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CRANIAL-ATLANTOAXIAL VERTEBRAE-RELATIONSHIPS: A MORPHOMETRIC STUDY

Rana A. Aziz Altae!, Tara Faroog Kareem?, Sabeeh Sameer lbrahim3, Shams Nameer Qasim
Al-Qadhi3, Rafal Raed Kadhem Aljanabi3, Younis A. Rasheed*
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2 - Department of Surgery, Baghdad University, College of Medicine. Baghdad, Iraq.
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he skull or the neurocranium is the bondy part protecting the brain, while the atlanto-axial

complex is the one responsible for prtecting the spinal cord during it’s jurney from the brain

to the spinal canal. Understanding these relationships is essential for surgical planning,

biomechanical analyses, and diagnosing abnormalities in the craniovertebral junction. The
findings of this study contribute to a more comprehensive understanding of the anatomical varia-
tions and correlations within this complex region. This study investigated the morphometric relation-
ship between the skull’s biparietal diameter and the atlanto-axial complex morphometry-a crucial
region for head movement and spinal cord protection.

Materials and methods. Seventy-five patients who underwent brain CT scans were included.
Various measurements were obtained, including the biparietal diameter (BPD), anterior-posterior
(AP) diameter, and inner cross-sectional area (CSA) of the skull. Measurements of the atlas vertebra,
specifically the atlas transverse diameter, atlas AP inner diameter (with and without dens), and atlas
inner area space were also taken from the CT scans. CT scans were performed using a Siemens 64
slice multidetector scanner, and 3D multiplanar reconstruction was employed to facilitate accurate
measurements.

Results. There was a strong positive correlation between the biparietal skull diameter
(BPD)and the inner skull surface area in males, females, ages more than and less than 40, also there
was strong positive correlation between the skull inner surface area and the atlas inner surface area,
however there was only strong positive correlation between the skull BPD and the atlas inner trav-
erse diameter in those older than 40 years. Otherwise there was weak correlation between the skull
BPD and other atlanto-axial measurements.

Discussion. The atlas-axis complex is highly differentiated in mammals, reflecting adaptations
for head movement and stability The atlas and axis vertebrae are unique among the cervical verte-
brae, as they are highly specialized for head movement and stability. The atlas lacks a vertebral body
and spinous process, while the axis has a prominent dens that articulates with the atlas. This
unique morphology allows for a wide range of head movements, including flexion, extension, and ro-
tation.[10]

Understanding the relationship between skull dimensions and atlas morphology may have sig-
nificant implications for the diagnosis and management of conditions affecting the craniovertebral
junction. [11] For instance, certain genetic syndromes or developmental disorders known to affect
skull growth may also impact the development of the atlas, predisposing individuals to cranioverte-
bral instability or neurological compression. By elucidating the correlations between BPD and atlas
morphometry, clinicians may be better equipped to identify individuals at risk for these complica-
tions and implement preventive or therapeutic interventions. Additionally, a comprehensive under-
standing of these relationships can inform the design of more effective surgical strategies for manag-
ing craniovertebral junction abnormalities [6, 12].

Conclusion. There was a strong positive correlation between the biparietal skull diameter
(BPD) and the inner skull surface area in males, females, ages more than and less than 40, also
there was strong positive correlation between the skull inner surface area and the atlas inner surface
area, however there was only strong positive correlation between the skull BPD and the atlas inner
traverse diameter in those older than 40 years.

Keywords: biparietal diameter; atlanto-axial complex; morphometry; neurosurgical; CT scan.
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epen (HeHpoKpaHUyM) IPEACTaBASIeT CO00H KOCTHYIO CTPYKTYPY, 3alHIIAIOIIYI0 TOAOBHOM

MO3T, TOT/Ia KaK aTAaHTO-aKCHAaALHBIH KOMIIAEKC OTBEYAaeT 3a 3all[UTy CIIMHHOTO MO3Ta BO

BpeMs €ro IIPOXOKIAEHUs OT TOAOBHOTO MO3Ta K II03BOHOYHOMY KaHaAy. [loHHMaHHe 3THX

B3aUMMOOTHOIIIEHUH HEOOXOAUMO A TAAHHUPOBAHUA XUPYPTHUIECKUX BMEIIATEALCTB, GHOMe-
XaHUYECKOTO aHaAM3a U JUATHOCTUKHU aHOMAaAUM KPaHHOBePTEOPaAbLHOTO mepexoa. Pe3yAbTaThl AaH-
HOTO MCCAEIOBAHUS BHOCAT BKAAL B 6oAee TTOAHOE TIOHUMAHWE aHATOMHYECKHUX BapHalluil U KOPPEAs-
LU B 9TOH CAOXKHOM obaacTu. B mccaemoBanum usydasach MopdoMeTpUUIecKas B3aNMOCBI3b MEXKIY
OHUITapHUeETAABHBIM JHAMETPOM dUeperia U MopgoMeTpHell aTAaHTO-aKCHAABHOTO KOMIIAEKCA — KAIOYe-
BolM 06AacCTH, OTBEYAIOIIEH 3a ABUXKEHUSI M'OAOBBI U 3AIIIUTy CIIMHHOTO MOS3Ta.

Marepuansr u meroasl. B uccaeqoBatdue ObIAM BKAIOYEHBI 75 IIAIIMEHTOB, KOTOPHIM OblAa BbI-
moAHeHa KoMIibioTepHast ToMorpadgus (KT) roaoBHoro mosra. ITpoBOAHMANCH Pa3AHMYHBIE U3MEPEHUS,
BKAIOUad OunapuerasbHbiil guametrp (BIL), mepenHe-3agHuil AuaMeTp W BHYTPEHHIOIO MIAOIIAAL IIO-
IEePEYHOro cevenus yeperna. Takxke 1o maHHbIM KT BBITIOAHSIAMCH U3MEPEHUS aTAAHTA: MIOIEPEYHBIH
oUaMeTp aTAaHTa, BHYTPEHHU IepenHe-3aaHU AUaMeTp aTAaHTa (C 3y0OOBHAHBIM OTPOCTKOM U 6e3
HEro) W BHYTPEHHSS IIAOIAAL OpocTpaHcTBa araauTa. KT BBIIOAHSAACHL C HCIIOAB30BaHUEM 64-
CpPEe30BOr0 MYABTHIETEKTOPHOTO CKaHepa Siemens, mast obecriedeHust TOYHOCTH U3MEPEHU TPHUMEHS-
Aach 3D-MyAbTHIIAQHAPHASA PEKOHCTPYKIIHS.

PesynwsraTol. BeigBaeHA CHABLHASI TTOAOXKUTEABHAsT KOPPEASIIIHUS MEXKIY OUITapUETAAbHBIM IHUA-
MmetrpoMm uepena (BII/l) u BHyTpeHHEM IIAOUIAALIO IIOBEPXHOCTH Uepena y MYsKYWH, JKEHIIHH, AMIL
crapiire ¥ Moroxke 40 aeT. Takke oTMedeHa CUABLHAST TTOAOKHUTEABHAS KOPPEASITHS MEXKIY BHYyTPEHHEMN
TIAOIIAIbIO0 TTOBEPXHOCTH Yepella U BHYTPEHHEH IMAOIMIAMBIO MTOBEPXHOCTH aTAaHTa. OMHAKO CHALHAS
TIOAOXKUTEABHAS KOPPEATIINa MEXAy OUITapHeTaAbHBIM AHAMETPOM deperna M BHYTPEHHHM IIOIleped-
HBIM AHaMETPOM aTAaHTa HabAIOZaAacCh TOABKO y AHIL cTapiie 40 aeT. B oCTaABHBIX cAydYasX KOpPpeAd-
U MEXAy OWITapHueTaAbHBIM AHAMETPOM deperna M APYTHMHU U3MEPEeHUAMU aTAaHTO-aKCHAABHOTO
KOMIIAEKCA ObIra CAaDOMH.

OGcys:xmeHne. ATAAHTO-aKCHAABHBIH KOMIIAEKC BBICOKOMUP(PEPEHIIUPOBAH ¥ MAEKOITUTAOIIHX,
YTO OTpazkaeT afalTalllio K JIBUKEHHUSM IOAOBBI U 00ECTIEYEHUIO CTAOUABHOCTHU. [I03BOHKH aTAaHTA U
aKCHCa YHUKAABHBI Cpequ HIEHHBIX ITO3BOHKOB, OAaromaps BBICOKOM CIEITMaAM3alliu, 00eCIIiednBaro-
e IBUXKEHUS N'OAOBBI U CTAOHMABHOCTE. ATAAHT HE MUMEET TeAd II03BOHKA M OCTUCTOTO OTPOCTKA, TO-
Ia KaK akCHUC 00AafaeT BBICTYIIAIOIIMM 3YOOBUAHBIM OTPOCTKOM, COYACHSIIOIIMMCH C aTAaHToM. Ta-
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Kas YHHKaAbHasg Mopdoaorus obecrieduBaeT IIHMPOKHUY AHAIIA30H ABHKEHHH I'OAOBBI, BKAIOYAs CTH-
b6anuve, pasrubanue u Bpamenue [10].

[NoHnMaHue B3aMMOCBS3U MEXIYy pasMepaMH deperna M MopdoAorued aTaaHTa MOXKET HMEThb
BasKHOE 3Ha4YEHHE [ASd AHUATHOCTHKH M AedeHHs 3aboAaeBaHUi, 3aTparvBaloIIMX KpaHHOBepTeOpasb-
HBIH nepexon [11]. Hanpumep, HEKOTOpble I'eHETHYECKHEe CHHAPOMBI HAH HapYIIIEHUs Pa3BUTHS, BAU-
SAIOIIME Ha POCT Yepella, MOTyT TaKxKe BO3[AeHCTBOBATh Ha Pa3sBUTHE aTAaHTA, IIpeapacrosaras WHIU-
BHU/IOB K HECTaOMABLHOCTH KPaHHOBEPTEOPAABHOTO IIepPexo/ia MAM HEBPOAOTHYECKOH KOMIIpecCHH. BbI-
SICHEHHEe KOPPEeAdIINi MeXay OunapreTasbHBIM JUAaMETPOM U MOpPgOMeTpHel aTAaHTa MOXKET IIOMOYb
KAWMHHITUCTAM Ay4YIlle BBIIBASTE AWI] C PUCKOM Pa3BHUTHS 3THUX OCAOXKHEHHH W IIPOBOAUTE NPOMHAAK-
THYECKHE HMAM TepalleBTHUeCKHe BMellaTeAbcTBa. Kpome Toro, BCeCTOpOHHee MOHUMAaHUE 3THUX B3aHu-
MOCBsI3€Hl MOXKET CIIocoOCTBOBaTh paszpaboTke Oosee 3(phEeKTHUBHBIX XHPYPIHYECKHUX CTPATETHH OAd
A€YeHUd aHOMaAUu# KpaHHoBepTeObpasbHOTO Hepexoaa [6, 12].

3akaodenue. BelgBAeHA CHABHAS IIOAOKHUTEABHAT KOPPEAdITHS MeXKIy OHIIapHeTaAbHbIM aua-
MmetrpoM depena (BII[) m BHyTpeHHeM IAOHMIaABIO IIOBEPXHOCTH depena y MYyKYMH, JKEHIIWH, AHIL
crapie u Moaoxe 40 aet. Takske oTMedeHa CHABHASA ITOAOKUTEABHAT KOPPEASIIIUA MEKIAY BHyTPEeHHeH
TIAOINAIbIO ITOBEPXHOCTH 4Yepena M BHYTPEHHEH IMAOINAAbI0 IOBEPXHOCTHU aTAaHTa. OMHAKO CHALHAL
TIOAOKHTEAbHAsT KOPPEAdIINsa MeXay OuIlapHeTaAbHBIM AHAMETPOM depella M BHYTPEHHUM Ioleped-

HBIM JHAaMETPOM aTAaHTa Ha6AIOI[a.AaCB TOABKO Yy AHI] CTapiie 40 aer.

KaroueBrle caoBa: OMIapHeTAaABLHBIN AHAMETP, aTAQHTO-aKCHAABHBIM KOMIIAEKC, MOP(OMETPHS,

HeHPOXUPYPIHUs, KOMIIbIOTEPHAA ToMOIrpadus.

KorTakTHrei# aBTOp: Pana A. Asu3 Aavtae, e-mail: za4389452@gmail.com
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ntroduction. The craniovertebral junction
(CVJ) is a complex anatomical region that
includes the occiput, atlas (C1), and axis
(C2), playing a crucial role in head sup-
port, movement, and protecting the spinal
cord as it transitions from the brainstem [1].
The cranium or the skull, is an important bony
structure its main function is to protect the
precious brain giving rise to the name neu-
rocranium’, it consists of eight bones; occipital,
two temporal, two parietal, sphenoid, ethmoid
and frontal [2].
The biparietal diameter (BPD) serves as
a standard biometric parameter widely used in
fetal ultrasound to estimate gestational age and
assess fetal growth, providing essential infor-
mation about the development and well-being
of the fetus, this draw our attention to the im-
portance of this measurement pushing us to-
wards comparing it to many other parameters
in the unique atlas in addition to the skull oth-
er morphometric parameters, the BPD is the
widest parameter of the skull [2].
The atlas (C1) vertebra, distinguished by
its lack of a vertebral body and spinous pro-

| www.rejr.ru | REJR. 2026; 16(1):6-19

cess, represents a unique adaptation within the
vertebral column, primarily designed to articu-
late with the skull and facilitate head move-
ment [3]. The same rule is applied for the ver-
tebral column whose responsibility is to protect
the delicate spinal cord [4].

Atlanto-axial part consists of two modi-
fied cervical vertebrae drawing the attention to
a sort of transitional bony zone between the
cranium above and the typical cervical verte-
brae below the atlantoaxial joint is a type of
synovial joint that represent a uniaxial pivot
joint [5].

Those two vertebrae are sharing the
cranium in protecting the important neural tis-
sue in one hand and sharing the other cervical
vertebrae in allowing movement of the head in
many directions over the relatively more stable,
less movable thoracic vertebrae [6]. However;
the two unique vertebrae with their special
shape allows more special movements although
they do not have the spinous processes which
acts as a leaver of the attached ‘inter-ligaments’
and paraspinal muscles increasing their force
of movement and concomitant protection; these
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two vertebrae they have more free movement
allowing better movement in the neck area. The
atlas vertebra with its plane ring shape giving
the feeling of being a transitional zone between
the spherical skull and the remaining cervical
vertebrae [7]. This vertebra with the Dennis of
the axis are special area drawing the focus of
the neurosurgeons and orthopedic surgeons
giving rise to many special procedures related
to this important area. It is important to have
any information related to the morphometric
parameters wether anatomical or radiological
that can help these two teams of surgeons to
decide their plans when attempting surgical
intervention at this alarming specific area [8].

With the presence of the more sophisti-
cated CT scan devices with its clear images
that describe the radio anatomical reality of the
bones, this advanced technology allows us to
measure precisely the diameters with estima-
tion of the surface area of the rounded inner
skull, and the rounded spinal canal [9].

Aim of the study is to find the biometric
correlation between the cranium and the atlan-
to-axial complex.

Materials and methods.

This study was conducted in the Oncol-
ogy Teaching Hospital in Medical City Complex
in Baghdad from 1st of october 2024 till 15th of
february 2025.

It is a retrospective cross- sectional study in
which includes the data for patients who un-

derwent a check CT scan for their skull and
cervical region for any reason, the data then
processed taking care while selecting the data.

Exclusion criteria
1. Any abnormal skull shape especially with
congenital anomalies.

2. Congenital vertebral anomalies involving the
atlas (such as bifid vertebra).

3. Images with motion artifact

4. Cases of head trauma

A total of 73 patient’s CT included in
this study in whom brain CT scan were per-
formed for various indications and the skull
was apparently normal in shape.

The study sample consisted of 42 male
and 31 female, with their age ranges from 2
years to 76 years (mean 27.59 = 18.093).

CT was performed on Siemens 64 slice
multidetector scanner somatom definition (AS
64, Siemens). A tube voltage of 120 kVp, tube
current of 250 - 300 mA, collimation of 0.652
mm, slice thickness of 5 mm and Pitch of 1 mm
were used in all patients.

Variable measurement taken for each
case after reconstruction of 1.5-2 mm was done
followed by 3D Multiplanar reconstruction (3D
MPR) and correlation between multiple varia-
bles was done.

For the skull, the biparietal diameter
(BPD), the anterior-posterior (AP) diameter and
the inner cross-sectional area (CSA)were taken
for each patient after adjustment of the axial

Fig. 1 a (Puc. 1 q)

Fig. 1 b (Puc. 1 6)

Puc. 1.

nomnepedHoro cedeHud (CSA).

Fig. 1. CT scan of the skull, axial plane, bone window.
a — Measuring the BPD and the AP diameter. b — measuring the cross-sectional area (CSA).
KT 4Yepena, akCUAAbHASA MAOCKOCTb, KOCTHOE OKHO.

a — HU3mMmepenue 6unapuerasbHoro nguaMmerpa (BII) u mepenHe-3amHero auaMeTrpa. b — M3MepeHMe MAOLIIAIH
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images parallel to the corpus callosum for all
the patients using the 3D MPR to overcome any
abnormal tilting in patients head position. All
the measurements were taken at axial view at
the level of the thalami. The maximal BPD were
taken between the inner surfaces of the skull,
the AP diameter was taken along the midsagit-
tal plane passes through the third ventricle and
the inner CSA was traced along the inner corti-
cal skull surface using a manual cursor and
recorded automatically (fig. 1).

Other variable measurements were tak-
en at the level of the atlas arch in axial view
after adjustment of the axial slices parallel to
the arch, and include: maximal inner trans-
verse diameter (ITD), maximal inner anteropos-
terior (IAP) diameter, the spinal canal diameter
(SCD), and the cross-sectional area (CSA) of the
atlas (fig. 2).

whole inner D. cm, atlas inner area space, AP
diameter, inner surface area of the skull).

Results.

The study includes 42 males (57.5%)
and 31 females (42.5%). The mean age of the
study population was 27.59 + 18.09 years. The
mean skull biparietal diameter was 12.81 =*
0.62 cm, while the mean atlas inner transverse
and anteroposterior diameters were 2.81 + 0.27
cm and 3.02 + 0.28 cm, respectively. The mean
atlas sagittal canal diameter measured 1.81 *
0.28 cm, with an average atlas inner cross-
sectional area of 6.35 = 0.93 cm?. The mean
skull anteroposterior diameter and inner cross-
sectional area were 15.15 + 1.41 cm and
159.81 + 13.14 cm?, respectively (table Nel).

Correlation analysis demonstrated weak
positive, statistically non-significant correla-
tions between skull BPD and most atlas di-

Fig. 2 a (Puc. 2 a)

Fig. 2 b (Puc. 2 6)

Area=6.084 cm?
P=8.92 cm

/
\& 2

Fig. 2 b (Puc. 2 6)

Puc. 2.

nonepedHoro cedeHud (CSA).

Fig. 2. CT scan of the skull, axial plane, bone window.
a — Measuring the BPD and the AP diameter. b — measuring the cross-sectional area (CSA).
KT 4Yepena, akCUAAbHASA MAOCKOCTb, KOCTHOE OKHO.

a — H3mMmepeHue 6unapuerasbHoro guaMmerpa (BII) u mepenHe-3amHero auaMeTrpa. b — M3MepeHMe MAOLIIAIH

The SCD was measured in axial view
from the posterior edge of the odontoid process
to the inner surface of the posterior portion of
the atlas arch and the IAP diameter was meas-
ured from the inner surface of the anterior part
of the arch to the inner surface of the posterior
part. The CSA was traced along the inner corti-
cal surface of the atlas using a manual cursor
and recorded automatically.

Statistical tools.

By using SPSS (version 26) show the
statistical analysis below: The Pearson correla-
tion shows the relationship between BPD cm &
(atlas transverse D cm, Atlas AP inner diameter
cm, atlas AP inner diameter without dense

www.rejr.ru | REJR. 2026; 16(1):6-19

mensions. In contrast, skull BPD showed a
strong and statistically significant positive cor-
relation with skull inner cross-sectional area (r
= 0.739, p = 0.0001; table No2, fig. 3).

Among male patients, the mean age was 23.24
* 16.04 years. The mean skull biparietal diam-
eter measured 12.96 * 0.63 cm. The mean at-
las inner transverse diameter and inner an-
teroposterior diameter were 2.86 + 0.24 cm and
3.09 + 0.30 cm, respectively. The atlas sagittal
canal diameter averaged 1.84 + 0.32 cm, with a
mean atlas inner cross-sectional area of 6.57 *
0.97 cm?. The mean skull anteroposterior di-
ameter and skull inner cross-sectional area
were 15.03 £ 0.61 cm and 153.17 £ 8.02 cm?,
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Table Nel.

ner surface area.

Means of the patients age, BPD (biparental skull diameter), Atlas trans-
verse diameter, Atlas AP (anteroposterior diameter) with the dense, Atlas AP inner diame-
ter without dense, and with, AP diameter of the skull, Atlas inner area space and skull in-

No. Factors Mean + SD

1 Age 27.59 £ 18.093
2 Skull BPD (cm) 12.809 + 0.616
3 Atlas ITD (cm) 2.81 £0.273

4 Atlas TAP diameter (cm) 3.024 +£0.275

5 Atlas SCD (cm) 1.8111 £ 0.276
6 Atlas inner CSA (cm?) 6.348 £0.927

7 Skull AP diameter (cm) 15.145+ 1.412
8 Skull inner CSA (cm?) 159.81 £13.144

CSA, skull AP diameter, skull inner CSA).

Table No2 Correlation between BPD with (atlas ITD, Atlas IAP, atlas SCD, atlas inner

No.  Factors R (Pearson)
1 Atlas ITD 0.074
2 Atlas IAP diameter 0.223
3 Atlas SCD 0.136
4 Atlas inner CSA 0.086
5 Skull AP diameter 0.197
6 Skull inner CSA 0.739

P value Interpretation

0.535 Weak positive correlation
0.058 Weak positive correlation
0.253 Weak positive correlation
0.469 Weak positive correlation
0.116 Weak positive correlation
0.0001 Strong positive correlation

respectively (table No3).

Correlation analysis in male patients
demonstrated weak and statistically non-
significant correlations between skull BPD and
most atlas dimensions. However, a statistically
significant moderate to strong positive correla-
tion was observed between skull BPD and skull
inner cross-sectional area (r = 0.523, p = 0.004;
Table No4, fig. 4).

In female patients, the mean age was
33.48 = 19.27 years. The mean skull biparietal
diameter was 12.60 * 0.54 cm. The atlas inner
transverse diameter and inner anteroposterior
diameter averaged 2.75 + 0.31 cm and 2.94 +
0.22 cm, respectively. The mean atlas sagittal
canal diameter was 1.77 = 0.21 cm, with an
atlas inner cross-sectional area of 6.04 £ 0.79
cm?. The mean skull anteroposterior diameter
and skull inner cross-sectional area were 15.23
* 1.82 cm and 164.84 = 14.10 cm?, respectively
(Table No5).

Correlation analysis demonstrated weak
and statistically non-significant correlations

| www.rejr.ru | REJR. 2026; 16(1):6-19

between skull BPD and most atlas parameters
in female patients. However, skull BPD showed
a strong and statistically significant positive
correlation with skull inner cross-sectional ar-
ea (r = 0.779, p = 0.0001; Table Neo, fig. 5).

In patients older than 40 years, skull
biparietal diameter demonstrated a statistically
significant strong positive correlation with atlas
inner transverse diameter (r = 0.486, p =
0.041). A strong and statistically significant
positive correlation was also observed between
skull BPD and skull inner cross-sectional area
(r = 0.622, p = 0.013). Correlations between
skull BPD and the remaining atlas parameters,
including inner anteroposterior diameter, sagit-
tal canal diameter, and atlas inner cross-
sectional area, were weak and not statistically
significant. Skull BPD showed a weak negative,
non-significant correlation with skull antero-
posterior diameter (Table No, fig. 6).

In patients aged 40 years or younger,
skull biparietal diameter demonstrated weak
and statistically non-significant correlations

DOI: 10.21569/2222-7415-2026-16-1-6-19 11
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Fig. 3. Diagrams.

a — Weak correlation between skull BPD and atlas ITD. b — Weak correlation between skull BPD and Atlas
inner AP diameter. c — Weak correlation between skull BPD and atlas SCD. d — Weak correlation between the
skull BPD and atlas inner CSA. e — Weak correlation between the skull BPD and the skull AP diameter. f —

Strong correlation between the skull BPD and the skull inner CSA.

Puc.3. Auarpammbil.

a — Cpaabasa KoppeAsdins MeXAy OunapuerasbHbIM auaMeTpoMm (BIIZI) depema M HONEPEYHBIM BHYTPEHHUM
nuaMmerpoM (ITD) ataanTa. b — Caabaa xoppeaarusa Mmexay BIT/ yepena 1 BHyTPEeHHUM IMIepeaHe-3aTHUM qUa-
MeTpoM (IAP) ataanTa. ¢ — Caabaa Koppeaaiusa Mexxay BII/l uepena ¥ CaTUTTAABHBIM AUAMETPOM II03BOHOYHO-
ro kaHaaa (SCD) ataanta. d — Caabaa xoppeaausa mexkay BII/I yepena v BHyTPEeHHEH ITAOMIALBIO [IOIIEPETHO-
ro cedenusa (CSA) ataaHTa. e — Caabas Koppeasimsa Mexay BII/] yepemna U nepeaHe-3aIHUM AUAMETPOM depe-
na. f — CuabrHag Koppeaarug Mexay BIT/] gepera 1 BHyTpPEHHEH IAOIIAABIO IIOIIEPEYHOr0 CEYEeHUs Yeperia.
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Fig. 4. Diagram.
Strong correlation between skull BPD and skull inner CSA for male patients.
Puc.4. Auarpamma.

CuAbHAg KOppeAdIus MeXay bunapreTasbHeIM guaMmerpoM (BII/I) uepema ¥ BHyTpPeHHEH MAOMIAABIO ITOITe-
peuHoro cedeHud (CSA) yepemna y IalueHTOB My>KCKOTO II0AA.

Table Ne3. Means of measured parameters for male.

No. | Factors Mean + SD

1 Age 23.238 £ 16.043
2 BPD 12.964 + 0.626
3 Atlas ITD 2.859 +£0.237

4 Atlas IAP diameter 3.087 +£0.297

5 Atlas SCD 1.838+£0.316

6 Atlas inner CSA 6.572 £ 0.965

7 Skull AP diameter 15.028 £ 0.605
8 Skull inner CSA 153.171 £ 8.019

Table Ne4. Correlation between BPD cm with (atlas ITD, Atlas IAP diameter, atlas
SCD, atlas inner CSA, Skull AP diameter, skull inner CSA) by using person correlation (For
male).

No. Factors R (Pearson) P value Interpretation

1 Atlas ITD -0.042 0.791 Weak negative correlation
2 Atlas IAP diameter 0.273 0.08 Weak positive correlation

3 Atlas SCD 0.212 0.177 Weak positive correlation

4 Atlas inner CSA -0.057 0.718 Weak negative correlation
5 Skull AP diameter -0.311 0.107 Weak negative correlation
6 Skull inner CSA 0.523 0.004 Strong positive correlation
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Fig. 5. Diagram.
Strong correlation between skull BPD and skull inner CSA for female patients..
Puc. 5. Auarpamma.

CuAbHAg KOppeAdIus MeXay bunaprerasbHbeIM guaMmerpoM (BII/I) uepema 1 BHyTpPeHHEH MTAOIIAABIO ITOIIe-
peuHoro ceueHud (CSA) yepera y IaleHTOB KEHCKOT0 I10AA.

Table Neo5. Means of measured parameters for female.

No. Factors Mean + SD

1 Age 33.483+£19.274
2 BPD 12.601 £ 0.543

3 Atlas ITD 2.745+0.308

4 Atlas IAP diameter 2.939 +£0.219

5 Atlas SCD 1.774 £0.210

6 Atlas inner CSA 6.044 £ 0.789

7 Skull AP diameter 15.233 + 1.816

8 Skull inner CSA 164.835 + 14.096

Table Ne6. Correlation between BPD with (atlas ITD, Atlas IAP diameter, atlas SCD,
atlas inner CSA, skull AP diameter, skull inner CSA) by using person correlation (for fe-
male).

No. | Factors R (person) P value Interpretation

1 Atlas ITD 0.083 0.659 Weak positive correlation
2 Atlas IAP diameter -0.090 0.629 Weak negative correlation
3 Atlas SCD -0.138 0.459 Weak negative correlation
4 Atlas inner CSA 0.120 0.521 Weak positive correlation
5 Skull AP diameter 0.315 0.057 Weak positive correlation
6 Skull inner CSA 0.779 0.0001 Strong positive correlation
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Fig. 6 (Puc. 6)

Fig. 6. Diagram.

a — Strong correlation between skull BPD and atlas ITD for patients with age greater than 40 years. b —
Strong correlation between skull BPD and skull inner CSA for patients with age greater than 40 years.

Puc. 6. Auarpamma.

a — CrabHasa KOppeAdIys MexXay OumapueTasbHbIM auamerpoM (BIII) deperna ¥ HONEPEYHBIM BHYTPEHHUM
nuamveTrpoM (ITD) atraanTa y namumesToB crapire 40 aert.

b — CuapHag KoppeAdnusa MeXAy OumapueTasbHBIM auameTrpoM (BIIZI) depema B BHYTPEHHEH MAOMIAIBIO
nontepeyHoro cedeHus (CSA) uepena y marueHToB crapiie 40 AerT.

Table Ne7. Correlation between BPD cm with (Atlas ITD, atlas IAP diameter, atlas
SCD, atlas inner CSA, skull AP diameter, skull inner CSA) by using person correlation for
age greater than 40 years.

No. Factors R (Pearson) P value Interpretation

1 Atlas ITD 0.486 0.041 Strong positive correlation
2 Atlas IAP 0.297 0.231 Weak positive correlation
3 Atlas SCD 0.099 0.696 Weak positive correlation
4 Atlas inner CSA 0.289 0.245 Weak positive correlation
5 Skull AP diameter -0.113 0.687 Weak negative correlation
6 Skull inner CSA 0.622 0.013 Strong positive correlation

Table Ne8. Correlation between BPD cm with (Atlas ITD, atlas IAP diameter, atlas
SCD, atlas inner CSA, skull AP diameter, skull inner CSA) by using person correlation for
age equal or younger than 40 years old.

No. Factors R (Pearson) P value

1 Atlas ITD -0.060 0.666 Weak negative correlation
2 Atlas IAP diameter 0.193 0.158 Weak positive correlation
3 Atlas SCD 0.142 0.301 Weak positive correlation
4 Atlas inner CSA 0.001 0.997 Weak positive correlation
5 Skull AP diameter 0.246 0.086 Weak positive correlation
6 Skull inner CSA 0.743 0.0001 strong positive correlation
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Table Nc8.

age equal or younger than 40 years old.

Correlation between BPD cm with (Atlas ITD, atlas IAP diameter, atlas
SCD, atlas inner CSA, skull AP diameter, skull inner CSA) by using person correlation for

No. Factors R (Pearson)
1 Skull inner CSA  0.354

P value

0.004

Interpretation

Strong positive correlation

with atlas inner transverse diameter, inner an-
teroposterior diameter, sagittal canal diameter,
and atlas inner cross-sectional area. A weak
positive, non-significant correlation was also
observed between skull BPD and skull antero-
posterior diameter. In contrast, skull BPD
showed a strong and statistically significant
positive correlation with skull inner cross-
sectional area (r = 0.743, p = 0.0001; Table
No8, fig. 7).

Correlation analysis demonstrated a
statistically significant positive relationship be-
tween atlas inner cross-sectional area and
skull inner cross-sectional area (r = 0.354, p =
0.004), indicating that individuals with a larger
skull inner cross-sectional area tend to have a
proportionally larger atlas inner cross-sectional
area (Table No9, fig. 8).

Discussion.

The atlas-axis complex is highly differ-
entiated in mammals, reflecting adaptations for
head movement and stability The atlas and ax-
is vertebrae are unique among the cervical ver-
tebrae, as they are highly specialized for head
movement and stability. The atlas lacks a ver-
tebral body and spinous process, while the axis

has a prominent dens that articulates with the
atlas. This unique morphology allows for a wide
range of head movements, including flexion,
extension, and rotation.[10]

Understanding the relationship between
skull dimensions and atlas morphology may
have significant implications for the diagnosis
and management of conditions affecting the
craniovertebral junction. [11]

For instance, certain genetic syndromes
or developmental disorders known to affect
skull growth may also impact the development
of the atlas, predisposing individuals to cranio-
vertebral instability or neurological compres-
sion. By elucidating the correlations between
BPD and atlas morphometry, clinicians may be
better equipped to identify individuals at risk
for these complications and implement preven-
tive or therapeutic interventions. Additionally,
a comprehensive understanding of these rela-
tionships can inform the design of more effec-
tive surgical strategies for managing craniover-
tebral junction abnormalities [6, 12].

In the current study we measured the
skull biparietal diameter in 73 patients using
CT scan measurements, the statistical interpre-
tations showed that we had 42 males (57.5%)

A Linear = 0551

18000 ° -

g 125 E ° : 'S.:..’ ° o

1200 ;:g', 1so) e

e 2000 °

100

10000 12000 14000 160.00 180.00 200.00 BT 00 600 700 800 ® 000
inner surface area of the skull | inner surface area of the skull
Fig. 7 (Puc. 7) Fig. 8 (Puc. 8)
Fig. 7. Diagram. Fig. 8. Diagram.

Strong correlation between skull BPD and skull inner
CSA for patients with age equal or younger than 40
years.

Puc.7. Auarpamma.

CuabHasg KOPPEAdIldsl MeXAy OHIIapHeTaAbHBIM dHa-
metpoM (BIL) ueperna 1 BHyTPEHHEN MAOIIAABIO IIOIE-
peuHoro cedenus (CSA) uepena y IaIlMEHTOB B BO3-
pacte 40 aAeT U MaaaIlIe.

Strong correlation between the atlas inner CSA and
the skull inner CSA.

Puc.8. Auarpamma.

CuarHad KoOppeadrnusd MeXAy BHYTPEHHEH IIAoIia-
Obi0 HomnepedHoro cedeHua (CSA) aTaaHTa M BHYT-
PEHHEI IMAOLIAABIO IOIIEPEYHOr0 CEYEHUA Jepera.
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and 31 females (42.5%).

The mean of normal biparietal diameter
of the skull in this study group was 12.809 %
0.616 cm, showing 12.964 + 0.626 in male pa-
tients, 12.601 + 0.543 for females, it reflects
that the diameter is smaller in females than
males which sounds logic. The measures are
less than that obtained by Burdan, et al [12]
which showed that the skull width is
149.547mm for males and 143.517mm for fe-
males, this study was conducted on Caucasian
population so ethnic differences play a role in
comparison to our study which conducted on
Asian population.

A study conducted by Sazonova Olga et
al. showed that the normal width for adult
male’s skull was 13.5 — 15.8cm while for fe-
males it was 13-15.6 cm indicating that there
is variation in human skull morphometry ac-
cording to the gender, age, and ethnicity [13].

The anteroposterior (AP) diameter of the
skull means was 15.145%1.412 including
15.028 + 0.605 for males and 15.233 + 1.816
for females. The mean skull inner CSA was
159.81 + 13.144 cm?2 including 153.171 #
8.019 cm?2 for males and 164.835 + 14.096
cm?2 for females. Atlas vertebral morphometry
was measured showing that the widest mean
ITD was 2.81 £ 0.273, which was 2.859 + 0.237
for males and 2.745 + 0.308 for females which
seems comparable to the results obtained from
(Shilpa and Vatsalaswamy study) in which the
maximal atlas vertebral width was 26.89 =*
1.93mm the study was conducted in Malysia.
[11], while Kut¢tikoglu et al. in their study con-
ducted in Turki, showed a result of 44.1 £ 3.5
mm [14].

The atlas mean inner antero- posterior
(IAP)diameter extending from the inner anterior
arch to the inner posterior arch was 3.024
+0.275 cm which was 3.087 +0.297cm for
males and 2.939 £0.219cm for females which is
comparable to the results of (Shilpa &
Vatsalaswamy study) which was 27.89 =+
2.59mm [11] while Ktictikoglu et al. showed the
result of 29.61 + 3.21mm [14].

Atlas spinal canal diameter (SCD) was
measured showing a mean of 1.8111 + 0.276
cm divided to 1.838 + 0.316cm for males and
1.774 + 0.210cm for females. The results were
comparable to the study conducted by [15].

The atlas inner cross sectional area’s
mean was 6.348 + 0.927 cm?2 including 6.572 *
0.965 cm?2 for males and 6.044 = 0.789 cm?2 for
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OPUTUHAJIBHAA CTATHA

MPT B AMATHOCTUKE PEAKUX OCAOXXHEHUN KAPOTUAHOW AHTMONAACTUKU CO
CTEHTUPOBAHUEM

Crerypa A.C., AHHYLLKMH B.A., PaOuHKMHA KO.B., NMoAunLLLyk P.B., KoHoBOAOB P.H.,
Kpoternkosa M.B., KpemHesa E.N.

SI'BHY «HayuHbIii 11eHTp HeBpoaorumy. T. Mocksa, Poccus.

HIOBAaCKYAIpPHbIE METOABI ACYEHUHI CTEHO3UPYIOIIUX IIPOIIECCOB BHYTPEHHUX COHHBIX apTe-

puit aBagroTcd 3pPEKTUBHBIM METOA0M IPO(UAAKTUKH IIEPBUYHOTO U BTOPHUYHOI'O HHCYAB-

Ta. Y HEKOTOPBIX HAIIMEHTOB IIOCA€ KapOTHIHOM aHTHOIIAACTHKH CO CTEHTHUPOBAHUEM B

pPaHHEM IIOCAEOIIEPAIlMOHHOM IIEPHOAE BO3MOXKHO Pa3BUTHE HEBPOAOTHYECKOM CHMIITOMA-

THUKU: TOAOBHOM 0O0AH, CyZOPOXKHBIX IIPUCTYIIOB, OYArOBOM HEBPOAOTHMYECKOH CHUMIITOMATH-
KU, HApyIIeHU# CO3HaHUd, AE30PHUEHTAIIMN U IICUXOMOTOPHOrO BO30yKaeHUd. [Ipu mpoBeneHUU WUH-
CTPYMEHTAABHBIX METOI0B JUATHOCTHUKHY, B 4yacTHOCTU MPT roaoBHOro Mo3ra, — MOXKET He BBIIBASITHCSI
IATOAOTHYECKHUX U3MEHEHUY, OOBbACHAIONMX Pa3BUTHE OJAHHOM CUMIITOMATHUKHU (MIIEMHYECKUX H/UAU
reMopparu4eckux), oqHaKoO IIpU BBEeIEHUN KOHTPACTHOI'O CpeACcTBa U BhIIoAHeHUHU pexkuMa T2 FLAIR
BO3MOXKHO BBIIBACHHE ACIITOMEHHHI€AABHOI'O THUIIA KOHTPACTHOIO yCHAEHHS, KOTOPO€ HE BU3YaAHU3H-
pyetcsa B pexuMe T1-B3BenteHHBIX n300pakenuii (T1-BH).

Iens ucciemoBanus. BrisBaeHNEe H3MEHEHHNE B M'OAOBHOM MO3Te y IAIIMEHTOB B paHHEM IIO-
CA€OIIEPAIIMIOHHOM IIEPHOE IIOCAE ITPOBEAEHUS KapOTHIHON aHTHUOIIAACTHKY CO CTEHTHPOBAHHEM.

Marepuasnsr u meronel. B mccaeoBanme OBIAO BKAIOUEHO 38 MAIIMEHTOB IIOCAE KApPOTHAHOM
AHTHOIIAACTUKHU CO CTEHTHPOBaHUEM, BBITOAHEHHOH Ha 6aze ®TBHY «Poccuiickuii 1IeHTP HEBPOAOTHH
u HetipoHayk». MPT-uccaemoBanme ObIAO BBITOAHEeHO Ha ToMorpadax Philips Panorama c BeanuuHoM
marauTHo# mHaykimu 1.0 T ' Siemens Magnetom Avanto ¢ BeamunHoO# MarHuTHOM MHEAyKIMA 1.5 T.
Hapsny co craHmapTHBIMH HMIIyABCHBIMH ITocaenmoBateabHocTamu (T2-BU, T1-BU, T2 FLAIR, T2
hemo, DWI, T1 BU+KC) B MPT-tipoTokoa 6v1a qo6aBaeH pexuM T2 FLAIR ¢ KOHTpaCTHBIM yCHUAEHUEM.
HcnoAb30Baa0OChk TraoAVMHUICOAEepIKalllee KOHTPACTHOE CpPeacTBO — ramobyrpoa B pacdere 0,1
MMOAB /KT MaccChl TeAa IallfeHTa.

Pesynprarel. [lamuenTs! ObIAM pa3deAeHbl HA 2 TPYHIbl — 6e3 pa3BUTUA HEBPOAOTHYECKOH
CHUMIITOMATHKH U C pa3BUTHEM TaKOBOU. B mepByio rpymiy ObiA BKAIOYeH 31 maliveHT, Bo BTOPYIO — 7
[alMeHTOB. B rpymme mamueHTOB C pa3BUTHEM HEBPOAOTHMYECKOM CHMIITOMATHKH B PaHHEM IIOCAE-
OIIepAallMOHHOM IIepuojsie 6oaee YeM B IIOAOBHHE CAYYA€B OTMEYAAOCH IIOSIBA€HUE IICHXOMOTOPHOTO
BO30YKIEHHUS U [e30PHUEHTAIINN, B MEHBIIIEH CTelIeHH NMEAN MECTO CEHCOMOTOpHAas adasus, SIIU30bl
Gecrmoko#icTBa, rasAronHAINK U reMmunapes. [Ipu Boemmoanennu MPT roaoBHoro mosra y 3-x U3 7-Mu
(42,8%) mareHTOB OIpPeNeATIANCH MEAKHE OYaTH OCTPOM HIIEMUH KOPTHKAABHOM U CYOKOPTHKAALHOM
AOKaAM3aruu. Y 6-TH U3 7-MH [aIlUEeHTOB OBbIAO BBISBAEHO ACIITOMEHHHIE€aAbHOE KOHTPACTHOE YCHAE-
HUe B pexumMme T2 FLAIR, y 1-oro namueHTa — KOHTPACTHOE YCHAEHHE OTCYTCTBOBaAo. B rpyrme namu-
eHTOB 0e3 pa3BUTUA HEBPOAOTHYECKOM CHMIITOMATHKH OYard OCTPOH HIIEMHM PAa3ANYHON AOKAAM3a-
1y HabAogasuch B 11-tu u3 31-ro (35,5%) caydas, HaKOIAeHNE KOHTPACTHOTO CPEACTBA B PeXKUMAax
T1-BU u T2 FLAIR BBIIBA€HO HE OBIAO.

O0cy:xaenue. IloctkoHTpacTHad Bu3yasusanuda B pexxume T2 FLAIR urpaer BasKHYIO POABL IIPH
obcAeIoBaHUM ITAITMEHTOB B IIEPBbIE CYTKU ITOCA€ KAPOTUAHOM AHTHOIAACTHKH CO CTEHTHPOBAHHEM
IIpH [IOIBAEHHH HEBPOAOTHMYECKOH cHUMIITOMaTHKH. OHa O3BOASET BbIIBASITH YIACTKH ACIITOMEHHHTE-
AABHOTO KOHTPACTHOI'O YCHUAEHUS B CTAHAAPTHBIX PEXXUMaxX CKaHupoBaHUd, BKarouyasd DWI u T2 hemo,
TIATOAOTHYECKHUX M3MEHEHHUH, OOBICHIIONMX KAMHUYECKYI0 CUMIITOMATUKY, KaK IIPaBHAO, He HabAIo-
naercs. BoIgBaeHMe ACTITOMEHHHTEAaALHOTO KOHTpacTupoBaHuda B pexuMe T2 FLAIR Bo3mokHO 6aaro-
apsl €ro YyBCTBUTEABHOCTH K HHU3KHM KOHIIEHTPAIUSM KOHTPACTHOI'O CPEACTBA, a TaKXKe K MHUHH-
MaABHBIM H3MEHEHHSM COCTaBa IepeOpOCIMHAABLHOM JKHUAKOCTHU. MeXaHH3M AENITOMEHUHIeaALHOTO
KOHTPAaCTHOTO yCHA€HUS IIOCA€ KapOTHAHOM aHTHOIIAACTHKHU CO CTEHTHPOBAHHEM COHHOH apTepHuu
n3ydyeH He OKOHYaTeAbHO. HekoTophle aBTOPBI CKAOHSIIOTCS K TOMY, YTO HapylleHHe remMaro’HIleda-
AWYecKoro Oapbepa CBA3aHO C PE3KHMHU I'eMOAMHAMHWYECKHMH H3MEHEHHSMHU IIOCAE€ OIIEPAaTUBHOTIO
BMeEIIIATeABCTBA KaK IIPOSBA€HHE THUIleprepdy3uH, APYyTHe pacCMaTpUBAaIOT HAHHBIM (peHOMEH Kak
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TOKCHYECKOE AeHCTBHE PEHTTE€HKOHTPACTHOTO IIpernapaTta, HCIOAB3YIOIIErocsa IIpHU IIPOBEAECHHU aH-
ruorpadUIecKoro UCCA€IOBAHMNS, KaK IIPU KOHTPACT MHAYLMPOBAHHOU 3HIledasoniaTur. EcTb ocHO-
BaHHEe [I0AATaTh, YTO JAHHLIE M3MEHEHUST CTOUT PacCMaTpUBATh KAK KOMOWHAIIWMIO JAHHBIX IIPOIIEC-
coB. Ilo maHHBIM AUTEpPATYPHI Y MAIIUEHTOB 6e3 pa3BUTHUA HEBPOAOTHYECKON CHUMIITOMATHUKU TaK¥Ke
MOXKET BBISIBAATBECS ACIITOMEHHHIeaAbHOE KOHTpacTHoe ycuaeHue B pexume T2 FLAIR, B Hamrem uc-
CA€OBAHUU TAKUX MAIIMEHTOB He OBIAO, YTO, BEPOATHEE BCETO, CBA3aHO C MaAOM¥ BHIOOPKOI.

3akmouenne. PakTOPLI, KOTOPbIE MOTYT BAUATL HA PA3BUTHE HEBPOAOTMYECKOM CHUMIITOMATH-
KU U IOSIBA€HHE ACIITOMEHHHI€AAbHOTO HAKOIIAEHHSI KOHTPACTHOIO CPENCTBA y IAllMEHTOB B PAaHHEM
TIOCAEOIIEPAITMOHHOM IIE€PHOE IIOCAE CTEHTHPOBAHUA BHYTPEHHHX COHHBIX apTepuil TpeOyloT maAb-
HelMIrero udydeHusd. VcxXonsa M3 MOAYUEHHBIX MAHHBIX, IIEAECOOOpPa3HBIM dBASeTCS HIpoBeneHue MPT
roaoBHOro mozra B pexume T2 FLAIR ¢ KOHTPacTHBIM YCHAEHHEM BCEM IIallEHTaM C pa3BHUTHUEM
HEBPOAOTHYECKOH CHMIITOMATHKH IIOCAE KAPOTHAHONM aHTHOIIAACTHKH CO CTEHTHPOBAHHEM.

KaroueBbple caoBa: KapoTHOHAs aHTHOIIAACTHKA CO CTEHTHPOBaHHEM, BHYTPEHHAd COHHas ap-
TepHsd, MarHUTHO-PEe30HaHCHAad ToMorpadus, KoHTpacTHoe cpenacTtBo, T2 FLAIR, nemToMeHHUHIeaAbHOE
KOHTPAaCTHOE yCHUAEHHE.
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MRI IN THE DIAGNOSIS OF RARE COMPLICATIONS OF CAROTID
ANGIOPLASTY WITH STENTING

Stegura D.S., Annushkin V.A., Ryabinkina Yu.V., Polischuk R.V., Konovalov R.N.,
Krotenkova M.V., Kremneva E.I.

Research Center of Neurology and Neurosciences. Moscow, Russia.

ndovascular methods of treatment of stenotic processes of internal carotid arteries are an

effective method of prevention of primary and secondary stroke. Some patients after carot-

id angioplasty with stenting in the early postoperative period may develop neurologic

symptoms: headache, convulsive seizures, focal neurologic symptoms, disorders of con-
sciousness, disorientation and psychomotor agitation. Instrumental diagnostic methods, in particu-
lar MRI of the brain — may not reveal pathological changes explaining the development of these
symptoms (ischemic and/or hemorrhagic), but when administering a contrast agent and performing
a T2 FLAIR pulse sequence, a leptomeningeal type of contrast enhancement may be detected, which
is not visualized in the mode of T1 weighted images.

Purpose. Detection of brain changes in patients in the early postoperative period after carotid
angioplasty with stenting.

Materials and Methods. The study included 38 patients after carotid angioplasty with stenting
performed on the basis Research Center of Neurology and Neurosciences. MRI examination was per-
formed on Philips Panorama 1.0T and Siemens Magnetom Avanto 1.5T. Along with standard pulse
sequences (T2WI, T1WI, T2 FLAIR, T2 hemo, DWI, TIWI+CE), the T2 FLAIR mode with contrast en-
hancement was added to the MRI protocol. The contrast agent gadobutrol at the rate of 0.1 mmol/kg
of the patient's body weight was used.

Results. Patients were divided into 2 groups — without and with the development of neurologic
symptoms. The first group included 31 patients, the second group included 7 patients. In the group
of patients with the development of neurological symptoms in the early postoperative period, more
than half of the cases showed psychomotor agitation and disorientation, and to a lesser extent sen-
sorimotor aphasia, episodes of anxiety, hallucinations, and hemiparesis. When MRI of the brain was
performed in 3 out of 7 (42.8%) patients, small foci of acute ischemia of cortical and subcortical lo-
calization were detected. In 6 out of 7 patients leptomeningeal contrast enhancement in T2 FLAIR
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mode was detected, in 1 patient there was no accumulation. In the group of patients without neuro-
logical symptoms development the foci of acute ischemia of different localization were observed in 11
out of 31 (35.5%) cases, no contrast agent accumulation was detected in T1 WI and T2 FLAIR modes.

Discussion. Post-contrast T2 FLAIR imaging plays an important role in the evaluation of pa-
tients during the first 24 hours after carotid artery stenting when neurological symptoms develop. It
allows detection of areas of leptomeningeal contrast enhancement, whereas standard MRI sequences,
including DWI and T2 hemo, usually do not demonstrate pathological changes that could explain the
clinical symptoms. The detection of leptomeningeal enhancement on T2 FLAIR is possible due to its
sensitivity to low concentrations of contrast agent as well as to minimal changes in cerebrospinal flu-
id composition. The mechanism of leptomeningeal contrast enhancement after carotid artery stenting
has not yet been fully elucidated. Some authors suggest that blood-brain barrier disruption is related
to abrupt hemodynamic changes after the procedure as a manifestation of hyperperfusion, whereas
others interpret this phenomenon as a toxic effect of the iodinated contrast agent used during angio-
graphic examination, similar to contrast-induced encephalopathy. There is reason to believe that
these changes should be regarded as a combination of both processes. According to the literature,
leptomeningeal contrast enhancement on T2 FLAIR may also be observed in patients without neuro-
logical symptoms; however, no such patients were identified in our study, most likely due to the
small sample size.

Conclusion. The factors that may influence the development of neurological symptoms and the
appearance of leptomeningeal accumulation of contrast agent in patients in the early postoperative
period after stenting of internal carotid arteries require further study. Based on the obtained data, it
is reasonable to perform MRI of the brain in T2 FLAIR mode with contrast enhancement in all pa-
tients with the development of neurologic symptoms after carotid angioplasty with stenting.

Keywords: carotid angioplasty with stenting, internal carotid artery, magnetic resonance imag-
ing, contrast agent, T2 FLAIR, leptomeningeal contrast enhancement.
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epebpoBacKyAsIpHbIe 3a00A€BaHUs, B

YAaCTHOCTH, HIIEMHUYECKUH HWHCYABT

(1Y), aBagrorca oxHoM u3 Hauboaee

aKTyaAbHbBIX IIpobaeM XXI Beka, co-

IPOBOKIAIOIEHCI 3HAYMMBIMU Me-
OUITMHCKUMU, COIIHAABHBIMU U SKOHOMUYECKH-
Mu nocaenctBuamu. OpHOM U3 NPUYHH pa3BU-
THUA HapPyIIeHW# MO3TOBOTO KPOBOOOpAIIEHUS
10 HUIEMUYECKOMY THUILy SBASETCS aTEPOCKAE-
pOTHUECKOe IIOpazkeHHe BeTBEY MarucTpasb-
HBIX apTepPHH TOAOBBI. ATEPOCKAEPO3 — XPOHU-
4ecKoe MYABTH(PaKTOPHAALHOE IIPOI'PECCHPYIO-
miee 3aboAeBaHUe, BO3ZHHKAIOIEE B pe3yAbTaTe
HapyIIeHUs XXUPOOEAKOBOTO oOMeHa, XapakTe-
pusylolieecs [OEeCTPYKTHUBHO-
OPOAU(EPATUBHBIMU U CKACPOTHYECKUMH H3-
MEHEHUIMU CTEHOK KPYIHBIX apTepHil 5AaCTH-
YEeCKOI'0 M MBIIIEYHO-2AaCTUYECKOT0 THIIOB C
dopMHpOBaHNEM Ha UX BHYTPEHHEY ITOBEPXHO-
CTH AaTepoOMAaTO3HBIX OAdIlleK, 00yCAOBAHBAIO-
UIMX HapylleHWe IeMOOWHaMUKU B OpraHax, B
YaCTHOCTH, B TOAOBHOM MO3T€ C pa3BUTHEM
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uieMmudeckoro uHcyavra (MM) u TpaH3UTOpPHOM
uremMudeckoi araku (THA) [1-3].

JlAst yTOUHEHHUS CTEIEeHH CTEHO3a COHHBIX
aprepuii HeoOXOAHMMO IPOBEAEHHE TaKHUX HH-
CTPYMEHTAABHBIX METOAOB MAUATHOCTHKHM, Kak

YABTPa3BYKOBOE IOYIIAEKCHOE CKaHHUPOBaHHE
(Y34C), wmyabTHCOUpaAbHAs  KOMIIBIOTEPHO-
ToMorpadudeckass aHruorpadpug (MCKTA),

MaTrHUTHO-pe30HaHCHasa aHruorpadus (MPA) [3,
4].

K aHMHOpPEeKOHCTPYKTHUBHBIM METOIAM A€-
4eHUd CTE€HO3a COHHBIX apTepUil OTHOCATCS Ka-
porunHas sHpapTepakToMud (KOAD) m kapo-
TUOHAsS AaHTHOIIAACTHKAa CO CTEHTUPOBaHUEM
(KAC). Takue omepanuu SBASIOTCH 3PPEKTUB-
HBIM METOAOM ITPOPHAAKTUKU IIEPBHYHOIO U
BTOPUYHOI'O HHCyAbTa [3]. AHTHMOPEKOHCTPYK-
THUBHBIE OIlIEPAIlMH MOTYT OBITH CONIPSIZKEHBI C
PHCKOM pa3BUTUS IIE€PHOIEPAIOHHOIO Hapy-
IIEHWS MO3TOBOTO KpoBooOpaireHus. CoraacHo
naHuabeIM [loamntyka P.B. m coaBTopoB (2021
ron) npoeneHue KAC B 70% caydaeB compo-
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BOXK/IAETCS PasBUTHEM CHHApPOMAa KapOTHIHOTO
cunyca [5]. Ilpu pasapaskeHHH OapopeLernTo-
POB, PACIIOAOKEHHBIX B KapOTHIHOM CHHYCE,
MOXKET IIPOHUCXOIUTH CHHXKEHHE apTepUaABHOIO
OaBA€HUS (TUIIOTEH3Us) U/UAM 3aMelAeHHe
cepaedHoro purMa (6pagukapaus), B pAOe CAy-
4aeB, C Pa3BUTHEM KPaTKOBPEMEHHOH acCHCTO-
ann. «He KOHTpoOAMpyeMBIH» MeoUKaMeHTO3HO
CHHIPOM KapOTHAHOIO CHHYycCa B IIepHOIlepalli-
OHHOM IIepHo/e dYallle IIPUBOAUT K HIIeMUYe-
CKUM IIOBPEXKIEHUSIM I'OAOBHOT'O MO3ra y Mally-
€HTOB, IIEPEHECIINX KapoTHUOHYIO aHTHOIIAA-
CTUKy CO CTEHTHPOBAaHHEM II0 CPaBHEHHIO C
IanyeHTaMHu IIoCA€ KapoTHAHOW 3HOapTepOIK-
TOMUH [0, 7]. Boaee pemKMMM OCAOKHEHUIMH
AHTHOPEKOHCTPYKTUBHBIX OIIEPATUBHBIX BMe-
IATEABCTB SBASIOTCS Pa3BUTHE BHYyTPHUUYEpEIl-
HOTO KPOBOUW3AHUSHUS (BHYTPHMO3TOBOE, Cyba-
paxHoumaabHOE), CHHApOMAa THUIleprepdy3uu
UAM KOHTPACT-HHAYLMPOBAHHOM 3HIledasoIa-
Tuu (KM9) (mpu KAC) [8-10].

[TpuUYUHOM BO3MOIKHBIX OCTPBIX 3MOOAH-
YECKHUX OCAOKHEHUH MOTYT SIBAITHCS OCOOEHHO-
ctu npoBenenud KAC: mexaHudecKad MaHUILY-
ASIIIHST CHCTEMOM MOOCTaBKU CTEeHTa B 00AaCTH
OyTH aopThbl U COHHBIX apTepuii, yaaseHHe CH-
CTEMbI BPEMEHHOM 3alUThI OT TPOMO03MOOAUH,
npoAabupoBaHUe YacTell GASIIIKY depe3 sSIedKu
CTEHTa IIOCA€ €T0 yCcTaHOBKH [8]. B mccaemosa-
guu Tamamga M.M. u coaBropoB (2019 rox) c
LIEABIO BBIIBAE€HUS OCTPBIX SMOOAHMYECKUX U3-
MEHEHHUU I[I0CA€ IIPOBENEHUS aHTHOIIAACTHUKH CO
CTEHTHUPOBAHHEM BHYTpPEHHeH COHHON apTepuu
(BCA) 6n1a0 BbITIOAHEHA MPT TrOAOBHOTO MO3Ta B
pexume aucPy3nOHHO-B3BELUIEHHBIX H300pa-
xkenuit — diffusion-weighted images (DWI) mo u
IIOCA€ OIIEPATHBHOIO A€YEHHS CTE€HO3UPYIOIIETO
npoitecca BCA. ITo narubIM pexkuma DWI ouaru
OCTpOM wHIleMUU OBIAM BbIIBAEHBI y 28/54
(52%) marmeHTOB, AOKaAM3AIIUd WU3MEHEHUH —
IPEeuMYyLIECTBEHHO KOPKOBas B OacceiiHe Kpo-
BOCHAOXKEHUsI ONEePHUPOBAHHOM apTepuu, pas-
MepBI 049aroB — 10 5 MM. Bce BbIIBA€HHBIE O4a-
TH OCTPOM HIIEeMUU OBbIAM IIPU3HAHBI ACHUMII-
TOMHBIMH [11].

CunapoM 1iepeOpaabHOM TUIleprepdy3nu
(CLII) — pemkoe OCAOKHEHHE IIOCAE ONeparlvi
Ha COHHBIX apTepugax. [lo manueiM Sundt et al.
(1975), Kpa#iruk u np. (2011) u Hayashi et al.
(2012) cungpom 1epebpasbHO runepriepdy3un
— OTO COCTOSHHE, BO3HHKAIOIlee B pe3yAbTaTe
IPEe3MEPHOTO YBEAMYEHUs IepebpasbHOTO KpO-
BOTOKA II0CA€ XUPYPTHUECKOTO BMEIIATEABCTBA,
KOTOpPOE IIPEBBINIAET MeTabOAMYecKUe II0Tped-
HOCTH ToAoBHoOro Mmosra [15-17]. CoraacHo cu-
creMaTudeckomy 0630py 2018 roma (Huibers et
al.) pacmpocrparensoctb CIII' mocae KapoTua-
HOM aHTHOIIAACTHKHU CO CTE€HTHPOBAHHEM CO-
craBaget 3,5% (2,6—4,7%). PazBuTne cuaapomMma
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epebpasbHO# runeprepdy3nu IIOCAE aHTHOpPe-
KOHCTPYKTUBHBIX OIlepaliuii uMeeT BapuabeAb-
HbIM BpeMeHHOH xapaktep. [locae KapoTuaHOMU
SHAapTepaKToMun nHuK pasButud CUI' npuxo-
OUTCA Ha S5-bIH, 6-0i1 gHU. B TO BpeMms Kak Io-
CA€ KapOTUIHON aHTHOIAACTHUKH CO CTEHTHPO-
BaHHEM coHHoM aptrepum CLI' mMoxeT pa3BHU-
BaThCd B PAHHEM IIOCAEOIIEPAIITMOHHOM II€PHOAE
[33, 34]. KamHHYeCKH OAHHBIY CHHAPOM Xa-
PaKTEpPHU3YEeTCS  CAEOYIOUIMMH CHMIITOMaMH,
BO3HHUKAIOIIMMU B OTCYTCTBUH IlepeOpasbHOM
HUIIEMHU: HIICUAATEPAALHOM TOAOBHOH GOABIO
MHUTPEHO3HOIO THIIA, KOTOpasd MOXKET COIIPO-
BOXKIATHCS OOABIO B TAa3ax U AHIIE, SIIHUACIITU-
YEeCKHUMHU IIPUIIaKaMH, 04aroBoi HEBPOAOTHUE-
CKOM cuMmnroMaTukod. Hapamy c sTuM, BO3-
MOXKHO pasBHUTHE HapPYIIEHUH CO3HAHUL (IEeAU-
pHs), KOTHUTHUBHBIX PACCTPOMCTB C OE30PHEH-
Tanuet [16, 20]. 3HauYUTEABHOE yBEAWYEHUE
MOS3rOBOTO KPOBOTOKA, HapyIllIeHUE MEXaHU3MOB
ayTOPETyAdIINY, a TaKXKe HCIIOAB30BaHHE PEHT-
T€HKOHTPACTHBIX BEIIECTB MOTYT SBAATBECH ITyC-
KOBBIMH (PaKTOPaMH B [ATO(PU3UOAOTHH CHH-
npowma runeprepdgysuu [19-21].
KoaTpacr-mHOylpoBaHHad  3HIEAAO-
natua (KM3) — aT0 penkoe COCTOSHHE, KOTOPOe
MOXKET BO3HHKATb IIOCA€ BBEAEHHS KOHTPACT-
HOT'O CpeACTBa BHYTPHUCOCYIUCTBIM HAU HHTpa-
TEKaAbHBIM IIyTeM. dallle OHO aCCOIIMHUPYETCS C
IPUMEHEHUEM HOACOAEPKAIIIMX KOHTPACTHBIX
CPENCTB, HEXEAHW C KOHTPACTHBIMH BeEIlECTBa-
MM Ha OCHOBE IaJloAMHHUs. ['pynmoi pHUcKa dB-
ASIFOTCS TIAITMEHTHI, CTPaJarolife XPOHHUYECKOMU
G6oaesunio modek (XBII) BBULY 3aMeIA€HHOTO
BBIBEIEHUSI KOHTpacTHoro cpeacrsa. K9 mo-
JKEeT Pa3BUBATHCI B T€YEHHE HECKOABKUX MHUHYT
HAU YacOB IIOCA€ BBEIOEHHUA KOHTPACTHOTO
cpencrBa [22]. Kanangecku KO MoxkeT IposB-
ASITBCS HapPYLIEHUIMH CO3HAHHd, CyZOoporaMmu,
H3MEHEHHEM IICUXHYECKOr0 COCTOsSHUs. Bompoc
o} MeXaHH3Me pa3BuUTHUA KOHTpAacCT-
UHOYLIIPOBAHHON  SHIIE(AAOIIATHUH  OCTAaETCHd
OUCKyTaOEABHBIM, IIPEAIIOAATAETCsI, YTO OHAa
SIBASIETCSI PE3YyABTATOM TOKCHYECKOM peakIiu
Ha BBEIEHHOE KOHTPACTHOE CPEACTBO, KOTOPOE
MOXKET HapyllaTh reMaTo’HIlecpasrmdecKuii Ga-
peep. PakTOpaMHu pHUCKA, KOTOPBIE MOTYT BAU-
a1 Ha pasButue KU3 aBagrorca 3aboseBaHus
IoYeK, caxapHbIil aquabeT, TUIIOTOHHUS, a TaKKe
BBICOKHME [03bI KOHTPACTHOro cpencrBa. KoH-
TPaCT-UHAYIUPOBaHHAs SHIe(aAOIATHS SBASI-
eTcsi OOpaTHMBIM COCTOSSHHUEM B YCAOBHSIX
YCIIEIITHON OMarHOCTHUKU U A€YEHUSI, OJHAKO B
foaee TSIKEABIX CAyJasX OHA MOXKET IIPUBECTH K
CTOMKOMY HEBPOAOTHYECKOMY Oe(OUITUTY HAU
OBITH (paTaabHO [9,12-15]. B pamkax HHCTpPY-
MEHTaAbHOH JAUarHOCTUKU KOHTPAacCT-
UHOYLIPOBAHHOHN 3HIledaAOIaTHH IIPHU IIPOBe-
OEeHUYU HATUBHOM KOMIIBIOTEPHOM TOoMoTrpadru
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MOXKeT OBITH BBISBACHO HCIIMAATEPAABHOE HAHU
O6uaaTepasbHOE MOBBINIEHUE TAOTHOCTH B cyba-
PaxHOUOAaABHOM IIPOCTPAHCTBE, KOTOPOE pas-
HBIMH aBTOpaMH TPaKTyeTCsd KaK dKCcTpaBasa-
IIUsI KOHTPACTHOTO CPEACTBA HAU CyOapaxHOU-
OaAbHOE KpoBomu3ausHUe [25-27].

Hcrioab3oBaHUE TaKUX HHCTPYMEHTAAb-
HbIX METOMOB [QUArHOCTUKH, KaK KOMIIBIOTEP-
Hasg ToMorpadusd ¥ MarHUTHO-pPe30HaHCHAas TO-
morpadus gBASETCS IIepBOOYEepPeSHBIM IIPH II0-
SIBACHUN OYaroBOM U OOIIIEMO3TrOBOIl HEBPOAO-
THYECKOM CHMIITOMATHKH IIOCAE€ aHTHOPEKOH-
CTPYKTUBHBIX onepanuil [26-28]. ITocae KOAD
u KAC, BBUAY PE3KOr0 YBEAWYEHHS MO3TOBOTO
KPOBOTOKA, MOXKeT HaOAIo[aTbCd HapylIeHUe
IPOHUIIAEMOCTH TeMaTo3HIlepaandecKoro 6Ga-
pbepa, YTO IIPEACTABASIETCS BO3MOXKHBIM OIle-
HUTH Opu IpoBeneHuun MPT ¢ KoOHTpacTHBIM
ycuaeHueM [28].

[TpenmnoYyTUTEABHOM MMIIYyABCHOM IIOCAE-
JOBATEABHOCTBIO IIOCAE€ KOHTPACTHOI'O YCHACHUS
B [WarHOCTHUKE BHYTPHUYEPEITHbIX I1aTOAOTHU
aBasioTca T1-B3BellleHHBIe H300pasKeHUs, OfI-
HaKO IIOCA€IHHE HE BCETZAa B IIOAHOM Mepe MOo-
TyT OTPa3UTh HMEIOIIHECTd U3MEHEHUS B BeEIle-
cTBe U 000AOYKAX TOAOBHOTO Mo3ra. OTAMYH-
TEABHOU 4E€PTON MMIIYyABCHOM IIOCAEOBATEABHO-
ctu T2 FLAIR (fluid attenuation inversion
recovery) sgBASEeTCH IIOLaBAE€HHE CHTHasa OT
CBOOOMHOM  JKHUAKOCTH  (LepeOpOCIMHAABHOM
KUOKOCTU U ABHKyIelica KpoBu). Kpome Toro,
nocaenoBaTeabHOCTs T2 FLAIR KkpatiHe 4yB-
CTBUTEABPHA K MUHHMAABHBIM H3MEHEHUSM Ile-
pebpocrimHaABHON JKHUOAKOCTH. BBHOY CBOHX
ocobeHHOCTell II0CA€ BBEAEHUS KOHTPACTHOTO
cpencrBa B pexume T2 FLAIR He orTMeuaercd
HaKOIIAEHHSI KOHTPACTHOTO CPEACTBA B COCYIU-
CTBIX CTPYKTYpax M HEH3MEHEHHBIX O000AOYKAaX
roroBHOro mosra [29, 30]. B cea3u ¢ atum MPT
TOAOBHOI'O MO3Ta C KOHTPACTHBIM YCHAEHHEM
SIBASIETCSI Ba2KHBIM METO0M HHCTPYMEHTAABHOH
JOUaTrHOCTHKH II0CA€ PEKOHCTPYKTHUBHBIX OIlepa-
U Ha apTepUsX B YCAOBHUAX OTCYTCTBUS HIIIe-
MHYECKOTO IIOpaskK€HHd, TOIHYECKH OTBET-
CTBEHHOT'O 3a IOSBUBIILYIOCS HEBPOAOTHYECKYIO
CHMIITOMATHKY.

[Tpu nipoBenerun MPT roaoBHOro mosra c
KOHTPAaCTHBIM YCHAECHHEM IIaIlM€HTaM IIOCAE
KapoTUIHON aHTHOIIAACTHUKH CO CTEHTHUPOBAHHU-
€M BHYTPEHHEH COHHOM apTEepHUH BO3MOKHO
BBISIBAEHHE ACIITOMEHHUHI€AABHOTO KOHTPACTHO-
ro yCHAEHUS Ha H300pazKeHUAX B pexrume T2
FLAIR c OTCyTCTBHEM TaKOBBIX H3MEHEHHUH B
pexxume T1-BU.

Ienp uccnemosanmus.

OmnpeneaeHue COCTOSHUS 000AOYEK U Be-
IIecTBa IOAOBHOTO MO3ra y HaIlMeHTOB B paH-
HEM IIOCAEOIIEPAIITMOHHOM IIEPHOAE IIOCAE IIPO-
BEICHUS KapOTHAHONM aHTHUOIIAACTHUKH CO CTEH-
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THUPOBAHUEM.

Marepuasibsl 1 METOIEI.

UccaenoBanue mpoBOAMAOCE Ha 06a3e OT-
eaa AydeBOM auarHOCTUKU PenepasbHOrO roc-
YAApPCTBEHHOTO OIOMXKETHOTO HAayYHOIO ydUpe-
KOeHUsd «POCCHUHCKHI IIEHTP HEBPOAOTUH U
HelipoHayk». B mccaemoBaHue OBIAO BKAIOUEHO
38 manueHTOB, HAIIPABAEHHBIX Ha OIEpPaTUBHOE
BMENIATEABCTBO — KAPOTUIHYIO aHTHOIIAACTUKY
co crertupoBaHueM (KAC).

AHTHOTIAACTHKA CO CTEHTUPOBAHUEM ITPO-
BoaMAachk Ha ammaparte Innova General Electric.
JnarHOCTHUYECKYIO0 PEHTTeHOKOHTPACTHYIO Ile-
pebpaabHyo aHTHOTPadUI0 BBIIIOAHSIAU OO0 U
IIOCA€ CTEHTHPOBaHHs. B KadecTBe CHCTEM
IPOTHUBOSMOOAHNYECKO 3alUThl TOAOBHOTO MO3-
ra BO BpeMs OIEepPaIluy HCIIOAB30BAAUCH (PUAB-
Tpel Emboshield NAV (CILIA) u Filter Wire EZ
(CIIA). [dasg CTEHTHPOBAHHS HCIIOAB30BAAUCH
creaTbl (pupm XACT Abbott Vascular (CILA)
auamerpamu 9-7, 8-6, 10-8 MM u maunHO#M 40
MM, CASPER Carotid Stent System R (CILA)
muaMerpoM 9 wmm, mamHHOM 30 MM, Cguard
Carotid EPS (Bearrug) nuamerpom 9 MM, OAU-
Ho#i 40 MM. [IAgd MOOCTHZKEHHUS OIITHMAABHOTO
pe3yAbTaTa BCEM IallMeHTaM IIOCAE€ IIO3UITHO-
HHUPOBAHUS U PACKPBITHS CTEHTA MHPOBOAHAACH
IIOCTAMAATAIINS C IIOMOIILI0 OAAAOHHOTO KaTe-
Tepa Viatrac 14 Plus. Bpemsa GaroHHOM mgusa-
TallMH COCTaBASIAO 5-0 CEKyHI, OaBA€HHE CO-
craBagro 9-14 armocdep. Bcecem mnamnuentam
BHYTPUBEHHO OOAIOCHO BBOIMACS TEIIAPUH IASI
obecrieyeHUs aHTUKOATYASTHTHOTO 2ddekrTa. Bo
BpeMs oIlepaliy HCIIOAb30BAAHUCH PEHTTEHO-
KOHTpacTHbIe BellecTBa: Hompomua (300 wr
oma/ma) u #omepoa (300 mr #Homa/ma). Ilo-
CAEIHHE OTHOCSTCS K HEHOHHBIM BOLOPACTBO-
PUMBIM  HHU3KOMOAEKYASIPHBIM  PEHTTeHOKOH-
TpPacTHBIM TIIperiapaTaMm, HOMEPOA SBASIETCS
HedpoTponHbIM. [locae mpoBemeHHUI OIlEepaIllU
HaIlMeHThl ObIAM TIEPEBENEHBI B OTIEACHHE pPe-
aHUMAIlUU U WHTEHCUBHOM Tepanuu AT MOHU-
TOPUHTA BUTAABHBIX [TOKA3ATEACH.

Bcem mammenTam 6b1a0 BbITToAHeHO MPT-
HCCAEIOBAaHHE TOAOBHOT'O MO3ra Ha ToMmorpadax
Philips Panorama ¢ BeaAm4YnHON! MarHUTHOU HUH-
nykouu 1.0 T u Siemens Magnetom Avanto c
BEAWYMHOM MarHuTHOU wHaykmuu 1.5 T mo
IIPOTOKOAY, BKAIOYAIOIIEMY CAELYyIOIIIHE MM-
IIyABCHBIE IIOCA€IOBATEABHOCTH C COOTBETCTBY-
oMy napaMmerpamu: T2: TR=4336/4000 mc.,
TE=100/106 mc, ToammHa cpesa — S5 MMm; T2
FLAIR: TR=11000/9000 wmc, TE=140/92 wc,
TI=2800/2500 mc, ToammHa cpe3a — S5 mwm; T1
BU: TR=25/1940 mc, TE=6,91/3,1 McC, TOAIITH-
Ha cpe3a — 1,6/1,0 mMm; DWI: koaugecTBO
HanpaBaeHU# — 5, mapamerprl b=0; b=500;
b=800/1000*10-3cekyHm/MMm2, TR=3439,7/
3600 mc, TE=91,5/102 mc, ToAlTMHA cpe3a — S5
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MM, T2 hemo: TR=717,1/800 mc, TE=20,7/26
MC, TOAIIIHA Cpe3a — S5 MM; II0CA€ BBEIEHUSI
KOHTPACTHOTO CpeACTBa OBIAM BBIIIOAHEHBI pe-
xxkuMbl: T1-BU m T2 FLAIR c aHaAOTUYHBIMH
OOKOHTPACTHBIMH IIapaMeTpaMH. 3amepikka
CKaHUPOBAHHUS [I0CA€ BHYTPUBEHHOI'O BBEIECHUS
KC mepen pexxumom T1 cocraBasaa 10 muHyT,
nepen pexxumom T2 FLAIR — 20 munyT. B Kave-
CTBE€ KOHTPACTHOIO CPEACTBA HCIIOAB30BAACH
ragobyrpoa u3 pacdera 0.1 MMOAB/KI' MacChI
TeAa MaleHTa.

CraTHCTHYEeCKUH aHaAu3 IIPOBOOUACH C
IPUMEHEHHUEM IIporpaMMHOro mnakera SPSS
Statistics Bepcun 26.0 (IBM, CIIA). Tumr pac-
IpEeNeAeHUsT KOAWYECTBEHHBIX IIepPEMEHHBIX
OLIEHMBAACH IIyTeM aHaAW3a YacCTOTHBIX THCTO-
rpaMM ©u c nomouibio Kpurepus lammpo-
Yuaka. [asg omucaHUS KOAWYECTBEHHBIX Ilepe-
MEHHBIX HCIIOAB30BaAUCH MeaHaHa U KBapTHAU.
A cpaBHeHHsS 2 HECBA3aHHBIX TPYII II0 KO-
AWYECTBEHHOM IIeEpeMeHHOH ¢ HOPMaAbHBIM
pacmopeneseHueM HOpuUMeHsACS T-TecT mas He-
CBS3aHHBIX COBOKYyIIHOCTeH. [lasd cpaBHEHUsS 2
HECBSI3aHHBIX T'PYyIII 10 KOAWYECTBEHHBIM IIe-
PEMEHHBIM C HEHOPMAABHBIM pPacIIpefeA€HHEM
IpHUMEHSACH TecT MaHHa-YUTHH.

PesynabraTs.

Briau moaydueHBI pe3yabTaThbl 38 HCCAENIO-
BaHUl NMAIUEHTOB B Bo3pacte oT 52 mo 84 aer,
MeauaHa Bo3pacTa cocraBuaa 68,2 [62,8;74,8]
roma. PacripeneaeHye 110 IIOAYy: MY:KYHHBI — 27
(71,1%), xxkenmmubl — 11 (28,9%). ComyTcTBYyIO-
ue 3aboAeBaHUs: apTepuasbHAd TUIIEPTEH3US
IIPUCYTCTBOBaAa y BCeX IAIIMEHTOB, CaXapHBII
muaber — y 11 (28,9%), xpoHudyeckasg OOA€3HB
II0YE€K Pa3HOM CTEIleHU BBIPasKEHHOCTH — y 14
(36,8%) geaoBek. HeBpoaormdeckas cumIIToMa-
TUKa pa3BHAach y 7 manueHToB (18,4%). Ilpu
BBITIOAHEHHH PEHTTE€HOOUATHOCTUYECKOH Ilepe-
OpaabHOIl aHruorpauy BO BpeMs OIepalluu
OBIAM KCIIOAB30BAHBI CAEAYIOIIME KOHTPACTHBIE
cpencTBa: wonpomua B 73,7% caydaeB, Home-
poa — B 26,3%. MPT roaoBHOro mMo3sra C KOH-
TPaCTHBIM YCUAE€HHEM OblAa BBITIOAHEHA B Tede-
Hue 25,0 [23,0; 28,0] yacoB mocae orepanuy Ha
ToMorpadax: Siemens Magnetom Avanto, 1,5 T
- 3 (7,9%) wuccaemoBanus, Philips Panorama,
1,0 T - 35 (92,1%). Hcnoab3yemoe KOHTPACTHOE
cpenctBo: ramobyTpoa (13 pacuera 0,1
MMOAB/KT) — 100%. CpaBHHUTeAbHas XapakTe-
PHCTHKA IO TPyIIIaM IpeAcTaBACHA B TabAUIIE
Nol. BrlgBA€HHBIE U3MEHEHHUS B TOAOBHOM MO3-
re nipu npoBeneHuu MPT mpencraBaeHBI B Tab-
autie No2. Cpenu BceX yIaCTHHKOB IIOCAE€ Kapo-
TUOHOH AaHTHOIIAACTHKH CO CTEHTUPOBaHUEM
npeobAalaal TAIMEHTHI C HaAHYUEM HEOOAB-
IIOTO KOAWYECTBa OYaroB COCYAHCTOI'O TIeHe3a
(Fazekas grade 1) — 23 (60,5%), y 13 (34,2%)
nanueHToB oTMedaacs Fazekas grade 2, y 1
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(2,6%) — Fazekas grade 3. B cranmapTHBIX pe-
KUMax IIpu npoBeneHnr MPT roaoBHOro mo3ra,
B TOM uHcAe B pexmme T2 hemo, maHHBIX 3a
HaAW4YHe IeMOpparudecKuxX U3MEeHEHUH IIoAyde-
HO He 6b1r0. OYaru «OCTPO» UIIEMUU OBIAM BBI-
aBaeHbl y 14/38 (36,8%) manmeHTOB, UX AOKa-
AM3alysg B OOABIIMHCTBE CAydaeB Oblra KOPTH-
KaAbHOH U CyOKOPTHUKAABbHO#M. B GOABIIIMHCTBE
CAy4YaeB B O0EHX TPYIIIaX «OCTPhIE» OYaTH OBIAU
BBISIBACHBI HUIICHAQTEPAABHO OTHOCHTEABHO OIle-
PaTHUBHOIO BMEIIIATEALCTBA.
I'pynma manueuroB Ge3s
HEBPOJIOTUYECKOI CUMIITOMATUKU.
B mamnyro rpynmy Boilea 31 manueHT B
BO3pacTe oT 52 mo 84 aet: 22 (71%) MyKUNHBI
u 9 (29%) xxeumnmH. MenmnaHa CTeIleHU CTeHO03a
cocraBuaa 75,0% [70,0;90,0]. ATepocKaepOTH-
gyeckoe nopazkeHuda npasoidi BCA ormedaasoch y
17 (54,8%) geaoBek, aeBoit BCA —y 14 (45,2%)
4yeaoBeK. KoHTpasaTepasbHBIH CTEHO3 pas3HOH
CTEIIeHU BBIPasKEHHOCTH MIPHUCYTCTBOBaa y 10
(32,3%) ueaoBek, KOHTpasaTepasbHAd OKKAIO-
3usg -y 3 (9,7%) geaoBek. [IByM (6,4%) naiyieH-
TaM B IIPEALIECTBYIONEe 3 Mecsdara Oblaa IIpo-
BelleHa KapoTHIHAd aHTHOIIAACTHKA CO CTEHTHU-
poBaHHEM KOHTPaAaTEepPaAABHO U HUIICHAATEPaAb-
HO. MenyaHa apTepraAbHOTO AaBAEHHS [0 OIle-
paumm: CAI - 132,0 [125,0;145,0] mm pT. CT.,
OAI - 70,0 [70,0;80,0] MM pT. CT.; IIOCAE OIle-
paumu: CAI - 130,0 [120,0;135,0] MM pT. cT.,
OAO - 75,0 [70,0;80,0] mMM pr. cr. JAUTeAb-
HOCTb omepanuu cocraBuaa 30,0 [25,0;35,0]
MUHYT. KoAmdecTBO PEHTTeHKOHTPACTHOI'O Be-
mecTBa cocraBuao 150,0 [150,0; 150,0] ma. ITo-
CA€ OIEPATHBHOIO BMEUIATEALCTBA yV OOABIIIHH-
CTBa IanueHToB (22 4yeaoBeka, 71%) ormeua-
AACh HEeCTaOUABHOCTH TeMOAUHAMUKU B BHIE
Pa3BUTHS CHHOKAPOTHUIHOTO cHHApoMa. Ouaru
«OCTPOI» UIIeMUH ObIAU BhIIBAEHBI Y 11 (35,5%)
AIlEeHTOB.
I'pyona mamueHnToB
HEBPOJIOTUYIECKOI CUMIITOMATUKU.
B mamnyio rpymnmy BOIIAO 7 HAIIMEHTOB, B
Bo3pacte oT 63 nmo 77 aetr: 5 (71,4%) My=K4IUH U
2 (28,6%) xeHmMHBI. MenmuaHa CTeNeHU CTe-
HO3a cocraBuaa 90,0% [70,0;90,0]. Arepockae-
poTudeckoe mnopaxeHus npasoit BCA ormeua-
AOCE y 2 (28,6%) geaoBek, aeBodt BCA — y S
(71,4%) uenoBek. KoHTpasaTepasbHBIH CTEHO3
Pa3HOH CTeIlleHH BBIPasKEHHOCTH IIPUCYTCTBO-
Baa y 2 (28,6%) geaoBek. Onuomy (14,3%) ma-
IIUEHTY B IIPEAIIeCTBYIOIMe 3 Mecdlla Oblaa
IpoBefleHa KapoTHUAHAs aHTHUOIIAACTHKa CO
CTEHTUPOBAHUEM KOHTpasaTepasbHO. Memmana
apTepHasbHOrO AaBAeHHUd a0 oneparmu: CA/ —
140,0 [125,0;160,0] mMm pt. ct., JAID - 78,0
[70,0;90,0] mm pT. cT.; mtocae omepanuu: CA/ —
123,0 [125,0;140,0] mMm pt. ct., JAID - 78,0
[70,0;80,0] MM pT. cT. JJARTEABHOCTD OIlEepaIlii

pa3BuTHa

pa3Buruem
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Tabauma Nel.
THONAACTHKH CO CTEHTHPOBAaHHEM.

CpaBHKTeALHaH XapaKTEPHCTHKA INMAIlHEHTOB IIOCAE KapOTHnHOﬁ aH-

[TanenTs! 6e3
HEBPOJIOTHYECKON
cumnromatuku (n=31)

ITaneHTHI
C pa3BUTHUEM HEBPOJOTHUYECKOU
CUMIITOMATUKH (n=7)

/okkmo3us, n (%)

CAZl o
(MM pT. CT.), oreparuu 132,0 [125,0;145,0] 140,0 [125,0;160,0]
Me [Q1; Q3]

ITocne

orepanun 130,0 [120,0;135,0] 123,0 [125,0;140,0]
AALL Mo
(mm pt. Crt.), | oneparuu 70,0 [70,0;80,0] 78,0 [70,0;90,0]
Me [Q1; Q3]

ITocne

orepanun 75,0 [70,0;80,0] 78,0 [70,0;80,0]
Kontpanatepanpabiii  creros | Ctenos — 10 (32,3%) Crenos — 2 (28,6%)

Oxxuro3ust — 3 (9,7%)

KAC B mpenmectBytomue 3 | 2 (6,4%)
Mecsra, n (%)

1 (14,3%)

cpexactpa (mi1), Me [Q1; Q3]

JImuTeIbHOCTD 30,0 [25,0;35,0] 25,0 [25,0;40,0]
onepauuu (MuH.), Me [Q1; Q3]

KonnuectBo 150,0 [150,0; 150,0] 150,0 [100,0,250,0]
PEHTTEHOKOHTPACTHOTO

PazButue cungpoma 22 (71%)

KapoTUAHOTO cuHyca, n (%)

6 (86%)

Cumnromatuka T1ociie KAC | Her
(%)

- ne3opuenTanus (57,1%)
- mcuX. Bo30yxaenue (57,1%)

- HapyluicHHe CO3HaAHUS
(42,8%)
- CEHCOMOTOpHas adazus
(28,6%)
- BIH30]bI OecoKoicTBa

(14,2%)

- raumoruHanuu (14,2%)

- moropHas adazus (14,2%)
- remumnapes (14,2%)

- moHonapes (14,2%)

cocraBuaa 25,0 [25,0;40,0] munyT. KoangecTBO
PEHTTeHOKOHTPACTHOI'O BEIleCTBA COCTaBHAO
150,0 [100,0;250,0] ma. Ilocae ormepaTHBHOIO
BMEIIATEALCTBA V OOABIIIMHCTBA ITAITUEHTOB (6
JeAOBeK, 86%) oTMedasach HECTAOUABHOCTH Te-
MOOMHAMUKH B BHE Pa3BUTHUSA CHHOKAPOTHUI-
Horo cuHapoMa. O4aru «oCTPOM» HUINEMUHN OBIAK
BeIgBAeHBL vV 3 (42,8%) mauwmenToB. Hapany c
9TUM y IAIlMEHTOB pPa3BHAACh OdaroBasg U 00-
LIIEMO3TOBasd HEBPOAOTHYECKAad CHUMIITOMAaTHUKA,
KOTOpas IIPOSBASAACh B BHAE: Oe30pHEHTAIINU
(57,1%), TIICUXOMOTOPHOTO BO30YKIEHUS
(57,1%), HapylIeHUsd CO3HAHUS Pa3HOU CTEEeHU
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BeIpazKeHHOoCcTH (42,8%), ceHcoMoTOopHOH ada-
3un (28,6%), snusonoB OecriokoiicTBa (14,2%),
rassronuHan  (14,2%), MoTopHOM adasuu
(14,2%), remumapesa (14,2%), wMoHomapesa
(14,2%). Menmana BpeMeHU IIOSIBAEHHS HEBPO-
AOTHYECKOH CHUMIITOMATHUKHU IIOCAE OIlepPaTHUBHO-
ro BMeHaTeAbcTBa cocraBuaa 5,0 [1,0;6,0] ga-
coB. B rpymnmne marnmeHToOB ¢ pa3dBUTHEM HEBPO-
AOTHYECKOH CHMIITOMATHKH IIOCAE OIlepalluy B
6/7 (85,7%) caydaeB OBIAO BBIIBACHO HAKOIIAE-
HHE KOHTPACTHOI'O CPEACTBA II0 AEIITOMEHUHTe-
aapHOMYy THIy B pexkume T2 FLAIR. Y 3 (50%)
U3 HUX KOHTPACTHOE YCHACHUE HAaOAIOIaAOCH CO
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CTOPOHBI BMEIIATEABCTBA, ¥ OCTaABHBIX 3 (50%)
— B oboux moaymiapusax 6oabpiioro mosra. [laH-
HBIX 3a HaAW4dHe KOHTPACTHOTO YCHUAEHUS B pe-
xkuMe T1-BU Bo Bcex 7 caydasx IIOAYYEHO He
OBIAO.

[Ipu mpoBenerun MPT-uccaemoBaHus ro-
AOBHOTO MO3Ta C KOHTPACTHBIM YCHACHHUEM ¥
IalneHToB ObIAW BBIIBAEHBI CAEAVIOLIHE H3Me-
HEHHSI B TOAOBHOM MO3Te (Taba. No2, puc. 1):

OGcy:xaenue.

Poabr mocTKOHTpaCTHBIX H300paskeHUU B
pexxume T1-BUM B guarHoCTHKe BHYyTpPHUYEpEIl-
HBIX IIOpasKeHWH HECOMHEHHO BakKHa, OJHAKO
Ha (PoHE KOHTPACTHUPOBAHHHA COCYLOB U HEU3-
MEHEHHBIX 000AOYUEK TOAOBHOTO MO3ra He BCe-
rIa yaaeTcs BH3yaAHU3HpPOBaThb BCE COCTABALIO-
e IIaTOAOTHMYECKOro Ipoiiecca. IIocTKoH-
TpacTHbIe u3obpazkenus B pexume T2 FLAIR B

oramume oT T1-BU He moka3bIBalOT KOHTPACT-
HO€ YCHAEHHE B COCYAHCTBIX CTPYKTypax U He-
U3MEHEHHBIX 000AOYKAX TOAOBHOTO Mo3ra. B
uccaenoBanuu Lee et al. (2016) ommcana IieH-
HOCTb HCIIOAB30BaHHUA IIOCA€IOBATEABHOCTH T2
FLAIR mocae KOHTPacTUPOBAHUS IS BO3MOXK-
HOCTH IIOAYYEHHS [OIIOAHUTEABHOH HHpopMa-
muu. Hapany c atum, Ha ¢pa"nToMe Oblaa MOKa-
3aHa OoAblIag YYBCTBUTEABHOCTH IIOCTKOH-
TpacTHBIX M300paskeHmii B pexxume T2 FLAIR k
yropoueHuio T1 peaakcamuu 110 CpaBHEHUIO C
TaKOBBIMHU B pexkume T1-BU mpu HHU3KHX KOH-
IIEHTpaIUsIX KOHTPACTHOTO cpencTa. Mccaenmo-
BaTeAdIMHU OBIA CHeAaH BBIBOM, YTO CAabO KOH-
TPaCTHpPYIOLIMecs IIopaskeHus B pexume T1-BU
MOTYT OBITH O0OA€e YEeTKO BH3YaAHU3UPOBAHLI B
pexxume T2 FLAIR [28]. AenToMeHHHIeasbHOE
KOHTPAaCTHOE yCHUA€HUE B Halllell KOropTe maiu

Tabauua No2. MPT u3MeHeHHS B TOAOBHOM MO3re y nauueHToB nocae KAC.

[MTaruenTs 6€3 [TarueHTHI
HEBPOJIOTHYECKON C Ppa3BUTHUEM HEBPOJIOTMYECKOMN
cumnromatuku (n=31) CUMIITOMATUKH (N=7)

Hanuuue oyarop vieMuw, 11 (35,5%) 3 (42,9%)

n (%)

Jlokanu3anusi 04aroB HIIEMUU

(npu Hanmuuum), n (%)

- KOPTHKATbHAS 2 (18,1%) 2 (66,6%)

- cyOKOpTUKaIbHAs 2 (18,1%) -

- cy0- ¥ KOpTUKaIbHAs 3 (27,2%) 1 (33,3%)

- MOAKOPKOBAs 3 (27,2%) -

-TI0/IKOPKOBas, Cy0- 1 1 (9%) -

KOPTHKAJIbHAS

['unepuHTEeHCUBHOCTH  O€oro

BelllecTBa, mKkana Fazekas,

n (%)

- grade 0 - 1(14,3%)

- grade 1 21 (67,7%) 2 (28,6%)

- grade 2 9 (29%) 4 (57,1%)

- grade 3 1 (3,2%) -

KucTto3no-rimo3usie 12 (38,7 %) 3 (42,8%)

n3mMeHeHus, n (%)

Hakonnenne KC B pexxnme T2

FLAIR

- OTCYTCTBYET 31 (100%) 1 (14,2%)

- UTICUJIATEePAIBEHO - 3 (42,8%)

- 00a mosrymapusi - 3 (42,8%)

Xapakrep HakoruieHuss KC B

pexume T2 FLAIR

- TUPATbHBIN - 1 (16,7 %)

- JISITOMEHUHI €aTbHBIN 4 (66,7 %)

-00a Tuma 1(16,7 %)
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mo KC
nocie KC
\ ) \ )
Y Y
Yepes 6 MEHHYT NOCJIE BBEJICHUS Yepe3 20 MUHYT IIOCJIE BBEASCHUS
KC KC
Puc. 1 (Fig. 1)
Puc. 1. AHruorpacbms U MPT roAOBHOFO MO3rd C KOHTPACTHbIM YCUAEHUEM NOCAE CTEHTUPOBA-

HUsl A€BOM BHYTPEHHEN COHHOM apTepuu. NMauuneHT K., 75 AeT.

Al — Aarnorpadusa no onepanuu; obpamaer Ha cebd BHUMaHNE HAaAHWYHe CyOTOTAaABHOTO CTeHO3a AeBoi BCA B
06AaCTH €€ yCThe (CIIAOIIIHAS CTPEAKA).

A2 — BoccTaHOBAEHHE KPOBOTOKA IIOCAE€ YCTAHOBKM CTEHTA (IIyHKTHUPHAA CTPEAKA).

B — MPT roAOBHOTO MO3ra, aKCHAaAbHAas IIAOCKOCTH, B O0AACTH IIEHTPAABHBIX HM3BHAWH AEBOTO IIOAYIIAPHSI
GOABIIIOTO MO3Ta, BBIIBAGIOTCS €OWHUYHBIE OYard ITOBBIIIEHHOM MHTEHCHBHOCTH MP-curHasa B pexume DWI
(B1, GeabI¥f MyHKTHPHEBIHA KPyr) CO CHIMXKEHHEM IIOKa3aTeAed Ha KapTe u3MepgeMoro KosdduimenTa guddy-
3un — apparent diffusion coefficient (ADC) (B2, 6eablif KpyT) — O4aru OCTPOii HIIIEMHUH.

B — MPT, pexxum T2 FLAIR; B A€BOM IOAYIIIAPHUH GOABIIIOTO MO3Ta Yepe3 6 MUHYT IIOCA€ BBEIEHHS KOHTPACT-
HOTO CPeACTBa OTMedaeTcss KOHTPACTHOE YCHAEHHE II0 ABYM THIIAM: FHPAABHOMY (OeAble IIyHKTHPHBIE CTPEA-
KH), a TaKXKe ACIITOMEHHHIeaAbHOMY (OeAble CIIAOIIHBIE CTpeAK), depe3 20 MUH — OTMeYaeTcs YCHACHUE BbI-
Pa*keHHOCTH.

Fig. 1. Angiography and MRI of the brain with contrast enhancement after stenting of the left in-
ternal carotid artery. Patient K., 75 years old.

Al — Preoperative angiography shows subtotal stenosis of the left ICA in the region of its orifice (solid arrow).
A2 — Restoration of blood flow after stent placement (dotted arrow).

B — MRI of the brain, axial plane, revealed single foci of increased MR-signal intensity in DWI mode (B1, white
dotted circle) with decreased values on the ADC (B2, white circle) — foci of acute ischemia in the area of the
central gyrus of the left cerebral hemisphere.

C - MRI, T2 FLAIR; in the left cerebral hemisphere 6 minutes after contrast agent injection contrast en-
hancement of two types is noted: gyral (white dotted arrows), as well as leptomeningeal (white solid arrows),
20 minutes later — increased severity of leptomeningeal type of contrast enhancement is noted (white solid
arrows).
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eHToB 6/38 MoxkeT ObITh OOBSICHEHO HU3IKOM
KOHIIeHTpaIled TI'aJOAMHHUNCOAEPKAIIETO KOH-
TpactHOoro cpencrsa ('CKC) B cBs3Hu ¢ BBICOKOH
4qyBCTBUTEABHOCTBIO pexmma T2 FLAIR k mu-
HUMaABHBIM HM3MEHEHHSIM COocCTaBa Iepebpo-
CIIMHAABHOM JKHUIOKOCTH, YTO COIIOCTaBHMO C
[NaHHBIMU, [IOAYIeHHBIMH Lee et al. (2016) [28].

MexaHNU3M AEIITOMEHHHI€aALHOI'O KOH-
TPACTHOI'O YCHUAEHHS II0CA€ KapPOTUIHON aHTHO-
IIAACTHKH CO CTEHTUPOBAaHHEM COHHOH apTepuu
u3ydeH He OKOHYATeAbHO. HeKoToprle aBTOPEBI
CKAOHHIOTCH K TOMY, YTO HapyllleHHe reMaTo-
sHIIe(PaAMIeCKOro bapbepa CBA3aHO C PE3KUMH
reMOAWHAMHUYECKUMH  H3MEHEHUSIMH  II0CAE
oriepaTuBHOro BMemareabcTBa (Cho et al.
2014), ppyrue (Suthiphosuwan et al. 2018)
paccMaTpuBaIOT OaHHBIM (beHOMEH KaK TOKCH-
4yeckoe OeHCTBHE PEHTTEHOKOHTPACTHOI'O IIpe-
mapara, HCIOAB3YIOLIEToCs IIPH IIPOBEAEHUU
aHruorpacudyeckoro uccaemosanusa [31-33]. B
HaIlleM UCCAEIOBAHUM y 6 M3 7 IIallMeHTOB IIpU
npoBenenur MPT roaoBHOro mMo3ra ¢ KOHTPacT-
HBIM YCHAE€HHEM B CBA3HU C Pa3BUTHEM HEBPOAO-
rudecko cumnroMaTuku B pexkuMe T2 FLAIR
6b1A0 BBIIBACHO HakomaeHre KC mo rupasbHOMY
U AEITOMEHHHTEAALHOMY THUIIaM. B GOABIIMH-
CTBE CAy4aeB HaKOIIA€HHEe HaOAIOIaAOCh HIICH-
AAQTEPaAbHO OTHOCHTEABHO OIIEPATHBHOTO BMe-
mraTeAbcTBa. [lomobHBIE pe3yAbTaThl OBIAM IIO-
AydeHbl B uccaenoBanuu Cho et al. (2014) [31].
B unccaenoBanuax Cho et al. (2014), Lee et al.
(2016) aenrTroMeHHHIeaAbHOE KOHTPACTHOE yCH-
Aerne B pexume T2 FLAIR 6bI1A0 paccMOTpPeHO
Kak MapKep ocTpoH penepdy3uu -
hyperintense acute reperfusion marker (HARM)
y 8 u3 45 nanuentosn (17,8%) mocae omepamuu
peBackyagapuzanuu. Y 4 u3 8 nammnedatToB HARM
OBbIA aCCOIIMUPOBAH C HEBPOAOTHYECKHM VXY[I-
meHueM Iocae omnepanuu. HARM MmozxeT mpo-
TeKaTb OECCUMIITOMHO, YTO OBIAO IIOKA3aHO B
uccaenoBanuu Cho et al. (2014). ITo pesyabra-
TaM HAIlleTO KCCAEOOBAHUS y MAIIUEeHTOB 0e3
HEBPOAOTHYECKON CHMIITOMATHKU IIOCAE OIlepa-
IIUU He OBIAO BBIIBACHO HAKOIIAEHHE KOHTPACT-
HOro cpencrBa B pexume T2 FLAIR, BepodTHee
BCEro, 9T0 CBSI3aHO C MaAO# BBIOOPKOIL [28, 32].
Taxsxke B uccaenoBanuu Cho et al. (2014) cumn-
TOMATHYECKHUH MapKep OCTpoil penepdy3nu
CBA3bIBAAU C Ooaee BBICOKHM YPOBHEM CHCTO-
AWYECKOro aprepuaabHoro maBaeHus (CAZ) mo-
cae omeparnu (p=0,025), omHako B HAIIEM HC-
CA€MOBAHUU IOAOOHON KOPPEATIINU BBITIBACHO
He Ob1AO [32].

[To mamueim Huibers et al. (2018) u
Ogasawara et al. (2007) cpenHee BpeMms OT
pouenypbl CTEHTHPOBAHUS [0 Pa3BUTHS CHH-
npowma rurneprepdy3un (CLI) cocraBuao 12 ya-
coB. [Tocae KapoTHAHON 3HOAPTEPIKTOMUHN ITHK
3a00A€BaE€MOCTH MIPUXOOUTCS Ha MATBIH U
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BOCBMOHM IIOCA€OIIEpAIlHOHHBIA aHH. B ToXe
BpeMs pas3BUTHE CHHApOMa THUIleprepdy3nu
II0CA€ KapOTHUIHOM aHTHOIAACTUKH CO CTEHTH-
poOBaHHEM MOXKET OBITH OTCPOYEHHBIM U IIPO-
SABUTHCS B TeUYEHHE MecsIla II0CA€ OIlepPaTHUBHO-
ro BMemateabcTBa [34, 35, 39]. OmnucaxHHble
pe3yAbTaThl COIIOCTABHUMBI C IIOAYYE€HHBIMU
HaMH OaHHBIMU: B Halllel KOoropTe IIallleHTOB
MearaHa BpeMEeHH BO3HUKHOBEHHS HEBPOAOTH-
YeCKOHM CHUMIITOMATHUKHU IIOCAE IIPOIIEAYPHI CTEH-
TUPOBaHUS COHHOM aprepuu cocraBuaa 5,0
[1,0; 6,0] uacos.

B wuccaemoBanmm Guimaraens et al.
(2010) mocae mpoBemeHUT aHTHOrpaUUecKoH
npouenypb!l ¢ npuMmeneruem 300 ma Hoacomep-
JKaIlleTo KOHTPACTHOTO CPEeACTBa HOIPOMUL
(370 Mr #Homa/ma) y IalyeHTa PasBHUAUCH IICH-
XOMOTOpPHOE BO30yKAeHHe, Oe30pUeHTalud U
remunapes. IIpu nposenennu HatuBHOH KT ro-
AOBHOTO MO3Ta HUIICHAATEPAABHO OIIEPATHBHOMY
BMeEIIIATEABCTBY OblAra BBIIBA€HA TUIIEPAECHCHUB-
HOCTHP B CybapaxXxHOWMOAABHOM IIPOCTPAHCTBE,
4T0 OBIAO paCILIEHEHO KaK JKCTpaBasallysd KOH-
TPACTHOI'O CPEACTBA IIPU HAPYIIEHWUH IIEAOCT-
HOCTH remaTodHIedasndeckoro oOapeepa. [lo-
nobOHbIe PEe3yAbTATHI OBIAH IIOAYYEHBI B HCCAE-
noBaunuu Velden et al. (2003) [26, 36]. Hamre
HCCA€OBAHHE HMEeT OTUpaHHYeHUS [OAd II0OAd-
TBEPKAEHUA MOAaHHOH TEOpHH, BBHLY OTCYT-
crBus paHHBIX KT-AWarHOCTHKYU [AIIUEeHTOB
IIOCA€ CTEHTHPOBaHUS.

Y 1 mu3 6 mamueHTOB B Haleil BbIOOpPKe
Hapgay C HaAWYHEM AEIITOMEHHUIeaAbHOI'0 KOH-
TpacTHOro ycuaeHus B pexxkuMme T2 FLAIR, cuHu-
JKEHHEM yPOBHS CO3HAHUS [0 OTAYILIEHHS ObIAK
BBISIBACHBI ITOBBIIIEHHUE TeMIIepaTyphl, a TaK:Ke
U3MEHEHHUsT B AMKBOpEe, a MMEHHO: IHUTO3
1856/3 (ueiirpocpuart 98%, marpodaru 2%),
6eaok 1,850 r/A. B aHaauze KpOBU — AEHKOITH-
T03 mo 12.2x109/a. Ilo COBOKYIIHOCTH BBbISB-
A€HHBIX JAHHBIX MTAIIMEHTY ObIA IIOCTABAECH aHa-
THO3: «ACEIITHYeCKHM MEHUHTUT, aCCOLIHHPO-
BaHHBIHA C pa3BUTHEM CHHIApOMAa pernepdy3um».
[ToayueHHBIE HAMHU JAHHBIE COIIOCTABHMEI C IIO-
OOOHBIM €QUHUYHBIM KAMHHYECKUM HabAmome-
HUeM B HccaegoBaHuu Budhram et al. (2017)
[37].

Y 1 namuenTta U3 7 He HaOAIOIAAOCH KOH-
TpacTHOe ycuaeHUe B pexxume T2 FLAIR mocae
9HIOBACKYASIPHOI'O OIIEPATUBHOTO BMeEIIATEAb-
CTBa, YTO, BEPOSITHEE BCETO, CBA3aHO C paspe-
IIEHHEM HEBPOAOTHUYECKOM CHMIITOMATHUKU [0
BeirloaHeHHUd  MPT-mccaeoBaHus TOAOBHOIO
Mo03ra, KOTopoe OBIAO HCIIOAHEHO depe3 51 ugac
IIOCAE OIIEPATHBHOI'O BMEIIIaTEeALCTBA.

SakaodyeHne.

[TaToreHe3s AEIITOMEHHHI€AABHOTO KOH-
TPACTHOI'O YCHAEHHUS IIOCA€ AHTHOPEKOHCTPYK-
TUBHBIX OIlepanui aBASETCS MYABTH(RAKTOPU-
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aABHBIM: BKAQZl B €T0 pPa3BUTHE BHOCAT Hapy-
IIeHHe TeMOAWHaMUKH II0OCA€ OIIepaTHBHOIO
BMeEIIATEABCTBA, HCIIOAb30BaHHE PEHTTE€HOKOH-
TPACTHBIX CPEACTB IIPU IIPOBENEHUU aHTHOI'pa-
¢oum, KOTOphle, B CBOIO O4Yepeab, MOTYT BBICTY-
naTh B KadecTBe OMOHOTO M3 IIyCKOBBIX MeXa-
HHU3MOB B Pa3BUTHU HapYLIEHUS IPOHUIAEMO-
CTH TeMaTodHIe(asndeckoro daprepa. Pakro-
PBI, KOTOPbIE MOTYT BAULATE Ha Pa3BUTHE CUMII-
TOMATUKH H IIOSBAE€HHUE AEIITOMEHHHI€aABHOTO
THUIIA KOHTPACTHOIO YCUAECHHS y MAIIHEHTOB I10-
CA€ CTEHTUPOBAaHUS BHYTPEHHEH COHHOU apTe-
puu TpebyioT maabHeliriero usydeHus. Vcxons
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OPUTUHAJIBHAA CTATHA

CPABHUTEAbHAS DPPEKTUBHOCTb MOAYABTOMATUHECKOIO U MAHYAABHOIO
AHAAU3A KT B TAAHUPOBAHUU TPAHCKATETEPHOU UMNAAHTALLUM AOPTAABHOTO
KAANAHA Y NALMUEHTOB C KPUTUMECKUM AOPTAAbHbIM CTEHO30OM U CAOXHOM

AHATOMMEN KOPHSA AOPTbI

Ffadocun b.2.", PeaoreHkos N.C. 2, LLUnpknH A.B.2, MImaes T.0.2

1 - ®I'AOY BO Ileprbrit MI'MY vm. U.M. CeuenoBa M3 Pd (CeuenoBckuit YHuBepcurert). r. Mocksa, Poccug.
2 — ®dI'BY HMULI kapayosoruu uM. akaneMmuka E.W. Yazosa M3 Pd. r. Mocksa, Poccus.

enb ucciaenoBanusa. OlleHKa CPaBHUTEABHOTO aHaAM3a PYYHOIO U II0AYaBTOMAaTHYECKOI'O

meTonoB aHaau3a KT u BAUGHUS NAaHHBIX METO/OB HAa HNPUHATHE KAUMHUYECKOTO PEIIeHUT O

BBIOOpE THUIIA U pa3Mepa IMIpoTe3a A TPAHCKATETEPHOM MMIIAAHTAIIMH a0PTAABHOTO KAa-

maHa.

Marepuansr u metoasl. Beiao MccaeqoBaHO 168 MAIMEHTOB C TIXKEABIM a0OPTAABHBIM CTe-
HO30M, KOTOpPbIE B ITepuo ¢ oKTA0pb 2022 roma 1o okTsabps 2023 roma 6bIAM TOCIIMTAAM3HUPOBAHBI B
&I'BY HMULIK um. ak. E.M. Yazoa M3 Pd naa masbHeHIIero mpoBeAeHUs TpPaHCKATETEepPHOU HM-
AQHTAIIMM a0pPTAABHOTO KAaraHa. Bcem maimeHTaMm Oblaa BBIMTOAHEHa sXokapauorpadgus u KT-
aopTorpadus, 10 JaHHBIM KOTOPOM HNPUHUMAAOCH PEIIeHUEe O TAKTUKE XUPYPrUdecKoro aedeHud. [1o
pe3yabrataMm mnpenonepalimionsHoi KT-aoprorpacgun y 30 maiieHToB ObIAa BBIIBA€HA CAOXKHAS aHATO-
MHS KOPHSI a0PThI, YTO IOTPeGOBaA0 6oaee TAYOOKOTO ¥ MHAUBUAYAABHOTO ITOIX0/Ia B UHTEPIIPETAITHH
TIOAYYEHHBIX JaHHBIX BpadyaMHU-PEHTI€HOAOTaMU U CEPAEYHO-COCYANCTBIMU XUPypPramMu.

B pamkax npenornepaiiioHHONM IOATOTOBKU IIEPEl TPaHCKaTETEepHON MMIIAQHTAIIMEN aopTaAb-
HOTO KAataua 1o mauuabiM KT ObIAM OITEHEHBI TaKHE MapaMeTphbl, KaK IIEPUMETD, MAOMIAAb, THAMETPHI
(uUOPO3HOTO KOABIIA, CHHYCOB BaabcaAbBbl, BBIBOJHOTO TPAKTA AEBOTO XKEAYIOYKA C ITOMOIIBI0 PYIHO-
T0 H3MEPEHUS M C HCIOAB30BAHHEM IIOAYABTOMATHYECKOTO IIporpaMMHOro obecrieuenus (Vitrea,
Canon).

Pesynbrarsl. [Ipu olleHKE PyYHOTO U MTOAYaBTOMATHYECKOrO MeTO/I0B aHaau3a KT oTrmedaaach
MUHUMaAbHas pasHuiia (1.5-3.4% [Oas KAIOUEBBIX MapamMeTpoB (PUOPO3HOTO KOABIIA) B pPE3yAbTaTax
usMepenuti. Bpems, Heob6xoaumoe Ha aHaau3 KT, cokpalliaercs IIpPHU UCIIOAB30BAHHUH II0AYABTOMATH-
YEeCKOTro MeTo/a OLIEHKHU ITapaMeTpPOB KOPHS aoOpPThHI.

OGcysxnenune. B paGore ObIAM BBISBAE€HBI CTATHUCTHYECKHU 3HAYHUMbIE, HO KAMHUYECKH HE3Ha-
4UTEeABHBIE pacxoxkaeHud (1.5-3.4%) mo GoABIIMHCTBY HmapaMeTpoB Ipu oreHke KT pydHBIM HMAHM HO-
AYaBTOMATHYECKHUM METOIOM, IIPHU 3TOM BPEMS aHaAM3a U300parkeHUM COKPATHUAOCH IIPU HCIIOAB30Ba-
HUH ITOAYaBTOMAaTUYECKOTO aHaAau3a. Ha oCHOBaHUM KOMIIAEKCHOM OIIEHKH ObIA momobpaH camopac-
KPBIBAIOIIMICH IIPOTE3, UMIIAAHTAIIMS KOTOPOTO ITPOIIAA YCIIENTHO, 06e3 maparrpoTe3HOH peryprura-
MU U HapyUIeHUH IPOBOIUMOCTH.

[ToayueHHBIE HaHHbIE JEMOHCTPUPYIOT BHICOKYIO KOPPEAIIIHMIO MEXKAY METOaMU aHaAu3a Kop-
HS aopThbl. 3aHUXKEHUE PA3MEPOB IIPU IMOAYABTOMATUYECKOM aHAAM3E MOIKET ObITH CBA3aHO C Goaee
TOYHBIM BBIIEAEHHEM TPAHUI] CTPYKTYP, UCKAIOUAs apTedaKThbl YACTUYHOTO 00beMa OT KaABITUS. ITO
MIOATBEPKAAET BO3MOXKHOCTH UHTETPAIIMU II0AYaBTOMATHYECKUX HWHCTPYMEHTOB B KAWHHUYECKYIO
IPaKTHUKY [IAS TIOBBINIEHUS 3QPEKTUBHOCTH PaboThl, 0OCOGEHHO ITPU MAaCCOBBIX obcaemoBanuax. Omr-
HaAKO OKOHYATEABHOE DPEIllIEHHE O pa3Mepe IIpoTe3a TpebyeT SKCIIEPTHOM OIEHKH pPaloAOTa U Kap-
AVOXUPYpra, YIYUTHIBAIOIIEH BCe aHATOMUYECKUE HIOAHCHI.

3axmnouenue. [ToanyaBTromaTudeckuit aHaan3 KT KopHS aopThl y MAITMEHTOB MIEPE/ TPaHCKaTe-
TEPHOU MMIIAQHTAIIMU aOpPTaAABHOTO KAallaHa IBASIETCH TOYHBIM, BOCIIPOM3BOAUMEBIM METOAOM, 3aHU-
MAaroIIUM OTHOCUTEABHO MEHBIIIee BpeMsI 110 CpaBHEHUIO C PYYHBIMU u3MepeHuaMu. [loayaBTromaTuye-
CKUH METO MOIKET CAYKUTBH HaJeKHBIM MHCTPYMEHTOM [ASI CKPUHHUHTA U IIEPBUYHOTO IIpeaolepaliu-
OHHOTO ITAAHUPOBAHUS, B TOM YHCAE Yy TTAIlU€HTOB CO CAOXKHON aHaTOMHEN KOPHH aOpThl U BbIPAKEH-
HBIM KaABIIMHO30M a0pPTaABHOTIO KAallaHa.

KaroueBrle caoBa: TpaHCKaTETEpHAas UMIIAQHTAIIUS aopTasbHoro kaamnana, TUAK, koMmnoboTep-
Has ToMorpadus, IIpenolnepanrioHHOE [IAAHHPOBAHHE, AOPTAABHBIM CTEHO3, IIOAYaBTOMATHYECKUH
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COMPARATIVE EFFECTIVENESS OF SEMIAUTOMATED AND MANUAL CT ANALYSIS IN
PLANNING OF TRANSCATHETER AORTIC VALVE IMPLANTATION IN PATIENTS WITH
CRITICAL AORTIC STENOSIS AND COMPLEX AORTIC ROOT ANATOMY

Gafsi B.E.", Fedotenkov 1.S.2, Shirkin A.V.2 Imaoev T.E.2

1 — Sechenov University.
2 - E.I. Chazov National Medical Research Center of Cardiology. Moscow, Russia.

urpose. To evaluate the comparative analysis of manual and semi-automatic CT analysis

methods and the impact of these methods on the clinical decision-making process regarding

the choice of a prosthesis for transcatheter aortic valve implantation.

Materials and methods. A total of 168 patients with severe aortic stenosis were studied.
They were hospitalized between October 2022 and October 2023 at the E.I. Chazov National Medical
Research Center of Cardiology and Surgery for transcatheter aortic valve implantation. All patients
underwent echocardiography and CT aortography, which were used to determine the surgical ap-
proach. Preoperative CT aortography revealed complex aortic root anatomy in 30 patients, requiring
a more in-depth and individualized approach to data interpretation by radiologists and cardiovascu-
lar surgeons. As part of the preoperative preparation for transcatheter aortic valve implantation, pa-
rameters such as perimeter, area, diameters of the fibrous ring, sinuses of Valsalva, and left ventric-
ular outflow tract were assessed using CT data using manual measurements and semi-automated
software (Vitrea, Canon).

Preoperative work-up included echocardiography and ECG-gated CT angiography. Key annular
dimensions (perimeter, area, diameters of the aortic valve annulus, sinuses of Valsalva, left ventricu-
lar outflow tract) were measured independently using traditional manual techniques and a semi-
automatic software platform (Vitrea, Canon). Measurement times and values were compared.

Results. When evaluating manual and semiautomated CT analysis methods, minimal differ-
ences (1.5-3.4% for key annular parameters) in measurement results were observed. The time re-
quired for CT analysis was less, using the semiautomated method for assessing aortic root parame-
ters.

Discussion. This study presents the comparative effectiveness of semiautomated and manual
CT image analysis in planning transcatheter aortic valve implantation in a patient with critical aortic
stenosis, severe valve calcification, and ellipsoidal annulus deformity.

Our study identified statistically significant but clinically insignificant discrepancies (1.5-3.4%)
for most parameters when evaluating CT images using manual and semiautomated methods. Fur-
thermore, image analysis time reduced, using semiautomated analysis. Based on this comprehensive
assessment, a self-expanding graft was selected, and implantation was successful, without parapros-
thetic regurgitation or conduction disturbances.

The obtained data demonstrate a high correlation between the aortic root analysis methods. A
slight underestimation of the dimensions with semiautomated analysis may be due to more accurate
delineation of the structural boundaries, eliminating partial volume artifacts from calcium. This con-
firms the feasibility of integrating semiautomated instruments into clinical practice to improve effi-
ciency, especially during mass screenings. However, the final decision on the prosthesis size requires
expert evaluation by a radiologist and cardiac surgeon, taking into account all anatomical nuances.

Conclusion. Semiautomated analysis of aortic root CT images in patients undergoing

W
(V)]
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transcatheter aortic valve implantation is an accurate, reproducible, and less time-consuming meth-
od compared to manual measurements. This semiautomated method can serve as a reliable tool for
screening and initial preoperative planning, including in patients with complex aortic root anatomy

and severe aortic valve calcification.

Keywords: transcatheter aortic valve implantation (TAVI), computed tomography, preoperative
planning, aortic stenosis, semi-automatic analysis, aortic root.
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paHCKaTeTepHas HMIIAQHTAIUS —aop-
TasbHOro KaamnaHa (THAK) saBasercsa
MEeTOAOM BbIOOpa 1A TIAIIUEHTOB C
TSI3KEABIM CHMIITOMHBIM a0PTaAbHBIM
CTE€HO30M M BBICOKUM HAH IIPOMEXKY-
TOYHBIM XHPYPTHUYECKHM puCKOoM [1, 2]. Ycmex
OpoLeaypbl U MHHHUMMU3AIIUS TAKUX OCAOKHE-
HUM, Kak IIapalnpoTe3Has PEerypruTalys, MH-
rpanus KaaraHa, 0AoKaza IPOBOASINNX IIyTei
cepAlia MAM OKKAIO3US KOPOHAPHBIX apTepull, B
periaronie CTeneHu 3aBUCAT OT TOYHOIO IPEeJ-
OIlepallOHHOI0 ITAaHUpOoBaHus [3, 4].

«30A0TBIM CTaHAAPTOM» BHU3yaAH3aIlIUU
nag  maanupoBaHud THUAK  aeBagerca OKI-
cunxponusuposanHaa KT [5]. Ona mosBoaseT
HOAYYUTBH TPEXMEPHOE IIPEACTABAECHHE O CAOXK-
HOM aHATOMHU KOPHSI aopThl, TOYHO HU3MEPHUTH
pasmeprl dubposHoro kKoablia (PK), oleHUTH
CTEIIEHb U pacIpefieA€HUE KaAbIIMHO3a, pac-
CTOSIHHE [0 YCTbEB KOPOHAPHBIX apTepHil, a
TaK¥K€ COCTOSIHHE MepU(EPUIECKOTO COCYAU-
croro gocrtyna [6, 7]. TpagullOHHO 3TH H3Me-
PEHMS BBIIOAHSIOTCS PEHTTEHOAOI'OM BPYYHYIO
Ha paboyYuX CTAHIUSX C HCIIOAB30BAHHEM MYAb-
TUIIAQHAPHBIX U TPEXMEPHBIX PEKOHCTPYKIIUH.
Orot nporecc TpedyeT 3HAYUTEABHOTO BPEMEHU
(15-25 mummyT Ha anHaau3 KT) u mnoaBepskeH
CcyOBbEeKTHBHOH BapHabEeABHOCTH, OCOOEHHO IIPH
OIIPEIEACHHHN IIAOCKOCTH (PHOPO3HOrO0 KOABIA Y
MaIllU€HTOB C BBIPAXKEHHOM SAAWUIICOMIHOCTBIO
HUAU JBYCTBOPYATHIM KAQIIaHOM [8].

B mocaemHune rompl akTHBHO pas3pabarbI-
BalOTCH U BHEAPSIOTCS IIOAyaBTOMAaTHYECKHE U
aBTOMATHUYECKHE IIPOTPaMMHBIE PEIIEHUS A
anaausa KT kopusa aopts! [9, 10]. Ix ocHOBHBIE
MIOTEHIMAaABbHbIE IIPEUMYIIECTBA — 3HAYUTEAb-
HOe COKpallleHHe BpeMeHH 00paboTKH, BbICOKAs
BOCIIPOU3BOANUMOCTE PE3yALTATOB M CTAHAAPTU-
3anua u3MepeHH. OgHAKO KAIOYEBBIM BOIIPO-
COM [OASl KAWHUIIMCTOB OCTaE€TCs KAWHHUYECKad
COIIOCTaBUMOCTDb 3THX HU3MEPEHUH C IpPOBEpPEH-

www.rejr.ru | REJR. 2026; 16(1):34-41

HBIMH PYYHBIMHU METOIAMHU, OCOOEHHO B CAOXK-
HBIX CAy4YasgX C MaCCHUBHBIM KAaABITMHO30M HWAU
aTUMUYHON aHaTomwueli, Tae oIubKa u3Mepe-
HUS MOXKET IIPUBECTH K HEIIPABUABHOMY BBIOO-
Py pasmepa mporesa [11].

Ienp uccnemosanmus.

O11eHKa CpaBHUTEABHOI'O aHaAW3a PYyYHO-
TO U IIOAYyaBTOMAaTHYECKOTO METO0B aHaAu3a
KT u BAMSHUS OaHHBIX METOAOB Ha MPUHATHE
KAMHHUYECKOTO PEIlEeHHsT O BbIOOpE IIpoTe3a IAs
TPaAHCKATETEPHON WMIIAQHTAIIUU a0PTAABHOTO
KAariaHa.

Marepuasibsl 1 METOIEI.

Brino mccaemoBaHo 168 maiueHTOB C TsI-
JKEABIM aOpPTaABHBIM CTE€HO30M, KOTOpbIE B IIe-
puon ¢ oktabps 2022 roma mo okTa6pe 2023
roma OBIAM TOCIIMTAAM3UpPOBaHbl B @PI'BY
HMUIIK unMm. ag. E.M1.Hazosa M3 PP naa masnb-
HEUIIero IIPOBENEHUsS TpPaHCKATETEPHOW UM-
MAQHTAIIMM aOPTAABHOTO KAaraHa. Bcem mamu-
eHTaM OblAa BBITIOAHEHA 3xXOoKapauorpadus u
KT-aoprorpadusa, mo faHHBIM KOTOPOM HPUHU-
MaAOCh pPeEIIeHHE O TaKTHUKE XUPYPTUIEeCKOTO
AedeHus. [lo maHHBIM mpenoneparionsoi KT-
aoprorpaduu y 30 mairenToB Oblaa BbISBAEHA
CAOXKHAsI aHATOMHA KOPHA aopThl, UTO IIOTpPe-
6oBano Goaee TAYOOKOTO W WHAUBHIYAALHOTO
IoAX04a B HWHTEPIIPETAIINN IMOAYYEHHBIX IaH-
HBIX BpadaMH-PEHTIeHOAOTAMU U CepAedHO-
COCYIHMCTBIMU XUPYPraMHU.

[Tpumep cAOKHOM aHATOMHH KOPHS aop-
ThI y TIAIIUEHTA C TIXKEABIM a0PTAABHBIM CTEHO-
30M: HalMEeHT — MyK4uHa, 78 aerT. OCHOBHOU
nuarHo3: MBC. Crenokapaua HampgakeHus 11
®K. Kpurmdeckuii KaabIIMHHUPOBAHHBIM aop-
TaabHBIM cTeHo3. XCH IIB cramum, III ®K 1o
NYHA. Tunepronudeckass 6oae3ub III cramuu.
CormyTcTBYyIOIIas TIATOAOTHS: XpOHUYecKast 6o-
Ae3Hb modek C3a cragum  (CKd 45
ma/muH/1.73M?%), oxkuperue II crenenu (MMT
34 xkr/m?), caxapubiii quaber 2 Tuna. 2KasoObl
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IIPU [OCTYIIAEHHH: IIPOTPECCHUPYIOIAas OABIIIKA
OpH MHUHHMaABHOH (HU3NYECKOH Harpyske
(mompem Ha 1 9TaxK), IPUCTYIBI CKUMAOIIUX
3arpyAUHHBIX 60Ae, BO3HUKAIOIIHIE IIPU XOas0e
B cpenHeM Temne Ha 100-150 meTpoB, obias
cAab0CTh, TOAOBOKPYKEHHUE.

Y4uuThIBasg BEICOKHUH XUPYPrUYeCKUH PHUCK
(aoructrmueckuit EuroSCORE II — 8.5%), Bo3-
pPacT U HOAMMOPOUAHOCTE ITAITUEeHTa, CepAeIHO-
cocymycrasd KOMaHAa (KapOHOAOT, KapAHOXHU-
PYypPr, HUHTEPBEHIIMOHHBIA Kap[AHOAOT, PEHTTe-
HOAOT) IIPHHSIAA pellieHHe o BelnoaHeHuH THAK.

[Ipu aycKyAbTalluu: TPYOBIM CHCTOAWHUE-
CKHUH IIIlyM C MAKCUMyMOM BO BTOpPOM Mexkpebe-
pbe crpaBa, IIPOBOAAINMHICS Ha COCYyObl IIIEH.
AprepuaabHoe naBaeHme 145/85 MM pT. CT.,
YCC 68 yn/muH.

[laHHbIe TpaHCTOPAKaALHOH 3XOKapiaHuo-
rpacun (Ox0KI): BBIIBAEH TSKEABIH KaABIU-
HUPOBAaHHBIA aOpPTAABHBIM CTEHO3 C IIoKasaTe-
ASIMH, COOTBETCTBYIOIIMMH KPUTHYECKOMY IIO-
POKy: IIHKOBasg CKOPOCTb TPaHCAOPTAABHOI'O
noroka (Vmax) — 4.8 M/c, cpegHuil TpaHcaop-
TaABHBIN rpagueHT (APmean) — 58 MM pt. crT.,
pacueTHas MAOIAAbL OTBEPCTHUS AOPTAABHOIO
raanaHa ([IOAK) mo ypaBHEHHIO HEIpPepbIBHO-
ctu — 0.7 cm?, manekc naomaau — 0.35 cm?/m2.
®dpaxkiysa BeIOPOCA AEBOTO KEAYIOUYKA COXpaHe-
Ha — 60%. BrlgBaeHa KOHIIEHTpPHUYECKad THUIIEP-
Tpodhusa MHOKapaa A€BOro xkKeaynodka (A2K).

[IpoBenena KT-aoprorpadud: uccaeqoBa-
HHUe BBIIOAHEHO Ha 320-cpe30BoM KOMIIBIOTEP-
HOM ToMmorpade Aquilion ONE (Canon, dAmo-
HUd). [IpoTOKOA HCcCAEIOBaHUS BKAIOYAA!

1. HaTuBHYyIO (pa3y (DA OLEHKH KaABIIH-
HO3a): IIpocrnekTHuBHaa OKI-cuHXpoHHU3AINd,
06BeM ToAOBKU merTekTopa 160 MM, OT HIXKHEH
rpaHunbl OyTH aopThl [0 BEPXYIIKHW CEPALA;
napaMmeTpsl: HamnpsikeHue 120 kB, aBTromatu-
qyecKasi MOAYALIINS TOKA;

2. aHruorpadguideckyo ¢aly c KOHTpPacCT-
HBIM yCHA€HHEM: perpocunekTuBHaa OKI-
CHHXPOHH3allNs, CIHpaAbHBIM pexuMm. BBene-
Hue 80 MaA HozcomepzKalllero KOHTPACTHOTO Be-
mecTBa (OMmHunaxk 350) co CKOPOCTBIO 5 MA/C C
TIOCAEYIOIINM GOAIOCHBIM BBEAEHHEM (DU3HOAO-
ru4eckoro pacrsopa. BepxHsasa rpaHuiia uccae-
[OOBaHUS OT YPOBHHA OpaxuoliepaabHBIX apTe-
pHii 1o 061X 6eqpeHHBIX apTepui.

PexkoHCTpyKIIMM M300pasKeHU BBIITOAHS-
AWICH C TOAIIIMHOHM cpe3a 0,5 MM C HHTepBaAOM
0,25 Mm.

Pyunolf aHaAu3 BBIIIOAHEH PEHTTEHOAOT'OM
Ha paboueit craumuu (Vitrea, Canon). Ompene-
ASIAICH U U3MEPSIAUCE B CHCTOAWYECKYIO (haszy
(30% R-R mHTEpBaaa) caenyrolye rapaMmeTphl:

°* IIAOCKOCTE (PpUOPO3HOrO KOABIIA ao0p-
TaabHOro KaarmaHa (PK AK): mMakcHuMaabHBIH
(Dmax) 1 MuHEMaAbHBIN (Dmin) nuaMmerpsl, Iie-
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pumetrp (P), maomans (S), ycpegHeHHBIN aua-
MeTp;

* JAOCKOCTB CHHYCOB BaabcaapBbl: Dmax,
Dmin, P, S;

® IIAOCKOCTBH BBIHOCHIIIETO TpakKTa AEBOLO
xkeaynodra (BTAXK): P, S;

e paccrogHue oT ®K AK no ycTeeB mpaBoii
(ITKA) u aeBoii (AKA) KopoHapHBIX apTepu;

* 00bEM U AOKAAM3AIHS KAABIIMHO3a aop-
TaABHOTO KAallaHa (IIKasa AraTcToHa);

° OLIEHKa [OCTyIla: MHHUMAaAbHbIE [OHAa-
METPbl U CTeleHb KaAbIIMHO3a II0AB3/IOUTHO-
OenpeHHbIX apTepuil;

* o0lIee BpeMs, 3aTpadeHHOe Ha BCE M3-
MEepEeHUs U Co3JaHHe OTdeTa.

[ToAyaBTOMATHUYE€CKHNE aHaAW3 BBIIIOAHEH
C IIOMOIIBIO CIIEIIHAAW3UPOBAHHOTO IIPOTpPaMM-
HOro Monayad nad naasuposanHus THUAK B cu-
creMe Vitrea Advanced Visualization (Canon,
Snonus). AATOPUTM PabOThI BKAIOYAA!

° aBTOMAaTHYECKOE BBIIEAEHHE IIPOCBETa
aopPTHI U IIOCTPOEHHUE €€ IIEHTPAAbHOU AMHUY;

* UHTEPaKTHUBHOE yKa3aHue II0Ab30BaTe-
A€M IIPHUMEPHOTO YPOBHA a0OPTAABHOIO KAAIlaHa,

* aBTOMAaTHYECKOE OIIPEIeACHHE IIAOCKO-
ctu ®K AK, cunycoB BaabcasbBbI, CHHOTYOY-
ASPHOTO COENVWHEHHs Ha OCHOBE aATOPUTMOB
pacro3HaBaHUs I'PAHUL] 1 aHATOMUYECKUX OpH-
€HTUPOB;

° aBTOMAaTHYECKHUY pacyeT BCeX BBIILIEIIe-
PEYHCAEHHBIX OUaMETPOB, IIEPUMETPOB U IIAO-
Iaaet;

* BO3MOKHOCTE PYYHOH KOPPEKIIUHU IIAOC-
KOCTeH u3MepeHUd IIpU HeoOXOOUMOCTH (B
[NAHHOM CAydae He IoTpeboBanach);

* aBTOMAaTHUYECKUN pacdeT oO0beMa KaAb-
11 B 3aJaHHOM 00AaCTU HHTEpPeCa;

* puKkcarus BpeMEHHU aBTOMAaTH3HUPOBaH-
HOM 06paboTKH.

PesynabraTs.

I[To mansbiM KT-aoprorpacduu: BH3yasn-
3UPOBaH TPEXCTBOPYATBHIM a0pTAABHBIH KAarlaH
C BBIPaYKEHHBIM TABIOYATHIM KAABITMHO30M BCEX
TPEX CTBOPOK, IIPEUMYIIECTBEHHO 10 KOMHCCY-
pam u cBobomHBIM KpasaMm. KaabliieBBI¥ HHOEKC
KaaniaHa coctaBua 3850 emuHHIT AraTcToHa
(Agatston score), 4TO COOTBETCTBYET KaTeTOPHUHU
TSKEAOTO KaABIIMHO3a y MyK4IuH. PudtposHoe
KOABIIO HMEAO BBIPAXKEHHYIO 3AAUIICOUIHYIO
dopmy (uHOEKC cdepuuHocTH Dmin/Dmax =
0.72) (puc. 1).

PesyabTaThl mapasA€AbHBIX HU3MEPEHUH
mpencTaBAeHBI B Tabautie Nol.

AHaAn3 COCyAHCTOrO AOCTYIIA: ITOAB3IOIII-
HO-O€IpeHHbIE apTEPUU He UMEAN KPUTUIECKHUX
CTE€HO30B, MUHHUMAABLHBIY AUAMETP IIPaBoOi 00-
miett OegpeHHON apTepuu COCTaBUA 7.5 MM,
YMEpEeHHBIH KaAbIIMHO3 cerMeHTa. TpanHcdemo-
PaABHBIH NOCTYII IIPU3HAH IIPHEMAEMBIM.
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Puc. 1 (Fig. 1)

Puc. 1. KT-aoptorpadcous, MyAbTUNACGHAPHAS
1 3D-peKOHCTPYKUMUS, CUCTOAUYECKAs chasa.

ammenT H., Mmy>x4umnHa, 78 aeT. A — MyAbTHIIAGHAD-
Had PEKOHCTPYKIIHUS, OIPEeAEACHHE TAOCKOCTH (pub-
PO3HOTO KOABIIA (0003HAYEHA JKEATOM AWHHUEH) IIpHU
MaHyaAbHOM H3MEPEHHH. Bu3yaausupyeTcd BbIpa-
JKEHHBIH y3A0BaTbHIH KaABIIMHO3 CTBOPOK (UepHas
crpeaka). B — I[lonepeuyHoe ceueHune Ha ypoBHe PK
AK mpm MaHyasbHOM aHaAHW3€: H3MEPEHHE MAaKCH-
MaAsbHOro (27.5 MM) M MHHHMaAabHOro (19.8 wmwm)
OUaMeTpoB, pacder maomanu (495 mm?). B — ABTo-
MAaTHYECKH IIOCTPOEHHOE IIOIIEPEYHOE CEYEHHE Ha
ypoBHe ®K AK moayaBTOMATHYECKHM IIPOTrPaMM-
HBIM obecredeHueM Vitrea. OTMedaeTcs cXozKas
sAAUIICOMAHAS (popMa, aBTOMATUYECKH PACCUYHTaH-
Hag naomanb — 478 Mmm2.

Fig. 1. CT aortography, multiplanar and 3D re-
construction, systolic phase.

Patient H., 78 years old, male. A — Multiplanar re-
construction for defining the plane of the fibrous
annulus (demarcated by the yellow line) during
manual measurement. Marked nodular calcifica-
tion of the valve is visualized (arrows). B — Cross-
sectional view at the level of the aortic valve annu-
lus during manual analysis: measurement of the
maximum (27.5 mm) and minimum (19.8 mm) di-
ameters, calculation of the area (495 mm?. C —
Cross-sectional view at the level of the aortic valve
annulus, automatically generated by the semi-
automatic Vitrea software. A similar ellipsoid shape
is noted; the automatically calculated area is 478
mm?.
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WaTepnperaliiid U BAWSHHE Ha TaKTUKY
A€YEHU: HEeCMOTpPS Ha CTATHCTUYECKH 3HA4YU-
mble pasanuusa (p<0.05 gag mepumeTpa U ITIAO-
uiaau ©K), abCOAIOTHBIE PACXOXKIEHUS MEKIY
MeTogaMu ObIAM MUHUMAaABHBL (1.5-3.4% nasa
KAroueBbIX napamerpoB PK). IToayaBromaTuye-
CKUP MeToH [OaA CHCTEeMaTU4YeCKH 4yThb MEHb-
LIMe 3HAYEHUs, YTO, BEPOATHO, CBI3aHO C Ooaee
TOYHBIM  AATOPUTMHUYECKHUM  OIpeleAeHUEeM
BHYTPEHHETO0 KOHTYpPa, HCKAIOYAIOUIMM a00aB-
A€HUE IIPHUAEKAIIEr0 KaAbIIUsS B U3MEpPEHHE.

Ha MyABTHAMCLIUIIAMHAPHOM KOHCHAHUYME
ObIAM paccMOTpeHBI 06a Habopa HAHHBIX. YUU-
ThIBas BBIPAKEHHYIO 3AAHUIICOUIHOCTD U TIXKe-
ABIF KaABIIMHO3 a0PTAABHOIO KAallaHa, AT MU-
HUMH3aIIUU PHUCKa I[IapallpoTe3HOH peryprura-
muu u obecriedyeHus CTAaOUABHON (pUKCAIIUH,
OpearoyYTeHnue ObIAO OTHAHO CaMOpPACKpPBIBAIO-
memycd mnpotedy (Medtronic CoreValve Evolut
PRO+). OxoHuaTeAbHBIH pasmep (29 mm) ObIa
BbIOpaH Ha OCHOBE PYYHBIX U3MEPEHUH IIepHU-
meTpa (83.2 MM), TaK KakK HMEHHO 3TOT I1apa-
MeTp SBASETCsS PEIIalolM OAs BblOopa camo-
packpbIBarouxcss cucreM. [loayaBTroMaTude-
ckue nauubie (81.7 MM) yKazaau ObI Ha TOT K€
pasMepHBIH pan IpoTesa, IIOATBEPAUB TEM ca-
MBIM KAMHHYECKYIO COTAACOBAHHOCTEH METOIOB.

Xon BMmemrareabcTBa THUAK: mporemypa
BBITIOAHEHA II0J, MECTHOH aHecTe3ued duepes
IPaBOCTOPOHHUY TpaHC(PEMOPAABHBIH [TOCTVII.
UMniaanTanmsa mporesa Ipoiaa 6e3 OCAOKHe-
Huli. KoHTpoAbHas HHTpaolepallMoHHAs Ype-
criunieBomHag OxoKIT mokazasa OIITHMAaALHOE
IIOAOKEHHE IIPOTe3a, €ro IIOAHOE PACKPBITHE U
OTCYTCTBHUE  IIapalpoTe3HOH  perypruTaliu.
Hapymienuii aTpHOBEHTPUKYAIPHOH IIPOBOIU-
MOCTH He BO3HHKAO.

OGcy:xaenue.

[IpencraBA€HHBIE OAHHBIE HATASIIHO HA-
AIOCTPUPYIOT COBpPEMEHHBIE BO3MOXKHOCTH H
npobaembl maaHupoBaHus THAK. OcHoBHOMI
aKIIeHT CcIOeAaH Ha CpaBHUTEABHOM aHaAHu3e
IOBYX METONOB IIOAYYEHHS KAIOYEBBIX MeTpHde-
CKUX naHHbIX 13 KT-uzobpakeHui.

Hanmm pesyabTaTbl coOraacyroTcd C OaH-
HBIMH IIOCA€IHUX HccAaenmoBaHuiy [9, 10, 12],
KOTOpPbIE TaKKe [OEeMOHCTPHUPYIOT BBICOKYVIO
KOPPEASIIIHI0O MEXKAY PYYHBIMH U aBTOMAaTU3HU-
POBaHHBIMHU HU3MEPEHUIMU IIPU HEOOABIIIUX CHU-
CTeMAaTHYeCKUX IIOTPEITHOCTAX IIOCAeOHUX. B
HaIlleM CAy4Yae IIOAYaBTOMATHYECKUH aATOPHUTM
«3aHU3uA» pasmepbl Ha 1.5-3.4%. C rauHU4Ye-
CKOH TOYKH 3PEHUs, 3Ta pPa3HHUIla He SBASIETCH
KPUTHYECKOH, TaK KaK pa3MepHbIe CETKU CO-
BPEMEHHBIX IIPOTE30B HMEIOT IIIar B HECKOABKO
MuAAEMeTpoB. Oba MeTona HmpuBeAu OBl K BBI-
Oopy Impore3a omHOro pasMepa. OmHAKO 3TO
IOMYEPKHUBAET Ba’KHOCTb IIOHHMAHUS CIIELH-
puKH paboThI AaATOPUTMA: OH CTPEMUTCS K Cer-
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Tabauma Nel. CpaBHEeHHE H3MEPEHHH IIapaMeTpPOB KOPHS aOPThI PYYHBIM H IIOAY-
AaBTOMAaTHYE€CKHM ME€TOAAaMH.

Pyunoii |[lonyaBromaTnueckuii |AOcooTHasi |OTHOcHTeIbHAS
ITapamerp

MeTO/ MeTO/ pasHuua pazuuua (%)
®udpo3Hoe
KoJbI0 AK
Ilepumerp  (P),

83.2 81.7 -1.5 -1.8%
MM
[Tmomans (S),

495 478 -17 -3.4%
MM?
Dmax, MM 27.5 26.9 -0.6 -2.2%
Dmin, mm 19.8 19.5 -0.3 -1.5%
Cunycsi
BaabcaabBbl
[Tepumer (P),

P P 105.6 104.1 -1.5 -1.4%

MM
[Tmomans (S),

865 850 -15 -1.7%
MM?
BTJIK
[Tmomans (S),

520 505 -15 -2.9%
MM?
Paccrosinne 10
ycTheB KA
o IIKA, mm 14.2 13.9 -0.3 -2.1%
o JIKA, mm 12.8 12.5 -0.3 -2.3%

Ipumeuanue: AK — aoptanpHbIil Kitanad, Dmax — MakcuMaibHBIH 1uaMeTp, Dmin — MuUHUManbHbIH anamerp, KA —
HapHble aprepun, [IKA — npasas kopoHapHas aprepusi, JIKA — neBast kopoHapHasi apTepusl.
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MEHTAIlUU «HUCTUHHOTO» IIPOCBETa, YTO MOIKET
OBITH OCOOEHHO IIOA€3HO IIPHU MACCHBHOM KaAb-
IIMHO3€e, 3aTPYAHSIIONIEM BHU3yaABHOE OIIpeeAe-
HUE IPaHUIIbL.

[IpeumytiecTBO IIOAYaBTOMATUYECKOTO
MeTOoa — OTHOCHUTEABHOE COKpAaIlleHHe BPeMeHHU
aHaAM3a 3a CYET aBTOMATHUYECKOM CEerMeHTAaIlUuU
aHATOMHUYECKHUX CTPYKTYpP KOpHS aopTel. B
YCAOBHSIX PACTYIIEro OOBeMa BBIIOAHIEMBIX
THUAK 51O gBAsSieTCH KOHOMUEH pecypcoB Bpa-
4el-pEeHTreHOAOTOB U YCKOpPEHHE IIpoliecca
naaHupoBaHUdg. KpoMme TOro, mporpaMMHOE
obecrreyerHre obOecIedMBaET CTaHIAPTU3AITHAIO
U3MepeHuil, MUHUMU3UPYS BHYTPHU- U MeE¥KOIIe-
paTopcKyoo BapuabeAbHOCTh, KOTOpas AT He-
KOTOPBIX ITapaMeTPOB (HAIIPUMED, OIIPEIeACHUE
naockoctu PK mpu aABycTBOpYATOM KAallaHe)
MOXKET MOOCTHUTaThb KAWHUYECKU 3HAYHMBIX Be-
AV4UH [8].

Baxxao 0oTMETUTBH, UTO paboTa IIOAyaBTO-
MaTHYECKOTO aATOPUTMA 3aBHCHUT OT KadecTBa
HCXOMHBIX M300paskeHu (0TCyTCTBUE apTedak-
TOB, afeKBATHOE KOHTPACTHUPOBaHHE). B cAOK-
HBIX CAy4Yadx (HaIpuMep, IIPU IIOAKAAIIAHHOM
KaABIIUHO3€E, aTUIINYHOM XOJie KOPOHAPHBIX ap-
Tepull, HaAWYHH apTedakToOB OT MeTaAAa)
OKOHYAaTEeAbHas BepU(PUKAIUA ITAOCKOCTEH H3-
MEepEeHUs U WHTePIIpeTallus MAAHHBIX OCTAIOTCS
3a BpadoOM-pEeHTreHoAOTOM. Kak mokaszaHo B
HAIlleM CAydae, OKOHYATEABHOE PElLIeHUe O THIIE
U pasMepe KaallaHa IIPUHUMAETCS KOHCHAWY-
MOM Ha OCHOBE KOMIIAEKCHO# olleHKH, rme KT-
[OAHHbIE — AWIIbL OAWH, XOTS U KAIOUEBOH, 2Ae-
MEHT.

Takum o06paszoMm, IOAyaBTOMATHYECKHUH
aHaAM3 MOXKHO pPEKOMEHIOBAaTh B KadecTBe
9(pPEeKTUBHOTO HHCTPYMEHTa IIEPBOrO AJTana
anaansa KT mepen THMAK. OH mo3BoageT OBICT-
PO IIOAYYUTH TOYHBIE M BOCIIPOU3BOAUMBIE U3-
MepeHus, CpOPMUPOBATE IIPEeABaAPUTEALHBIN
oT4eT. OTO 0CBOOOKIAET BpPEMS SKCIEPTA [AL
YTAyOA€HHOTO aHAAM3a CAOXKHBIX aCIIeKTOB aHa-
TOMHHU, KOHCYABTAIIUM C XUPYPraMH U IIPUHSI-
TH UTOTOBOI'O pEIeHUs, IIOBBIIIAsS OOIIyIo
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3P (PEKTUBHOCTEL PAOOTHI OTIEACHHUSI.
3aksouenue.

[ToayaBTOoOMaTudeckuii anaau3 KT kopHs
aopTsl nasg maanupoBanud THMAK neMoHCTPHUPY-
€T BBICOKYIO CTEIIeHb COTAACOBAaHHOCTH C Tpa-
OUITHOHHBIMH PYYHBIMH H3MEPEHUSIMH KOPHH
aopThl, C KAMHUYECKH HE3HAYHUMBIMH PaCXOXK-
[OEHUSIMHU B KAIOUEBBIX pasMepax.

[IpeuMymiecTBO MeTOHa — OTHOCHUTEABLHOE
COKpallleHle BpeMeHH 00paboTKU U CTaHAapTH-
3alys U3MepPEeHU, YTO CHUXKAaeT CYObeKTUBHYIO
BaprabeAbHOCTb.

MeTon ocoOeHHO TOA€3€H OAS CKPUHUHTA
U [EepBUYHOTO aHaAH3a, HO HE 3aMeHSeT 3KC-
IePTHOM OLEHKH Bpada-peHTreHoasora. OKOH-
JyaTeAbHOe IAaHUpoBaHUe Ipouenypel THAK,
0COGEHHO y TTaIlMEeHTOB CO CAOXKHOM aHaToMuei
U BBIPaKE€HHBIM KaABIIMHO30M, [IOAKHO OCHO-
BBIBATbCH Ha KOMIIAEKCHOM PacCMOTPEHUU BCEX
[MaHHBIX, BKAIOYAs IIPOBEPKY U HHTEPIIPETAIIHIO
pPe3yAbTaTOB aBTOMATH3UPOBAHHOIO aHaAHW3a
CIIEIIHaAVICTOM.

BHenpenne moAyaBTOMaTHYECKHX IIPO-
TPaMMHBIX PEIIeHHUH B pPYTHHHYIO IIPAKTUKY
I03BOAZET ONTUMH3UPOBATL paboumil Iporiecc
npernornepaiiosHoro nmaanuposanua THAK, mo-
BhbIIIasg ero 3PQeKTUBHOCTE 0e3 yiuepba mas
TOYHOCTH.

NudopmuporanHoe coriacue.

Briam mnopmnucaHbl  MH(OPMHPOBAHHEBIE
COTAAQCHUSI Ha HCIOAB30BaHHE O0E3AMYEeHHBIX
KAMHUYECKHUX U BHU3YAAM3AIIMOHHBIX NaHHBIX B
HayYHBIX [IEATX.

Biaromapuocru.

ABTOpPBI BBIpaXKarOT 0AATOAAPHOCTHL CO-
TPYAHUKAM OTAEACHHUT TOMOTpacdHi 3a IOMOIIb
B cbope MaTepuasa.

HUcrounur ¢unancupoBaHus u KOH-
¢IUKT UHTEPECOB.

ABTOpBI JAHHOH CTATbU IIOATBEPAHAU OT-
CyTCTBHE (PUHAHCOBOH IIOAMEPIKKU HCCAEIOBA-
HUA U KOH(AUKTA MUHTEPECOB, O KOTOPBIX HEOO-
XOOUMO COOOIIUTE.
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OPUTUHAJIBHAA CTATHA

THE DIAGNOSTIC VALUE OF AIR IN THE ANTERIOR PERICARDIAL LIGAMENTS IN
PENETRATING MINE-EXPLOSIVE WOUNDS OF THE CHEST CAVITY

Akhiyev M .12, Kitayev V.M.13, Abnizov A.S.!, Badurov B.SH.!, Komogorova A.A.!

1- A.A. Vishnevsky National Medical Research Center of High Medical Technologies. Krasnogorsk, Russia.
2-Branch of the S.M. Kirov Military Medical Academy of the Russian Ministry of Defense. Moscow, Russia.
3- Central State Medical Academy. Department of Radiology and Ultrasound Diagnostics. Moscow, Russia.

o substantiate the presence of isolated air collection in the anterior pericardial ligaments as

a sign of rupture and pericardial contusion.

Materials and methods. A retrospective analysis of CT scans was performed in 97 wound-

ed patients with diagnosed pericardial contusion and 117 wounded patients without contu-
sion. Inclusion criteria included the presence of penetrating mine-explosive wounds of the chest cavi-
ty and a CT scan performed no later than five days after injury. Exclusion criteria included ab-
dominal surgery performed during previous stages of medical evacuation. In all selected cases, CT
scans were performed on the day of admission and were performed in the standard "chest cavity"
mode. The image reconstruction thickness was 1.5 mm. A repeat analysis of the electronic CT scan
records examined the distribution and quantity of air in the mediastinal regions. To quantify the air
collection, the concepts of minimal, small, and large volume were introduced.

Results and discussion. It was established that air was present in the mediastinum in 69 cas-
es with pericardial contusions, and in 30 cases without contusion (P = 0.042). In cases without con-
tusion, on the contrary, there was a significant excess of absence of air — 88 versus 27 (P = 0.037). In
cases of isolated air accumulation only in the anterior mediastinum and pericardial ligaments, the
ratio of the number of observations with air accumulations in pericardial contusion exceeded obser-
vations without contusion by more than five times, as 33:6 (P = 0.014). Moreover, large-volume ac-
cumulations corresponded to contusion in 14 observations, and in the absence of contusion, cases of
large air accumulation were not detected (P < 0.05). Minimal and small air accumulations in contu-
sions were detected in 11 cases versus 2 without contusion (P = 0.019). When air accumulated in the
middle and posterior mediastinum, no air was detected in the anterior mediastinal space; the ratio of
cases with and without contusion was virtually identical, 5:6. Air accumulation in the pericardial
ligaments and in all sections of the mediastinum, both in presence and volume, also showed no sig-
nificant difference between cases with and without contusion. Thus, a significant predominance of
air localization in cases of contusion was observed only with the first distribution pattern, indicating
air migration along the following pathway: pleural cavity, anterior pericardial ligaments, indicating
their rupture, and the anterior mediastinal space.

Conclusion. Comparison of the presence and volume of air in the pericardial ligaments con-
firms that direct air entry from the pleural cavity is a consequence of the ligament rupture. There-
fore, air within the anterior mediastinum area and pericardial ligaments, in the absence of air in oth-
er areas of the mediastinum, indirectly indicates on pericardial contusion.

Keywords: pericardial contusion, rupture of the anterior pericardial ligaments, pneumomedias-
tinum, mediastinal wounds.
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ANATHOCTUYECKOE 3HAYEHUE BO3AYXA B NEPEAHUX CBA3KAX MEPUKAPAA TPU
NMPOHUKAIOLLLUX MUHHO-B3PbIBHbIX PAHEHUAX TPYAHOU NOAOCTH

Axmes M.MN.12, Kutaes B.M.13, ABGHm3oB A.C.!, baaypos bB.LLLY, Komoroposa A A

1 — ®I'BY «HalmioHaABHBIN MEIUITHHCKIH HCCAEIOBATEABCKUM IIEHTP BHICOKHMX MEIUITMHCKIUX TEXHOAOTHH UM. A.A. BuritHeBckoro» MutHo60-
ponsb! Poccum. r. KpacHoropck, Poccus.
2 — duanan BoenHo-menunmHcKoH akanemuu uM. C.M. Kupoa MO Pd. r. Mocksa, Poccus.
3 - ®I'BY AI10 «II'MA» YripaBaeHus aeaamu ripesuaenta Pd. Kadenpa peHTTeHOAOTHN M YABTPa3BYKOBOM JUATHOCTHKH.
T. MockBa, Poccus.

enp ucciaegoBanusa. O60CHOBATE HAaAHMYNE M30AUPOBAHHOIO CKOIAEGHHS BO3AyXa B IEpPEm-

HUX CB3KaXx IIepUKapAa KaK IIpHU3HaKa UX paspbhIBa U yIIuba mepukapaa.

Marepuasnbsr u meronsl. [IpoBeneH perpocnekTuBHBIH aHaau3 KT-uccaemoBanuit 97 paue-

HBIX C AUATHOCTHPOBAHHBIM yIIuboM nepukapaa u 117 paneHsix 6e3 ymrnba. Kpurepuamu
BKAIOYEHHS CAYKHUAO HAAWYME ITPOHHUKAIOIIETO0 MHUHHO-B3pbIBHOrO paHeHusa (MBP) rpynHoi moaocT u
BeimoAHeHUe KT He mo3gHee IEATH CYTOK OT MOMEHTA pPaHEHUs, KPUTEPHUEM HCKAIOYEHHd — HaAWdHe
IPOBEAEHHBIX HA MIPEABIAYIINX 3TAallaX MEAHUIIMHCKON 5BaKyallul MOAOCTHBIX XUPYPTHYECKUX OIepa-
uii. Bo Bcex oTobpanubix HabaoneHuax KT BLIIOAHSAAACH B [€HL IOCTYIIACHHUS B CTAHAAPTHOM pe-
KUMe «TPYAHAd IMOAOCTE». TOAIIIMHA PEKOHCTPYKIIMK n3obpaxkenuit — 1,5 mM. [Ipu moBTOpHOM aHaAU-
3€e DAEKTPOHHBIX 3alIMCEY TOMOTPAMM H3y4aAU paclpefeAcHHEe M KOAHMYECTBO BO3AyXa IIO0 OTAEeAAM
cpemocTeHus. [IA KOAMYECTBEHHOM XapaKTEPHCTUKU CKOIIACHHUS BO34yXa OBIAM BBEAEHBI ITOHSITHSI
MHUHHUMAaABHOTO, MAAOTO U OOABIIIOTO 0OBeMA.

PesysbraTer u 06cy:kaeHne. YCTaHOBACHO, UTO IIPU yIIHOaxX IepUKapaa BO34yX IPUCYTCTBOBAA
B cpemocTeHMH B 69 HabaomeHuax, a 6e3 ymwuba — B 30 (P=0,042). B Habaomenusax 6e3 yuba,
Ha000pPOT, UMEAOCH CYILIECTBEHHOE IIPEBLINIEHIE OTCYTCTBUE Bo3ayxa — 88 mpotus 27 (P = 0,037). B
CAyYasIX M30ANPOBAHHOTO CKOIIA€HUS BO3QyXa TOABKO B mepenHeM otaese cpenocteHuda ([I0C) u cBas-
Kax ImepUKapia COOTHOIIIEHHE KOAWYECTBA HAOAIOAEHU CO CKOIACHUAMH BO3QyXa IIPH yINHOE HepH-
Kapaa IpeBbIlIaAu HabamomeHud 6e3 yirmba 6osee yeM B IATh pas, kKak 33:6 (P = 0,014). ITpu sTom
CKOIIA€HUSA OOABIIIOr0 o6BbeMa 14 HaAOAIOAEHUSIX COOTBETCTBOBAAU YIIHOY, a IPU OTCYTCTBHH yIIuba
cAydaeB GOABIIIOTO CKOIIAEHUS Bo3ayxXa He obHapyzxkeHo (P <0,05). MuHuMaAbLHBIE U MaAble CKOIIACHUS
BO3ayXa IpHU yurnbax obHapykeHBI B 11 caydasx mpotuB 2 6e3 ymmba (P = 0,019). Ilpu ckomaeHUH
BO3AyX B CpedHEM H 3aIHEM OTAeAaxX cpemocTeHud Bo3ayX B [IOC He oOHapy:KUBAACS, COOTHOIIEHME
HabArOeHUM ¢ ymmmboM U 6e3 yimuba ImodYTH He OTAMYAAOCh, KakK 5:6. CKOIAEHUS BO3AyXa B CBA3KAX
mepuKapaa U BO BCEX OTAEAAX CPENOCTEHHd, KaK II0 IIPUCYTCTBHIO, TaK U IO 00BEMY, Tak Ke He II0-
Ka3aAu JOCTOBEPHOIO OTAMYHA B HaAOAIOAEHUAX C ymiuboMm u 6e3 ymmba. Takum oOpa3oM, HOCTOBEp-
HOE IIPEeBOCXOZCTBO AOKAAM3AIIMH BO3AyXa IIPU yIIHOax HAaOAIOIaAOCH TOABKO IIPH IEPBOM BapHaHTE
pacrpeneAeHUs, YTO yKa3blBaeT Ha MHUTPAIUIO BO3AyXa II0 IIyTH: IIAEBPaAbHAS IIOAOCTH — IIEpPEIHIeE
CBSI3KHU II€pHKapa, YTO YKa3bIBaao Ha ux paspbiB U [1OC.
3arkmouyenue. ComocTaBAeHIE IPUCYTCTBUSA BO3AyXa U €ro o0beMa B IEpeqHEM CPEIOCTEHUH U

CBI3KaX MepUKapAa IMOATBEPKIAET €r0 IIPSMOe IIOCTYIACHUE U3 IIAEBPAABHOM ITOAOCTH U SBASETCS
CAEICTBHEM pas3pbIBa CBA3KU. 13 9TOTO cAedyeT, YTO BO3AYX B IEPEOHEM OTIAEAE CPEOOCTEHUS U CB3-
Kax Iepukapza, IIpHU ero OTCYTCTBUU B APYTUX OTAEAAX CPEOOCTEHHS, KOCBEHHO YKa3bIBAET Ha YIIIHO
nepuKapma.

KaroueBble caoBa: YHII/I6 IIEpUuKapaa, pa3psiB IIEPEAHHUX CBA30K II€EpHUKapaa, IIHEBMOMEOHUACTH-
HYM, PaAHEHHUA CPENOCTECHHULA.
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isualization of gas accumulation in

the mediastinum is a common and

easily recognizable sign, the sensitivi-

ty of which in the examination of

wounded patients by CT approaches
100% [1-4]. Air penetration into tissue occurs
quite frequently in penetrating gunshot
wounds, and is observed with greater con-
sistency in wounds to the mediastinum, neck,
or abdomen [5-10]. The cause of pneumomedi-
astinum is the entry of air from the pleural cav-
ity, in penetrating wounds with damage to the
mediastinal pleura or through connective tis-
sue layers along the vessels and bronchi from
the damaged lung parenchyma, direct, reverse
mechanism, and Macklin C.C. effect [11-14].
Air may enter the mediastinum from the ab-
dominal cavity through the connective tissue
running along the natural openings of the dia-
phragm [15-18]. This is sometimes observed
after operations on abdominal organs or the
retroperitoneal space, as well as as a result of
penetrating wounds: of the esophagus, ab-
dominal cavity and diaphragm [4,10, 16-18].
Air entry into the mediastinum is facilitated by
the pressure gradient between the anatomical
spaces and the suction action of respiratory
movements and cardiac contractions. Air dis-
tribution within the mediastinum largely de-
pends on the patient's static position [14]. As a
result, air accumulates predominantly in the
upper and anterior mediastinum (AMS).

While studying the symptoms of peri-
cardial contusion in penetrating blast wounds
(PBL) of the lung, observations were made of air
accumulation in the anterior pericardial liga-
ments (APL) without the presence of air in oth-
er parts of the mediastinum [19,20]. This sug-
gested a rupture of the APL and air penetration
through the resulting defect. Thus, the hypoth-
esis of "air accumulation in the pericardial lig-
aments" as an indicator of rupture emerged.

Purpose.

Substantiating the presence of an iso-
lated accumulation of air in the anterior peri-
cardial ligaments as a sign of rupture and con-
tusion of the pericardium.

Material and methods.

To achieve this goal, a repeat retrospec-
tive analysis of 214 cases previously selected to

| www.rejr.ru | REJR. 2026; 16(1):42-51

determine the ability of chest CT to detect car-
diac contusions during thoracic mine-explosive
wounds was conducted. Inclusion criteria in-
cluded the presence of penetrating thoracic
mine-explosive wounds and a CT scan per-
formed no later than five days after injury. Ex-
clusion criteria included abdominal surgery
performed during previous stages of medical
evacuation. The average age was 35t11 years.
In all selected cases, CT scans were performed
on the day of admission; the examination was
performed in the standard "chest cavity" mode.
The vast majority (209 wounded) had mine-
explosive wounds; the remaining 5 had gun-
shot wounds. Chest injuries were characterized
by combined damage to the head (32), abdo-
men (69), and extremities (94). The choice of
this group was due to the peculiarities of mine-
explosive wounds, in which the shock wave has
a strong damaging effect on the lung and peri-
cardium, therefore the risk of ligament damage
is maximized. According to the selection condi-
tions, all wounds were penetrating, and the
time for the initial CT scan ranged from 2 to 5
days, with an average of 3.6 days. During a re-
peat analysis of the electronic CT scan records,
the distribution and amount of air in the medi-
astinal sections was studied. To quantify air
accumulation, the concepts of minimal, small,
and large volume were introduced. With regard
to the PSP, the minimal amount of air corre-
sponded to the presence of single bubbles
(symbol +). A small accumulation denoted con-
ditions when air was present between the liga-
ment fibers; the superior or inferior ligament
was filled with linear accumulations located
along the connective tissue layers, while the
volume of the PSP did not increase (symbol ++).
A large accumulation corresponded to air dis-
tribution throughout the entire ligament(s), an
increase in their volume, and air spread to the
fibrous layer of the pericardium (symbol +++).
With regard to the upper mediastinal floor
(UMF) and the lower mediastinal floor (LMF),
minimal air accumulation corresponded to the
presence of single bubbles only in the UMF
(symbol x); small air accumulation correspond-
ed to the spread of single air bubbles in the
UMF and LMF (symbol xx). Large - air spread
over two floors in the form of linear clusters
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along the connective tissue layers (designation
xxx). The volume of air in the pleural cavity and
subcutaneous fat was not taken into account.

Statistical analysis of the data was per-
formed using quantitative distributions and
simple percentage ratios. The Shapiro-Wilk Z-
test (P value) was used to assess the normality
of the distribution of the quantitative variable.
The statistical significance of the results was
determined based on the P value. Differences
were considered statistically significant at a P
value of <0.05. To correct for potential error in
the analysis of multiple comparisons of contu-
sion detection in groups with different air local-
izations, the Holm-Bonferroni correction was
used. Statistica 10.0 and Medcalc v20.104
software were used for data processing and sta-
tistical analysis.

Results and discussion.

As a result of the previously conducted
analysis, pericardial contusion in the selected
group was diagnosed by CT in 97 (45.2%) of the

wounded. Contusion was not detected in 117
(54.8%). Signs of an established contusion in-
cluded pericardial thickening up to 2-3 mm
due to edema and accumulation of blood in the
pericardium, indicated by an increase in peri-
cardial thickness of more than 3 mm. Large
pneumothorax was detected on CT in 65
(30.4%) of the wounded. In the remaining 149
(69.6%), air in the pleural cavities was localized
subpleurally as a thin layer or was not detected
at all, which we explained by the presence of
pleural drains in all admitted patients and the
time interval between the injury and the CT
examination. Given the fact of the presence of a
penetrating wound, the presence of air in the
pleural cavity was assumed to be 100% in all
selected observations. Under these conditions,
there were theoretically several pathways for
air to spread from the pleural cavity to the
pulmonary artery:

Pathway 1: lung wound - perivascular
connective tissue — mediastinum - pericardial

Table Nel. Comparative statistics of air distribution and volume in the mediastinum
with and without pericardial contusion (n=214).
Locallzatlop of I Contusion: there Alr dlStr.lbut.lon by Air distribution by volume
accumulations in is (n=96) localization
the mediastinal S B Number of . Number of
. no (n=118) . P Air volume . P
regions observations observations
. 0,014 + 11 ~_
Option 1 Air Thereisa | /34 (15,4%) T+ g 0,019
only in the peri- bruise T 14 _A
cardial sac and n 7 P~
pericardial liga- | There is no ~\
ments (n=39) bruise 6 (2,8%) A 4 <0,05
I 0---
>0,05 X 5
Option 2: Airin | There is a 5(2,3%) XX 3
the middle and bruise XXX 0
posterior ~ 1
mediastinum There is no
(m=11) bruise 6 (2,8%) XX 4
XXX 1
t(x) | 10N
Option 3 Airin | Lpereisa . 00744 || () (%) ~ 15 = 0,05
the pericardial bruise 31 (14.5%) () (xx) i 4 =,
ligaments and in (1) (xxx) Mo 2K/
all parts of the () (xx) /N T~ -\
mediastinum | There is no e | N9/
= . 18 (8,4% =
(n=49) bruise (8,4%) (1) (xxx) ;T4 S ~0,05
() (o) | No2_7
In total with air in | There is a bruise 69 (32.2%) 0,042
the mediastinum
(n=99) There is no bruise 30 (14.0%)
Total without air | There is a bruise 27 (12,6%) 0,037
in the mediasti-
num (n=115) | There is no bruise 88 (41,1%)
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ligaments and pericardial ligaments;

Pathway 2: pleural cavity — mediasti-
num - pericardial ligaments and pericardial
ligaments;

Pathway 3: pleural cavity — pericardial
ligaments and pericardial ligaments.

It was possible that air could migrate in
several directions, but this scenario was not
considered due to its unprovability. Therefore,
air distribution in the mediastinum was ana-
lyzed using the three proposed approaches. The
goal of the analysis was to identify reliable dif-
ferences between patterns of air accumulation
in various mediastinal regions with and with-
out pericardial contusion. It was also assumed
that air accumulation in the pericardial septum
should be an indicator of its rupture. The re-
sults of comparative statistics for air distribu-
tion and its volume in various mediastinal re-
gions with and without contusion are shown in
Table 1. For ease of presentation, air accumu-
lation in the anatomical regions of the medias-
tinum is conventionally divided into patterns,

sion. These findings further support a third
route for air entry, as a large air volume in the
cerebrospinal fluid (CSF), formed via the first or
second pathways, inevitably predetermines a
similar accumulation in the mediastinum,
which should leave at least a minimal trace
along its migration. Equally, this trace could
not completely disappear through diffusion, as
the average time to perform a CT scan after in-
jury was 3.6 = 1 day. Air accumulations in the
mediastinum do not disappear within this time
period. Minimal and small air accumulations in
the first pattern were detected in 11 cases with
contusions versus 2 without contusions (P =
0.019). In the third distribution variant, large
air accumulations in the pericardial ligament
with contusions were detected in only four out
of 31 observations. It should be noted that in
these four observations, the mediastinal air ac-
cumulations corresponded to small volumes,
which is more indicative of retrograde air mi-
gration from the ligament. However, overall, the
third volume distribution variant also did not

Table No2. Association of the "Air Accumulation in the Mediastinum" Symptom
with Pericardial Contusion.
Localization of air in the .
mediastinal compartments Presence of a bruise Test result Ch S R
All departments There is a bruise (n = 96) TP =69 FP =30
(3rd option) No bruise (n = 118) FN =27 TN=383 | »/2 | 074 | 045
PSP only There is a bruise n = 33 TP =33 FP=6
(Option 1) No bruise (n = 6) FN=0 T™N=0 ) )

designated by numbers.

The table shows that with pericardial
contusions, air penetrated into the mediasti-
num in 69 observations, and without contusion
in 30 (P = 0.042). In the absence of contusion,
on the contrary, there was a significant excess
of the absence of air over its presence — 88 ver-
sus 27 (P = 0.037). In the first variant of distri-
bution, the ratio of the number of observations
with air accumulations in pericardial contusion
exceeded observations without contusion by
more than five times, as 33:6 (P = 0.014). In the
second variant of distribution, in which air was
not detected in the POS, a similar ratio differed
little, as 5:6. In the third variant of distribu-
tion, the differences in the localization of air in
pericardial contusions and without this did not
show a significant difference (P = 0.74). Thus, a
statistically significant advantage in air locali-
zation in bruises was observed only with the
first distribution option, which indicates in fa-
vor of the third route of air migration. A com-
parison of the volume of incoming air in the
first distribution pattern revealed that a large
volume of air in 14 cases corresponded to a
contusion, while no significant air accumula-
tions were detected in the absence of a contu-

www.rejr.ru | REJR. 2026; 16(1):42-51

reveal a significant difference between observa-
tions with and without contusions (P>0.05). A
comparison of the association between medias-
tinal air localization and pericardial contusion
is shown in Table No2.

The table's data confirm that in cases of
mediastinal air distribution according to the
third scenario, the probability of a rupture of
the posterior ventricle is extremely low (O =
0.72). In the absence of air in the mediastinum,
the probability of a lack of rupture is also in-
conclusive (C = 0.74). Therefore, air accumula-
tion according to the third scenario has no di-
agnostic value. When air is distributed accord-
ing to the first scenario, it is impossible to cor-
rectly calculate sensitivity and specificity, since
the conditions for selecting the LO and LP re-
sult in zero cases. Nevertheless, a 100% PI rate
of air accumulation observations according to
the first scenario indicates a high probability of
a rupture of the posterior ventricle.

Various variants of air accumulation
due to rupture of the ligament along the third
air migration path are shown in Fig. 1-4; along
the first path — in Fig. 5.

Thus, comparing the presence and vol-
ume of air in the pericardial ligament confirms
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Fig. 1 a (Puc. 1 a) Fig. 1 b (Puc. 1 6)

Fig. 1. CT scan of the chest, axial plane, native examination.

a - mine-explosive blind shrapnel thoracoabdominal wound. CT scan reveals contusion of the lower lobes of
the lungs and pericardium, rupture of the superior anterior pericardial ligament with air penetration forming
an upper horizontal border with blood (black arrow), and a hematoma along the right edge of the ligament
(white arrow). Air is present in the lumen of the esophagus (circled).

b - no air accumulations are present in other areas of the mediastinum.
Puc. 1. KT opraHoB rpyAHOM MOAOCTH, AKCUAAbHAS MAOCKOCTb, HOTUBHOE UCCAEAOBAHUE.

a — MHHHO-B3PBIBHOE CAEIIOE OCKOAOYHOE TOPaK0oaOAOMHHAABLHOE paHeHHe. OmpenesseTcs YIIUO HUKHUX HO-
A€l AeTKHUX, IIEPUKap/a, Pa3phblB BepXHEH IepeHel CBI3KH MepHuKapAa ¢ IPOHUKHOBEHHEM BO3AyXa, (hOpMHU-
PYIOIIMM BEPXHIOI FOPHU30HTAABHYIO TPAHUILY C KPOBBIO (YepHAasl CTPEAKA), TeMaToMa II0 IIPABOMY KpAalo CBsI3-
KU (beaad cTpeaka). Bosmyx B mpocBeTe IMHIEBOAA (0003HAYEH KPYTOM).

6 — OTCYTCTBHE CKOIIACHHUS BO34yXa B APYTHX OTAEAAX CPEIOCTEHU.

Fig. 2 a (Puc. 2 a) Fig. 2 b (Puc. 2 6)

Fig. 2. CT scan of the chest, axial plane, native examination.
a - level of tracheal bifurcation.
b - upper chest.

Second day after penetrating pulmonary injury to the right lung. Right-sided pneumothorax, bilateral pulmo-
nary contusion, tracheal contusion, mucosal detachment in the left main bronchus (arrow), air penetration
into the superior pericardial ligament. Air is present in the esophageal lumen (dashed arrow). No air is pre-
sent in other parts of the mediastinum.

Puc.2. KT opraHoB rpyAHOM MOAOCTH, AKCUAAbHAS MAOCKOCTb, HOTUBHOE UCCAEAOBAHUE.
a — YPOBEHb OH(YPKALIUY TPAXEH.
0 — BEPXHHUE OT/IEABIL.

BTOpBIE CYTKH IIOCA€ MHHHO-B3PBIBHOTO IPOHUKAIOLIETO PAHEHHS IIPABOTO AETKOTO. IIpaBOCTOPOHHUI ITHEB-
MOTOPAKC, ABYCTOPOHHHUM YIITHO AETKHX, TPAaxXeW, OTCAOMKA CAM3HCTOM B A€BOM TAABHOM OpOHXE (CTPEAKA),
IIPOHUKHOBEHHNE BO3QyXa B BEPXHIOIO CBA3KYy IIepHKapza. Bo3myx B IpocBeTe MUIIEBOAA (IIyHKTHPHAS CTPEA-
Ka). OTCcyTCcTBHE BO3QyXa B APYTHX OTAEAAX CPEIOCTEHU.
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d LV

Fig. 3 a (Puc. 3 a) Fig. 3 b (Puc. 3 6)

Fig. 3. CT scan of the chest, axial plane, native examination.

a - mine-explosive penetrating shrapnel wound of the left lung, blind shrapnel wound of the heart, pulmo-
nary and pericardial contusion, rupture of the inferior anterior pericardial ligament. CT scan performed on
the fourth day.

b - air is determined in the anterior pericardial ligaments, which spreads to the fibrous layers of the pericar-
dium, the volume of the inferior anterior ligament is enlarged, the ligament is deformed, there is a large vol-
ume of air in the ligament.

Legend: air accumulations in the pericardium (black arrows); pneumothorax (white arrows); air in the peri-
cardial folds (dashed arrows).

Puc.3. KT opraHoB rpyAHOM MOAOCTH, AKCUAABHAS MAOCKOCTb, HATUBHOE UCCAEAOBAHMUE.

a — MHHHO-B3PBLIBHOE CKBO3HOE€ OCKOAOYHOE PAaHEHHE AEBOTO AETKOTO, CAEIIOE OCKOAOYHOE paHEeHHEe CepAla,
yIIub AETKUX W IEepHKapAa, pa3pblB HUKHEH IepenHeid cBa3KU nepukapaa. KT BeIIOAHEHa Ha YeTBepPThIE
CYTKH.

6 — B IIepeaHUX CBA3KAaX IIEPUKAapa OIPEAEAdeTCs BO3AyX, KOTOPBIM pacIpocTpaHsaeTcs Ha (PUOPO3HBIE AUCT-
KU IIepUKapaa, 00beM HIDKHEH NepenHel CBA3KHU YBEAHYEH, CBA3KA AepopMHpPOBaHa, OOABIION 00HEM BO3IY-
xa B cBa3ke. OO0O3HAYUEHHd: CKOMACHHUS BO3AyxXa B IEPUKApAE — UepHble CTPEAKH; ITHEBMOTOPAKC — Oeable
CTPEAKH; BO3AYyX B 3aBOPOTAX MEPUKAPAA — IIyHKTUPHBIE CTPEAKH.

Puc. 4. KT opraHoB rpyAHOM MOAOCTH, AKCUCAbHAS MAOC-
KOCTb, HATUBHOE UCCAEAOBAHMUE.

Penetrating mine-explosive wound to the left side of the chest.
Contusion of the lower lobes of the lungs, bilateral pneumotho-
rax, cardiac contusion, and rupture of the anterior pericardial
ligament. CT scan shows a rupture of the inferior anterior peri-
cardial ligament. The ligament is deformed and filled with air,
with large amounts of air penetrating the fibrous layer of the
pericardium (arrow), and blood collections are visible (dashed
arrow). Minimal air collections are visible in the posterior vis-
ceral ligaments of the mediastinum (indicated by the oval).

Fig. 4. CT scan of the chest, axial plane, native examina-
tion.

MuHHO-B3PBIBHOE IIPOHHKAIOIIEE pPAHEHHE AE€BOH IIOAOBHHBI
TPYAHOM IIOAOCTH. YIINO HIZKHUX HOA€H AETKUX, ABYCTOPOHHUH
Fig. 4 (Puc. 4) IIHEBMOTOPAKC, YIIUO Cepalia, pa3phiB vnepe;LHeﬁ SBHSKI/I epu-
Kapza. OnpeneaseTcss paspblB HHUKHEH IIepeqHEH CBA3KH IIe-
pukapna. Cega3ka mehopMHpPOBaHa, 3alI0AHEHA BO34yXOM, BO3-
OyX B OOABIIIOM KOAMYECTBE IIPOHHKAET B (PHOPO3HBIM AKCTOK
nepuKapaa (CTpeAka), BUAHBI CKOIIA€HUS KPOBHU (IIyHKTHpPHAs
cTpeska). MUHNMaABHBIE CKOIAEHHS BO3yXa BUAHBI B 33IHUX
BHUCIIEPAABHBIX CBI3KaX CPENOCTeHUsI (0003HAUYEHO 0BAAOM).
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Fig. 5 a (Puc. 5 a)

Fig. 5 b (Puc. 5 6)

a - the upper chest.

b - the lower chest.

Fig. 5. CT scan of the chest, axial plane, native examination.

Mine-explosive injury. Penetrating shrapnel wound to the right lung, pulmonary contusion, and pericardial
contusion. Air accumulates in the deformed pericardial septum (dashed arrow), in the visceral ligaments of
the posterior mediastinum (circled), and in other parts of the mediastinum, and also spreads through the
fibrous layer of the pericardium (white arrows). The shrapnel (black arrow) and contusions of the right and
left lungs are clearly visible.

Puc. 5. KT opraHoB rpyAHOM MOAOCTH, AKCUAAbHAS MAOCKOCTb, HOTUBHOE UCCAEAOBAHUE.

a — BEPXHUE OTMEABI.
0 — HMIXHHE OTOEABI.

MuHHO-B3pPbIBHOE paHEHHMe, IPOHUKAIOIIEe OCKOAOYHOE PAaHEHUE IIPABOTO AETKOTO, VIO ACTKHUX, IIepHUKapaA.
Bo3myx ckamamBaeTrcss B neddOpMHPOBAHHOHN NepenHed CBs3Ke IIepuKapAa (IIyHKTHPHAas CTPeAKa), B BHCLE-
PAABHBIX CBA3KaxX 3aQHETO OTAEAA CPEOOCTEeHUs (OOBEZEHBI OBaAaMH) W B APYTHX OTHAEAAX CPENOCTEHHS, a
TaKIKE PACIPOCTPAHIETCH IO (PUOPO3HOMY AUCTKY IlepuKapaa (6eable cTpeakw). XOpOIlIo BUAEH OCKOAOK (Yep-

Hasl CTPEAKa), YIIIHOBI IIPABOTO B A€BOTO AETKOTO.

its direct entry from the pleural cavity due to a
ligament rupture. Therefore, air in the pericar-
dial ligament and pericardial ligaments, in the
absence of air in other areas of the mediasti-
num, is a sign of a pericardial ligament rupture
and indirectly indicates a pericardial contu-
sion.

Conclusions.
1. The sign of “Isolated air accumulation in the
anterior pericardial ligaments” on CT scans
performed no later than 5 days after mine-
explosive injury, with a high probability indi-
cates their rupture and should be considered a
marker of pericardial contusion.
2. Low prevalence of the symptom — 46.3%; in
its absence, pericardial contusion does not ex
clude.

www.rejr.ru | REJR. 2026; 16(1):42-51

3. Air accumulations in the pericardial liga-
ments and in other parts of the mediastinum
did not confirm the diagnostic value of a liga-
ment rupture, since they could equally be a
consequence of tissue diffusion or direct air
entry through the wound channel.
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OPUTUHAJIBHAA CTATHA

YAbTPA3BYKOBOE UCCAEAOBAHUE HA DTANAX AUATHOCTUKU U
MAAOUHBA3UBHOTO AEMEHUSA BHYTPUNPOTOKOBbIX
OBPA3OBAHUNA MOAOYHOWM XEAE3bI

MapyLuok E.A.12, 3ybapesa E.A.2, PrcerHko E.MN.1, MeabdeHko A.C.1, NpecHskos E.B.!

1 - dI'BHY «Poccutickuit Hay4HbINM IEHTP XUPYPruy UM. arkageMuka B.B. Ilerposckoro, HKIT No2». r. Mocksa, Poccus.
2 — ®dI'BAY BO «Poccriickuii HallMOHAABHBIN UCCAEIOBATEABCKIH MeIUIIMHCKIEH yHIBepcuTeT nMeHr H.U. [Tuporosa» M3 Pd. r. Mocksa,
Poccus.

eJIb ucciienoBaHud. V3ydeHre BO3MOXKHOCTEN U aHAAH3 PE3YyABTATOB YABTPA3BYKOBOI'O HC-

CA€OBAHUS Ha 3TallaX JUATHOCTUKU U MAaAOHMHBA3UBHOTO A€YEHHS BHYTPHUIIPOTOKOBBIX 00-

pa30BaHU MOAOYHOM XKEAE3BL.

Marepuansr u metoasl. 3a nepuon ¢ 2017 mo 2025 rr. B HKI] No2 PHXII um. akan. B.B.

[TeTpoBckoro (paHee — LleHTpasbHas KanHHYecKas 6oabHUIIA Poccuiickoil akaneMuu HayK)
OBIAO BBIITOAHEHO 695 yABTPa3BYKOBBIX HccAenoBaHuil (Y3U) malmeHTKaM C IATOAOTHEH MOAOYHBIX
xené3 (M2XK), B maspHelimeM moTpeGoBaBIIIel ONEPAaTUBHOTO AedeHHd. Ilpu aTom 60 omepaTHBHBIX
BMEIIATEALCTB OBIAO BBITIOAHEHO MAIIMEHTKAM, V KOTOPBIX II0 JaHHBIM Y3U ObIAO AUMATHOCTHPOBAHO
BHYTPHUIIPOTOKOBOe obpa3zoBanue (BIIO). PeayarraTtsl Y3U ObIAM COIIOCTABAEHBI C OKOHYATEABHBIM T'H-
CTOAOTHYECKUM MAaTepPHUaAOM YOAaA€HHOH omyxoau. Takzke ObIAM IIPOaHAAM3UPOBAHBI 15 caydaeB Be-
pUUIUPOBaHHBIX II0 OAHHBIM MOP(OAOTHYECKOTO HCCAEIOBAHHUS BHYTPUIIPOTOKOBBIX IIAIIMAAOM
(BIIII) B connocTaBaeHUHU C pe3yabTaTaMu Y3, He 3aI10403pUBLIETO JAHHYIO [IATOAOTHIO.

B nmaavHeiiiieM OBIAM IIPOAHAAM3HUPOBAHBI OTHAACHHBIE PE3YALTATHI OIEPATUBHOIO ACUYEHUS C
TIOMOIILBI0 BaKyyMHON acmupaliroHHoi 6uoricuu (BAB) B o6beMe MOAHOM 3KCIIM3UU C Pa3METKOH U
HaBHTalyel mnon kKouTposeM Y3U B pekuMe peaabHOTO BPEMEHH IIyTeM BbINIOaAHeHHs Y3U B auHa-
MUKE THCTOoAOTHYeCKU nToaTBepRAeHHbIX BIII y 30 xKeHIIMHEI.

Pesyawsrartel. 113 60 nanueHToK, y KOTOPhIX 3anono3peHo BITO mmpu Y3U, Toabko y 31 sKeHITH-
HBI (51,6%) nuarHo3 BIIII roaTBepKAEH pe3yAbTaTaMU MOP(OAOTHYECKOM BepH(UKaAIlMU. Y OCTaAb-
HBIX 29 DAIMEeHTOK IIPU THCTOAOTHYECKOM HCCAEIOBAHUU OBIAM BepHU(MUIIMPOBAHBI: ramapToMa — 1,
pasAnyHbIe BapuaHThl (hubpoamerHoM — 9, HenmpoaudepaTuBHasa gopMa (pUOGPO3HO-KHUCTO3HOH MacCTO-
natuu — 14, ckaeposupyronmii ageHo3 — 1, puasougHAs OIYXOAb — 1, BHYTPHUIIPOTOKOBAasI KapliHOMA
in situ — 2, UHBA3UBHBIN MOABKOBBIHN pak — 1.

[Ipu anaamnse 15 cayuaeB BIIII, oOHapy>Ke€HHBIX 10 JaHHBIM I'HCTOAOTHYECKOTO HCCAEIOBAHUS
U He 3all0ZI03peHHBIX ITpu Y3U, BpauyaMu YABTPa3ByKOBOH AMATHOCTHKU ObIAO BBICKA3AHO IIPEATIOAO-
JKeHHe 0 3A0Ka4YeCTBEHHOM HOBOOOpPA30BaHUU — Y 6 MAIIMEHTOK (M Y 2 U3 HUX OJHOBPEMEHHO C HAAU-
gmem BIIIl BepuduiinpoBata HHTpaOyKTaAbHasd KapllimHoMa in situ), erre y 6 mamueHToK Obira 3aro-
no3peHa pubpoameHoMa U y 3 MAIlMEHTOK — O4Yar MacTOIIaTHH.

[Tpu aHaamu3€e OTOAAEHHBIX PE3YABTATOB MAAOMHBA3UBHOTIO OIIEPATHUBHOIO AcdeHUs IryTeM BAB-
PE3EKIINN MAIIMEeHTOK C MOopcpoaorudecky noarBepxkaeHHoi BIIII B cpoku 6oaee 6 MeCAIeB pPEIUINB
AM0O ocTaToOYHas TKaHb HOBOOOpa30BaHHs BBIIBAEHBI TOABKO V 3 u3 30 (10%) aBuBIIHXCH Ha KOH-
TpoabHOEe Y3U KeHIIHH.

OOGcy:xaenue. Ilpu comocraBAeHNHN OaHHBIX Y3U ¢ pesyabTaTaMy MOP(OAOTHYECKOTO HCCAE-
noBaHus OBIAO BBIIBAE€HO, YTO B oTHolneHuH BIIIl MmeTon obaamaeT HHU3KOH YyBCTBUTEABHOCTBIO, HO
BBICOKO# CIIeIIu(PUIHOCTHIO, YTO BBI3BAHO, C OJHON CTOPOHBI, MHOT0OOpasHeM YALTPa3BYKOBOM Kap-
TuHbI BIIO, UMEIIIUX CXOXKUE C PIA0M HMHBIX 3a00A€BaHUT MOAOYHBIX XKeAe3 IIPU3HAKU, a C APYToH —
OUATHOCTHUYECKHUMH CAOXKHOCTSIMHU, 00YCAOBAEHHBIMH MaAbIM pPa3MepoM 00pa30oBaHUS U €ro 3aTpyld-
HEHHOHM BH3yasusalued. B cBa3M ¢ 3TUM BaxKHYIO POAb UTpaeT 3HaHHE BapHaHTOB Y3-KapTuHbl BIIO
U HaAW4YHe OUATHOCTHYECKOTro OOOpyZOBaHHUS C XOpOoIleil paspelrarolieii CrioCOOHOCTBHIO U JOTIOAHU-
TEABHBIMH pexXuMaMiu. Y3U, moMHUMo AHATHOCTHYEeCKOM (DYHKIMHM, obeclieurBaeT BU3YAAH3AIIHIO U
HaBUTAIHIO IAS MAaAOMHBA3UBHOTO yaaseHus BIIO myrem BAB, 4To c yueToM OCOGEHHOCTEM AOKAAH-
3alli¥ HOBOOOPA30BaHUS B IIPOTOKAX ABASETCS OITUMAABHBIM METOZIOM A€UYEHUS OAHHOM IaTOAOTHU C
XOPOIIUMH OTAAACHHBIMH PE3YABTATAMH.

3arkmouenne. OcHoBHas poab Y3U B mepBuuHoil auarHoctuke BIIO 3akalodaeTcd B BBIIBAE-
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HHUH HOBOOOpPa30BaHUs, IIOLO3PUTEABHOI'O Ha Hero. B maabHeHIneM IOpH OIIPeNeACHHN BpadoM-
OHKOAOT'OM IIOKA3aHUH [AS OIIEPATHBHOTO AedeHUs Y3V aBaseTcd ONTUMAABHBIM HHCTPYMEHTOM IAS
IpenolepalioEHoON pasMeTKU U HHTPAOIIEPAllMOHHOM HaBHranuu IIpu BAB-pe3ekuy, I103BOASIO-
UM JOCTHUYb XOPOIIUX OTHAAEHHBIX PE3YABTATOB.

KaroueBple caOBa: yABTPA3BYKOBAasd AUATHOCTHUKA, MOAOYHAS JKeAe3a, BHYTPUIIPOTOKOBOe obpa-
30BaHUe, BHYTPUIIPOTOKOBAs ITallMAAOMA, BAKyyMHas acriupanuonHada 6uorncus, BAB, BI-RADS.
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ULTRASONIC EXAMINATION AT THE STAGES OF DIAGNOSIS AND MINIMALLY INVASIVE
TREATMENT OF INTRADUCTAL BREAST LESIONS

Marushchak E.A.12, Zubareva E.A.2, Fisenko E.P.!, Melchenko D.S.!, Presnyakov E.V.!

1 - B.V. Petrovsky Russian Scientific Center of Surgery Scientific and Clinical Center No. 2.
2 —N.I. Pirogov Russian National Research Medical University. Moscow, Russia.

urpose. To study the possibilities and analysis of the ultrasound examination results at the

stages of diagnosis and minimally invasive treatment of intraductal breast lesions.

Materials and Methods. From 2017 to 2025 at B.V. Petrovsky Russian Research Surgery

Center, SCC No. 2, (formerly the Central Clinical Hospital of the Russian Academy of Sci-
ences) there were performed 695 ultrasound examinations (US) in patients with breast pathology,
which later required surgical treatment. At the same time, 60 surgical interventions were performed
in patients, who, according to US, were diagnosed with intraductal lesion (IDL). The US results were
compared with the final histological material of the resected tumor. 15 cases of intraductal papillo-
mas (IDP), verified by morphological examination, were also analyzed in comparison with the results
of US, that did not detect this pathology. Subsequently, the long-term results of surgical treatment
using vacuum aspiration biopsy (VAB) with complete excision, marking, and navigation under real-
time US control were analyzed by performing US in dynamics of histologically confirmed IDP in 30
women.

Results. Of the 60 patients with suspected IDL on US, only 31 women (51.6%) had IDP diagno-
sis confirmed by morphological verification. In remaining 29 patients, histological examination veri-
fied: hamartoma — 1, variants of fibroadenomas — 9, nonproliferative fibrocystic mastopathy — 14,
sclerosing adenosis — 1, phylloid tumor - 1, intraductal carcinoma in situ — 2, invasive lobular cancer
— 1. In an analysis of 15 cases of IDP detected by histological examination and not suspected by US,
ultrasound specialists suggested that 6 patients had malignant neoplasms (and 2 of them had intra-
ductal carcinoma in situ at the same time), while 6 other patients were suspected of having fibroade-
noma, and 3 had a focus of mastopathy. When analyzing the long-term results of minimally invasive
surgical treatment by VAB-resection in patients with morphologically confirmed IDP in more than 6
months, relapse or residual tumor tissue was detected only in 3 out of 30 (10%) women who attend-
ed a follow-up US.

Discussion. When comparing the US data with the results of morphological study, it was found
that the method has low sensitivity, but high specificity in relation to the IDT, which is caused by the
diversity of the ultrasound picture of the IDL, which has signs similar to a number of other diseases
of the breast, as well as diagnostic difficulties due to the small size of the masses and its difficult
visualization. In this regard, knowledge of the variants of the ultrasound picture of the IDL and the
availability of diagnostic equipment with good resolution and additional modes play an important
role. In addition to its diagnostic function, US provides visualization and navigation for minimally
invasive removal of IDL by VAB, which, given the specific location of the neoplasm in the ducts, is

(V)]
(O8]
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the optimal treatment method for this pathology with good long-term results.
Conclusion. The main role of US in the primary diagnosis of IDL is to detect a suspicious neo-
plasm. Later, when an oncologist determines the indications for surgical treatment, US is the optimal
tool for preoperative marking and intraoperative navigation during VAB resection, which allows good

long-term results.

Keywords: ultrasound diagnostics, breast, intraductal lesion, intraductal papilloma, vacuum

aspiration biopsy, VAB, BI-RADS.
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3 BHYTPUIIPOTOKOBBIX 00pa30BaHUHI

(BIIO) BHyTpPHIPOTOKOBAs IIAITMAAO-

Ma (BIIII) oTHocuTcs K moOpokade-

CTBEHHOM MIMCIIAQ3UU MOAOYHOMN XKe-

aAespl (AIM2K) — reTeporeHHOH TIpyII-
ne 3aboAeBaHUY, XapaKTEPUIYIOIIUXCH IITHPO-
KHUM CIEKTPOM IIPoAH(EepaTHBHBEIX M perpec-
CUBHBIX H3MEHeHHHN ee TKaHel. CoraacHo
HaIIMOHAABHBIM KAMHHUYECKUM PEeKOMEHIAITUsSIM
(HKP), pexkoMmeHIoOBaHa pPe3eKIHs MOAOYHOHI
xeae3bl (M2K) mamuentkam c BIIIT ¢ meawto ee
TIIOAHOTO YIOAA€HHS U IIOCAEAYIOIIETO IIaTOAOTO-
aHATOMHYECKOTO MCCAEOBAHUS OHOIICHUITHOTO
(omepamuoHHOr0) MaTepHasa. YABTPA3BYKOBOE
uccaenoBauue (Y3U), Oyayuu BrICOKOHH(pOpPMA-
TUBHBIM U HEWHBA3UBHBIM, SIBASGETCS OTHUM H3
PEKOMEHAOBaHHBIX M IIMPOKOJOCTYITHBIX METO-
OB HWHCTPYMEHTAABHOH OHUArHOCTUKU HOBOOO-
pa3oBaHUM MOAOYHBIX XKeaes [1].

BIIIl aBagroTcs pacnpoCTpaHEHHBIMHU IIa-
OHUAASIPHBIMU TTopaskeHuaMu MK 1 MoryT GbITH
KaK OJWHOYHBIMH (4allle AOKAAW30BAHBI IIeH-
TPaAbHO — CyDapeoAIpPHO B KPYIIHOM AOKAABHOM
IIPOTOKE), TaK ¥ MHOXKECTBEHHBIMH (C IIPEeHMy-
LIECTBEHHBIM PAaCIIOAOKEHHEM B IepHdepude-
CKHUX TEPMHHAABHBIX IIPOTOKOBO-IOABKOBBIX
equHUNAax). B HekoTopbIXx caydagx mnpu BIIII
MOXKeT HaOAI[ATBCS ATHIINYHAS SIUTEANaAb-
Hasg IHOpoaudepanyg, Koropas KAacCU(pUIUpPy-
erca kKaxk BIIIl ¢ aTUOWYHON IPOTOKOBOM TI'H-
neprinasueii (ADH) mam ¢ mpoTOKOBOHM KapIiu-
"HoMmoH in situ (DCIS). BIIIl 6e3 aTUmu4HOM
npoaudpepaiiu  obo3zHadaeTcss kKak NOS. VY
xkeHIIUH ¢ BIIII HOBBIIIIEH PUCK pa3BUTHUS paka
MOAOYHOH 3keaesb! (PM2K) [2, 3].

Yacroe coueranue BIIIl c¢ TaxeapiMu
dopMaMu AWCIIAQ3UK U aTHUIINYECKOH TUIlep-
AA3UHM IIPUBOAUT K HEOOXOOUMOCTU XUPYPTH-
YEeCKOI'0 A€YeHHsd, 00BeM KOTOPOI'0 BO MHOI'OM
3aBHUCHT OT KadeCTBEHHOH HHCTPYMEHTAABHOU
OUAaTHOCTUKU 3aboseBaHusa [4]. Bmecrte ¢ Tem
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BIIIT otHOocuTCA K 4uCAy Hauboaee 4acTo He-
IPaBHABHO HWHTEPIPETUPYEMBIX IIPH HHCTPY-
MEHTAAbHOH [QUArHOCTHUKE IIOPazKEHUH MOAOY-
HOM xeae3bl. Kpome Toro, muarHoctuka BIIII
IPU MyHKIIMOHHOM AW TpPeIaH-OGUOIICHH MOXKET
OBITH CAOXKHOM: [aike eCAU B OHOIICHMHOM 00-
pasue obHapyxKeHbI (parMeHThl ao0pokadle-
CTBEHHOT'O IIOPaKE€HHH, HEAB3d ITOAHOCTBIO HC-
KAIOYHUTH HaAU4He KAECTOYHOU aTUIINH B APYyToM
JacTu o0pazoBaHud. ITa AUATHOCTUYECKAS He-
OIIPEEACHHOCTE IIpUBeAa K KaacCHU(PHUKAIIUU
BIIIl kax mopakeHUM C HEOIPEAEAEHHBIM 3A0-
Ka4eCTBEHHBIM IIOTEHIINAAOM [5, 0].

Y3U aBageTca ogHUM U3 PEKOMEHIOBaH-
HbIX HKP HIMpOKOAOCTYIIHBIX METOLOB HHCTPY-
MEHTaABHOM [QUAarHOCTHUKHU HOBOOOpa30BaHUM
MOAOYHOH 3Keaesbl [1]. [JuarHocTuyeckad IieH-
HOocTh Y3U B BrIgBAeHUHU BIIO ycrymaer mykTo-
rpadpui U OCOOEHHO MAaTrHUTHO-PE30HAHCHOM
ToMorpacduu ¢ KoHTpacTtupoBanueMm (MPT) [7].
Baprupytoipe 1o pasHbIM OJaHHBIM, HO dYallle
HEBBICOKHE, YYBCTBUTEABHOCTbL U CHeIUpHUI-
HOCTH MeToZa OOYCAOBAEHBI LIUPOKOH BapHa-
G6eapHOCTBIO Y3-kKaptunel BIIO, B ToM uyucae
BIIII, 6aaromapss KOTOPOH OHU MOTYT UMHUTHPO-
BaTh coboii apyrue 3aboaeBanusg MK u npuso-
OUTH KakK K TUIIO-, TaK U K THUIIEPAUATHOCTHKE
[6, 8].

Bpaun Y3/l uneHTUPUIUPYIOT, CErMeH-
TUPYIOT U aHAAHU3UPYIOT Y3-TIPU3HAKU HOBOOO-
pas3oBaHUH, Takue KakK PacllOAOKeHHe, popMa,
IIPOCTPAHCTBEHHAS OpHUEHTAIUs, Kpal, 5XOreH-
HOCTb, KaAbIIU(UKAIIHL, TUII aKyCTUIEeCKOH Te-
HH, BaCKyAdpH3allusda. OTH IIPHU3HAKH Ae€XKaT B
OCHOBE YHU(PUITUPOBAHHOH Y3-0I1€HKU Y3A0BBIX
obpaszoBanuii MK Breast Imaging Reporting &
Data System (BI-RADS) [9]. KucTo3Huble o6paso-
BaHHA C IIPUCTEHOYHBIM TKAHEBBIM KOMIIOHEH-
TOM, KaK U BHYTPHUIIPOTOKOBBIE COAHUIHBIE 0O0-
pasoBaHUs, OOBIYHO OMIPEAEASIOT B KaTETOPHIO
BI-RADS IVa uau IVb [10, 11]. OgHako go cux
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IIOp HET YETKOI0 KAMHHYECKOI'O U PagUuOAOTHYE-
CKOT'O IIPOTHO3a UX 3A0KaYeCTBEHHOCTH. Heob-
XOOUMOCTb OHOIICHHU, a TaK¥Ke XUPYPTHIECKOTO
AedeHud nas Bcex BIIO mo cux mop obcyzkmaet-
ca [12, 13].

OCHOBHEIMH IIPHU3HaAKaAMHU-IIPEAUKTOPAMHU
3n0KadecTBeHHoCcTH BIIO mpu craHmapTHOM
cepo-lnKasbHOM Y3U B B-pexume gaBagroTcs:
pasmep, TeHOEHIUs K 6oAee ITIOAHOMY 3aIrlOAHe-
HUIO IIPOTOKa M PacIpOCTpPaHEHHE 3a €ro Ipe-
IeAbl, IIOpasKe€HHE BETBEH IIPOTOKa, HeIpa-
BHABHAs popMa, CAOKHBIH KHCTO3HO-COAHTHBIN
9XO-TIaTTEPH, HaAW4YHe aKyCTHUYeCKOH TeHH,
MUKPOKAaABITH(PUKAIINA, MHOXKECTBEHHbIE OYaru
IIOpaskeHUd, IINPOKOE OCHOBAaHHE COAMIHBIX
KOMIIOHEHTOB. [IpenuKTOpOM 3A0OKa4eCTBEHHO-
CTHU TaKKe SIBAFETCS YCHAEHUE BaCKyAIpHU3aIUU
obpaszoBanug. CoOOTBETCTBEHHO, 3TH Y3-
IIPU3HAKU IIOBBIMAIOT Kateropuio BI-RADS [12
- 15].

JnarsocTudeckyoo IlieHHOCcTh Y3UW mos3Bo-
ASIIOT TIOBBICHTH TAKHE€ [OIIOAHUTEABHBIE PEXKU-
MBI, KaK 2AacTorpadus M oIIpeaeAcHHE MHKPO-
BaCKyAdpHU3alliH, IPUYEM IIOCA€IHUH, B CBOIO
odepenb, UMEET IIPEUMYyIECTBa IIepes, IIHPOKO
UCIIOAB3YEMBIMU  IIBETOBBIM  [IOIIIIAEPOBCKHM
kaptupoBanueM (LK) u sHepreTudecKuM Kap-
TupoBaHueM (9K) kpoBoroka [16, 17].

Hawuboaee onTHMaABHBIM CIIOCOOOM MAaAo-
HHBA3WBHOIO XUpyprudeckoro aedeHus BIIII
SBASIETCSI BaKyyMHasl acIHpallMOHHAas OHOIICHS
(BAB) B 00BbeMe IOAHOM pe3eKIIMHU HOBOOOPa30-
BaHHUs, KOTOpasd BBICTYIIAET aAbTepPHATHUBOU
KAQCCHYECKOH omepaluu B o0beMe CEKTOpaAb-
Ho#t pesekumu M2K [18]. B EBponelickux peko-
MEHOAIIUdaX II0 [OHArHOCTHKE, A€YEHUI0 U
HabAromeHM0 3a mopakeHuamu M2K c Heompe-
[NEeAEHHBIM 3A0Ka4YeCTBEHHBIM IIOTEHIIMAAOM OT-
MEYE€HO, YTO B HACTOSIIIEE BPEMSI IIPOOATKAETCS
CHHU2KEHHE YacCTOTBhl KAACCHUYECKOT0 XUpPyprude-
CKOTO BMeIIaTeAbCTBa IIpH mnopazkeHuax MXK c
HEOIIPENEACHHBIM IIOTEHIIMAAOM 3AOKA4YECTBEH-
HocTu B3 6Gaaromapss ucmnoab3oBaHuio BAB-
skcumsuu [19]. Chang J.M. ¢ coaBT. oTmMedaer,
4TO He OBIAO BBIIBAEHO II€pexoda B 3AOKaUe-
CTBEHHOE HOBOOOpaszoBaHHe, €CAU [a00poKkade-
CTBEHHOE TIAIIUAASIPHOE IopazkeHue ObIA0 aua-
THOCTHUPOBAHO M TIIOABEPTHYTO HCCEYEHUIO C
nomouisio BAB [20]. TemnmeHIMsa K pasBUTHIO
(pHUOPO3HO-KUCTO3HOM OOA€3HH Y  MOAOIBIX
JKEHINUH II0CA€ TPagUIIMOHHON pesexkmuu M2K
o ntoBoay BIIIT Tak:ke CBHAETEABCTBYET O IIpe-
UMYIIECTBaX MAaAOWHBA3UBHBIX IIPOTOKOCOEpe-
rammx onepanuii [21].

Xopoiine OTOAaA€HHBIE pPe3yAbTAThl XU-
pyprudeckoro aedenus BIIII ¢ momomnsio BAB,
[IOKa3bIBaIOIIFie HU3KHU IIPOIIEHT pelLUanBa,
HapsaMyI0 3aBHUCAT OT METOIOAOTHH €€ BBIIIOA-
HEHUSsI, KAIOUEBBIM MOMEHTOM KOTOPOH SBASIOT-
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cd IIpeaolepalniioHHas pa3MeTKa M HHTpaolle-
paluoHHAsd HaBUTAIUd, O0ecledrBalIlye B
peXUME pPeasbHOTO BPEMEHH BHU3YyaAU3aIIHIO
IIOAHOTO yJaA€HUS HOpazKeHHOoro mpotoka M2K.
Kpome Ttoro, mmenno Y3U aBasgeTcsa Hamboaee
YIOOHBIM criocobom HHTPAaOIIEPAIIMOHHOMN
HaBHUTAllUH B PEXXUME PEaAbHOIO BPeMEHH KakK
IAd Bpada, Tak U IAd HallUeHTKHU [22 — 26].

Taxkum obpaszom, CAOKHOCTB ¥3-
nuarHoctuku BIIO, obycaoBaeHHas Bapuabeb-
HOCTBIO €€ KapTHHBI, HEOIIPEAEACHHBIN IIOTEH-
maa 3aokadectBeHHocTu BIIIl m mmomck croco-
fa MX OIIepaTHUBHOIO A€YeHHsI, O0ecreduBalo-
IIETO BBICOKYIO 3(P(PEKTUBHOCTH U BMECTE C TEM
XOPOIINM KOCMeTH4decKuil 3peKT, 00yCAOBAH-
BalOT aKTyaAbHOCTb MOAaAbHEUIIIETO COBEPIIIEH-
crBoBaHUs Y3U Kak B maaHe HepBUYHON aua-
THOCTHUKH, TaK U B IIAaHe criocoba MHTpaolepa-
IIMOHHON HaBUTAIINH.

Ienp uccnemosanus.

H3ydyeHne BO3MOXKHOCTEH M aHaAu3 pe-
3yABTATOB YABTPA3BYKOBOTO HCCAENOBaHHUA Ha
JTanax AUArHOCTUKH U MaAOMHBAa3UBHOIO Ae-
4YeHUsd BHYTPUIIPOTOKOBBIX o0OpasoBaHUH MO-
AOYHOHU KEAE3BI.

Marepuasibl 1 METOIEI.

C 2017 1o 2025 rr. B HKIINe2 PHXII um.
akazn. B.B. IlerpoBckoro (panee — LleHTpasbHadg
KAWHUYeCcKasd OoabHUIIA Poccuiickod akameMuu
HaykK (LIKB PAH)) 66100 BBITIOAHEHO 695 yABTpa-
3BYKOBBIX HccAenoBaHuit (Y3U) mamueHTKaMm C
naroaoruel MoAO4HBIX keaé3 (MXK), B maab-
HelMireM HnoTpeboBaBIIE OMIEPATUBHOTO Aede-
Hud. [Ipu aToM 60 ormepaTUBHBIX BMENIATEABCTB
OBIAO BBIIIOAHEHO IIAIIMEHTKAaM, V KOTOPBIX IIO
OaHHBIM Y3U ObIA0O AUATHOCTHPOBAHO BHYTPH-
npoToKoBoe obpaszoBanue (BIIO). PesyapTaTsl
Y3U OblAM COIOCTABAEHBI C OKOHYATEABHBIM
THUCTOAOTHYECKHM MaTepHaAOM VIAAEHHOM OIIy-
XOAH.

Takske OBIAM IIPOAHAAU3UPOBAHBI 15 cAy-
4yaeB BepH(PUIIUPOBAHHOH II0 JaHHBIM MOPQO-
aorugeckoro uccaenosanug BIIIl B comocraBae-
HHUU C pe3yabTaTaMu Y3, He 3a1ogo3puBIIETO
3Ty IIaTOAOTHIO.

B nmaapHe#mem ObIAM H3y4YeHBI OTIAAEH-
HbI€ PE3YyABTATHI OIIEPATHUBHOIO A€YEHUS THUCTO-
aoruyecku noarBepxkAeHHbIX BIIII nmyrem Baky-
YMHOH acnupanuonHoi 6uorncuu (BAB) B o6be-
Me€ IIOAHOHM 3KCLIU3UU C Pa3METKOU U HaBUTAIlU-
efl mon KoHTposeM Y3U B pexKHME pPeasbHOTIo
BpeMeHH IIyTeM BbIirtoaHeHUda Y3U (30 nmarmeH-
TOK, SBUBHIINXCS Ha Y3U).

Bozpact maimmeHTOK coctaBua OT 18 o
81 roma (memuana 65 aet). Pasmep obGpasona-
HU# IpU 3TOM BapbHpPOBaA OT HEOOABIIUX (OT 3
MM) U MaKCHUMaAbHO 00 54 MM II0 JAWMHHOM ocHu
(Mmenmana 15 mMM).

Bcem manmeHTKaM BBIIIOAHSAM MYABTH-
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napamerpudeckoe Y3WM  MOAOYHBIX  ZKE€AE3,
BKAIOYaBIllee OCMOTP B B-pexume ¢ HCIIOAB30-
BaHHEM IIBETOBOI'O MOIIIAEPOBCKOTO KapTHPO-
Banusa (LK), koMITpeccHOHHOU 3aacTorpacdpuu
U pexXHMa OIPENEACHHS MHUKPOBACKYAIpH3a-
LIUH.

Y3U BBINOAHAAM Ha CAeOyIOIMX Y3-
ckaHepax: Voluson E8 Expert (CIIA) auneii-
HBIM gatdukoM ML6-15 (6-15 mHz), Samsung
RS85 (FOxuaga Kopest) AmHeHHBIM gaTdukoM L3-
12A (3-12 mHz) u Canon Aplio 1900 (fnoHmus)
AVMHEUHBIM gaTdukoM i18LXS (5-18 mHz).

Buousenennvie npu Y3H nosoobpaszosarus
Kkaaccugpuuuposaniu no cucmeme BI-RADS.

CPEACTBEHHO IIepen oIllepalleil U Io4 KOHTPO-
AeM Y3-HaBUTAIIUU B PEXRUME PEAABHOTO Bpe-
MEHM II0 OIMCAHHOM paHee METOIOAOTHH B
YCAOBHSIX OIIEPAIIFIOHHOMN MHEBHOIO CTallMOHapa
oA MECTHOM aHecTe3ned OmHOPa30BBIMHU CTe-
PUABHBIMH  POOOTH3HUPOBAHHBIMH  30HIAMHU-
uraamMu 7 vau 10 G.Ha MaMMOTOME 2 IIOKOAE-
vHug EnCorENSPIRE (CIIA) [23].
l'ucronorvyeckoe HCCAEIOBAHUE  IIOAY-
YEeHHOI'0 MaTepuasa IIPOBOAUAOCE IIO CTaH-
OapTHOM METOONKE C OKPACKOM IeMaTOKCHAU-
HOM U D503MHOM IIof yBeAawdeHHeM oT X50 mo
x500 (macmrrab ykasaH Ha pPUCYHKax). Tummd-
Hy!o BIIIT npy rHCTOAOTMYECKOM HCCAELOBaHUU

Puc. 1 a(Fig. 1 a)

Puc. 16 (Fig. 1 b)

Puc. 1.

a — branching papillary structures — IDP tissue (red oval).

f'McToAorMyeckas KApTMHA TUMUMHHOM BHY TPUNPOTOKOBOM NanuMAAoMbI (BIM).
a — BerBanmecsa nanuasgpHble CTPYKTYpPbI — TKaHb BIIII (KpacHbI oBaa).
6 — ®parment BIIII ¢ 9BACHUIMU AITOKPUHU3AINH (KPACHBIE CTPEAKH).

Fig. 1. Histological patterns of typical intraductal papilloma (IDP).

b — fragment of the IDP with apocrine phenomena (red arrows).

[TartmeHTKaM C 3alI0I03PEHHBIMHU IO IaH-
HeIM Y3U BIIII, coraacHO HaITMOHAABHBIM KAHU-
HUYECKUM PEKOMEHIAIIUAM, OBIAU BBICTABAEHBI
IIOKa3aHUs K OIEPaTUBHOMY A€YEHHUIO, IIEpen
KOTOPBIM ITPOBOAMAACH MopdpoaoTHuecKad Be-
pudukanus mnyreM TAB (TOHKOUTOABHOH acmu-
paluoHHO# OGHOIICHH) AW TpelaH-OMOIICHH, He
IOATBEPAMBIIIAS 3A0KA4YECTBEHHBIM XapaKTep
HOBOOOPAa30BaHUSI.

OnepaTHBHOE A€YEHHE BBIIIOAHIAOCH IIy-
TeM BaKyyMHOH acCHmupalloOHHOM OHOoIICHHU
(BAB) B 00BbeMe IOAHOM pe3eKIIMK HOBOOOPa30-
BaHHA C IOCAEAYIOIMM HCCAELOBAHHEM THCTO-
AOTHYECKOT'0 MaTepHaasa.

BAB-pesekiusg BBINIOAHSAACHE C  obs3a-
TEABHOUN IIPENOIIEPALlMOHHON Pa3METKOH HEeIlo-
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BepU(UIIIPOBAAN [IPHU HAAWYHH BETBSIIIUXCSI
HATHAAIPHBIX CTPYKTYP, 00pasoBaHHBIX (ub-
POBaCKyAIpPHOM CTPOMOM, BBICTAAQHHBIX ITPOTO-
KOBBIM SIIUTEAHEM C SBACHUSMHU MHOSIIHUTEAU-
aABHOM IIpoAMcpepalliy U amoKpHUHU3aAIUu 0e3
IIPU3HAKOB aTHUINHU (puc. 1).

B oTmaseHHOM MOCAEOHNEPAILIOHHOM IIe-
pyuome BCEM IIallMEHTKaM BBIIIOAHIANUCH KOH-
TpoAabHBIE Y3U B pa3Hbl€ CPOKHU OT BMEIIATEAB-
cTBa. DBrlAM mIpoaHaAM3UpPOBAHBI PE3YABTATHI
OIIEPATUBHOIO A€YEHHdA T'HCTOAOTHMYECKH IIO[-
TBepxkAeHHBIX BIIIl y 30 aBuBmMxXCca Ha Y3U
alMeHToK U3 54, y KOTOPBIX II0 JaHHBIM MOpP-
POAOTHYECKOTO HCCAEHOBAHUS YAAACHHBIE HO-
BooOpasoBaHuga Obiau mpencraBaeHbl BIII. [Tpu
Pa3AMYHOM KpPaTHOCTHU BBIIIOAHEHHUSI MCCAEN0-
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BaHU# CpoKu XoTd Obl omHoro Y3U B arToit
rpyIIle DalMeHTOK COCTaBHAM He MeHee O Me-
CSIIEB IIOCAE OIIepaIlHH.

CraTHCTHUYEeCKHUH aHaAW3 JAaHHBIX BBIIIOA-
HSIAU C HCIIOAB30BaHHEM IIPOTpaMMHOr0 obec-
nedenus Excel 2019 (Microsoft, CIIA) u JMP
Pro 17 (SAS, CIIA). KoandecTBeHHbIE ITOKa3a-
TEAW OIIHCBIBAAW B BHE MeIUAaHbl, MUHHUMAaAb-
HOT'O M MaKCHMaAbHOI'O 3HadeHus. KadgecTBeH-
Hble IIPU3HAKU IIPENCTAaBACHBI B BHIE HOAEH U
4acTOT BBIIBAEHUS IIpH3HaKa (%).

PesynbpraTer u o0Cy:xaeHUeE.

Pacnpeneaenue rpynns! u3 60 DamueHTOK
c mopo3peHueM 1o maHubM Y3U ua BIIII mo
raaccuduraimu BI-RADS 6b1r0 caemyroripm: 11
— 1 cayugas, III — 53, IVa — 6. Ilo pesyabraram
mopdoaorudeckoii Bepuduramyuu BIIII Obiaa
nonrBepkaeHa y 31 mamueHTok u3 60 (51,6%).
Y ocraabHBIX 29 (48,4%) manueHTOK IIPU TUCTO-
AOTHYECKOM HCCAEIOBAHUHN OBIAN BEepU(PUIIHPO-
BaHbI: ramMapToMa — 1, pasaH4YHbIE BapHaHTEHI
¢pubpoaneHom — 9, HenmpoaudepaTuBHas popMa
¢pHuOPO3HO-KUCTO3HOM MacTomaTuu — 14, ckae-
posupyronwii aneHo3 — 1, puArOMHAS OIIyXOAb
— 1, BHyTPUIIPOTOKOBAas KapIuHoOMa in situ — 2,
WHBAa3UBHBIN JOABKOBBIM pak — 1.

Hamu ObIAM TIpOAHAAM3UPOBAHBI TaKXKe
15 caygaeB MopdoAOTHYECKON BepUPUKAIIUU
BIIO 1o maHHBIM THCTOAOTHYECKOIO HCCAENOBA-
Huga Kak BIIIl, y kotopeix npu Y3U He 6bIAO
BBICTABAEHO IIO[O3PE€HHE Ha 3Ty IIaTOAOTHIO.
[Tpu Y3U pacmpeneseHue BBISIBACHHBIX HOBOOO-
pa3oBaHU# y 3THX [AIIMEHTOK II0 Kaaccuduka-
muu BI-RADS BBITASIZIEAO CAEAYIOIIMM OOpa3oM:
I -y 8, IVa —y 4, IVb — y 2. B 3axkaroueHUHU
Y3U ObIAO BBICTABAEHO IIPEAIIOAOXKEHHE O BEPO-
ATHOCTH HAAWYHS 3A0KAYECTBEHHOTO HOBOOO-
pasoBaHUd y 6 HNAllMEHTOK (U YV 2 U3 HUX OHO-
BpeMeHHO ¢ HaawgueMm BIIII Bepuduimponana
HHTpaLyKTaAbHad KapOuHoMa in situ), y 6 na-
IIUEHTOK Oblra 3amozo3peHa (pubpoameHoMa, U
ente y 3 — non mass lesion 1o kaaccudpukanuu
nocaenHet Bepcum BI-RADS 2025 r. (Heomyxo-
A€Bbl€ U3MEHEHHs, HapyIllIeH!Usd apXUTeKTOHUKH
M2, ouaroBas ¢popma Mmacronatum) [27].

He 6b100 momo3penuii pu Y3U uHa BIIII y
620 malMeHTOK, OIIEPHPOBAHHBIX II0 IIOBOAY
Opyrux HOoBooOpasoBaumuii MK c mocaenyroiieit
Mopdoaorudeckod BepupuKalmed, Ipu KOTo-
PO coAnHAas TKAHb B IIPOTOKAX TAKXKe He ObI-
Aa obHapykeHa. TakuM 06pa3oM, UyBCTBUTEAD-
HOocTh Y3U B mmarsHoctuke BIIIT M2K mo mare-
prasaM HaCTOMAIIETO UCCACOOBAHUS OblAa HU3-
KOH U cocraBuaa 67%, CIEUHU(UIHOCTL BBICO-
Kadg — 95,5%, TouyHOCTb mocturasa 94%. Iloao-
JKUTEAbHAs ITPOTHOCTHYECKad IIeHHOCTE 52%.
OrpunareApHasd IIPOTHOCTHYECKAs IIEHHOCTH
97%.

Cxoxue maHHBIE IpencraBaeHbl OcaHYIyK
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E.A. c coaBT.: 110 pe3dyabTaTaMm Mopdoaoruye-
CKOHM BepuduKalluu o0pa3oBaHUil, IIOT03PU-
TeAbHBIX Ha BIII, TKaHb IIAlIMAAOMEI ObIAQ IIOJI-
TBEep:KAeHa TOABKO B 46% caydaeB [4,8]. Ilo
naHHbeIM Yilmaz R. C coaBT., 9yBCTBUTEABHOCTDb
Y3U B guarHoctuke BIIII Oblra BhIIIE U COCTa-
BHUAA 75%, a CIIeIUUYIHOCTh HUXKeE — 60,7% [7].
XanadueB [.X. ¢ coaBT., HAIIPOTUB, IPUBOIUT
IIoOKa3aTeAW COBIaIeHUd MOPGOAOTHIECKON Be-
pudukanmu BIIIl u gaHHBIX WHCTPYMEHTAAL-
HOM AuarHOCTUKU B 91,4% cayuaes [24].

Takue pa3aAndHdg B IIOKA3aTEASIX YYBCTBHU-
TEABHOCTH MU clienuduyHocTH Y3U cBa3aHbI C
0COOEHHOCTSIMU  YABTPA3BYKOBOM  KapTUHBI
BIIO, He aBagroieiics abGCOAIOTHO [IaTOTCHOMO-
HUYHOHN [IAd MAHHOH ITaTOAOTHH. MOKHO BBIIE-
AUTH HECKOABKO (PakKTOpOB, IIPUBOAAIINX K
OIIHOOYHON MHTEPIPETAIIUH YALBTPA3BYKOBOM
KapTuHbl. K HUM OTHOCATCHA: Maable pa3Mepbl
obpasoBaHUd, 3aTPyAHEHHbIE YCAOBUS BU3YAAU-
3aIluy, PaclloAOXKeHHe o0pa3oBaHUA BHYTPHU
BETBSIIETOCd IIPOTOKA, a TaKXKe BapuabeAb-
HOCTBh YABTPa3BYKOBBIX IIPU3HAKOB B OTHOIIIE-
HHUHU KapTHUHBI HeIlocpeacTBeHHOo camoro BIIO.
Boarplioe 3HaueHHE TaKXKe HMEIOT OCMOTP B
HaJAeXKalllu¥ OeHb MEHCTPYaABHOTO ITMKAA U
COOATOIEHNIE METOMOAOTHH ITOAWUIIO3UITHOHHOTO
OCMOTpa, a B pde CAydaeB — BbIIIOAHeHUE Y3
B AWHaMHuKe. BrIicokada crienmuduyHOoCcTh Y3U,
IIOAy4YEHHas B HACTOSIIEM HCCAENOBAHUH, IIO
HaIllleMy MHEHHIO0, 00yCAOBA€HA, B TOM YHCAE,
BBICOKUM [JUATHOCTUYECKHM KAaccoM obopymo-
BaHHA C IIHPOKHM CIIEKTPOM MIOIIOAHUTEABHBIX
PEXHMOB.

[To HamUM HaHHBIM, HauboAee TUIIMYHBIM
nag BITO Y3-mmpu3HakKoM CAEAyeT CUMTATh pac-
ITUPEHHUE ITPOTOKA C HAAMYHEM BHYTPH 3XOTI€H-
HOTO BKAIOUEHUs, YTO OOHApPYKEHO y BCeX Ia-
IITMEHTOB, Y KOTOPBIX BBICKA3aHO IIPEAIIOAOKE-
Hue o Haanuyuu BIIIl. CBa3k ¢ IpPOTOKOM ycTa-
HaBAVUBaAW B B-pexxuMe IIyTeM ITOAMIIO3UIIMOH-
HOTO CKaHHUPOBAHUS B Pa3AUYHBIX ITAOCKOCTSIX
(puc. 2 a, 6). AokasbHas OYKTO3KTa3ud 0e3
Haanuyusa BIIO aoimpoBasach B BHAE PaBHO-
MEPHO PAaCHIMPEHHOI'O aH3XOT€HHOI'0, aBacCKy-
ASIPHOT'O C YETKHMH POBHBIMH KOHTYPaMH IIPO-
ToKa (puc. 2 r). MHoxkecrBenHble BIIIl mo ¥Y3-
KapTHUHE HaIlOMHUHaAW IE€TI0YKYy, YeTKH HAU
rpo3abs BUHorpazaa (puc. 2 6).

Boaee ybemuTeAbHBIM [OAS HaAHUYUA CO-
aunsoro BIIO caemyer cuuraTh HaAW4YHE B HEM
KpoBoToKa. KpoBoTok B BIIO wnccaemoBaau c
noMoIIpio pekuMoB LI/IK ¥ MUKPOLIUPKYASIITNHU
(SMI). B cBasu c¢ maapiMu pasmepamu BIIO
BacKyAdgpusanusa B HUX B pexxuMe LI/IK ompene-
AsgeTcs KpadiHe penko (puc. 2 B). Toabko B 30 %
cAy4aeB HaM yAAAOCh 3a(pHUKCUPOBATH €OUHUY-
HbIE€ COCYZAbl B IIPHUCTEHOYHOM COAHIHOM KOM-
IIOHEHTE B PEXKMME KapTHPOBaHUSA MHKPOBAaC-
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Puc. 2 a (Fig. 2 a)

Puc. 2 6 (Fig. 2 b)

Puc. 2 B (Fig. 2 ¢)

Puc. 2 r (Fig. 2 d)

Puc. 2.

a — BIIII (kpacHas cTpeaka) B IIPOTOKE, B-pexxum.

a — IDP (red arrow) in the duct, B-mode.

b — two IDP (red arrow) in the duct, B-mode.

6 — nBe BIIII (kpacHas CTpeAKa) B IIPOTOKE, B-pekuM.

Y3U, paclumpeHHble NpoTOKOB MOAOYHOM XeAe3bl C PACNOAOXEHHbIMU B HUX BKAIOHEHUSA-
MU, BHYTPUNPOTOKOBbIE MNANMUAAOMbBI U B3BE€Cb (G, I — MPOAOAbHAS MAOCKOCTb CKAHMPOBAHMUS, B-
peXxum, 6, B — nonepevyHas NAOCKOCTb CKGHMpOBGHMﬂ).

B — BIIII (kpacHag crpeaka) B IpoToke, pexxuM LI/IK (BacKyAIpH3allus He OIPEeNeATETCH).
T — paclIupeHHue IPOTOKAa (OeAble CTPEAKH) CO B3BECHIO, B-pekuM.

Fig. 2. Ulirasound, dilated breast tissue ducts with inclusions in them: intraductal papillomas and
suspension (a, g — longitudinal scanning plane, B-mode, b, c - transverse scanning plane).

c — IDP (red arrow) in the duct, color doppler mode (vascularization is not indicated).

d - dilatation of the duct (white arrows) with suspension, B-mode.

KYASIPU3AITUU, TTO3BOASIIOIIEM OIPENEAUTH HU3-
KOCKOPOCTHBIE TOTOKHU (puUcC. 3).
HemanoBazkHyI0 pPOAb IIOMUMO pasperra-
IOIMUX XapaKTEPUCTUK Y3-cKaHepa, HUrpaer
BO3MOXKHOCTb MCIIOAB30BAHUA TaKHUX OIIOAHH-
TEABHBIX PEXUMOB, KaK OIIPEIeACHUE MHUKPO-
KaAbIIMHATOB B pexuMe MicroPure u skecTko-
ctu TKaHu BIIO B pexume 3aactrorpaduu.
Kasxkapii 13 [AOHNOAHUTEABHBIX Y3-pPEKUMOB
YBEAUYUBAET AUATHOCTUYECKYIO0 IIeHHOCTh Y3U.
B mammux mccaemoBaHUaxX B cocTraBe TKaHu BITO
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BKAIOUEHHUS MHWKPOKAABIIMHATOB OIPEICATIAN
TOABKO B 5 % caydaeB (puc. 4 a). B pexume
KOMITPECCUOHHO# sAacTorpaduu BCE BBITBAEH-
uole BIIIl ObIAM OKpallleHbl B TeEIIAbIE TOHA
(Msarkue obpasoBanusi) (puc. 4 6).

I[To mauueiM Li T. c coaBT., mpuUMeHeHHUE
anacrorpaduu cABUTOBO# BoAHBI (SWE) 1103BO-
AHWIAO TOOUTBCS UYBCTBUTEABHOCTH 91,2% wu
crienupuyHocT 84,7% Y3UM B auarHocTUKe
BIIII [16]. Tek C. c coaBT. IpUBOAAT OaHHBIE
ROC-anaauza o mpeumymiecTBax MeTona [e-
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Puc. 3 a (Fig. 3 a)

Puc. 3 6 (Fig. 3 b)

Puc. 3.
NAOCKOCTb CKAHMPOBAHMS).

Y3U, pexxum SMI (a — nonepevyHAs NAOCKOCTb CKAHMPOBAHMSA, B-pexxum, 6 —-NpoAOAbHAA

a, 6 — B TKaHN BHYTPHUIIPOTOKOBBIX IIATIMAAOM (KPACHBIE CTPEAKH) OIIPEAEATIOTCS €IUHUYIHBIE COCYObI.
Fig. 3. US, SMI mode, (a - transverse scanning plane, B-mode, b - longitudinal scanning plane).

a, b — single vessels are identified in the tissue of intraductal papillomas (red arrows).

TEeKIIUHM MHKPOBAaCKyASIPH3AIIHUU (IIAOIIANE IIOL
kpuBodl 0,842) mepen sHepreTHYEeCKUM KapTHU-
poBaHmeM (maomaab rod Kpuoit 0,522) u 11Be-
TOBBIM [IOIIIAEPOBCKUM KapTUPOBaHUEM (IIAO-
manaek mox kKpubBoit 0,518) B mudpdpepeHImans-
Ho#i nuarHoctuke BIIIl u gykToskTasuu cC
IIAOTHBIM CEKPETOM, IIOCKOABKY BaCKyAdpH3a-
mua BIIIT xapakTepusyeTcd HaAWYHEM COCYIOB
OYEeHb MEAKOTO KaAubpa ¢ HHU3KHUMHU CKOPOCTH-
MU KPOBOTOKa, KapTHpPOBaThb KOTOPbIE B CTaH-
naprtaoM pexume LK ymaerca pexnko [17].
[IpuBeneHHBIE B HACTOAIIEM HCCA€NOBaHUU
IPUMEPBl  HCIIOAB30BAHUS  JOIIOAHUTEABHBIX
pexxumoB Y3U moATBEpPKAAIOT BBIBOALI KOAAET
00 UX IIEHHOCTHU B nuar"Hoctuke BIIII.
BesycaoBHO, IpecTaBA€HHBIE BBIIIE YAb-
TPa3BYKOBBIE PEXKUMBI IIOBBIIIIAIOT KadeCTBO
muargoctuku BITO. OgHako B 15 HaOAIOLEHUSX
BBIIBACHHBIE 00pa3oBaHUd, BepUPUIIHPOBaH-
HbIEe [I0 JAHHBIM MOP(OAOTHYECKOI'0 MCCAEIO-
Banug kak BIIII, Obiam ommcanbr nipu Y3U kak
¢pubpoaneHomr! (puc. 4 6, 5 a), «CAOXKHBIE» KU-
CTBl (puc. 5 6), oYaru HapyIIIEeHUsS APXUTEKTO-
HUKHU AHO0 HOBOOOpA30BaHUS C NIPU3HAKAMH
3A0KadecTBeHHOCTH. Eme y 29 maimeHTOK C
nono3penueM npu Y3U ua BIIO mo pesyabra-
TaM THCTOAOTHYECKOI'0 HCCAENOBAHUA [aHHAas
IATOAOTHS He ObIAa IOATBEPIKACHA.
BusyaarHas rpaHb MEXIYy OCAOKHEHHOH
BIIII 1 3A0Ka4YeCTBEHHBIM HOBOOOpPA30BAHUEM
O4YeHb TOHKAs, IIOCKOABKY SIBA€HHS BOCIIAACHUS,
KPOBOUBAUSHHUY, HEKPO3a IIPUBOAAT K YTOAILE-
HUIO CTEHOK IIPOTOKA, HEYETKOCTH €ro KOHTY-
poB. Oco6y0 LIEHHOCTL IPEACTABATIOT YALTPA-
3BYKOBBI€ KPHUTEPHUHU IIOTEHIIMAABHOM 3AOKade-
CTBEHHOCTH, OIpefeAseMble B CTaHIaPTHOM
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cepomikaanbHOM B-pexxume. Ilo manabpiM Kim
W.H. c coaBrt., 3a0kadectBeHHble BIIO mmean
TEeHIEHIINIO OoAee ITOAHO 3aII0AHSTDH ITPOTOK HAHU
BBIXOIUTE 34 €T0 IIPeNeAbl, U OHH dYallle Iiopa-
JKaAu BETBHU IIPOTOKA, YeM M0OpOKaYeCTBEHHbBIE
[14]. Aormuno, yTo Oh J. c coaBT. B rpyIe
3A0OKAQ4YeCTBEHHBIX HOBOOOPA30BAHHUM OTMEYaAU
Ooaee BbICOKHE IT0KazaTeau BI-RADS, BricTas-
A€HHBbIE Ha OCHOBAHUH IIOHHKEHHOH 3XOI€HHO-
CTH, HEIIPaBUABLHOH (POPMEBI, CAOZKHOTO KUCTO3-
HO-COAWHOIO CTPOEHHUS, IepuepudecKoro
PaCIIOAOKEHUs, HAAUYUSA TEeHU 3a 00pa3oBaHU-
eM npu Y3U. LleHTpaabHOE PAaCIOAOKEHUE,
IIOAHOCTBIO BHYTPHIIPOTOKOBAas AOKAaAW3aAlIUd,
TUIIEep /MU303XOTeHHAas MAOTHOCTH OBIAM Xapak-
TEepPHBbI [Ad MAOOPOKAYECTBEHHBIX 00pa3oBaHU
[15].

B Hamux HabAomeHUIX 1 U3 BBIIBACHHBIX
obpasoBanuii B B-pexxume ObIAO IIpenCcTaBAECHO
B BHU/JE OILyXOAH C MHOXKECTBEHHBIMH CTPYIIIIH-
POBaAHHBIMH MUKPOKAABIITUHATAMH, OAIOLIHUMU
sgpKoe cBedeHUe B pexxkume MicroPure (puc. 6 a)
U C KPYIHBIM PaguasbHBIM COCYZOM B PEKHIME
IOK (puc. 6 6). O6pasoBanue 6bIA0 KaaCCUHU-
mupoBaHo Kak BI-RADS IVB u He 6bIA0 paciie-
HeHo Kak BITIO. BrigBAeHHasT ITaToAOTHsT TPeGo-
Basa MOpPoBeneHUs MOPGOAOTHYECKOH BepudU-
Kalli|, II0 pe3yAbTaTaM KOTOPOM AHarHOCTHPO-
Baau BIIII, a mocae BeinmoaHeHud BAB-pe3ekiiiu
— BIIII, accoriuupoBaHHYI0 C BHYTPUIPOTOKO-
BOM KapimHOMOM in situ. Takum o6paszom,
OITPEeAEATIONINM MOMEHTOM B AedeOHo-
OUATHOCTHUYECKOH TaKTHUKE SIBAFETCS CTpaTH-
bukarnus pucka BbIIBAEHHOU ImmaTosoruu o Bl-
RADS, a He TONBITKA OOA€e TOYHOTO IIPEMIIO-
AOZKEHHS reHe3a HOBOOOpPa30BaHHUSI.
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Puc. 4 a (Fig. 4 a) Puc. 4 6 (Fig. 4 b)

Puc. 4. Y3U, BHyTpUMNpOTOKOBASA NANMAAOMA B pexume MicroPure u anactorpacbum (a — B-pexxum
+ pexxum MicroPure, 6 — aanacTorpamma Bl + B-pexum).

a — Tkanp BIIII (KpacHasi CTpeAKa) C TUIIEPIXOTeHHBIM BKAIOYEHHEM — MHKPOKAABIIMHAT (Oeaas TOYKa).
6 — Tkanb BIIII (kpacHaga cTpeAKa) ObIAM OKpAaIIeHbl B TEIABIE TOHA.

Fig. 4. US, intraductal papillomas, MicroPure mode and elastogram mode (a — B-mode + Mi-
croPure mode, b - elastogram of the IDP + B-mode).

a — IDP (red arrow) with hyperechoic inclusion — microcalcinate (white dot).

b — The IDP tissue (red arrow) was colored in warm tones.

Puc. 5 a (Fig. 5 a) Puc. 5 6 (Fig. 5 b)

Puc. 5. Y3WU, B-pexum, BHyTpunpoTokoBoe o6pasoBaHue (BMO), umuTUpyioLLee MHyIo NaTOAOIMIO
MOAOYHOM XEeA€e3bl.

a — Tpu BIIII (kpacHBIE CTPEAKH) B IIPOTOKE (OEABIHM O0Baa).

6 — BIIO (kpacHas cTpeAKa), HMEIOllee BUA KHUCTO3HO-COAMTHOTO 00pa3oBaHus. Beable CTpeAKH — pacIIupeH-
HbIE IIPOTOKH.

Fig. 5. US, B-mode, intraductal lesion (IDL) mimicking another breast pathology.
a — three IDP (red arrows) in the duct (white oval).

b — IDL (red arrow), looks like a cystic-solid mass. White arrows — expanded ducts.
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Puc. 6 a (Fig. 6 a) Puc. 6 (Fig. 6 b)

Puc. 6. Y3U, HOBOOGPA30BAHME MOAOYHOMN XeAe3bl C MHOXECTBEHHbIMU MUKPOKAABLLUHATAMMU U
KPYMHbIM PAAMOAbHBIM NUTAIOLLMUM COCYAOM, BI-RADS 4B (a — B-pexum + pexum MicroPure, 6 —
pexum LLAK).

a — BIIII (kpacHag CTpeAKa) C MUKPOKAABIIMHATAME, HMHUTHPYIOIIIEe COAUTHOE HOBOOOpA30BaHHUE.
6 — BIIII (kpacHasi CTpeAKa) C IUTAIOIIHIM COCYAO0M.

Fig. 6. US. Breast neoplasm with multiple microcalcifications and a large radial feeding vessel, Bl-
RADS 4B (a - B-mode + MicroPure mode, b - CDI mode).

a — IDP (red arrow) with microcalcifications, simulating a solid neoplasm.

b — IDP (red arrow) with a feeding vessel.

Puc. 7 a (Fig. 7 a) Puc. 7 6 (Fig. 7 b)

Puc. 7. ¥Y3WU, B-pexum. Y3-HaBuraumsa B npoLecce BbiNoOAHEHUs BAB-pesekuun u Y3-kapTuHa pe-
umnausa B nocae onepauum.

a — MoMeHT mpucachIBaHUA BakKyyMoM TKaHH BIIII (Geaas cTpeAka) K pekyIei anepType poObOTH3UPOBAHHOMN
HUTABI (KpacHasi CTPEAKa), OT KOTOPOI PaCIPOCTPAHAETCH IITHPOKAd T€Hb.

6 — Y3-kaptuHa permamBa BIIII (:KeAaTble METKH, ITU(PEI 1,2) B 30He (PUOPO3HBIX U3MEHEHHH KEAE3HUCTOM
TKaHHU (KEATbIe MEeTKHU, IIUMPEI 3,4) B 00AaCTH paHee BBITOAHEHHOYM BAB-pe3eKIun (3JKEAThIE CTPEAKH).

Fig. 7. US, B-mode. Ultrasound navigation during VAB resection and ulirasound image of recurrent
IDP after surgery.

a — the moment of soakage of the IDP tissue (white arrow) by a vacuum to the cutting aperture of the robotic
needle (red arrow), from which a wide shadow spreads.

b — ultrasound patterns of recurrent IDP (yellow labels, numbers 1,2) in the area of fibrous changes within
the glandular tissue (yellow labels, numbers 3,4) in the area of the earlier performed VAB resection (yellow
arrows).
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OreuecrBeHHble HKP AUKTYIOT XHUpPypru-
4YeCKylo TakKTHKy B oTHoliueHuu BIIIT B cropony
orepaTUBHOro AedeHuda [1]. 3apybexkHas Tak-
THKa UMeeT CBOU oTanumd: ecau BIIII ¢ atunu-
el B 0093aTeABPHOM IIOpPsIIKE HAIIPaBASETCS Ha
XUPYyprUdecKoe ynaseHue, B oTHolneHuu BIIII
6e3 aTunuu, O AAHHBIM 0030pa AHUTEpPaTypPhI,
npencraBaenHoro Calvillo K. ¢ coaBrt., Het equ-
HOTO MHEHMd, IIOCKOABKY HacTOTa PHCKa Kap-
IIMHOMBI B 3TOM CAydYae IIHNPOKO BapbHUpPYyeT OT
0 mo 33% [13]. Tak, puck HemooueHku DCIS
npu ADH B maTepuase Ouoncuu cocraBaset 20-
30% mpu mocaenyrouieit omepanuu [26]. Kaac-
cudeckKasd OTKpbITas OIepalyd II0 YAAACHHUIO
BIIO mpencraBa€Ha CEKTOPAaAbHOM pe3eKIIHUEH,
COIIPSI2KEHHOM CO CAOXKHOCTBIO HHTpPAaOoIlepally-
OHHOT'O BH3yaAbHOT'O KOHTPOAS TPaHUI] PE3€EK-
IIMY IIPOTOKAa, €ro Hecyllero. B cBa3u ¢ aTuM
BAB, BpIoAHgEMAad IIPU IIOCTOSSHHOM BHU3yaAb-
HOM KOHTpoae Y3U, crasa HameXHOU U pPEKO-
MEHAYEMOH aAbTEPHATUBOM OTKPBITOM XUPYP-
rum [18, 19, 25].

Ha 3Tamne masomHBa3UBHOIO AedeHUa Y3U
aBAdeTcsS HeoTbeMaeMoll dacteio BAB 23],
TI03BOASISI BBIIIOAHUTH a[€KBATHYIO Pa3METKY
npoToka, Hecymiero BIIO, u mocroBepHO yaa-
AWUTL BCE €ro HU3THOBbI M IIOpakKeHHBbIE BETBU B
npeaesax 3J0POBBIX TKAaHEM Ha BCEM ITPOTSXKE-
HHUU B PEXHME PEAABHOIO BPEMEHM IIOL BU3Y-
AABHBIM KOHTPOAEM, TE€M CaMbIM JOOUTHCSI XO-
POIIINX OTIAAEHHBIX PE3yAbTATOB (KakK KOCMe-
THUYECKUX, TaK U B IIAQHE CHHIKEHHS BEPOSATHO-
CTHU PELUIUBOB).

Hamwu 6b1aM M3ydeHBI OTIAA€HHBIE PE3yAb-
TaTbl OIIEPATUBHOIO A€YEHHUd IIAIIUEHTOK C
mopdoaorudecku noarsepxkaeHHoH BIIII mmyrem
BAB-pes3ekiinu noxa koHTpoaeM Y3U B pexmume
peaabHOTO BpeMeHHU. M3 46 Takux IanMeHTOK
Ha Y3M B OTHAaA€HHOM IIOCAEOIIEPAIIMOHHOM
nepuoe aBUAUCH 30 skeHNwH. Y3U ObIAO BbI-
IIOAHEHO C Pa3HOM KPaTHOCTBLIO, HO XOTd OBbI Of-
HO U3 HUX — B CPOKH HE M€Hee 6 MEeCSIIEB II0CAE
orepanmu. PermmauB Anbo ocTaTodyHasd TKaHb
BIIII 6b1aM BeIBAEHBL y 3 nammeHToK (10%), o
IOBOAY Yero y 2 ObIAM BBITIOAHEHBI IIOBTOPHBIE
orepanimu. Ha pwuc. 7B mnpencraBaeHa Y3-
kaptuHa penuausa BIIIl B 30He paHee BBIIOA-
HenHo#t BAB-pe3ekiinu. Ha ¢oHe cTpyKTypHOHI
HEOMHOPOAHOCTH B 30He (PUOPO3HBIX H3MEHe-
HUHE JKEAe3UCTOH TKaHU (006AacThb oIlepalivm)
OIPENEATETCH OTTPAHHYEHHOE H309XOT€HHOE
obpasoBanue. [ag oneparuit mpu BIIII Takoit
IPOLIEHT PENMANBA ABAGETCH AOCTATOYHO HU3-
KUM IIoKa3zareaeM. Bonaventure T. ¢ coaBsr.
IPUBOAAT OAHHBIE O PElUAUBE MOP(OAOTHUE-
cku noarBepxkaeHHoM BIIIl y 2 3 13 namnueH-
TOK (15%) mocae BAB-peseknmu [18]. KpynHoe
peTpocIeKTHBHOE HccaenoBaHue Lee S.H. ¢ co-
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aBT. XapakTepHu3lyeT dacToTy peumausa BIIIT
nocae BAB-pesekiiuu B 8,9% (36 u3 403 nanu-
€HTOK C MOP(OAOTHYECKU IIOATBEPKACHHBIMU
BIII) [26]. ITo mamubiM IIkoabHUK A.[l. C co-
aBT., IpenollepallioHHAas MapKHPOBKa II03BO-
AVIAQ  TIOBBICHUTH 3(P(PEKTHBHOCTL OIleparui,
CBSI3aHHBIX C MCCEYEHHEM TKaHEH MOAOYHOM
JKeAe3bl, 3a CUET Goaee TOYHOTO OIIPEaeACHUS
30HBI IIOPaKEHHd, YBEAUYHB IIPOLIEHT BBIIBAE-
Husg BIII ¢ 6,2% 6e3 MmapkupoBKH 10 20% c eé
npuMeHeHueM [22]. I[IpuBeneHHblE HJaHHbIE
CBUIETEABCTBYIOT O KAIOYEBOH poaum Y3-
HaBHTallUM B 00ECIIeYeHHUH XOPOIINX PEe3yAbTa-
TOB MaAOMHBa3uBHOM xupypruu BIIIl nyrem
BAB-pe3ek1y, YTO II03BOASET B HACTOSIIIEE
BpeMs paclieHHBaThb ee KaK Hauboaee IIPEeario-
YTUTEABHYIO.

3aksouenue.

BuyrpunporokoBoe obpazoBauue (BIIO),
obramas pasAMYHBIMH KAMHHYECKUMH IIPOSBAE-
HUSMH, SBASIETCH AUATHOCTHYECKH CAOXKHOU Ha
BCEX 9Tarax IIaTOAOTHEH: OT HHCTPYMEHTAAb-
HBIX METOZOB [0 MOP(OAOTHYECKOr0 HCCAEIO-
BaHUS.

PesyabTaThl IIpOBENEHHOIO aHaAW3a CBU-
[EeTeAbCTBYIOT, UTO Ha JAaHHOM 3Talle Pa3BUTHS
OCHOBHasI poAb Y3U B NEpBUYHON AHATHOCTHUKE
BIIO 3akaAiouaeTcs B BBISBAEHHM HOBOOOpPA30-
BaHWUs, IIOJO3PUTEABHOIO Ha HEro, a He B Aud-
(bepeHIINAABPHON AMAarHOCTHKE €r0 KOHKPETHOIO
reHesa. Y3U daBageTcad CKPHUHHUHIOBBIM METO-
IOM, IIO3BOASIIOIINM BBIIBASITH U KAACCH(UIIU-
poBath HoBooOpaszoBauusa MK mo cucreme BI-
RADS pas omnpeneseHuss HEOOXOMIUMOCTH BbI-
IIOAHEHUS MOP(OAOTHUECKOH BepU(UKAIIUU.
Nmenno B oTHOomeHuu BIIO BoaMmoxkHOCTH Y3U
OrpaHHYEHbl TAKUMH (PaKTOpaMH, KakK BapHa-
GEABPHOCTL YALTPA3BYKOBOM KAapPTHHBI, MaAble
pas3Mepbl, 3aBHCHUMOCTE OT pas3peliaronied cro-
CcoOHOCTH 00OpPyIOBaHUsI, OCOOEHHOCTU YCAOBUM
BH3yaAH3allUH 10 OHAM MEHCTPYaAbHOI'O IIHK-
AQ.

BwMmectre ¢ Tem Y3U aBagercda onTHMaAb-
HBIM HHCTPYMEHTOM [AS ITpeAOIIepariliOHHOMU
pasMeTKU U WHTpPaOollepalliOHHOH HaBUTraluu B
MaaouHBa3suBHOM AedeHuu BIIO. AnmekBaTHad
npegoIiepalilioHHasl pa3MeTKa M KOHTPOAHpPYE-
MO€ MCCEYEHHE ITPOTOKA, COMAEPIKAIIEr0 HOBO-
obpaszoBaHNe, Ha BCEM MIPOTIXKEHHUHU, II03BOAS-
0T [0OHTHCA HHU3KOM dYacTOThbl penuauBa U
OCTATOYHOU TKaHHU.

HUcrounurk ¢unancupoBaHus u KOH-
¢IUKT UHTEPECOB.

ABTOpBI JAHHOH CTATbU IIOATBEPAHAU OT-
CyTCTBHE (PUHAHCOBOH IIOANEPIKKU HCCAEIOBA-
HUA U KOH(AUKTA MUHTEPECOB, O KOTOPBIX HEOO-
XOOUMO COOOIIIUTE.
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OPUTUHAJIBHAA CTATHA

YAbTPA3BYKOBbBIE MAPAMETPbl MATKU U SHAOMETPUA Y PEPTUABHBIX POXABLUUX
XEHWMWH AKTUBHOTO PEMPOAYKTUBHOIO BO3PACTA

MuHaLwkmHa E.B.12, OxorvHa E.B.2, O3epckag N.A3

1 - ®Ir'AOY BO Ilepserit MI'MY rm. U. M. Ceyenosa M3 Pd (CeuenoBckuit YHuBepcurert). r. Mocksa, Poccus.
2 - 000 MenuCepBHC», LIEHTP PENPOAYKIIMH U reHeTHKH «HoBa KamHUK». . MockBa, Poccus.
3 — ®I'’AOY BO «PocchiicKiil yHUBEPCUTET APY2KObI HAaponoB uMenHH [larprca AymyM6bD. T. Mocksa, Poccrist.

LHEeHUTH MOpPOMETPHUYECKHE U MeMOAHMHAMHUYeCKHUe YABTPAa3BYKOBbIE MIapaMeTphl MaTKU U

3HAOMETPHI y (PEPTHABHBIX POKABIINX JKEHITUH aKTUBHOIO PEIPOAYKTHBHOI'O BO3pacTa

(25-37 aeT) B cpegHel ceKpeTOpHOH ha3e MEHCTPYAABHOIO ITHKAA.

Marepuansr u meToarsl. PeTpoclieKTHBHOE KOTOPTHOE OIIHCATEABHOE MCCAEIOBAHHE BKAIO-

gano 127 3m0poBbIX KeHIH 25-37 aetr (mapuret: 1-4), o6caemoBanHBIX Ha 20-22 meHb
KA. Brimoansaan 2D /3D-TpaHcBarnHaAbHOe cKaHupoBaHue ¢ 3D-monmaepomerpueii. O6beM 3HIO-
METPHSI pacCCYUThIBaAH aBTOMATHYECKH C IIOMOIIBI0 IIpUKAaaHOM nporpammel VOCAL. AHaausupoBa-
AV O0BEM MaTKH, TOAIIMHY U 00BEM SHOOMETPUS, HAOIIAAEL SHAOMETPUS B KOPOHAPHOM CEYECHUHU IIPU
3D-peKkoHCTPYKIIMH, BacKyagpuzarnornnusle uHaekceo! (VI, FI, VFI) u nyascanuonssiit nanekc (PI) ma-
TOYHBIX apTepul, yCpeOIHEHHYIO I10 BPEMEHH CKOPOCTh KPOBOTOKAa MAaTOYHBIX apTepuit (Vmean). Cra-
TUCTHUYECKUH aHaAN3 BKAIOYAA OIIHCATEABLHYIO CTATHCTUKY, KoadduineHTrl Koppeadaruu CoupMeHa U
p-3Ha4YeHus.

PesynbraThl. YCcTaHOBACHBI HOpMAaTHUBHBIE 3HAYEHUS YABTPA3BYKOBBIX ITapaMeTpPOB MaTKU U
9HIOMETPHL V (PePTHUABHBIX POXKAaBIIHX KEHINMH B CpeJHEN CeKpeTOPHOU (pase MEHCTPYaAbBHOTO ITHUK-
Aa. Cpenuuii 06EM MaTKU cOCTaBUA 57,2 £ 17,0 cm®, ToAtimHA sHAOMeTpUs — 9,3 £ 1,4 MM, MeauaH-
HBIH 00BEM 3HOOMeTpHd — 7,3 cM®. Backyaapuzaimonsble uHAeKch! saHpomerpud (VI, FI, VFI) umean
MmenuaHable 3HadeHud 10,7 %, 13,1 u 2,9 coorBercTBeHHO. CpenHsisi CKOPOCTh KPOBOTOKA B MaTo4-
HBIX apTepuax (Vmean) cocraBuaa 7,99 + 1,97 cMm/c, a nmyabcanumoHHbIH uHnekc (PI) — 2,02 + 0,29.
KoppeAdarimoHHBIH aHAAW3 BBISBUA TECHYIO CBSI3b MEXKIY 00BEMOM SHIOMETPHS U IAOLIAILI0 ITOAOCTH
matku (p =0,70), a TakKe COTAaCOBaHHOCTBH BAaCKyASPH3allMU B MHUOMETPHUHU U 3HAoMeTpHH (p =0,65).
[ToBrIlIEHME TapUTETa COIPOBOXKIAAOCH YBEAMYEHHEM OOBEMHBIX M COCYAHCTBIX XapaKTEePUCTUK H-
ooMeTpus, Ipu crabuabHOocTH Pl, 9To MoOXKeT oTpazkaTb MOP(POPYHKIITMOHAABHYIO afaIlITAIIUI0 IIOCAE
peaan30BaHHOH PEIIPOAYKTHUBHOMN (PYHKITUU.

OOGcy:xaenue. [loayueHHbIE Pe3yABTATHI AEMOHCTPHUPYIOT, YTO OPTraHOMETPUYECKHE U IM'eMOIU-
HaMHU4YecKHe I1apaMeTpbl MaTKH U 3HIOMETPHUS y (PEPTUABHBIX POXKABIIHX JKEHIIUH aKTHUBHOIO pe-
IIPOAYKTUBHOI'O BO3pacTa B CpefHell CEeKPeTOpHOH (as3e OTAMYAIOTCS BBICOKON (QDU3MOAOTHYECKOH
3PEAOCTBIO U BBIpasKeHHOM mepdpy3ueii. B cpaBHEHNH C MOMYASITMOHHBIMU JAHHBIMUY, 3HAYEHUT 00HE-
Ma MaTKH U SHIOMETPHS, a TaKKe BACKyAdpU3alHOHHBIE MHIEKCHI OKA3aAHUCh HECKOABKO BBIIIE, YTO
MOXKeT OTpazkaTh MOP(MOPYHKIIMOHAABHYIO aaaliTaliio, cC(hOPMHPOBABIUIYIOCS B PE3yABTATE PEaAN30-
BaHHOU PEIPONYKTHBHOH (PYHKIINH. YCTAHOBAEHHBIE KOPPEASIIIMU MEXKAY MOP(OMETPHUYECKHMH H
COCYAVCTBIMH II0Ka3aTeAdIMH IIOATBEPKIAIOT aHATOMO-(DYHKIIMOHAABHYIO HHTETPAallHI0 3THX CTPYK-
Typ. YMEpPEeHHOe HapacTaHHe BAaCKyASPHU3allUU SHIOMETPHUS C YBEAMYEHHEM IIapuTeTa II0AYEpPKUBAET
IIOTEHIIMAaABHOE YCHACHHE PELENTHUBHOIO IIOTEHIHAaAa CAWU3HCTOM ODOAOYKH y JKEHIHUH C MHOXKe-
CTBEHHBIMH OE€pEMEHHOCTAMH B aHaAMHe3e.

3akmouyenune. [Toayuennrle pedpepeHCHBIE OUATIA30HBI BOCIOAHAIOT IIPOOEA HAHHBIX 00 YAB-
TPa3BYKOBBIX II0Ka3aTEAIX YV 3I0POBBIX POKABIIHNX KEHITHUH U (POPMHUPYIOT HANEKHYI0 KAMHUYECKYIO
6a3y oA OLIEHKH PEeLIEeNITHBHOCTH SHAOMETPHS, MOHUTOPUHIA COCTOSHUS MATKH IIPHU IIOATOTOBKE K
OKO. [lanHble MOTYT OBITH HCIIOAB30BAaHbI KaK pedepeHCHbIe I0Ka3aTeAl B IIPAKTUIECKOH THHEKOAO-
TUH U PENIPOAYKTUBHON MEIUITUHE.

KaroueBrie caoBa: 3HAOMETpPHH, MaTKa, 3D-yABTPa3ByK, PEIPOAYKTHBHOE 30POBbLE, BACKYAS-
pH3alluOHHbIE UHIEKCHI.
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ULTRASOUND PARAMETERS OF THE UTERUS AND ENDOMETRIUM IN FERTILE PAROUS
WOMEN OF ACTIVE REPRODUCTIVE AGE

Minashkina E.V.12, Ozhogina E.V .2, Ozerskaya |.A3

1 - Sechenov University.
2 - Nova Clinic Reproduction and Genetics Center.
3 - Patrice Lumumba Peoples' Friendship University of Russia. Moscow, Russia.

o assess morphometric and hemodynamic ultrasound parameters of the uterus and endo-
metrium in fertile parous women of active reproductive age (25-37 years) during the mid-
secretory phase of the menstrual cycle.

Materials and methods. This retrospective cohort descriptive study included 127 healthy
women aged 25-37 years (parity: 1-4), examined on days 20-22 of the menstrual cycle. All partici-
pants underwent 2D /3D transvaginal ultrasound with 3D power Doppler imaging. Endometrial vol-
ume was automatically calculated using the VOCAL software. The following parameters were ana-
lyzed: uterine volume, endometrial thickness and volume, endometrial area in the coronal plane (via
3D reconstruction), vascularization indices (VI, FI, VFI), pulsatility index (PI) of the uterine arteries,
and time-averaged mean velocity (Vmean) of blood flow in the uterine arteries. Statistical analysis
included descriptive statistics, Spearman’s correlation coefficients, and p-values.

Results. Normative ultrasound parameters were established for fertile parous women in the
mid-secretory phase of the menstrual cycle. The mean uterine volume was 57.2 + 17.0 cm?®, endome-
trial thickness was 9.3 £ 1.4 mm, and the median endometrial volume was 7.3 cm®. The median vas-
cularization indices of the endometrium (VI, FI, VFI) were 10.7%, 13.1, and 2.9, respectively. The
mean blood flow velocity (Vmean) in the uterine arteries was 7.99 + 1.97 cm/s, and the pulsatility
index (PI) was 2.02 £ 0.29. Correlation analysis revealed a strong association between endometrial
volume and uterine cavity area (p=0.76), as well as synchronized vascularization of the myometrium
and endometrium (p=0.65). An increase in parity was associated with higher volumetric and vascu-
lar parameters of the endometrium, while PI remained stable, suggesting morphofunctional vascular
adaptation after completed pregnancies.

Discussion. The obtained results demonstrate that the morphometric and hemodynamic char-
acteristics of the uterus and endometrium in fertile parous women during the mid-secretory phase
are indicative of high physiological maturity and pronounced perfusion. Compared to population da-
ta, uterine and endometrial volumes and vascular indices were slightly elevated, likely reflecting
morphofunctional adaptation following completed reproductive cycles. The identified correlations be-
tween morphometric and vascular parameters support the anatomical and functional integration of
these structures. A moderate increase in endometrial vascularization with higher parity highlights a
potentially enhanced receptivity of the endometrium in women with multiple pregnancies.

Conclusion. The derived reference ranges address the gap in data on ultrasound parameters in
healthy parous women and offer a reliable clinical basis for evaluating endometrial receptivity and
uterine status during in vitro fertilization preparation. These findings can serve as reference indica-
tors in practical gynecology and reproductive medicine.

Keywords: endometrium, uterus, 3D ultrasound, reproductive health, vascularization indices.
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ABTPa3BYKOBas BH3yaAH3aIlus opra-

HOB MAaAoOro Tasa 3aHUMaeT ILIEeHTPaAb-

HOE MECTO B COBPEMEHHOM THMHEKOAO-

ruyeckod pmuarHocTtuke. bBaaromaps

CBoe¥ HEWHBA3WBHOCTH, OOCTYIIHOCTHU
U BBICOKOH MH(POPMATHBHOCTH, YABTPa3BYKOBOE
HCCAEIOBAHNE II03BOASIET KOMIIAEKCHO OII€HU-
BaTb COCTOSIHHE MAaTKH, SHIOMETPHUS U COCYyIHU-
CTBIX CTPYKTYP, YTO OCOOEHHO BaXXKHO B KOHTEK-
CT€ PENpPOAYKTUBHOIO 3/0POBbd KeHIUH. Pas-
BUTHE YALTPA3BYKOBBIX T€XHOAOTHH, B TOM YHC-
Ae 3D-peKOHCTPYKIIUHM, IIBETHOTO M 3HEPTeTH-
YECKOT0 JOMIIIAEPOBCKOTO KapTHUPOBAHUS, CYIIle-
CTBEHHO PACIIMPHAO [OHATHOCTHYECKHE BO3-
MOXKHOCTH B OIIEHKE OPraHOMETPHYECKHUX U Te-
MOOMHAMHUYECKHUX XapaKTepPUCTHK PENIpPoOayK-
THUBHBIX OPraHOB.

CoBpeMeHHasd KAWHHYECKas IIpaKTHKa
TpebyeT HaAW4dHsa CTPATU(PUIINPOBAHHBIX pe-
(bepeHCHBIX 3HAYEHHUN, OTPaKaIONINX aHaATOMO-
(PYyHKIIHOHAABHYIO HOPMY C y4éToM (pasbl MeH-
CTPYaABHOTO IIMKAQ, BoO3pacTa U IIapuTeTa.
Boabnioe BHHMMaHHe H3YYEHUIO MeMOIUHAMUKU
B Pa3AWYHBIX BO3PACTHBIX IlepHofax u ¢aszax
MEHCTPYyaAbHOTO IMKAa yaeanaa O3sepckas
N.A.[1]. OnHako OoabllIas 4YacTh CYLIECTBYIO-
IIUX MCCAENOBaHUH BKAIOYAET TIeTePOreHHBbIE
BBIOOPKH, HE CTPATU(UIIMPOBAHHBIE 10 KAIOUe-
BBIM (PHU3HOAOTHYECKUM XapaKTepPHCTHKaM: pe-
IPOAYKTUBHBIH aHaMHe3, (pa3a [IUKAa, HAaAUdIHe
IaTOAOTHHU. ITO OTpaHHUYMBAET KAWHUYECKYIO
IIPUMEHHUMOCTD IIOAYUYEHHBIX HAHHBIX U CHHZXKA-
€T UX LIEHHOCTB IIPY HHTEPIIPEeTAllNd KOHKPET-
HBIX YABTPa3BYKOBBIX IT0Ka3aTeAeH.

OcobeHHO Maa0 paboT, OXBATBHIBAIOIIUX
UCKAIOYHTEABHO (DEPTHABHBIX POXKABIINX KEH-
IIMH aKTHUBHOTO PENpPOAYKTHBHOI'O Bo3pacrta.
Mexxny TeM MMEHHO 3Ta TpylIa IpencTaBAgeT
co60#l KAMHHUYECKUH 3TaA0H — CO CPOpMUPO-
BaHHBIM THHEKOAOTHYECKUM aHaMHe30M,
YCTOMYUBBIMH TI'OPMOHAABHBIMH IIUKAAMH U
IIOAHOLIEHHOM peasu3aluell pPenpoayKTUBHON
byHKIIH.

B omgHOM M3 KpPyIHEHIIHNX YABTPa3ByKO-
BBIX HCCA€IOBAHUH HOPMAaALHBIX I1apaMeTpPOB Y
KUTAUCKUX JKEHIIWH IIPUBENEHbl 3HA4YeHUT
06BpéMa U AMHEHHBIX pasMEepoB MATKH, OTHAKO
He y4uTbIBaacs mapuret [2]. B pabore Arya u
coaBT. (2021) Tak:Ke oIMCaHBI pasMepbl MATKU
Yy 3KEHIIUMH PEeNpoayKTHBHOIO Bo3pacTa, HO OT-
CYTCTBYET CTpaTU(UKAIUA [0 (pa3ze IIHUKAa U
OlleHKa BacCKyAspu3anuu [3].

O6BEéM MaTKH, IIAOLIAAL ITOAOCTH, TOAIIIU-
Ha U O0BEM HSHAOMETPUS, KaK H II0KA3aTEAH
BacKyadpuzamuu: vascularization index (VI),
flow index (FI), vascularization-flow index (VFI),
MOTYT 3HAYHUTEABHO BapbUpPOBaThH B 3aBUCHMO-
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ctu or ¢aspl 1ukaa. OcobeHHO axTyasbHa
cpenHada cekpeTropHad daza (20-22 nmeHs), mpu
KOTOPOU HSHAOMETPUH [JocTHUraeT (PyHKITHO-
HaAABHOTO MaKCHUMyMa, VTOALIAEeTCs, [OeMOH-
CTPHUPYET aKTUBHYIO IIepdy3HUI0 U CTAHOBHUTCH
HanboAee PEleNITUBHBIM K UMIIAQHTAIINH.

FemopmHaMHUYecKHue mapaMeTphl, OIIpese-
ASIEMble METOOOM OOBEMHOM MOIIIAECPOMETPUH,
[Aa0T BO3MOXKHOCTb KOAWYECTBEHHOI'O aHaAW3a
MHKPOCOCYOUCTOM CEeTH SHOOMETPHUS U CYO0dH-
OOMETPHUAABHOH 30HBI. OTH IIOKa3aTeAd aKTHB-
HO HCIIOAB3YIOTCS IIPH OLIEHKE PELEeNTHBHOCTU
U IIPOTHO3UPOBAHHUU HACTYIIAEHHS OepeMeHHO-
ctu B nnpoTokosax BPT [4, 5.

OOHOBPEMEHHO BasKHYIO HMH(OPMAIIHIO
IPEeNOCTaBASeT  OOIIIAEPOMETPHA  MAaTOYHBIX
aprepuii (MA), B 4YaCTHOCTHU IIyABCAITMOHHBIH
unnekc (PI). Boaee Bricokue 3HaueHusa Pl orpa-
3KAlOT IIOBBIIIIEHHOE COCYIHCTOE COIIPOTHBAE-
HUE, acCOIIMUPOBAaHHOE C yXyAlleHHeM Iepdy-
3UHU SHAOMETPHS U CHHXKEHHEM BepPOSTHOCTU
UMIIAQHTAUKM [6]. OZHUM U3 KPUTEPUEB OLIEH-
KU TFOTOBHOCTHU KEHINUHBI K UMIIAQHTAIIUH 3M-
OpuoHa gaBAgeTcd ycpemHEHHAas II0 BpPEeMEHU
CKOPOCTH KPOBOTOKa MAaTOYHBIX apTepui
(Vmean). B pabGore O3sepckoit M.A. u coabrT.
(2024) mokazaHo, yTo Vmean saBageTcd Ooaee
9yBCTBHUTEABHBIM KpHUTepueM, deM Pl maTouHBIX
apTepuii, 9YTO TaKXKe KOCBEHHO IIOATBEP3KIAIOT
B cBoéM uccaemoBaHuu Chien u coast. (2002)
[7, 8].

Pabora Bahrami F. u coast. (2023) mox-
4€pKUBaeT 3HAYMMOCTb KOMIIAEKCHOM OILIEHKH
PI, VI u VFI npu obcaemoBaHNH KEHIIUH C Oec-
naoaueM [9]. B Mmeraanaamnzax Wu u coasBT.
(2023) u Wang u coasrt. (2018) 6p1ra HOKa3aHa
BBICOKasd IIPOTHOCTHYECKAs 3HAYUMOCTE I1epdy-
3uoHHBIX uHAekcoB (VI, FI, VFI) naa omenkwn
peLENTUBHOCTH 3HAoMeTpusa npu KO [10, 11].
[Ipu 3TOM yKa3bIBaeTcs Ha 3HAYUTEABHYIO TreTe-
POTEHHOCTH IIOIIYASIIMOHHOTO COCTaBa M METO-
OB M3MEpPEHUH, 4YTO 3aTpyndHseT (POpMUpPOBa-
HUE YHUBEPCaAbHBIX pe(pepeHCHBIX 3HAYEeHUH.

Takum obpas3oM, IpoBeAeHUE CTaHIAPTH-
3UPOBAHHOI'O HCCAENOBaHUS, BKAIOYAIOIIETO
HCKAIOYHTEABHO 3I0POBBIX POKABIINX KEHIITHUH
B CpenHeH ceKpeTopHOU (pasze MEHCTPyaABHOIO
IIUKAA C IIPUMEHEHHEM COBPEMEHHBIX METOIUK
2D/3D VY3UM u [onmaepoMeTpHH, II03BOALET
BOCIIOAHUTH CYLIECTBYIOIIMI mIpobea U cdop-
MUPOBaTh HaAEXKHYIO UH(OPMAIIMOHHYIO IIAAQT-
dopMy [OAd KAMHHYECKOH pPenpoayKTHBHOU
IIPaKTHKH, Co3aBas YABTPa3BYKOBOH «IIOPTPET»
PENPOAYKTUBHO 3/10POBOH KEHIITHUHBI.

Marepuasibl 1 METOIEI.

[uzaliH HCCAEOBAaHUS U XapaKTePHUCTHU-
KU BBIOOPKH.
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Puc. 1 (Fig. 1)

Puc. 1. 2D-TBY3U, caruTTaAbHOE Ce4eHue MATKU, AONOAHEHHOE SHEPreTUHEeCKMM AOMNMAEPOBCKUM
KAPTUPOBAHUEM.

CpenHsas cekpeTopHad ra3a MEHCTPYAABHOTO IIHMKAA. XapaKTePU3yeTCs IIOBBIIIEHHOH, OHOPOAHON 3XOT€HHO-
CcThIO 9HAOMeTpHusd. CpeauHHAs AMHHUS BH3YaAU3UPYeTCs HEYETKO, hparMeHTapHO. BacKyagapu3anusg 3HI0MeT-
pHUS U Cy0SHIOMETPHAABLHOM 30HBI PaBHOMEpPHAsI, HO CIKPAABHBIE COCYAbI HE HOXOOAT OO CPEAWUHHON AWHUU
(3mech u masee OPUTHHAABHBIE HAAIOCTPAIIH aBTOPOB, 2026 T.).

Fig. 1. 2D TVUS, sagittal section of the uterus, complemented by power Doppler imaging.

Mid-secretory phase of the menstrual cycle. Characterized by increased, homogeneous echogenicity of the
endometrium. The midline appears indistinct and fragmented. Vascularization of the endometrium and sub-
endometrial zone is uniform, but spiral arteries do not reach the midline (here and throughout, all figures are

original illustrations by authors, 2026).

[IpoBeneHO PETPOCIEKTHBHOE, KOTOPTHOE
oIricaTeAbHOE HCCA€NOBaHUe, HallpaBA€HHOE Ha
oIlpeleACHHE OPraHOMETPHUUYECKUX U TeMOIU-
HAMHYECKUX  YABTPA3BYKOBBIX  IIapaMeTpOB
MaTKH U SHOOMETPUS Yy (PEPTHABHBIX POKAB-
IINX XKEHIWH, HabAmomaBiuxcsa B LleHTpe pe-
npoaykuuu u reHetuku «HoBa KamHuk» B mepu-
on ¢ 2021 mo 2025 roxa. B uccaemoBanme GbIAU
BKAIOYEHBI 127 >XeHIIWH B Bo3pacte 25-37 aeT
C PEryASpHBIM MEHCTPYaAbHBIM IITUKAOM (26-32
[HS) U IIOATBEPXKAEHHON cpenHel ceKpeTopHOH
dazoit (20-22 meHBb II0 MEHCTPYaAbHOMY KaA€H-
[apio U YABTPA3BYKOBOI KapTHUHE SHIOMETPUSI).
Bce yyacTHUIBI MMeAM MUHUMYM OOHY Oepe-
MEHHOCTH C JOHOIIIEHHBIMH POAaMH B aHaAMHe3e
U He TIPUHHUMAaAU TOPMOHAABHBIE IIpeNapaThl B
TedeHHe TPEX MeCHdIeB OO0 UCCAeOBaHU.

Kpurepun BKAlOYeHHs: Bo3pacT 25-37
AET; POombl B aHaMHese (21); peryAsapHbIfi MeH-
CTPyaAbHBIN ITHKA; CPeOHSd CeKpeTopHas daza
(20-22 meHb); OTCYTCTBHE 3KaA00 U TMHEKOAOTH-
4ecKo raroaoruu (puc. 1).

Kputepuu HCKAIOUEHHSI: HCIIOAB30BaHUE
TOPMOHAABHBIX IIPENapaToB B TeUeHUE 3 Mecd-
1IeB; HaAW4YWe BHYTPUMATOYHOM CIIUPAAH;
HapyIIeHUs IUKAA, SHIOKPUHHBIE PaCCTPOM-
CTBa, MHOMa, 9HIOMETPHO3; aHaMHe3 oIleparui
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Ha MaTKe U SHYHUKaxX.

HUccaenoBaHue NIPOBOAMAOCE B COOTBET-
CTBUHU C HIpHHIMIIaMU XEeABCHHKCKOH meraapa-
nuy. Bce ydacTHHIBI Oasau ITMCBMEHHOE UH-
dopmupoBanHoe coraacue. [IpoTokoa omobpeH
AOKaABHBIM 3THYECKHUM KOMHUTETOM.

Metonuka yabTPa3ByKOBOTO HCCJIEIO0-
BaHWUA.

Bce wuccaemoBaHMA — IPOBOAVAWCH B
YTPEHHHE 4Yachl IIPYU IIyCTOM MOYEBOM IIy3BIpE.
BrimoaHsaock TpaHcBaruHasbHoe 2D- u 3D-
YABTPa3BYKOBOE HCCA€NOBaHHE OPraHOB MaAOI'o
Tasza C HCIOAB30BAHUEM VABTPA3BYKOBOM CH-
crembl GE Women’s Health Care Voluson ES8
(CILIA) ¢ TpaHCBarvMHaAbHBIM OJATYHKOM YacCTO-
TO¥ 7,5-9,0 MI'l. TIpoToKOA BKAIOYaa B-pexkuwm,
IIBETHOE MIOIIIA€POBCKOE KapTHPOBaHHE H UM-
IIyABCHO-BOAHOBYyIO gnomrraepoMmerputo (PW), a
Tak¥xke oobeMHoe 3D-ckaHUpoOBaHHE.

OrneHuBaAHUChH OpPTaHOMETPHUYECKHE I1apa-
METpPBI (TOAILIMHA, 0OBEM U IIAOIIAAL SHIOMET-
pHsS B KOPOHAPHOM CEUYEHHU, OO0BbEM MAaTKU) U
COCYyAVICTBIE IIOKa3aTeAU (BaCKyASpH3allOHHBIE
MHOEKChl MaTKU U 9HAOMETPUS, JOIIIAEPOMET-
pHS MaTOYHBIX apTepUi).

N3mepsaemsbie mapamMeTpsl.

HccaemoBaHue KPOBOTOKA B MaTKe HA4H-
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Puc. 2 (Fig. 2)

Puc. 2. Y3U.

Busyaauzanusa MaTOYHOM apTepUH Ha YPOBHE MEpelIeiKa MaTKHU, II0 OOKOBOI ITOBEPXHOCTH. MOHOXPOMHBIM
IIOTOK CBHETEABCTBYET O IIPABHUABHOM HACTPOMKE CKOPOCTHOM IITKAABI.

Fig. 2. Ultrasound.

Visualization of the uterine artery at the level of the uterine isthmus, along the lateral border. The mono-
chromatic Doppler signal indicates correct velocity scale settings.

Rt Ut-PS
Rt Ut-ED
Rt Ut-S/D
Rt Ut-P1
Rt Ut-RI

Rt Ut-TAmean -10.78cmls
Rt Ut-HR 77bpm)|
100 u

WMF low1
PRF 4.0kHz|

Puc. 3. Y3U.

ﬂOHHAepOMeTpI/IS{ MaTOYHOU apTepuu C y‘IéTOM yraa MHCOHAaAIIUH, CO6AIO}.'[€HI/I6M Pa3BEPTKU O0 5 ITMKAOB Ha
SKpPaHE€ MOHHTOpPAa U aBTOMATHUYECKOU TpaCCI/IpOBKOﬁ KpHBOfI CIIEKTPa KPOBOTOKaA.

Fig. 3. Ultrasound.

Doppler assessment of the uterine artery with insonation angle control, sweep display of up to 5 cardiac cy-
cles, and automatic spectral curve tracing.
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HaAHM C MaTOYHBIX apTepuil Ha YpoBHE Ilepe-
mekika (puc. 2). [JonmaepoMeTpHus IIPOBOANAACH
c yraoM mHcoHanuu ot 0 mo 30°, ¢ pa3sBepTKOM
0 S5 CepAeyHbIX IIMKAOB Ha 3KpaHe. ABTOMAaTH-
qecKkasl TPacCHpPOBKAa CIIEKTPA I103BOASAA IIOAY-
YUTH 3HAYEHUs CpelHel 110 BpeMEHU CKOPOCTH
kpoBoToka (TAMn, cM/c) ¥ IIyABCAIIIOHHOTI'O
unpaekca (PI). [TokazaTean ycpemHsIAUCH 0 obe-
UM MaTOYHBIM apTepuaM (puc. 3).

[Tpu 3D-monnA€pOMETPHU HCIIOAB30BAaACH
yroa 3axBata 120°, miar moBopoTra u3o0pazke-
HUS IIPH OKOHTYPHUBaHUH — 9°, yacTrora IOBTO-
perug umnyabcoB — 0,6 kHz. Brian mpoBeneHbI
u3MepeHuda obbeMa MaTKH, o0beMa SHIOMETPHSI
U [AOLIAY OHIOMETPHS B KOPOHApPHOM cede-
HUH C IOCAEYIOIIIUM pPacdeToM CKOPPEKTHPO-
BaHHOTO O0beMa SHIOMETPHS (OTHOIIEHUE 00b-
eMa CAM3UCTO# 000AOYKH K 00BEMY TeAa MaTKH,
B %). C moMOIIbI0 IPUKAQLHOH IIPOTPaMMEbI
VOCAL paccUuTbIBaAHCh BaCKyASpPHU3aIlMOHHBIE
uHOEKCE: VI (BacKyAsSpH3allMOHHBEIM HHIEKC),
FI (morokoBbiii mHAekc), VFI (Backyagpuzamu-
OHHO-IIOTOKOBBIH HHIEKC) KaK OAd MaTKH, Tak
U IASI SHOOMETpHUs (puc. 4-6).

Crarucruueckuii aHaaua.

AHaan3 HaHHBIX IIPOBOIMACH C HUCIIOAB30-
BaHueM Microsoft Excel 2019 u SPSS Statistics
v.26.0. Hcnoan3oBasach omnncaTeAbHad CTaTHU-
CTUKa (CpemHee, CTaHIAPTHOE OTKAOHEHUE, Me-
nuaHa, 25-75%). HopMaabHOCTE pacrpenese-
HUS OpoBepgsack KpurepueM lllamupo-Yuaka.
AT OLIEHKH KOPPEAdIIUH IIPUMEHIACH KO3(d-
¢urnent CrnupmeHa (p). Crarucrudeckad 3Ha-
YHUMOCTh Pa3AHYHU OlIEHHUBAAACh 10 KPHUTEPHIO
CrerofeHTa; 3HadeHus p < 0,05 cumrasuck cra-
TUCTHUYECKU 3HAYUMBIMU. Pe3yAbTaTbl BH3yaAHU-
3UPOBAaAUCE B BHE OUarpaMM pacCesdHHus U
KOPPEAILIIOHHON TEIIAOBOU KapThI.

PesynabraTs.

O0mas xapakTepuCTUKA BEIOOPKH.

Y4YacTHHUIBI HCCAENOBAHUS HMEAH Cpel-
HHuM Bo3pacT 31,0+ 3,4 aeT U HOPpMaABHBIH HH-
nexkc Maccel Teaa (23,1+2,7 kr/m?). B nonas-
ATIONIEM OOABIIIMHCTBE CAydYaeB B aHaMHe3e
JKEHITUH ObIA0 ABe OepeMEHHOCTH, IPUIEM Me-
OUaHHBbIe 3HA4YeHus abopToB, BBIKUABIIIEH U
BHEMATOYHBIX OepeMeHHOCTeil cocraBasgaun O.
Takum obpazoM, uccaemyeMas BbIOOpKa Xapak-
Tepu3yeTcd OAATOIOAYYHBIM PENPOAYKTUBHLIM
anamue3oM. Hawuboaee wacteiMu Oblam 1-2 mo-
HOIIIEHHBbIE O0epEMEHHOCTH, IPUYUEM CAydaH Ke-
capeBa CEYEHUS HAH OCAOXKHEHHOI'O TeYeHUS
6epeMeHHOCTH BCTPEYAAUCH SMTHU30IUIECKU. DTO
MOTIOAHUTEABHO IIOATBEPIKIAET, YTO BBIOOpPKA
npencTaBageT coO0M KAMHHUYECKH CTaOHALHYIO
TOMIYASIITUIO POXKABIINX JKEHINWH 0e3 BbIpa-
JKEHHBIX aKyIIEePCKUX OCAOXKHEHUH (Taba. Nol).

OpranomerpuvyecKue HOKa3aTeJIu.

[TokazaTrean oOBEMa MAaTKH, TOALUTUHBI U
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o6BéMa SHAOMETPHs, IAOIIAAU IIOAOCTH, a
TaK¥XKe CKOPPEKTUPOBAHHOTO OOBEMa SHIOMET-
pus mpencraBaeHbl B Tabauile No2. Bcee 3Haue-
HUS OoTpazKkaloT (pa3zy (PyHKIIMOHAABHOIO MaK-
CUMyMa CAWU3HCTOM OOOAOYKU U XapaKTepHu3y-
I0TCI YMEPEeHHOH BapuabeAbHOCTHIO B IIpeaeAax
pu3uoAOTHIECKOH HOPMBI. Y OGOABUIMHCTBA
KEHIIUH PETUCTPUPOBAAUCE OTYETAMBO BbIpa-
JKEHHbIe MOP(OAOTHYECKHE IIPU3HAKH 3PEAOTO
CEKPETOPHOTO SHIOMETPHS B COYETaHUHU C yBe-
AWYEHHBIMH OOBEMHBIMU XapaKTEePHUCTUKAMHU
MaTKHU.

I'emogmHaMu4geckue nmapamMmeTpsl.

PesyabTaTel  OOIIIAEPOMETPHH  OEMOH-
CTPHUPYIOT aKTUBHYIO BAaCKyAIPU3AIUIO MATKU U
9HAOMETPHI B HccaenyeMmylo ¢asy Iursa. B
Tabaurte No3 mnpuBeneHbl cpenHUe 3HAUYEHUS
unaekcoB VI, FI u VFI kak naga muomeTrpus, Tak
U OAS SHAOMETPH, a TaKKe II0Ka3aTeAU IIyAb-
canmoHHoro uHpaekca (PI) u cpemHel cKopocTH
KpoBoTOoKa (Vmean) B MaTOYHBIX apTepHIX.
O6GHapyzKeHHbIe 3HAYEHHS COOTBETCTBYIOT (DU-
3MOAOTHYECKON HOpPME U IIOATBEP3KIAIOT BBICO-
KyIO CTeleHb Iepdy3uu CAM3UCTOH OOOAOYUKH,
XapaKTePHYIO A CPeIHeH CeKpeTOPHOU dhasbl.

Biusanue mapurera.

HNaTepecHBIM OKa3aAcss MHOTO(AKTOPHBIH
aHaAu3, IMPOBEAEHHBIA C Y4YETOM KOAUYECTBA
npenblaynux ponoB. Ilo Mepe yBeandeHUd Iia-
puteTa HaOAIOJAAOCH 3aKOHOMEPHOE IIOBBIIIe-
HUE BOo3pacTa U MHAEKCAa MAacChl TeAa XKEHIIUH.
Kpome Toro, ¢ HapacTaHueM YHCAA POLOB yBe-
AWYHBAaAUCE TaKHe IapaMeTpbl, KakK O0o0BéM
MaTKH, 0O0BbEM U IAOLIAAEL SHIOMETPHUS, a TAKIKE
CKOPPEKTUPOBAHHBIN 00BEM CAHM3UCTOM 060A0U-
ku. [Ipu aTOM IOKa3aTeAn BaCKyAdpHU3allUH 3H-
momerpus (VI u FI) Takske AeMOHCTPHUpPOBaAHU
TeHOeHIMIo0 K pocTy. [Tokasarear PI, HanipoTus,
ocTaBaAcs CTaOHUABHBIM, HE NEMOHCTPUPYS BbI-
paskeHHOW auHaMuKu. [loAydeHHbIE [OaHHBIE
MOTYT CBHIETEABCTBOBATHL O MOPGOQYHKIIHO-
HaABHOH ajamnTanuy COCYAHUCTOM CeTH 9HIO-
MeTpHUsd W MaTKU Ha (POoHEe IIOBTOPHBIX Oepe-
MEHHOCTEeH U pozoB (Taba. No4).

Koppenauuounsrit anaminas.

KoppeasmuoHHBIF aHaAu3 BBIIBHA PAL
CTATHUCTUYECKH 3HAYMMBIX B3aUMOCBsS3eH MexK-
Oy VABTPa3BYKOBBIMHU HapamerpamMu. HambGoaee
BBIPasKEHHAd IIOAOKHUTEAbHAsl CBS3b yCTAHOB-
AeHA MeXIy 00BEMOM 3HIOMETPHUSI U IAOIIAIBIO
moaoctu Matku (p=0,76; p<0,001), yro oxKU-
nmaeMo u (pusnororHdecku obocHoBaHO. Kpowme
TOrO, YETKHE IIOAOKHUTEABHBIE KOPPEATIINH
Habaronasuce Mexay VI u VFI matku (p=0,73),
a Takxke mexny VI u FI spnomerpus (p =0,64) u
FI u VFI sanomerpusa (p=0,61). Takxke Heobxo-
OUMO OTMETHUTH 3HAYUMYIO KOPPEASIIINIO MEXIY
VI matku u VI sapmomerpusa (p=0,65), 9yTo mo-
JKeT yKasbIBaTh Ha COTAACOBaHHOE pPa3BUTHUE
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Puc. 4 (Fig. 4)

Contour(shell) - Histogram

Puc. 5 (Fig. 5)

Puc.4. Y3W.

C momomipio mpuraanHod nporpammbel VOCAL pac-
CYHUTaHbl BaCKyAspH3allioHHbIE HHAEKCHL: VI, FI m
VFI maTKu U e€ 06béM. CTpeAKOo ITOKa3aHbI BHICOKHE
3HA4YEHHd BaCKyAIPU3AIIHMOHHBIX HHAEKCOB MATKH.

Fig. 4. Ultrasound.

Using the VOCAL software, vascularization indices
(VI, FI, and VFI) of the uterus and uterine volume
were calculated. The arrow indicates elevated vascu-
larization values of the uterine wall.

Puc. 5. VY3W.

C mowmorpio nmpukaagHod mporpaMMmel VOCAL paccum-
TaHbl BacKyAsapHu3anroHnHble HHAEKChI: VI, FI u VFI 3H-
JOMETPHS U €ETO OOBEM.

Fig. 5. Ultrasound.

Using the VOCAL software, vascularization indices (VI,
FI, and VFI) and the volume of the endometrium were
calculated.

Puc. 6 (Fig. 6)

Puc. 6. Y3W.

3D-I0BEPXHOCTHAA PEKOHCTPYKIHS IIOAOCTH MAaTKH B
KOPOHapHOM cedeHUH. [IpoBeAeHO OKOHTYPHUBAHUE II0O-
AOCTH MAaTKH II0 HAPYKHOMY Kparo C aBTOMAaTHYE€CKHUM
pacdéToM IIAOILAIH.

Fig. 6. Ultrasound.

3D surface reconstruction of the uterine cavity in the
coronal plane. The cavity was contoured along the out-
er margin with automatic area calculation.
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Tabauna Nel. PenpoAyKTHBHBIH aHaMHe3.

CrangaprHoe

Cpeanee Meauana 25-75% JIuanazon
OTK.I0OHeHHe
Bozpacr (1er) 31,02 3.42 31.0 28.0-34.0 25.0-37.0
Hugexc Maccel
Teaa (AMT) 23.14 2.69 23.2 20.9-249 17.3-345
Kr/m?
bepemenHocTeH 2.38 1.27 2.0 1.0-3.0 1.0-7.0
AbGopToB 0.15 0.54 0.0 0.0-0.0 0.0-4.0
Brixaabimei 0.06 0.23 0.0 0.0-0.0 0.0-1.0
JiTommIeckux 0.03 0.18 0.0 0.0-0.0 0.0-1.0
OepeMeHHOCTeH
Pogoe 2.14 1.01 2.0 1.0-3.0 1.0-4.0
Recapesix 0.21 0.41 0.0 0.0-0,0 0.0-1.0
cedeHHH
Tabauna No2. OpraHOMEeTpPHYECKHE NMOKA3aTEAH MATKH H 3HAOMETPHS.
CrangaprtHoe ' o
Cpennee OTKTOHCHHe Meauana 25-75% Juanazon
gi"e“ MATKE 57.24 17.02 52 453-67.6  29.5-101.0
Toamuna
3HIAOMETPHS, 933 142 9 8.2-10.2 7.0-13.0
MM
Oonem
3HIAOMETpPHS, 7.39 24 7.3 5.8-9.0 3.5-13.0
(0.0 o
Mromaze 7.96 2.06 7.69 655932  45-12.7
MOJIOCTH, CM
CxoppexTHpOB
ammIi 00n 13,52 4.95 1254  103-1545  6,5-32.35
3HIOMETPHS,
%
TaGAKIla Ne3. reMOIlHHaMH‘-IeCKHe IIOKAa3aTECAH MATKH H SHAOMETPHSA.
Cpeanee Cramaaprroe Meanana 25-75%  /Imanazon
OTK.IOHeHHe
VI matkn, % 2418 8.56 226 18.6-25.9 8.0-52.4
FI markn 25.06 3.36 25.2 23.2-26.8 17.6-39.6
VFI marku 9.07 3.47 8.7 7.7-10.3 1.9-20.0
VI s3agomerpusn, % 12.01 428 10.7 9.5-12.55 1.04-24.0
FI 3apomerpus 14.62 3.75 13.1 11.45-17.1 10.2-25.9
VFI sagomerpus 3.28 1.32 29 2.55-3.6 1.9-10.5
Cpeganii Vmean - -
MA. /e 7.99 1.97 8.15 6.52-9.32 3.13-13.5
Cpennnii PI MA 2.02 0.29 1.95 1.85-2.2 1.15-2.9
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Tabauma Ne4.

MuorodakTOpPHEIH aHAAH3 IIO MAPHTETY".

KoandecTBO 1 2 3 4
pozoB
28.0 320 32.0 34.0
Bozpacr (1eT) 26,0-31,0 28.25-33.0 31.0-34.0 32.5-35.,5
25-37 26-37 26-37 20-37
HHaekc Macchl Tela 22,7 23,1 228 243
(AMT), kr/se 20,7-24.6 21.0-24.7 20.7-24.7 23.0-27.25
T 19.0-345 17.3-27.8 18.6-28.7 20,0-30,0
48.0 60.6 56.8 63.1
O0BéM MaTKH, cM® 42.5-52.0 48.8-69.5 442-76.5 51.55-69.0
33.3-90.0 34.0-101.0 20.5-992 42.5-87.0
O0BeM 3HAOMETPHA, 4.5 8.4 - 8,0 8.1
o 3.9-6.1 7.6-10.25 6.8-9.2 6,_35-9:6
3.5-7.8 5.3-13.0 5.9-125 5.58-13.0
IL10maas mo.I0CTH 6,7 8.5 7.9 _ 7.7
s 6.1-7.69 7.4-10.38 6.7-10,5 6,72-9.69
45-10.7 490-11.095 48-12.7 45-12.2
CKoOppeKTHPOBAaHHBIH 10,05 14,39 13,79 - 13:65.
e — 8,{2-13,0 10.96-18.47 11.34-19.51 11.81-15.16
i 6,5-15.61 6.78-20.41 7.96-32.35 8.43-10.35
21.0 25.0 22.0 226
VI matkn, % 18.2-253 20.02-31.45 19.3-253 18.55-20.2
10,6-29.0 10.6-49.9 8.0-52.4 16,0-52. 4
25.0 252 25.2 248
FI maTkH 22.5-26.8 23.48-26.95 234-264 21.85-27.55
17.6-29.7 17.6-39.6 19.1-322 17.6-32.2
8.6 0.0 8.7 8.3
VFI matkn 7.9-10.3 7.72-10.6 5,9-04 7.15-113
2.9-17.0 2.9-20.0 1,9-20.0 42-17.8
0.7 11.8 10.7 12,5
VI 3agomerpus, % 9.0-10.7 0.77-17.68 0.5-12,5 0.05-19.75
7.4-184 1,04-24.0 7.4-22.7 7.9-21.1
128 15.25 129 15,5
FI 3agoMeTpHA 11,5-152 12.1-18.55 10.8-17.0 12.55-20.3
10.3-19.6 10.3-23.8 10.3-23 8 10,2-259
2.8 3.0 2.8 3.2
VFI 3aa0oMeTpHs 2.7-3.0 2.52-428 2.5-35 2.55-30
1,9-48 1,9-9.0 1,9-74 1.9-10.5
- 7.35 8.02 8.6 8.45
g‘f WLl 6.1-8.65 6.99-9.08 6.54-9.5 6.68-9.48
4.6-10.9 3,75-135 5.4-13.1 3.13-113
1,95 2,05 1.95 2,05
Cpeanmii PI MA 1.85-2.2 1.85-2.2 1.8-2.3 1,78-2.25
1.55-2.6 1.15-2.7 1,28-2.7 1.28-2.0

*YHCICHHBIC 3HAUCHUS OpCACTABJICHBI: IICPBAsA CTPOKA — MEAMAaHa; BTOpas CTpOKa — 25-75 OPOUCHTUIIb, TPEThs CTPOKA — MU-

HUMaJIbHOC U MaKCUMAaJIbHOC 3HAYCHUC.
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COCYIVICTOTO PyCAa 3THUX CTPYKTYP B HCCAEOye-
My!o a3y LIHKAA.

Hapsany c aTum, ObIAM BBITBAEHBI yMepEeH-
HBbIE B3aHMOCBSI3H: MEXKIY TOAIIMHOM U 00BE-
MoM sHAoMeTpud (p=0,44), a TakKe MEKIY
00BEMOM 2HIOMETPHSA U €r0 BaCKyAdpH3aliueit
no mHAekcy VI (p=0,36). ObpaTHas KoppeAad-
LU MeXKay 00BEMOM MATKU U IIyALCAITMOHHBIM
nHaekcoMm (p =-0,23) MozxKeT oTpazkaTh CHHKe-
HHUE COCYAHCTOI'O COIIPOTHBACHHS Y 3KEHIIHUH C
foaee KPYIIHBIMU pazMepaMu MaTKu (Taba. No5).

TOPHOM (pase MEHCTPYaABHOI'O ITHMKAA OOBEM
MaTKH, IAOIIAAb U OOBEM SHAOMETPHUS HAXO-
OSTCS B IIpenesax (PU3HOAOTHYECKOH HOPMBI, HO
IIPEBBIIAIOT CPEAHECTATUCTUYECKHE 3HAYEHU,
IIPEACTABACHHBIE B DPAAE IIONYASIIMOHHBIX HC-
caemoBaHUM. ITO MOXKeT ObITH CBSI3aHO C pea-
AV30BaHHOU PENPOAYKTHBHOM (PYHKIIMEH U OT-
CYTCTBHEM IIQTOAOTHH, BAHULIOIINX Ha pa3Mepbl
opraHa.

Tak, B KpyITHOM HCCA€IOBaHUH, ITpOBe-
néanoMm Chen u coaBt. (2023), 06BéM MaTKu B

Tabauma Ne5.

CraTHCTHYECKH 3HAaYHMBbIE KOPPEAAdAILIHH MEXAyYy ImapamMmeTpaMH.

MaTKH

<0.001

<0.001

<0.001

Ko duuuent
IMapameTpsi KOppeIsHH

(p)
OonéM
HJOMETPHSA —
IInomans L
MOJI0CTH
VI matkn — VFI 0.73 <0.001
MaTKH
VI matkn - VI 0.65 <0.001
3HJOMETPHA
VIsngomerpus — 0,64 <0,001
FI 3azoMeTpHSA
FI 3ag0MeTpHs — 0.44 <0.001
VFI 3naomerpus
Tonmuaa
HJAOMETPHSA — 4
OoBéM i
3HJIOMETpPHHA
OoBéM
3rgoMerpus — VI 0.36
3HJOMETPHHA
PI MaT0o9HBIX
ap'rep!lﬁ — OonéMm -0:23 001

HHaTepnperanus

TIponopuHOHATEHAA 3aBHCHMOCTE 00BEMa
JHJOMETPHA OT IUTOIAJH NOJOCTH

CornacoBaHHOCTE MEXAY IIOTHOCTRIO
COCYZHCTOTO PYCIa H COBOKYIIHEIM
KPOBOTOKOM MaTKH
TTapanaensHas aKTHBHOCTh TeMOAHHAMHKH
B MHOMETPHH H 3HAOMETPHH
ConpaxEHHOCT COCYAHCTOH
HaCHINEHHOCTH H HHTEHCHBHOCTH
KPOBOTOKA B 3HJOMETPHH
B3aEMOCEA3E MEXY KOMHIeCTBEHHEIM H
TIOTOKOBEIM HHAEKCAMH KPOBOCHA0KEeHHA
SHIOMETPHA

Mopdonorugeckasi 3aBHCHMOCTE MEXKIY
TONIODHHEOH H 00BEMOM 3HIOMETPHA

BiHAHEE COCYJHCTOH IIIOTHOCTH Ha
00BEMHOE PA3BHTHE 3HIOMETPHA

ViMepeHHOE CHEXEHHE NepHbepHIeCcKoro
CONPOTHEIEHHA [IPH VBETHIEHHH 00BEMA
MAaTKH

lpaduyeckass HAAIOCTPAIlNS KAIOYEBBIX
KOPPEASIIIUE MpeAcTaBAeHa Ha pUCyHKax 7-10,
Te TIOCA€NOBATEABHO IIOKA3aHBI: CBA3b MEXKIY
00BEMOM SHIOMETPHUS U IIAOIIAMBIO ITOAOCTHU
MaTKu, B3auMocBda3b VI u VFI matku, VI maTku
u sHaoMmerpud, a Takxke FI u VFI spmomerpusa
(puc. 7-10). CBomHaa TemaoBad KapTa BCEX KO-
3PPUITNEHTOB KOPPEAIIIUU IIpeficCTaBACHA Ha
pucyske 11.

OGcy:xaenue.

CpaBHeHue OpraHOMETPUYECKHX Iapa-
METPOB.

PesyabTaThl MCCAEOOBAHUSA ITOKA3aAU, YTO
Y (bepTHABHBIX POKABIIHNX YKEHIIUH aKTUBHOTO
PEIIPOOyKTUBHOIO BO3pacTa B CpemHel cekpe-

| www.rejr.ru | REJR. 2026; 16(1):65-79

BO3pacTHO# Trpyraie 25-35 AT COCTaBASIA B
cpenHeM 47,4cMm®, B TO BpeMd KakK B HallleM
HCCAE€IOBAHHUH 3TOT IIOKa3aTeAb JOCTHraa boaee
BBICOKUX 3HadeHUH [2]. CaenyeT OTMETHTH, YTO
BeIbopka Chen u coaBT. He Oblra CcTpPaATHDUIU-
poBaHa MO IAPUTETY, YTO MOIKET OOBICHSITH
pasauune. Takske B mccaeqoBaHUM Arya U Co-
aBT. (2021) ykaszsaHbl ycpenHEHHBIE pPa3Mephl
Teaa MaTKHU 6e3 yuéra pasbl IIUKAQ, UTO Orpa-
HHUYMBAET BO3MOXKHOCTB IIPSIMOTO COIIOCTaBAE-
HU4 [3].

OTAHMYHUTEABHOH OCOOEHHOCTBIO HAIIIETro
HCCA€IOBAHHA CTar0o BKalodeHHe 3D- pekoH-
CTPYKIIMU IIAOIIANM IIOAOCTH U 00BEMAa 3SHIO-
METpHS — IapaMeTpPOB, PEOKO HCIIOAB3YEMBIX B
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Puc. 7. Avarpamma.

[uarpaMMa pacCedgHHs, HAAIOCTPHUPYIOLIAs IIPSIMYO
3aBHCHMOCTDH MEXKIy O0BEMOM SHAOMETPHUS M IIAOIIA-
ObI0 ImoAOCTH MaTKHu (p = 0,76; p < 0,001). I'paduk
[OEMOHCTPUPYET TNE€OMETPHUYUECKH OOYCAOBAEHHYIO AH-
HEWHYIO TEHACHITWIO yBEAWYEeHUd 00BEMAa CAHU3HCTOM
000AOYKH C POCTOM EMKOCTH IIOAOCTH MATKHU.

Fig. 4. Diagram.

Scatter plot showing a strong direct correlation be-
tween endometrial volume and uterine cavity area (p
= 0.76; p < 0.001). The graph illustrates a geometri-
cally determined linear increase in endometrial vol-
ume with larger cavity capacity.

Puc.8. Auarpamma.

[uarpamMMa paccesHHs, AEMOHCTPHUPYIOIIAs CHABHYIO
TIOAOKHUTEABHYIO KOPPEAdIIHI0 MEXKIy BaCKyAIpPHU3aLIIH-
oHHbIM uHAekcoM (VI) ©m  BaCKyASpH3aIMOHHO-
notokoBeIM wuHAekcoMm (VFI) matku (p = 0,73; p <
0,001). HabaromaeTcss AMHEMHAas B3aHMMOCBS3b MEXKIY
TIIAOTHOCTBIO COCYAHCTOM CETH W MHTEHCHBHOCTBIO IIepP-
dy3uu opraHa.

Fig. 8. Diagram.

Scatter plot demonstrating a strong positive correlation
between the uterine vascularization index (VI) and vas-
cularization-flow index (VFI) (p = 0.73; p < 0.001). A
linear relationship is observed between vessel density
and organ perfusion intensity.

25}
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Puc. 9 (Fig. 9) Puc. 10 (Fig. 10)
Puc. 9. Auarpamma. Puc. 10. Auarpamma.

[uarpaMMa pacCedgHHs, OTPaKarolllasi COIIPSKEH-
HOCTh Mexnay VI matku u VI spnomerpus (p = 0,65; p
< 0,001). MaarocTpupyeTcd CHHXPOHHOCTH MaKpO- U
MHUKPOCOCYAUCTON BACKyAIPU3alluN, O0yCAOBACHHAS
00IIIMMI MEXaHU3MaMU aHTHOTeHe3a.

Fig. 9. Diagram.

Scatter plot showing the association between VI of
the uterus and VI of the endometrium (p = 0.65; p <
0.001). This illustrates synchronized macro- and mi-
crovascular development, likely governed by common
angiogenic mechanisms.

[uarpaMMa paccesHHs, AEMOHCTPUPYIOIIAS IIOAOXKH-
TEABHYIO 3aBHCHMOCTBH MEXK/y IIOTOKOBBIM HMHAEKCOM
(FI) 1 BacKyAapH3aIlOHHO-IIOTOKOBBEIM HHAEKcoM (VFI)
supoMmerpud (p = 0,44; p < 0,001). CBa3p oTpazkaer
CONPSAKEHHOCTh HMHTEHCUBHOCTH KPOBOTOKA H COBO-
KyITHOM COCYAHCTOM HACBIIIEHHOCTH CAM3HCTOH 000-
AOYKH.

Fig. 10. Diagram.

Scatter plot showing a positive correlation between flow
index (FI) and vascularization-flow index (VFI) of the
endometrium (p = 0.44; p < 0.001). This reflects the
interdependence of perfusion intensity and total vascu-
lar supply of the endometrial tissue.

www.rejr.ru | REJR. 2026; 16(1):65-79

DOI: 10.21569/2222-7415-2026-16-1-65-79

75



http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

PYTHHHOM IIpakTUKe, HO 00AaIAIONINX BBLICOKOM
YyBCTBHUTEABHOCTBIO K (PHU3HMOAOTHYECKUM U3-
MeHeHUaM [12-14|. HatigeHHble HAaMH 3HAYEHUSI
06BéMa U TAOLIAAV SHIOMETPHS, B TOM YUCAE
CKOPPEKTUPOBAHHBIN 00BEM (OTHOIIIEHUE OOBE-
Ma SHOOMETPHsS K O0BEMYy MaTKH), XapaKTepH-
3yI0OT ero (PyHKIIHMOHAABHYIO 3PEAOCTb U COOT-
BETCTBYIOT HOPMaABHOH peLenNTHBHOM asze
nukaa. [lokazaTeAn TOAIMWHBI SHAOMETPHUS
TaKXKe VYKAQOBbIBAIOTCS B [AWAalas0oH, IIPeIAO-
JKEHHBIY B AHTEpaType KaK OITHMAaABbHBIN OAs
uMIaaHTanuu (8-12 mm) [15,16].

Cocynucras nmepdysua u BacKyJIapu3a-
IUOHHBIE UHIEKCHI

BackyagpuzannoHable mapaMeTpbl MaTKH

HOPMBI: CpelHee 3HadeHHe HHIEeKCa BaCKyAd-
puzanmu (VI) cocraBuao 24,2+ 8,6 %, IIOTOKO-
Boro uHAekca (FI) — 25,1 £ 3,4, Backyagpusariu-
OoHHO-IT0TOKOBOTO MHAeKca (VFI) - 9,1+ 3,5. Otu
IOKa3aTeAW OTpPaskaloT BBIPAXKEHHYIO0 I'eMOIU-
HaMHU4YeCKyI0 aKTUBHOCTb MHOMETPUS B Cpe.-
Hel cekpeTopHOH (hasze MEHCTPYaABLHOI'O ITUKAA.
[ToaydeHHbIE 3HAYEHUS COIOCTABUMBI C [aH-
HBIMH, [IPEACTaBA€HHBIMU B pse HCCAEIOBa-
HHUN, wucnoab3yronmwmx J3D-monmaepoMeTpuio y
3/IOPOBBIX KEHIIWH PENpPOAyKTUBHOIO Bo3pac-
Ta. B wactHoCcTH, 6AM3KHEe ypoBHU VI, FI u VFI
MaTKH OIHMCaHbl B paborax Stepniak u
Czuczwar (2017), Garg u coaBt. (2018) u Ng u
coaBT. (2005), yTO MOATBEPKAAET BOCIIPOHU3BO-

HaXOUAUCHL B IIpefesaxX (PU3UOAOTHYIECKOU OVMOCTh W HOPMATHUBHOCTDL IIPEACTAaBAEHHBIX
TennoBas KapTa KoadduumneHToB CnupmeHa (p)
(p=0.05 ckpbIThI)
06bEéM mMaTKm, cm? 0.35 041 0.40 0.22
TonwmHa sHpomeTpus, mm  0.35 0.44 0.34 0.19 0.20 0.22 0.20
O6bem s3HgomeTpus, cm® | 0.41  0.44 H 032 0.19 0.21 036 0.31 0.27 0.27 06
Mnowaas nonoct  0.40 0.34 MOWI3 0.42 0.24 0.18 0.30 0.28 0.26 0.21
CKOpPPEKTUPOBaHHbIN
0BuEM SHmOMETPIS H 0.42 0.26 0.19 0.26 0.19 0.19 —04
FI MaTku 0.19 0.19 0.19 0.38 0.31 JXF -0.2
VFI MaTku 0.21 0.18 H H 0.28
VI sHRoMeTpHA 020 036 030 0.26 0.38 ﬂ H 039 036 -oo0
Fl sHoomeTpusa 0.22 0.31 0.28 0.19 M 0.31 0.28 m 0.4 0.23
-0.2
VFI sHaoMeTpus 0.27 0.26 0.19 FUSYARKEREGEN 0.39 0.44 0.18
Vmean no obeuv MA  0.22 0.20 0.27 0.21 0.33 0.36 0.23 0.18
cpenH. n
R & 2 N N W N Q@ @ @ C v
o Al f"“ & e &L g & &S eﬁ\ N
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Puc. 11. TenaoBas kapTa ko3chdULUEHTOB KoppeAduun CnupmeHa (p) MeXAy OCHOBHbIMU YAb-
TPA3BYKOBbIMU NMAPAMETPAMM.
Fig. 11. Heatmap of Spearman’s correlation coefficients (p) between major ulirasound parameters.
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pe3yAbTaToB. AHAAOTHYHBIE IIapaMeTpbl OBIAK
TIOAYYE€HBI [OAS SHAoMmeTpud: VI cocraBua
12,0£4,3%, FI1 - 14,6+3,8, VFI - 3,3+1,3 [17-
19]. OTH 3HaYEHHd COIIOCTABHUMEI C pe3yAbTa-
TaMud uccAemoBauuii Jokubkiene u coasT.
(2006), Mayer u coaBt. (2019) u Khan u coasr.
(2024) [5, 20, 21]. IloaydeHHBIe IIOKa3aTeAH
BaCKyAdpHU3allUH SHIOMETPHUS MOLYT paccMart-
puBaThECS KaK pedepeHCHbIE [IAS SKEeHIIUH JaH-
HOT'O Bo3pacTa U asbl IIUKAA.

Jonniepomerpus MaTOYHBIX apTEePU.

[Toka3zaTeAn IIyABCAIIMOHHOIO HHAEKCca
(PI) B MaTOYHBIX apTepHIX OKa3aAHUCH B IIpeje-
AaX, aCCOLIMUPOBAHHBIX C OAArONIPUATHOM HM-
naagTauyel [9]. [loaydyeHHblIe HaMH 3HAYEHUSI
Vmean yKAanbIBalOTCS B YKa3aHHBIE B AUTepa-
Type pedpepeHCHbIe HHTepBaAkI [1].

ITapurer u ero BIUsIHUE.

YCcTaHOBAEHO, YTO YyBEAWYEHHE KOAWYe-
CTBa POZOB COIPOBOXKIAAOCH POCTOM 0OBEMA
MaTKU U SHIOOMETPHUS, YBEAMYEHHEM IIAOIIaIN
CAMBUCTOY ODOAOYKU U €€ CKOPPEKTHUPOBAHHOTO
06BpéMa, a TakKe MOBBILIEHHEM BaCKyASIpHU3a-
IIMOHHBIX WHIAEKCOB 3HIOMETPUS. DTH H3MeEHe-
HUS, II0-BHAUMOMY, OTpasKaroT (OHU3HUOAOTHYE-
CKYIO aJallTalliio COCYAHCTOr0 pycAaa U Mopdo-
METPHUH MaTKH IIOCA€ MTOBTOPHBLIX OepeMeHHO-
CTEMN.

Takwme maHHBIE COTAACYIOTCH C KOHIIEIIITH-
e, CcoraacHO KOTOPOH IIOBTOPHBIE TIeCTaIlUuK
IIPUBOAAT K YBEAWYEHUIO NEePPY3NOHHON EMKO-
CTU MaTKU U 0OoAee BBIPAZKEHHOMY Pa3BUTHIO
COCYOUCTOM ceTH, 0COOEHHO B SHIOMETPHAAL-
HOM caoe. OrcyrcrBue wu3MeHeHus Pl nipu
HapacTaHUM IlapuTeTa IOATBEPKIAET €ro
YCTOMYUBOCTb KaK CHCTEMHOTIO II0Ka3aTeAs CO-
IIPOTHUBAEHUS KPOBOTOKY.

Koppenauunounsie B3anMOCBA3M.

KoppeasmuoHHBIE aHaAWu3 IIoKasas, dYTO
napaMeTprl 06bEMa U MAOIIAIN [TOAOCTH MAaTKH
TECHO B3aWMOCBSI3aHbI C BaCKyAdpHU3alveld Kak
MaTKH, TaK U SHAOMETPHs. DTO INOoAYEpPKUBAET
aHaToOMO-(PYHKIIMOHAABHYIO HHTETPAIlHI0 MOp-
(oMeTpUIECKHUX M IeMOAHMHAMHUYECKHUX Xapak-
TEPUCTUK. BrIIBA€HHAdA oOpaTHasl CBA3b MEXKIY
o6BpéMoM MaTku U Pl mOTIOAHUTEABHO IMOATBEp-
JKOAeT, YTO YBEAHMYEHHE pasMepoB opraHa co-
IIPOBOXKJAETCS CHHXKEHHEM COCYyOHCTOTO CO-
IPOTHUBAEHHSI, UTO MOXKET OBITH IIPOTHOCTHYE-
CKU OAaroIrpUaTHBIM ITPU3HAKOM B KOHTEKCTE
OLIEHKH PEIEeIITHBHOCTH.

Baxkno ormeruts, uTo VI sHOOMETpPUL IIO-
AOKUTEABHO KOPPEAUPOBAA C €r0 00BEMOM, YTO
IOATBEP3KIAaeT MOP(PODYHKIITNOHAABHYIO COTAA-
COBaHHOCTL PAa3BUTHUS CAH3UCTOM OOOAOYKU B
¢pasy HMIIAQHTAIIMOHHOM TIOTOBHOCTH. CBd3b
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MEXKIy BaCKyAsdpHU3alueil U o0bEMHBIMH XapaK-
TEPUCTHUKAMU SHOMETPHS MIOAYEPKHUBAaET 3Ha-
YHUMOCTE OLIeHKH 3D-Iepdy3HoHHBIX IIapameT-
POB B Ka4eCTBE MHAUKATOPOB PELIEIITUBHOCTH.
NHTEepecHbBIM IIPEACTaBASIETCS BBISIBACH-
HO€ COBIIa/I€HHE ITMKOB Koppeaanuu Mexay VFI
u VI Kak B MaTKe, TaK U B 3HAOMETPHUHU. IDTO
VKaspIBa€T Ha TECHYI0 B3aHMMO3aBHUCHUMOCTb
MEKIYy COCYAHCTBIM HAIIOAHEHHEM U UHTEHCHB-
HOCTBIO KPOBOTOKA U MOZKET CAYKUTBH HOIIOAHU-
TEeABHBIM HHOIUKATOPOM (DYyHKITHOHaABHOH 3pe-
AOCTU CAU3HUCTOH 000AOYKH B IIOATOTOBKE K M-

[IAQHTALHH.
Kaunugeckoe snagenue.
[ToAydeHHbIE  PE3YABTATBI  ITO3BOASIOT

YTOYHUTE pPedepeHCHbIe 3HAYEHUS YABTPa3BY-

KOBBIX ITapaMeTpoB Y (PEPTUABHBIX POKABIIUX

JKEHIIUH B CpefHed cekpeTopHoil daze. OHHU

MOTYT OBITH HCIIOAB30BaHbI B KAYECTBE OPHEH-

THpa IIPU CKPUHUHTE PELEIITUBHOCTU 3HIOMET-

pHUS ¥ TIPU IAAHUPOBAHWH IIepeHoca 3MOpHOoHA.
3aksouenue.

[TpoBenéHHOE MCCAEMOBAHHUE II03BOAHMAO
oxXapakKTepu30BaTh OpPraHoOMEeTpPUYeCKHEe U Te-
MOOMHaMUYECKHE MIapaMeTpbl MaTKU U 3HOO-
MeTpUus y (PEPTHUABHBIX POXKABIIUX JIKEHIIMH
aKTUBHOTO PEIIPOAyKTHUBHOIO Bo3pacTa B Cpea-
Hel cekpeTopHOH (hpase MEHCTPYaABHOI'O ITHUKAA.
YcraHOBAEHBI HOPMATUBHBIE 3HAYEHUS TOAIIM-
HbBI U 00BEMAa 3HAOMETPHS, MAOIIAMIU IIOAOCTH
MaTKH, CKOPPEKTUPOBAHHOTO 00bEMa, a TaKXKe
BaCKYASIPU3AIITMOHHBIX U JOIIIAEPOMETPUYUECKUX
uHaekcoB. [lokazaHo, YTO yKas3aHHbIE Iapa-
METPBhI XapaKTEPU3YIOTCH BBICOKON (PU3UOAOTH-
YEeCKOH 3PEAOCTBIO 3HIIOMETPUS U BBIPAKEHHOM
nepdy3ueii, aCCOMUPOBAHHON C OTITHUMAaABHOM
PELIeTITUBHOCTRIO. BAugHue maputeTa oTpazka-
eTcsl B HapacTaHUM 00bEMAa U BACKYASPHU3AITUU
SHIOMETPHUS, YTO MOXKET OBITb HHTEPIIPETHUPO-
BaHO KaK a[alTHUBHBIM MeXaHU3M, YCHUAUBAIO-
ol (QYHKIIMOHAABHYIO COCTOSATEABHOCTH CAH-
3UCTOM 0OOAOYUKHU.

[ToayueHHBIE pPe3yAbTATBI MOTYT UCIIOAB-
30BaThCHd B KAaUeCTBE KAMHHUYECKUX OPUEHTUPOB
npu naaHupoBaHuu nporpamMm BPT, a Takke B
KadgecTBe 6a3bl A POPMHUPOBAHUS CTPATU(HU-
IIUPOBAHHBIX pPePEePEeHCHBIX JUATIAa30HOB B YAb-
TPa3BYKOBOH PENPOLYKTOAOTHUHU.

Ucrounuk ¢uHaHCUpPOBAaHUSA U KOH-
¢IUKT UHTEPECOB.

ABTOpBI JaHHOM CTATbU MOATBEPAUAU OT-
CyTCTBHE (PUHAHCOBOH IIOANEPIKKU HCCAEIOBA-
HUS U KOH(PAUKTA UHTEPECOB, O KOTOPBIX HEOO-
XOOUMO COOOIIIUTE.
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OPUTUHAJIBHAA CTATHA

ONTUMU3ALLUA PAHHENA YABTPA3BYKOBOWN AUATHOCTUKU PAKA SHAOMETPUS:
KOMNAEKCHAA OLLEHKA 3XOIrPAPU4ECKUX NMPUSHAKOB B COYETAHUU C TUITOM
MATOYHOTIO KPOBOTEYEHUA U TMHEKOAOTUYECKUM CTATYCOM

FaxxkoHoBA B.E.!, AkongH E.I.2, AHToHOBAO M.B.3, Llaaaarosa 3.C.3

1 - ®I'BY AI10 «leHTpasbHas rocyapcTBeHHAas MequIHcKad akaaemush Y/ Ipesunenra PP. r. Mocksa, Poccrs.
2 — Kannuko-auarnocrudeckuti Lentp «<MEICU» Ha Beaopycckoit, AO «['pyrima kommanmii ME/ICI». r. MockBa, Poccrst.
3 — dI'BY PHIIPP M3 Pd. r. MockBa, Poccust.

esqb nucciaegopanusa. ONITUMU3aIUa paHHEN YABTPA3BYKOBOM AMArHOCTHKH paKa 3HIOMET-
pu4a (PO) Ha IIepBUYHOM IIOAMKAMHHNYECKOM J3Talle 3a CUeT BBEAEHUS NOIOAHUTEABLHBIX YAb-
TPa3BYKOBBIX U KAWHHYECKUX MPEIUKTOPOB. MccaemoBaHue OBIAO HAIIPaBA€HO HA KOM-
TIIAEKCHYIO OIIEHKY CTPYKTYPBbl SHAOMETPHS B KOPPEASIIMHU C MEHONAy3aAbHBIM CTATyCOM
(mpemeHomnay3a/IocTMeHoOIay3a), TUIIOM aHOMAaABHOTO MaTodHOro KposotredeHus (AMK) B
IpeMeHoIlay3e U HaAMYHeM HAW OTCYTCTBHEM IIOCTMeEHoIIay3aabHOTO KpoBoTeueHud ([IMK).

Martepuasnsr u meToasl. [IpoBefeHO PETPOCIEKTHBHOE OJHOIIEHTPOBOE HcCAedoBaHUE 47 ma-
IIUEHTOK C BEPU(PUIINPOBAHHBIM pakoM sHuoMeTpus (18 — B mpeMeHorayse, 29 — B IocTMeHoIIay3e) U
119 mamumeHToK C moOpoKadecTBeHHOM martoaorueit sumoMerpus. ChopMHpPOBaHBI OBE OCHOBHBIE
rpynre! (marnmeHTku ¢ AMK B nipemenonay3se u ¢ [IMK B moctmeHomay3e) U ABe KOHTPOABHBIE T'PYIIITHI
(50 mamnmeHTOK B IpeMmeHomnay3e u 50 B mocTMeHoIay3e 6e3 MaTOAOTHH 2HAOMETpHd). BceM malueHT-
KaM IIPOBOAMAOCH KOMIIAEKCHOE TPaHCBarmHasbHoe Y3U C OLIeHKOH TOAIIMHEBI U CTPYKTYPbI 3HIOMET-
pHs, ero KOHTYPOB U BaCKyAspH3allud. [laHHbIE YABTPA3BYKOBOI'O MCCAEIOBAHUS aHAAU3HPOBAANCH B
COYETaHUU C THMHEKOAOTHYECKHM CTaTyCOM, THIIOM MAaTOYHOIO KPOBOTEYEHHS M aHAMHECTHYECKUMHU
¢akTopamu. CraTuctudeckas oO6paboTKa MAaHHBIX BBIITOAHIAACE C HCIOAB30BAHHEM IIPOTPAMMHOLO
naketa MedCalc.

PesynpraTe! u 00cy:xaenue. YCTAHOBACHO, YTO B IIPEMEHOIIAY3€ KAIOUEBLIM YALTPA3BYKOBBIM
IIPESUKTOPOM paKa 3HIOMETPHUS IBAAIOTCA HEPOBHBIE U HEUYETKHE KOHTYPBI SHAOMETPHI, KOTOPhIE HE
BCTPEYAAUCH HIpU A0OPOKAYECTBEHHBIX IpolleccaxXx. Hamboaee MIPOTHOCTHYECKH 3HAYHUMBIM THUIIOM
aHOMAaABHOI'O MaTOYHOTO KPOBOTEYEHUS AT paKa 3HAOMETPHUS B 3TOH IpPYyIIle 0Ka3as0Ch HEPETYAIP-
HOe MaTo4dHoe KpoBoTeueHHe (88,8% caydaeB), B TO BpeMs KaK MEXMEHCTPyasbHOe KPOBOTEUYEHUE
Jarre acCoIMUpPOBaAOCEH ¢ mmoaurnamu. KombuHarmga Y3-Ipu3HaKOB ¢ HEPETYASPHBIM THIIOM aHOMAaAb-
HOT'O MAaTOYHOIO KPOBOTEUYEHHS II0Ka3asa BBICOKYIO MQHATHOCTHUYECKYIO 3(P(PEKTUBHOCTL (IyBCTBU-
TeABHOCTb — 97,5%, cnenudgpudaocts — 98,3%). B mocTMeHonay3e y HaAllMEHTOK C IIOCTMEHOIIay3aAb-
HBIM KPOBOTE€YEHHEM MeAHaHa TOAIIMHBI SHAOMETPHUS IIPH pake 3HAOMETpHd cocTaBuaa 13,06 MM, a
Hanbosee 3HAYUMBIMU ¥Y3-IIpU3HAKaMU OBIAM: HEOAHOPOAHAS CTPYKTypa C KUCTO3HBIMH BKAIOYEHUSI-
Mu (61,1%) u HepoBHBIE KOHTYPEI (50,0%). ¥ 6€CCHUMIITOMHBIX ITAITMEHTOK B IIOCTMEHOIIAY3€ II0POro-
BO€ 3HAYEHUE TOAIIWHEBI SHIOMETPUSI OAS PHUCKA paka dHAOMETPHS OKA3aA0Ch HUXKE OOIIENIPUHSITOTO
(9,94 MMm), a Goaee HamEeKHBIM IIPEIUKTOPOM, YeM abCOAIOTHAS BeAWYHHA, Oblaa €ero HepaBHOMEpPHAS
ToAIMHA (72,7% caydaeB). Backyasapu3zalyisa KOppeaAnpoBasa C TOAINMHON 3HAOMETPHL 1 He SIBASAACH
HE3aBHUCHMBIM PAHHHUM IITPEIUKTOPOM.

3akmouyenue. [IpoBeeHHOE HCCAEMOBAHNE AEMOHCTPUPYET, YTO AL IIOBBIIIEHUT 3(PEKTHB-
HOCTH paHHeM AHMATHOCTHUKH paKa 3HIOMETPUS HEeOOXOAMMO BBIXOAUTL 33 PAMKU OIIEHKHU AUIIE TOA-
IIUHBI 3HAOMeTpUs. KaroueBoe 3HaUeHHE MMeeT KOMIIAEKCHBIM YABTPa3BYKOBOH IOAXOM, CTpaTH(U-
IIUPOBAHHBIN II0 THMHEKOAOTHYECKOMY CTAaTyCy U THIly MaTOYHOTO KpoBoTedeHUs. CodeTaHHe KOH-
KPEeTHBIX 3X0TrpadHUiecKUxX ITPU3HAKOB (HEPOBHBIE KOHTYPBI, HEOAHOPOAHAS CTPYKTYpa) C KAWHHYE-
CKHUMHU NaHHBIMU (HeperyasapHbIE xapakTep AMK B npemeHonayse, Haanuue/orcyrcrBue [IMK) rmo3Bo-
ASIET 3HAYUTEABHO IIOBBICUTL TOYHOCTH AHMATHOCTHUKU HA MEPBUYHOM 3TAalle U CIIOCOOCTBOBATH Ooaee
paHHEeMY BBIIBA€HUIO 3a00A€BaHUS.

KaroueBbie caoBa: PaK 3HOOMETPHSLA, YABTPA3BYKOBOE€ HMCCACOIOBaAHHE, TPAHCBAaruHAaABHOE YBI/I,

aHOMAaAbHOE MAaTOYHOE KPOBOTEYEHHE, ITOCTMEHOIIAy3aAbHOE MATOYHOE KPOBOTEUYEHHUE, TOAITHHA JH-
JOMETPHUSI.
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OPTIMIZATION OF EARLY ULTRASOUND DIAGNOSIS OF ENDOMETRIAL CANCER: A
COMPREHENSIVE ASSESSMENT OF SONOGRAPHIC FEATURES IN COMBINATION WITH
UTERINE BLEEDING TYPE AND GYNECOLOGICAL STATUS

Gazhonova V.E.!, Akopyan E.G.2, Antonova I.B.3, Tsallagova Z2.5.3

1 - Central State Medical Academy, Administrative Department of the President of the Russian Federation.
2 - Clinical and Diagnostic Center Medsi on Belorusskaya, Medsi Group of Companies.
3 - Russian Scientific Center of Roentgenology and Radiology. Moscow, Russia.

urpose. To optimize the early ultrasound diagnosis of endometrial cancer (EC) at the prima-
ry outpatient stage by introducing additional ultrasound and clinical predictors. The re-
search focused on a comprehensive assessment of the endometrial structure in correlation
with menopausal status (premenopause/postmenopause), the type of abnormal uterine
bleeding (AUB) in premenopause, and the presence or absence of postmenopausal bleeding (PMB).

Materials and methods. A retrospective single-center study was conducted involving 47 pa-
tients with verified EC (18 in premenopause, 29 in postmenopause) and 119 patients with benign
endometrial pathology. Two main study groups (patients with AUB in premenopause and with PMB
in postmenopause) and two control groups (50 patients in premenopause and 50 in postmenopause
without endometrial pathology) were formed. All patients underwent comprehensive transvaginal ul-
trasound (TVUS) assessing endometrial thickness and structure, its contours, and vascularization.
The ultrasound data were analyzed in conjunction with gynecological status, the type of uterine
bleeding, and anamnestic factors. Statistical data processing was performed using the MedCalc soft-
ware package.

Results. Premenopausally, a key ultrasound predictor of EC was found to be irregular and
indistinct endometrial contours, which were not observed in benign processes. The most prognosti-
cally significant type of AUB for EC in this group was irregular uterine bleeding (88.88% of cases),
while intermenstrual bleeding was more often associated with polyps. The combination of sonograph-
ic features with an irregular AUB type demonstrated high diagnostic efficacy (sensitivity 97.5%, spec-
ificity 98.3%). In postmenopause, for patients with PMB, the median endometrial thickness in EC
was 13.06 mm, and the most significant sonographic signs were heterogeneous structure with cystic
inclusions (61.1%) and irregular contours (50,0%). In asymptomatic postmenopausal patients, the
threshold value of endometrial thickness for EC risk was lower than the commonly accepted stand-
ard (9.94 mm), and a more reliable predictor than the absolute value was its uneven thickness
(72.7% of cases). Vascularization correlated with endometrial thickness and was not an independent
early predictor.

Conclusion. This study demonstrates that to improve the effectiveness of early endometrial
cancer diagnosis, it is necessary to go beyond the assessment of endometrial thickness alone. A
comprehensive ultrasound approach, stratified by gynecological status and the type of uterine bleed-
ing, is of key importance. Combining specific sonographic features (irregular contours, heterogene-
ous structure) with clinical data (irregular AUB pattern in premenopause, presence/absence of PMB)
can significantly increase diagnostic accuracy at the primary care level and contribute to earlier de-
tection of the disease.

Keywords: endometrial cancer, ultrasound examination, transvaginal sonography, abnormal
uterine bleeding, postmenopausal bleeding, endometrial thickness.
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MECTO II0 PaCIpOCTPaHEHHOCTH CPEaU

OHKOAOTHYECKUX 3a00A€BaHUM y IKEH-

IIMH W XapakTepusyeTcd IapagoK-

CaAbHBIM POCTOM IIOKaszaTeAell AeTaab-
Hoctu. Ilo manurim BO3, B 2022 rogy B Mupe
6n1a0 3apeructpupoBano 420 368 HOBBIX CAy-
4yaeB paka sHAoMeTpud u 97 723 aAeTaabHBIX
ucxona, a k 2050 romy mporHo3upyeTcs POCT
9THUX NoKazaTeAaed go 676 296 u 183 093 coor-
BeTcTBeHHO [1-3]. HecMoTpss Ha OTHOCHUTEABHO
BBICOKHME II0Ka3aTeAH BBIIBACHUS paka 93HIO-
metpuda Ha [-II craguu B Poccuu (84.6% 1o uto-
ram 2024 rona), mOAS CAydaeB, BBIIBAEHHBIX
aKTHUBHO, OCTaeTCcs HU3KOW — Bcero 26.8%, 4to
CBHUIETEALCTBYET O CepPbe3HbIX ITpobaeMax aua-
THOCTHUKH Ha IIePBUYHOM aTarie [4].

Xora B 85% caydaeB pak SHAOMETPHUS
MaHUMECTHPYeT KAWHUYECKHMHU IITPOSBACHHI-
MH, OHH HECIIEIITU(PHUYHBI M MOTIYT COIIPOBOK-
OaTh HOOpPOKAadeCTBEHHBIE IIPOIIECCHI SHIOMET-
pusg u MuoMeTpus. TpaHCBarvMHaAbHOE yALTPA-
3ByKoBoe uccaenoBanue (TBY3U) aBagercsa oc-
HOBHBIM METOAOM II€PBUYHON [AMarHOCTHKHY,
OMHAKO TPaIUIIMOHHO HCIIOAB3yEMBIH II0Ka3a-
TeAb TOAIIMHEI 3HHoMeTpus (TJ) mpumengercs
6e3 mocTaTouHOll CTpPaTU(MUKAIIUU I[I0 THUILY
aHOMAaABHOI'0O MaTO4YHOI'o KpoBoTedeHUs (AMK)
U MeHoIlay3aabHOMYy crarycy [5-7]. [IpoBenenne
CKpuHUHTa PO He mokasaHO, a MOHHUTOPUPOBA-
HUE TOAIIMHBI 3HIOMETPHUS y acHUMIITOMaTHYe-
CKUX  IIAaIlMEeHTOK 0e3 ydeTa  KAWHUKO-
aHaAMHECTHYEeCKUX JAaHHBIX MOKET IIPUBOIUTE K
POCTy HEOOOCHOBAHHBIX BMELIATEALCTB.

lleab mccaeqoBaHHUA: OIITHMH3AIUS pPaH-
HeH yABTPa3BYKOBOM MAWATHOCTHKU paka 3HIO0-
MEeTpPHS IIyTeM BBEAEHUS MOIIOAHUTEABHBIX VAb-
TPa3BYKOBBIX U KAWHHYECKHUX IIPEIUKTOPOB Ha
IePBUYHOM IIOAMKAWHUYECKOM 3Talle Ha OCHOBE
KOMIIAEKCHOM OLI€HKHU CTPYKTYPBl 3HIOMETPHUSI
B KOPPEAIIIHH C MEHCTPYaAbHBIM IIHKAOM (IIpe-
MeHoIlay3a/MeHoIlay3a), THUIIOM aHOMAaABHOIO
MaTOYHOI'O KPOBOTEYEHHd B IIpeMeHoIlay3e U
KAWMHUYECKHUMH [IPOSBAEHUSIMH B IIOCTMEHOIIAY-
3e.

Marepuasibl 1 METOIEI.

[u3aliH vccAeIOBaHUS U ITAIlUEHTHIL.

[TpoBeneHO PETPOCIIEKTUBHOE OIHOIIEH-
TpOBOE HCcAemoBaHHe Ha Oaze «KAMHHKO-

| www.rejr.ru | REJR. 2026; 16(1):80-92

nuar"Hoctudeckoro neHtpa MEJ/ICU na Beao-
pycckoib» (r. MockBa) 3a niepuoz ¢ suBaps 2019
roma mo aBryct 2025 roma. B uccaemoBaHue
BKAIOYEHBI 47 MalleHTOK C BepU(UIIUPOBaH-
HBIM nuarHo3oM: «Pak sugomerpus» (PO) (18 — B
npeMeHoIriayse, 29 — B mocTMeHonayse) u 119
MaIMEHTOK C M00pOKaYeCTBEHHLIMU oOpas3oBa-
HUIMH 3HA0MeTpHd (59 B mpemeHorayse, 60 B
noctMeHoniayse). CdopMuUpoBaHbl [OBE KOH-
TPOABHBIE TPyMHbI M0 50 HAIMEHTOK B ITpeMe-
HOMay3e W MOCTMeHoIlay3e 0e3 ITaTOAOTHH JH-
JIOMETPHUSI.

[ast meTaabHOTO aHaAu3a Y3-IIPHU3HAKOB
PO B mocTMeHoOIIay3€ MOIIOAHUTEABHOE HCCAEIO-
BaHUE TIPOBOJHAOCH IIyT€M MIEePEKPECTHOTO
CpaBHEHUSI MEXKIy ABYMs IIOATPYIIIIaMH IT1allv-
enTok npu P3: ¢ AMK (18 mammeHToK) u 6e3
AMK (11 manmeHTOK). A9 KOPPEKTHOH KAWHU-
YECKOM XapaKTEPUCTUKU OOABHBIX B HCCAEIye-
MBIX TPYIIIIaxX OIPENEASAUCH (PaKTOPhl PHUCKA,
aHaMHECTUYECKHE MOaHHbIe, a TaKiKe CIIEKTP
COTIYTCTBYIOIIEH THHEKOAOTHYECKOH U 3KCTpa-
TeHUTAABHOM ITaTOAOTHH.

Kputepuu BKAIOYEHUWd: IIAIIUEHTKH BHE
3aBUCHMOCTH OT BO3pacTa, pPacoBO¥ IIPUHAMI-
AEKHOCTH, KAWUHUYECKUX TIPOSIBACHHUH; MOaIu-
€HTKU C TUCTOAOTHYECKH BEPUPUIIMPOBAHHBIM
auar"go3oMm PO.

Kpurepuu HCKAIOUEHUsI: OEpeMEHHOCTb,
AAKTAallVd, HaAUYHUEe METaXpPOHHOU OITyXOAU; Ma-
TOYHBIE KPOBOTEYEHUS, CBI3aHHBIE C HapyIlle-
HHUSIMH CHUCTE€MBI CBEPTBIBAHUS, IIATOAOTHEN
SHIOIEPBUKCA, OBYAAIUEH, ITPUEMOM TOPMO-
HOB; OTKa3 OT IIPOXO0KIEHUS PEKOMEHIOBAHHBIX
JMHUATHOCTHYECKHUX ATAIlOB; OTCYTCTBHE TUCTOAO-
TUYEeCKH BepHU(PUIIMPOBAHHOTO [IUATHO3a; I10-
AoKUTeAbHBbIE TecThl Ha RW m BUY; aankoroasb-
Hasd, HAPKOTUYECKasl, A€KapCTBEHHAas 3aBUCH-
MOCTb.

Bcem mnammeHTKaM HOPOBOAHAOCE KOM-
TIAEKCHOE YABTPa3BYKOBOE HCCAEIOBaHUE
(TparcabmoMUHaABHOE U TPaHCBarMHaAbLHOE) Ha
ckaHepax Logiq S8 u Voluson E8 c ucmoarso-
BaHUEM KOHBeEKCHoOro (2-5 MI'm) m BHyTpHIO-
AocTHOro (5-9 MIm) matuymkoB. OIlleHHUBaANCH
TOAIIIMHA SHIIOMETPHs, €ro CTPYKTypa, KOHTY-
PBI, 3XOTE€HHOCTH U OCOOEHHOCTH BaCKyASpH3a-
IIMH. JIOIIOAHUTEABHO BBIIIOAHIAOCE Y3UM Mo-
AOYHBIX JKEAe3 U IIUTOBUIHOU JKEAe3bl 0 CTaH-
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JapTHBIM IIPOTOKOAAM.

Hcrioabr3oBaanch YHUDHUIIEPOBAHHEBIE
TepMuHb! IETA nag onmcaHua sxorpauiecKux
npusHakoB [12, 13]. AHOMaAbHOE MAaTOYHOE
KPOBOTEUYEHHUE KAACCU(DHUIINPOBAAOCH COTAACHO
cucreme PALM-COEIN. Crarucrtudeckasa obpa-
60TKa MaHHBIX IIPOBOAUAACE C HCIIOAB30BaHUEM
nporpammHoro mnakera MedCalc Statistical
Software version 19.2.6. [Iag cpaBHEHUS T'PYIIII

— HEpPOBHBIE M HedYeTKHe KOHTYPBI 9HIOMETPHH,
KOTOpble BU3yasusupoBasuch B 33.3% caydaeB
P3 u mOAHOCTBIO OTCYTCTBOBAaAU B TpYIIIIe H00-
poKadecTBEeHHbBIX oOpa3oBauuil (p < 0.05);

- TUIIePAXOreHHAas CTPYKTypa 3HIOMETPUS
HE MMeAa OJUATHOCTHYECKOM IIeHHOCTH, TaK Kak
4acTo BCTPedarach Kak IIPH 3A0KAa4YECTBEHHBIX,
TaK U IPpHU A00POKaYeCTBEHHBIX IIPOIIECCAX;

- auarHoctudeckass — 9(p(eKTHBHOCTE:

Tabauua Nel. PacnpezeseHHe DOABHBIX C IATOAOTHEH SHAOMETPHSA IO BO3PaCTYy.
Ho3zomnoruu / Bo3pact, n 40-45 ner, 46-55 ner, Crapuie 56 ner,
n=49 (%) n=65 (%) n=52 (%)
[omwmn supomerpust (n=45) 12 (24.4) 25 (38.4) 8 (15.3)
I'mnepnnazus 16 (32.7) 13 (20.0) 10 (19.2)
sujomerpus (n=39)
[Monxcnmm3ucras muoma 18 (36.7) 12 (18.4) 5(9.6)
Matku (n=35)
Pak samomerpus (n=47) 3(6.1) 15 (23.0) 29 (55.7)

IPUMEHSAUCH Kpurepudl ManHa-YUTHH K TO4-
HBIH Kpurepuil duiriepa, pasandus CUUTAAUCH
nocroBepHBIMH ITpu p < 0,1.

PesynabraTs.

[To pesyabTaTaM HCCAEIOBAHUSI CPEIHUH
BO3pacT OOABHBIX PAKOM SHIOETPUS B YCAOBHUSIX
aMOyAQTOPHOTO ITIOAMKAHHUYECKOI'O IIpUeMa IIo
MaHHBIM CTaTUCTUKU cocTaBuA 58.0 aer (MH-
TepBaa 38-78 aet). [Ipu 3TOM IIpHU pasgeA€HUH
Ha 3 Bo3pacTtHble Tpynnsl (40-45 aet; 46-55
AeT; Ooablle 56 AeT), MAKCUMAABHOE YHCAO [Ha-
THOCTUPYEMBIX CAy4Ya€B pakKa SHAOMETPHULA OT-
Me4YaAoCh y IMaIMeHToK crapule 51 roma c ycry-
[aIUMU, IoKa3zaTeasMu B rpynne 40-45 aet
(6.1%) u 46-55 aet (23.1%). HJob6pokauecTBeH-
HBbIe 00pa30BaHUa SHOOMETPUs (Hauboaee 4acTo
OIIpeNEeATIAUCE B BOo3pacTHOU rpymme 40-45 aer
u 46-50 aeT), Tabanna Nel.

[ToAyueHHBIE mHaHHBIE OBIAM CHCTEMAaTH3U-
poOBaHBI B 3aBHCHMOCTH OT MEHOIIAy3aAbHOTO
craryca IIallMeHTOK M HaAWYHS KAMHHYECKON
CHUMIITOMATHKH.

PesynpraTel y manmueHTOK B IPEeMEHO-
nmay3e ¢ aHOMAaJIbHBIM MaTOYHBIM KPOBOTEYEe-
auem (AMK).

Kavnmyeckasd KapTHUHA: OOMHUHHPYIOIIAM
Tunmom AMK, accomuupoBaHHBIM C¢ P3J, 0OblAO
HEpEeryAsspHoe MaTodHoe KpoBoTedeHue (88.9%
caydaeB). MexXMeHCTpyaAbHOE KpOBOTEUYEHHE
gale BCTPEYaAOCh IIPH IIOAWIIAX 3HIAOMETPHUS
(85%).

YABTpa3ByKOBEBIE ITapaMeTphl:

- MeauaHa TOAIIMHBEI 3H#HoMmerpus (TO)
npu PO cocraBmaa 10.5 MM, 4TO HE HMEAO CTa-
TUCTUYECKHU 3HAYUMBIX oTauduil ot TO mnpu
n06pOKAaYEeCTBEHHBIX IIPOIIECCaX;

- KAIOUEeBOH axorpadUyecKHui MIpemuKkTop
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KOMOUHAIMS Y3-IPU3HAKOB C HEPETYASIPHBIM
TunnoM AMK nokazasa HCKAIOYUTEABHO BBICOKHE
IoKa3aTeAW: 4yBCTBUTEABHOCTL — 97.5%, cre-
mudugHocTh — 98.3%, TIIB, HIIB 95.5%, 97%
COOTBETCTBEHHO. B [QUArHOCTHUKE IIOAWUIIOB 5H-
OOMETPUsSI IIPHU COYETAHUH Y3-IIPU3HAKOB C
MeXMeHCTpyaabHBIM THIOM AMK: uyBCTBU-
TEeABHOCTb cocTaBuAa 89.8%, cIennuUuIHOCTD
88.1%, IIIIB u HIIB — 83.5% u 90.1% cooTrBeT-
cTBeHHO. CBomHas TabAWIla ITPU3HAKOB IIpUBe-
neHa B Tabaurte No2.

PesynpraThl y manmueHTOK B MOCTMEHO-
may3e C IIOCTMEHONAay3aJIbHBIM KPOBOTeYe-
muem (IIMK).

YABTpa3ByKOBBIE ITapaMeTphl:

- mMenuaHa TO npu PO cocraBmaa 13.1
MM;

- KAIOYEeBBIe 3xorpadHUyecKue IPeruKTO-
pBl: HEOMHOPOAHAdA CTPYKTypa SHIOMETPHS C
AHOXOT'€HHBIMH (KHCTO3HBIMH) BKAIOYEHUSIMHU
(61.1% cayuaeB npu PO). HepoBHble u HedeT-
KHe KOHTYPHI (50% caydaeB pu PI).

CragufHOCTE: B 3TOM IpyImne IIpeobrana-
AM Ooaee mo3gHUMe cramuu 3aboseBaHua (T2 B
66.6% cay4iaes).

CBoaHble OaHHBIE HPENCTABAECHBI B Tab-
aurie No 3.

PesynpraTel y acuMOnToMaTHiecKHUX ma-
HUEeHTOK B mocTtMmeHornay3se (6e3 [IMK).

YABTpa3ByKOBBIE ITapaMeTphl:

- menuana TO mpu PO okazasachk HUKe
OOILIETIPUHATOrO MOopora M cocTaBuaa 9.9 M,
AvIIs y 27.2% manmeHTok TO mpesbimrasa 11
MM;

- HauboAee HANEXKHBIA IIPEAUKTOpP: He-
paBHOMEpHAS TOALIMHA SHAOMETPUs Oblaa BBI-
daBAeHa B 72.7% caydaeB U oOKaszaaach Ooaee
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Tabauma No2.

Y3-nmpH3HAKH NMaTOAOTHYECKHX H3MEHEHHH 3HAOMETPHS y MALlHEHTOK
B npemeHomnay3e ¢ AMK npu crpaTHdHKAIHH 10 HO30AOTHAM.

V3-npusnaku P3O, n=18 (%) | [loacousucras TTonun o, Kontponbnas
SHAOMETpUs MHOMa sHpometpusa | n=19 (%) rpymnma,
n=20 (%) n=20 (%) n=50 (%)
Tonmuna 10.5 6.5 (4-10) 7.3 (5-13.5) | 9.4 (8-17) 5.6 (2-7.5)
SHIAOMETPUS, MM (3.6-22.4)
Heonnopoanslii 6e3 11 (61.1) 10 (50.0) 5(25.0) 7 (36.8) 0
KHCT
HeonHopoanslii 2(11.1) 3 (15.0) 1(5.0) 5(26.3) 0
KHCTaMH
OnHOpOoHBIN 5(27.8) 7 (35.0) 14 (70.0) 7 (36.8) 50 (100)
I'unepsxoreHHbIi 17 (94.4) 17 (85.0) 19 (95.0) 17 (89.4) 50 (100)
CmemanHoM 1(5.5) 3 (15.0) 1(5.0) 2 (10.5) 0
9XOr'€HHOCTH
Ob6wvemHOE 5(27.8) 20 (100) 20 (100) 7 (36.8) 0
oOpazoBaHue,
HEPaBHOMEPHOE
YTOJILEHUE
SHIOMETPHUS
Yerkue, 7 (38.9) 14 (70.0) 3 (15.0) 0 0
HEPOBHBIE KOHTYPbI
Yerkue, poBHbIE 5(27.8) 6 (30.0) 17 (85.0) 19 (100) 50 (100)
KOHTYPBI
Heuetkue, 6 (33.3) 0 0 0 0
HEPOBHBIE KOHTYPbI
['unepaxoreHHbIe 4(22.2) 5(25.0) 3(15.0) 6 (31.6) 0
BKJIIOUEHUS B
0a3aJpHOM CIIOEe
Backynsapusanus Tun 2 (npu Tun 1 Tun 1 Tun 1 0
(tun mo IETA) TO >11mm)
Tun AMK 2(11.1) 2 (10.0) 17 (85.0) 4(21.1) 0
(MeXMEHCTpyab-
HBIN)
Tun AMK 16 (88.9) 7 (35.0) 4 (20.0) 5(26.3) 0
(HeperyJsIpHBbIif)
HucmeHnoppes 2(11.1) 12 (60.0) 6 (30.0) 7 (36.8) 0
JinnrensHas 5(27.8) 11 (55.0) 8 (40.0) 18 (94.7) 0
MEHCTpYyalust
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Tabauma Ne3.

Y3-npn3uaxu INaTOAOTHYECKHX H3MEHEHHH SHAOAOMETPHA y INAILHECH-
TOK B IIOCTMEHOIIay3€ C IIMK IIDH c’rpa’rncbuxannu I1I0 HO30OAOTHSIM.

V3-npusHaku PO C AMK | Iloagcnusucras o ITonun O | KonTponbHas
SHJIOMETPHUS N=18 (%) MHOMa N=20 N=25 (%) | rpynma n=50
n=15 (%) (%) (%)
T3, Mmm 13.1 (3.5-56) 9.5 (6-14) 11 7.5 3.5
OpHOpOoaHBIN 1(5.5) 9(60.0) 11(55.0) | 11(44.0) 50 (100)
Heongnopoausrii 6e3 6 (33.3) 4(26.7) 6 (30.0) 9 (36.0) 0
aH?XOTE€HHBIX
BKJIFOUCHU I
HeonHopoaHslii 11 (61.1) 2(13.3) 3 (15.0) 5(20.0) 0
AQHIXOT€HHBIMU
BKITFOUCHUSIMU
['MnosxoreHHbIi 2 (11.1) 2(13.3) 0 0 0
I'unepaXoreHHbIi 16 (88.9) 13 (86.7) 20 (100) | 25(100) 50 (100)
HepaBHoMepHO 16 (88.9) 15 (100) 0 25 (100) 0
YTOJILLIEHHBIN
KonTypsr ueTkue 8 (44.4) 10 (66.7) 0 25 (100) -
HEPOBHBIE
Koutypsl yeTkue 1(5.3) 5(27.8) 20 (100) 0 0
pPOBHBIE
Kontyps! HeueTkue 9 (50.0) 0 0 0 0
HEPOBHBIE
Tun Backynspuzauuu | 2,3 npu TO 1 1 1 0
6onee 13 MM

3HAYUMBIM MapKepoM, 4eM abCOAIOTHOe 3Hade-
Hue TO.

- CTaAUHHOCTb: HECMOTPS Ha OTCYTCTBUE
CHUMIITOMOB, y  OOABLUIMHCTBA  HIAIIUEHTOK
(72.7%) PO OblA muarHOCTUPOBAH Ha paHHeH
cranuu (T1).

CBoaHble OaHHBIE HPENCTABAECHBI B Tab-
aurie No 4.

Bce BbIIIen3A0keHHOE OOKa3bIBaeT KAU-
HUKO-AWAaTrHOCTHYECKYI0 3Ha4YHUMOCTH IIPOBELe-
HUS Ha [IePBHYHOM AHMATHOCTHYECKOM JTalle y
IalMeHTOK B IIPeMeHoIlay3e KOMIIAEKCHOTIO
TBY3U B xoppeagiyu ¢ TurnoMm AMK (P<0.05).

Jononuurensubie (hakTOpPbI, BBISIBIEH-
HBI€ Y HCCJIey€eMBbIX I'PYIII NAIHEeHTOK.

Backyagapusanua no ganseiM L/IK He aB-
ASIAACH PaHHUM HE3aBUCHMBIM IIPEIUKTOPOM,
TaK KaK KOppeArpoBasa ¢ BeAndnHou TO u Bu-
3yaAu3UpPOBaAach ITPEHUMYIIIECTBEHHO IIPHU 3HA-
YUTEABHOM VTOAILEHHUM OSHIOMETPHUS HAH 00B-
€MHBIX 00pa30BAHUSX U OIPEOEATIACS Ha M03[-
HUX CTAQOUSX: B I'PyIIIIe MNAIlHEeHTOK B IIPEMEHO-
nay3e ¢ AMK npu TO Goaee 13 mMM; y marueH-
TOK B moctMmeHorayse c¢ [IMK mpu TO 0Ooaee
11Mmwm; B moctMmeHonay3e 0e3 [IMK mipu TO Goaee
15 mm. B 52.6% mnamuentTok ¢ PQ Ha d¢one
[IMK mipu TO Ooaee 11 MM perucrpupoBascda 2
u 3 TUII BacKyAadgpusanuy; B 27.3% nanueHToK
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c PO 6e3 I[IMK npu TO 6Goaee 15 MM peTHCTpPH-
poBaaca 2 THUII BacKyasgpusanuu; B 33.3% mna-
nueHTok npu PO u AMK npu TO 11 mm u 6oaee
oTMedaAcd 2 TUII Backyadpuszauuu. OgHako, BO
BCEX CAy4Yasx OOBEeMHBIX 00pa3oBaHUil BaCKy-
ASpH3aIUsS PETHCTPHUPOBaAacCh HE3aBHUCHMO OT
KAWHUYECKUX HposgBaeHuit (c/6e3 AMK) u Bo3-
pacra (mpe/ImocTMeHonay3a) U COOTBETCTBOBaAA
TUILY 2.

Benymum ¢dakTopom prucka PO B Koroprte
OBbIA STPOTEHHBIN (hakTop (82.9% NalMeHTOK C
PO umean B aHaMHe3e pas3AWYHbIE I'MHEKOAOIH-
4yeckue ollepanuy). Bricokasg dacrtoTa COIyT-
CTBYIOIIlEH IIATOAOTHH LIUTOBHUIHON >KeAe3bl
(56.8%) mpeBbIIIIasra 4acTOTy TAKUX U3BECTHBIX
¢dakTOpoB puHCKa, Kak amaber u Oecraomue,
Tabauna No5.

[Ipu aHaam3e COIIyTCTBYIOLIEH TI'MHEKOAO-
TUYecKod mnarosoruu npu P3O u mobGpokade-
CTBEHHBIX 00PA30BAHUAX SHAOMETPHUI OTMEdaA-
Csl COIIOCTABHMEBIH CIIEKTP AHMATrHOCTHPOBAHHBIX
n0oOpOKAaYeCTBEHHBIX 3a00AeBaHUN PENPOAYK-
TUBHOH cdheps! (puc. 1).

[Ipu mccaemoBaHUU CIEKTPa COILyTCTBY-
IOIINX COCTOSHUIET U 3a60AeBaHUY MOAOYHOM
JKeAe3bl MallUeHTKU C JUarHOCTUPOBaHHBIM PO
U HEU3MEHEHHOMN MoaO4HOHN xKeae3oit BI-RADS
1 cocraBuau 19.1% (9 nammenTok); ¢ BI-RADS
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Tabauma Ne4.

IIDH c’rpa’rncbnxauun II0 KAHHHYECKHM IIPOSABACHHSAM.

Y3-npn3HaKu PaKa 3HAOMETPHA y NAIHEHTOK B IIOCTMEHOIIay3€

Mopdoconorpadpuueckue Be3 [IMK n=11 (%) ¢ [IMK n=18 (%)
npu3HaKy npu PO
JiC] 9.9 (2.3-28) 13.1 (3.5-56)
OnHOpOAHBIH 3(27.3) 1(5.5)
HeonHoponusrii 6e3 6 (54.5) 6 (33.3)
KHUCTO3HBIX BKIIFOUCHUI
HeongnopoaHsblil ¢ KUCTOZHBIMU 2 (18.2) 11 (61.1)
BKJIFOUCHUSIMU
['unosxoreHHbIM 0 2 (11.1)
['unep3xoreHHbIiI 11 (100) 16 (88.9)
HepaBHOMEpHO yTOJIICHHBIN 8 (72.7) 16 (88.9)
KoHTyphb! YeTkne HepoBHBIE 7 (63.6) 8 (4449
KoHTypHI yeTKHe poBHEIE 3(27.3) 15 (83.3)
KoHTyphl HEeueTKIe HEPOBHBIE 1(9.1) 9 (50.0)
Tun Backymnspu3zanun Tum 2 Tun 2,3
[Ipu TO 6onee 15mMm (27.3%), | IIpu TO Gonee 11mm (52.6%),
npu 00bEMHBIX 00pa30BaHUAX pu 00bEMHBIX
(100%) oOpazosanusx (100%)
Cragus T Cragust T1 72.7% (8) Cragus T2 66.6% (12)

Tabauma Ne5.

Pacnpe,ueAeHHe IIAIIHEHTOK B 3aBHCHMOCTH OT cpax'ropos PHCKAa H

CONMYyTCTBYIOLIEH 3KCTPareHHTAABHOH IIaTOAOTHH npu PJ, moOpokadecTBEHHBIX OOpa3oBa-
HHSIX S3HAOMETPHS H B KOHTPOABHBIX I'PyIIIax.

ComytcTByromiue PD JloOpokadyecTBeHHBIC KonTposnbeHas rpymnma:
cocrostHud nipu PO n N=47 (%) 00pa3oBaHMs YHIOMETPHS N=100 (%)
J0OPOKaYECTBEHHBIX n=119 (%)
00pa30BaHUAX
SHJIOMETPUSI
Bospact (menana) 58.0 53.5 48.5
UMT (menmnana) 30 25.5 24.5
Cewmeiinblii aHaMHE3 15 (31.9) 18 (15.1) 12 (12.0)
StporeHHsiii hakTop 39 (82.9) 48 (40.3) 23 (23.0)
3abosieBaHus 21 (44.6) 43 (36.1) 24(24.0)
IIUTOBUIHOM JKEJIe3bl
Pak muToBHIHON 1(2,1) 0 0
KeJIe3bl
becroaue 6 (12.7) 18 (15.1) 23 (23.0)
[puém OK, I'T 4 (8.6) 61 (51.2) 24 (48.0)
AneHoma 2(4.2) 0 0
HaAMOYCYHUKA
l'unepronnueckas 28 (59.5) 49 (41.1) 29 (29.0)
00J1e3Hb
Bapukosnoe 15 (31.9) 32 (26.8) 32 (32.0)
paciMpeHue BeH
HWKHUX KOHEUHOCTEH
Juaber 6 (12.7) 18 (15.1) 12 (12.0)
Pax Toncroi kumku 2 (4.2) 0 0
(mpsimasi, CHTMOBH/IHAST)
Pak moueTouHHKa 1(2.1) 0 0
Kapuunoup serkoro 1(2.1) 0 0
3abosieBaHuUsI KPOBU 1(2.1) 31 (26.0) 0
3abonesanus XKKT 10 (21.2) 49 (41.1) 52 (52.0)
Cepneuno-cocynuctoie | 21 (44.6) 46 (38.6) 39 (39.0)
3a00J1eBaHuUs
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Fig. 1. Diagram.

endometrial lesions.

Mwuoma SHaomeTpuo3s  Onyxonesble noAa PA MNaronorua
obpasoBaHua LWEWKU MATKU
ANYHUKOB
Puc. 1 (Fig. 1)
Puc. 1. Auarpamma.

CHoekTp COoCTOSHUM U 3a00A€BaHU PENPOAYKTUBHON Chephl y HMAIIMEHTOK C JUATHOCTHPOBAHHBEIM PAKOM JH-
JOOMETPHS U IIPU AOOPOKAYECTBEHHBIX 00pa30BaAHUAX SHIOMETPHS.

Spectrum of conditions and diseases of the reproductive system in patients diagnosed with ER and benign

2 - 70.2% (33 nauuentku), BI-RADS 3 - 8.5%.
BIRADS 4 u 5y 9 60abHBIX, IpH 3T0OM PMX Be-
pudHuIpoBaH ObIA ¥ BCEX 9 U TOABKO B TPYIIIIE
IalMeHTOK C auarHo3oM PO B mMmeHomaysze. B
IpeMeHoIlay3e BBICOKHE KaTEeTOPHUH IIAOTHOCTU
moaogHOM xkeaesbl (o ACR C u ACR D) ompene-
ASIAUCH Y 77.7% manueHToK. [Ipu JARTEABHOCTH
MeHotmay3bl 6oaee 10 A€T U IIPU OTCYTCTBUHU Me-
HOIIay3aAbHOH TOPMOHOTEPAIIUN BBICOKHUE KaTe-
TOPHUHU IIAOTHOCTU MOAOYHOM JKeAe3bl ObIAU BBI-
ABA€HBI B 27.5% (v 8 maliieHToK).

OGcy:xaenue.

Kak mu3BecTHO, B AU PEepEeHITHAABHON TU-
arHocTuKe PO u mobpoKadeCTBEHHBIX H3MEHe-
HUH 5HOOMETPHH TaKHe YABTPa3ByKOBBIE ITPH-
3HaAKH, KaK TOAIIIMHA 3HAOMETPHL, CTPYKTYpa,
9XOTe€HHOCTD, Kpas ob6pa3oBaHUsd, pa3Mephl, dH-
[O-MHUOMETpaAbHad I'paHUIla, a TaK¥Ke OCOOeH-
HOCTH BaCKYASIPHU3aIIMH XOPOIIO U3yIeHbI U BbI-
COKO WH(OPMATHUBHEI: CIIEIIU(PUIHOCTb JOCTH-
raet 95.6%, 4yBCTBHUTEABHOCTEL 00 97.7%, To4-
HocTe mo 82.8% [5-7]. OmHako, OTCyTCTBHE
nudppePeHIIIPOBAHHOIO 104X04a, OCHOBAHHOI'O
Ha MEHOIIay3aAbHOM M KAMHHUYECKOM CTaTyCe
HalUeHTKY, 3aTPydHAeT aKTHUBHYIO BbIIBAsE-
MOCTb PaHHUX cTanui PO Ha MOAMKAMHUYECKOM
JTare.

www.rejr.ru | REJR. 2026; 16(1):80-92

[ToaydeHHBIE pPe3yAbTAThI AEMOHCTPHUPYIOT
HeoO6XoaAUMOCTb AUPPEPEHITUPOBAHHOTO IO-
XoJla K YABTPa3BYKOBOH nuarHocTuke PO B 3a-
BHCHMOCTH OT MEHOIIay3aAbHOI'O cTaTyca Hu
KAUHWYECKHUX ITPOSBACHUH.

Hamm panHbIE OEMOHCTPUPYIOT, YTO B
npeMeHoIiay3e usMepeHue TO HMeeT orpaHU-
YeHHYIO AUarHOCTUYECKYIO [IEHHOCTb H3-3a M-
POKOro IIepeKphIBaHHUS IIOKazaTeAedl IIpU 3A0-
Ka4eCTBEHHBIX U NOOPOKAUYECTBEHHBIX IIPOIIEC-
cax. OTo coraacyercd ¢ (pM3HMOAOTHIYECKUMH KO-
AebaHUAMH SHOOMETPHUS B PENPOAYKTHBHOM
Bo3pacte [9-12]. B 3TOM KOHTEKCTEe KAIOYEBBHIM
mudppepeHIINaAbHBIM [IPU3HAKOM CTAHOBUTCH
BHU3yaAH3allid HEPOBHBIX H HEYETKHUX KOHTY-
POB, YTO, BEPOSATHO, OTPaKaAET UH(MPHUALTPATHB-
HBIM XapakTep poCTa 3A0KAYECTBEHHOTO obpa-
3oBaHUd (puc. 2 — puc. 4). Kpome TOro, BbIIB-
A€HHaS 4YeTKasl acCollHaIlus MEXIY Heperyadp-
HeiM Tunnom AMK u P3O, ¢ omgHOI cTOpoHBI, U
MEXMEHCTPYaAbHBIM KPOBOTEYEHHEM H IIOAH-
naMH — C APYyro#, IIpegoCcCTaBASeT Bpady MOII-
HBINM KAMHUYECKUIN MHCTPYMEHT JAd IIEPBUYHON
crpatuduKanuu  pucka. KoMOMHAIUg 3TOTO
THUIIA KPOBOTEYEHHUS C OIIPENEACHHBIMH Y3-
IIPU3HAKaAMH I[I03BOASET NOCTHUYL Ype3BBLIYANHO
BBICOKOH [WArHOCTUYECKOM TOYHOCTH, UYTO
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Puc. 2 (Fig. 2)

Puc. 3 (Fig. 3)

Puc. 2. YAbTPA3BYKOBOE€ WCCAEAOBAHME, B-
PEXMM, MATKA B MPOAOABHOW MAOCKOCTH.

ITammuenTtka K., 50 aeT. Pak sHaoMeTpusa B IpeMeHoIIay3e Ha
doHE aHOMaABHOTO MATOYHOIO KPOBOTEYEHHs. ToAlmHa
SHAOMETPUA 12 MM (DyHKTHUpHAsd AWHHS). DHAOMETPHUH I'H-
IIEePIXOTeHHBIH, OMHOPOAHON CTPYKTYPhl C HEYETKHUMHU KOH-
TypaMH, HepaBHOMEPHOH Cy03HIOMETPHUAABHON 30HOMU.

Fig. 2. Ultrasound examination, B-mode, uterus
in the longitudinal plane.

Endometrial thickness is 12 mm (dotted line). Patient K., 50
years old. Premenopausal endometrial cancer with abnor-
mal uterine bleeding. The endometrium is hyperechoic,
homogeneous in structure, with unclear contours and an
uneven subendometrial zone.

Puc. 3. YAbTPA3ByKOBOE€ MUCCAEAOBAHME, B-
PEeXUM, MAaTKA B NPOAOAbHOMN MAOCKOCTH.

ITamuenTka II., 48 aet. Pak sHAOMeTpUS B IpeMeHoOIay3e Ha
doHE aHOMAABHOI'O MAaTOYHOIO KPOBOTEUYEHUS. DHAOMETPHI
HEPaBHOMEDPHO YTOAIIEHHBIA B HIXKHEH TPETH IIOAOCTH
(MyHKTHpHaa AWHHS), 9XOTNeHHad IOAHUMIOBHAHAA CTPYKTypa

B 0bAacTH AHA (CTPeAKa).

Fig. 3. Ullrasound examination, B-mode, uterus
in the longitudinal plane.

Patient P, 48 years old. Premenopausal endometrial cancer
with abnormal uterine bleeding. The unevenly thickened
endometrium in lower third of the uterine cavity (dotted
line), the echogenic polypoid structure is in the fundus of
the uterine cavity (arrow).

Puc. 4 (Fig. 4)

Puc. 5 (Fig. 5)

Puc. 4. YAbTPQA3BYKOBOE UCCAEAOBAHUE, B-
PEeXUM, 3XOrpamMmda MATKU B NPOAOAbHOM NAOC-
KOCTM.

ITammuenTka M., 49 aer. Pak sHmoMeTpusa B IpeMeHoOIay3e Ha
¢oHE aHOMaABHOTO MATOYHOI'O KPOBOTE€YEHHS 0€3 MHOMET-
pasbHOM MHBa3UH. DHAOMETPUN HEOAHOPOIHOH CTPYKTYPHI,
C 4eTKHMH, POBHBIMH KOHTypaMH (CTpeakKu). Backyasapusa-
nua sHAoMeTpud npu LK ¢ eZMHHYHBIMH AOKyCaMH IIBe-
TOBBIX CUTHAAOB (THII 2).

Fig. 4. Ultrasound examination, B-mode, echo-
gram of the uterus in the longitudinal plane.

Patient M., 49 years old. Premenopausal endometrial cancer
with abnormal uterine bleeding without myometrial inva-
sion. The endometrium is heterogeneous in structure, with
clear, smooth contours (arrows). Endometrial vasculariza-
tion on color Doppler imaging with single color signal loci

(type 2).

Puc. 5. YAbTPA3BYKOBOE UCCAEAOBAHUE, B-
PEeXUM, 3XOrpamMmda MATKU B MPOAOAbHOMU NAOC-
KOCTM.

IMamuentka T., 64 r. Pak samoMerpus Ha (POHE IIOCTMEHO-
ay3aAbHOTO MaTOYHOTO KPOBOTEYEHHS C MHBa3Hell B MHO-
MmeTpuii. HepaBHOMEpHO yTOAIleHHBIH 3HAoMeTrpuii. Heder-
Kas 9HAOMHOMeETpaAbHas I'PAaHHUIlA 3a CYET MHBA3UU B MHUO-

METPHUH (CTPEAKH).

Fig. 5. Ultrasound examination, B-mode, echo-
gram of the uterus in the longitudinal plane.

Patient T, 64 years old. Endometrial cancer associated with
postmenopausal uterine bleeding with myometrial invasion.
Unevenly thickened endometrium in the middle third of the
cavity. Unclear endometrial border due to invasion into the

myometrium (arrows).

www.rejr.ru | REJR. 2026; 16(1):80-92

DOI: 10.21569/2222-7415-2026-16-1-80-92

88



http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

Puc. 6 (Fig. 6)

Puc. 7 (Fig. 7)

Puc. 6. YAbTPQA3BYKOBOE UCCAEAOBAHUE, B-
PEeXUM, 3XOrpamMmda MATKU B NPOAOAbHOM NAOC-
KOCTM.

[MarmmenTka M., 62 roma. Pak sHmoMeTpusa B IIOCTMe-
HoIlay3e 0e3 IIOCTMEHOIIay3aAbHOTO MATOYHOIO KPO-
BOTE€YEHUA C MHBa3Well B MHUOMETPUH, KaHIIEPOMATO-
30M OpIOIIMHBI, AaCHUTOM. OHAOMETPHH YTOAIIEH
10MM, HEOAHOPOAHOM CTPYKTYPBI, C HEYETKHMMH KOH-
TypaMH Ha ypOBHE HIIKHEH TpeTH TeAaa MaTKH, TIe
IaTOMOP(OAOTHYECKH OblAA YCTAHOBACHA HHBA3HUA B
MHOMETPHUH (DANHHAA CTPeAKa). DHAOMHOMETPaAbHAS
TpaHUIla B OHE M CpedHEH TPEeTH IIPOCAEXKUBAETCS
4EeTKO (KOPOTKAas CTPEAKA).

Fig. 6. Ulirasound examination, B-mode, echo-
gram of the uterus in the longitudinal plane.

Patient M., 62 years old. Endometrial cancer in a
postmenopausal patient without postmenopausal
uterine bleeding with invasion within myometrium,
with canceromatosis of peritoneum, ascites. The en-
dometrium is 10 mm thick, heterogeneous in struc-
ture, with unclear contours at the level of the lower
third of the uterine body, where pathomorphological
examination revealed myometrium invasion. The en-
dometrial border in the fundus and middle third is
clearly visible.

Puc. 7. YAbTPA3BYKOBOE UCCAEAOBAHUE, B-
PEeXUM, 3XOrpamMmda MATKU B MPOAOAbHOMU NAOC-
KOCTM.

[MarmmenTka U., 67 aeT. Pak 3HOQOMETPHS B IOCTMEHO-
nay3e 6e3 MMOCTMEHOIAy3aAbHOTO MATOYHOTO KPOBO-
TEe4YEeHUsI C MHOMETPaAbHOM HHBa3uei. Ha omyxoaeBoe
IOpakeHHe YKa3bIBAIOT IIPHU3HAKH yTOALIEHUS SHIIO-
MEeTpHUsd, HEPAaBHOMEPHOCTH TOAIIMHBI, HEYETKOCTH
KOHTYPOB II0 3aJHEH CTEHKe OAMXKe K OHY H OTCyT-
CTBHE CyOSHIOMETPHAABLHOIO THIIOAXOTE€HHOTO 00oaKa
(cTpeaka).

Fig. 7. Ultrasound examination, B-mode, echo-
gram of the uterus in the longitudinal plane.

Patient I., 67 years old. Postmenopausal endometrial
cancer without postmenopausal uterine bleeding
with myometrial invasion. Tumor lesion is indicated
by signs of endometrial thickening, uneven thick-
ness, unclear contours along the posterior wall closer
to the fundus, and the absence of a subendometrial
hypoechoic rim (arrow).

KpaiiHe BasKHO [IAS CBOEBPEMEHHOI'0 HaIllpaBAe-
HUS Ha HHBA3UBHYIO NUATHOCTHKY.

Y manuentTok ¢ [IMK Hamm pesyabTaTsbl
COTAACYIOTCSI C KAACCHYECKUMH IIpeNCTaBACHU-
AMH: 3HAYUTEABHOE VTOALIEHHE JSHIOMETPHUS
(13.1 MM) B coyeTaHWM C HEOMHOPOMHOM, KH-
CTO3HOH CTPYKTYpOH M HEPOBHBIMU KOHTYpPaMHU
(puc. 5) aBAsieTCS BBICOKOCHEIIM(PUYIHBIM KOM-
IIAEKCOM IIpHU3HaAKOB PO [13-15].

HeonmHoponmHas cTpyKTypa 3HIOMETPUS C
HaAWYHEM AaHOXOT'€HHBIX (KHCTO3HBIX) BKAIOYE-
HU# Oblaa OTMedeHa, KaK Hauboaee IIPOTHOCTH-
4YeCKH 3HA4YUMBIH Y3-mpusHak (61,11%), Haps-
Oy C IPHU3HAKOM HEPOBHBIX M HEYETKUX KOHTY-
poB (50%) (puc. 5), 4T0 0OTMEYaAOCh U B paboTax
[13-15]. Ecam AOKycbl BacCKyASIpHU3allU (THII

| www.rejr.ru | REJR. 2026; 16(1):80-92

2/3) upu audy3HOM MMOPaKEHUU OBIAU BbIAB-
A€HBI TOABKO I1pu TO cBbire 13 MM, TO IpH ae-
TEeKIIUU OOBEMHBIX 00pazoBaHUil, WMUTHPYIO-
IIUX IIOAWIIBI, BACKyASIpH3allUs PETrUCTPUpPOBa-
AaCh HE3aBHUCHMO OT pPa3MepPOB 00pa30oBaHUS.
Onnako HamboAee 3HAYMMbIE BLIBOABI Ka-
caroTcs aCHMIITOMHBIX IalleHTOK. Hare wmc-
CA€IOBaHHE CTaBHUT II0L COMHEHHE VHUBEp-
caabHOCTBH Itopora TO B 4-5 MM [Ad HCKAIOYe-
HUd TIATOAOTHU U TeM Ooaee mopora B 11 MM
nad ee mrpenrioroxkenud [16-19] . Tor dakT, uTo
menuana TO mpu PO 6e3 [IMK cocraBuaa MeHee
10 MM, a TAaBHBIM IIPEAUKTOPOM Oblaa HEpaB-
HOMEPHOCTb TOAIIIMHEI, YKa3bIBaeT Ha TO, 4TO
HUMEHHO HapyllleHHe CHUMMETPHH H CTPYKTYPHBI
9HIOMETPHs, a He ero abCOAIOTHBIM pasmep,
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MOAYKHO CTaThb peIIarolluM [Oad Bpada Y3-
OUATHOCTHKH (pHUC. 6, 7) B IPEAIIOAOKEHUH pa-
Ka 9HIOMETPHH.

OT0 OOBSICHSET AOKHO-HETATHUBHBIE CAY-
yau PO, korma orMedyasach Hen3MeHeHHas TO.
Tak, y omHO#M u3 marmeHToK eile B 2019 r. mpu
TO 4.7 MM B mocTMeHoIlay3e Oblaa OTMedeHa
HEOTHOPOJHOCTh CTPYKTYPhI C pPeKOMeHOaruei
noobcaemoBaHUS, HO AWUIIE CIIycTs 3 rozxa (Ipu
TO 9 MM c 3aPUKCHPOBAHHBIM KPOBOTOKOM)
OblAa BBIIOAHEHA AaCIUpAaIlMOHHAs OHOIICHUS U
BepuduipoBan auarHo3 PO. B 1 cayuae PO
OBbIA IUATHOCTHPOBAH TOABKO IIPU THCTOAOTHUE-
CKOHl BepuHKAIIUH II0CAE€ PaIUKAaAbHOU orle-
parmiu 1o moBoay PS, mpu sTom PO He ObIA BbI-
aBaeH HU npu Y3U, vu npu 3D-Y3U, Hu npu
npoBenenun MPT ¢ KOHTpacTHpOBaHHEM, UTO
IIOATBEPIKIAET TEOPHI0 O MUKPOWHBA3HUBHOM
P3. Ilo HammuMm mgaHHBIM, V OECCHMIITOMHBIX
G6oapHBEIX PO B mocTMeHomay3e HEOOHOPOILHAS
CTPYKTypa OSHAOMETpPHUd 0e3 aHIXOTeHHBIX
BKAIOUEHHUH omnpeneasaacb B 54.5% caydaes.
[Ipu P3 6e3 IIMK B otanune ot PO ¢ [IMK uer-
KHe (poBHBIE/HEpPOBHBLIE) KOHTYPBHI 0OpaszoBa-
HHUS auarHoctTupoBaauchk yare (90.9% u 49.7%
COOTBETCTBEHHO); BaCKyASpH3allUs OTMedYarach
npu GoablIied ToAnwHe 3HAOMeTpHd (13 MM u
l1lmMm coorBercTBeHHO). HecmoTps Ha oTcyT-
CTBHE KAHMHUYECKHUX IIPOSIBACHUM, y OOABIIIHH-
CTBa MAaIMEeHTOK B nocTMeHorayse 6e3 [IMK PO
OBbIA AUATHOCTUPOBAH dYallle HA PAHHUX CTAIHUSIX
(B 72.7% cranusa T1) B otanume ot PO Ha ¢one
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AMK (B 66.6% cramusa T2).

OCHOBHEIM OTI'PaHUYEHHEM HCCAEIOBAHUS
SBASIETCS €T0 PETPOCHEKTHBHBIH XapakTep U
o0beM BBIOOPKH, OCOOEHHO B TMOATpyIIe Gec-
CHMIITOMHBIX ITAaIlMEHTOK. TeM He MeHee, IIOAY-
YeHHbIEe JaHHBbIE MMEIOT BasKHOE IIPaKTHUIECKOe
3HadeHre. OHU IIOKa3bIBAIOT, YTO AaATOPUTM
OUATHOCTUKU MOAXKEH OBbITh T'MOKuM. B mpeme-
HOIlay3€ aKIIeHT CMeIllaeTcsd Ha aHaAu3 KOHTY-
POB U THUIIA KPOBOTEYEHHS; B IIOCTMEHOIIAy3€e C
[IMK - Ha KOMIIAEKCHYIO OIIEHKY CTPYKTYpPbl U
TOAIIIMHEBI, & ¥ OECCUMIITOMHBIX ITAITUEHTOK Ha
MaA€HIIre IIPU3HAKU CTPYKTYPHOH HEOMHOPO-
HOCTH, TpeOyIoIe ITOBBIIMIEHHON OHKOHACTO-
POKEHHOCTH U, BO3MOXKHO, 60oaee yrAyOAEHHOTO
obcaeioBaHUd ¢ yaeToM (PAKTOPOB PUCKA.

3aksouenue.

Takum o00pa3oM, Iepexod OT H30AHPO-
BaHHON OIIEHKU TOAIIMHBI HIOMETPHUI K KOM-
IIAEKCHOMY aHaAW3y, HHTETPHUPYIOLIEMY 3XO0-
rpacgpuyeckye IIaTTePHbI, MEHOIIAY3aAbHBIN CcTa-
TyC W XapakTep KAHHHYECKHUX IIPOSIBACHUH,
II03BOASIET CYIIIECTBEHHO IIOBBICUTBH 3(P(PeKTHUB-
HOCTb pPaHHEW AWMArHOCTHUKU paka 3HIOMETPHUSI
Ha IIEPBUYHOM aMOyAaTOPHOM 3Tarle.

Ucrounuk ¢uHaHCUPOBAHUSA U KOH-
¢IUKT UHTEPECOB.

ABTOpBI JAHHOH CTATbU IIOATBEPAHAU OT-
CyTCTBHE (PUHAHCOBOH IIOANEPIKKU HCCAEIOBA-
HUA U KOH(AUKTA MUHTEPECOB, O KOTOPBIX HEOO-
XOOUMO COOOIIUTE.
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OPUTUHAJIBHAA CTATHA

YABTPA3BYKOBAS OLLEHKA MAKPOKAAbLIUPUKALLUU YIAOB
LLLUTOBUAHOM XEAE3bI

Tumodpeesa A.A.'2, AxekcaHaposB tO.K.3, FOmaHoB A.O.!, Arekcees C.C.!

1 - ®I'BOY BO «UyBariickuii rocyaapcTBeHHbIH yHuBepcuTeT uM. U.H. YabsiHoBav. r. Yebokcapsl, Poccrs.
2 - BY d'opoackast KauHmdecKas: 6oabHuna Nel» M3 Yysanickoii Pecriybanku. r. YeGokcapel, Poccus.
3 — dI'BOY BO «“IpocaaBcKuii rocyapCTBEHHBIH MEIHUITMHCKUN YHUBEPCUTET. T. ipocaaBab, Poccrs.

Peau IIaTOAOTHYECKUX CTPYKTYP, BBIIBAIEMBIX B y3AaX IIIUTOBHAHON Keae3bl (1K) mpu yab-

Tpa3ByKOBOM uccaenoBauuu (Y3U), MakpoKaAabITU(PUKATEI IBATIOTCS OOHUMHU U3 Hauboaee

4aCThIX.

Ienp ncecnemoBanus. OIpeneAnuTh AHUATHOCTHYECKOE U ITPOTHOCTUYECKOE 3HAa4deHHe pas-

AVYHBIX BHUJIOB MaKPOKAABIIM(IHUKAIIUY OYarOBBIX 00pa30BaHUil, BBIIBASIEMEBIX IIPU YABTpPA-
3BYKOBOM HCCAEIOBAHUHU ITUTOBUIHOHN 3KeAe3bl.

Martepuasnsr 1 Mmetonsl. [IpoBeneHO peTpoclieKTUBHOE u3ydeHue naHebiXx Y3U y 234 nanuen-
TOB C Y3AOBBIMH 00pa30BaHUSAMU IIIUTOBHUIHOM KeAe3bl, UMEIOIIUMH IPU3HAKH MaKpPOKaABIIM(UKA-
. VM3 o61mero 4ncaa omepHpoOBAaHHBIX HAIIMEHTOB OBIAM OTOOpaHbI 234 marueHTa C BEpUQUIIUPO-
BaHHBIM TATOMOP(OAOTHYECKUM AUATHO30M. [Io mJaHHBIM MOP(OAOTHYECKOT0 HCCAEOBAHUA H0OPO-
KadeCTBEHHbIE HEOIIyXOAEBhIe 3ab60AeBaHUS ITUTOBUAHOMN Keae3bl (1-a rpymma) ObIAM yCTAaHOBAEHBI B
177 cayuaax (75,6%), oIyxoAn HIUTOBUIHOMN KeAe3bl (2-4 rpymia) — B 57 cay4dadax (24,4%). Y Bcex mna-
HUEeHTOB IIpu Y3U 1 MOp(OAOTHIECKOM UCCAEOOBAHUU B y3AaX ITUTOBUIHOMN 3KeAe3bl OBIAU BBITBACHBI
MaKpOKaAbIIU(HUKATE Pa3AMYHOIO CTpoeHUs. IIpoBeneHa rpazaliysl Y3AOB IIUTOBHIHOM KEA€3Bbl II0
BHAaM U CTPOEHUIO MaKpOKaAbIIU(DHUKATOB, HaIlpaBA€HHAs Ha OIIPEeleAeHHe IIPOTHOCTHYECKOIO 3Ha-
4eHUS YABTPa3BYKOBOI'O ITpU3HAKA.

PesynrpraTer u 00cy:kaenue. ccaeqoBatue IoKasano, YTO YABTPA3BYKOBOM IMPHU3HAK «MaKpO-
KaABIIU(PUKATED UMEEeT HeCTaOHALHBIN HEPaHKUPOBAHHBIN YPOBEHBb HOCTOBEPHOCTH IIPU PA3AMYIHBIX
BapHaHTaX KaABIIU(PUKAIIUY Y3A0B IIUTOBHUIHOHN 3KeAe3bl C PA3ANYHBIM MOP(OAOTHYECKHM CTPOEHU-
eMm. OTCyTCTBUE €QUHOH CHUCTEeMAaTHU3allNH MaKpPOKaABIIU(PHUKATOB Y3A0B IIIUTOBUIHON 3KeAe3bl BHOCUT
OHUCCOHAHC B OIIEHKY CIEITHAAUCTAMH YABTPA3BYKOBBIX H300pazKeHUil y3A0B HLIUTOBUIHOMN IKEAE3BI.
[TOoCKOABKY IIpHM AUATHOCTHKE A00POKAYEeCTBEHHBIX HEOIIYXOAEBBIX Y3A0B IIIUTOBUIHOMN JKEAE3BI YADb-
TPa3BYKOBBIE KPUTEPHUH BOAATHABHBI, & KAABIIU(PUKAIIUS SIBASIETCS OIHUM M3 KAIOYEBBIX CKPUIITOPOB,
TO OOABIIIMHCTBO AO0OPOKAYECTBEHHBIX Y3A0B C MaKpPOKAABIIU(PUKATAMH IIOTEHIIHAABHO paccMaTpHUBa-
IOTCH KaK OIyxoAHU. IIpu cpaBHUTeALHOH olleHKe Y3U moOpoKadecTBEHHBIX 00pa30BaHUi U OIIyXoAet
HIUTOBUIHON >KeAe3bl YCTAHOBAEHO, YUTO VABTPA3BYKOBOM IIPH3HAK «MaKPOKAABIIHU(PUKATHE» HEAB3S
OLIEHMBATh KaK MapKep paka LIUTOBHIHOHN >KeAe3bl, OH SBAGETCS IIPOTHOCTUYECKH 3aBUCHMBIM OT
BUIA KaAbIIM(PHUKAITUH.

3akmodyenue. YALTPA3BYKOBOM IIPU3HAK «MaKpPOKAABITU(PHUKATEI», BEITBASIEMBIN IIpU 06CcAemo-
BaHUU IAIIHEHTOB C Y3AOBBIMH O0pA30BAHUSIMH IITUTOBUAHOMN JKeAe3bl, HEOJHO3HAYUEH II0 3HAYEHUIO.
OH o0AazaeT pas3sAHYHBIM JUATHOCTUYECKUM BECOM IIPU Pa3AWYHBIX BHIAX IATOAOTHH. BMmecte c TewMm,
OH B OOABIIMHCTBE CAyYaeB TPAKTYETCs CHelHnasucTaMu Y3U onHO3HAYHO HETATHBHO C KPEHOM B T'H-
HepIUarHOCTUKY C aKIIEHTOM Ha OHKOIIAaToAOTHI0. HeoOXoouMo paHKUpPOBATH MAKPOKAABLITH(OUKATHI
II0 UX CTPOEHUIO, YTOObI CHU3UTL BEPOSTHOCTD MX HETATUBHBIX OIIEHOK, ITIOCKOABKY YaCTOTa UX BBLIIB-
A€HUS B JOOPOKAYECTBEHHBIX Y3AaX BBIIIE, UEM B OIIYXOAdX IITUTOBUIHOMN 3KEA€3bl.

KaroueBble caoBa: IITUTOBUIHAS JKEeAesa, y3AOBOfI 306, MaKpOKaAbL[I/Iq)I/IKaT, YABTPA3BYKOBOE
HCCAENOBAHHE.

KonTakTHb#l aBTOp: TUMOdeeBa A.A., e-mail: adabai@mail.ru
Lns yumuposaHrus: Tumogpeesa N.A., Anexcaropos FO.K., FOmaros A.O., Anexceeg C.C.. Yib-

mpas3eyKoeasl OUeHKA MAKPOKANbUUPUKAYUU Y3108 UumoeudHoli skenesol. REJR 2026; 16(1):93-103.
DOI: 10.21569/2222-7415-2026-16-1-93-103.
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ULTRASOUND ASSESSMENT OF THYROID NODULES MACROCALCIFICATION

Timofeeva L.A.12, Alexandrov Yu.K.3, Yumanov A.Q.!, Alekseev S.S.12

1 - LN. Ulianov Chuvash State University. Cheboksary, Russia.
2 - City Clinical Hospital No. 1. Cheboksary, Russia.
3 - Yaroslavl State Medical University. Yaroslavl, Russia.

t ultrasound examination macrocalcifications are the most common among the pathologi-
cal structures detected in the nodes of the thyroid gland.

Purpose. To determine the diagnostic and prognostic significance of various macrocalcifi-
cation types of focal masses detected by thyroid gland ultrasound examination.

Materials and methods. A retrospective study of ultrasound data was conducted in 234 pa-
tients with thyroid nodules showing signs of macrocalcification. 234 patients with verified pathomor-
phological diagnosis were selected from the total number of operated patients. According to morpho-
logical examination, benign non-cancerous thyroid diseases (group 1) were detected in 177 cases
(75,6%), thyroid tumors (group 2) — in 57 cases (24,4%). In all patients, ultrasound and morphologi-
cal examination revealed macrocalcifications of various structures in the thyroid nodules. The thy-
roid nodules were graded according to the types and structure of macrocalcifications aimed at de-
termining the prognostic value of the ultrasound feature.

Results and discussion. The study showed that the ultrasound sign “macrocalcifications” has
an unstable, unranked level of confidence in different variants thyroid nodules calcification with dif-
ferent morphological structures. The lack of a unified systematization of macrocalcifications of thy-
roid nodules introduces dissonance in the assessment of ultrasound images of thyroid nodules by
specialists. Since ultrasound criteria are volatile in the diagnosis of benign non-cancerous thyroid
nodules and calcification is one of the key factors, most benign nodules with macrocalcifications are
potentially considered to be as tumors. Ultrasound comparative assessment of benign masses and
tumors in the thyroid gland has revealed that the ultrasound sign of “macrocalcifications” cannot be
evaluated as a marker of thyroid cancer, it is prognostically dependent on the type of calcification.

Conclusion. The ultrasound sign of “macrocalcification” detected during the examination of
patients with nodular masses of the thyroid gland is ambiguous in its significance. It has a different
diagnostic weight for different types of pathology. At the same time, in most cases, this is interpreted
by ultrasound specialists unambiguously negatively with a bias towards overdiagnosis with an em-
phasis on oncopathology. It is necessary to rank macrocalcifications according to their structure
which reduces the probability of their negative assessments, since the frequency of their detection in
benign thyroid nodules is higher than in thyroid tumors.

Keywords: thyroid gland, nodular goiter, macrocalcification, ultrasound examination.

Corresponding author: Timofeeva L.A., e-mail: adabai@mail.ru

For citation: Timofeeva L.A., Alexandrov Yu.K., Yumanov A.O., Alekseev S.S. Ultrasound assess-
ment of thyroid nodules macrocalcification. REJR 2026; 16(1):93-103. DOI: 10.21569/2222-7415-2026-
16-1-93-103.

Received: 31.03.26 Accepted: 06.05.26

www.rejr.ru | REJR. 2026; 16(1):93-103 DOI: 10.21569/2222-7415-2026-16-1-93-103 94


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

peau MaTOAOTHYECKHUX CTPYKTYP, BBI-

ABAFEMBIX B y3AaxX LIUTOBHUIHOHN Ke-

Aesbl Ipu Y3U, MakpoKaAbII(OUKATEI

ABAFIOTCH OOHHUMHM K3 Hauboaee da-

CTBIX [1]. CoBpeMeHHEBIE ¥3-
amnraparbl, UMEIONINe Pa3AudYHbIe OIIIIUU BU3Y-
aAM3alluy JaloT BO3MOXKHOCTH Ha [J0OIEepaliu-
OHHOM 3Talle IIPOBOAUTH IIPEABAPUTEABHYIO IU-
arHOCTHKY Y3AOB UIUTOBUIHOM KeAe3bl, HCXOAd
U3 BEPOSITHOM KaABIU(UKAIIUU Y3A0B Pa3AHY-
HOro MopdoAoOTHYEeCcKoro crpoerud [2, 3]. B or-
AWYME OT COAMJHBIX (KEAE3UCTBIX) Y3AOB IIUTO-
BUIHOM >KeAe3bl, B AMATHOCTHKE KOTOPBIX pe-
3yABTAThl IIUTOAOTHYECKOTO MCCAEJOBAHUS IB-
ASIIOTCSI OIIPEIEASIIOIIHMMHE, B y3aax C IIpeobaa-
OaHWEeM  KaABLIU(PUIIMPOBAHHBIX  CTPYKTYP
Goablilee 3HadeHHe IpHobperaer Y3U, mosBo-
AgIOliee HaWTH HE TOABKO YYaCTKH y3Aa, CBO-
O6oHBIE OT KAABIIU(PHUKATOB, HO U OIIPEICASIIO-
Iiee HeoOXOAUMOCTb OHOIICHH TaKHUX Y3A0B [4].
OdouranbHasa KaacCHU(UKAIINSA MaKpPOKaAbIIH-
(dHUKATOB y3A0B NIUTOBUAHOH KeAe3bl OTCYT-
CTBYET, HECMOTPH Ha OOABIIIOE YHCAO ITyOAHKAa-
Ui, IOCBAIIIEHHBIX 3TOH TeMme [5, 6]. Bmecre ¢
TEM y CIIEIIMAaAUCTOB Y3-AHarHOCTUKU CHOPMHU-
POBaAUCH OIPENEACHHBIE ITO3UIIUH OTHOCUTEAB-
HO ILIEHTPAABHBIX, IEPUMDEPUIECKHUX U CMEIIIaH-
HBIX MaKpPOKaABITU(PHUKATOB, UX 3HAYEHUS U I10-
TeHIlMaAa 3A0KadeCTBEHHOCTH |[7]. BoabminH-
CTBO HAay4YHBIX MCCAEJOBAHUN, KacaoIHUXCH
MaKpOKaAbBIIU(UKATOB, IBAGIOTCI aHaAHU30M
peTpPOoCIIeKTUBHOrO MaTtepuaaa [8, 9]. IIpocmek-
THUBHbIE HCCAEOBAHUS, ITOCBAIIEHHbIE MaKpO-
KaAblu(UKaTaM y3A0B LIUTOBHIHON KeAesbl,
OTCYTCTBYIOT. MOXKHO yBEPEHHO CKasaTb, YTO
MHEHHSI CIIEIIMAANCTOB HEOAHO3HA4YHBI, YTO
SBHUAOCH CTUMYAOM Al 3TOH paboThl, HaIpaB-
ACHHOM Ha IIOAy4YEeHHE OOBEKTHBHBIX MJAHHBIX
[10].

Ienp uccnemosanms.

OnpeneAuTs AUATHOCTHUYECKOE U IIPOTHO-
CTUYEeCKOE 3HadeHHE pPa3AWYHBIX BapHUaHTOB
MaKpPOKAABITU(PUKAIIUE 0YaroBBIX 00pa30BaHUMi
HIUTOBUIOHON IKeAe3bl, BBIIBASEMBIX IIPU YAb-
TPa3ByKOBOM HCCAEIOBaHUM.

Marepuasibsl 1 METOIEI.

HccaenoBanue  HepaHAOMHU3UPOBAHHOE,
OTKPBITOE, KOrOpTHOE. MccaemoBaHue 3akaroda-
AOCh B PETPOCIIEKTUBHOM OIIEHKE PE3yABTATOB
obcaenoBanua (Y3U opranom 1men) 234 maiu-
€HTOB C OYaroBLIMH 00pa30BaHUAMH IITUTOBHI-
HOM >KeAe3bl, KOTOPBIM OBIAM BBIIIOAHEHBI OIle-
pauuu. Ha ocHOBaHuU aHaan3a ObIAM OTMEUEHbI
OCOOEHHOCTH MaKpPOKaABIIU(MHUKATOB IIPHU pas-
AVWYHBIX  I1ATOMOP(OAOTHYECKHX  IIPOIIECCaX.
Kpurepuem orbopa B HMccaemoBaHHE OBIAO BBI-
saBaeHue Ipu Y3U B y3aax HIUTOBUAHOMN >KEAE3BI
TUIIEPIXOTE€HHBIX CTPYKTYp B IapeHXHUMe U
KallCyA€ y3Aa IIMTOBUIHOM IKEAE3bl Pa3sMepPOM
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Goaee 2 MM, UMEIOUTUX aKyCTUIECKYIO T€Hb.

CoraacHO 3a7adaM HCCAENOBAHUS C yde-
TOM KPUTEPHEB BKAIOUEHHsS OBIAM OTOOpPAHBI
234 ramHU4deckux caydasa (17,44% ot obiero
qHCAQ OIIEPUPOBAHHBIX OOABHBIX) C IIPOTOKOAOM
Y3HU, BKAIOYABIINM B Ce0sl OIIMCAHNE OCHOBHBLIX
VABTPa3BYKOBBIX IIPH3HAKOB, YYHUTHIBAEMBIX
EU-TIRADS [11]. [Io gaHHBIM ITaTOMOPMOAOTHU-
YEeCKOT0 HCCAEeNOBAHUSA OOOpPOKAYECTBEHHBIE
HEOILyXOAeBbIe 3a00AeBaHUA ObIAM YCTAHOBAEHBI
B 177 caydagax (75,64%), a OILyXOAU IIUTOBU/I-
HOH 3KeAe3bl, B OCHOBHOM ITaIIUAASPHBIN pak — B
57 cayuagx (24,36%). Bozpact manueHToB 1-H
rpymnrel 661A oT 19 mo 77 aet (cpemuuit Bo3pacTt
— 58,1+13,4 roxma). Bo 2-# rpymnme Bo3pact na-
IIUEHTOB ObIA OT 27 1m0 72 AeT (CpegHu Bo3pacT
cocraBuA 53,419,383 rona). B 1 u 2 rpymnmax mna-
IIUEHTOB IIpeo0AaIaAl KEHIIUHBL: 1-g rpymnna —
156 (88,14%), 2-a rpymma — 52 (91,23%).

[Tepen omeparmeit BceM IallieHTaM IIPO-
Bomuaock Y3W opraHoB IlleM Ha amnmnaparax
Aplio XG (Toshiba, dnonug) u Sono Scape ¢
ITHPOKOIIOAOCHBIM AMHEHHBIM OATYUKOM CKa-
HHUPOBaHUS C AWAria3oHoM dYactoT 7—-14 M.
Y3U BBINOAHAAW IO IIPOTOKOAY MyABTHIIApa-
MeTpudeckoro Y3U, KoTopoe BKAIOYAAO B cebs
B-pexum, K, 3/, a mpu HEOOXOIUMOCTH CO-
HOdAacTOrpaduio. BrigBAeHHBIE IIPU BBIIIOAHE-
HUH HCCAEIOBAHUS YABTPA3BYKOBbIE [aHHBIE
BHOCHANCH B IIPOTOKOA C rpazaunmeidr mo EU-
TIRADS. [JaHHBIE MaKpPOKAaABIIM(PUKATOB (PUK-
CHPOBAAUCH B BHE (POTO B HECKOABKHUX ITPOEK-
UgX. BpIgBA€HHBIE MaKpPOKaABIIU(UKATEI CH-
CTEMAaTHU3UPOBAAU COTAACHO KAaCCH(UKAITUU
(puc. 1), koTopas Oblaa CreHepUpoBaHAa Ha OC-
HOBaHUHU AUTEPATYPHBIX MHAHHBIX U ITIOCAYKHAA
MaTpulled uccaenoBaHud. [lanuble Y3U como-
CTaBASAUCE C Pe3yAbTaTaMH MOP(OAOTHYECKOI0
uccAeqoBaHUA Iperapara. [Ipu maToMmopdoao-
TUYEeCKOM HCCAEIOBAHUU IIOATBEPKICHUE MaK-
POKaABITH(PUKAIINY OCHOBBIBAAOCH HA HAAWMYHUU
KaABIIU(PUITUPOBAHHBIX CTPYKTYP B KallCyAe U
IapeHXHMe y3A0B IIUTOBHIHOM 3KeAe3bl, KOTO-
pble TpeboBaAH AeKaABIIMHAIIMY Ha 3Talle MIO-
FOTOBKHU ITpernaparoB. [lo mroram cormocraBae-
HUg naHHBIX Y3U um MopdoAOTHH OlLIeHHBAAUCH
BapHaHTbl MaKpPOKAaABIIU(PUKATOB IIPHU pPa3AWd-
HBIX ITaTOAOTHYECKUX IIPOIeccax.

KoandgecTBeHHbIE MaHHBIE, ITOLIUHSIIOIIN-
ecs HOPMAaABHOMY PaCIIPeIeA€HHI0, PacCUUThI-
BaAW II0 CTaHAAPTHBIM IIoKa3zareasaM. [aga cra-
TUCTUYECKOH MOOCTOBEPHOCTH PE3YyALTATOB HC-
noab3oBasu Kpurepuii CreiogeHTa. MaremaTu-
Jeckas ob6paboTKa MaHHBIX IIPOBOAHAACEH C HC-
IIOAB30BaHHEM IIPOrPaMMHBIX ITakeToB Stat Soft
STATISTICA 10.0 u Microsoft Office Excel
2016.

PesynabraTs.

CoraacHoO 3a/1a4aM HCCAEIOBAHUS C Vi€
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Puc. 1 (Fig. 1)

Puc.1. Cxema.

Fig. 1. Scheme.

Kaaccudurarimsa MakpoKaAbIIH(PUKATOB Y3A0B IIIUTOBHUIHON KEAE3BI.

Classification of macrocalcifications of thyroid nodules.

TOM KPUTEPHUEB BKAIOUEHHUsS OBIAM OTOOpPAHBI
234 KAWHHYECKUX caydad (25,56% ot uucaa
1342 omepupoBaHHBIX OOABHBIX C PA3AUIHOMH
natosorued II2K). Ilpu nccaemoBaHUM yCTAHOB-
A€HO, YTO y3A0Bas IIATOAOTHS HIUTOBHUIHOM 2Ke-
A€3BI, HyXJAIoUIasacs B XUPYPTHUYECKOM A€de-
HUH Yallle BbIIBAGIOTCH y XKeHIUH. TaksKe I1oa-
TBEPKIEHO, YTO HacToTa 0Opa30BaHUS Y3A0B
IIUTOBHUIOHOM >KeAe3bl HapacTaeT C BO3PacToOM,
YTO B 3HAYUTEABHON CTEIEHHU CBA3aHO C HU3Me-
HEHHEM TOPMOHAABHOI'O CTaTyca. AHAAU3 BAHS-
HUS YKas3aHHBIX ITapaMeTpoB Ha (opMupoBa-
HHUEe KOHKPETHBIX BHI0B MaKPOKAaABIIU(PUKATOB
B y3Aax HIUTOBUIHOM >Ke€A€3bl HE IIO3BOAHUA BbI-
SIBUTH 3aKOHOMEPHOCTH. Takske HCCAeOBaHHE
II0Ka3aA0, YTO CTPYKTypa MaKpOKaABbIIH(pHUKA-
TOB HE OIIPEAEASIETCS UX AOKaAM3allHied B y3A€
U AOKaAM3allMed caMHUX y3A0B B IIIUTOBUIHOM
KEAE3E.

BMmecte ¢ TeM Ha OCHOBaHHUHU PETPOCIIEK-
TUBHOU OLIEHKU MaTepHara ObIAO IIOATBEPIKIE-
HO, YTO YABTPa3BYKOBOM IIPH3HAK «MaKpPOKaAb-
HU(PUKATED SIBAFETCHS OOBEKTHUBHBIM ITOKa3aTe-
A€M CYIIECTBEHHOM rpyboii mMopdoroTHIecKO
IIEPECTPOUKH B y3aaxX LIUTOBUAHOM kKeae3bl. C
IIEABIO OIIPENIEACHUSI 3HAUEHHUHd YABTPa3BYKOBO-
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ro IIpHU3HAKA «MaKpPOKaABIM(PUKATEI» Y3AOB IIIH-
TOBUIHOH >KeAe3bl ObIA IIPOBEAEH aHAAU3 YAb-
TPa3BYKOBBIX OCOOEHHOCTEH KaABIIU(PUIIIPO-
BaHHBIX CTPYKTYP, BBIIBAEHHBIX B y3AaxX pas-
AWYHOT'O MOP(OAOTHYECKOTO CTPOEHHUS.
MaxpokaabIII(pUKATbl SBASIOTCS O4YE€Hb
HEOJHOPOMHOH TPYIIIION, W HMEIOT Pa3ANYHOE
IIPOTHOCTHUYECKOe 3HadeHHe. B yacTHOCTH, Ba-
pHaHTaMU «IIepHUepHUIecKol» KaabIIU(OUKAIINT
Y3A0B IIUTOBUIHOM 3KeAe3bl IBAFIOTCS «CIIAOIII-
HbIE» U «IIPEPBIBUCTHIE» MaKPOKAaABIIU(PUKATEI.
«CriaoniHbIer IepUdepHUIecKre MaKpOKaAbIIH-
duKaTel MOryT OBITH «O0OAKOBBIMK» [12] m
«KOABLIEBHAHBIMID [13] (puc. 2). «[IpeprIiBUCTHIE»
nepugeprudeckie MaKpPOKAABIIM(PUKATBI CAOK-
HO CHCTEeMAaTH3UpPOBaTh BBHIY MHOroo0Opa3us
BapuaHTOB (puc. 3). lleHTpasbHble MaKpPOKaAb-
U(UKATEI ~ MOTYT OBITH «M30AHPOBAHHBIMH»
(MmaccuBHBIMH) (puc. 4) B «JaCTUYHBIMI». B
CBOIO OdYepenb «JaCTHYHBIE» MaKpPOKaABIIN(HU-
KaTbl MOTYT OBITH «I'PYOBIMID (pPHC. 5), «Kparda-
TBIMID» U «ppParMeHTUPOBaHHBIMI (puc. 6). Co-
JyeTaHHe IIEHTPAAbHOM U IepHdepudecKoH
KaAbIIU(PUKAIIUY y3A0B IIIUTOBHIHOM >KeAe3bl
MOXKeT ObITh B BHIE CMEIIAHHBIX KaABIIU(PUKA-
TOB: «TPYObIX» (pHUC. 7), «parMeHTHUPOBAHHBIX?
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5 Dist 0.45cm

Puc. 2 a (Fig. 2 a) Puc. 2 6 (Fig. 2 b)

s

Ocm 1 3

‘..illlmlnll[ I

Puc. 2 B (Fig. 2 ¢) Puc. 2 r (Fig. 2 d)

Puc. 2. CnaowHasa nepucdepuieckas 060AKoOBass MAKPOKAAbLUdpUKaums: a — Y3U LLUTOBUAHOU Xe-
Ae3bl, B-pexxum (NPOAOAbHbIN CKAH). 6 — Y3U LLUTOBUAHOM XeAe3bl, B-peXxum (mnonepeyHbiii CKaH). B
— Makponpenapar. r — MakponpenapaTt KAAbLLUPULUPOBAHHOIO Y3AA NPU YBEAUHEHUM.

a —-THIo3xXoreHHOe HEOMHOPOAHOEe obpasoBaHue pasMepoM 0,4 CM C YETKHMMH POBHBIMH I'HIIEP3XOT€HHBIMH KOH-
TypaMu, Jarolliee aKyCTHIEeCKYIO TeHb (MaKPOKAABIIM(PUKAIINS II0 THILY «IHMYHOM CKOPAYIBD). 6 — ToT Ke y3eA. B —
MHOZKeCTBEeHHbIEe (DOAAUKYASIDHBIE afleHOMEI (OeAble CTPEAKH) IPaBO JOAHM IUTOBHUIHOM JKeAe3bl C KPOBOU3AHUSI-
HUIMH (CA€IbI BBIIIOAHEHHOH IIYHKIIMH). Y3eA C IIepHeprIecKol MaKpoKaAbli(UKaIel (YepHas CTpeAKa) II0
TUILy «IUYHOM CKOPAYIIBI», N300paskeHHBIN Ha COHOrpaMMax. T —[1aToMOp(OAOTHYECKOE HCCAENOBAHNE — (DOAAY-
KyAsSIpHasd afiecHoMa IIUTOBHIHOM KEA€3bI.

Fig. 2. Continuous macrocalcification of the peripheral rim: a - ultrasound examination of the thyroid
gland, B-longitudinal scanning mode. b - ultrasound examination of the thyroid gland, C-transverse
scanning mode. c - gross specimen. d — gross specimen of a caicified enlarged node.

a — Hypoechoic heterogeneous mass measuring 0,45 cm with clear, even hyperechoic contours, giving an
acoustic shadow (eggshell-type macrocalcification); b — The same nodule; ¢ — Multiple follicular adenomas
(white arrows) of the right lobe of the thyroid gland with hemorrhages (performed puncture evidence). A nodule
with peripheral macrocalcinosis (black arrow) of the “eggshell” type, shown on ultrasound images); d- patho-
morphological examination — follicular adenoma.
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==% Dist 1.48cm

Puc. 3 B (Fig. 3 ¢) Puc. 3 r (Fig. 3 d)

Puc. 3. «llpepbiBUCTbIEN Nepudepuieckue MAkpoOKAAbLUGPUKATbI Y3AOB LLLUTOBUAHOMU XKEAE3bl: a —
Y3/ LMTOBUAHOM XeAesbl, B-peXxum (NPOAOAbHBIM CKAH). 6 — Y3U LWWUTOBUAHOM XeAesbl, B-pexum
(NPOAOABHBIY CKAH). B — Makponpenapdar. r — MakponpenapaT LLUTOBUAHOM XXEAE3bl.

a — M305XOIe€HHBIN HEOOHOPOAHBIH y3ea AeBoi goau LK ¢ poBHBIMH YETKHMM KOHTYPaMH C MHOXKECTBEHHBIMHU
TUIIEPOXOTEHHBIMU AMHEHHBIMH AOKYyCaAMH B IIepH(pepHIecKol dacTu y3aa MeHee S0% MOBEPXHOCTH, C KPaeBOH
aKyCTUYECKOM TEHBIO. 6- THIIOAXOTE€HHBIY HEOOHOPOOHEIH y3eA 1,2 cM B mpaBoii goae 11K ¢ poBHBIMH YETKHUMH
KOHTYPaMH C MHOXXECTBEHHBIMHU AyroOOpPAa3HBIMH K TOYEYHBLIMH (CTPEAKA) THIIEPIXOT€HHBIMU AHHEHHBIMU AOKY-
camu B nepudepudeckoi gactu y3aa. TAIIB — doasnkyagpraa omyxoab IIDK (Bethesda IV). ITaTomopdoaorude-
CKO€ HccaefoBaHUe — atunudHaga ageHoMa [IDK. B — 'MIosxXoreHHBIN HEOMHOPOAHBIN y3ea mpaBoi moau K c
HEPOBHBIMHU YETKHMH KOHTYpPaMH C (PparMeHTHUPOBAHHBIMHU YTOAIIIEHHBIMH THIIEPAIXOT€HHBIMH yIacTKaMHU B IIe-
pubeprdecKol YacTH y3Aa, JAIOIIHMME aKyCTHIeCKyo TeHb. TATIB — mpusHaku KoasougHoro 306a (Bethesda III).
T — ¥Y3ea npaBoit goau 1K ¢ ToACTOH KaabIMUIIMPOBAHHON KaricyAod. ITaToMopdoaorndecKkoe UCCAEI0BaHUE -
nanuAAgpHBIHA pak [IDK (MHKaICyANpOBaHHBIN BapHaHT).

Fig. 3. “Periodic” peripheral macrocalcifications of thyroid nodules: a - thyroid ulirasound, B-mode
(longitudinal scan). b - thyroid ultrasound, B-mode (longitudinal scan). ¢ - Thyroid ultrasound, B-
mode (transverse scan). d — Thyroid gross specimen.

a — Isoechoic heterogeneous nodule in the left lobe of the thyroid gland with smooth, clear margins and multiple
hyperechoic linear foci in the peripheral portion of the nodule covering less than 50% of the surface area with
marginal acoustic shadowing. b — Hypoechoic heterogeneous nodule 1,2 cm in the right lobe of the thyroid
gland with smooth, clear margins and multiple arcuate and punctate (arrow) hyperechoic linear foci in the pe-
ripheral portion of the nodule. FNA - follicular thyroid tumor (Bethesda IV). Pathological examination — atypical
thyroid adenoma. ¢ — Hypoechoic, heterogeneous nodule in the right lobe of the thyroid gland with irregular,
clear contours and fragmented, thickened, hyperechoic areas in the peripheral portion of the nodule creating
an acoustic shadow. FNA shows signs of colloid goiter (Bethesda III). d — The nodule in the right lobe of the thy-
roid gland with a thick calcified capsule. Pathological examination reveals papillary thyroid cancer (encapsulat-
ed variant).
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Puc. 4 a (Fig. 4 a) Puc. 4 6 (Fig. 4 b)

Puc. 4. U30AMPOBAHHbIE LLEHTPAAbHbIE MAKPOKAABLUCPUKATbI Y3AOB LLUTOBUAHOM XeAesbl: a — Y3U
LLLUTOBUAHOM XeAesbl, B-pexxum (MpoAOAbHbIM CKAH). 6 — Makponpenapar.

a - 'unepa3xXoreHHBIH y3eA AeBOM HOAM IMUTOBHUAHOM 3kKeae3bl 0,5x0,5x0,4 cm ¢ akycrtuyeckoi TeHbro (TAIIB — He-
uHbopMaTUBHBIM MaTepruaa (Bethesda I)).

6 - MaxpokaabIu(PUKAT y3Aa IITUTOBUAHOM 3KeAe3bI 1,5 cM.

Fig. 4. Isolated central macrocailcifications of thyroid nodules: a - ulirasound of the thyroid gland, B-
mode (longitudinal scan). b — gross specimen.

a - Hyperechoic node of the left lobe of the thyroid gland measuring 0,5x0,5x0.4 cm with a sound shadow (FNA
— uninformative material (Bethesda));

b — The macrocalcification of the thyroid gland nodule is 1,5 cm.

Puc. 5 a (Fig. 5 a) Puc. 5 6 (Fig. 5 b)

Puc. 5. LLeHTpPOAbHASA YACTUYHAS PPArMEHTUPOBAHHAS MAKPOKAAbLUOUKALLUA Y3AA LLLUTOBMAHOM
XeAesbl: d — Y3/ LMTOBUAHOM XeAe3bl, B-pexum (NpoAOAbHbIN CKAH). 6 — Makponpenapar.

a — HeomHOPOOHBIN M309XOT€HHBIH y3€A A€BOH TOAM IIUTOBHUIHOH 3keaedbl 2,5%3,0 cM ¢ IEHTPaAbHOH T'HIIEPIXO-
TeHHOM 30HO# ¢ akycrmdeckoil TeHblo. TAIIB — doasuryaapHasa Heomaasus (Bethesda IV). 6 — Y3ea aeBoit moan
IIUTOBUAHOHN >KeAe3bl C MaKpOoKaAbITU(pUKaIell B eHTPasbHOH JacTy. IlaTroMopdoaorudeckoe UCCAEIOBaAHIE —
dorruKyAIpHaAS afieHOMa C IBAEHUSMH KaAbITU(OUKAITAH.

Fig. 5. Central partial fragmented macrocalcinous thyroid nodule: a - ultrasound examination of the
thyroid gland, B-mode (longitudinal scan). b — gross specimen.

a — An inhomogeneous isoechoic nodule of the left lobe of the thyroid gland measuring 2,5x3,0 cm with a cen-
tral hyperechoic zone with an acoustic shadow. FNA — follicular neoplasia (Bethesda IV); b — A nodule in the left
lobe of the thyroid gland with macrocalcification in the central part. Pathomorphological examination —follicular
adenoma with calcification.
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1 Dist 1.19cm 1 Dist 0.77 cm

Puc. 6 a (Fig. 6 a) Puc. 6 6 (Fig. 6 b)

Puc. 6. PparMeHTUPOBAHHASA LLEHTPOAbHASA MAKPOKAAbLMCOUKALUA Y3AOB LLLUTOBUAHOM XEAE3bl: a —
Y3U WwmuTOBMAHOM XeAesbl, B-pexxum (nonepeyHbi ckaH). 6 — Y3U LWLUTOBMAHOM XeAesbl, B-pexum
(NPOAOAbHbBIM NONepe4HbIA CKAH).

a — M303XOTeHHBIN HEOAHOPOAHBIN y3€A IIPaBOH AOAW ITUTOBHAHOH KeAe3bl C HEPOBHBIMU HEYETKHUMH KOHTYpa-
MH C MHOXKECTBEHHBIMH THIIEPIXOT€HHBIMU AOKycaMu 10 0,4 cM B LIEHTPAABLHOM YacTH. 6 — H309XOT€HHBIH HEOO-
HOPOOHBIH y3€A A€BOH MOAW IIUTOBUIHOMN 3KeAe3bl C POBHBIMHM YETKHMH KOHTYPaMH C MHOXKECTBEHHBIMH THUIIEP3-
XOT€HHBIMH AOKycaMu 10 0,8 cM B LIEHTPaABLHOM YacTH.

Fig. 6. Fragmented central macrocailcification of thyroid nodules: a - ultrasound of the thyroid gland,
B-mode (iransverse scan). b — ultrasound of the thyroid gland, B-mode (longitudinal transverse scan).

a — isoechoic heterogeneous nodule of the right lobe of the thyroid gland with uneven indistinct contours with

multiple hyperechoic foci up to 0.4 cm in size in the central part; b — an isoechoic heterogeneous nodule in the
left lobe of the thyroid gland with smooth, clear contours and multiple hyperechoic foci up to 0.8 cm in size in
the central part.

T
‘ 2 3

1

Puc. 7 a (Fig. 7 a) Puc. 7 6 (Fig. 7 b)

Puc. 7. Tpyb6as cMeLlaHHAs MAOKPOKAAbLUCPUKALLUA Y3AOB LLLUTOBMAHOM XXeAesbl: a — Y3U LLMTOBUA -
HOM XeAe3bl, B-pexxum (NpoAOAbHbIM CKaH). 6 — Makponpenapdr.

a — 'MIIo5X0oreHHbIH HEeOAHOPOMHBIN y3€A IIPABOH MHOAW IITUTOBHIHOM >KeA€3bl C HEPOBHBIMHM HEYETKHMH KOHTY-
paMu, ¢ «rpyObIM» BapHAHTOM CMELIAHHON KaABIIH(PUKAIINH (IepudepriecKkas 10 THILY «3yObeB IIHUABD K THIIEP-
9XOI€HHBIMH y4acTKaMU B [IEHTPAABHOH YacTH), C aKycTHudeckoi TeHblo. TAIIB — momo3peHne Ha pak IIATOBH/I-
Hoi xeae3b! (Bethesda V). 6 — MaccuBHas MakpOKaABIU(UKAINSI B O4ATOBOM 00pAa30BAHUY IITUTOBUIHOM JKeAe-
3bI. [TaTOMOPGOAOTHYECKOE UCCAEIOBAHE —TIaITUAAIPHBIN PaK IIIUTOBUIHON KEAE3bI.

Fig. 7. Rough mixed macrocailcification of thyroid nodules: a - ulirasound examination of the thyroid
gland, B-longitudinal scanning mode. b - gross specimen.

a — A hypoechoic heterogeneous nodule of the right lobe of the thyroid gland with uneven, indistinct contours,
with a “rough” variant of mixed calcification (peripheral by the type of “saw teeth” and hyperechoic areas in the
central part), with an acoustic shadow. FNA — suspected thyroid cancer (Bethesda V); b — Massive macrocalcifi-
cation in the focal mass of the thyroid gland. Pathomorphological examination — papillary thyroid cancer.
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U «A€TIECTKOBUIHBIX» [14].

[Io maHHBIM PETPOCIIEKTUBHOIO aHaAH3a
OBIAO YCTAHOBAEHO, YUTO OTHOEABHbIE BapHUAHTHI
MaKpPOKaAbBIIU(UKAIINN Y3AOB IIUTOBHUIHOHN Ke-
A€3bI MOTYT OBITH KOCBEHHBIMH «MapKepaM»
[IaTOAOTHYECKOTO IIpollecca, yKasbIBas Ha
HEeOOXOAUMOCTb IIPOBEAECHUS OMOICHU U ITUTO-
AOTHYECKOTO HccAaenoBaHus (Taba. Nel).

dopMHupOBaHHE MaKPOKAABIIU(PHUKATOB MOKET
IPOTEKaTh 10 HECKOABKUM CIIeHapHaM, B 4acT-
HOCTH II0 THIy «HHKPYCTAllUHM» K «UMIIPETHa-
IIUM» COASIMH KaABIIHS, «CTPOMAABHOI'O KaABIIH-
HO3a», «IKTOIHUYECKOTO KOCTeOOpa30BaHUsIy,
«MEAKOTABIOYATOTO  OOBI3BECTBAEHUS». [loAu-
MOP(HOCT, MaKpPOKAaABIIU(PHUKATOB CBS3aHa C
UX Pa3sAWYHBIM 3A€MEHTHBLIM COCTaBOM (pa3HbI-

Tabauma Nel.

YacToTa BCTPEIAEMOCTH OTACABHBIX BHAOB MaxpoxaAr.nmanaunn B
y3Aax IllHTOBHJIHOi:I JKEAE3bl PASAHYHOTIO MOpCbOAOI‘H‘-IeCKOl‘O CTPOCHHA.

MaxkpoxarbuudukaTs JloOpokauecTBeHHbIE Onyxomu CraTtucruueckas
y310B 1IDK HEOITyXOJIEBbIE 3200J1eBaHMs 3HAYUMOCTb
a0c. % aoc. % P
[epudepuaeckue 78 44,07 4 7,02 0,0012
CruiomHbIe 36 20,34 2 3,51 0,0024
IIpepeiBUCTBIE 42 23,73 2 3,51 0,0019
Lenrtpanbhbie 82 46,33 23 40,35 0,4317
MBonupoBaHHble 13 7,34 3 5,26 0,5911
YacTuaHbIe 69 38,98 20 35,08 0,6041
CMernIaHHEBIe 17 9,60 30 52,63 0,0071
UTOI O 177 100 57 100

W3 pacyeToB MNOHATHO, IIOYEMY OJHH U3
BapHaHTOB MaKpPOKAaABIIM(PUKATOB IIOIaIaloT B
rpagauio EU-TIRADS2, kKotopass peraamMeHTH-
pyeT BO3MOXKHBIM O0TKA3 OT IIyHKIIMOHHOM OHOII-
CcHH, a ApyTrHe PEeKOMEHIYIOT PaHXKHUPOBATh Kak
EU-TIRADSS, 006s3aTeABHYIO [OAS IITUTOAOTHHUE-
CKOTO HccaenmoBaHus. I[loaTomMy ommvcaHue Mak-
POKaAbIIU(pPUKATOB B mpoToKoae Y3U aBasercs
006s13aTeABHBIM, HO €IVHBbIe TPeOOBAHUS K OIIU-
CaHUI0 MaKPOKAaABIIH(PHUKATOB Y3A0B IIIUTOBU/I-
HOH >KeAe3bl OTCYTCTBYIOT, UTO SBASETCS IIPH-
YUHOU AMCCOHAHCA B OLIEHKAaX.

OGcy:xaenue.

Muoroo6pasre MaKpOKAABIIU(PUKATOB y3-
AOB ITUTOBUIHOH 3KeAe3bl II0 pasMepaM, CTpoe-
HUIO, OCOOEHHOCTSM PACIIOAOKEHUS KaAbIIU(U-
IIIPOBAHHBIX CTPYKTYP OIIPEAEATIETCS CAOKHBIM
naToMopo30M, 3aBUCIIIHMM OT MOPQOAOTHH
Y3A0B M BPEMEHU HX CyllecTBoBaHUA. Maxkpo-
KaAbIIU(OUKATHl BBIIBASIOTCS B y3AaX LIUTO-
BU/IHOM KeAe3bl Pa3AMYHOIO0 MOPQOAOTHUECKO-
o CTPOEHUd, IPHUUEM IPHU NOOPOKAYEeCTBEHHOM
(koAAOHTHOM, MAPEHXHMMAaTO3HOM, CMELIaHHOM)
300e OHU BCTPEUAIOTCS 4allle, YeM B OIIYXOASX.
[TockoABKYy maToMOpd03 MaKpOKaABIIU(DHUKATOB
OITpeIeAdIeTCsI OCOOEHHOCTSIMHU MOP(OAOTHH y3-
AOB, TO OHH HMEIOT Pa3AHYHBbIE BH[, CTPYKTYPY
U 3HadeHWe. B wacTHOCTH, B OTAWYNE OT MHK-
POKaABITU(PHUKATOB  (IICAMMOMHBIX  TEAELD),
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MU KOHIEHTpPaAIUSIMH BOLOPOAHBIX MOHOB, Mar-
HUS, Kaabllud U Qocdopa), ¢ TOPMOHAABHBIM
CTaTyCOM U APYTHMH (paKTOpaMH.

BoABIIMHCTBO  CIIEIIMAAWCTOB  CYHTAIOT
MaKpOKaAbIIU(UKATEI, KAaK U MUKPOKaABIIU(U-
KaTbl, MapKepaMH pakKa IIUTOBUIHOMN >KeAe3bl
[15]. OmHaKo oTCyTCTBHE TAYOOKOTO aHaAM3a UX
CTPOEHUs U OCOOEHHOCTEH YABTPA3BYKOBOTO
0TOOpaIKEHNs UX CTPYKTYPBI YaCTO IIPUBOAUT K
runepauarHoctuke. K atomy Heobxomumo noba-
BUTD, UTO OHOIICHS y3A0B IIUNTOBHIHON >KeA€3bI
C MaKpOKaAbIIM(pHKATaMU He BCerza TeXHUYe-
CKU BBIIIOAHHMA, a I[IPH OLlEHKe IIpeIaparToB
IIUTOAOTH HEPENKO M[aloT HeolpeneAeHHbIe
OPMYAHPOBKHU.

Saka0yeHune.

[Ipr3Hark «MaKpPOKaABIIU(HUKATE»  IIPHU
OITMCAHWH y3A0B ILIUTOBHUIHON >KeAe3bl TPaKTy-
eTCs CIIeIIMaAHNCTaMH YABTPa3BYKOBOH IHAarHo-
CTUKU HEOOHO3HAYHO, B €r0 OIIEHKE B OO0Ab-
ITMHCTBE CAy4YaeB IIPUMEHSEeTCs IIPHUHIIUII OH-
KOAOTHYECKOH  HaCTOpPOXKEHHOCTH. OmHako
«MaKpPOKaABIIU(PUKATED» BbIIBAGIOTCA IIpu Y3U
KaK B OIIYXOAfIX, TaK U B A00POKAYECTBEHHBIX
y3AaxX HIATOBHUIAHOMN 3KeAe3bl, IIPUYEM B IIOCAEI-
HUX — 4Jarie. AHaAHU3 PETPOCIIEKTUBHBIX NJaHHBIX
IoKa3aa, 4TO «MaKPOKaABIIM(UKATBE MHOT000-
pasHEBI II0 padMepaM K cTpoeHHio. OHH HMEIoT
Pa3AMYHBIN BH B 3aBHUCHMOCTH OT XapakTepa
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IaTOAOTHH U CPOKOB CYIIECTBOBAHHS. YIIPO-
IIEHHBIM [IOAXOI K OIleHKEe NaHHOTO IIpH3HaKa
IPUBOAUT K rUrnepauarsoctuke. OQHUM H3 Ia-
rOB II0 COBEPLIEHCTBOBAHUIO VABTPA3ByKOBOU
OUATHOCTUKH SBACETCS CHCTEeMaTH3allus «MaK-
POKaABITH(PUKATOB» C IIPOTHOCTUYECKOM IIEABIO.
[IpenaaraeMblii  BapHaHT  KaacCHU(UKAIIUU
«MaKPOKAABIIU(PUKATOB» SBASIETCH IIPEIMETOM
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OPUTUHAJIBHAA CTATHA

APPLICATION OF SHEAR WAVE ELASTOGRAPHY FOR DIFFERENTIATING PARATHYROID
ADENOMAS AND COLLOID THYROID NODULES

Khamzina F.T.!2, Vagapova G.R.!, Druzhkova N.B.2

1 - Kazan State Medical Academy, Russian Medical Academy of Continuous Professional Education.
2 - Occupational health facility of Kazan (Volga region) Federal University.
3 - M.Z. Sigal Regional Clinical Oncological Dispensary, Tatarstan Ministry of Healthcare. Kazan, Russia.

urpose. To study the efficacy of ultrasound shear wave elastography in differential diagnos-

tics of parathyroid adenomas in primary hyperparathyroidism from nodular masses of the

thyroid.

Materials and Methods. The study included a group of 71 patients (69 women and 2 men)
with clinically and morphologically confirmed primary hyperparathyroidism and a group of 17 pa-
tients with cytologically verified nodular or multinodular colloid goiter (13 women and 4 men), who
underwent an ultrasound examination (US) of the thyroid gland (TG) with two-dimensional shear
wave elastography (2D-SWE) on the Aixplorer device (SuperSonic Imagine, France).

Results. Quantitative assessment of stiffness was performed in 76 adenomatous altered para-
thyroid glands (PTG), in 94 visually unchanged PTG, in 33 colloid thyroid nodules and in 64 visually
unchanged areas of the thyroid parenchyma.

When comparing the mean values of Young's modulus (Emean) of normal thyroid tissue (10 +
2.5 kPa) with unchanged parathyroid glands (10 * 3.7 kPa) and with parathyroid gland adenomas
(9.4 £ 3.6 kPa), no significant difference was found (p = 0.296 and p = 0.282, respectively). Statisti-
cally significant differences were obtained when comparing the stiffness of colloid nodules with histo-
logically confirmed parathyroid adenomas with a threshold value of Emean above 12.5 kPa
(p=0.019). The diagnostic efficiency of the test "Emean>12.5 kPa - colloid nodules" is characterized
by a specificity of 81.2% and a sensitivity of 52.9%. (AUC 0.706+0.078).

Conclusion. 2D-shear wave elastography is a promising method of differential diagnosis be-
tween parathyroid adenomas in patients with primary hyperparathyroidism and colloidal thyroid
nodes. This study demonstrated that parathyroid adenomas are more elastic than colloid nodules.
The threshold meaning of Emean >12,5 kPa can be used for their differential diagnostics with speci-
ficity of 81,2% (AUC 0,706x0,078).

Keywords: parathyroid glands, ultrasound examination, ultrasound shear wave elastography
(SWE), primary hyperparathyroidism (PHTP), parathyroid adenoma, colloid thyroid nodules.
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NMPUMEHEHUE DAACTOTPAPUN CABUTOBOWN BOAHOW B AUPPEPEHLLUAABHOM
ANATHOCTUKE AAEHOM MAPALLUTOBUAHBIX XXEAE3 U KOAAOUAHbBIX
Y3AOB LWUTOBUAHOWM XXEAE3bI

Xam3mHa P.1.12, Baranosa I.P.!, Apy>xkosa H.b.2

1 — KazaHcKas rocymapcTBeHHast MEAUITMHCKAsT akafaemust — praraa PIBOY AI10 «Poccuiickass MeIUITHCKAST aKAAEMIsT HEIIPEPHLIBHOTO
IpodhecCUOHAABHOTO obpaszoBanusy M3 Pd. r. Kazaws, Poccus.
2 — Menuko-caHutapHas 4acTb Kazanckoro ([TpuBoaskckoro) denepasbHoro YHuBepcuTera. I. Kazans, Poccus.
3 — TAY3 «PecITyOAMKAHCKUH KAMHHIECKHH OHKOAOTHYECKHH qucnancep MUHHCTEPCTBA 3apaBooxpaneHus Pecirybavku Tataperas uMm.
mpocp. M.3. Curasar. r. Kazaus, Poccus.

eJip uccienoBaHua. M3yuute 3pheKTUBHOCTD YABTPA3BYKOBOH 3aacTorpaduy CABUTIOBOM

BOAHOM B auddepeHIINaAbPHON AUATHOCTUKE a[eHOM IapallUTOBHAHBIX JKEAe3 IIPU IIep-

BHYHOM TUIIePIIApATUPEO3€e OT Y3AOBBIX 00Pa30BaHUM IIUTOBUIHOMN KEAE3BI.

Marepuansr u meTonsl. B nccaenoBaHre BKAIOUeHA Ipynna u3 71 namuedra (09 KeHITUH
U 2 My>K4YHH) C KAMHHYECKH ¥ MOP(OAOTHYECKH ITOATBEPKAECHHBIM IIEPBUYHBIM THIIEPIIapaTUPE030M
(III'TIT) u rpynna u3 17 nayeHToB C IIUTOAOTHYECKH BEPU(UIINPOBAHHBIM y3A0BBIM HAM MHOI'OY3A0-
BBIM KOAAOUIHBIM 3000M (13 3KeHIWH U 4 MyzK4UHH), KOTOPBIM OBIAO BBITIOAHEHO YABTPA3BYKOBOE HC-
caenoBanue (Y3U) mumroBunHo# keaesnl (1K) ¢ nBymepHO# 3aacrorpacdueit ciBUroBoi BoaHOH (2D-
OCB) Ha anmapare Aixplorer (SuperSonic Imagine, ®panmnus).

PesynpraTer. KoandecTBeHHas OIleHKA JKECTKOCTH Oblaa IpoBenecHa B 76 ageHOMAaTO3HO H3-
MEHEHHBIX [IapaluToBUAHBIX Keae3ax ([TII1K), B 94 BusyasbHO HenzMmeHeHHBIX ITI2K, B 33 Koaroua-
HbIX y3aax [IK 1 B 64 BH3yasbHO HEM3MEHEHHBIX ydacTKax napeHxuMsl T2K.

[Ipu cpaBHeHUH cpenHux 3HadeHUH monyaa IOHra (Emean) HOpMaabHOH THPEOHIHON TKaHU
(10 = 2,5 lla) ¢ HenamerernbIMHY [THK (10 + 3,7kIla) u ¢ aneHomamu ITHXK (9,4 + 3,6 kIla), mocro-
BEPHOM pas3HUIbI BLIABACHO He 6b1r0 (p=0,296 u p=0,282 coorBeTcTBeHHO). CTATUCTUYECKU 3HAYU-
MblI€ Pa3ANYHs OBIAM MOAYUEHBI IIPU COIIOCTABACHUH JKECTKOCTH KOAAOUIHBIX Y3A0B C THCTOAOTHYECKHU
noaTBepxkaeHHbIMU afgeHomamu [III2K ¢ moporoBeiM 3HadeHumeM Emean Berme 12,5 klla (p=0,019).
HuarHocrtudeckad 3ppeKTUBHOCTL Tecta «Emean >12,5 klla — KoaroOHOHBIE Y3ABD XapaKTEPU3yeTCs
crentnpuIHOCTEIO 81,2% 1 9yBCTBUTEABHOCTEIO 52,9% (AUC 0,706x0,078).

3akmouenue. [IBymepHasa yAbTpasByKoBasa OCB aBageTcd mepcrleKTUBHBEIM MeToooM B audde-
peHImanbHOM auarHoctuke mexknay aaeHomamu [TIIDK mpwu [IITIT u koasoumgubimu y3aamu K. TIpo-
BeeHHOE HCCAEI0BaHUE IT0Ka3aA0, 4To ameHoMbI [TIDK Goaee saacTHUYHBIE, Y€M KOAAOHIHBIE V3ABL.
[Toporosoe 3Hauenre Emean >12,5 klla MoxeT ObITh HCIIOAB30BAHO A UX nuGdepeHITHAAbHON qua-
THOCTHUKHU CO crierudpugHocTho 81,2% (AUC 0,706+0,078).

KaroueBnle caoBa: apallUTOBHAHBIE JKEA€3bI, YABTPA3BYKOBOE HCCAENOBaHUE, YABTPA3ByKOBasd
asacrorpadus COABUTOBOM BOAHOHM, IePBUYHBIN I'HIlepllapaTHPEeos, afeHoMa IIapallluTOBHIHON Keae-
3bI, KOAAOUIHBIE y3ABI IIIUTOBUIHON KEAE3BI.
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yperparathyroidism (HPT) is an en-

docrine disease caused by excessive

amounts of parathyroid hormone

(PTH) produced by hyperplastic or

neoplastic parathyroid. Depending
on the etiological factor, primary, secondary,
tertiary HPT and pseudo-hyperparathyroidism
caused by hyperproduction of PTH by tumors
of non-parathyroid origin are distinguished.
Hyperparathyroidism occupies the third place
in incidence among endocrinal diseases after
diabetes and thyroid pathology and also is one
of the most frequent causes of the development
of osteoporosis and fractures among secondary
osteopathy. The annual HPT incidence ranges
from 0.4 to 18.8 cases per 100 000 people. The
HPT occurrence rises with the age: the preva-
lence rate in the total population makes 1%,
reaches 2% among persons 55 years older, and
grows to 2.1-3.4% in postmenopausal women
(the ratio of men to women is 1:3). In most cas-
es (85-90%) PHPT is caused by a solitary ade-
noma of the parathyroid gland, in 5-10% cases
— by multiple adenomas or several parathyroid
hyperplasia and less frequently (1-5 %) by par-
athyroid cancer [1,2].

PHPT is a socially important problem of
modern medicine because of involvement of
most organs and systems into the pathological
process, the development of complications such
as osteoporosis, pathological fractures, nephro-
lithiasis, gastric and duodenal ulcers, calcifica-
tion of blood vessels and heart valves, leading
to disability and reducing the quality and du-
ration of life of patients. In the early stages the
PHPT is low-symptom or asymptomatic which
needs increased attention from specialists
since timely diagnosis and surgical removal of
parathyroid adenoma can prevent the develop-
ment of bone-visceral complications of the dis-
ease [1,2]. The optimal method of treating PHPT
is surgical removal of PTG adenomas, including
minimally invasive surgery. The volume and
tactics of surgical treatment of GPT largely de-
pend on the results of preoperative topical di-
agnostics of PTG adenomas. [3,4]. While the
efficiency of laboratory diagnostics of HPT ap-
proaches 100%, there are still many unresolved
issues in the process of determining the locali-
zation of altered parathyroid glands.

The sensitivity of ultrasound examina-
tion in diagnostics of parathyroid formations
varies from 33.3 to 96.8% and depends both
from the class of the equipment and the doc-
tor’s knowledge of ultrasound diagnostics of
parathyroid anatomical variations [5,6]. Diffi-
culties in visualizing parathyroid adenomas
arise in the case of their atypical localization
and if it is necessary to carry out differential
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diagnostics with thyroid nodular formations,
lymph nodes, blood vessels, neck muscles and
esophagus. The most common problem is the
erroneous interpretation of thyroid nodules,
present in 20-84% of patients with HPT, espe-
cially in cases of their localization on the poste-
rior surface of the gland, as formations of the
parathyroid gland [7-10].

The 2D shear wave elastography — a non-
invasive method which makes it possible to
evaluate elasticity (stiffness) of the tissue under
examination by real-time registration of the
shear wave deformation degree in 2D mode and
to measure the shear wave speed (m/sec)
or/and the Young's modulus (kPa) with map-
ping quantitative elastograms — is a relatively
new sphere expanding capabilities of the ultra-
sound diagnostics [11]. The World Federation
for Ultrasound in Medicine and Biology
(WFUMB) has developed leading guidelines for
using methods of ultrasound elstography in
thyroid diseases [11]. However up till now the
role of ultrasound thyroid elastography both in
differential diagnostics of the parathyroid gland
with nodular formations of the thyroid gland
and between various lesions (hyperplasia, ade-
noma) for various types of HPT has been not
defined completely and continues to be widely
studied [12-21].

Purpose.

To study the efficacy of ultrasound shear
wave elastography in differential diagnostics of
parathyroid adenomas in primary hyperpara-
thyroidism from nodular masses of the thyroid.

Materials and methods.

The study included 88 patients divided
into two groups: with PHPT and with nodular
or multinodular colloid goiter (MNCG). The first
group included 71 patients operated on for
PHPT, of which 69 (97.2%) were women, with
an average age of 59.3+10.6, and 2 (2.8%) were
men, with an average age of 48.5+26.2 (the ra-
tio of men to women was 1:34.5). The second
group included 17 patients with cytologically
confirmed NCG or MNCG, of which 13 (76.5%)
were women, with an average age of 57.2+11.2
and 4 (23.5%) men with an average age of
55.5£12.8 (the ratio of men to women was
1:3.25).

All patients underwent complete exami-
nation with the use of clinical, instrumental
and laboratory examination technique, includ-
ing ultrasound examination, parathyroid scin-
tigraphy with 99mTc-MIBI combined with
SPECT and CT, the immunohistochemistry as-
say of punctate of nodular formations for the
presence of parathyroid hormone (PTH) and
thyroglobulin (TG). The diagnosis, classification
of forms of clinical course of PHPT, differential
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diagnosis of the disease were carried out on the
basis of criteria proposed by the Russian Asso-
ciation of Endocrinologists (RAE) in 2020 [2].

The standard US examination using the
2D SWE was carried out employing the
Aixplorer (SuperSonic Imagine, France) with a
linear probe working in the frequency range of
15-4 MHz.

The qualitative characteristics of tissue
stiffness were coded in the form of a color map,
where stiffer tissues were colored in yellow-red,
and softer tissues were colored in shades of
blue. The quantitative determination of tissue
stiffness (measurement of Young's modulus)
was performed within the color window and
assessed using the standard thyroid examina-
tion scale from O to 80 kilopascals (kPa). The
area of interest was the survey win-
dow/quantitative assessment box (Q-box). The
Q-box size was 2-4 mm. Cystic changes and
calcifications were removed beyond the Q-box.
Scanning was carried out without additional
compression, to stabilize the image; the hand
position in the area of interest was fixed for at
least 4 seconds. The Young’s modulus value
(kPa) was automatically shown on the screen of

the device. Mean (Emean) and maximum
(Emax) Young’s modulus values were analyzed.

Statistical processing was carried out us-
ing the statistical software package SPSS
(v.18.0) using nonparametric statistical meth-
ods, the Mann-Whitney and Kruskal-Wallis
tests were used. The evaluation of correlations
between pairs of quantitative characteristics
was carried out wusing the nonparametric
Spearman rank coefficient. Contingency tables
were analyzed using the x2 test. Quantitative
data, which followed a normal distribution, are
presented as M*o and minimum and maximum
values, data that did not follow a normal distri-
bution are presented as Me [Q25; Q75], where
Me is the median, Q25, Q75 are the 25th and
75th percentile quartiles. Differences between
comparison groups were considered statistical-
ly significant at p<0.05. The ROC analysis was
performed to evaluate the diagnostic capabili-
ties of shear wave ultrasound elastography.
The quality of the predictive model obtained by
this method was assessed based on the values
of the area under the ROC curve with the
standard error and 95% confidence interval (CI)
and the level of statistical significance.

Fig. 1 a (Puc. 1 a)

100 kPa

80
60
10.0k™>@40

8.7k >N

12.3k > 2
1.0k
1.9cm

3.00mm

Fig. 1 6 (Puc. 1 b)

R., 38 y.o.

cursors and the white arrow).

modulus value — 10.0 kPa.

monyag FOura — 10,0 kIla.

Fig. 1. a - ultrasound, B-mode, longitudinal section; 6 — 2D-SWE. Normal upper PTG. Female patient

a — Oval-shaped hyperechoic mass with clear even shape on the posterior surface of the left lobe (marked with

b — Elastogram of unchanged parathyroid gland characterized by uniform blue coloring (red arrow). Young’s

Puc. 1. a-Y3U, B-pexxum, npoAOAbHbIU cpe3; 6 — 2D 3AacTorpacbmus CABUroBou BOAHOU. Heusme-
HEHHAs BePXHAS NAPALLUTOBUMAHASA XeAesa. MaumneHTka P., 38 AeT.

a — TumepaxoreHHOe 06pa30BaHUE OBAABHOM (POPMBI C YETKHUMH POBHBIMH KOHTYPAMH IIO 3aQHEH IOBEPXHOCTU
AEBOM IOAH Ha YPOBHE CPETHETO CETMEHTA (OTMEYEHO KypCopaMU U OEAOH CTPEAKOH).

6 — OaacTorpaMMa XapaKTEpPU3yeTCd PABHOMEPHBIM CHHUM OKpAIlIUBAHUEM, (KpacHas CTpPeAKa) . SHadYeHUe

www.rejr.ru | REJR. 2026; 16(1):104-114

DOI: 10.21569/2222-7415-2026-16-1-104-114 107



http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

The results of US examination of the par-
athyroid gland using the 2D SWE technique,
performed before surgery, or before fine-needle
aspiration biopsy under ultrasound control,
were subsequently compared with the results
of postoperative laboratory and morphological
studies. The following hypothesis was used for
a comparative assessment of preoperative topi-
cal diagnostic methods with calculation of sen-
sitivity, specificity and accuracy of each meth-
od using well-known formulas:

- True-positive results: the abnormal par-
athyroid gland has been detected by the meth-
od used, the correctness of its localization has
been confirmed during surgical intervention
with the following histological examination and
by the decrease of the PTH and calcium (Ca)
level to the target values in the blood serum,;

- True-negative results: the abnormal
parathyroid gland has not been detected by the
method used, this has been confirmed by sur-
gical intervention, histological examination and
by the absence of the decrease of the PTH and
calcium (Ca) level to the target values in the

blood serum;

- False-positive results: the abnormal
parathyroid gland has been detected by the
method used , however this has not been con-
firmed by surgical intervention, histological
examination and by the decrease of the PTH
and calcium (Ca) level to the target values in
the blood serum;

- False-negative result: the abnormal
gland has not been detected by the method
used, but its localization was detected during
the surgical intervention, histological examina-
tion and by the decrease of the PTH and calci-
um (Ca) level to the target values in the blood
serum.

Study results.

In B-mode US examination of patients
with clinically confirmed PHPT, a total of 170
PTGs were visualized, 76 of which were as-
sessed as altered (adenoma, hyperplasia) based
on an increase in size and/or a decrease in
echogenicity. Normal parathyroid glands (n=94)
were better visualized during longitudinal
scanning, as homogeneous formations of a

MI:(1.5)
1215
diffiT8.0

Fig. 2 a (Puc. 2 a)

Fig. 2 6 (Puc. 2 b)

noma. Female patient Z., 78 y.o.

right lobe.

Histological diagnosis — parathyroid adenoma.

Puc. 2.

110 3aJHEU MOBEPXHOCTH IIPABOM JAOAH.

Fig. 2. Ulirasound, a - B-mode, longitudinal scan; 6 - CDI-mode, cross section. Parathyroid ade-

a — Oval-elongated hypoechoic mass with cystic inclusions (white arrow) along the posterior surface of the

b — The afferent artery visualized in the pole region (yellow arrow).

Y3U, a — B-pexum, NnpoAOAbHbIN cpe3; 6 — pexxum LLAK, nonepeyHbin cpe3. AAeHoma
NAapaLMTOBUAHOM XeAesbl. NauneHTka 3., 78 AeT.

AneHoMa mmapanmTOBUIHOM 3KeAe3bl. [lartneHnTka 3., 78 aAet.

a — T'unosxoreHHoe 00pa30BaHUe BBITIHYTON OBAABHOM (POPMBI C KUCTO3HBIMH BKAIOUEHUAMH (Deaas CTpeAKa)

6 — B obaacTu moaroca BU3yaAu3upyeTcd nmuraroniasa addepeHTHasS apTepus (3KeATast CTPEAKA).

l'ucrosorumyeckuii fUarHo3 — afeHoMa [IapalluTOBHIHON KEAE3bI.
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regular oval, round or bean-shaped form, pre-
dominantly of increased echogenicity, with
smooth clear contours, up to 6-8 mm long, up
to 5 mm wide and up to 4 mm thick, with a
volume of 0.1-0.15 cubic cm (fig. 1).

Adenomatous and hyperplastic PTG in
72.4% of cases were visualized as hypoechoic
round or oval homogeneous formations with
linear dimensions from 9 to 46 mm (19.9 + 8.5
mm), the volume from 0.17 to 7.7 cm3, with
clear, smooth contours, the hyperechoic cap-
sule. In 25% of cases, the echostructure of the
altered parathyroid glands was moderately or
significantly heterogeneous due to hyperechoic
inclusions and anechoic cystic areas. In two
observations (2.6%), there was a partial cystic
degeneration of adenomas (fig. 2).

We have analyzed results of the ultra-
sound SWE of the parathyroid adenomas of 71

patients with PHPT, having compared them
with results obtained by examination of visual-
ly unaltered parathyroid glands, sections of
visually unaltered thyroid parenchyma of the
same patients and of 17 patients with the thy-
roid colloid nodules, which in B-mode had ul-
trasound characteristics similar to parathyroid
adenomas (hypoechoic, location on the posteri-
or surface of the upper and lower poles of both
lobes of the thyroid gland).

The summarized qualitative evaluation of
stiffness was made for 76 pathologically altered
parathyroid glands, for 94 visually parathyroid
glands, for 64 visually unaltered sections of
parenchyma of thyroid lobes and for 33 thyroid
colloid nodules. Of the 76 altered parathyroid
glands, 33 observations had morphological ver-
ification of the diagnosis based on the histolog-
ical examination of postoperative material. In

80

60

40
9.8kF3)

20
9.0kFa
11.3kFa
0.7kPa
L.lcm
2,00mm

10.4kPa
9.0kPa

12.0kPa
1.0kPa
2.0cm

2,00mm

14.1kPa
8.5kPa

15.0kPa
1.4kPa
1.9cm

2.00mm

Fig. 3 (Puc. 3)

Fig. 4 (Puc. 4)

Fig. 3. 2D-SWE.

Comparison of elasticity values for a parathyroid ad-
enoma and a section of unchanged thyroid paren-
chyma. Female Patient S., 63 y.o Uniform blue stain-
ing of the parathyroid adenoma, the average value of
Young’s modulus (Emean) — 10.4 kPa (white arrow).
Uniform blue staining of the thyroid parenchyma, the

average value of Young’s modulus (Emean) — 14.1
kPa (yellow arrow).
Puc. 3. 2D-a3AacTorpachusi CABUTOBOM BOAHOM.

AneHOMa HapalTOBUAHOM kKeaedbl. [larmenTka 3.,
CpaBHEHHE IIOKa3aTEAEH SAAaCTUYHOCTH aIeHOMBI
IIapaluTOBUAHON KeAe3bl M ydacTKa IapeHXHMBI
HEU3MEHEHHOU NIUMTOBUAHOM keae3nl. [lartnenTtka C.,
63 aeT. PaBHOMEpHOE CHHEE OKpalllUBaHUE aleHOMBI
IIapaliuTOBHAHON XKEA€3bl, CPeAHEE 3HAYEHHUE MOAY-
Ast FOHra - 10,4 klIla (6esast ctpeaka). PaBHOMepHOe
CHHEE OKpallluBaHUE IapEeHXUMBI IIMUTOBUIHOU KeAe-
3bI, cpemHee 3HadeHHe Moayaa IOura — 14,1 klla
(sxeaTadg cTpeaka.

Fig. 4.

2D-SWE.

Comparison of the average value of Young’s modulus
(Emean) in the thyroid parenchyma and in the thy-
roid nodule. Female patient N., 58 y.o. The average
value of Young’s modulus (Emean) in the thyroid pa-
renchyma - 5.2 kPa (white arrow), in the thyroid
nodule — 13.4 kPa (yellow arrow). Histological diag-
nosis — colloid nodul.

Puc.4. 2D-aaacTorpacousi CABUTOBOM BOAHOM.

CpaBHeHUe cpemHero 3HadeHHd Moayad IOHra B ma-
pPEHXUMe IIUTOBUAHOM KeAe3bl U B y3A0BOM 00pa3zo-
BaHHH IIMATOBUOHOMN >Keaes3pl. ITarmenTka H., 58 aer.
Cpennsee 3HadeHHe Moayas IOHra B mapeHXUMeE IIH-
TOBUIHOM Keae3bl — 5,2 Klla (beaas cTpeaka), B y3A0-
BoM obpaszoBanuu — 13,4 klla (keaTas cTpeaka). I'u-
CTOAOTHYECKHH OUATHO3 — KOAAOUIHBIHA y3€A.
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all cases of colloid nodular formations of the
thyroid gland, the diagnosis was made on the
basis of either postoperative histological exam-
ination or cytological examination of the punc-
tate with determination of TG and PTH levels in
it. The obtained SWE results are given in Ta-
blel. The Emean and Emax values of unaltered
parathyroid glands were comparable with the
stiffness of normal thyroid parenchyma
(p=0.979 and p=0.832, respectively).

No significant differences were found
when comparing the Emean of Young's modu-
lus of parathyroid adenomas, normal thyroid
parenchyma (p=0.282) and unchanged para-
thyroid glands (p=0.296). Comparison of
Young’s modulus Emax values has also not
shown significant differences between parathy-
roid adenomas, normal thyroid parenchyma
and unaltered parathyroid glands (p=0.156 and
p=0.091, respectively) (Fig.3).

The values of Young's modulus obtained
when assessing the stiffness of colloid thyroid
nodules (n=33) were: Emean - 12.3 * 4.3 kPa,
Emax - 16.2 + 3.1 kPa and statistically signifi-
cantly differed from the elastographic stiffness
values of normal thyroid parenchyma (p=0.006

The ROC analysis was performed to as-
sess the diagnostic efficiency of SWE and to
determine the threshold value of the “stiffness”
criterion in the differential diagnosis of nodular
formations of the neck (colloid nodes) and para-
thyroid adenomas, (Fig. 5). The area of the ob-
tained ROC-curve (AUCQC) has made
0.706%0.078, which proves the efficiency of the
SWE in differential diagnostics of parathyroid
adenomas and thyroid nodules. The criterion
for selecting the threshold value was the graph
point with the maximum total sensitivity and
specificity: Cutt-off = max (Se + Sp). At the
Emean value above 12.5 kPa, the total sensitiv-
ity and specificity of the SWE method is 1.341.
Thus, the threshold value of Young's modulus
above 12.5 kPa allows distinguishing colloid
thyroid nodules from parathyroid adenomas in
PHPT with a sensitivity of 52.9% and a specific-
ity of 81.2%.

Discussion.

The threshold value of Young's modulus,
obtained in our work, which allows us to dis-
tinguish colloid thyroid nodules from parathy-
roid adenomas in cases of PHPT, is comparable
with the data of Golu I. et al., who proposed the

Table 1. Young’s modulus values in areas of unchanged thyroid parenchyma, in un-
changed parathyroid gland, parathyroid adenomas and colloid thyroid nodules.
Statistical significance (p) of
n/u | Subject of research Young modulus value (kPa) Young's modulus values (kPa)
Emean Emax Emean Emax

1 Thyroid parenchyma p12=0,979 p12=0,832
(n=64) 10 £2,5 12,6 2,6 p13=0,282 p13=0,156

p14=0,006 p1-4=0,000

Normal parathyroid p2-1=0,979 p2-1=0,832

2 gland 10 £3,7 12,443,7 p23=0,296 p23=0,091
(n=94) p2-4=0,685 p24=0,432

. p3.1=0,282 p3.1=0,156

3| P arathy(rg ;denoma 9,4 436 14,1443 32=0,296 32=0,091
p3.4=0,019 p3.4=0,158

Colloid nodules p41=0,006 p41=0,000

+ +
4 (n=33) 12,3+4,3 16,243,1 p45=0.019 pes=0.158

and p=0.000, respectively) and unaltered para-
thyroid glands (p=0.031 and p=0.001, respec-
tively), (Fig.4).

Comparison of stiffness of thyroid colloid
nodules and parathyroid adenomas showed
that, the Emean values of colloid thyroid nod-
ules were significantly higher (p=0.019) than
similar values of parathyroid adenomas (12.3 +
4.3 and 9.4 + 3.6, respectively). Whereas the
Emax values of colloid thyroid nodules and
parathyroid adenomas did not differ signifi-
cantly from each other (p=0.158). Thus, the
average values of stiffness (Emean) of colloid
thyroid nodules were significantly higher com-
pared to parathyroid adenomas in PHPT.

| www.rejr.ru | REJR. 2026; 16(1):104-114

Young's modulus mean value lower than 12.5
kPa with sensitivity of 93% and specificity of
86%(AUC = 0.949; p <0,001) as a cut-off point
for the diagnosis of parathyroid adenomas [22].
Cotoi L. et al. defined the stiffness of the para-
thyroid gland in cases of PHPT in comparison
with the thyroid parenchyma and muscle tis-
sue and found that the average value of
Young's modulus below 9.58 kPa had the
specificity of 94.1%, the sensitivity of 95.6%,
and the accuracy of 94.6% (p < 0.001) in the
differential diagnosis of PTG adenomas [16].
Analysis of the results of a number of
studies on the use of 2D-SWE for differential
diagnostics of thyroid nodules and parathyroid
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adenomas also showed that parathyroid ade-
nomas in cases of PHPT and hyperplastic para
thyroid glands in cases of SHPT and THPT have
statistically significantly lower stiffness values
than thyroid benign nodules or parenchyma
(Table 2).

The study of Batur A. et al. using ARFI
VTQ technology, in which opposite results were
obtained, stands in a separate row: parathyroid
adenomas were stiffer that thyroid benign nod-
ules. This is probably due to the use of ARFI

Sensitivity

0,0 0.2 0.4 0.6 08 1.0
Specificity

Fig. 5 (Puc. 5)

Fig. 5. ROC curve when analyzing the effective-
ness of shear wave elastography in the differen-
tial diagnosis of parathyroid adenoma and col-
loid thyroid nodules.

Puc. 5. ROC-kpuBas npu aHaAusze acdbcpeKTuB-
HOCTM 3AAQcTOrpachum CABUIFOBOM BOAHOW B
AP dDEepPEeHUUAABHON AMATHOCTUKE CGAEHOM
NAPALMTOBUAHOMN XEAE3bl U KOAAOUAHBIX Y3AOB
LLLUTOBUAHOM XeAe3bl.

VTQ technology, which has strictly fixed di-
mensions of the measurement area (0.5 x 0.6
cm) [13]. In a number of other studies conduct-
ed using two-dimensional SWE technology
there were advantages associated with the pos-
sibility of adjusting the size of the window of
interest depending on the area of the analyzed
lesion zone which may have influenced the re-
sults obtained.

As far as the comparison of stiffness in-
side the group of altered parathyroid glands
(adenomas in cases of PHPT and hyperplasia in
cases of SHPT and THPT) is concerned, the da-
ta remain contradictory.

SWE values in the cases of the secondary

www.rejr.ru | REJR. 2026; 16(1):104-114

hyperparathyroidism depend on stages of
chronic kidney disease (for example, develop-
ment of terminal chronic renal failure when
conditions are created for adenomatous trans-
formation of hyperplastic parathyroid glands)
[17]. According to Xiang-Yi Li et al. adenoma-
tous altered parathyroid glands of patients with
the secondary hyperparathyroidism who were
on dialysis, the Young’s modulus values were
much higher compared to hyperplastic para-
thyroid glands (19.42+6.29 kPa versus
14.61+£5.69 kPa, p<0.001). It is assumed that
the change in the morphological structure from
hyperplasia to adenoma of the parathyroid
gland leads to a significant increase in the con-
tent of fibrous tissue and, consequently, to an
increase in the stiffness of the organ [20].

Amzar D. et al. also obtained a statistical-
ly significant difference (p<0.001) between the
stiffness of hyperplastic parathyroid glands in
cases of the secondary hyperparathyroidism
and parathyroid adenomas in the cases of pri-
mary hyperparathyroidism where the median of
the mean values of Young's modulus was 6.96
kPa and 4.86 kPa, respectively. The threshold
values of Young's modulus were lower - for PTG
adenomas 5.96 kPa and for PTG tissue — 9.58
kPa. [18].

In our work, we have noted a tendency
towards higher stiffness of unaltered parathy-
roid glands (Emean=10 %3.7) compared to
parathyroid gland adenomas (Emean=9.4 +3.6),
(p=0.296).

It appears that the use of ultrasound
SWE will expand the capabilities of radiation
examination methods for topical diagnostics of
altered parathyroid glands in cases of hy-
perparathyroidism can be included in the ul-
trasound examination of the neck organs as an
additional diagnostic option.

Conclusions.

The results obtained in our work demon-
strate that the SWE is a promising method of
differential diagnostics of parathyroid adeno-
mas with PHPT and thyroid colloid nodules.
The carried research showed that parathyroid
adenomas are more elastic that colloid nodules.
The threshold value Emean >12.5 kPa can be
used for their differential diagnostics with the
specificity of 81.2% (AUC 0,706%0,078).

At the same time the issue of the role of
ultrasound elastography in differential diagnos-
tics of various morphological parathyroid pa-
thologies (hyperplasia, adenoma, and cancer)
remains unsolved, all this needs further re-
search.
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Table 2.

Comparison of elastographic stiffness indices of altered (adenoma, hyper-

plasia) parathyroid glands with various benign thyroid nodules (BTNs) and thyroid paren-
chyma, muscle tissue according to different authors.

Research authors Type of Number | Mean value of Mean value of Statistical
elastography of the Young’s the Young’s significance
patients | modulus in the modulus in (p)
comparison parathyroid
group
Batur A. et al., ARFIVIITQ 21 BTNs Parathyroid p<0,001
2016, 2,20 £ 0,39 adenomas
[13] m/sec 3,09 +£0,75
m/sec
Golu I. et al., 2017, 2 D SWE 22 Thyroid paren- Parathyroid p=0,007
[14] chyma adenomas and
19,5+ 7,6 kPa hyperplasia
10,2 + 4,9 kPa
Stangierski A et el., 2D SWE 65 BTNs Parathyroid p<0,001
2018, [15] 24,3 £ 33,8 adenomas
kPa 52+7,2kPa
E.V. Polukhina et 2D SWE 66 BTNs Parathyroid p=0,009
al.2018, [8] 13,4 (9,5-30,2) hyperplasia
klMa 11,4 (7.2-30,2)
klMNa
Vlad M. et al., 2D SWE 22 BTNs Parathyroid p<0,001
2019, 21,78, £ 1,45 adenomas
[16]. kPa 10,18 £ 4,85
kPa
L. Cotoi et al. 2019 2 D SWE 59 Thyroid Parathyroid p<0,001
[17]. parenchyma hyperplasia<9,74
(median)- kPa
13,76 kPa
Muscles (me- Parathyroid
dian)15,78kPa | hyperplasia<9,98
kPa
D. Amzar et al., 2D SWE 68 Muscles Parathyroid p<0,001
2021 16,86 adenomas and
[18] (15,08-17,74) hyperplasia
kPa < 9,58 kPa
Thyroid p<0,001
parenchyma
12,08 (10,48-
14,78) kPa
D.Stoian et 2 D SWE 86 BYNs Parathyroid p<0,0001
al.,2023 12,2-18,8 kPa adenomas and
[19] hyperplasia
< 9,24 kPa
Own data 2 D SWE 71 Thyroid colloid Parathyroid p=0,019
nodules adenomas
12,3+ 4,3 kPa 9,4 + 3,6 kPa
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OPUTUHAJIBHAA CTATHA

UCCAEAOBAHUE KOHYCHO-AYYEBON KOMMNbIOTEPHOU TOMOTIPA®UU B
BbISBAEHUU CHUXXEHUS MUHEPAABHON NAOTHOCTU KOCTU Y NALLUEHTOB C
AMMPOMOU XOAXKUHA

BamHos B.C.1, Kutaesa KO.C 2, MNpackypHuimit E.A3, Yuoucosa M.A 4

1 -TAY3 CO «BepxuenbiumvuHckad LITKB nm. [1./1. Boponunar. r. Bepxusag [Tennmva, Poccus.
2 - dI'BOY BO Ypaabckuii rocyiapCTBEHHBIM MeIUIIMHCKIH yHUBepcuTeT M3 Pd. r. EkarepunOypr, Poccus.
3 — ®I'AOY BO Poccuiickuii HAITMOHAABHBIH MCCAEIOBATEABCKUH MEMUITMHCKMYH yHUBepcuTeT uM. H.W. [Tuporosa M3 Pd.
T. MockBa, Poccus.
4 — dI'BOY BO CeBepo-3ariaHblii rocyIapCTBeHHBIN MeAUITMHCKUH yHIUBepcuTeT M. V.M. Meunukosa M3 Pd.
r. Caukr-IlerepGypr, Poccust.

edeHHe ITaIUeHTOB C AUM(pOMON XOMKKHUHA BKAIOYAET B cebs MpUMEHEHHEe T'AIOKOKOPTHKO-
CTEPOUIOB, YTO BeleT K CHUKEHHIO MHHEPAABHOM ITAOTHOCTH KOCTHOU TKAaHH U IIOBBIIIIEH-
HOMY PHUCKY HH3KO3HEPTeTHYECKHUX IlepeAaoMoB. IlarmeHTb! ¢ aAuMdpomol XoMKKHHA MOLYT
OBITH HAIIPaBAEHBI HA Pa3AMYHBIE METOABI Ay4eBOM AUATHOCTHKH, B TOM YHCAE€ II0 CTOMATO-
AOTHYECKUM IMIOKA3aHUSIMH Ha KOHYCHO-AYYEBYIO KOMITHLIOTEPHYIO TOMOTpadHio 3yO0UEAIOCT-
HOHM cucreMbl. B HacTosanii MOMEHT HeT [TOHUMAaHUsI, BO3MOXKHO AW HCIIOAB30BaTh MOANU(UITHPOBAH-
HbIEe KOMITBIOTepHO-TOMOI'padudecKrue HHAEKCHI IIPH KOHYCHO-AY4€BOH KOMITBIOTEPHONU ToMOrpaduu y
MOAOZBIX IAITUEHTOB ¢ AUMGPOMOH XOMKKUHA OAS OLIEHKH CHUXKEHHS MUHepPaAbHOH IIAOTHOCTH KOCTH.

Ienp ncciemoBanusa. OIeHUTHL BO3MOXKHOCTb KOHYCHO-AY4Y€BOH KOMIIBIOTEPHOM ToMorpadpuu
¥ KOMIIBIOTEPHO-TOMOTI'papHIeCKUX UHAEKCOB B BBISBACHUHM CHUXKEHUSI MUHEPaAABHOH ITAOTHOCTH KO-
CTH y HAIIUEeHTOB ¢ AUM(POMOH XOIKKUHA.

Martepuasnbsr 1 MeToabl. Brian ITpoaHAAW3HPOBAHBI KOHYCHO-AYYEBbIE KOMIIBIOTEPHBIE TOMO-
rpaMMBbI C BEIYHCAEHHEM MOAU(PUIINPOBAHHBIX KOMITLIOTEPHO-TOMOIPA(PHUIECKUX HHIEKCOB U JaHHbIE
OBYX9HEPreTH4YeCKo#l peHTreHOBCKOM abcopbimomerpuu ([IPA) 48 mammenToB ¢ AnM@omMoit XOMKKHU-
Ha. KAKT npoBeneHa Ha anmnapare Galileos, /IPA npoBeneHa Ha ocreomeHcuToMeTrpe Dexxum. [as
OLIEHKH BOCIIPOU3BOAVMMOCTH HHIEKCOB BBICUHTHIBaAach Kamma KosHa. [Jag KOpPEeAdIImOHHOTO aHaAU-
3a paccuuTbiBaacs KoadduireHT CrinpMmeHa (r).

PesynpraTter u 00cy:xaenume. COraacoBaHHOCTb MEXKIY HCCACHOBATEASIMH [AS BBIYHCACHUS
KOMITBIOTEPHO-TOMOTPA(pUIECKUX HHAEKCOB KoAebarack OoT 3Ha4YuMoi 1o touHoi# (k>0,78). 3naueHusa
BEPXHETO KOMIILIOTEPHO-TOMOTIPA(PHUIECKOT0 MaHIUOYAIPHOTO MHAEKCA AT TPYIIBI C HOPMAABHBIMHU
U CO CHHXKEHHBIMH 3HAYE€HHUSMH MHHEPAABHOH ITAOTHOCTH KOCTH coctraBuau 0,27+0,03 u 0,25%0,07
COOTBETCTBEHHO; HMXKHHUI KOMIBIOTEpPHO-TOMOrpadudecKkuii ManaubyadpHbid uHaekc: 0,34+0,05 u
0,32+0,08 COOTBETCTBEHHO; MEHTAABHBIM WHAEKC KOMIIBIOTEpHOH ToMmorpadum: 3,73x0,40 u
3,54+0,63 cooTBeTCTBEHHO. KOpPTHKaABHBIM HWHAEKC KOMITBIOTepHOH ToMorpadpum: 100% — I tun B
TPYyIIIE C HOPMAAbHOM MHHEPAABHOM ITAOTHOCTBIO KOCTH, 17% — II THn B rpymmne co CHUXKEHHOH MUHe-
PaABbHOM IAOTHOCTBIO KOCTH.

3akmouenne. MoauduiinpoBaHHbIe KOMIBIOTEPHO-TOMOTpadUIeCKHue HHIAEKCHI Y MOAOIBIX
anyueHToB ¢ ANM@poMOoH XOMKKUHA SIBASIOTCS XOPOILIO BOCIIPOU3BOAUMBIMH C BBICOKUMH 3HAYEHUSI-
MH COTAACOBAHHOCTH MEXKIY UCCA€IOBATEAIMU. BepXHUil KOMIBIOTEPHO-TOMOrpadpUuIecKuil MaHauoy-
ASIpHBIF nHAeKC MeHee 0,25 M MEHTaABHBIM MHIEKC KOMITBIOTEPHOH Tomorpaduu MeHee 3,4 y Iaru-
€HTOB ¢ AMM@POMOH XOMKKHWHA MOLYT CAYXKHTH KOCBEHHBIMH IIPHU3HAKAMM CHHXKEHHS MUHEPaAbHOU
TIAOTHOCTH KOCTHU. IIpu BBITBA€HHH WHAEKCOB HUIKE IOPOTOBBIX 3HAUEHHY 3TO MOXKET OBITH ITOKa3a-
HUEM [IAS Ha3HAYEHUd JBYXOHEPTeTUYECKOH PEeHTTeHOBCKON abCOpPOIIMOMETPHUH MAU KOAWYECTBEHHOM
KOMIIBIOTEPHOH TOMOTpacdru.

KopTukaabHBIH  HHAEKC KOMIIBIOTEPHOM  ToMorpacmu U  HUKHHUE  KOMIIBIOTEPHO-
ToMOrpadpuuecKuil MaHIUOYAIPHBIM HHOEKC He SBAFIOTCS HANEKHBIMH IIPOTHOCTHUYECKUMU HHIEK-
CcaMM B BBISIBAGHHU CHHIKEHHS MHHEPAABHOM ITAOTHOCTH KOCTH y MOAOJBIX ITAIIMEHTOB C AMMMOMOM
XomKKUHA.

KonycHo-ayueBasg KT MoxKeT SBAATHCS IIOAE€3HBIM HHCTPYMEHTOM [AS CKPHHHHTA CHHXKEHHOU
MIIK u ocreoriopo3a y HallueHTOB ¢ AUMGMOMOH XOIKKUHA.
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A STUDY OF CONE-BEAM COMPUTED TOMOGRAPHY IN DETECTING DECREASED BONE
MINERAL DENSITY IN PATIENTS WITH HODGKIN'S LYMPHOMA

Blinov V.S.1, Kitaeva Y.S.2, Praskurnichiy E.A.3, Chibisova M.A 4

1 - P.D. Borodin Verkhnepyshminskaya Central City Clinical Hospital. Verkhnyaya Pyshma, Russia.
2 - Ural State Medical University. Yekaterinburg, Russia.
3 - N.I. Pirogov Russian National Research Medical University. Moscow, Russia.
4 - LI. Mechnikov North-Western State Medical University. Saint Petersburg, Russia.

reatment of patients with Hodgkin's lymphoma includes using of glucocorticosteroids, this

leads to decreasing bone mineral density and an increasing risk of low-energy fractures.

Patients with Hodgkin's lymphoma can be referred for various methods of radiation diag-

nostics, including cone-beam computed tomography of the dentoalveolar system for dental
indications. At present there is no understanding whether it is possible to use modified computed
tomographic indices in cone-beam computed tomography in young patients with Hodgkin's lympho-
ma to assess the decrease in bone mineral density.

Purpose. To evaluate computed tomographic indices in identifying decreased bone mineral
density in patients with Hodgkin's lymphoma.

Material and methods. Cone-beam computed tomograms with calculation of modified com-
puted tomographic indices and dual-energy X-ray absorptiometry data of 48 patients with Hodgkin's
lymphoma were analyzed. CBCT was performed on a Galileos. DXA was performed on a Dexxum os-
teodensitometer. Cohen's kappa was calculated to assess the reproducibility of the indices.
Spearman's coefficient (r) was calculated for correlation analysis.

Results. The agreement between the observers for calculating the computed tomography indi-
ces, ranged from significant to exact (k>0.78). The computed tomography mandibular index (superi-
or) for the group with normal and with reduced bone mineral density values were 0.27+0.03 and
0.25+0.07 respectively; computed tomography mandibular index (inferior): 0.34+0.05 and 0.32+0.08
respectively; computed tomography mental index: 3.73+0.40 and 3.54+0.63 respectively. Computed
tomography cortical index: 100% — type I in the group with normal bone mineral density, 17% — type
II in the group with reduced bone mineral density.

Conclusion. Modified computed tomographic indices in young patients with Hodgkin's lym-
phoma are well reproducible with high values of agreement between observes.

Computed tomography mandibular index (superior) less than 0.25 and computed tomography
mental index less than 3.4 in patients with Hodgkin's lymphoma may serve as indirect signs of de-
creased bone mineral density. If indices below threshold values are detected, this may be an indica-
tion for prescribing dual-energy X-ray absorptiometry or quantitative computed tomography.

Computed tomography cortical index, computed tomography mandibular index (inferior) are
not reliable prognostic indices in detecting bone mineral density decline in young patients with
Hodgkin's lymphoma.

Cone-beam computed tomography can be a useful tool for screening reduced bone mineral
density and osteoporosis in patients with Hodgkin's lymphoma.

Keywords: osteoporosis; dual-energy X-ray absorptiometry; cone-beam computed tomography;
computed tomography indices.
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nMmpoma XomkkuHa (AX) - B-

KAETOYHOE 3A0KA4YECTBEHHOE BBICOKO-

KypabeabHOoe 3aboaeBaHHe AUM@POUI-

HOM TKaHU. [loaHOE HM3A€4YeHHe TOCTH-

raerca y 80-90% maiiueHToOB C AOKa-
AW30BaHHBIMHU cTamguamu u 'y 60-70% namnueH-
TOB C PACIIPOCTPAHEHHBIMHU CTAIUAMU 3aboAe-
BaHusa [1]. Xopoirne pesyapTaTbl AedeHHs AX
OOCTUTAIOTCS 3(P(PEKTUBHBIMU CXEMaMH XUMHO-
Teparluyl U Ay4deBoH Tepanuu. Teparua marnm-
eHTOB ¢ AX BKAIOYaeT B cebg, B TOM YHCAE, U
IpHUMEeHeHHe TI'AoKoKopTukocrepounos (I'KC).
[MTarmuenTsl ¢ AX — MOAOIbIE ITAITMEHTHI C BBICO-
KOM OXKHUIAaEMOM HPOAOARUTEABHOCTBIO KHU3HU.
[TosTroMy ocoboe BHHMaHHE HEOOXOAUMO Vie-
ASITH IIPOPHUAAKTHUKE OCAOXKHEHHU Tepanuu AX,
B TOM YHCAE — PA3BUTHIO OCTEOIIOPO3a U HU3KO-
SHEPreTUYECKUX II€PEAOMOB.

'ATOKOKOPTHUKOCTEPOHI -
HUHAYLIMPOBAHHBIM OCTEOIIOPO3 XapaKTepU3yeT-
cs1 OBICTPOM TIOTEepell KOCTHOM MaccChl, MOBBI-
IIIEHHBIM PHCKOM II€EPEAOMOB BCKOpPE IIOCAE
Hadaaa Tepanuu [2]. Puck nepeaoMoB yBeAWYH-
BaeTCcd B TE€YEHME IIEPBBIX 3—-0 MecdlleB Tepa-
nun 'KC u ymeHbIIaeTcd IIOCAE HX OTMEHBI.
HawuGoabitiee yBeandeHue pucka (mo 5,18 paza)
HabAIOaeTCa A IIEPEAOMOB II03BOHOYHUKA Y
HanyeHToB, HOpPUHHUMAaINWmMX 27,5 Mr/OeHb
IPEenHU30A0HA HAH €ro SKBHUBaaseHTa. [laHHbIE
u3 6a3bl nccaeqoBaHuil obiIeil mpakTUKu B Be-
AVKOOPUTAHUU IPOAEMOHCTPHUPOBAAH, YTO PUCK
IIepeaoMa yBEAHMYHBAETCS OaxXe IIPHU OTHOCHU-
TEAPHO HH3KUX CYTOYHBIX mo3ax (2,5-7,5 wmr)
IIPENHU30A0HA HAM €r0 OKBHUBaA€HTaA U YBEAU-
YUBAETCS JAACE C YBEAUYEHHEM CYTOYHOM M03BI
[3]. Ilo mamspiM H.A. BapaHoBoii 1 cOoaBTOPOB
Tepanua ['KC HoBbIIIIaeT PHUCK OCTEOIIOPOTHUE-
CKHUX IIEPEAOMOB HE3aBHCHMO OT HX AOKaAH3a-
Iuu B 2,2 pasa, IIEPEAOMOB T€A IIO3BOHKOB — B
5,0 pas, mepeAoMOB AHCTAABHOTO OTAEeAa IIPel-
naeydns — B 1,8 pasa [4].

Cumuraercd, 4TO HATOT€HE3 OCTEOIIopPo3a
npu npueMe ['KC aBageTcsa pe3yAbTaTOM IIps-
MOTO HMX BO3JEHCTBHUS Ha BCE TPH OCHOBHBIE
KOCTHBIE KAETKHU: OCTEeO0AACTBI, OCTEOKAACTBI U
OCTEOILIUTHI, U KOCBEHHEBIX 3(P(PEKTOB, BAULTIO-
IIUX Ha BcacblBaHHE B KHUIIEYHHUKE KaAbIHd,
CHIXKEHHEM BBIPA0OTKH ITIOAOBBIX TOPMOHOB [5,
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6]. TKC uHrubupyoT (PyHKIIUIO 0CTe00AaCTOB U
CTUMYAUPYIOT aIloIITO3 OCTe00AACTOB M OCTEO-
IIUTOB.

CoBpeMEHHBIMH  METOAMKAMH  OLIEHKH
MUHEPAABHOY IIAOTHOCTH KOCTH  SIBASIIOTCS
OBYXOHepreTHudeckas pPeHTTeHOBCcKasa abcopO-
nuomerpua (JPA) m KoandecTBEHHAsS KOMIIBIO-
TepHad Tomorpadus (KKT). OgHako BEIIIeyKa-
3aHHbIE METOAMKHU He BCeraa [OCTYIIHBI AT
IanyeHTOB U COIIPOBOXKIAIOTCS — Ay4eBOM
HATrpPy3KOH, ITI09TOMY BO3HHUKAET HEOOXOQUMOCTH
IIOMCKa aAbTEePHATHUBHBIX METOOUK OLIEHKH CO-
CTOAHHUE KOCTHOH TKaHHU.

C mMIMPOKUM BHEAPEHUEM B CTOMATOAOTH-
YeCKylo IIPaKTHKy IIaHOpaMHOM ToMorpadpruu
geatocted ([1T), KOHyCHO-Ay4eBOM KOMIIBIOTEP-
vHOM TOoMorpadmuu (KAKT) wumccaemoBateam ax-
TUBHO OOCY2KIAIOT IPUMEHEHHE NAHHBIX METO-
OUK [AS BBIIBACHUS I[IPHU3HAKOB CHCTEMHOIO
ocreoriopo3a. IIpm maHopamHOI TOMoOrpadpUu
Iad olleHKU cHIzKeHuda MIIK mmpemaozKeHBI cae-
OyIOIe KOAWYECTBEHHBbIE HHIIEKCBhI: MEHTaAb-
HBIM WHIAEKC, ITaHOPaMHO-MaHAUOYAIPHBIN HH-
[EeKC, TOHHAaABHBIM HHIEKC, aHTUIOHHAABHBIN
MHIEKC, HUKHEYEAIOCTHOE COOTHOIlleHue [7-9].
KadecTBeHHbBIM WHAEKCOM IIPHU ITaHOPaMHOH
TOMOTpaHu ABASIETCS MaHIUOYATPHO-
KOPTHKAABHBIH HHIEKC.

Hass ompeneaeHua cHuxkeHud MIIK mpu
KAKT BO3MOXKHO HCIIOAB30BAaTh HU3MEpPEHUE
3HAYEHUU Ceporo, OIlEHMBATH KadeCTBO KOCT-
HOM TKaHU (Kaaccudurammu Mish, Likhom and
Zarb) ¥ HCIOAB30BaThb MOOAUMPHUIINPOBAHHBIE
na"opaMmHuble HHAeKCH! [10]. MonuduipoBan-
HBIMH HHIEKCaMHU [AS BBISBACHUS CHUKEHUS
MIIK nipu KAKT aBagroTcs:

- BepXHUHU KOMIIBIOTE€PHO-
ToMorpadpudecKuii MaHAUOYASIPHBIM HHOEKC
(cun.: KTMUB, computed tomography
mandibular index (superior), CTI(s)): oTrHomIe-
HUE IIUPUHBI KOPTUKAABHOM IIAACTHHKH HUK-
HeM YeAIOCTH Ha YpPOBHE ITOAOOPOLOYHOIO OT-
BEPCTHS K PACCTOSHHUIO OT BEPXHETO Kpas IIoA-
GOpPOMOYHOTO OTBEPCTUA [0 HUXKHEr0 Kpad
HUXKHEN YEAIOCTH;

- HISKHUN KOMIIBIOTE€PHO-
ToMoOrpadpudecKuii MaHIUOYASIPHBIM HHOEKC
(cun.: KTMUH, computed tomography
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mandibular index (inferior), CTI(i)): oTHOIIEHNE
ITUPUHBI KOPTHKAABHOM IIAAQCTUHKU HHUXKHeH
YEAIOCTH Ha YPOBHE MOAOOPOJOYHOTO OTBEP-
CTUS K PACCTOSHUIO OT HUIKHETO Kpasl Iomabo-
POMOYHOTO OTBEPCTHUS [0 HUXKHETO Kpad HUXK-
HEU YEAIOCTY;

— MEHTAABHBINM HWHIEKC KOMIIBIOTEPHOU
TOMOTpaHu (cuH.: MUKT, computed
tomography mental index (CTMI)): Toaummna
HUKHEY KOPTHKAABHOH IIAAQCTHHKU YEAIOCTH B
obaacTu 1oAO6OPOIOYHOTO OTBEPCTHS.

KauecrBenuwim mHaekcom 1pu KAKT aB-
ASIeTCSI KOPTHUKAABHBIM HWHAEKC KOMIIBIOTEPHOH
TOMOTpaHu (cmH.: KHUKT, computed
tomography cortical index (CTCI)), koTOpBIit
IpencTaBAgeT co0OM THUI KOPTHUKAABHOHM IIAa-
CTUHKU HUZKHEH YEeAIOCTH.

BoAbIIMHCTBO aBTOPOB OIIEHUBaAHM MO-
OUPUITEPOBAHHEIE KOMIIBIOTE€PHO-
TOMOTpacpuiIecKre HHIAEKChI Yy IIalleHTOB
crapure S50 aet. Mcroap3oBaHNEe KOMIIBIOTEPHO-
TOMOTPaPUIECKUX HHAEKCOB [AS OLIEHKU CHHU-
xkeang MIIK y MoAOOBIX ITAIIMEHTOB C AUMQO-
Mo#t XomKKUHA He OBbIAO OIIEHEHO.

Ienp uccnemosanmus.

OILleHUTb BO3MOXKHOCTH KOHYCHO-Ay4Y€BOH
KOMIIBIOTEPHOH TOMOTpacPuy B KOMIIBIOTEPHO-
TOMOTPaPUIeCKUX HHAEKCOB B BBIIBACHUU
CHUIKEHHSI MHUHEPaAbHOH IIAOTHOCTH KOCTH Y
IanueHToB ¢ AnNMpomMol XoMKKUHA.

Marepuasisl 1 METOIEI.

Ono6peHus 3THYECKOTO KOMUTETA HE Tpe-
6oBanoch. [u3aiiH: PETPOCIIEKTHBHOE OIIHCAa-
TEABHOE SIIMIEMHOAOTHYECKOE UCCAEIOBaHUE.
AHaamu3 BBIIIOAHEH 3a Iepuof ¢ Mag 2023 r. o
gHBapb 2024 r. B nomyadauuu xutesett CBepm-
AOBCKOM obaactu. B mccaemoBaHme BKAIOUEHO
29 skeunmwmH (cpemHuil Bo3pact 34,2+8,3 roxa,
oT 19 o 52 aet), 19 MyzK4HH (CpenHUH BO3pacT
37,1+6,8 rona, ot 29 no 53 aet), UMT 24 (ot 18
no 38). Y 44 genoBek (92%) ObIA BapHUaHT HOMY-
ASIPHOT'O CKAEPO3a, ¥ 4 yeaoBeK (8%) — cmeniaH-
HO-KAETOYHBIY BapuaHT. BOABIIHMHCTBO Hally-
eHTOB ¢ auM@omoii XomKkKuHa uMmead Il craguio
(kaaccudukamusa Ann Arbor B MoAU(PHUKAIIUHU
Costwold) — 20 geaoBek (42%), B MEHBIIIEM KO-
AudectBe npencraBaeHnl Il u IV cragusa 3abo-
AeBaHUS — 7 B 18 4YeAOBEK COOTBETCTBEHHO
(15% u 38% coorBeTcTBEeHHO), | cTagua 3aboae-
BaHUS OTMedYeHa y 3 ITallueHTOoB (5%).

[TarmmerTHI ¢ AEMQOMON XOMKKHHA II0AY-
YHAU IIPOTPAMMHYIO  IIOAUXUMHOTEPAIIHIO,
BKAIOYAIONIYIO ITUTOCTATHYECKUE IIpernapaTbl U
'KC. Koam4ecTBO KypCOB IOAUXHMMHOTEpPAIINU
OIIPENEATAOCH B 3aBHCHUMOCTH OT Oo0OBeMa OIIy-
XOAEBOM MacChl M OTBETa Ha IIPOBOANMOE A€Ue-
HUe. \ydeBad Teparus He IPOBOAHAACE.

UccaenoBanue 3y00YEAIOCTHOH CHCTEMBI
BBIIIOAHIAOCHE Ha KOHYCHO-AY4YEBOM KOMIIBIO-

www.rejr.ru | REJR. 2026; 16(1):115-125

TepHOM ToMorpadge Galileos (Dentsply Sirona,
Fepmanms) pu CA€IYIOITNUX pu3nKo-
TEXHUYECKHUX YCAOBUSIX: HAIIpsSKEHHe Ha TPyO-
ke — 110 kB, 35 MAc, obaacts 0630pa (FOV) 15
x 15 x 15 cm. Bpemsa ckanupoBarnudg — 14,4 c.
[ToaozkeHme 3yOHBIX PsSAOB IAllEeHTa — B IIEH-
TPaAbHOM OKKAIO3UH. HernoaBUKHOCTH I'OAOBBI
IanyeHTa OCYLIECTBASAACh C IIOMOIIEBIO Ileda-
AOCTaTa C AOOHBIM YIIOPOM M YIITHBIMHU OAMBAMH.
[MammenTsr HanpaBagauch Ha KAKT mo croma-
TOAOTHYECKUM IIOKAa3aHHUIM, HEe CBS3aHHBIM C
OUATHOCTHKOH ocTeornopo3a. [laHHble aHaAW3HU-
pPOBaAUChH Ha IIEPCOHAABHOM KOMIIBIOTEpPE C II0-
MOIIBIO  ITporpaMMbl-lipocMoTpirmka Galileos
Galaxis Implant. [Ias olleHKHU COTAQCOBaHHOCTHU
Mmexnay uccaenoBareaamu nanHble KAKT mepe-
[aBaAWCh Ha OLEHKY IABYM PEHTTE€HOAOTaM C
OITLITOM HHTEPIIPETALINH [JAHHBIX YEAIOCTHO-
anteBoii KAKT 6oaee 10 aer. PenrreHoaoru He
oOMEeHUBAAUChL MeXay coboii wuHpopMmaluei,
IIPOBOAHAH aHaAHW3 TOMOTPaAMM OTHAEABHO IPYT
OT Ipyra U B pa3HoOe BpeMs.

[lasl BBIYUCAEHHS KOAMYECTBEHHBIX KOM-
IBIOTEPHO-TOMOTPaAPUIECKUX HHIEKCOB B IIPO-
rpaMMe-IIPOCMOTPIIUKE Ha CaruTTaAbHOM pe-
¢dopMaTe BBIOHpAACS Cpe3 Ha YpPOBHE CaMOTO
IIIMPOKOTO pazMepa IoAO0POMOYHOTO OTBEP-
crud. Ha sToM pedopmare IpoOBOOUAOCH TPHU
U3MEPEHU: PACCTOSHUE OT BEPXHEH CTEHKU
OoAOOPOIOYHOTO OTBEPCTHUSA A0 HHUKHEN I'paHU-
bl KOPTHKAABHOM IIAQCTHHKH HUKHEH dYeAro-
CTH, PacCTOSHUE OT HUXKHeH CTEeHKH I10100po-
MOYHOT'O OTBEPCTUS [0 HHUXKHEH IpaHHUIBl KOpP-
TUKaAbLHOH IIAACTHHKH HUIKHEM YEeAIOCTH, TOA-
IIMHa KOPTHKAABHOM IIAACTHHKU HUXKHEH de-
aroctu. Ha pucyske 1 npencraBaeHBI pedhopMa-
16l KAKT c u3MepseMbIMHU ITapaMeTpaMu.

KopTHKaAbHBEIM HHOEKC KOMIIBIOTEPHOH
Tomorpaduu (KMKT) cyOBeKTHBHO OIIEHUBAACS
Ha IaHOPaMHBIX PEKOHCTPYKIINAX U (PpOHTAAB-
HBIX pecpopMmaTrax. Ha pucyHke 2 mpencraBA€HBI
Turel KUKT.

[IByxoHepreTUdecKas PEeHTTeHOBCKasd ab-
copOioMeTpus Oblaa BBITTIOAHEHA Ha OCTEOIEH-
cutomeTrpe Dexxum (Osteosys, IOxuaa Kopes).
Bcem marmmenTam 6Obiaa mpoBemena [IPA mosic-
HUYHOTO OTheAa Io3BoHOuHHMKa (L1-L4) u [IPA
IPOKCHUMAABHBIX OTJAEAOB OempeHHOM KOCTH.
Briaum moaydeHbI 3HaYeHHd: MHUHEPaABHOTO CO-
nepxkanug koctu (MCK) B rpammax, maomanb
HCCA€NOBaHUYA B CM2, MHUHepaAsbHas IIAOTHOCTH
koctu (MIIK) B rpammax Ha cm2. IloaydenHasd
MIIK cpaBHuBasack co cpexnHedr MIIK pedpe-
peHCHOM 6a3bl IAIMEeHTOB COOTBETCTBYIOILIETO
BO3pacTa C BbIUHCA€HUEM Z-Kpurepud. [Ipu Z-
Kputepuu 6oaee -2,0 cTaHOAPTHBIX OTKAOHEHUH
(CO) s3HayeHMs HUHTEPIPETHUPOBAANCH Kak
«cHmkenue MIIK», mipu Z-kpurepuun MeHee -2,0
CO 3HaYeHUd HHTEPIIPETHPOBAAUCEH KaK «HOP-
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Puc. 1 a (Fig. 1 a) Puc. 16 (Fig. 1 b)

Puc. 1. KAKT, a - caruTTaAbHbIU pedoopmaT, 6 — PpOHTAALHbIN pedopMar.

[MammeHT M., 38 aet. Paccrosnue a (14,56 MM) — pacCTosIHHE OT BEPXHEr0 Kpas IIOA0OPOLOYHOTO OTBEPCTHS K
KOPTHUKAABHOM IAACTUHKE HMXKHEM YeAI0CTH; paccrosiHue 06 (11,23 MM) — paccTosHHE OT HIZKHETO Kpas IOA-
6GOPOOIHOIO OTBEPCTHS K KOPTUKAALHOY ITAACTUHKE HHUKHEM YeAocTH; B (3,20 MM) — TOAIIIMHA KOPTHKAABHOMN
TIIAACTUHKH HHKHeH deatocTy. OTHOIIeHHe B/6 — HIKHUNM KOMIIBIOTEPHO-TOMOIPA(UUECKU MaHIUOyATPHBIHN
HHIEKC; OTHOIIIEHNE B/a — BEPXHUN KOMIIBLIOTEPHO-TOMOTPaUIECKUY MaHAUOYASIPHBIHA HHAEKC; B — MEHTAAB-
HBIF MHAEKC KOMITBIOTEPHOH ToMOrpaduu.

Fig. 1. CBCI, a - sagittal reformate, b - frontal reformate.

Patient M., 38 years old, Distance a (14.56 mm) — distance from the upper edge of the mental foramen to the
cortical plate of the mandible; distance b (11.23 mm) — distance from the lower edge of the mental foramen to
the cortical plate of the mandible; ¢ (3.20 mm) — thickness of the cortical plate of the mandible. Ratio c¢/b —
computed tomography mandibular index (inferior); ratio c/a — computed tomography mandibular index (su-

T,

perior); ¢ — mental index of computed tomography.

Puc. 2 a (Fig. 2 a) Puc. 2 6 (Fig. 2 b) Puc. 2 B (Fig. 2 ¢)

Puc. 2. KAKT, doparmeHTbl OpOHTAAbHbIX PecPOPMATOB HUXKHEN HEAIOCTH.

KopTHKaAbHBIFH MHAEKC KOMIIBIOTEPHOH TOMOrpaduu: a — THUI 1: KOPTHKAABHBIM CAOH BBITASAUT POBHBIM H
IIPABUABHBIM; 6 — THUII 2: B KOPTUKAALHOM CAO€ BBISIBASIFOTCS IIOAYAYHHBIE OeDEKTHI AU 1-2 CAOS BHYTPHUKOD-
THUKAABHBIX Ae(MEKTOB; B — THII 3: KOPTUKAABHBIN CAOH MMEET MHOIOYHCAEHHEIE (>3) medeKThI.

Fig. 2. CBCIT, fragments of mandibular frontal reformates.

Computed tomography cortical index: a — type 1: the cortical layer appears smooth and regular; b — type 2:
semilunar defects or 1-2 layers of intracortical defects are detected in the cortical layer; c — type 3: the corti-
cal layer has multiple (>3) defects.
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Mav.

Meromuka craTucTH4YECKOil 0OpadOTKU
JaHHBIX HUCCJIEIOBAHUSI.

CTaTHUCTUYECKUH aHaAW3 MaHHBIX ITPOBO-
MUACSI TIO OOIIENTPUHSATBHIM METOAAaM BapHAIlU-
OHHOU CTATHUCTUKH HA MIE€PCOHAABHOM KOMIIBIO-
TEepe c TIOMOIITHIO nakeTta mporpamMm
SPSSInc/Statistics23. [ag OIIEHKU [IOCTOBEP-
HOCTH Pa3AWYUN HCIIOAB30BAACS t-KPUTEPHUH
CreiogeHTa. CTaTHCTUYECKH 3HAYUMBIM CYU-
Taacgd ypoBeHb otanduil p<0,05. [Iag BeIraucae-
HHUS KOPPEAdIIUU MEKAYy ABYMS Pa3AUIHBIMU
mapaMeTpPUYeCKUMU IIePEMEHHBIMH TPUMEHSIA-
Ccsl KOPPEeAdIIMOHHBIN aHaan3 CrnupmeHa (r). Cu-
A2 KOPPEAdIIUNH OIEHUBAAACh IO ITKase Yemmo-
ka: 0,1-0,3 — caabas; 0,3-0,5 — ymepeunnas; 0,5-
0,7 - suauumas; 0,7-0,9 — Bricokast; 0,9-0,99 —

A€HEBI B Tabauile Nol.

B Tabauite No2 mpencTaBA€HBI 3HAYECHUS
MOIUMDUITTPOBAHHBIX KOMIIBIOTEPHO-
TOMOTrpapUIeCKUX UHAEKCOB y MAIlUEeHTOB C
AanMdoMoit XomKKUHA.

HsyueHue CcOrAacOBaHHOCTHU MEXKIY HC-
CAETOBATEASIMU.

B mannoMm pasmeae paboThl M3ydasach CO-
TAAQCOBAHHOCTh MEXKAY ABYMS PEHTTE€HOAOTAMU
B HU3MEPEHUHN KOMITHIOTEPHO-TOMOTPA(UIECKUX
uHAeKCcoB. [loaydeHHbIEe cpeqHUe 3HAYEHUS CO-
TAQCOBAHHOCTHU (KAaIllla) MEeXKIy UCCAEIOBATEAS-
MU TIpeacTaBAeHbI B Tabaurie No3.

Kak orpaxkeno B Tabaurie No3, 3HadeHHS
COTAAQCOBAHHOCTU MEIKIY HCCAEOOBATEAIMU OAS
Boeranucaenus KTMHWu, KTMUB, MUKT koaeba-
auck ot 0,81 mo 0,87 (p<0,001). Otu 3HAUEHUS

Tabauma Nel.
PEHTTEHOBCKO# abcopouuomerpuu (OPA).

Iloka3zaTeAH COCTOSIHHSI KOCTHOH TKaHH IIPDH ABYXSHepl‘eTH‘-ICCKOﬁ

IToxka3zaTeinb Jlokanuzanusa Hopma Can:xxenne MIIK
MIIK r/cm? L1-4 1,03+0,10 (0,84—1,24) | 0,87+0,12 (0,65—1,05)
[etika GenpeHHON 1,25+0,12 (0,99-1,53) | 1,09+0,13 (0,94-1,37)
KOCTH
Z-xputepuii L1-4 0,2+0,7 (-0,8-2,1) -1,6+0,9 (-2,8-0,1)
[lefika 6enpeHHON 0,5+0,9 (-1,4-2,4) -1,1+1,0 (-2,3-1,2)
KOCTH

O4YeHb BbICOKad. [lasg pacueTa COraacOBaAaHHOCTHU
MeXKy HCCAEIOBATEAIMH BBIUHCASANUCH 3HaUe-
Hug kKanmnel Kosna (k). [ToayueHHbIE 3HA4YEHUS
Karmbl Ko’Ha HHTEPHIPETHPOBAAUCEH COTAACHO
3HaYeHUaM Kamma o tabauite Landis u Koch.
CoraacHo 3HaueHuaMm Io Landis u Koch mnpu
3Ha4yeHuax kKanna meHee 0,00 coraacoBaHHOCTH
HHTEpPIIPEeTHPOBasach KakK HeLoCTaToYHad, IIpU
k=0,00-0,02 — coraacoBaHHOCTb HHTEPIIPETHU-
poBasachk Kak He3HauyuTeabHas, npu k=0,21-
0,40 - ymoBaerBopuTeabHad, k=0,41-0,60 -
ymepernHast, k=0,61-080 — smauumasga, k=0,81-
1,00 — TouHasd.

PesynabraTs.

ITpu nposenenuu [IPA BeIgBA€HO 12 de-
AOBEK (25%) c Z-xkputepueM Humxke -2,0 crasH-
OapTHBIX OTKAOHEHUH, YTO COOTBETCTBOBAAO
cumxkenuo MIIK. MMT B rpymme co CHUXKeHHUEM
MIIK cocraBua 24,6+5,2 (18,5-33,9), B rpyume
IaIlMEeHTOB C HOpMaAbHBIMHU 3HaueHuaMu MIIK:
23,8+4,2 (18,3-38,5). [lokazaTeau B I'pyIIie HC-
cAeoBaHMd, HOAydeHHble Hpu [IPA mpeacras-
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COOTBETCTBYIOT TOYHOM COTrAACOBAaHHOCTH MeEXK-
Iy UCCAeNOBATEAIMU. 3HaUEeHHUd COTAACOBAHHO-
ctu gnasg  oneuku KHWKT cocraBuau 0,78
(p<0,01), 3HaYeHUS COOTBETCTBOBAAU 3HAYHMOM
COTAACOBAHHOCTH.

[as aHasu3a KOPPEAdIIMOHHBIX CBSI3eH
MeXy KOMIIBIOTEPHO-TOMOTpadPUIeCKUMH UH-
nekcamu, MIIK u Z-KpUTepHEM HCIIOAB30BaACH
KOpPeAdIMoHHbIM aHaan3 CrupMmeHa. B Tabau-
e No4 mnokasaHbl 3HAYEHHUS KOPPEASIIUU
CrimpMeHa MeXy ITIOKa3aTeAIMU.

CTaTHCTHUYECKH 3Ha4YUMbIEe KOPPEATIIUHU
noaydenbl Mexnay MIIK u KTMUVB (koppeasiius
— cnabas, TIOAOKUTEAbHasl), MEXOy Z-
kputepuem u KTMUB (koppeasiius caabas, mo-
AOKUTEAbHasI), Mexnay Z-kKputepueM u KTMUn
(koppeaditusa caabasi, moaoxKUTeApHasI). OcTaab-
HbIEe KOppeAdarnuu, B ToM uucae Mexay HMMT u
BCEMH KOMIIBIOTEPHO-TOMOIPAPHUIECKUMH UH-
OEeKCaMM,  CTaTUCTUYeCKH He  3HaduMble
(p>0,05). Ha pucyHkre 3 mpencraBA€HBI rpadu-
KU Koppeasruu Mexnay MIIK, Z-kpurepuem u
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Tabauma No2.
c aumdomoii XoaKKHHA.

SHaueHHuAa KOMl'II:lOTepHO-TOMOI‘paq)K'-IeCKHX HHAEKCOB Yy NMallHEHTOB

Huaexc Hopma Canxenne MIIK
KTMWUB 0,27+0,03 (0,17-0,33) 0,25+0,07 (0,14-0,37)
KTMUH 0,34+0,05 (0,23-0,40) 0,32+0,08 (0,17-0,50)
MUKT 3,73+0,40 (2,98-4,98) 3,54+0,63 (2,19-4,70)
KHUKT 36 yenosek (100%) — I Tun 10 yenosek (83%) — I Tum,
2 yenoseka (17%) — 11 Tun

Tabauma Ne3.

3HayeHHsI COrAaCOBaHHOCTH MEXKAY HCCACAOBATEASAMH.

HNupexc Kanna Kosna (k) 3HaunMocTsb (p)
KTMUB 0,81 <0,01
KTMWH 0,87 <0,001
MMUKT 0,82 <0,01
KHUKT 0,78 <0,01
Tabauuma No4. KoppeAaumuoHHBIH aHaAu3 CHnHpMeHa MeXAYy KOMIIBIOTEPHO-
ToMorpacdhHYeCKHMH HHAEKCAMH H 3HadeHuamu MIIK.
Iloka3zarean KTMUB KTMWn MUKT KHUKT
MIIK =0,28 (p=0,04) | r=0,16 (p=0,33) | r=0,24 (p=0,105) | r=—0,16 (p=0,28)
Z-xpurtepuii | r=0,22 r=0,19 r=0,17 r=-0,26 (p=0,26)
(p=0,04) (p=0,04) (p=0,236)
AMT r=-0,08 r=-0,17 r=0,08 r=0,02 (p=0,88)
(p=0,61) (p=0,25) (p=0,57)
raHu3Ma, B TOM YHCA€ Ha MHUKPOAPXUTEKTOHUKY
KTMUs. KOCTHOW TKAHU 34 CYET BO3IEHCTBUA TAIOKO-

3HaueHus naoiaau nog ROC-kpusoit nasa
KTMUB pasa HOpMaabHbIX 3HadeHuidl MIIK co-
craBrao AUC=0,70 maa mopora B 0,25. 3uHauge-
Huda naommaau moa ROC-kpuBoit nag MUKT naa
HOopMaabHbIX  3HadeHut MIIK  cocraBuao
AUC=0,70. 3uauenua tmaoiagu moxa ROC-
KPUBOM OCTAAbHBIX WHIEKCOB COCTaBHAO MEHee
0,70, 9TO COOTBETCTBYET HU3KOI MPOTHOCTUYE-
CKO# CITOCOOHOCTH MaHHBIX UHIEKCOB.

OGcy:xaenue.

[MarmenTh! ¢ AMM@OMON XOIKKHUHA — MO-
AOMIbIE€ TIAITMEHTHI C BBICOKOM OXKHIAeMOM ITpO-
JIOAYKUTEALHOCTBIO KU3HH. AedeHre HallueHTOB
AanMdoMot XOomKKHUHA HOCHUT CHUCTEMHBIH Xa-
PaKTep U BAULET Ha BCE OPraHbI U CUCTEMBI OpP-
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KOPTHUKOCTEPOUZIOB. B cBA3U ¢ 4ewm, y maleH-
TOB ¢ AUMQOMON XOIKKUHA BOIPOCHI BBLITBAE-
HHUSI CHHUXKEHUS MUHEPAABHOM MAOTHOCTH KOCTH
U OPOPUAAKTHUKA HHU3KOIHEPTETHIYECKUX IIepe-
AOMOB SIBASIFOTCS BE€ChMa aKTYaAbHBIMU. [IByX-
9HepreTUYecKasl PEHTIeHOBCKas abcopOItuo-
MeTpus U KoandecTBeHHas KT aBasgioTcd mpu-
3HAHHBIMU CTaHIAPTU30BAHHBIMU METOIUKAMH
onneuku MIIK. /JaHHBIe METOOUMKU HE BcCerga
MOCTymHBI. [lalueHThl MOTYT ofOpamaTtTbcs 3a
CTOMATOAOTHYECKOM TIOMOIIBI0O M UM MOTYT
OBITh BBIIIOAHEHBI TAKHE CTOMATOAOTHYECKUE
JMUAarHOCTHYECKHE PEHTTEHOAOTUYECKUE WCCAE-
MOBaHUs, KaK MaHopaMmHas Tomorpadus 3yo-
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HBIX pAOOB W KoHycHo-aydeBad KT. Ilpu wuc-
IIOAB30BAHUH JAHHBIX METOOUK PETHUCTPHUPYETCI
uHbopMaIydg, KoTopas MOXKET OaTh IOIIOAHU-
TEeABHYIO0 HH(OPMAIIUIO A CKPUHUHTA HU3KOH

Xomxxkuua) MUKT cocraBua 3,22 MM B rpyIIe
c HopmaavHO¥ MIIK u 2,23 MM B rpymnme c
octeoriopo3oM [11]. OTcyTcTBHE 3HAUYUMBIX pas-
AUYHH MEXIy WHAEKCAMHU [OAd T[IaIlUeHTOB C
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Kkputepuem u KTMUs.

Fig. 3.
between the Z-score and the CTI(s).

Puc. 3. a - rpacduk koppeasiuun mexay MIMNK u KTMUB, 6 — rpacbmuk KoppeAsiuun Mexay Z-

a — r=0,28, koppeaqarua caabasi, moAOKUTEABHAd; 6 — r=0,22, Koppeadaius caabast, ITI0AOKHUTEABHASI.

a - graph of the correlation between the MPC and the CTIi(s), b — graph of the correlation

a — r=0.28, the correlation is weak, positive; b — r=0.22, the correlation is weak, positive.

MIIK.

B Bamewm mccaenoBaHUM B TpyIIe Ialld-
€HTOB C AmMdoMoMH XOoMKKHHA 3Ha4YeHHUd MO-
OUDUITEPOBAHHBIX KOMITBIOTEPHO-
TOMOTpaPUIeCKre HHIEKCOB COCTaBHAW: BEpX-
HUH KOMIIBIOTEPHO-TOMOTPaHUIEeCKUH MaHIU-
OyASpHBIA HHOEKC A TPYHIIBI C HOPMAABLHBIM
sgavenuemM MIIK — 0,27, mag rpyHiml co CHU-
skenno MITK — 0,25. 3HayeHUs HUKHETO KOM-
IBIOTEPHO-TOMOTPaAPUIECKOI0 MaHANOYASIPHOTO
HHIEKCa A9 HaIlMeHTOB C HOPMaAbBHBIMH 3Ha-
gyenuamu MIIK — 0,34, naa rpynmel co CHUXKEH-
HoMi MIIK - 0,32. PazHuila Mexay rpynmnaMu c
HOPMAaABHBIMH U CHHXKEHHBIMH 3HAYEeHUSIMU
MIIK - wuesHauutTeabHad. I[lo manusim C.B.
Brasileiro u coaBTopoB (mammeHTh crapiie S0
AeT, 6e3 auMmdombl XOMKKHUHA) CpeaHue 3Hade-
Huga KTMUB u KTMUWH 3Ha4uTEeABHO pasanuda-
AuCh. 3HaueHnud cocraBuau 0,21 u 0,25 B rpymn-
ne HopMmaarHOU MIIK, 0,14 u 0,18 B rpymnme c
ocreorniopo3om [11].

B manHOM mccaeoBaHUU CpefHHE 3HaAYe-
HHUS MEHTAABHOIO HHAEKCA KOMIIBIOTEPHOM TO-
morpaduy cocTaBUAU 3,73 — AT TPYIIIbI TAIH-
€HTOB C HOpMaabHBIMH 3HadeHuamMu MIIK u
3,54 — ag TPyIIIbl CO CHUXKEHHBIMH 3HAYEeHUsI-
Mmu MIIK. ITo mauueim C.B. Brasileiro u coasTo-
poB (mamumenTtsl crapuie 50 aer, 63 AUMGOMEI

| www.rejr.ru | REJR. 2026; 16(1):115-125

AuM@omott XOmKKUHA OOBSICHSIETCS MOAOIBIM
Bo3pactoM naineHToB. CHmzkeHue MIIK y man-
HOM TPYIIBI HAIlMEHTOB HE3HAYUTEABHO BAUSET
Ha TOAIIMHY KOPTHKAABHOU IIAACTHUHKU U BBICO-
Ty aAbBEOASIPHOM YaCTHU HUXKHEM YEAIOCTHU, YTO
oTpakaeTcsd Ha H3MEPAeMbIX KOMIIBIOTEPHO-
ToMmorpadpudeckux wuHaekcax. R.A. Mostafa u
COaBTOPBI OTMEYAIOT, YTO MOAUPUITUPOBAHHBIE
KOMITBIOTE PHO-TOMOTpapuiecKre UHIEKCHI
MO3KHO HCIIOAB30BaTh B KadecTBE BCIIOMOra-
TEABPHOTO HWHCTPYMEHTA AT HaIpaBACHUS IIa-
IIMEHTOB C PHCKOM OCTeOoIlopo3a Ha MOaAbHEeU-
ree obcaenoBaHue [12].

B Hairem mccaemoBaHUU TOABKO 17% ma-
IUeHTOB co cHmkeHHOM MIIK umeau II Tun
KHWKT, ocraspubie 83% — umeau I tunm KUKT,
kKak U 100% mnamnueHTOB C HOPMaAbHBIMH 3Ha-
gyenuamu MIIK, III tun KUKT He ObIA BbISIBAEH
HU B ogHOM caydae. Takum obpasom, KMKT — He
SIBASIETCSI HAOEXKHBIM HHIEKCOM Al KOCBEHHOM
onenku cHmkeHus MIIK y maitmeHTOB ¢ AUM-
homoit XomKKHHA. DTO CBSI3aHO TaK¥XKeE C He-
3HAYUTEABHBIM BAHSHHEM CcHumKeHuda MIIK B
MOAOJIOM BO3pacTe Ha TOAIIMHY U KadecTBO
KOPTHUKAABHOTO CAOd HUXKHeH dearoctu. K.J.
Koh u coaBTOpHI MCCAEIOBAAU TPYIILY KEHIIIUH
B IIocTMeHoIlay3e (crapuie 50 AeT) U IIoKa3asu
CTaTHUCTUYECKHU-3HAYUMYIO pasHUIly Mexnay | u
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I Trmmamu KMKT y mmanmeHToOK ¢ HOPMaABHBIMHU
sgadenuamu MIIK u ocreonoposom [13]. J.G.K.
Castro u coaBTOpEe! oTMedaroT, 4To KMKT aBasa-
€TCsl IIOA€3HBIM HHIIEKCOM IAS BBIIBACHUS IIa-
OUEHTOK C OCTEOINOPO30M B IIOCTMEHOIIAy3€
[14].

CoraacoBaHHOCTB MEKAY HCCAEIOBATEAS-
MU [AS BBIYHUCAEHUS KOMIIBIOTEPHO-
TOMOTpaPUIeCKNX MHOEKCOB Koaebasach oOT
3Hayumolt mo mnoaHo#t (k>0,78). CoraacoBal-
HOCTB TOBOPHT O BBICOKOHM BOCIIPOHM3BOIWMOCTH
KOMIIBIOTEPHO-TOMOTpaPHIEeCKUX UHIEKCOB JIAST
OaHHOM TI'pyImbl IanueHToB. Ha coraacosan-
HOCTBb M3MEPEHUN MHAEKCOB MEXKIy HCCAEIOBAa-
TEASMH MOTAA IIOBAWUATH IIOTPEIIHOCTb B AH-
HelHbIX n3MepeHusax. A.E. Carneiro u coaBTO-
pBI II0 pe3yAbTaTaM MeTa-aHaAu3a CoODIIAIoT
06 amekBaTHOM TOYHOCTU U CHABHOM COTAACO-
BAaHHOCTH MEXKYy HCCAEIOBATEASMU W BHYTPU
HCCAEIOBATEAEH A9 AMHEUHBIX U3MEPEHUH IIPU
KoHycHo-Ay4ueBo# KT [15]. Kpome Toro, aBTOpEI
OTMEYalOT CHABHYIO COTAQCOBaHHOCTBH IAT AU-
HEWHBIX H3MEPEeHHY MeXKAy HH3KO-I030BBIMU
nporokoaamMu ckKaHupoBanug Iipu KAKT u
CTaHAAPTHBIMU IIPOTOKOAAMH. TakuMm obGpaszoMm,
HUCIIOAB3Yd HHU3KO-ZI030BBIH IIPOTOKOA CKaHHUPO-
BaHMs, MOXKHO YMEHBIUIUTH JO30BYIO HArpy3Ky
Ha IanueHTa 0e3 IIOoTepH KadecTBa AMHEWHBIX
U3MEPEHUN.

B mamem mccaeqoBaHHUM CTATUCTHYECKU-
3HAYUMbIe, CAa0ble M IIOAOXKHUTEABHBIE KOPPEeAs-
muu noaydensl Mexnay MIIK, Z-xkpurepueM u
KTMUB, wexny Z-gpurepuem u KTMUH.
OcTaAbHBIE KOPPEAdIIMU — caabble, He3HAYU-
TeAbHBIE W CTaTHCTHYECKH He 3HaumMmble. [L.R.
Poiana u coaBTOpPEI MOKa3aAW IIOAOKUTEABLHYIO
roppeaaruo Mexay KTMUs, KUKT u MIIK y
IaIlMEHTOB C BTOPHUYHBIM OCTEOIIOPO30M Ha
¢oHe caxapHoro guabera, aKpOMETaAUU U CHH-
apoma Kymmunra [16, 17]. Ho Bce mamueHTHI B
IPUBEIEHHOM HCCA€NOBaHUU ObiAM crapiue 50
AeT (cpemHuit Bo3pacT 65,15+9,12 aet) um B
IIOCTMEHOIIAy3€.

BriaBaero, uro mpu 3HadeHusx KTMUVB
meHee 0,25 y 73% mnamueHTOB € AEMQOMOH
XomkKyHa OyneT BbIIBAATHCS cHUxKeHne MIIK,
npu KTMUB menee 0,20 — y 95% mnanumeHTOB
Oyner Habaomatecs cHmkenue MIIK. IMpu 3Ha-
yenussx MUKT Goaee 3,6 — 50% marmeuToB Oy-
OyT HUMETh HOpMaabHble 3HadeHuda MIIK, mpu
MUKT 6Goaee 4,4 — 90% naiueHTOB OyayT UMETh
vHopMmaabHyro MIIK, nipu MUKT menee 3,4 — 80%

CIHCOK AHTepaTyphI:
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HanueHToB OyayT uMeTb CcHikeHHy0 MIIK.
[TporHoctuyeckast Bo3MoxkHOCTE KTMUH — HU3-
Kad.

BeiBoarl.

1. MoaguduiinpoBaHHbIe KOMIIBIOTEPHO-
TOMOTpaUiIeCKre HHAEKCHl y MOAOJBIX IIaIly-
€HTOB C AuM@OMON XOMKKHHA IBASIIOTCS XO-
POIIIO BOCIIPOHM3BOAYMMBIMU C BBICOKHMMH 3Hade-
HHUSIMH COTAQCOBAHHOCTH MEXKIy HCCAeLOBaTe-
ASIMH.

2. Bepxuuii KOMIIBIOTEPHO-
ToMoOrpadpudecKuii MaHAUOYASIPHBIM HHOEKC
Mmenee 0,25 M MeHTAABHBIH HHIEKC KOMIIBIO-
TepHOH Tomorpaduu mMeHee 3,4 y MAIIUEHTOB C
AnM@oMot XOMKKHUHA MOTYT CAY3KHUTH KOCBEH-
HbIMH npusHakaMu cHuxkeHus MIIK. ITpu BbI-
SIBA€EHUU HHJEKCOB HUKE IIOPOTOBBIX 3HAUEHUH
9TO0 MOKeET OBbITH IOKA3aHHUEM OASd Ha3HAYUEHUS
[OBYX9HEPreTUYeCKOH pPEeHTTeHOBCKOH abcopO-
IIHOMETPHUH HAU KoanmdecTBeHHOH KT.

3. KopTHKaabHBIN MHAEKC KOMIBIOTEPHOH
TOMOTpadrH, HUXKHHANU KOMITBIOTEPHO-
ToMOrpadpuuecKuil MaHAUOYATPHBIN HHAEKC He
SIBASIFOTCSI HAaAEXXHBIMU ITPOTHOCTUYECKUMH HH-
nekcaMu B BblgBaeHHU cHuxkeHud MIIK y mo-
AO[BIX TTAITMEHTOB C AUMMOMON X0oMKKHHA.

4. KonycHo-ayueBass KT MozxkeT gBAATBCS
TIOA€3HBIM HHCTPYMEHTOM [ASI CKPUHHHTA CHU-
sxxkeHHod MIIK u octreomnmoposa y MOAOABIX HaIlH-
€HTOB C AuMQoMOoN X0 KKHHA.

OrpaHUYeHHS UCCAEOBAHHUS.

Hame wnccaemoBaHHE HMMEET HECKOABKO
orpaHuyeHuil. Bo-IepBBIX, pas3Mep BBIOOPKU
OBbIA OTHOCHUTEABHO HEOOABIINM, a KOAMYECTBO
nareHToB co cHmskeHHo MIIK Obin0 oTHOCH-
TEAPHO HEIOCTATOYHBIM. BO-BTOpPBIX, HCCAENIO-
BaHHe ObIAO OTHOIIEHTPOBBIM, BBITIOAHSIAOCH HA
OZTHOM KOHYCHO-AY4Y€BOM KOMIIBIOTEPHOM TOMO-
rpade. B-TpeThux, B BBIOOPKE HAIIIETO KCCAE-
[OOBAHUS NIpPeobAalaAd KEHITUHBI Hal MYyXKIH-
HaMmu. HeobxomuMbl masbHeHIIHE KCCAeIOBA-
HUg Ha OoAblIed BBIOOPKE OAS KOPPEKTHPOBKHU
TIOAYYEHHBIX IIOPOrOBBIX 3HA4YEHUH, a TakKKe Ha
KOHYCHO-Ay4eBbIX KT pasHbIX IIPOU3BOSUTEAEH.

HUcrounurk ¢unancupoBaHus u KOH-
¢IUKT UHTEPECOB.

ABTOpPBI JaHHOU CTATBhU IOATBEPAUAU OT-
CyTCTBHE (PUHAHCOBOH IIOANEPIKKU HCCAEIOBA-
HUA U KOH(AUKTA MHTEPECOB, O KOTOPBIX HEOO-
XOOUMO COOOIIUTE.
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OPUTUHAJIBHAA CTATHA

BO3MOXHOCTU MYALTUCTIUPAABHON KOMMbIOTEPHON TOMOTPASUN B
NMPOrHO3NPOBAHUU PELUAUBHOIO KAMHEOBPA3OBAHUA MOCAE
AUCTAHLUMUOHHOMK AUTOTPUNCUU

MuxamamH C.A., KanaHaase A.b., PyaeHko B.M., KpynumHos I.E., Ceposa H.C.

dI'AOY BO Ilepserit MI'MY nm. .M. CeuenoBa M3 Pd (CeyeHOBCKUM YHUBEPCUTET).

T. MockBa, Poccus.

esb ucciaegoBanus. OIIEHUTH BO3MOXKHOCTDL IIPOTHO3UPOBAHUS PEIHMANBHOTO KaMHeoOpa-
30BaHUS y [AIIUEHTOB IIOCA€ AUCTAHIMOHHOH auToTpunicuu (JAT), yauTbiBas mapameTpbl
KOHKPEMEHTOB, OIIeHMBAaEMble II0 NAaHHBIM MYABTHCIINPAABHOH KOMIIBIOTEPHOIN TOMOTpa-
¢dpum (MCKT), a TakKe aHATOMUYECKHE OCOOEHHOCTH YallleUHO-AOXAHOYHOM CHCTEMBI IIO-
4eK.
Matepuasns: u meronsl. Y 47 (100%) mmarnmeHTOB, U3 KOTOPBIX 25 (53,2%) COCTaBASIIOT MyK4IH-
HBEI U 22 (46,8%) KEHIIIUHEI, OblAa IPOBEEHA OLleHKa PEIUANBHPYIOIIET0 KaMHEeOOpa30BaHUsI IOCAE
JAT B paMKax IIpo- U PETPOCIIEKTUBHOIO MCCAeNOBaHUd. BeceM maryieHTaM IIPOBOAMAACE MYABTHCIIH-
pasbHas KOMIIBIOTepHAas ToMorpadHd Ha KoMIbioTepHOM ToMmorpade Aquilion One 640 (Canon, dAmno-
HUd). B nocaeomepanioHHOM IIEPHOAE OAS AETAAM3aIIMH M OKOHYATEABHOI'O YCTAHOBAEHUS (PU3HUKO-
XUMHUYECKOI'0 COCTaBa MOYEBBIX KaMHeH ((pparMeHTOB) HCIIOAB30BAAM PEHTIeHOMA3HBIN aHaAW3 HAU
nHQpPaAKPACHYIO CIIEKTPOCKOIIHIO.
Pesynwsratel. Y 26 u3 47 nanueHToB (55%) 0TMEYEHO IIOAHOE OTXOXKAeHHe (DparMeHTOB KaM-
Heit nocae AT K MOMEHTY BBIITUCKU U3 crarpoHapa. OxHako y 21 (45%) nanmenTta, mpu HaOAIOEHUH
B TeueHue 3 MmecsaneB rocae AT c oueHko nokasatead SFR, v 12 u3 Hux (57%) oTMe4YeHO HE OTXOXK-
neHune (pparMeHTOB KOHKPEMEHTOB, YTO IIPHBEAO K AOXKHOMY PEIHUIWBHOMY KaMHeOOpa30BaHUIO.
CraTHCTHYEeCKH aHaAW3 [I0Ka3aA BBICOKYIO UyBCTBHUTEABHOCTBH U CIIEIH(PHUYHOCTL ITapaMeTpa OILHO-
POOHOCTH KOHKPEMEHTOB B IIPOTHO3HUPOBAHMHM HAAWYHUS OCTATOYHBIX (parMeHToB Iiocae AT,
AUC=0,89. TIpu aHaau3e KOPPEASIIIMOHHBIX B3aUMOMEHCTBUH MEXIy NAHHBIMH II0Ka3aTeAdIMH U 3-
¢exTuBHOCTEIO [AT Hanbosee 3HAUYUTEABHAsS CTATHCTUYECKAs 3aBUCHMOCTEH C AOXKHBIM PEILUAHNBOM
npu MKB oTmedeHa Ipu pa3Mepe ModeBOro KaMH4 oT 16 mo 19 MM (r = 0,42, p < 0,05) 1 nnA0oTHOCTH
1001-1500 HU (r = 0,52, p < 0,001). Cpenree 3HauYeHHE II0KA3aTEASl PACCTOSHHS OT KOXKH O KOH-
KpeMeHTa (SSD) B rpyIire anmeHToB C OCTATOYHBIMH KOHKpeMeHTaMHU cocTaBrao 107,7 + 28,9 MM (p
< 0,05). AHaAu3 AOKaAM3allE MOYEBOI0 KaMH4 B dalllegyHo-AoxaHo4HoU cucteMme (HAC) Ha doHe A0XK-
Horo peuyauBa MKB mocae JAT onpeneara IpsaMyro KOPPEASIIMOHHYIO CBsI3b Mexkay penunusom MKB
nocae AT u aokaam3sanmeil KaMHs B HUKHeH rpymme yarredek (r = 0,55, p < 0,01). ITpu aoxkHOM pe-
nunuBe MKB onpeneasaach CTATUCTHYECKH 3HAYHMasd KoppeadiiioHHas cBsasb (r = 0,04, p < 0,01) ¢
napametrpamu YAC (IL 2 27 MM, IW < 4 mum, IPA < 90°).
OOGcy:xkaenue. B pa3anyHBIX IyOAMKAIIMAX y»Ke HEOMHOKPATHO pacCMaTpUBaAacCh BO3MOXK-
HOCTB HCIIOAB30BaHH4 ITI0Ka3aTeA€H ITAOTHOCTH U pa3MEpPOB KOHKPEMEHTOB JAH IIPOTHO3UPOBAHUS pe-
3yABTATOB QUCTAHIIMOHHOM AuTOTpuIlcuu [5-10, 12-15, 18, 20-23]. B HamemM HcCA€IOBAaHHUH MBI
OIIPENEAVAH, YTO MEXIYy ITaleHTaMu, npomemmnumu 1 u 2 ceanca AT nas moaHOro ymaseHUs KaM-
HeH, ecTb CTATUCTHYECKHU 3HAYMMbIE Pa3AWYNs B 3THX [I0KA3aTEAdX, YPOBEHb HUX CBA3U C pe3yAbTaTa-
MU A€YEHHd OKa3aACd HHU3KHM. MBI cumTaeMm, 4TO 3TH IIapaMeTphbl He SBAGIOTCS HAIEXKHBIMHU [IAS
OIIEHKH PHCKOB IMOBTOPHOTO 0Opa3oBaHUa KaMmHeli. KoMOMHUPOBaHHBIN aHaAN3 OJAaHHBIX ITIoKa3aTeseit
BMECTE C OLIEHKOH CTPYKTYPHBIX OCOOEHHOCTeHl KOHKPEMEHTOB M aHATOMHH YallleYHO-AOXaHOYHOMH
CHCTEMBI II0YEeK MOZKET 3HAYUTEABHO yAyYINHUTH BO3MOXKHOCTH MCKT B IIpOrHO3HPOBAHUU PEIIUAVB-
HOTO KaMHeobOpa3oBaHusd y nmarueHToB rnocae JAT.
3akmouyenue. B maHHOM HccAeIOBaHUH IpoBeAeHA OILIEHKA BO3MOXKHOCTH IIPOTHO3UPOBAHUIS
PELANBHOTO KaMHeoOpa30BaHUsd y IAIlMEHTOB, IIEPEHECIINX AUCTAHIIMOHHYIO AUTOTPHUIICHIO, C HC-
[IOAB30BAHHEM PA3AMYHBIX ITOKa3aTeA€d KOHKPEMEHTOB, IIOAYYEHHBIX Ha OCHOBE MYALTHCIINPAABHOH
KOMIIBIOTEpHOH ToMorpadui. Pe3yabTaThl IIOKa3aAH, YTO CYIIECTBYET HEOOXOAWMOCTE KOMIIAEKCHOT'O
IOAXOMla, BKAIOYAIOIIETO aHAAW3 CTPYKTYPHBIX oOcobeHHocTedl KaMmHel, aHaTOMHUH dYalledHO-
AoxaHouHOM cucteMbl modek (YAC), rokaamzaruu KoHKpeMeHTOB B UAC gaa 6oaee TOYHOTO IIPOTHO-
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3UPOBaHUS PelUAUBOB. KOMOMHUPOBAHHLINA aHaAW3 OAHHBIX MOXKET 3HAYUTEABHO YAYYIIUTH MIPEI-
ckazareAbHble BO3MOXKHOCTH MCKT 1 11oMo4b B OIITUMHU3AIIUU A€UEHUA ITaIleHTOB 11ocae JAT..

KaroueBrie caoBa: MCKT B mporHosupoBanuu, MKB, nucraHIOHHAd AUTOTPHUIICHL, MOdeKa-
MeHHas 60Ae3Hb, pe3uayaAbHble KOHKPEMEHTHI, MyABTHUCIIHPaAbHAasd KOMIIBIOTEpHAS TOMOTpadus.
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POSSIBILITIES OF MULTISPIRICAL COMPUTED TOMOGRAPHY IN PREDICTING RECURRENT
LITHOGENESIS AFTER THE EXTRACTION LITHOTRIPSY

Mikhaylin S.D., Kapanadze L.B., Rudenko V.I., Krupinov G.E., Serova N.S.

Sechenov University. Moscow, Russia.

urpose. To evaluate the possibilities of predicting recurrent lithogenesis in patients after
extracorporeal shock wave lithotripsy (ESWL), taking into account stone parameters as-
sessed using multislice computed tomography (MSCT) data, as well as the anatomical fea-
tures of the renal pelvis.

Materials and methods. Lithogenesis after ESWL was assessed in a pro- and retrospective
study in 47 patients (100%), including 25 men (53.2%) and 22 women (46.8%). All patients under-
went multislice computed tomography scanning using an Aquilion One 640 CT scanner (Canon, Ja-
pan). Postoperatively, X-ray phase analysis or infrared spectroscopy were used to detail and finally
establish the physicochemical composition of urinary stones (fragments).

Results. In 26 of 47 patients (55%), complete passage of stone fragments after ESWL was ob-
served by the time of hospital discharge. However, in 21 patients (45%), during a 3-month follow-up
after ESWL with assessment of the SFR indicator, non-passage of stone fragments was observed in
12 of them (57%), which led to false recurrent stone formation. Statistical analysis showed high sen-
sitivity and specificity of the calculus homogeneity parameter in predicting the presence of residual
fragments after ESWL, AUC=0.89. When analyzing the correlation interactions between these param-
eters and the effectiveness of ESWL, the most significant statistical dependence with false recurrence
in urolithiasis was noted for a urinary stone size of 16 to 19 mm (r = 0.42, p < 0.05) and a density of
1001-1500 HU (r = 0.52, p < 0.001). The mean skin-to-stone distance (SSD) in the group of patients
with residual stones was 107.7 + 28.9 mm (p < 0.05). Analysis of urinary stone localization in the
renal pelvic system (RPS) in the setting of false recurrence of urolithiasis after ESWL revealed a direct
correlation between urolithiasis recurrence after ESWL and stone localization in the lower group of
calyces (r = 0.55, p < 0.01). In case of false recurrence of urolithiasis, a statistically significant corre-
lation (r = 0.04, p < 0.01) with RPS parameters (IL = 27 mm, IW < 4 mm, IPA < 90°) was determined.

Discussion. The possibility of using stone density and size parameters to predict the results of
extracorporeal shock wave lithotripsy (ESWL) has been repeatedly discussed in various publications.
In our study, we found statistically significant differences in these parameters between patients who
underwent 1 and 2 ESWL sessions for complete stone removal, and their correlation with treatment
outcomes was low. We believe that these parameters are not reliable for assessing the risk of recur-
rent lithogenesis. Combined analysis of these parameters, along with an assessment of the structural
features of stones and the anatomy of the renal pelvis and calyces, can significantly improve the abil-
ity of MSCT to predict recurrent stone formation in patients after ESWL.

Conclusion. This study assessed the feasibility of predicting recurrent stone formation in pa-
tients undergoing extracorporeal shock wave lithotripsy using various stone parameters obtained
from multislice computed tomography. The results demonstrate the need for a comprehensive ap-
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proach, including analysis of stone structural features, renal pelvicalyceal system (RPS) anatomy,
and calculus location within the RPS, to more accurately predict recurrence. Combined data analysis
can significantly improve the predictive capabilities of MSCT and aid in optimizing patient treatment

after ESWL.

Keywords: MSCT in prognosis, urolithiasis, extracorporeal shock wave lithotripsy, urolithiasis,

residual stones, multislice computed tomography.
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ouekaMeHHas 6oae3ub (MKB) co-

XpaHgeT CBOIO aKTyaAbHOCTL BO

BCEM MUpPE B CBA3U C HEYKAOHHBIM

pocToM 3a00A€BAa€MOCTH U IIPOIOA-

JKaeT OCTaBaThbCd OOHUM M3 Haubo-
A€€ PACIIPOCTPAHEHHBIX YPOAOTHYECKUX 3aboae-
BaHUY, BCTPEUYAIONINMCS, 10 PA3HBIM [JAHHBIM,
y 5-20% momnyadaimu, 3aHUMasd 3HAYUTEABHOE
MECTO B CTPYKTypPE€ YPOAOTHYECKON IIaTOAOTHH,
coctaBadsa B cpenHeM 34,2% mo Poccuu. B cBa-
3W C HapacTaHHEM VIEABHOI'O Beca IIOXKUABIX U
CTApYeCKUX TPYII HaCeAEHHd B Pa3BUTHIX
CTpaHaX, YBEAUYHBAETCs BEPOSTHOCTH 3aboae-
BaHUdA MOYEKaMeHHO# OO0Ae3HBI0, KOoTopad Co-
cTaBAdeT B Bo3pacTHOHU rpymre 30-34 aet: 3,7%
Y My>K4YUH U 2,8% y KEHIIIMH, & B BO3PaCTHOH
rpymme 65-69 aet: 8,8% u 5,6 % cooTBETCTBEH-
Ho [1, 2].

PertuoguBHoe Teuenue MKB, a Takxke
HEOOXOOUMOCTh aKTHBHOIO YAAA€HHUS MOYEBBIX
KaMHell oOKa3bIBaeT OTpHIlaTeAbHOE BO3Iel-
crBue Ha nanueHTta [3]. OZHUM H3 OCHOBHBIX
O0OBEKTHUBHBIX ITI0KA3aTEACH YCIEITHOTO ACYEHUS
ypoautnasa gBadgercs stone-free rate (SFR). Oto
IoKasaTeAb OTCYTCTBHA KOHKPEMEHTOB, OLIEHU-
BaeMbI¥ dYepe3 BPEMEHHOH NPOMEXYTOK A0 3
MecsIeB IIOCAE€ IIPOBENEHHOI'O0 A€YEHUSs, IIpU
TIOMOIIIH AYYEBBIX MEeTOOOB ob6cAenoBaHUA [4].

B Hacrogmee BpeMs OOCTUTHYT 3HAYH-
TEeABHBIH IIPOrPecC B OKAa3aHWM IIOMOIIM ITaIly-
€HTaM C He(dPOAHUTHA30M, OJHAKO HEKOTOphIE
BOIIPOCBHI OUATHOCTHKH, A€YEHHS U IIPodHUAaK-
Tuku MKB ocrarorcs He pelleHHBIMU. B gacrt-
HOCTH, QUCKyTaOEABHBIM OCTAETCS BOIIPOC BBI-
fopa ONTUMaALHOM METOAWUKH YCTpPaHEHUS
KOHKPEMEHTOB IIOYKH pa3mepaMu oT 10 mo 20
MM [6]. CoraacHO IIOCAETHUM KAMHUYECKHUM pe-
KOMEHJAITUIM [AS I[I0YeYHBIX KaMHeH pasme-
pom ot 10 mo 20 MM peKOMEHAYeTCa AUCTaHITU-
oHHaa aurtorpuncusa (JAT) wmam uYpeckoxkHad
"HedpoautoTpuncua (HHAT), aubo yperepocko-
Ius, 3a UCKAIOYEeHHEeM KaMHeH HUXKHeH TpyIIITbI
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garredek, rae AT aBasgeTcs BTOPBIM BBIGOPOM
OpU HAAWYUH HeOAArONpPHUATHBIX (PAaKTOPOB
(puc. 1) [6]. Paree cuuTasoch, 4TO YPETEPOCKO-
nudg, Kak aabrepHaTtuBa AT, nmeer 6oaee BBI-
COKHe II0Ka3aTeAW yAaAeHUs KaMHel IIo cpas-
veHuio ¢ AT, mocturag ycrexa 1o pa3AndHbIM
na"sHbIM oT 85% mo 95%. OmHako HemaBHUE
IIPOCIIEKTUBHBIE HUCCAE€IOBAHHS, B KOTOPBIX HC-
II0AB30BaAaCh MYABTHUCIHpaAbHAs KOMIIBIOTEP-
Hasa Tomorpadusa (MCKT) SFR mocae yperepo-
CKOIIMH, IIPOLEMOHCTPHPOBAAU 3HAYUTEABHO
fboaee HHU3KHUI yPOBEHBL PE3yABTATOB — OT 38%
o 54% [7].

HecMmorpsa Ha oOmupHbI# BBIGOD pa3Aud-
HBIX BapHUAHTOB A€UYEHUs MOdeKaMeHHOU 00-
A€3HU, OOHUM U3 OOIIETIPHU3HAHHBIX BBICOKO-
3(pPEKTUBHBIX METOMOB, CIIOCOOCTBYIOIIHX OT-
XOXKJIEHUIO IIOYEYHBIX KOHKPEMEHTOB OCTAETCS
OUCTAHIIMOHHAsT AWUTOTpHUIICUs. OIyOANKOBAH-
HbIe IIOKa3aTeAW ycremnrHoro mnposeneHuda AT
pocrurator 90% [22]. OddheKTUBHOCTL IIPOBO-
OUMOTO A€YEHHs BapbHUPyeTCs B 3aBUCHUMOCTH
OT CTPYKTYPHBIX OCOOEHHOCTEH KOHKPEMEHTOB:
A KaMHEeH HEeOIHOPOMTHOTO CTPOEHUS C HedeT-
KUMH KOHTYpaMH, cpefHell ITAOTHOCTBIO MeHee
800 HU - pmesunTerpamus HactymaeT B 90-
100% caydaeB IiocAe IIEPBHUYHOIO ceaHca C 00-
pas3oBaHHEM MEAKOAUCIIEPCHBIX (OParMeHToB,
CIIOCOOHBIX K CIIOHTAHHOMY OTXOXKAeHuIo. Kawm-
HU OLHOPOAHOIO HUAW HEOJHOPOITHOTO CTPOEHUS
C YeTKUMH KOHTypaMH CpeIHeH IIAOTHOCTEHIO
1,000 HU B 70% cay4aeB pas3pyllIatoTCs IIOCAE
1 ceanca, a B 30% caydaeB HeOOXOOWMEBI IIO-
BTOpHBIE ceaHchl AT [21, 22]. [Joka3aHO, 4TO
AT, sHecMoTpd Ha pan OYEBHAHBIX IIPEHUMYy-
IeCTB, OKa3bIBaeT TpaBMaTHuecKue 3(P(eKTHI
Ha IIOYEYHYIO0 [apeHXUMYy, IIOTE€HIINPYIOIIHeCs
IpU TOBTOPHBIX CECCHUSIX, OCOOEHHO IIpU He-
0OABIIIMX WHTEPBaAaxX BPEMEHH MeXKAy IIpolie-
nypamu [1, 8, 22]. YoapHad BoAHa BBbI3BIBAET
PAL IOBpPEXKAEHUH ITOYedHOH ITapeHXUMEBI pas-
AWYHOH BBIPasKEHHOCTH — OT AETKHX, BBIIBAsIE-
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Fig. 1. Scheme.

BBI60OD ONTHMAABLHOTO XUPYPTUUECKOTO ACHEHHS KaMHeNM B 3aBUCHMOCTH OT pasMepa KOHKpeMeHTa [6]. YHAT —
gypeckoxkHas HedpoauTorpuricusi, PUPX — perporpagHas uHTpapeHasbHas xupyprus, AT — gucTaHIIMOHHAS

Selection of optimal surgical treatment of stones depending on the size of the calculus [6]. PCNLT — percuta-
neous nephrolithotripsy, RIRS - retrograde intrarenal surgery, ESWL — extracorporeal shock wave lithotripsy.

MbIE AWIIb IIPU MUKPOCKOMIHHU, M0 TAYOOKHX
KOHTY3HWOHHBIX 0O4YaroB, COMIPOBOIKIAIOIIIXCS
reMaToMaMHd ¥ B HUTOTe HPUBOMAIIMX K
He(PPOCKAEPO3y U HPOTPECCUPYIOIIEMY CHHXKE-
HHUIO PYHKIIUU ITI0OYKU. KpoMe Toro, ITpoBeieHue
npoueaypb! AT, HecMOTpS Ha €€ OTHOCUTEAb-
HYI0 HEMHBa3WBHOCTH, IPUBOAUT K PA3BUTHIO B
PaHHEM TIOCAEOIIEPAITMOHHOM IIEPUOME BhIpa-
JKEHHOTO OOAEBOTO CHHAPOMA, IIOBBIIIIEHHIO
Temreparypsl u remarypun [3]. Korma mporso-
supyemass adderTuBHoCcTs AT HeBBICOKA,
HalpuMep, B CAy4Yae OJHOPOIHOTO CTPOEHHUS
KOHKPEMEHTOB, HWMEIIIUX YEeTKHEe KOHTYPHI,
cpenHeit maoTHOCTEIO Ooaee 1,200 HU, caenyer
pPaccMOTpeTh TaKue aAbTepHaTUBHBIE 3HIOYPO-
AOTUYECKHE METOAUKU OCBODOIKIEHUS MOYEBBIX
oyTed OT KOHKPEMEHTOB, KaK IIepKyTaHHas
HE(PPOAUTOTPUIICUS, PETPOrpaaHas HHTpPape-
HaAbHad XUPYPTUSA U KOHTAKTHAsI YPETEPOAUTO-
Tpuncusa (KYAT) [6, 9, 22].

[IprynHOM CHUXKEHHUT 3(PPEeKTUBHOCTH
XUPYPTHUUECKOTO A€YEHUS IIpH HePPOAUTHA3E
SBASIFOTCSI HE TOABKO CAOXKHOCTH B YIAAE€HUH,
(bparmMeHTanI KOHKPEMEHTa, HO WU B 3aTPYI-
HEHUHN OTXOXK/EHUs (PparMeHToB. Pe3umayasb-
HbIe (pparMeHThl KaMHe# MOTYT YBEAUYUBATHCS
B pasMepax (Tak Ha3bIBAEMOE «AOXKHOE» PEITH-
OUBHOE KaMHeOOpasoBaHUE), IMIOAMEPKUBATD
aKTUBHBIN BOCITAAUTEABHBIH ITPOIlecC, BAOKHUPO-
BaTh OTTOK MOYH, BBI3bIBAsI OOCTPYKIIHIO MOYe-
BBEIBOAAIIUX ITyTei [10].

YBeandeHre YacTOThl PEUIUBOB Cpeau
6oabHBIX ¢ MKB, HEeCMOTpsl HAa HOBBIE MTOIXOMbI

K A€YEHHI0, ITIogdepKuBaeT He0OXOAMMOCTb BbI-
ABA€HUS (PAKTOPOB PHCKA H IIPOTHO3HUPOBAHUS
IOBTOPHOTO o0pazoBanusa Kamuel [4]. Ilupokoe
npuMmenenue AT TpebyeT IomcKa HOBBIX pe-
IIeHUH [OA9 CHUKEHHUS YPOBHS PELUIUBOB B
IIocAeoIlepallioHHOM 1epuoge. OmpeneseHUe
¢rakTOopoB purcka y namueHToB ¢ MKB u orienka
UX BAUSHHYG Ha BEPOSTHOCTH penuauBa IIpHU
ucrioabzoBanuu AT 1103BOALIOT 3apaHee, ele
10 TOCITUTAAM3aIIUH, OLIEHUTE PUCK IIOBTOPHOIO
obpaszoBaHug KaMHell U paspaboTaTh MeEpPbI
npodraakTuku. OO0OCHOBAHHBIY BbIOOP MeToda
A€YEHUd U CBOEBpPEMEHHas OlleHKa (haKTOpPOB
pHCKa IIOBTOPHOI'O0 KaMHEOOpa30BaHUS IIPU UC-
noap3oBaHuH AT momoraroT CHHU3UTH YacCTOTY
peunausoB MKB [12].

B mocaemHue roapl pan mMyOAMKAIIUM OTe-
YECTBEHHBIX U 3apPYyO0€XKHBIX YIEHBIX CBUIETEAD-
crByer 00 adpdertuBHocT MCKT B orenke
CTPYKTYpbl KOHKpeMmeHTa. OlleHUBaeMble IIa-
paMeTphl MOTYT CBIMpaTh BasKHYIO POAL B IIPO-
THO3UPOBaAHUH 3(p(PEeKTUBHOCTHA (pparMeHTaIluu
KOHKpEMEHTa I[IPH IIPOBEAEHHUHN [JUCTAHIINOH-
HOM yIapHO-BOAHOBOH awTOoTpHUIICHH [3, S5, 7,
10, 13, 14, 20-23].

[uHamMuKa pas3pylleHHd KOHKPEMEHTOB B
npornecce npouenyps! AT Haxomurcs B Ipd-
MOH 3aBHCHMOCTH OT IIAOTHOCTH (B YaCTHOCTH,
€e MHHHMAaAbHOI'O, MaKCHMAaABHOTO, a TaKKe
CpemHero 3Ha4deHUi), oIpemeAadeMod IIpHU IIpo-
Benennu MCKT. KamMHU BBICOKOM W CcpemHel
IIAOTHOCTH, OZHOPOIHON CTPYKTYpPhI paspylia-
IOTCH C 3aTpygHEHHSIMH, C 00pa3oBaHHEM
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KpPYIIHBIX (PpParMeHToB 10 7 MM, C OCTPBIMU
KpasMy, KOTOpPble MOTLYT TPaBMUPOBATh HUKe-
A€KaIle MOYEeBBIBOALAINME IIyTH U CTaTh IIPU-
YUHOY (POPMUPOBAHUS «KAMEHHOH JOPOKKH».
HampoTuB, KOHKpEeMEHTHI HU3KOM IIAOTHOCTH U
CO B3HAYUTEABHBIM pPa30poCcoM pas3pylIaioTCsd
XOPOIIIO, 00pa3yss MHOTO MEAKUX (PparMeHTOB
[14].

B HECKOABKHX HCCAENOBAHHUAX H3YYaAUCH
¢akTOphI, KOTOPBIE MOTYT OBITH HCIIOAB30BAHbI
B I[IPOTHOCTHUYECKOM MOJEAH [Ad VCIIEIIHOU
AT, ontenuBaemble 1o maHHeIM MCKT. dakTo-
pPBI, CBA3aHHBIE C YMEHBIIIEHHEM BePOSTHOCTU
ycmexa AT, BKArodaioT B cebsd paccTosHHE OT
KOXHW A0 KamHd (SSD), muaMmeTp AOXaHOYHO-
MOYETOYHHKOBOI'O IIepexXo[a, BBICOKYIO IIAOT-
HOCTb KOHKPEMEHTOB B eIUHHIAX XayHchuana
(>1200 HU), 6oabIioit nuaMeTp U 06beM KaMHd,
6OABIIIOE KOAWYECTBO KaMHel, BBICOKYIO HEO[-
HOPOAHOCTH KaMHS M PAaCIIOAOXKEHHE KaMHS B

HIeHKOH HIKHEYW TpyHIbl, €€ Y3KOCTh U OOAb-
mas OAWHA MOTYT He TOABKO CHHZKAThH 4YacCTOTy
ycmexa npu AedeHun MKB, HO U OBITH HeIO-
CPEACTBEHHOM IIPUYMHON KaMHeoOpa3oBaHUs.
[Ipenpimyipe paboThl aHAAHM3UPOBAAU CTpOe-
HHUEe HIKHEY I'pyNnbl dallledeK IIPU BbBIIIOAHE-
Hun AT U BBIIBHAYU, YTO HAAWYHE MHOXKE-
CTBEHHBIX dYallledeK, IIUpHUHAa IIedKu MeHee 4
MM, a TaKKe OCTPBIY yroa MeKIy AOXaHKOH U
IIeMKOM gBAdIOTCS Hanuboaee 3HAYUMBIMHU (PaK-
Topamu nporuosupoBanud ycrnexa AT [16].
Pabora 1o ompeneseHHI0O HHAEKCA OIHO-
POAHOCTH KOHKPEMEHTOB, IIpoBeaeHHas Le JY u
coaBT. omybamnkoBaHHag B 2015 roay [23], mpo-
JNEMOHCTPHPOBasa BO3MOXKHOCTB OIIEHKH BEpPO-
garHocTu ycrnexa AT Ha npenonepaltioHHOM
aTarnie. B manHo# pabore mpoBOOUAOCH U3MeEpe-
HHUE CTaHAAPTHOIO OTKAOHEHHS IIAOTHOCTHBIX
IIOKa3aTeAell KOHKPEMEHTOB C HCIIOAB30BAHUEM
BbImeAeHust obaactu mHTepeca (ROI) ¢ ompeme-

(A) MSD = 900, SHI = 0

(B) MSD =900, SHI = 163.3

Puc. 2 (Fig. 2)

(C) MSD =900, SHI = 326.6

HopoxHocTH (SHI) pazamden.

index (SHI) is different.

Puc. 2. Cxemartuyeckoe M3o6paKeHne HEOAHOPOAHOCTU COCTABA MOYEBLIX KOMHEHN [23].

Bce Tpu KOHKpeMeHTa AEMOHCTPUPYIOT OOWHAKOBYIO CPenHIOK HMAOTHOCTH (MSD) 900 HU, HO MX MHOEKC On-

Fig. 2. Schematic diagram showing the compositional heterogeneity of urinary calculi [23].

All three stones demonstrate the same mean stone density (MSD) of 900 HU but their stone heterogeneity

nouke [15].

[Tokazarear SFR He3aBHCHMO OT BBIOpaH-
HOTO METOMa A€YEHMd IIPSMO CBS3aH CO CTPOE-
HHEM dYalledyHO-AoXaHouyHo# cuctembl (HAC)
[16]. AHaToMHS HHXKHEH TPyNIbl dallledeK gB-
ASIETCSI OHHUM K3 OCHOBHBIX (DaKTOPOB, BAUS-
IONIUMX Ha YCIeX BBIIIOAHEHHd TaKHX BMeIlla-
TEABCTB, KakK [JUCTAHIIMOHHAs AWUTOTPHUIICHUS
[17]. Hu3ku#t SFR gas kaMHel HUKHEH TpyIIIbI
garreduek npu AT oOycaoBAeH HE TOABKO ca-
MHUM OPOOAE€HUEM, HO U IIAOXUM OTXOXKIEHHUEM
(oparMeHTOB B CBS3U C aHATOMHYECKHMH OCO-
6erHocTaMu. OCTPBIHE yroA MeXKAy AOXAaHKOH U
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A€HHEM HHIEKCa HEOJHOPOTHOCTH KOHKpPEMEH-
Ta (stone heterogeneity index). Boaee BBICOKOE
3HAYEHHE CTAaHAAPTHOIO OTKAOHEHHS IIAOT-
HOCTHBIX XapaKTEePUCTHK KOHKpEMEHTa HMEAO
OIPAMYI0 KOPPEASIIHIO C YBEAHYEHHEM IIoKasa-
Tead SFR mocae omuoro ceauca AT,

B pabGorax BobrviaeBa [.A. 1 coaBT. CHa-
Jasa OIpeNeAsdACs YdacTOK C Hauboabllei
IIAOTHOCTBIO C IIOMOIIBIO KOCTHOTO OKHa, KOTO-
prlit Beineadacd B ROI nipu ycaoBum, 4TO Ccpen-
Hee KBaJpaTHYHOE OTKAOHEHHE B 3TOY 30HE He
npesbiraer 5015 HU. OTo ykaspiBaao Ha BEBI-
COKYIO OJHOPOOHOCTBL ydacTKa. 3aTeM pacCiu-
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TBIBAAOCH COOTHOIIIEHHUE TIAOIIAIU OTHOPOIHOTO
ydqacTka K OOIe#l IAOIIAaau KOHKpPEMEHTa B
OPOIIEHTAX, YTO CAYXKHAO IIOKA3aTEAEM «OHO-
poaHocTH» KOHKpeMeHTa [10,18].

[ToMmuMo mapaMeTpoB HEIIOCPEACTBEHHO
caMoro KOHKPEMEHTA, P HCCAEIOBAHHHN 00-
paiaeT BHUMaHUE Ha COITyTCTBYIOIIHUE JOCTYII-
Hble K KT-oIleHKe aHTpOIIOMEeTpHUYecKHe Hapa-
METpPhI, B T.4. PACCTOSHHE OT KOXKHU /0 KaMHS
(skin-to-stone distance, SSD). Eme B 2005 r.
Pareek G u coaBT. yCTAHOBHAM, YTO PACCTOSTHIE
0 KOHKpeMeHTa cBbIlle 10 MM SIBASETCS TIpe-
JMUKTOPOM CHUKEHUS 3PPEKTUBHOCTH METOIM-
KU AUCTAaHIIMOHHOU amroTpurncuu [19]. Ilo gan-
veiM Wiesenthal J.D. u coaBrt. (2010) paccrog-
HUE OT KOXHU [0 KamMHg boaee 110 MM ObIAO
yOeqUTEABHBIM HETATUBHBIM (PAKTOPOM, BAHSI-
IOIIIUM Ha YCIEITHOCTb AedeHusd metomom AT

IMens uccinemoBanus.

OneHUTb BO3MOXKHOCTE IIPOTHO3UPOBAHUSI
PELMANBHOTO KaMHeOOpa30oBaHUs y ITAIUEHTOB
IIOCA€ OUCTAHIIMOHHOM AUTOTPUIICUHU, YIUTHIBAS
IOKa3aTeAl KOHKPEMEHTOB, OIIEHUBAEMbIE IIO
OAHHBIM ~MYABTHUCIIUPAABHOM  KOMIIBIOTEPHOMH
ToMOrpadpry, a TakKe aHATOMUYECKHEe O0COOEH-
HOCTH YalIeYHO-AOXaHOYHOM CUCTEMEBI II0YEK.

Marepuansl u MmeTOqBI.

Y 47 (100%) OOABHBIX, Cpegu HUX 25
(53,2%) myzxumH u 22 (46,8%) >KEHIIIUH, IIO0CAE
AT B TIpo- U PETPOCHEKTUBHOM HCCAEIOBA-
HUH, IIPOBEAeHAa OIleHKa PEeIUAWBHOIO KaMHe-
obpaszoBaHug. Bcem mnaimeHTaM IIPOBOAHAACH
MYABTHCIIMPAAbHAsT KOMIIBIOTEpPHAsS ToMOrpa-
husa Ha KOMITBIOTE PHOM Tomorpade
AquilionOne 640 (Canon, dAmonus). B mocae-
OIIEPAIlMOHHOM IMIE€PUOAE [OAT OeTaAU3allUU U

[20].

OKOHYAaTEABHOT'O YCTaHOBACHUA CbI/I?:I/IKO-

Puc. 3 (Fig. 3)

Puc. 4 (Fig. 4)

Puc.3. MCKT no4yek, aKkCUAAbHASA MAOCKOCTb.

[Ipumep M3MEPEHUS PACCTOAHUA OT KOHKPEMEHTA [0
IIOBEPXHOCTH KOXKH (stone-skin-distance) mox pas-
AWYHBIMH YTAOBBIMHU TpaekTopuaMu (0o, 450 u 900).
PaccrosHre or KOHKpeMeHTa mno Koxu (SSD) 87,3
MM. B cpenHeil rpymie damledeK A€BOM ITOYKH OIIpe-
[EeAdeTcs HENPABUABHOM (DOPMBI KOHKPEMEHT, pas-
Mepamu 6x8x8 MM, cpemHed mAoTHOCTHIO +875 HU
(SD 262 HU), MaKCHMAaABHOM ITAOTHOCTBIO 10 +1206
HU.

Fig. 3. MSCT of the kidneys, axial plane.

An example of measuring the distance from the cal-
culus to the skin surface (stone-to-skin distance)
under different angular trajectories (0o, 450 u 900).
The distance from the calculus to the skin (SSD) is
87.3 mm.

In the middle group of the left kidney calyces, an ir-
regularly shaped calculus is determined, measuring
6x8x8 mm, with an average density of +875 HU (SD
262 HU), and a maximum density of up to +1206
HU.

Puc. 4. MCKT 4awe4yHO-AOXOHO4YHOM CUCTEeMbl Npa-
BOM NOYKU, KOPUBOAMHEMNHAS PEKOHCTPYKLLMS.

A — u3mepeHHe OAWHEI IIefiku yamedku (IL), B — u3mepe-
HUe MUPUHBI melky yarredku (IW), C — u3mepeHue mieed-
HO-AOXaHOYHOTOo yraa (IPA).

Fig. 4. MSCT of the renal pelvis and calyces sys