrHONTOPHI
ALK, narnoutopsr HER2 un antu-CD-20-anTtHTena) [6].
B Hacrosmee BpeMsi MCIIONB30BaHHE ITHX IPEHapaToB
OBICTPO pacCHINPSACTCS B OHKOJIOTUYECKOU MpakThke. Han-
OoJree BBICOKAsT 32001€Ba€MOCTh ITHEBMOHUTAMH TSKEIIOH

Pucynox 14. HCUIT
Figure 14. NSIP

Pucynox 1B. KOIT
Figure 1B. COP
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Pucynox I1C. I'TI
Figure 1C. HP

CTENIeHH OTMEYaeTCsl y MalHeHTOB C HEMEIKOKIETOYHBIM
paKoM JIETKUX, a Ooliee BBICOKAS YaCTOTa BCTPEYAEMOCTHU
ITHEBMOHHUTOB BCEX CTEMEHEH TSHKECTH OTMEUaeTCs y ma-
[UCHTOB C ITOYEYHO-KJIIETOUYHBIM PAKOM IT0 CPaBHEHHUIO
¢ OOJBHBIMH METTAaHOMOI [5].

Jlnsi OLIEHKW CTETeHW TSHKECTH IHEBMOHHTAa ObLTH
pa3paboTaHbl peKOMEHIAIMA AMEPHUKaHCKOTO O0IIeCTBa
KIIMHUYECKUX OHKOJIOTOB TI0 BEICHUIO MAIMEHTOB, y KO-
TOPBIX BO3HUKIN UMMYHOOIIOCPEAOBAaHHBIC HEXKEIATCIb-
HBIC SBJICHUS, B KOTOPBIX YETKO 0003HAYCHBI KPUTEPUU
TSOKECTH, HEOOXOIMMBIE JAMAarHOCTHYECKHE HCCIIEI0Ba-
HUS, a Takke jeueHue [7].

IIHEBMOHMT, CBA3aHHBIM C UMMYHOTEpalMEH, UMEET
MIUPOKUN CIIEKTP KIMHWYECKUX W PEHTTCHOJIOTHICCKIX
nposieiaeHuid. Ha KT opraHoB rpynHoil KIETKH MOXKET BbI-
SIBJISITHCSL KAPTUHA OCTPOM MHTEPCTULIMAILHON THEBMOHUU
WM OCTPOTO PECTIMPATOPHOTO IHCTPECC-CHHAPOMA B BUJIE
T (Py3HBIX YJaCTKOB IO THUITYy «MaTOBOTO CTEKJIa», KOH-
CONTMIAIINH, YMEHbIIIEHUS 00beMa JIETKHUX (puc. 2).

VY psima manueHToB MPOIEcC MMeeT Ooiee MSTKOe
xmmHnYeckoe Teuenne ¢ KT-kaprunoit HCUIL, ¢ exsa
3aMETHBIMU yYaCTKaMH «MAaTOBOTO CTEKJIa» B IEpHU-
(epuuecknx M 0a3anbHBIX OTAENax Jerkux (puc. 3).

\

-

Pucynox 1E. Yuacmxku
«MamoBo20 CMeKIay
Figure IE. Ground-
glass opacity

Pucynok 1D. JIAIT
Figure 1D. DAD
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Pucynox 2. Ha KT onpedensiomcs npusHaxu Ou@@y3sHoeo anb8eoisipHo20 nospedic-
O€HUs, C6A3AHHbIE C NPUEMOM IPLOMUHUOA, Y 40-IemHe20 MYHCUUHbL ¢ A0eHOKapYU-
HOMOUL f1e2k020. YepHblmu cmpenkamu YKa3aHbl Memacmamuieckue y3ivl 8 000ux
Jle2KUX, OenbiMu CImpenkamis — nepukapouanbhslil evinom [8]

Figure 2. CT scans show signs of erlotinib-related diffuse alveolar damage
in a 40-year-old man with a lung adenocarcinoma. Black arrows indicate metastatic
nodules in both lungs; white arrows indicate pericardial effusion [8]

Takux manueHTOB YCIEIIHO jeyaT KOPTUKOCTEPOUIaMHi B aMOyIaTOPHBIX
YCJIOBHSIX, HEKOTOPBIM yAaeTcsi BO3OOHOBHUTH Tepamuio 0e3 pennauBa
ITHEBMOHUTA.

[arrepn KOII o0br4HO0 mposiBiIsieTcst MyJIbTH()OKAIFHON KOHCONMUAANEH
U IPEUMYIIECTBEHHO IepU(EPUUSCKUM PACIPEeSICHUEM yYacTKOB YIUIOT-
HEHMs 0 TUITY «MaTOBOI'0 CTEKJIay, a TAKKE TPAKIIMOHHBIMHU OpPOHXO3KTa3a-
MU B 30HaX KOHCOIHIAuu (puc. 4).

[ .

Pucynox 3. [Ineemonum, 6b136anHbIll UH-
euoumopom mTOR. Myscuuna, 71 200.
Yepes 4 nedenu om mauana mepanuu
uneuoumopom mTOR. Ha KT — myno-
MugpoxkanvHvle  Y4acmxu  «Mamosozo
cmeKnay u pemuK)yiapHbie UIMEeHeHUs
npeumMyujecmeeHio 8 nepughepuieckux
U 6a3AILHLIX OMOeNax NesKux (cmpei-
xu), KT-kapmuna HCHUII [3]

Figure 3. mTOR inhibitor-associated
pneumonitis in a 71-year-old man. The
CT scan at 4 weeks of therapy shows
multifocal ground-glass opacities and
reticular changes mainly in the periph-
eral and basal parts of the lungs (ar-
rows). The NSIP pattern [3]

Mapr 2019 ’

~’ Hm-zms - | | .‘

Pucynox 4B
Figure 4B

=@,

Pucynox 44
Figure 44

Pucynox 4C
Figure 4C

Pucynox 4D
Figure 4D

Pucynok 4. JKenwuna ¢ adenoxkapyunomoil 1e2koeo, ¢ Mymayueu snudepmansroo ¢axmopa pocma (EGFR), meduacmunans-
Hotl IuMepadeHonamuell u Memacmaszamu 6 neyens (us apxusa E.U. 3a6noe6oti).

A. B nepsvie 3 mecaya neuenusn 3promuHubOM Haba0O0aemcs sHavumenvHoe yuyyuenue kiunuxu. B. Yepes 8 mec. nocne navana
neuenus. Iosgnenue cyxozo nepcucmupyiowe2o kauns. Ymenvuenue onyxonu no KT, nonuceemenmapro 6 neekux unmepcmuyu-
anvivie ungunompamul. Ha ¢pubpobponxockonuu uckuowuny peyuous, 1adopamopno — 6e3 npusnarkos ungexyuu. Juasnocmu-
PO8aH IPNOMUHUO-ACCOYUUPOBAHHAS 1€20UHAS MOKCUYHOCIY 8 8UOe UHMEPCTNUYUATLHO20 NHEBMOHUMA. DPIOmMUHUO OmmeHen.
Hasnauenvl enokokopmuxouodsl, nocie we2o HACHynuio KIuHuKo-penmeenonoaudeckoe ynydwenue. C. 3 mec. cnycms nocie om-
Menwl spromunuba. Paspewenue unguibmpamusrnozo npoyecca ¢ npozpeccuposanuem onyxonu. Hasnavenvi yumomoxcuueckue
npenapamvl. OOHAKO Y nayueHmKy oaiee ROAGIAEMCS 04a206as Hegpoloauueckas cumnmomamura, no MPT evisienenvt 2 mema-
cmasa 6 eonosnom mosee. D. ITlocne neuenus memacmaszos 20N06H020 MO32a HA3HAUAEMCA OCUMEPMUHUD U cnycms 6 Mec. CHO8A
NOABNAEMCS CYXOU MyuumenbHblil Kawens u 00biwka. 1o KT nonuceemeHmapHo 6 1eckux onpeoensiiomest yuacmu KOHCOTUoayui,
6 yenom amo nammepr KOII. Ocumepmunu®b ommenen. Hauanu neuenue 2nrokoKopmuxoudamu, 0OHAKO y NAyUeHmKU npopecci-
posana OvixamenbHas HeOOCMAMOYHOCHb U HACTYRUI 1M ATbHBIL UCX00

Figure 4. A woman with a lung adenocarcinoma, epidermal growth factor (EGFR) mutation, mediastinal lymphadenopathy, and
liver metastases (from the Zyablova's archive).

A. First 3 months of erlotinib therapy: significant clinical improvement was observed. B. 8 months of therapy: the patient had a dry
persistent cough. CT revealed a decrease in the tumor size and multisegmental interstitial infiltrates in the lungs. Based on fiberop-
tic bronchoscopy findings relapse was ruled out; laboratory findings showed no signs of infection. Erlotinib-associated pulmonary
toxicity as interstitial pneumonitis was diagnosed. Erlotinib therapy was discontinued. Glucocorticoids were prescribed, and clini-
cal and radiological improvement was observed. C. 3 months after discontinuation of erlotinib therapy: CT revealed resolution
of infiltrates but tumor progression. Cytotoxic drugs were prescribed. However, the patient further developed focal neurological
symptoms. Magnetic resonance imaging revealed 2 brain metastases. D. After treatment of brain metastases: osimertinib was pre-
scribed, and a dry troublesome cough and dyspnea reappeared 6 months later. CT identified multisegmental areas of consolidation
in the lungs. This corresponds to a cryptogenic organizing pneumonia pattern. Osimertinib was discontinued. Glucocorticoids were
prescribed. However, respiratory failure progressed, and the patient died
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Pucynox 5. I'unepuyscmeumenvubviii nHeMOHUM Y 68-1eMmHe20 MY*CUUHbl ¢ Me-
Macmamu4eckoll No4eyHo-KAemouHol KapyunomMol, KOmopbvlil noayuan ievenue
nugorymadbom. Yepez 6 mec. mepanuu noasuncs kawens. KT epyouoti knemku:
MYILMUPOKATLHBIE YUACKY «MATNO6020 CMEKIAy ¢ YeHMPUiIoOYIAPHbIM pac-
npeoenenuem u «Mo3auuHaay nepgysus é reckux. Penmeenonoeuveckas kapmuna
XapakmepHa 0711 NHeGMOHUMA ¢ NAMMEPHOM SUNEPUYECTNEUMETbHO20 NHEGMOHU-
ma. Hueonyma6 Ovin ommeHeH, nayuenmy HA3HAYUIU KOPMUKOCMEPOUOHYIO me-
panuio [3]

Figure 5. Hypersensitivity pneumonitis in a 68-year-old man with a metastatic renal
cell carcinoma who was treated with nivolumab. At 6 months of therapy, the pa-
tient presented with a cough. The chest CT scan: multifocal ground-glass opacities
in a centrilobular distribution throughout both lungs and mosaic attenuation. The
radiographic pattern is characteristic of pneumonitis with a pattern of hypersen-
sitivity pneumonitis. Nivolumab was discontinued, and the patient was prescribed

Pucynoxk 6. Ha KT onpeodensromes mpan-
3UMOpHbLe  DECCUMNIMOMHbLE  YHACHT-
KU YNIOMHEHUs. NO MUNY «Mamogoo
CMEKNay U KOHCOMUOAYUU, CEA3AHHbLE
¢ npuemom ocumepmunuba y 65-remuet
JICEHUUHBL C AOEHOKAPYUHOMOU J1e2KO-
20, Komopble ucyezu uepes 2 mec. nocie
cneyuguueckoti mepanuu [8]

Figure 6. The CT scan show osimertinib-
related transient asymptomatic ground-
glass opacities and consolidations in

corticosteroid therapy [3]

[TaTrTepH THUMEPYyBCTBUTEILHOTO IMHEBMOHHTA TPO-
sBsieTcst (D (Hy3HBIMU YYaCTKAMH YIZIOTHEHUS 110 THITY
«MaTOBOTO CTEKJa», ICHTPHIOOYISIPHBIMUA OYaramu,
a TaK)Ke «BO3YIIHBIMH JIOBYIIKaMI» (pHC. 5).

Kpome Bcero mpouero, MOTYT BBISBISITBCS OecCHM-
MITOMHBIC YYACTKH YIUTOTHEHUS 110 THITY «MAaTOBOTO CTEK-
J1ay», KOTOpbIE, KaK MPaBUIIO, HE COMPOBOXKAAOTCS DO3H-
HO(uUINEH, HE TPEOYIOT CIEIU(PUIESCKOTO JICUCHUS U HC-
Ye3al0T CaMOCTOATEIBHO (puC. 6).

Hmerommecss Ha cerogHsIHUN JI€HbL NaHHBIE CBUIE-
TENBCTBYIOT O TOM, YTO TPUMEPHO 1/3 MalMeHTOB MOTYT
BO300HOBUTh MMMYHOTEPAITHIO TIOCJIE YCIICIITHOTO Jiede-
Hus HeBMOHUTA. OfHako y 25-28% marueHToB BO Bpe-
MsI TIOBTOPHOTO JICYCHHSI BO3HUKAET ero oboctpeHue [3].
[THEBMOHHUT MOXXET PEHUANBUPOBATH MOCIE 3aBEPIICHUS
JICYCHUST KOPTUKOCTEPOUIAMH, B OTCYTCTBHE TIOBTOPHOTO
Ha3HAYCHUS UIMMYHOTEPAITHH WM KaKOU-THOO0 IPyTO CH-
CTEMHOW TEpaIiy, W TPOSBISIETCS PEHTTCHOJIOTHIECKON
KapTHUHOM U KIIMHUYECKUMU CUMITTOMaMH, CXOTHBIMHU C Ha-
YaJIbHBIM 3MHU30/I0M. DTO SBJICHHE Ha3bIBaeTCs 000CTpe-
HUEM MMHEBMOHHTA, OHO YHHUKAJIBHO JJISI IMMYHOOIIOCPE-
JOBAaHHBIX HEXKETATCIFHBIX SBICHUA M MOXKET BKIIOUATh
JISKAIIe B OCHOBE ayTOMMMYHHBIC MEXaHU3MEI (puc. 7).

Capkoungonono6HbIil rpaHynemaTos

n numdapeHonaTus

Capxon0onogoOHbIH TpaHyIeMaro3 U JuMdaaeHomna-
TUS ABJIAIOTCA TAKXKC BaX)KHBIMU UMMYHOOIIOCPEJOBAHHBI-
MU HE)KeJIAaTeNbHBIMA SIBIIEHUSIMH. Bo BpEMA UMMYHOTC-
parnuu y nanueHToB 4YacTo OTMEYaeTCs MeJHacTHHAIbHAS
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a 65-year-old woman with a lung adeno-
carcinoma. They disappeared 2 months

after specific therapy [8]

muMdaneHonaTys, NepuOPOHXUATBHBIE 04ark B BEPXHUX
JOJISIX (IBYCTOPOHHEE MOPAXKEHUE), KOTOPBIE HMUTUPYIOT
capxonno3 (puc. 8). Capkouaomnono0HbI TpaHyIeMaTO3
MOXKET MPOTEKaTh OECCUMITOMHO W Pa3pemiaTbcsl CIIOH-
TaHHO 0€3 CIEeINATFHOTO JICUCHUS.

[TockonbKy y OOJBIIMHCTBA MAIHCHTOB HA UMMYHO-
Tepanuu pak IMPOrPecCUpyeT, YacTo TPYAHO OTIUYUTH
CapKOHMIOMOAOOHBIN TpaHylIeMaTo3 U JUM(aaeHOIaTHIO
OT METACTa30B U OIyX0JeBoi mporpeccun. JlaboparopHo
OTMEYACTCSl TIOBHINICHHBIA YPOBCHb AHTHOTCH3MHIIPEB-
parmmaromero GpepMeHTa; OqHAKO Y HEKOTOPHIX MAIHEHTOB
YpOBEHB (hepMeHTa MOXKET ObITh HOpMaIbHBIM. [Ipu ru-
CTOJIOTMYECKOM HCCIIEIOBAHUU OIPENENsIeTCs TpaHylie-
MaTO3HOE BOCMAJICHHUEe, HAIOMUHAOIIIEee capkon 103 [9].

KpoBoTeueHne n Tpom603 Bo Bpemsa Tepanmu

nHru6buropammn VEGF

®daxrop pocta sanorenus cocynoB (VEGF) Beimonnsier
(DYHKIIMFO OCHOBHOTO SHJIOTENMAILHOTO MHTOreHa. VHru-
oupoBanue VEGF MoxeT CHIKaTh CHOCOOHOCTH SHIOTEIH-
QITHHBIX KIETOK K OOHOBIICHHIO, YTO MIPUBOAUT K SHIOTEIH-
AITBHBIM JIepeKTaM COCYMCTON 0OOTOYKH U «OOHAKEHHUIO»
cyOameTermansHoro komwiareaa [10]. YV OONBHBIX pakoM,
TMOJTYYaIOIINX JISYeHne MHIMOUTOpaMu (hakTtopa pocTa dH-
JIOTEITHSI COCYIIOB, HAOMIOMAIOTCS CIIETYIOIINE OCIOKHEHHSI:

a) KPOBOTCUCHMSI U3-32 CHUKCHUS CTIOCOOHOCTH DHIIO-
TEIHAIBHBIX KIETOK K OOHOBJICHUIO;

0) TpomM003 M3-3a aKTHBAIIMH TKAaHEBOTO (haKTOpa, BTO-
PUYHOTO TI0 OTHONICHHUIO K BO3ICHUCTBHUIO CyOIHIOTEIH-
AJIEHOTO KOJUTareHa.
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Ple~

Pucynox 74 Pucynok 7B Pucynox 7C
Figure 74 Figure 7B Figure 7C

Pucynox 7. 72-nemmuuii mysrcuuna ¢ niockoxkiemounvim HMPJII IV cmaouu nocie nelimpanvhotl mepanuy HUgonymaoom. Bos-
HUKIU JHCATI00bL HA 00bIUKY, Kaulelb, Oe3 NOBbIUEHUs MeMNePanypbl

A. KT uepes 15 neoenv nocne navana mepanuu uneubumopom PD-1. Mynemugoxanbhule yuacmiu «Mamosoeo Cmexiay, KoH-
conuoayuiL, pemuKyIsipHble U3MEHeHUs. (CMPEIKU), d MAKice YeHMPULOOYIsAPHbIE 04a2U U MPAKYUOHHbIE OPOHXOIKIMA3bL, Npe-
umyuecmeenno 6 nepugpepuuecxkux omoenax. IlHammepn KOII. Borbnomy OblL1 HazHauen npeoHusoH

B. Ilocne 4-ii nederu mepanuu npeOHU30HOM. YMeHnvbuenue pacnpocmpanenHocmu npoyeccd, 00HAKO COXPAHSIOMCSL YHaCmKU
«Mamoeoeo cmekaay. Mmeemcsi CuMnmom «00pamuozo 2aio» 8 Guoe YeHmpaibHOl MAmMoBOCHL, OKPYICEHHOU CePROGUOHOU
30H0U KoHconudayuu. [lammepn KOIT

C. Yepes 4 nedeau nocne 3agepuienusi mepanuu NPeOHU30I0HOM NOAGULUCL YUACMKU KOHCOMUOAYUL U «MATNOB020 CIMEKIA,
pemukynapusie usmenenus — nammepn KOII, ommeuennbviii 60 pems nepsozo snusooa PD-1 unzubumop-ceéazannozo nHesmo-
numa. Ilayuenm cHo8a HAYAL NOIYYAMb NPEOHU3OH HO NOBOJY peyuousa nneemonuma [3]

Figure 7. A 72-year-old man with stage IV squamous non—small cell lung cancer after nivolumab therapy. The patient presented
with dyspnea and cough but no fever

A. The CT scan at 15 weeks of PD-1 inhibitor therapy. Multifocal areas of ground-glass opacities, consolidations, reticular
changes (arrows), centrilobular foci, and traction bronchiectasis mainly in the peripheral parts. The cryptogenic organizing
pneumonia pattern. The patient was prescribed prednisone

B. After 4 weeks of prednisone therapy, a significant decrease in the findings and residual ground-glass opacities were observed.
There was a “reversed halo” sign as a central ground-glass opacity surrounded by a crescent-shaped consolidation area.
The cryptogenic organizing pneumonia pattern

C. 4 weeks after the completion of prednisone therapy, areas of consolidation, ground-glass opacities, and reticular changes
(the cryptogenic organizing pneumonia pattern as noted during the first episode of PD-1 inhibitor-related pneumonitis) ap-
peared. The patient restarted prednisone due to the pneumonitis recurrence [3]

)\

Pucynox 84 Pucynok 8B
Figure 84 Figure 8B

Pucynox 8. Myosicyuna, 81 200, 6e3 KIuHUYeCKUxX CUMNIMOMO8, ¢ MEMACAMUYECKOU MEIAHOMOU, NOIYHUABUIUL TeUeHUe UNUTU-
mymabom. A. KT epyonoii kiemku ¢ GHymMpuseHHbiM ycuienuem uepes 4,9 mec. nocie nawania mepanuu URUIUMyMaoom: meou-
acmunanvhas aumgpadenonamus (cmpenxku). B. KT-uzobpadicenue 8 akcuaibHoll niockocmu: 08YCMOpOHHUE NepudpOHX06a-
ckynsiprvle oKycol ungurompayuu (cmpenxu). Janunvie usmenenus COOmeemcmeyon nposieileHUsM capkouoosa 6 ieekux [3]
Figure 8. An asymptomatic 81-year-old man with a metastatic melanoma treated with ipilimumab. A. The contrast-enhanced
chest CT scan obtained 4.9 months after the ipilimumab therapy start: mediastinal lymphadenopathy (arrows). B. The axial
CT scan: bilateral peribronchovascular foci of infiltration (arrows). These changes correspond to manifestations of pulmonary
sarcoidosis [3]
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Pucynox 9. 40-nemnuti myscuuna ¢ enuoona-
CMOMOLL, NpoxXoOAwUll Kypc mepanuu 6esa-
yuzymabom, ¢ scanobamu na oovuuky. Ha KT
2PYOHOU KILeMKU ¢ KOHMPACMHBIM YCUTICHUEM
onpeodensomes 0eekmvl KOHMPACMUPOSa-
HUs1 80 8cex 0onegvlx apmepusx (cmpenxu) [3]
Figure 9. A 40-year-old man with a glioblas-
toma undergoing bevacizumab therapy who
presented with dyspnea. The contrast-en-
hanced chest CT scan show contrast defects in
all lobar arteries (arrows) [3]

Ha KT-u3o0paxeHnsx Jilero4Hoe KpOBOTEUEHUE
nposBIsieTcs: TUPGY3HBIMU PACCESTHHBIME y9aCTKAMU
VIUIOTHEHHSI TI0 THUITy «MAaTOBOTO CTEKJIa», KOTOpPHIC
MOTYT COIPOBOXKIATHCS YTOJIIEHUEM MEXKIOTHKOBBIX
neperopogok [11]. Kpome Toro, y mamueHTOB C OH-
KOJIOTUYECKUMHU 3a0oJieBaHUsIMU Tpu pyTuHHOM KT-
OHKOIIOMCKE MOKET OBITH CIIy4ailHO BBISBICHA KIWHU-
YECKH HEe3amo03pCHHAs TPOMOOIMOONHS JIETOYHON
aprepuu (puc. 9).

NMHeBMOTOpaKC, CBA3aHHbIN

C QaHTMAHIMIOreHHOW Tepanunen

[THeBMOTOpaKC SIBISIETCS PEAKUM, HO HW3BECTHBIM
OCJIO)KHEHUEM Y TAIFCHTOB, IMOyYAONINX aHTHAHTHO-
TCHHYIO Tepamuio (ma3omann0, OeBaru3ymad, copade-
HUO, CYHUTUHHUO), 0COOCHHO TIPH HAJIMYUU METACTa30B
B Jierkux (puc. 10). MexaHu3M pa3BUTHS THEBMOTOPAK-
ca JIoO KOHIIA HEsICeH, HO HaJMYUe METAcTa30B B JIETKHX
€ MakCHMaJIBHBIM AuameTpoM Oosiee 30 MM 1 THEBMOTO-
pakc B aHAMHE3¢ OMUCHIBAIOTCS, KAK BAYKHBIC TTPEIUKTO-
bl BOSHUKHOBEHHUS JJAHHOTO OcioKHeHus [12].

OTeK nerkux v naeBpasnbHbIN

BbIMOT KaK OC/IOXKHEHUA TapreTHom

MoneKynsapHoi Tepanumn

OTek Jerkmx HepenKko BCTpedaeTcs y MalneHTOB,
MIPOXOIAIINX XUMHOTEPAITHIO, TOCKOJIBKY MHOTHE CXEMBI
BKJIIOYAIOT OOJIBIIOE KOJIMYECTBO >KUIKOCTH VIS CHIKE-
HHSI MECTHOHM TOKCHYHOCTH npemnapara. Kpome Toro, mpo-
THUBOOITYXOJIEBbIE TIPerapaThl MOTYT BBI3BATh MOBPEKIC-
HHUE MTHEBMOIIUTOB W JHJOTENHS aJbBEOJIIPHBIX Kalnil-
JISIPOB, YTO TIPUBOAWT K TOBBIMICHWIO MPOHUIIAEMOCTH
KamursapHo#t creHku (puc. 11) [13]. [lanHOe ocnoxHe-
HHE 4acTO MNOSBIISETCS IPU UCIONB30BaHUN HHTHOUTOPOB

142

Pucynok 10. Monoooii uenosex, 19 nem, c memacmamuueckou 0Cmeocapro-
MO, NOAYHAGUIULL NAZ0NAHUO, MHO2OYELEBO0U UHSUOUMOD MUPO3UHKUHASDL.
Ha KT — npasocmoponnuii nneemomopaxc [3]

Figure 10. A 19-year-old man with a metastatic osteosarcoma who received
pazopanib, a multitargeted tyrosine kinase inhibitor. The CT scans show
a right-sided pneumothorax [3]

kuHa3sl BCR-ABL, Takux kak ©UMatuHuO (MCIOIB3yeTCs
IIpY JIEUKEMUU U TaCTPOUHTECTHUHAIBLHOW CTPOMAaIbHOU
OITYXOJIH ), 1a3aTUHUO (TIpH JICHKEMUH ).

JlerouHble nH$peKyMN

Brnonse o4eBHAHO, YTO KMMYHOCYTIPECCHS YacTO yBe-
JIMYMBACT PUCK PA3BUTHSA JIETOYHON MHpexkuuu (puc. 12).
Kpowme Toro, B 3aBUCUMOCTH OT MOPaKEHU KIIETOYHOM JIH-
HUU U IPYTUX (PaKTOPOB, PUCK 3apaKCHUS ONPEICTICHHBI-
MU MHUKpoOopranusMamu paznuyaercs [14]. Ecnu npussth

Pucynok 11. 69-nemnuii mMyscuuna ¢ MemacmamuyecKkou ea-
CMPOUHMECMUHAIBHOT  CIPOMATILHOU  ONYXOIbIO, NONYYAG-
Wt iederue HULOMUHUOOM, UHSUOUMOPOM MUPO3UHKUHASDL,
NPUMEHSAEMO20 NPU PE3UCMEHMHOM K UMAMUHUOY XpOHUYe-
CKOM MUenouoHoM Jielikoze. YV 00nbHO20 ommeuanocs ycuie-
Hue 00blUKY U 08YCIMOPOHHUL OMEK HUNCHUX KOHeYHOCmell.
Ha penmeenoepamme — 08ycmoponnuii cuopomopaxc [3]
Figure 11. A 69-year-old man with a metastatic gastrointesti-
nal stromal tumor who was treated with nilotinib, a tyrosine
kinase inhibitor used for imatinib-resistant chronic myeloid
leukemia. The patient had increased dyspnea and bilateral
lower extremity edema. The radiographs show a bilateral hy-
drothorax [3]
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Tabnuua 4
DakTopbI pUCcKa, MpeApacnoaraluue K 3apakeHnI0 pa3jJuiHbIMI OPraHu3MaMHu
Table 4
Risk factors predisposing to infection with different organisms
BosiieuenHas AHYJIOIUTHI
Lfjgfpeiny > B-nmmm¢onuThr T-mmm¢ponuTHI
KJIETOUHAS THHHS MOHOIIMTBI
Hecnenugpuueckas

NmmyHHBIH nedexTt
KJICTOYHAsI 3alUTa

Jlebuuut antuten

Crienudpuyeckast KIeTOYHas 3aIiuTa

ConuaHbie OITyXO0JIUu, MUEIIO-

B-knerounas numdoma,

T-knerounas numdoma, T-ALL,
nuMQOTOKCHYECKast Teparusi, HepepbIBHAS
MMMYHOCYTIPECCHsI, TPAHCIUIAHTALIUS

ne3enka: Candida, niespa/
OKOJIOHOCOBBIC TTA3yXU:
Mucormyces)

3aboieBanue WHBIH JIeliKo3, kpaTtkocpod- | B-ALL, nmuMdpoTokcHdeckas QJUIOTEHHBIX CTBOJIOBBIX KIIETOK,
Hast (<5 qHeil) HeHTPOTICHHS Tepanus (CTepOuIbI) TPaHCIUIAHTAIIMS OPTaHoB, MTperaparhl,
cnenuduunsle i T-kineTok (ameM3yTymao,
AQHTUTUMOLUTAPHbIH N100YINH)
Bakrepuu (rpamm +, rpamm —)
npu HeliTponeHuu > 10 nHel,
bakrepun - ..
a TaKXKe rpuOsbl (Jerkue: Pneumocystis jirovecii (PCP),
. (rpamm +, TpaMM —)
OpraHusMsl Aspergillus, nedeHsb u ce- Bupychl, rpudsl (Toxoplasma,

Pneumocystis jirovecii
(PCP)

Listeria, Coccidiomyces)

Pucynok 124
Figure 124

N

=

Pucynok 12B
Figure 12B

Pucynox 12. Bakmepuanvras nheemonust. [layuenm, nonyuarowuil xumuomepanuio no nogooy aumgomet bepkumma. A. Penm-
2eH02PaAMMA 2pYOHOU KILeMKU. YNIOMHEHUe NPoeyupyemcsi Hao npagou 60Koeot eepxtell 30Hou 1eekozo. B. KT epyownoul knemxu
8 JIe20UHOM OKHe: HeOOHOPOOHAs KOHCOMUOAYUsl 8 3d0HeM CecMeHme Npagoll 6epxHell 00U U ANUKATbHOM Ce2MeHne Npasotl

nuoicneti oonu [14]

Figure 12. Bacterial pneumonia. The patient receiving chemotherapy for Burkitt ymphoma. A. The chest radiograph: consoli-
dation projected over the right lateral upper lung zone. B. The chest CT scan, lung window: heterogeneous consolidation in the
posterior segment of the right upper lobe and the apical segment of the right lower lobe [14]

BO BHUMAHHUE 3TH YCJIOBHS, MO)KHO OIIEHWTH, ITOBBIIIEHA
T BEPOSTHOCTh PA3BUTHA OaKTepHAIBbHOM, TpHOKOBON
WM BUpyCHOU MH(peKIMH y marpenTa. K coxanenuro, He-
PEIKH COBMAJICHNS W COYeTaHWs MH(EKINH, BBI3BAHHOU
PasHBIMU OpraHM3MaMHt OTHOBPEMEHHO (Tali. 4).

3aknovyeHne

PaznuuHble TOTEHUMANBHBIC MPUYMHBI CHMITOMOB
TPYIHON KJIETKM MOTYT HOTPeOOBaTh COBEPIIEHHO pa3-
HBIX TE€PaNleBTUYECKUX MOAXOIOB.

HeoOocHoBanHoe mpekpamienne mpuema 3ddex-
THBHOTO TIperapara MpUBEeAeT K HeraTUBHOMY (P PeKTy

g manuenTa. M necmotps Ha o uto mopdornorust KT
MOXKeT OBITh THIMYHOW WM Ja)ke MaTOrHOMOHUYHOU
P HEKOTOPBIX COCTOSIHUSX, JHUArHO3 JIETOUYHOW TOK-
CUYHOCTH SIBIISICTCS JUATHO30M HCKJIIOUYCHHUS U BCEraa
JIOJDKEH OCHOBBIBATHCS HA JAHHBIX BU3YaTH3aINH, KIIH-
HUYECKUX W JIa0OpaTOpHBIX XapaKTepUCTHKax. Takue
(hakTOpBI, KaK TECHOE OOIIECHUE C HAITPABJISIOIIMMHE KOJI-
JIeTaMy M XOpOoIiee 3HAHWE MOTEHIINATbHBIX TTOO0YHBIX
3¢ ¢peKToB mpernaparoB, MPUMEHIEMBIX B OHKOJOTHH,
a TaK)Ke MX BPEMEHHOTO TEYCHHS U MOP(OIIOTUU KOM-
MIBIOTEPHOI TOMOrpaduy MMEIOT perIarnee 3HaYeHne
it nuppepeHnanbHON THarHOCTHKH.
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