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RADIOLOGY OF THE ORB' AL WALL FRACTURESND ITS ROLE
IN THE FORENSIC MEDIAL EXAMINATION OF UVING PERSONS

Me dv edev a2 Srov®N.S.L, Paviova O.Yu. 1, Gridaso va I.S.1

1 - .M. Sechenov First Moscow State Medical University (Sechenov University). Russia, Moscow.
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urpose. To determine the possibilities of radiological diagnostics in detailing the connection
of fracture lines of the orbital walls to the skull cap and base during the forensic medical
examination of living persons. To demonstrate the depe ndence of determining the severity of
harm to health on a detailed radiological interpretation of fractures of the orbital walls with
indication of anatomical landmarks of the facial skeleton in victims with traumatic brain injury and
involvement of the et hmoidal, sphenoid and frontal bones.
Materials and methods. The study included case materials, medical histories, data from ra-
diology methods of 68 victims (n=68, 100%) who underwent a forensic medical examination proce-
dure for bone -traumatic changes of the orbital walls involving the ethmoidal, sphenoid and frontal
bones at the Bureau of Forensic Medicine of the Department of Health of the City of Moscow. The
average age of the group (n=68, 100%) was 35.5 years. There were of 7 boys (n=7; 10.3%), 2 girl S
(n=2; 2.9%), 19 women (n=28; %), 40 men (n=40; 59%). As part of the commission examination a ra-
diologist was involved who had to answer the question of a forensic medical expert about the pres-
ence of fracture lines of the orbital walls and their connecti on to the skull cap and/or base of the
skull, during the analysis of the MSCT in the framework of a forensic medical examination. All the
examinees underwent computed tomography and radiography of the skull bones in order to clarify
the distribution of fra  cture lines to the skull cap and base of the skull.
Results. According to the primary documentation, in 65 people (n=65; 95.6%), it was not pos-
sible to reliably come to a conclusion about the degree of harm to health, since the primary conclu-
sion of the r adiologist lacked anatomical detail of the course of the fracture line along the facial skel-
eton and/or along the skull cap and base. Using an algorithm of the radiological interpretation with
separation to the facial skeleton and the skull base/cap when t he fractures of the orbits involved
ethmoidal, sphenoid and frontal bones, it was possible to differentiate severe and moderate harm to
health in 97% of cases during forensic medical examination of living persons.
Discussion. In the legal and judicial pra ctice of the Russian Federation, serious harm to
health implies criminal liability and a criminal record. In our work, we have demonstrated how ana-
tomical detailing of the course of fractures of the frontal, wedge -shaped and latticed bones with a list
of the surfaces, walls and structures involved can affect the subsequent life and health of those in-
volved, and at the moment the great responsibility lies precisely on the shoulders of radiologists.
When conducting a forensic medical examination of living per sons, in order to determine the severity
of bodily injuries, it is necessary to rely not only on medical criteria for determining the severity of
harm, but also on the relevant branches of medicine, primarily on normal and topographic anatomy.
Conclusion.  The results of our work demonstrated the capabilities of MSCT in detailing the
course of the fracture line of the orbital walls in the area of anatomical surfaces of ethmoidal, sphe-
noid and frontal bones. It is necessary to use an algorithm of radiolog ical interpretation with ade -
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tailed display in the protocol all the anatomical structures of the ethmoidal, sphenoid and frontal
bones in order to ifferentiate isolated fractures of the facial skeleton and their spread to the skull cap
and/or base, sin ce the qualification of the degree of harm to health directly depends on the involve-
ment of the skull cap and/or base considering fractures of the orbital walls.

Keywords: fractures of the orbital walls, forensic medical examination, skull bones, traumati c
brain injury, fractures of the skull cap and/or base, traumatic brain injury, forensic medical exami-
nation of living persons.
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Fig. 1.

a 0 MSCT, facial skeleton, axial slice, bone window mode. Isolated fracture of the medial orbital wall - the or-
bital plate of the ethmo id bone (circled). The part of the ethmoid bone related to the facial skeleton is high-
lighted in green; the part of the sphenoid bone related to the skull base (body) is highlighted in red.

b 6 MSCT, facial skeleton, coronal slice, bone window mode. Isol ated fracture of the medial orbital wall - the
orbital plate of the ethmoid bone (arrow). The part of the ethmoid bone related to the facial skeleton (orbital
plate) is highlighted in green; the part of the ethmoid bone related to the skull base (crista ga lli and cribriform

plate) and the small wings of the sphenoid bone are highlighted in red.

¢ 0 diagram, skull, sagittal section. Bones related to the facial skeleton (anterior and lower walls of the frontal
sinus, nasal bone) are highlighted in green; bo nes related to the base of the skull are highlighted in red (cris-
ta galli and cribriform plate of the ethmoid bone, posterior wall of the frontal sinus); the bones belonging to

the base of skull are highlighted in blue.

d & diagram, ethmoid bone. The par t of the ethmoid bone related to the facial skeleton (ethmoid bone cells
and orbital plates) is highlighted in green; the part of the ethmoid bone related to the skull base (crista galli
and cribriform plate of the ethmoid bone) is highlighted in red.

¢ 9 ®R Fig.2R) ¢ o Rf Fig.2b) ¢oRY Fig.23)

¢ 9o 3. 2.
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Fig. 2.

a 0 MSCT, facial skeleto n, sagittal slice, bone window mode. Study without bone -traumatic changes. The part
of the frontal bone related to the facial skeleton (the anterior and lower walls of the frontal sinus) is highlight-

ed in green; the bones of the skull base (posterior wall of the frontal sinus) are highlighted in red; the bones

of the skull base are highlighted in blue.

b 0 MSCT, facial skeleton, sagittal slice, bone window mode. Bone -traumatic changes in the part of the
frontal bone related to the facial skeleton (green a rrows) 0 the anterior and lower walls of the frontal sinus.

¢ 0 MSCT, facial skeleton, sagittal slice, bone window mode. Bone -traumatic changes in the part of the frontal
bone related to the facial skeleton d the anterior and lower walls of the frontal s inus (green arrow), and the
part of the bone related to the skull base 0 the posterior wall of the frontal sinus (red arrow).
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Fig. 3.

a 0 MSCT, facial skeleton , sagittal slice, bone window mode. Bone-traumatic changes of the upper orbital
wall, formed by the orbital surf ~ ace of the frontal bone, related to the skull base (red arrow). The part of the
frontal bone related to the facial skeleton (the anterior and lower walls of the frontal sinus) is highlighted in

green; bones related to the skull base (posterior wall of the frontal sinus, orbital surface of the frontal bone)
are highlighted in red; the bones of the skull base are highlighted in blue.

b 6 MSCT, facial skeleton, coronal slice, bone window mode. Bone -traumatic changes of the upper orbital
wall, formed by the or bital surface of the frontal bone, related to the skull base (red circle). The bones of the
skull base are highlighted in red.
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Fig. 4.
a & MSCT, facial skeleton, axial slice, bone window mode. There are bone -traumatic changes of the left lateral
orbital wall related to the bones of the facial skeleton, fracture along the sphenoid -zygomatic suture (green

circle). The part of the bon e related to the facial skeleton (zygomatic bone) is highlighted in green; the bone
related to the skull base (sphenoid bone) is highlighted in red; the bones of the skull base are highlighted in
blue.

b & MSCT, facial skeleton, coronal section, bone wind ow mode. There are bone -traumatic changes of the left
lateral orbital wall related to the bones of the facial skeleton, fracture along the sphenoid -zygomatic suture
(green circle). The part of the bone related to the facial skeleton (zygomatic bone) is hig hlighted in green.

¢ 0 diagram, skull, axial slice. The part of the zygomatic bone that belongs to the facial skeleton is highlighted
in green; the sphenoid bone, which belongs to the base of the skull is highlighted in red; the orbital surface of
the sp henoid bone is highlighted in blue; the pink arrow is the sphenoid -zygomatic suture.
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Fig. 5.

a 0 MSCT, facial skeleton, axial slice, bone window mode. There are bone

docaYas 3dadasg, Rd3oRdi afhe

3808do2 e€3RYase

part of the right orbital lateral wall and in the area of the sphenoid

-zygomatic suture, related to the

33a0b-g3R¥pReoygea3zdaeay
23 F39)Hd Y avy oo r WRR, 6

-traumatic changes in the anterior

bones of

the facial skull (green color, green circle). There are bone -traumatic changes in the posterior part of the right
orbital lateral wall in the area of the greater wing of the sphenoid bone with the extension of the fracture line

to the orbital and

medullary surfaces related to the skull base (red color, red circle).

b & MSCT, facial skeleton, coronal slice, bone window mode. There are bone

-traumatic changes of the right

orbital lateral wall related to the bones of the facial skeleton (green, green arrows). There are bone -traumatic
changes of the right lateral orbital wall, involving the orbital and medullary surfaces of the sphenoid bone,
related to the skull base (red, red arrow).

¢ 0 3Ff Fig.6b)

¢ 0 36.Y Fig. 63)

¢ 0 36y Fig. 6 e)

¢ 2 36y Fig. 6d)
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Fig. 6.

a 0 MSCT, facial skeleton, axial slice, bone window mode. There are bone -traumatic changes of the pterygoid
processes of the sphenoid bone (green, green circles), not related to the skull base.

b 8 MSCT, facial skeleton, coronal slice, bone window mode. There are bone -traumatic changes of the ptery-
goid processes of the sphenoid bone (green, green circles), not related to the skull base. The surface of the
body of the sphenoid bone, which belongs to the skull base is highlighted in red.

¢ 0 diagram , sphenoid bone, frontal view, the orbital surface of the greater wing of the sphenoid bone is high-
lighted in purple.
d o diagram, sphenoid bone, lateral view, the orbital surface of the greater wing of the sphenoid bone is high-
lighted in purple.

d 0 diagr am, sphenoid bone, posterior view from the base, the medullary surface of the greater wing of the
sphenoid bone is highlighted in pink, the crista galli of the ethmoid bone is highlighted in orange.
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DIAGNOSTIC SIGNIFICANCE OF COMPUTED TOM@GRAPHY IN COMPREHENKE
EVALUATION OF CORONARY ARTERIES AND RERSIBLE MYOCARDIALSCHEMIA
IN PATIENTS WITH CHH PAIN

Balahonova A.A. 1, Veselova T.N. 1, Sukhinina T.S?, Arutunyan G.K. 1, Shitov V.N.1,
Merkulova I.N. 1, Ternovoy S.K.12

1 & E.l. Chazov National Medical Research Centre of Cardiology.
2 & Sechenov Uni versity. Moscow, Russia.

urpose. To study the diagnostic significance of computed tomography coronary angiography
(CTA) with myocardial perfusion evaluation in examination and treatment patients with

chest pain in comparison with data of stress -echocard iography (SE) and invasive fractional
flow reserve (FFR).
Materials and methods. A total of 120 patients with chest pain were included in the trial.
Standard clinical and instrumental care was followed by CTA on 640 -slices computed tomography. If
CTA deter mined moderate coronary artery stenoses (50 -85%), stress -CTA with transesophageal atrial
pacing (TEP) was carried out. Reversible myocardial ischemia was visually assessed in comparison
with data CTA on rest and during TEP (CTA rest/stress). Results of CTA rest/stress were compared
with exercise SE. As a ¢gold standardé the invasive me
functional significance of coronary artery stenosis.
Results. CTA excluded obstructive coronary artery disease in 29,5% patients. Se vere lesion of

coronary tree was detected in 7,1% patients. CTA with rest/stress protocol was performed in 60 pa-
tients with stenosis 50 -85%. Sensitivity, specificity, positive predictive value and negative predictive
value when compared wébh5BFRI®OOSH, webse0% o2 75, 0%. A go

CTA rest/stress and SE in identifying reversible myoc.
was 0.7.
Discussion. CTA allows to exclude obstructive coronary artery disease (CAD) with high accura-
cy and avoid unnecessary invasive procedure. When moderate stenosis (50 -85%) of coronary arteries
are determined, it is necessary to identify their functional significance. CTA with rest/stress protocol
allows to define the reversible ischemia and indications for myocardial revascularization.

Conclusion. Heart CT with evaluation of coronary arteries and reversible myocardial ischemia
assessment during one test gives an opportunity to evaluate anatomical and functional significance
of CAD in patients with ches t pain.

Keywords: computed tomography coronary angiography (CTA), moderate stenosis, CTA
rest/stress, transesophageal atrial pacing (TEP), fractional flow reserve (FFR).

Corresponding author:  Balahonova A.A., e -mail: lyutovaanastasya@yandex.ru

For cita tion: Balahonova A.A., Veselova T.N., Sukhinina T.S., Arutunyan G.K., Shitov V.N., Merku-
lova I.N., Ternovoy S.K . Diagnostic significance of computed tomography in comprehensive evaluation
of coronary arteries and reversible myocardial ischemia in patients with chest pain . REJR 2024,
14(2):19-30. DOI: 10.21569/2222 -7415-2024 -14-2-19-30.

Received : 14.05.24 Accepted : 05.06.24

www.rejr.ru| REJR. 202; 14 (2):19-30  DOI: 10.21569/22274152024-14-2-19-30 20


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

YasoyaszxdRt raodaboi &GSEGQRQG((Jla&iRﬂshaeoaeh.
bRoo0sRaoaae doevos3j1IyjiI ceoboGouazratiaeaYRoa0a Yddiyaasah 1

383} 0dB8}) 30 €302YyY029 3950366 agfadBosd Y y¥3)ed, dagas3f

eoy=s®3) e02368A0(g bRfr oaVRdHI® oYRofh Y asead saasdapnaad

¢a3300 apayaeaRt 35036883 cCimphpet 29. Rqd. 0. 1] . B
Lot 3a32eRYdtae 27%, €30yoasbvsRR¥BdIfa®3)®O-
e 3afr ooy daR3adaaot €300goeygR3tea3H6D%. oaR+rdieasot Y3a
pasRdaYRpDOB® 828 dRde, yga ca3wpxdoyY cada¥RaeR3easaad - d
3d) YRaY bRfrada¥YRaoa a368RA63% 3 ®a) 930R3ceR=b soRbame & Y Ro 0 a, d e
ahs ¥YYoe)] Rgoecoyoseops dqdoosoyldsadepygRId&3 Fo afpr t apaeaa¥Yoafa
2do robradaoYae 92ddB3eR [ 1Poy@gs@&doa 2 f¥o2agoso2yas3xdoa RarF
G30f ) aa 32Y03Y0093@8YaYRo0t gada pBa3dkRa o@Ra3-aveadaasada ] 38Yc¢
ahg eoRy9a3680Yy03dog Rdy o3 23633Y0W,a dé¢ ab¥adie3 ac 908 R) , L d
I1Yysg 3Ya2a¥3avsas9a YAHtYogi Ry ofjo¥&®ppajgot o, ?Padesas3zay¥Ys

Yaa¥Y3a9t aRbaRyogi daoyaaos2a. 3aYRao2a |1t 0, 3096Y 00 oy Rg-01
toseci16a30Rt B8asay3RJOy wmeERiddRimsydowa- ORdaa Y eayasada
y3Rdot (+70) deos3aoR30fQg Rimom:seoRr wavdadoomBdobRco0 Yheoadasd
tddadeoYoaoaRdIVODy) 1 yaeg oso0ca>ra>gdBeohg R3ca326.
desg a3 Rt 202aYRboYsaa 3 Yhzzode® saydewva¥Rooa oaa YddIiyRd
ceabYadtae ae3arvadoegi 3eacaadif) eo3RPWEVA3INarasahs o36830H9
3aaR39aya> 3)3dR. Zo 33RYouaxmmae3zeosdysg dc3oeea-a-4dH3 oo a8Rdi
aRdi afoo aRy3) bayahoao 6 a0 3 Ry 1IR3 3Ra- aaec3a03hHY0 30G:
>Fafr 9 R 23ddIyoai 2f 363} deo¥ah@aejdeoRxO®R3B08adR3LID, ds}
oahe Reas3ezxdqdaszab 3 fadoa YhdBgegeoxzzmxyadRaeR ([ d) Y Re
380ya3dese GOoovsazxxBiI a6832Gc6Reaodbasyadaszdbpgddag da3aoR308f
8 ReR. K3}, 8636Y0a boRyoosayadsRyxRm®mso¥hrdgae-aR (7 0) daya)
32oR30hg R36a306 t£o vRooho (4 7P OIRMWedtewmssas Rcoas desasaR
a8 dRbRagi &t 28 ¢€3aYaeaaot )PFRRaX¥o % HBEBRoo0bDR, 90eRY®B8 ¢
aR3aRayosay3RdJOO (s 0o0) . Z3dt 6 Y 68 oyeznyz-adee@oaR)39e hpa3Yee a Y Re a d
ddosoyaades dqR3sosa 70 cose¥yRaa (ERION0,Gi cayayosas aaea
gtnadoaaoa caomBRbOb@dPBOR3Ivaya> 3) RdHaofpBme oR caeszrarvras3npRyosa ¢
aabh osRyo3zea3Rdiofhg + 0O >85%3 s o wad®3)6isic.as ab
e YadR da¥Yae da3a>aR3 926 R3cmaaoi 1 pnB ORYt Ba9ay3RdJoOya:
>70%) o9 o8Re3RYOGH BRdog eRyos2apsBFobRJIezad»OR30Ag R3g80309
Yoreaoaoa O9aYRboYoeaya YoarReadd dgs RO valdaadRIze R.
Yaoeot YoeeszaszR o 3aYRa3d) dt3obRicHO cdwseadRR3ohg R3sa326 YH
eR. Aot ayda> Yo009Ra80IEcOR>OU)BHMNO-FRUB Y S daeeb1iemasay 3R
dea3aoR3o0flg R3603026 330eadec( Aguiclbibon YH4ER; Canon, qea99
Dad9a36823835050 ?a3arYe ObYaszxfps, YYWaeea 80 a9 da983R3>Boay o
a9 abfh Yedaagi ea 90% e63c0f3gdqoes3adzeraicrabfaoedt 3 €30 3083 3:¢
djadecoaaRdi oo boRyo298380, vBdbodgayadl EBR®3 0. OaRdob deo
Yaet e oaRy3)bayoaha e€3affh [2803 RKeovdRDME3IVeb-fr adaa 1,5 99
sanahg YR30RogaY oRy3) bayosaRae 3eRissyRosct Y&dBRaGOO Vitrea
ae 3t7 O Yheadoaoaosoa Rt cea> ec3bmaded) ®iaAnet onka, Mi nneso
deec/ 3683033 (870 ecoades/ 363 cax)i,boRamadyts it ¥6 o o6 seeadd
3RoadRg @aervoeaya 29233daeraYRoItoRsmkWeed1isge dRf-

t Yogi €e3agaet yy)I 20901 Y Dbo®300 (:easYo63868 YO0 33808 a682Yyd0
9Rfpnaaot rxvkBR®o o6 do3 >onRmwawIte a3 a>aR30flg R3ea326 >5(
R3ea3209. 950ya3do baRyosfhe das3sa>oaR3afe
20di o933daeaYRaot. 3ab fhd o3ddIiyas.
L by yoesi eORyo9a380yQ3d)1I b OR yso oyt g Yht Ydasot , 3800

5 70 dadRNR390hg R38a3906¢6 Y soyamBROoa0t33eYadR |10 >70% o«
>2c09dae €a3d)bhboo s2adR3eR ¥3oad3rdaRdiY®RHQO 33ay90a868aY Y3za
b dayaaood eRGoa09868aY 3 frodbkeaREi oysg) eR3 g o6 >80% €& RGO
33RY209801 3 3ab) di eReRaodot do3sig300R>3€ 3 aYareaaoad 28YRDHOY
tLgadR3eoay3RJooga(t093033eRoofhosdado eca eRooahs t7T0 frhdo
29YRbOoOYooa oObosas3sasseayes (J3RGgeaFRedHoyeswaaabh doszaxaR3afhg R
ba3s¥YR d3aYasoadR (z7¢t). 906 3680c022 YHh3RBBH &P o3&rd) e 8¢

atdo ¥Yeas3}1 dJRb) OdxedamBOYRo o

[www.rejr.ru| REJR. 202; 14 (2):19-30  DOI: 10.21569/22274152024-14-2-19-30 21


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

ATponHHA cyAbdaT
ApH HEOBXOAHMOCTH

————

KTA 20-30 Muu YIISC B KTA
(haza nokos TedeHue 6 MHH dhaza cTpecca
CTA rest 20-30 min TEP 6 min CTA stress

MouuTopuHr 12-kaHaapHoi IKT, AJl / Monotoring 12-ECG, BP

¢ 2 3 .Figll) (

¢23. tlgasR e£3aYaeraaot 170 e e3a6adoady, cados/ 36303

t ¥T@doesci1sa3zaRt eoeseay3aRdJoyasdRt Rag2eygRFaoboaRBCZ| Hadae 3 g
Got; PudadesadR3esB@sRBdens; o Rdi saa eRYdaaoa.

Fig. 1. Scheme of CTA with rest/stress protocol.

CTA & computed tomography angiography; TEP & transesophageal pacing; ECG 0 electrocardiography; BP &
blood pressure.
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Fig. 2. CTA rest/stress in patient with inferior Ml and LAD borderline stenosis
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Fig. 4. CTArest/stressand ICA with FFRmesuarement . Patient B. 55 years old, suffering from angina
pectoris 2d functional class and borderline stenosis of LAD.

4 a 0 Rest phase. Multip lanar reconstruction of LAD. A calcified plaque with 70% LAD stenosis is determined (arrow); 4 b o]
Rest phase. Three -dimensional heart reconstruction. A calcified plaque in LAD is determined (arrow); 4 ¢ & Rest phase.
Three -dimensional heart reconstruction combined with a polar map. There was a non -significance perfusion defect of an-
terolateral wall and apex of LV (area of green -orange color); 4 d 0 Stress phase. Three -dimensional heart reconstruction,
combined with a polar map. Major perfusion defect of an terolateral wall and apex of LV is determined (area of red -orange
color). Stress -test for identifying reversible myocardial ischemia in the area of LAD is positive. 4 e 0 Coronary angiography
of LAD. 70% stenosis of LAD is determined (arrow); 4 f 0 The curves of pressure in ascending aorta and in the place distal

to the stenosis of LAD. FFR is 0.73, which verified the functional significance of stenosis. Patient underwent PCI LAD.

CTA 0 computed tomography angiography; ICA d Invasive coronary angiography ; FFR 0 fractional flow reserve; LAD 0 left
anterior descending artery; LV 0 left ventricle; PCl 0 percutaneous coronary intervention.
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DUAL-ENERGY CARDIACCOMPUTED TOMOGRAHY /A AN ALTERNATIVE IMGING
METHOD OF THE LEFEXTRICLE STRUCTURANOMALY

Dariy O.IY.1, Aslanidis I.P.1, Rychina LE1, Semenov D.S?, Yurpolskaya LA.1,
Aleksandrova S.A. 1, Dorofeev A.V. 1

1 - Bakoulev National Medical Research Center for Cardiovascular Surgery.
2 - Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies of the Mosco w Health Care Department. Moscow,
Russia.

he study of myocardial fibrotic remodeling markers determines the growing interest of non -
invasive cardiac imaging.
Purpose. To provide the reliability data of CT measurement of ECV by employing MRI T1
mapping as a gold standard.
Materials and methods. The study included 3 patients groups (n=17) mid.ages 56: with HCM
(n=28, 47 %) , 3 I HD (n=5, 29%) and myocarditis (n=4, 24 Y
ventricular myocardium was measured both by D ECT and by MRI in 204 segments (102 segments in
DECT+ 102 segments in MRI x 17).
Results. DECT/ECV values data were overestimated by an average of 13,6% compared to

ECV/ MRI : average ECV/ DECT value over 102 segments was
segments 26.6% N 2 .02%, with no statistic -Atmanfaealyenc e
sis of the agreement between DECT and MRI showed only
agreement of 3.49% to 2.73%. Interobserver agreement was excellen t (ICC = 0.89). Were found the

differences in groups of patients with HCM (r=0.78, p<0.001), IHD (r=0.89, p<0.001) and myocarditis
(r=0.9, p<0.001). Correlation were close with ECV/DECT and LVEDV/DECT (r=0.37, p=0.13), and
with LVEF/DECT (r=  -0.21, p=0.4).

Conclusions. DECT could provide accurate myocardial ECV measurements and might be a
useful approach for the clinical assessment of cardiac diseases.

Keywords: dual -energy computed tomography, extracellular volume fraction, ECV, myocardial
fibrosis, io dine method, cardiac magnetic resonance imaging.
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Comparison of ECV at 17 patients in 6 myocardial segments be DECT and MRI.
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The mean ECV values on DECT and MRI at all patients.

ICC = 0,87
12
10 ° +1,96 SD
O o= on o om em e e e ) ) e e e e e e e e e e e e e e e e e e - ®
e ® ® o 0 [ ] L ]
s 6 L 4 L]
o ® o e o o ee o .
oy ®
H » b d
2 o & o ¢ o 0 L J ® @ L ] L]
% ® ° o ® Mean 3.49
g o0 . e o e 186
g R A /)| R S || NS - S, < | NP
-4 ° ® -1.96 SD
-6 L
-8

Cpensnee 3naueHne ECV, %

¢ 29 3 .Fig44d) (

¢o3t O RysRR

OcsRy3Rssfh &HiRxsMeoR: cadRbRaR YhH3adRt 3saydRszaYRooa3agi
baRyasot ECV sasaeadRsas OjtF¥ o g7,

Fig. 4. Diagram .

Bland -Altman plots showing intra  -class variability of DECT and MRI.
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Fig. 5. Diagrams .

Correlation of ECV results on DECT and MRI: a 0 patient group with myocardial fibrosis non -ischemic gene-
sis, b 0 patient group with myocardial fibrosis ischemic genesis.
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FEATURES OF PREOPER¥E MARKING AND NAVIGATION DURING VACUUM
ASPIRATION BIOPSY OBREAST MASSES UNDHRIE ULTRASOUND CONROL

Maruchak E.A. 12, Levanow A.V. 1, Zubareva E.A. 2, Gorsky V.A. 12, Glushkov P.S.1

1 - Petrovsky Nation al Research Centre of Surgery.
2 - Pirogov Russian National Research Medical University. Moscow, Russia

he increase in the incidence of breast cancer (BC), as well as the development and wide-
spread introduction of new minimally invasive diagnostic and therapeutic technologies into
surgical practice has led to attempts to more widely explorations of the possibilities of vac-
uum aspiration biopsy (VAB). Some authors have proposed many different options for per-
forming VAB, however, currently relevant issue s in this area of interventional minimally invasive
mammology are the development of a methodology for preoperative marking and ultrasound naviga-
tion aimed at expanding the capabilities and improving the effectiveness and safety of the technique.
Purpose. Development of a technique for preoperative marking and intraoperative navigation
under the ultrasound control in case of VAB breast neoplasms.
Materials and methods. The article presents the experience of performing more than 1600
VAB for diagnostic and  therapeutic purposes, performed in 882 patients with single and multiple
breast masses under the supervision of ultrasound examination. Indications for interventions were
determined by an oncologist based on the results of instrumental diagnostic methods w ith cancer
risk stratification according to the Breast Imaging Reporting and Data System (Bl -RADS) scale, as
well as anamnesis, complaints and laboratory data. All patients underwent morphological verifica-
tion (fine needle aspiration biopsy or core -biopsy) of the tumors to be removed before the VAB for
therapeutic purposes at the preoperative stage, and on the day of surgery, marking of the insertion
points of a robotic needle probe according to the proposed scheme.
Results. The article describes in detail and illustrates with drawings and echograms the tech-
nigue of preoperative marking of the insertion points of a robotic needle probe for the removal of sin-
gle and multiple breast tumors. The algorithm and technical features of intraoperative ultrasound
navi gation at all stages of the VAB are described, aimed at preventing complications and expanding
the capabilities of the technique. Ultrasonic criteria of anesthesia technique, control of insertion and
stroke of a robotic needle, hemostasis using laser inter stitial coagulation are presented. The number
of simultaneously removed formations in patients ranged from 1 to 8 in one breast. The size of the
formations reached 56 mm.
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Discussion. A fundamentally important point for the successful implementation of th e VAB is
to determine the optimal insertion points of a robotic needle probe, which allows resection of several
neoplasms from a single puncture. In addition to real -time ultrasound monitoring; intraoperative
navigation is facilitated by the presence of a cutaneous mark in the area of the removed mass. Local
anesthesia, in addition to the main task, plays the role of hydropreparation, makes the stage of in-
sertion of a robotic needle safe and serves as a prevention of injury to the skin and muscles. An ef-
fective way to prevent hemorrhagic complications is to perform laser interstitial coagulation. Compli-
ance with the principles of marking the optimal insertion points of the robotic needle, as well as ul-
trasound navigation during the implementation of the VAB, allowed to avoid such complications as
skin injury, muscle injury, perforation of the chest wall, wound suppuration and also minimize hem-
orrhagic complications. Residual mass tissue after VAB resection was found in 12 patients (1,3% or
0,75% of the number  of tumors removed).

Conclusion. If the preoperative marking of the entry points of the robotic needle and the prin-
ciples of ultrasound navigation are followed, the VAB is an alternative to "open" surgical interven-
tions on the breast. Ultrasound examinatio n is an affordable, simple and highly informative imaging
method at all stages of the VAB. Ultrasound allows to monitor anesthesia, insertion of a robotic nee-
dle, the resection process itself, the adequacy of haemostasis, as well as an assessment of the re sec-
tion zone for complete removal of neoplasm tissue.

Keywords: needle aspiration biopsy, breast, ultrasound diagnostic, VAB, vacuum aspiration bi-
opsy, Bl -RADS, fibroadenoma, breast cancer, ultrasound navigation, marking, intracurrent papillo-
ma.
Corresp onding author:  Maruchak E.A ., a-mail: e.marushchak@mail.ru
For citation: Maruchak E.A., Levanow A.V., Zubareva E.A., Gorsky V.A., Glushkov P.S . Features
of preoperative marking and navigation during vacuum aspiration biopsy of breast masses under the
ultrasound control . REJR 2024; 14( 2):43-56. DOI: 10.21569/2222 -7415 -2024 -14-2-43-56.
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Fig. 1. The scheme of entry points marking of the robotic needle (the drawings were created by the
author Maruschak E.A.).

a 0 typical insertion points of a robotic probe needle (marked with numbers).
b & reorientation of the needle when removing several adjac ent masses (B) from one insertion point (A).

¢ d an example of cutaneous marking before removing 5 masses (the length is marked with lines) located in
different quadrants from 3 needle  -probe insertion points (marked with dots).
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Fig. 2. The scheme of anesthesia and positioning of the robotic needle (the drawings were created
by the author Maruschak E.A.).

a, b & the course of the needle during anesthesia according to the type of "ring" around the removed mass.

3 0 the distance fro m the skin (A) and muscle (B) to the removed mass, safe for insertion of a robotic needle. A
and B = at least 1 cm.

d 0 the position of the robotic needle. A d the layer of healthy tissue before mass is removed.
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Fig. 3. Echograms demonstrating the hydropreparation of the removed mass from the skin and
muscles.

a 0 the location of the removed mass in relation to the skin, b 0 the muscle 0 before the hydropreparation (ar-
rows).

c 0 the location of the removed mass in relation to the skin, d 0 muscle 0 after hydropreparation  (arrows).
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Fig. 4. Echograms demonstrating the insertion and operation of a robotic needle.

a 0 a robotic needle is inserted with a small layer of healthy tissue under the mass (arrow).
b & location of mass suction by vacuum into the cutting aperture of the robotic needle (arrow).

¢ 0 removal of mass fragments (reduction of tissue in size, arrow).

d 8 the mass is completely removed, breast tissue with elements of previous ly performed hydrotreating is lo-
cated above the robotic needle (arrow).
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Fig. 5. Echograms showing hemostasis in the VAB area.

a 0 breast tissue in the area of removed mass (arrow).

b 9 the effect of cavitation/evaporation of liquid at the moment of laser operation (hyperechoic bands, arrow).

30 the end of laser coagula tion, the liquid has evaporated, hyperechoic bands are reduced (arrow).

d O breast tissue after laser coagulation (arrow).
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Fig. 6. Photos. Breasts aft er removing the elastic bandage.

a 0 immediately after removing the 6  -hour elastic compression.

b 0 3rd day of the postoperative period.
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urpose. To obtain the information about lung function in humans with octafluorocyclobu-

tane (C 4Fg, OFCB) using °F MRl at1.5T.

Materials and methods. We carried out this work on a laboratory bench with a 1.5 T mag-

net and open source software. The resonant frequency of the conventional 1H RF coils
(~63.8 MHz) has been retuned to the resonant frequency of 19F (~60 MHz). To minimize the consump-
tion of fluorinated gas, a gas mixture installation was designed and tested on one healthy volunteer.
Two methods for assessing pulmonary function were implemented: wash -infwash -out dynamics and
single -breath imagi ng. The wash -in/wash -out dynamics technique was implemented using short
breaths of the gas mixture (70% OFCB and 30% O2) and then air, respectively. The single -breath
imaging was realized on one prolonged inhalation and exhalation of the gas mixture.

Resul ts. The ¢-maps (effective time maps) and FV  -maps (fractional ventilation maps) of the

lungs were constructed. The FV values of the lungs were calculated: FV wash-n= 0.30 N 0..06

= 0.34 N 0. 06 -if&ndsingle hbeeatwraethhd, respective ly); FVwashoa = 0. 35 N 0.

FVep= 0. 45 N 0. 06 -outfamdrsingte h-breath anstitod, respectively).

Discussion.  This work builds on our previous work that assessed lung function with OFCB us-
ing °F MRI at 0.5 T. In this paper, we implemented t he 19F MRI studies for the assessment of pul-
monary function on a 1.5 T MRI scanner. We solved the problem of retuning the RF coils to the 1F
resonant frequency and developed a gas delivery system that can be used repeatedly for different pa-
tients 0 just r eplace the nozzle to inhale/exhale the gas mixture. We showed that the FV values cal-
culated for a healthy volunteer are standard and were obtained previously using another fluorinated
gas perfluoropropane.

Conclusion. We conclude that the use of OFCB provi  des informative 1°F MR images for the as-
sessment of pulmonary function at 1.5 T.

Keywords: 1°F MRI, lungs, octafluorocyclobutane, wash -in, wash -out, single -breath.
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he effectiveness of pulmonary diagnos-

tics in magnetic resonance imaging

(MRI) can be improved by inhaling inert

fluorinated gases [1,2]. In this case,

MRI study is performed at the Larmor
frequency of fluorine -19 nuclei (19F), which is
not a standard function for clinical MR scan-
ners. This feature significantly narrows the ca-
pabilities of the 19F MRI method, however, it
can be realized on different MRI scanners due to
the following statements.

The gyromagnetic
cleus is 40.05 MHz/T, which is only 6.3% less
than A for the 1H
causes a slight difference in the resonance fre-
guencies for 19F and 1H nuclei on clinical MR
scanners [3]. So, for example, i n a magnetic
field of 1.5 T, the difference in frequencies for
19F and 1H nuclei is only ~3.78 MHz. Thus, the
standard radiofrequency (RF) coils, originally
produced to operate at the resonant frequency
of 1H, can be used for 19F MRI. Only minor
modificati ons to their oscillating circuit are re-
quired, for example by changing the capacitor
values (usually by increasing the capacitance)
and then adjusting the reflection coefficient S11
and transmission coefficient S21. Additionally,
it is preferable to have a  broadband transmitter,
as well as the ability to change the operating
frequency in the software.

The gases initially used in 19F MRI of the
lungs were originally utilized in the treatment of
retinal detachment. In 1969, Norton E. pio-
neered the intravitrea | injection of an expanding
gas, sulfur hexafluoride (SF6), for prolonged ad-
aptation at the edge of a retinal tear [4]. Subse-
quently, perfluorinated gases such as perfluo-
romethane (CF4), perfluoroethane (C2F6), per-
fluoropropane (C3F8), perfluorobutane (C4F
and octafluorocyclobutane (C4F8) were incorpo-
rated into ophthalmic practice [5]. These gases
are colorless, odorless and chemically inert,
rendering them invaluable in vitreoretinal sur-
gery, as endorsed by the Ministry of Health of
the Russian Federat ion through Order No. 902n
dated November 12, 2012.

The most commonly used fluorinated gas-
es in 19F MRI of the lungs are sulfur hexafluo-
ride (SF6) and perfluoropropane (C3F8, PFP).
Using these gases, the functional properties of
the lungs are determined by  calculating the per-

10),
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nucl eus

centage of ventilation defects, assessing regional
ventilation, constructing fractional ventilation
maps (FV -maps), ventilation/perfusion maps

(V/IQ -maps), effective time maps ( ¢-maps) of gas

accumulation (wash -in) and its removal from
the lungs (wash -out) [6 -11]. The studied param-
eters were assessed both in healthy volunteers
and in patients with COPD, asthma, cystic fi-
brosis, etc [12 -14]. Significant differences in the
studied parameters were shown for healthy
lungs and lungs with patho  logies.

A foarrpreviobisestudie® df thenlungs in mag-
netic fields of 0.5 T (in humans) and 7 T (in la-
bdrado?y . ré&tsj shilted that)octaflubdodydobu-
tane (C4F8, OFCB, Russian Freon R318C) is a
promising fluorinated gas for 19F pulmonary
MRI [15,16]. Being domestica Ily produced in
Kirovo -Chepetsk, OFCB turns out to be more
convenient to use than SF6 and C3F8. In addi-
tion, the favorable relaxation ti mes (T1
50 ms) are well suited to the 19F MRI tech-
nique, thereby reducing the requirements for
gradient system and pulse sequences. Safety
information regarding OFCB can be accessed in
a research paper from 1960 [17]. In our previ-
ous work, we demons trated the great potential
of using OFCB gas for assessment of lung func-
tion in humans at 0.5 T [18].

In this paper, we report the usage of
OFCB gas in 19F MRI of human lungs at 1.5 T.
The main tasks that are solved in this work is
the retuning of the oper ating frequency of the
transmit -receive path of the MR scanner; the
development and production of a specialized
system for delivering respiratory mixture (OFCB
and O2) to the human lungs; the construction
of t-maps and FV -maps of the lungs of a
healthy vol unteer.

Materials and methods.

MRI system. The work was carried out at
¢S. P. HELPI Cé LTD
laboratory stand of the MR scanner XGY Su-
perScan 1.5 T (Ningbo Xingaoyi Magnetism Cor-
poration Ltd., China) is located. The MR scan-
ner is eq uipped with an MSM
magnet (Mitsubishi Electric Corp., Japan), an
EVO spectrometer (MR Solutions Ltd., UK) and
a QDCM -800 gradient amplifier (Performance
Control Inc., USA) with a maximum gradient
amplitude of 30 mT/m. The MR scanner is op-
erated using open software, which is controlled

DOI: 10.21569/222274152024-14-2-57-68 59
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with a software shell created by the employees
of ¢S.P. HELPI Cé LTD.

RF coils. For 19F pulmonary studies, two
RF coils were used. One RF coil is a whole  -body
transmitter, inserted into the bore of the mag-
net. Another RF coil is a body receiver that sur-
rounds the chest.

The transmitter RF coil is a high
qguadrature birdcage coil with an internal diam-
eter of 60 cm. It has 16 strings and, according-
ly, 16 capacitors on upper and lower rings.
These capacitors determine the resonant fre-
guency of the transmitter RF coil. For 1H ( ~63.8
MHz), the value of each capacitor is 78 pF (two
capacitors of 39 pF connected in parallel). The
frequency tuning of the transmitter RF coil to
~60.0 MHz was carried inside the RF co  pper
screen (for imitation the RF screen located in
the magnet) with the help of vector network
analyzer Rohde&Schwarz ZNB4 (Germany). As a
result, 15 pF was added for each capacitor, so
that the total capacitance was 93 pF (two capac-
itors of 39 pF a nd one capacitor of 15 pF con-
nected in parallel). For a precise adjusting of the
coefficients S11 and S21, pieces of non -
magnetic coaxial cable were used as additional
capacitors. This solution has sulfficient flexibility
in the choice of capacitor values a nd sufficient
dielectric strength. At 19F resonant frequency
(~60.0 MHz), S11 was better than -15 dB. De-
coupling between the ports of the tuned RF coil
was more than 30 dB.

The power divider (90A
rebuilt by changing the values of induct ances.
As a result, at 19F resonant frequency the de-
coupling between the ports was more than 30
dB, S11 and S22 were better than -20 dB, am-
plitude imbalance was less than 0.1 dB.

The receiver RF coil is a4 -channel Rx coil.
The frequency tuning was carried out under the
load, which was a plastic container filled with
~10 L water. The impedances of the ports at
~60.0 MHz were measured with the help of the
Rohde&Schwarz ZNB4 and new matching RF
circuits were calculated and then changed. The
decoupling between t he channel s i
design is frequency -independent & therefore, it
did not have to be changed.

In vitro 19F MRI. The operation of all RF
communication elements (transmit -receive path,
amplifier) and RF coils (transceiver, receiver) at
~60.0 MHz wa s tested on a phantom, which was
an inflatable balloon of ~7L filled with OFCB
gas. The 19F MR images of the balloon were ob-
tained using 2D spoiled gradient echo (RF -
spoiled GRE) pulse sequence with the following
scan parameters: TR: 15 ms, TE: 5.4 ms, FA:

-pass

40A, number of slices: 1,
FOV: 50 cm | 50 c¢cm,
resolution: 0.25 ¢cm | O.
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titions: 4, bandwidth: 25 kHz , scan time: 12 s.
19F MR images of the phantom were obtained
in axial, coronal and  sagittal projections.

Gas delivery system. To minimize the con-
sumption of OFCB, as well as to avoid excessive
emissions of fluorinated gas into the atmos-
phere (the gas is a greenhouse gas), a special-
ized system for delivering respiratory mixture to
the hu man lungs has been developed and pro-
duced. The block diagram of a system for deliv-
ering respiratory mixture (70% OFCB and 30%
02) to the human lungs is presented in Fig. 1.

It is a closed breathing circuit and con-
sists of the following blocks connected in series:
an oxygen concentrator, a fluorinated gas cylin-
der, an oxygen gas analyzer, a gas mixture res-
ervoir, breathing tubes, a moisture collector, a
carbon dioxide absorbent, control shut
valves and inhalation/exhalation valves, and a
breathing mask. Oxygen was produced using a
JAY-10 concentrator (Longfian Scitech Co, Ltd,
China) with a purity of 95%. OFCB (refrigerant
R318C) with a purity of 99.99% was purchased
from ¢Fire Safety Center

Oxygen concentrator and the cylinder with
OFCB ar e connected through flexible tubes to a
gas mixture reservoir 8 oxygen pillow 42 L
(Matwave, USA). Control shut -off valves are in-
stalled at the outlet of the oxygen concentrator
and the OFCB cylinder. Mixing of gases occurs
under the control of the oxygen gas analyzer
PKG-4 N-K-P (JSC Eksis, Russia), which
mgaburep the copoerpratienr of O3y i she gas
mixture reservoir. Adjustment of inhalation
from the reservoir is carried out using manual
control, implemented by a flexible tube at the
end of which there is  a syringe with a volume of
20 ml. This design allows, by moving the piston
up/down in the syringe, to open the flow of the
gas mixture during inhalation and close it dur-
ing exhalation, respectively. After the manual
control valve, there is one of the flex ible tubes
(inspiratory tube) of the breathing circuit (inter-
nal diameter 22 mm), connected to the Y -
shaped connector of the inspiratory and expira-
tory tyhing. Jheijoutput of the Y -connector is
connected to a non -vented nasal mask JOYCE
clinic FF r Medieag Germamy) of a
specific size (S, M, L) depending on the volun-
teer being studied. The exhalation tube is con-
nected to a moisture collector and to the con-
tainer with soda lime absorbent (Alba
Healthcare, USA) to absorb exhaled CO2, after
which it i s connected to the gas mixture reser-
voir. During the 19F pulmonary MRI, the oxy-
gen content in the gas mixture reservoir is con-
stantly measured (using the oxygen gas analyz-

& PRG-4 N-K4P) § 10@ @xyggn: contept incthg,

-off

mat r i xgas mixjuge diops,shgmpfor thg next exj 5 periment
2 5thecoxygen i added rpughgire oxygerpcancen
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eflgReadi eaae 395032 Y

trator to 30% in the gas mixtur e.

In vivo 19F MRI. In vivo 19F MRI studies
were conducted on one healthy volunteer d a
19-year-old man, without bad habits and
acute/chronic lung diseases. Before conducting
19F MRI of the lungs, his written informed con-
sent was obtained regarding volunta  ry partici-
pation in the experiment. In all other respects,
we were guided by the principles of the World
Medical Association Declaration of Helsinki from
1964 ethical principles for medical research
involving human subjects.

Two methods were implemented t 0 assess
the lung function, based on obtaining a series of
19F MR images of the lungs: wash  -infwash -out
dynamics and single -breath imaging. For both
techniques, the 19F MR images were acquired

in the coronal projection using RF  -spoiled GRE
with the followi ng scan parameters: TR: 6 ms,
TE: 2.0 ms, FA: 30A,

thickness: 35 c¢cm, FOV:
60 | 6 0, spati al
number of repetitions: 14, bandwidth: 25 kHz,

scan time: 5 s.

Wash-in/wash -out dynam ics. Wash -
infwash -out dynamics reflects the accumula-
tion of the fluorinated gas in the lungs during
free breathing of the gas mixture and its remov-
al from the lungs during free breathing of air. To

implement the wash -in/wash -out technique,

[www.rejr.ru| REJR. 202; 14 (2):57-68
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during the first  scan (~5 s) the volunteer took a
normal breath of the gas mixture and held his
breath; during the next scan ( ~5 s) he exhaled
slowly. In total, the volunteer took seven inhala-
tions and exhalations of the gas mixture. As a
result, fourteen 19F MR images of inhala-
tions/exhalations were obtained to evaluate the
wash -in process. After, the volunteer took nine
inhalations and exhalations from the air. In this
case, eighteen 19F MR images were obtained to
evaluate the wash -out process. The total scan
time was 2 min 40 s.

Single -breath imaging. The single -breath
technique was proposed by us in our paper on
the use of OFCB at 0.5 T [18]. It is carried out
in one respiratory cycle without holding the
breath, while the subject takes the deepest and
longest possible b reath of the gas mixture, after
which he makes the same deep and long expira-

n u mb eon. Theftotalgihe oftlsissstudy depends bnithe e

1140 s for
640 s|for @xhdbaBion)C during
which a series of sixteen 19F MR i mages was
obtained.

Image Processing and Analysis. The anal-
ysis of the obtained data was carried out in Py-
thon 3.8. To evaluate the wash -in/wash -out
dynamics, only the 19F MR images obtained
during inhalation of the gas mixture/air were
used. For single -breath imaging, the entire se-
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ries of 19F MR images was applied.

First, the effective time maps reflecting the FVinjour = 1 —exp (— /rm,fout
effective time of accumulation of the 19F NMR (3
signal in the lungs ( fwash-in-maps and  finsp -Maps) The SNR values in the 19F MR images
and its washout from the lungs ( Lwash -out-Maps were estimated in the ImageJ 1.51j8 softwar e
and fep-maps) were calculated. Then, the frac- [20] according to the following formula:
tional vantilation maps were built: FV wash -in - i i)— .
maps and FV insp-maps (FV wash-out-maps and SNR(L]‘) — M
FVexp-maps) reflecting the amount of gas in- Inoise (4),
haled (exhaled) to a unit volume of lungs per where S(i,j) 8 is the signal intensity in the
unit of time. measured voxel (i,j), S naise  is the value of noise

A description of the m  ethodology for cal- measured in the background region,  s-noise & is
culating #-maps and FV -maps has been pre- the standard deviation of the noise in the given
sented previously in several papers [8,12,18,19] background region.
and is presented in a short form here. Results.

To analyze the obtained data, the entire Fig. 2a shows a photo of a phantom locat-
series of 19F MR images was divided into two ed inside the receiver RF coil in the MR scanner.
series corresponding to  the wash -in or single - |y Fig. 2b -2d, the 19F MR images obtained from
breath inspiration process and wash  -out or sin- the phantom are presented in three orthogonal
gle-breath expiration process, after which the projections. The images were obtained without
signal was approximated using the following visible d istortions and artifacts with a maxi-
functions: mum SNR = 120 (Fig. 2e). The 19F NMR signal

registration area corresponds to the internal
Sin = So(1 — exp(— t/fin)) + Snoise dimensions of the receiver RF coil and is suffi-
Sout = So exp( t/Touc) + S ise cient to scan human lungs. According to the

reference data [21,22], the average dim  ensions
@ of a human lung are: 180 -210 mm ( hei ght
100-123 mm ( wi d4{180)mm)(depthp 7
Fig. 3a and Fig. 4a show the 19F MR im-
ages of the lungs of a healthy volunteer ob-
. . . tained during the implementation of the wash -
_tlon cc_)nstants corre;pondmg to the maximum infwash -out and single -breath techniqu es, re-
Intensity OT the_ fluorinated ;lgnal in the lungs spectively. The graphs of the relative intensity of
and the noise §|gnal, respect|vel_y; fn and fou are the 19F NMR signal in a time series of 19F MR
the effective time of accumulation of the fluori- images are shown in Fig. 3b and 3¢ for the

nated signal in the lungs (wash  -in or single - wash -in and wash -out processes, respecively, as
b.reath Inspiration pr_oce_zss) and its wash -out (or well as in Fig. 4b and 4c 0 for the one deep in-
smgle-breath. expiration  process) from  the spiration and expiration phases of the single -
lungs, respe_ct|vel)_/. o . . breath imaging technique, respectively.

The signal intensity in a series of MR im- T h e-mdps of the effective time of the ac-
ages can als o_be described using the following cumulation/excretion of the OFCB gas in the
system of equations: lungs of a healthy volunteer were constructed,

(S = 0= Q=P+ Sy e mereen n g S 0
Sout = S[] (1 - FVout)nom + Snaise .

where Si, and S o are the signal intensity dur-
ing wash -in or single -breath insp iration process
and wash -out or single -breath expiration pro-

cess, respectively; SO and S nis€e are approxima-

histograms of the FV values i n the lungs are
h FV d EV the fractional t'I(Z)’ presented in Fig. 6 . Tabl e 1t
where n an ou are the fractional ventra- lated mean and median FV values obtained for

tion parameters corresponding to the ratio of Le wash -infwash -out dYnam|cs experimﬁnt

the amount of ¢newée gas en
breath during the wash -in or single -breath in- n {or[)?i%%smﬁrea% ?m)ége tecahr'ﬁque.

sipr:rallt I%r; ptrr?cexssirat?dn dlrmng th? WaSTiV I'OtUt or This work builds on previous studies that
sing'e -breath expiration process, respectively, o proposed asses sing lung function using 19F

the total amount of gas in each voxel, nin and MRI. The technique consists of breathing a gas

CVOUIh a::]e tI:e ir;uTbet;rofthbr(iar?thisr Surr:ngrthe mixture (fluorinated gas and O2) at certain
ash-in or single -brea spiration process points in time, simultaneously with MR scan-

and wash -out or single -breath ex piration pro- ning of the lungs. This requires a multinuclear

cess, respectively. MR - .
) . . o scanner, a specialized fluorinated gas and a
. As the f|rst_MR 'mages (durlng first inspi- system for delivering respiratory mixture.
ration) were obtained after 5 s, using formulas Fluorine -19 nucleus has a huge ad-

(S2) we can obtain the following equation: vantage over other MR active nuclei because it
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Fig. 3.  The results of in vitro 19F MRI studies.
a 0 Photo of a phantom & an inflatable ballon filled with OFCB and located in the MR scann er.
b-d 8 19F MR images of the phantom in axial, coronal and sagittal slices, respectively.
e 0 Scale of the SNR values in 19F MR images of the phantom.
¢03. ¢abjydi egRefh in vitro 19F d¢¥ o9033daea¥YRaoe.
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resonates at a frequency that is only 6% lower
than that of 1H nuclei. Therefore, if the MR
scanner is not a multinuclear (as in our case),

the following problems arise. It is necessary to
find out whether the transmitter can emit at the

resonant frequency of 19F and determine
whether it is possible to ch
frequency of the MR scanner? These capabilities
were present for our device. The next point is
the presence of RF coils operating at the reso-
nant frequency of 19F. The manufacturers of
the MR scanners usually offer such coils, but if

it is not possible to purchase them, then the
conventional 1H RF coils can be used for these
purposes. It is enough to make minor changes

[ www.rejr.ru| REJR. 202; 14 (2):57-68

ange the operating

DOI: 10.21569/22224152024-14-2-57-68

to the RF elements of the oscillating circuits of
the RF coils, as well as additional RF compo-
nents, in our case itwast he power divider.

The choice of the fluorinated gas is the
next important issue for pulmonary 19F MRI.
Sulfur hexafluoride (SF6) and perfluoropropane
(C3F8, PFP) are the most common gases used
for this purpose [1,13,23]. Recently, another
fluorinated gas w as used for 19F MRI of lungs
octafluorocyclobutane (C4F8, OFCB). Our works
at 0.5 T and 7 T [15,18,24] and a work by other
authors at 3 T [25] have shown great potential
for its application not only for lung imaging, but
also for assessing pulmonary func  tion. In this
paper, we report on theuse of OFCBgasina
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Fig. 3. The results of the wash -in/wash -out experiment
during free breathing of the gas mixture and its removal from the lungs during free breathi
a 0 A series of 19F MR images of the OFCB gas within the lungs obtained during short breaths of gas mixture

b,c & Graphs of the relative intensity of the 19F NMR signal in one of the pix
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magnetic field of 1.5T.

Note that the fluorinated gases are inert
and safe for the living organism. However, they
are greenhouse gases, and therefore it is advis-
able to limit their release into the environment.

In this regard, in this work, a system for deliver-
ing a gas mixture (70% OFCB and 30% O2) to
the human lungs was designed and produced. It
operates on the principle of a closed breathing
circuit, used in particular during artificial venti-
lation of the lungs, thereby minimizing the con-
sumption of fluorinated gas. T he gas delivery
system is practical and can be used for different
patients 0 just replace the nozzle to in-
hale/exhale the gas mixture, which is in direct
contact with the patient's mouth.

The supply of the respiratory mixture to
the lungs is controlled man  ually by moving the
piston up/down in the syringe. The advantage
of this design is that the volunteer controls the

| www.rejr.ru| REJR. 202; 14 (2):57-68
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gas mixture supply and inhales as much gas
mixture as he can inhale. The disadvantage is
the lack of synchronization with the supplied
pulse sequence. With synchronization, the pro-
cess of obtaining the 19F MR images is greatly
simplified, and the results of the study are more
rigorous. Without the synchronization, the pa-
tient must be additionally explained at what
point in time he should inhale and exhale the
gas mixture.

To assess pulmonary function, we used
one of the well -known wash -in/wash -out dy-
namics method [11] and proposed by us single -
breath imaging technique [18]. In wash -
infwash -out experiment, the volonteer took
short inhalations an d exhalations of the gas
mixture, followed by short inhalations and ex-
halations of the same duration with air. In our
case, the 19F MR scanning was carried out
within 10 sfor one respiratory cycle (5stoin
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Fig. 4. The results of the single -breath imaging experiment & accumulation of the OFCB gas in the
lungs during one prolonged inhalation of the gas mixture and its removal from the lungs during one
prolonged exhalation.

a 0 A series of 19F MR images of the OFCB gas within the lungs obtained during short breaths of gas mixture
(first seven images) and air (subsequent nine images).

b,c 0 Graphs of the relative intensity of the 19F NMR signal in one of the pixels versus time durin g the wash -

in and wash -out processes, respectively.
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hale and 5 s to exhale, respectively). In single -
breath experiment, the volonteer took one long
and deep inhalation and then one long and deep
exhalation. It took him 1 min 20 s (40 s to in-
hale and 40 s to exhale, respectively). According

to the feelings and perceptions of the volunteer,

the single -breath technique is easier to imple-
ment, since although it requires stretching the
inhalation/exhalation phases, it allows to avoid
holdin g breath, of which there are quite a lot,
despite their short duration.

Note the comparable FVwash -in and
FVinsp values calculated for the wash -infwash -
out dynamics and single -breath imaging tech-
nigques, respectively, as well as higher FVexp
values for the single -breath imaging technique.

| www.rejr.ru| REJR. 202; 14 (2):57-68

The latter is likely due to a deeper and longer
exhalation compared to the wash  -in/wash -out
method, in which inhalation and exhalation

with air are short and alternating. At the same
time, the density distribution of the FV values
for both methods looks comparable 0 one mode
is observed, and the distribution of the FV val-

ues is close to normal. The FV values calculated

for a healthy volunteer are standard and were
obtained previously using PFP gas [26,27].

It is of interest to compare the results ob-
tained by using wash -in/fwash -out dynamics
method and single -breath imaging technique in
magnetic fields of 0.5 T [18] and 1.5 T. Note
higher SNR values in 19F MR images of the
lungsat1.5T o more than 3times,as well as
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Fig. 5. Parametric maps of pulmonary function for a healthy volunteer.

a d f-maps of the effective time of the accumulation of the OFCB gas within the lungs (top row) and its excre-
tion from the lungs (bottom row ), constructed for the wash -in/wash -out dynamics experiment (left) and for
single -breath imaging technique (right).

b 0 FV-maps of the accumulation of the OFCB gas within the lungs (top row) and its excretion from the lungs
(bottom row), constructed for th e wash -infwash -out dynamics experiment (left) and for single -breath imaging
technique (right).
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Fig. 6. Statistical data on measurements of FV values.

Density distribution histograms of the FV values within the lungs for wash -infwash -out dynamics experi-
ment (left) and single -breath imaging technique (right), respectively.
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the absence of the need to carry out additional visible distortions and artifacts using a devel-
processing o f the obtained images (apodization oped system for delivering a respiratory gas

of data) in order to increase the SNR values. The mixture to the human lungs. 19F MRI studies of
FVwash -in values at 0.5 T and 1.5 T are compa- human lungs were carried out using wash -
rable, in contrast to the FVwash -out values, inf'wash -out dynam ics method (with free
which are underestimated at 0.5 T. We believe breathing of a gas mixture/air) and single -
that this may be due to the fact th at when breath imaging technique (with deep breathing

Table t 1. The FV values in the FV  -maps for wash -in/wash -out dynamics experi-
ment and single  -breath imaging technique.

washin/washout singlebreath
Process phase
e+ Me (q1-g3) e+ Me (q1-g3)
FVwashin (FVinsp) 0.30N0.06 0.31 (0.260.34) 0. 3406N 0.34 (0.360.38)
FVuwashout (FVexp) 0.35 N 0.35 (0.320.38) 0.45 N 0.44 (0.400.48)

Abbreviation:e andl, mean and standard deviation, respectivigly, median values; g3, first and third quantile!
of the distribution of thé&V values.

breathing air at 0.5 T, the 19F NMR signal in during one respiratory cycle). B oth methods
the lungs decreases faster, since initially the were used to assess lung ventilation, which was
SNR values in them are low and after several carried out by constructing effective time maps
breaths of air the signal decreases faster in the ( -fnaps) and fractional ventilation maps (FV -
lungs and becomes comparable to noise, which maps). The use of OFCB provides informative
leads to an underestimation of the FVwash -out 19F MR images for the assessment of pulmo-
values. For the single -breath imaging technique nary function at 1 .5 T. However, to confirm the
in a magnetic field of 0.5 T, the FV values were calculated FV values in human lungs, addition-
not calculated and are presented only in this al experiments with a larger number of volun-
work. teers need to be performed.

Conclusion. Funding.

19F MR images of human lungs were ob- This work was supported by a Russian
tained and lung function was assessed in a Science Foundation grant (21 -75-10038). The
healthy volunteer using C4F8 fl  uorinated gas at Authors declare tha t there is no conflict of in-
15 T. 19F MR images were obtained without terest.
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THE ABILITY OF MRNIPREDICTING THE RKSOF MASSIVE OBSTETR
INTRAOPERATIVE BLERIG IN PLACENTA ACCRETA SPECTRUM IN
PREGNANT WOMEN WITH UTERUS SCAR

Pomortsev A.V. 12, Kuzmenko N.N. 12, Kuzmenko E.A. 12,
Dyachenko Yu.Yu. 1, Bukhtoyarov A.Yu. 2

1 - Kuban State Medical University.
2 - Regional Clinical Hospital No. 2. Krasnodar, Russia.

urpose. To study the diagnostic efficacy of magnetic resonance imaging in pre dicting the

risk of massive obstetric bleeding in placental ingrowth by assessing the heterogeneity of

the MR signal in the area of the lower uterine segment.

Materials and methods. A total of 103 pregnant women with signs of ingrowth were exam-
ined on ultr asound at 33 -36 weeks. The studies were performed on a closed tomography scanner
Vantage TITAN (Canon) with a magnetic field induction of 1.5 T. According to the formula proposed
by us, the heterogeneity coefficient (patent No. 2792815 dated 03/24/2023) k= Imin \ Imax* 100%
was calculated. The values of the obtained coefficient were compared with intraoperative indicators
of blood loss.

Results. Based on the volume of blood loss, three groups were distinguished: group 1, with a

blood loss volume of up to 1000 ml (n=75), group 2, with blood loss in the range of 1000 -2000 mi
(n=21), and group 3, with massive obstetric bleeding, more than 2000 ml (n=7). When comparing the
heterogeneity coefficient in each of the groups, statistically significant differences were f ound be-

tween the k1 and k2 groups, as well as between k1 and k3 (p < 0.01); There were no statistically sig-
nificant differences between the K2 and K3 groups. An ROC analysis was carried out to assess the

dependence of the probability of blood loss of more than 1000 ml on the value of the heterogeneity
coefficient, the resulting model was statistically significant (p < 0.001) - sensitivity and specificity
were 84.6% and 94.1%, respectively.

Discussion. Placenta accreta spectrum is one of the extremely seriou s complications of preg-

nancy, with the risk of massive uterine bleeding. In our study, we found a relationship between the
heterogeneity of the signal from the lower uterine segment, at the level of the placenta, and the vol-
ume of blood loss during deliver vy. If the value of the proposed heterogeneity coefficient is less than
0.15, blood loss of more than 1000 ml is predicted.

Conclusion. The proposed method for calculating the ratio of the intensity of the MR signal in
the area of the lower uterine segment in pregnant women with a scar on the uterus correlates with
the volume of blood loss and allows us to assume the depth of placental invasion.

Keywords: placenta accreta spectrum, magnetic resonance imaging (MRI), obstetric hemor-
rhage, PAS.

Corresponding author: Kuzmenko N.N., e -mail: knn_84@inbox.ru

For citation: Pomortsev A.V., Kuzmenko N.N., Kuzmenko E.A., Dyachenko Yu.Yu., Bukhtoyarov
A.Yu.. The ability of MRI in predicting the risk of massive obstetric intraoperative bleeding in placenta
accreta spe ctrum in pregnant women with a uterus scar . REJR 2024; 14(2):69-76. DOI:
10.21569/2222 -7415-2024 -14-2-69-76.

Received : 25.01.24 Accepted : 13.03.24

3R38Rao02a egdRcaaagh t ¥ dbtomwae 3{tl ,>edb]o.s Basde e3a3dapd ¥
ob y3abYhAyRecoa 303t abbhgomaajpasgaadoyasad: yosdR
909806 fO30950998a3627I, 35sRéDROo0Hhg edRcaaash, &3 of a9 o
3 303(d@e9 95 R332 Yooyoe VHYRedpydoyaaYaas evagaeR, yaeeo,
d3saYesayaoaot, 2 +tY¥Ydtogat oddrald asbt 3abydi gaReas R
ydRYahg €302Yy089 ceosrdosoeayYaeyowamteagardyedR-dqaszrR3aYhg 3aya

[www.rejr.ru| REJR. 202; 14 (2):69-76 ~ DOI: 10.21569/22274152024-14-2-69-76 70


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

}Jea9020oRa020 3d} yRa¥ VY3R3eRovV3dIR3zxeRPRoms eehd Rt aa e h, €] 8095 @&
sane) aR3a2eoae 03kmLBIGcoIBU3RBFBA>IFGBIIWERIR Y of dR3>80 801
Fa¥YeRda 3 e€a3Yhoo ae) ¢ dodosYoRyoooehlysso 3agrpw-o 6 R.

BR92 o 3abjdiegReRg €329080082tbRaAOBBRBRFR B asasaeh.

yaaot [ 6] . AKv¥yorayeos fhde +hHoRdBF¥aapsBakepYRoa 103 F O3
Y G & Y3R3>@8Ra0a edRecaaash t ¥edBtobeesRid Ra8®» divygdR 368 Ra ot cedRcas
dae3e8Yoa9s da3R3dmaFaRo 33hoWwRideoosdi 3> doeaYRa800 9-B633adqadi33 Y
3d)} YR Roeo9o9Rdi o e dRceao9cRGRY §3 cwxdeYexvsRGcI 2009y of 3da
et yog pOodyosad 3 yo03603a3docrus opoRs»RuosER,a>3RDH3IAYRBD 31 o
R3e23RGcoa00f9 YhzrdRrdoYRoeoamraddgos3) 3Wwo4 3da¥Yotg 3088Y¥0:«
yaszsdos €303hQRYR8009 fo0309%0srdgpReray RidgdbeaagwvdayosY 3 34

GoOogs Loaeasaes3ot [T7]. ZRdeogu3zgdayaadi1 ¥Reas®RRYa. PR &398a’
gadayot sRaedo, BRdR1* dRd =2R¢a3adyRhg seRBadaR), g fr Hhda YHeadec
Reasaasoab, cea2e3doboszag Rt 9508 R LodVpeBodxyB] €€ 3a3B8RYOdDO
yasdR+t eos3x@radhRtoeaha 3 Qgo3(IFgHP o) 3 doboedeayoyasdos
3do9 ©9R3}¥090209 cada3zrBaa3qE ana@aadd ke a9 Re0d020, s d. Oa ¥Ygoa3):
9oy} 8 e€3aYaGco03aYRaH 9R3)] Y0220 eReso2da6 fHolRka 620,083 Ra>e 03 RGO
90t edRecaooesfh [8]. dsoaYoacasas3as Y evo-ROBDPDomad. 1®
tYssa¥Y3 09000 Rt €e300RGRdAI e Rd giao Rysojac-¢ ) rhdo eoe3aeada
3802dR 3R33683a638Y, >3YtbRooafh6, 8@8W)Ro a9 Rd ®3Lac a3 RcoI 09 a6
edRecaasgRecoas, 3209 pDRaa 303dr oalRdO g2 0D @ 3 isadb. - L 33daea¥YRa0

9hg o9Reassomdhm®moaed dRd osRR3zoBPRA3heas Ba9ay3Rda Van
9 aa d3saYeBayaaoa 2 eaB830frd&amionecacoadoa¥Rgcoaesc bRy oddaec
900 ¢€3av}jdea¥Y ds3aYo, € 3 apehlc avosdaRy a0 theRr 33RypaBs 2 6 e3aYorod
Yaabosanaa3zed bR3Raaa bRe dRooR®iYR®®m agy o 3|3 6 >0LY, 3ywwm s¥ &
yaaot Y 3¢eaGcoRdobo3aYRooahdR3rc 0o ®ORNPawsr 9Reayosaysd 30y
fraodi ¥oo9o e heas go3})3yoyaszgeyd bbdwmyWRascodeabszosadi aRt 8R
eRoaoaflg Reaea9Rdoe [2]. K3zooVall®efaqae vagala yRa-yRt 90995083906
bRdobRGcg20 tYdtagszt } di 8 3 Rbyryidq eodRe a & &R 3380)-1 esdRat . Z) @
by di ReRs e3a3c0deoYafhg dobyexsfohgRozmedcareadt dosi sRda
eaYRa026, aya YJY3eYogadi eafkBmax) 3cucadadposROUldRpaws o(tl Mmd &
9a3ai €302 ®evOoORyaa3680da Y3R3xa@R®dDIY osoesys) sy adgd-R . ORdaa N
380¥%¥ Ragi 90 %, a3do o933doeoVYReaaeokhHe ghasstogadmt 3 R332y 0268 0HYRA:
ae heafoo >2e a3RBa3R9D [-6] .a8 @ dRymxz®3>L 8 >362I (eReaaa
abaaRoezaRt mBtoosFpauRJe33 095002468668 . 2023 ¥y. )\l haxk*) 1kC=09ni nZ
dt ceaeB8Ya3peaaot Y3 R3>8Ro oo RydiPowma gkfj v, 1 5% oY, d de13ysoysanadb
> ©Rooahs oaseadiohg e} do pReVR,3t e FdimdP e 303d 3RbDYOGE
dt aGc0ado yd) f 08f 2729 YRbo®»obpasae3ot baRyaaod k 0 f od
R3Rsaes30t, ceabYadt t cad]ydsByooarbargsaBRIR3I 90bdRt Yasoe
adi @)} 1 o298ada39RGO2I €302 &tdRe9ds aVRosoYoaedioy-aa ot . yaRyasaot
R3a¥YR 3ayaaot, Y 829 yo3ddaouoddoxsxumoeRi] 3Bt g3 RYdIt do 3i
a2y eR adooayReaadi afhe eO Ry o3RG ocoO3H)39x0Ra 0 agadqRbReadt 99 d
pa Yh3xeRYdas €30 syl [ 10,¢teaeRgoa 36 osGmRdinehadkR, 3 aYareodszt 3
> ©Roafhs ageadiofg o9033daoaeb®RBRospgs e€e3aygBRRosfh StatTech
Rdi a Rt g T, afr dRe Rt o oBRRVBPPBEHAX e¢bBeaRescageée, ¢o330t)
9a3680yYy03do959 eR3Rsa683R99, yegaa by dy efRef3 R-

Y1 d, cabYadtase 3 Yhazodoes 6oyaldsedRoewst W-b Yheadasahg
t g RoaobBbRdIBE 098 RGOI [11] s Raympd@Re dol ddoGcoaae oaaea:
t aR ¥Yhzadoa Yoboanoasaoe axsaressa syass)achega , 3228Y0B83B8Y) IL
ageaeaY Yoby RdobRGOO, e & eyRissadfpes | d o coer3hftgo | B33 ea’apenaag afsooR
733daeaYRao6, ea 630602 sdypyRod KBRzasReRY¥odes 0,21 N O,
cedRcaooaefh @20 voRyoa3603,16300e&3)0eaYoe feR3a6 ¥3)cca 3
yogadi e eeaYhYyRt 303d 9R33k¥o xypxeRIpod®3 -0, 11 N 0,05 (

w

X ™M ©C ™ ©

O WY ® O+ aw

3deya dg3aYesayaaot [ 3, 13] 0, 16) . O 830G6I06 ¥3)eead 330
2adi . 3a236RYoda 0,03 N 0, ®D,05].95 %
Aes3aeadoai eoRyoa3coya3dadoaYodhadwdar o0ahac aedyoyadhane € 3 a

936D 9 R y3800heasoaR @ 39 &6 Booay3RR¥Ta&Hh Y eRrdoeca [ 1.
ce3ayoabo33aYRo0020 303dR 3RDHBYO2BOIDHPR oaRBBaAIWR®O ¢cad)] yaaahg ¢
¥y 098683Rac03RGI>008&Y > d3oveedR&§Ta>te, Ry a kooar 3 Reaa €3 &

[www.rejr.ru| REJR. 202; 14 (2):69-76 ~ DOI: 10.21569/22274152024-14-2-69-76 71


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

¢ 9 3. Figll) ( ¢ o 3 (Fig22)
¢o3. dharx ¢Fo3. hg ¥
L bsasasaoa derddoecoaagR 2909 bosasasaoa dearddoecoaagR ENo
d3aYaeasa3a 700 osd, baRyaasaodd3saYaseasa3a 6000 osd, baRyas
Fig. 1. MRI. Fig. 2. MRI.
Measurement of the heterogeneity coefficient at 700 Measurement of the heterogeneity ¢ oefficient at 6000
ml blood loss, the value was 0.29. ml blood loss, the value was 0.0.1.

TRf docR tyoaRyasd2t deorLddoco2ogaeR s0aevaa3aeada3BD

- . .
] 8¢ 0L Ols| MRNSD/Me 95‘% [QRI n min max

S WWdydy o .

sHdsesnkagy °0 2t N[ 0181023 75 0,13 0,29

s sv W y d dagzl - .

sHdsesakgy 00 1 (0067016 21 0,06 0,16

S WWdydy o .

SHdstesHdd 093 N 0,017 0,05 7 0,01 0,07

ca3G6o020Rdi oo orhas) d3oaYoecoacadoadaoa wyRyddxrsos 33Rzecsaead
9095Rdi aha boeaRyaaot 32268 Y0caBy) BRIRIBREoaya dqoal ddocoa
9a9) Rd)rasz3zxdes) dq3aYegoyoadmroea3xBI €3a0e3@8RYdasah aR 303
Od + a2e3a0aeadaaot 3686RG60360Yya®OYI boxcRiyea]-0 b R Yvoo330099t 88396303 G 0
g 3Rbdoyos yoazdoe¥Yhg DboRydhdad¥oc ssgaudjoyareacdaa 1000 sd @&
g datddocoaeagayY o03cadi bov¥iydat HeRgeadFt dolL ddoeoaasR
260392+ teireaasgR. 0hdo %RBhbyYydaoBodd Aad - 9506 aks RVMRA.0 bR
2ya3do baRyosha 3Rbdoyot 5 €nleyy R® b R ycoe-4a 3 IRYOLs 3368 RYC
t 90 y3,eeR90 k1 92 k2, ROGRYDP aNs@p®49 kd O5%0 ®). Dody
k 3 (p < B6pBlpes3rgasazragiVaYRJoo xxRBIR-9aeadi f HdR 368RB023B80Y
803802y 03do2 baRyosoosha 3Rbdoy(t<O0o@0d) . y ZpasoayaYaa bHoaRyaso

eRo902 k2 o9 k3. syosh¥YRt codgyesodocoRoashmmaorasa3aradsdBle
aR9 9 f Hde €30298taga 3ayvyaaowmf fa3 R YoeosYoRsaaio | 32268Y0B8368YoaYH
baRyaaoa dat ddoGcoaoaagR o0ohoeyyammwdaEwzrcdaed3R (Jeas R, 33!

eRegadayoyasdaes (d3aYoacacsgaszag Rdroadasar 31R0b080s ,9d. d3 aYacec aacaa3t

Od+ aG609do bRY030938060 5Ya3 act3geeyew b o3 aYRARS3I €30 ba
d3aYaea6a329 roadaa 1000 o5d cgamedtdogddyod@ifaimaes &3 288360 e
9oy boRyaaot detddocooocs®RRaamx o ¥advygaoh. B}y ¥Y3e¥Yoagad
380 €305098tdzt s06ak3 RMRgo BR JRG 368t 9arvado 3a368RYOdO

[www.rejr.ru| REJR. 202; 14 (2):69-76 ~ DOI: 10.21569/22274152024-14-2-69-76 72


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

TRfrdoecR (@Rdob yozdoa¥Yhg boRyasosoes daltddoecoaasR
Y2030923890 26 afhaoaosR d3aYaeca80309.
o 'H C e t
0 _;p . ~ . ~ t 0 — . . * * < p
Me VEVI n
xo
N 0,07 0,02¢ 0,14 28
a
h o 0 Cc O < 0,001*
— - s .
. 0,22 0,17¢ 0,23 75
a
¢ 1,00~
0,30
L 075~
‘i’ | E o 1000 ma g
: - 0,25-
0,10
0,00-
000 0,00 0,25 0,50 0,75 1,00
! 1 - CreupdHuHOCTE
¢ o 33.(Fig. 3) ¢ o 34.(Fig. 4)

¢238. 0OoRy3sRo9R.

OaRdob cadRbReadt baRyasos
99322098360 Y bRY030923G6®G G
3a

Fig. 3. Diagram .

Analysis of the indicator of the heterogeneity coeffi-
cient values depending on the volume of blood loss.

¢o3. OodRy3RossR.

ROC-d 3 9 YR1 , gR3Rdeas3aby)1yRt
teaazxeas eadRDbResadt cd3aYac ¢
ceaodqRbReddt ddocoaoaaeg saaaed a3

Fig. 4. Diagram .

ROC curve characterizing the dependence of the
blood loss probability of more than 1000 on the het-
erogeneity coefficient.

32>268Y0B68368Y0a9 9 o. Z39 Leas naaddapReadi adeem a3 hos e©Roaoafhe ®©
€3ayo9a3eoyasdaea baRyaaoa YABYRY Bz eRFoIROReRdt aa [ 17]
78, 6 %, R 2830G6Readi aaa et3Yodyoooa03te oy ' BRBOY o a6 € d Recaa-a 8 R«
baRyaaoca 08RPY . TRdoos ofr3RGe@art r fiyddy r 08 h 29 YRbOO, €3 o
eadRa ¥YhYae, yea boRyadsomodgRIJgRezraTeBya> Ry vya3z>doaya
902evo9a33LIBFIFEBO sagaaa 0, 150 9x3m@axe YWdRa3weW) e Ryaaosa €393 YA
Yhzoadeo) 303d} 3RbYo2g0t ojomMBRVE@D 3 Rerad¥Ysrea9apD0001 . Z3
9aya (3aYasayaoadtdgoofbdreeedaa ym,clgR+4 €3toRt bRY0?2 3098361 9

Kf 3) peaada. d3eaYaeea8032 9 ydjfoeae 20YR

Z3aordaosR 3Ya0a0YV3a9000aes L3u2NRBREL oo Ryoaa380dR Y3R3as
eoORy 923820092 Y3R3eRaot e d Rameoasffy oeseefBoR3e3ty 9 € ae3 af 9
Ya3i 9R Rde} Rdi eae Y oaR3catye@m) dejand 0o Rdi a fa sa
dt ae 31t €e30e9s5068a9 ¢€aYN¥YaoooxyRs ovwdms adRdaBv oo RGO €32 ¥d:
a280ya3eYaoaahg ) bR3)rapnafhgyes rprEdadRedfitog. sasaeas Yob) RO

ZRGco2a0968do2 32 3Yoa¥3a0s50908
dasoahos evoRyrsRBxeRo® a
3Rdeas3obj 1683t o900t vase
d3aYecoc0306 9 909 ¥ae ¢€o

3ado¥YRa00 €e3oe) dqeay¥Y

[www.rejr.ru| REJR. 202; 14 (2):69-76

e dRG aoxmhER egiRt-
20683 R8¢ta3RGIxXVGCWEJIYDdD>FBE I,

d3e¥Yo,no &t

3t Y aj3dbias 3YH)BBRIVeY & a

cRopORHEP]I IYVYecdd®RGaoB8RGOI
3 3yRIY] of 3w 0

DOI: 10.21569/222274152024-14-2-69-76 73

29YRDbOoO -

233daea¥H
ea368RaayowsaWhxsadam o
€ ab¥Y:«
e R

[9].


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

3abaoaRoazxv a6 Basay3RdoO >efraRdB,33t yBogy¥3a¥e, €3t Ydt d
eacoadoogadi aay o sagaeR eoRRpe3eafhgo,oaavaa3ae0fs 390D
codibjasaya Y aceadiofhg 3dppRVBRIRCORe FRaxjdRcaaeR3 a6
9900901, édbg FReRaae eaocodoocmaoam®hoacgaszaszR, bRyR3@} 1 >Fao
Yaabosanosaszagt oo Y edRaa € 3 ay dRBBDarYoRP®Iay > sReaysaysd 30
303dR 3RbYogot 9R330YooyoecRAdereB3rdpga €30 3683} 8368Y00D
d3aYesayaaot, yea 9h cochgRdoBo RGBT o OW3IRIMB R dbYy 2y a3gdabed
9aR3eeatyas o933daea¥YRa20. d3eaYeceaga3a, cedRecaaagR3oRt G (
K3aaYoha -esdbdoaRdo Y3 Ra>xRboetar f aadaa 2L 9093 ePHNEG3 0PBE
edRcaaash ea36Reayosa yaedo 3a¥ahrad@®p (FBFod a Rd. K38 aYhH
909 >80 a3tdsi adadRFhr ) gR20 0 aRemeRwWa9s oRrdievasado, sh €3a
sRaedo, 23B8ad8y0a8oa 950a90683ddyare YaradRpEe o e R3Rasaas 3, gR3 R
€3o0d3aedaaot edRcaaeh, yooaaeeaadr¥ahaei cedRcaaegR3oos
a R 02 Yoaje830¢cedRcaacgR3aoahaRoRdIUaparYRY & 32280 0¥080a0a 3
Ya)J830¢edRcaaegR3afa dRd}) o h,d3 ecYroecoodsoay3ooy.a -O e ad) yasahg 3a
3d})1I 3a83acedRcaaegR3a}1I YRoeygaddeamHORROR 3 af 3 Rga Rt Y+t |
[16] . Z3oyas ea evRoohsos ¢t )yhRrtpeYeesardy yEdD9aya oaR9503 daol
RY®&.023 y.), 2908989 9aRdOIYyOI aerihyaRe3essd ¥ d J3¥ ay303-d &y & d3aYes
€03YR3>d)dt3obRecoaes Y 3683) dgjodm had RecRissashha, RebYoadt do aRo
BRdona bR aa e€3arvadRs2 Y Yo¥RG¥ O¢e ado3ooeYuooesoogYo-3 ¢ & + @B R 22
oafhg oRO|FT2doosasofhg YddiyaeodoRywmpRmd8-sasaa 0, 15. Z392 L@
deY o9a0aRayoayoaodabR 3 dessoyae¥Ropab, 3ggaay >d)} yRtg 9Rs3
edRcaaesgR3aase 323} O3B A6 cr@day > Hudiviemx:ty as ot , €30 of hi
€e3a0aevode a3 Rmadowdjdaso 29 YRbdxaYadl8ddada 6000 od, baRya
TRdoa d eeocodooesadi afo c3apoRIIPEIGBIDLI23680 O YaY¥Ysza
d3268a392t9 323dR 9R330Yooyadodaisedveafgaunyaadt 5. 03do pa |
€30 J 3B8RoaYdaosoos evoRyooaba VRIBRBXZRoMia @ diRe) af hasas (:
caaehe o9eopoad 26862903680 o8RIOywdy rRPwexRMisaRIDPOO Ya3308 (ga32
323 0368Rg doeddRea3Rdas, oo, o3 flmaedappeafNe oaRso deou d
RaR3eas9abo3aYRaei 33 0RB oy >E®a>RNR3BE>36860 H9apDdda 68RJbLA o}
ceaYhrRai 303d 3RDBbYo2oegot 9 R3GB Y o ovyaee addzoeoWaa-di a ) ¢ sR3das
gayaado2t eRpa Y 3d} yRa  9f afdeosbsR ceodR ceonsessRmcw-0 .
906 . toydR3oaa doeasRaey 39fs OfRrexfa, € -
eafafha ReaRzgasabh YhtYdtdoszi @pRYITIxwRea Ra 38Rt B39 ay !
go98ad 3> e€e3aevdanpReo2as o9 ec3zhhdRiRe ¥3BRypoabo3aYRai 303
BRao2t edRecaagh, 2 cadoozcgi aRBBYBBIWHF >oYBRA3IRa>rce a3 RGO >89 oy
J eRcoaacga@ga3o9Rdi aae cedRec®addReoa0mwO309%5090f(g 3 Y¥Y3R3x>eRa
[19]. Z3zagedenaosoafhese eR3Rsae3 da33a
Zasayoszxdaoaaha Yhya d3ocaad o dd»axBIB>G A3 I, yea ¢egab¥Yac
€3009)Jya3xxeYaoeasa 3)fhadeovYoaflyRRegR3RPpe aggRd ocoeacadoosadi afhe
Yaszatgoaazai 2729 YAHhtYdasot &BRle03et 9q T 0 cbaRYHoe- g B0 3Yufpsgeedeohs
308 aa e e R 2 dgYRdododRe3dasY¥BRRBReRo80t edRcaagh.
3a9agyaesadayR [20]. O oaRras ] zsnbBywaYRogdoIpRaz023 YRt
ofh eaeheRAI 3} af h ad ehmioehoo3dgpdrRBe o®ea3a3aY.
201, aRrdieRasha Y 3683} dey) 3adYsdRoeRPppos 36RGIi 9 toaeas
€32 RoaoRdi saae edRGO8B8RGI I3} aif)e Yoras RBmaRa 3>aYae € aeveds3Dnl
Yao09Rao2a @8R @&, yea €30 yald¥k ogodqaoagddBmdRegR 2086 a303aY, e
Y3R3eRaot, a2e3aYaneRYYOog3gorvoRa3z>3%afgoaei .
Rd) vyas33doo d3aYesayaaoaso, YAt Ydt do 3i
e3Rdeoya3>do ¥Y3a ea3ayoszrdasasha YRHya €309-

teoszxaldaeaszRay 3h

1. Knight M., M. Nair, D. Tu i nell et al., Saving Lives, Improv- detecting the severity of abnormally invasive placentation: a

ing Mothers dCare - Lessons Learned to Inform Maternity Care systematic review and meta -analysis. Acta Obstet Gynecol
from the UK and Ireland Con pdential Enquiries into Maternal Scand. 2 018;97(1):25 -37. doi: 10.1111/a0gs.13238. Epub
Deaths and Morbidity 2013 915, National Perinatal Epidemi- 2017 Nov 28. PMID: 28963728.

ology Unit, University of Oxfor d, Oxford, 2017. 3.Finazzo F, D'antonio F, Masselli G, Forlani F, Palacios -
2. Pagani G, Cali G, Acharya G, Trisch IT, Palacios - Jaraquemada J, Minneci G, et al., Interobserver agreement in
Jaraquemada J, et al., Diagnostic accuracy of ultrasound in MRI assessment of severity of placenta accreta spectrum

[www.rejr.ru| REJR. 202; 14 (2):69-76 ~ DOI: 10.21569/22274152024-14-2-69-76 74


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

disor ders. Ultrasound Obstet Gynecol. 2020;55(4):467  -473.
doi: 10.1002/u0g.20381. PMID: 31237043.
4. Silver R.M., Branch D.W. Placenta Accreta Spectrum. N.

Engl. J. Med. 2018;378:1529 ©1536. doi:
10.1056/NEJMcpl1709324. [PubMed] [CrossRef] [Google
Scholar].

5. Silver RM. Abnormal Placentation: Placenta Previa, Vasa
Previa, and Placenta  Accreta. Obstet  Gynecol.
2015;126(3):654 -668. doi:10.1097/A0G.0000000000001005

6. Jauniaux E, Hussein AM, Fox KA, Collins SL. New evi-
dence-based diagnostic and management strategies for pla-
centa accreta spectrum disorders. Best Pract Res Clin Obstet
Gynaecol. 2019;61:75 -88. doi:
10.1016/j.bpobgyn.2019.04.006. Epub 2019 Apr 30. PMID:
31126811; PMCID: PMC6929563.

7. Baldwin HJ, Patterson JA, Nippita TA, Torvaldsen S,
Ibiebele I, Simpso n JM, Ford JB. Antecedents of abnormally
invasive placenta in primiparous women: risk associated with
gynecologic procedures. Obstet Gynecol. 2018;131:227  9833.
8. Jauniaux E, Jurkovic D. Placenta accreta: pathogenesis of

a 20th century iatrogenic uterine di sease. Placenta.
2012;33:244 851

9. Jauniaux E., Ayres -de-Campos D., Langhoff -Roos J., Fox
K.A., Collins S. FIGO Placenta Accreta Diagnosis and Man-
agement Expert Consensus Panel. FIGO classification for the
clinical diagnosis of placenta accreta spectrum di sorders. Int.
J. Gynaecol. Obstet. 2019;146:20 024. doi:
10.1002/ijgo.12761

10. Jauniaux E, Bhide A, Kennedy A, Woodward P, Hubinont

C, Collins S; FIGO Placenta Accreta Diagnosis and Manage-
ment Expert Consensus Panel. FIGO consensus guidelines on
placenta a ccreta spectrum disorders: Prenatal diagnosis and
screening. Int J Gynaecol Obstet. 2018;140:274 38280

11. Familiari A, Liberati M, Lim P, Pagani G, Cali G, Buca D,

et al. Diagnostic accuracy of magnetic resonance imaging in
detecting the severity of abnorma | invasive placenta: a sys-
tematic review and meta -analysis. Acta Obstet Gynecol
Scand. 2018;97:507 &20.

12. Zaghal AA, Hussain HK, Berjawi GA. MRI evaluation of
the placenta from normal variants to abnormalities of implan-
taton and malignancies. J Magn Reso n Imaging.
2019;50(6):1702 -1717. doi: 10.1002/jmri.26764. Epub 2019

References:
1. Knight M., M. Nair, D. Tu {nell et al., Saving Lives, Improv-
ing Mothers 6Care - Lessons Learned to Inform Maternity Care
from the UK and Ireland Con pdential Enquiries into Maternal
Deaths and Morbidity 2013 915, National Perinatal Epidemi-
ology Unit, University of Oxford, Oxford, 201 7.
2. Pagani G, Cali G, Acharya G, Trisch IT, Palacios -
Jaraquemada J, et al., Diagnostic accuracy of ultrasound in
detecting the severity of abnormally invasive placentation: a
systematic review and meta -analysis. Acta Obstet Gynecol
Scand. 2018;97(1):25 -37. doi: 10.1111/a0gs.13238. Epub
2017 Nov 28. PMID: 28963728.
3.Finazzo F, D'antonio F, Masselli G, Forlani F, Palacios -
Jaraquemada J, Minneci G, et al., Interobserver agreement in
MRI assessment of severity of placenta accreta spectrum
disorders. Ultrasou nd Obstet Gynecol. 2020;55(4):467 -473.

[www.rejr.ru| REJR. 202; 14 (2):69-76

May 17.

13. Bowman ZS, Eller AG, Bardsley TR, Greene T, Varner
MW, Silver RM. Risk Factors for Placenta Accreta: A Large
Prospective Cohort. Am J Perinatol. 2014;31:799 3804

14. Wright JD, Pri-Paz S, Herzog TJ, Shah M, Bonanno C,
Lewin SN, et al., Predictors of massive blood loss in women
with placenta accreta. Am J Obstet Gynecol. 2011;205:38.e1 o]
e6. doi: 10.1016/j.ajog.2011.01.040.

15. Zhang J, Xu H, Xin Y, Zhang C, Liu Z, Han X et al., As-
sessment of the massive hemorrhage in placenta accreta
spectrum with magnetic resonance imaging. Exp Ther Med.
2020;19(3):2367 -2376. doi: 10.3892/etm.2020.8457. Epub
2020 Jan 15. PMID: 32104305; PMCID: PMC7027333.

16. Jha P, Pzder L, B o, lLewis iSp Kai
math A et al Society of Abdominal Radiology (SAR) and Euro-
pean Society of Urogenital Radiology (ESUR) joint consensus
statement for MR imaging of placenta accreta spectrum dis-
orders. Eur Radiol. 2020;30(5):2604  -2615. doi:
10.1007/s00330 -019-06617-7. Epub 2020 Feb 10. PMID:
32040730.

17. Buca D, Liberati M,
ME et al. Influence of prenatal diagnosis of abnormally inva-

sive placenta on maternal outcome: systematic review and
meta-analysis. Ultrasound Obstet Gyn ecol. 2018;52(3):304 -
309. doi: 10.1002/u0g.19070. Epub 2018 Jul 29. PMID:
29660186.

18. t)JdRfJgaYR €. 0.,
O0.6., tjydodey L.O.,
edRcaasgh 3
a>2e30eodasacec3aeoadeaszay
REJR. 2023; 13(3):131 -143. DOI: 10.21569/2222
2023 -13-3-131-143.

19. Mori K, Saida T, Hoshiai S, et al. High prevalence of in-
trapelvic parasitic arteries in patients with placenta accreta
spectrum: A case -control study using unenhanced magnetic
resonance angiography. Clin Imaging. 2020;63:50 -56.
doi:10.1016/j.clinimag.2020.02.013

20. Guo P, Wu Y, Yuan X, Wan Z. Clinical diagnostic value
and analysis of MRI combined with ultrasound in prenatal
pernicious placenta p revia with placenta accreta. Ann Palliat
Med. 2021 Jun;10(6):6753 -6759. doi: 10.21037/apm -21-
1285. PMID: 34237975.

-7415 -

doi: 10.1002/u0g.20381. PMID: 31237043.
4. Silver R.M., Branch D.W. Placenta Accreta Spectrum. N.

Engl. J. Med. 2018;378:1529 01536. doi:
10.1056/NEJMcpl1709324. [PubMed] [CrossRef] [Google
Scholar].

5. Silver RM. Abnor mal Placentation: Placenta Previa, Vasa
Previa, and Placenta  Accreta. Obstet  Gynecol.
2015;126(3):654 -668. doi:10.1097/A0G.0000000000001005

6. Jauniaux E, Hussein AM, Fox KA, Collins SL. New evi-
dence-based diagnostic and management strategies for pla-
centa accreta spectrum disorders. Best Pract Res Clin Obstet
Gynaecol. 2019;61:75 -88. doi:
10.1016/j.bpobgyn.2019.04.006. Epub 2019 Apr 30. PMID:
31126811; PMCID: PMC6929563.

7. Baldwin HJ, Patterson JA, Nippita TA, Torvaldsen S,

DOI: 10.21569/222274152024-14-2-69-76 75

Cal?® G,

bogaa¥R O. 0.
"YoaRdaY ¢. 0.

23codi hbaoYRoaoramdszoxmcaedi
sR330Yoahg

B

Fo

0o |

ds


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

Ibiebele I, Simpson JM, Ford JB. Antecedents of abnormally
invasive placenta in primiparous women: risk associated with
gynecologic procedures. Obstet Gynecol. 2018;131:227  3833.
8. Jauniaux E, Jurkovic D. Placenta accreta: pathogenesis of

a 20th century iatrogenic uterine disease. Placent a.
2012;33:244 0851

9. Jauniaux E., Ayres -de-Campos D., Langhoff -Roos J., Fox
K.A., Collins S. FIGO Placenta Accreta Diagnosis and Man-
agement Expert Consensus Panel. FIGO classification for the
clinical diagnosis of placenta accreta spectrum disorders. Int.

J. Gynaecol. Obstet. 2019;146:20 0824. doi:
10.1002/ijgo.12761

10. Jauniaux E, Bhide A, Kennedy A, Woodward P, Hubinont

C, Collins S; FIGO Placenta Accreta Diagnosis and Manage-
ment Expert Consensus Panel. FIGO consensus guidelines on
placenta accreta spectru m disorders: Prenatal diagnosis and
screening. Int J Gynaecol Obstet. 2018;140:274 8280

11. Familiari A, Liberati M, Lim P, Pagani G, Cali G, Buca D,

et al. Diagnostic accuracy of magnetic resonance imaging in
detecting the severity of abnormal invasive pla  centa: a sys-
tematic review and meta -analysis. Acta Obstet Gynecol
Scand. 2018;97:507 820.

12. Zaghal AA, Hussain HK, Berjawi GA. MRI evaluation of
the placenta from normal variants to abnormalities of implan-
taton and malignancies. J Magn Reson Imaging.
201 9;50(6):1702 -1717. doi: 10.1002/jmri.26764. Epub 2019
May 17.

13. Bowman ZS, Eller AG, Bardsley TR, Greene T, Varner
MW, Silver RM. Risk Factors for Placenta Accreta: A Large
Prospective Cohort. Am J Perinatol. 2014;31:799 3804

14. Wright JD, Pri -Paz S, Herzog TJ, Shah M, Bonanno C,
Lewin SN, et al., Predictors of massive blood loss in women
with placenta accreta. Am J Obstet Gynecol. 2011;205:38.el o]
e6. doi: 10.1016/j.ajog.2011.01.040.

[www.rejr.ru| REJR. 202; 14 (2):69-76

15. Zhang J, Xu H, Xin Y, Zhang C, Liu Z, Han X et al., As-
sessment of the massive hemorrhage in placenta accreta
spectrum with magnetic resonance imaging. Exp Ther Med.
2020;19(3):2367 -2376. doi: 10.3892/etm.2020.8457. Epub
2020 Jan 15. PMID: 32104305; PMCID: PMC7027333.

16. Jha P, Pzder L, Bourgioti
math A et al Society of Abdominal Radiology (SAR) and Euro-
pean Society of Urogenital Radiology (ESUR) joint consensus
statement for MR imaging of placenta accreta spectrum dis-
orders. Eur Radiol. 2020;30(5):2604  -2615. doi:
10.1007/s00330 -019-06617 -7. Epub 20 20 Feb 10. PMID:
32040730.

17. Buca D, Liberati M, Cal 3
ME et al. Influence of prenatal diagnosis of abnormally inva-
sive placenta on maternal outcome: systematic review and
meta-analysis. Ultrasound Obstet Gynecol. 2018;52(  3):304 -
309. doi: 10.1002/u0g.19070. Epub 2018 Jul 29. PMID:
29660186.

18. Kulabukhova P.V., Mikheeva A.A., Nizyaeva N.V., By-
chenko V.G., Kulikov I.A., Shmakov R.G. Diagnosis of placen-

ta accreta using the mapi -rads system to determine predic-
tors of massive bleeding. REJR. 2023; 13(3):131 -143. DOL:
10.21569/2222 -7415 -2023 -13-3-131 -143 (in Russian).

19. Mori K, Saida T, Hoshiai S, et al. High prevalence of in-
trapelvic parasitic arteries in patients with placenta accreta
spectrum: A case -control study using un enhanced magnetic
resonance angiography. Clin Imaging. 2020;63:50 -56.
doi:10.1016/j.clinimag.2020.02.013

20. Guo P, Wu Y, Yuan X, Wan Z. Clinical diagnostic value
and analysis of MRI combined with ultrasound in prenatal
pernicious placenta previa with plac  enta accreta. Ann Palliat
Med. 2021 Jun;10(6):6753 -6759. doi: 10.21037/apm  -21-
1285. PMID: 34237975.

DOI: 10.21569/222274152024-14-2-69-76 76


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

K¢l ol b 3pbq t70T3q

goys) 37107

o1

A Ozl YOo)TABmAOK dodt O | ¢
¢ 0O0¢ Odd AL T O ¢Omm, ? t

o¢
o n,

Té i
CATC
my 30a¥YR O. 0.

Obasfr RcepRoeados Oaa3)eRaszeYaoeofhs | 836066 | 3a>YasrvaasgeYaYRoaot YaRyas o
y. 6Rdy, ObasfrRsceonRa.

caadR edaorvoaya teseR 0 podeayossaya s5a¥ydqR &a3eRag 3t

Yoo &aG089dO2 fO030950989a382 Y €03Ya29 83259503683 40.

2adi 233doeX¥Ra2B i 3Rbsas3sfh padeaysaya savydR o9 ed

8302903830 |} fa3a9saaafhg 3 oaar dRy aeo330gtecessfps roa 3radoRiyosecs

dbRea3o2RdAh 92 sddadsdRbY) daa¥Yaa o933daeva¥YRoao2a (sV]) €3
o9hs 3o 33ad6>9adbedbdi . s Y3xag eRecoasead 3af 3Rea RoRsoab,
afr 3daea¥YRoaoa, B3Ra3YRyo2aRdi aaa sy| . teRpeediudt2d 29 aeeoaRisoa cesa
9eoya teGeGR 0 paoadeeyseays sarvdR.

¢fabydi eRefg3aca33a o933daea¥YRaot | 24 e€RGco209B8aY €3 ac

pasayosad fra3095099a368t e3aevardpodR3i. @R 33ada 6 osarvadi €&
} 120 pasayosasa fa3aomnadoRkscii, co3Rresssd>da 8 o 10 saevadi ¢€a6a
eReGoa8e8aY 3228Y0a068368Yaoa o, fFas3asaada3ai ces3oevadnpodR3i J
saaevadi cea2803t edeeR eg3a30bavydR | 4 e¢RecoasgaY, Faos3asaasa
pa39Rdi aRt desa®yadadewagR YAHt YdasaR } 90, 69%, PhsAd® ccaRacPta
gad. L b 12 3dyyRa¥ 3 obosasasoeas dasseec pDadeayasays 9507r¥C0

bosa¥YRAdR3i } 4 e¢RecoO208G688&Y, P9 e L, g ooyYaRodai hosl o rdbeesosBRs 0 0 98 &Y
¥y3)Jeea 3 cagmungesndamyRoaRt da3sR 0 yoecoalgayasoahe af ot
Go0OdB8aY 3oaB8Yae3B8Yonoosald) alREIRGRtaagR3I s RpR 33 adRg 6, 8,
eoRs0683 paoadeayoseoya s95a¥ydR Y ¥3)Jeeada npaayoss 3 eca603a6 ¢&d;
eoR9a63 Y 3ya3gsckecrdpbRI yaest rasasaseazasei1r (300, 05). 0o R
39209p098 yas3ab 12 osaeveadi €& 33RY¥Ys2as821 3 6, 8 o9 10 saevadt
J eRcoaaeaY 3 ega26803ae6 edaeR (3<0,001). OoRsae63 ecdaesa
saym® 6, 8, 10 o9 12 oaeadi beRyoesadisea J Yadoyodst.

AKr 31 pnpeaaYaadeayahse savad, Yoeveoohe @8R 3Reasog 33adRg
poboaosaosa YRpbnpoaha dyjoadeoo ©dt 1s9f32a8R, Yddi yRt afsaa Y
daea¥YRoo2a egadRbRda, yea RboeRdopnaoalWecdgpaawaoosoarydR 3Yt bR
o9fhs 3023des ea80a32 edaeR. sdi 83RbY)] daYaa 9822026833033 aYR:s
3Rosaya> e3oyoabo3za¥YRo0t o03gaea¥Y fa3095008a368D0.

OfhYoef§di 63 RbY) daaYRt ocaadR voRsae3R 9 dassh padeay s
3R ecedadpa te6G6R Y Bao0yuoosod0 e€a3Yaya 63290363 R frOo30950898a38680D2
90t fros30s099a380 89R 3Resog 33adRg. sdies3RbY)daeYes 9800
te66R o2a0eargoeos ©dt 3Rosa0e eOR¥YS923680(02 €26030 fO305099 8

tdiyaYhaoa sdad®mxday c2603t ecdeoeR, B3Ra3YRyoaRdi 8 aa
edaoeoas +teGao.

t 296Rdeafhec PRY¥®@¥ R -Maildsua_diagnostika@mail.ru

Odt GcoGo3oPR®2a4YREODPIi 6Ref L goaysRJoo padeayasaya 9
tecR Dpaayoda 3 t260306 IFRiBsoMPEW s a REIRRA24; RL4(2):77-84. DOI:
10.21569/2222 -7415-2024 -14-2-77-84.

teRet &d) yaos R3.07.24 teRaee 800 t:6 R10.07.24

lwww.rejr.ru| REJR. 202, 14 (2):77-84  DOI: 10.21569/22274152024-14-2-77-84 77


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

RESULTS OF ECHOGRARHOF THE YOLK AND GBETATIONAL SAC IN WOMEN WITH
EARLY PREGNANCY LOSS

Nuriyeva A.A.

A. Aliyev Az erbaijan State Institute of Advanced Medical Education, Department of Radiology. Baku, Azerbaijan.

valuation of the gestational sac and yolk sac remains an important element of ultrasound
evaluation of pregnancy in the first trimester.

Purpose. To assess the size of the yolk sac and gestational sac in the first trimester in
pregnant women with an unfavorable and favorable pregnancy outcome.

Material and methods. Ultrasound examination (ultrasound) was performed in 128 pregnant
women with a period of 5. 5-6 weeks. All patients had a medical history, general and physical exami-
nation and transvaginal ultrasound. The diameter of the gestational sac and yolk sac was deter-
mined every 2 weeks to 12 weeks.

Results. During the study 24 patients suffered fetal lo ss and 104 women continued pregnancy.
Fetal loss occurred in 8 patients at 6 weeks, pregnancy continued in 120 women, fetal loss occurred
in 6 patients at 8 and 10 weeks, respectively, pregnancy continued in 114 and 108 patients. At 12
weeks, fetal loss oc curred in 4 patients, pregnancy continued in 104 patients. The normal form of
the yolk sac was detected in 90.6%, the altered form in 9.4% of patients. Of the 12 cases with an al-
tered shape of the yolk sac, the deformed shape was visualized in 4 patients, the hypoechoic rim in
6, and the oval shape in 2 patients. In the group with fetal loss, the deformed shape and the hy-
poechoic rim were determined in 2 patients, respectively, and the oval shape in 1 patient. At 6, 8,
and 12 weeks, the average diameter of  the yolk sac in the group of women with fetal loss significantly
exceeded the average diameter in the group with ongoing pregnancy (p<0.05). The diameter of the
yolk sac was reduced after 12 weeks compared with 6, 8 and 10 weeks, a significant decrease was
noted in patients with fetal loss (p<0.001). The diameter of the gestational sac in the examined pa-
tients increased significantly during 6, 8, 10 and 12 weeks.

Discussion. The yolk sac, visible in the early stages of pregnancy, performs vital functions f or
the embryo including metabolism and hematopoiesis. Our study showed that abnormalities in the
shape and size of the yolk sac are associated with an increased risk of fetal loss. Ultrasound moni-
toring of the yolk sac is important for the early prediction of pregnancy outcomes.

Conclusion.  Ultrasound assessment of the diameter and shape of the yolk sac, as well as the
diameter of the gestational sac during the first trimester of pregnancy is important for assessing the
course of pregnancy in the early sta  ges. Ultrasound monitoring of the yolk sac and gestational sac is
necessary for early diagnosis of pregnancy loss.

Keywords: pregnancy, fetal loss, transvaginal ultrasound, yolk sac, gestational sac
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Fig. 2. Echograms.

Example of fetal growth delay at  the 11th week of gestation. The corpus luteum and the embryo are not visu-
alized. These echograms corresponds to the 8th week of pregnancy.
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RADIOLOGICAL DIAGNOSTICS OF SHAKEN BABBYNDROME

Medvedev a2 Serov@N.S.1

1 8 1.M. Sechenov First Moscow State Medical University (Sechenov University). Russia, Moscow.
2 8 Bureau of Forensic Medicine of the Department of Health of the City of Moscow.

urpose. To identify the patterns of pathological changes in the central nervous system ac-
cording to radiological diagnostics data for the syndrome of "shaking the child" on the ex-
ample of a group of infants undergoing the procedu re of forensic medical examination. To
analyze the medical documentation (medical history and outpatient card of the child).

Materials and methods. In the period from 2014 to 2024, an analysis of medical histories,
medical records and radiological methods was performed in children from 0 to 2 years old with a
clinical diagnosis of "child shaking syndrome", who underwent a forensic medical examination pro-
cedure for traumatic brain injury at the state budgetary healthcare institution of the city of Moscow
"Bu reau of Forensic Medical Examination Department of Health of the city of Moscow.

Results. When analyzing radiological studies on electronic media, an interhemispheric locali-
zation of subdural hematoma (SDH) in 21 cases (n=21; 77%) was found, in 8 cases (n= 8; 29%) 0 la-
mellar SDH localized convexitally. A combination of interhemispheric and convexital localization of
ADHD was noted in 18 cases (n=18; 66%), and in 16 cases (n=16; 59%) SDCs were combined with
subarachnoid hemorrhage (SAH). DAP was detected in 3 cases (n=3; 12%). In all 27 cases (n=27,;
100%), radiological signs of cerebral edema were revealed, realized in a diffuse narrowing of the sub-
arachnoid space, smoothness of gray -white differentiation and a gyral pattern. All 27 injured chil-
dren underwent an ophthalmological examination, according to the results of which hemorrhages in
the fundus were diagnosed in 22 cases (n=22; 81%).

Discussion. Diagnosis of this condition is complicated by the fact that external traumatic
changes on the face, head and  soft tissues are not detailed, which does not correlate at all with the
severe condition of the child. Given the high mortality rate in SBS, urgent and accurate diagnosis is
the most important. Computed tomography (CT) and magnetic resonance imaging (MRI) have made a
great contribution to the diagnosis of child shaking syndrome. According to research, in infant shak-
ing syndrome, the triad of injuries includes shell hemorrhages and/or intracranial, cerebral edema
and retinal hemorrhage. It was found that su bdural hematomas with SBS have a relatively small size
and are localized in the interhemispheric fissure or on the hyral surface of the brain, and are not as-
sociated with fractures of the skull bones.

Conclusion.  When children from 0 to 2 years old who are admitted to the hospital in a severe
somatic condition, which does not correspond to the data of the local status and external examina-
tion, it is necessary to use radiological diagnostic methods such as CT and MRI. If a hemispheric
subdural hematoma and/o  r SAH are detected in combination with cerebral edema and retinal hem-
orrhages according to ophthalmological examination, it is necessary to clinically consider the diagno-
sis of SBS. Understanding the mechanisms of the pathogenesis of this syndrome is neces sary for ra-
diologists working with pediatric patients.

Keywords: shaking child syndrome, child abuse, forensic medical examination, traumatic brain
injury in children, forensic medical examination in pediatrics.
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Fig. 1. Scheme .

Schematic representation of an impulse brain injury. The leading factor in the occurrence of cerebral trauma
is the "shear stress" caused by translational and/or rotational acceleration of the brain against the back-
ground of the emerging force of the given impulse.
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The first type of SBS biomechanics. Adult fixes the
child with his hands in the area of the shoulder bones
or armpits of the baby, then, with intense shaking,
there are sharp reciprocating movements of the head
in opposite vectors.
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Fig. 2. Scheme .

The second type of biomechanics is SBS. The point of
force application in this case is localized in the occip-
ital region, and upon contact with the traumatic sur-
face, fractures of the skull bones and/or bruises of
the brain may form
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Fig. 5. MRI, brain, axial slice, FLAIR pulse sequence.
a - A boy, 2.5 years old. Hemispheric subdural hematoma (r ed arrow).

b & The same patient. Subdural lamellar hematoma of the right frontotemporal region (red arrow).
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Fig. 6. MSCT, brain.

a 0 axial slice, brain window mode. The red arrow indicates an interhemispheric subdural hematoma that
spreads to the anterior and posterior divisions of the interhemispheric fissure. The yellow arrow indicates a

lamellar subdural hematoma with convexital localization in the left frontal -parietal region. b 0 sagittal sec-
tion, brain w indow mode. The red arrow indicates a subdural hematoma that spreads along the outline of the

cer ebel |deamnary sestion, brain window mode. The red arrow indicates an interhemispheric subdural
hematoma. The yellow arrow indicates a lamellar subdura | hematoma with convexital localization in the left
frontal -parietal region.
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Fig. 7. MRI, brain, axial slice, FLAIR pulse sequence.

a 0 The red circle indicates foci of microhemorrhagia in the area of the roller, which is typical for diffuse ax-
onal da mage.

b & The yellow circle indicates convexital subarachnoid hemorrhage in the same patient.

3-0 The green circle indicates a focus of microhemorrhagia in the center of the bridge
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Fig. 8. MRI, brain, axial section

a 0 SWI. Bilaterally, small signal loss zones are detailed in the frontal lob es, which reflect the localization of
axon ruptures with diffuse axonal damage (red arrows).

b, ¢ d Pulse sequence T2 (b), FLAIR (c). In similar sections, pathological changes in the frontal lobes are not
detailed.
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Fig. 9. MRI, brain, axial section

a 0 T1 pul se sequence, native examination. Parasagitally, linear zones of MR signal enhancement with con-
vexital distribution are determined & SAH (green arrow).

b 0 SWI. In similar sections, the SAH zones are visualized in more detall, in the form of bilateral signa | loss
zones (green arrow).

3 0 native FLAIR. Zones of hyperintensive MR signal with convexital propagation (green arrow) are visualized
in similar sections.
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FEATURES OF MRI CHACTERISTICS OF POSTORTEM CHANGES IN THEIVER AND
LUNGS OF DECEASED NEBORNS DEPENDING ONTHE TIME OF DEATH

Tumanova U.N. Sawva O.V.1i Byche nko V.G. [Shchegolev A.l1

1 - V.I Kulakov National Medical Research Center for Obstetrics, Gynecology and Perinatology. Moscow, Russia.
2 - State Budgetary Institution of the Ryazan region "D.l. Mastbaum Bureau of Forensic Medicine. Ryazan, Russia.

urpose. To conduct a comparative analysis of the MRI characteristics of postmortem
changes in the liver and lungs, depending on the time of death.

Material and methods. The work is based on a comprehensive analysis of postmortem MRI

data and the results of  pathological autopsies of 103 newborns. All the bodies of newborns
after death were stored in a refrigerator at a temper
body. Postmortem MRI examination of the bodies of deceased newborns was carried out befo re the
pathological autopsy using a 3T Siemens Magnetom Verio device, followed by analysis of T1 -and T2 -
weighted images (WI). The intensity of the MR signal in the tissue upper and lower regions of the liver
and lungs in relation to the position of the bo dy after death was visually assessed on tomograms.

The values of the MR signal intensities in the upper and lower regions of the liver and lungs in rela-
tion to the position of the body after death, as well as the intensity of the MR signal in the pleural
fluid on the axial projection of tomograms were determined quantitatively. Based on the data ob-
tained, the difference and ratio of MR signal intensities (SIS) in the upper and lower regions of the
organ on T2 -WI and T1 -WI, as well as MRI values of the index of the postmortem state of the liver
and lungs were calculated.

Results. Visual analysis of MR tomograms in most cases revealed varying degrees of intensity
of the MR signal in the upper and lower regions of the liver and, accordingly, the presence of a g radi-
ent of the MR signal. The presence of a gradient and, accordingly, the boundary of the intensity of
the MR signal in the upper and lower regions somewhat less frequently than in the liver was noted in
the visual analysis of MR tomograms of the lungs. A t the same time, the severity of this gradient and,
accordingly, its boundaries differed on T1 -WI and T2 -WI, as well as in groups with different duration
of death. The calculated ratios of the average values of signal intensities in the upstream part of th e
liver to similar values in the downstream part of the liver were less than 1 in most groups, with lower
levels on T1 -weighted images. The average values of the MRI index of the postmortem state of the
liver in all groups had greater values in the lower a rea of the liver compared with the upper area. At
the same time, the values obtained decreased in the first 18 hours after death, and then had a wave -
like character. Similar values of the MRT index of the postmortem state of the lungs were wave -like
charac ter with a tendency to decrease as the duration of death increased.

Conclusion. The data obtained convincingly indicate that postmortem MRI is a highly effective
and non -invasive method of studying the bodies of deceased newborns, allowing visualizing the de-
velopment of non -specific postmortem changes in internal organs. Based on a quantitative assess-
ment of the intensity of the MR signal in the upper and lower regions of the organ relative to the po-
sition of the body after death, the features of the format ion of postmortem changes in liver and lung
tissue have been established. This facilitates the subsequent analysis of morphological changes de-
tected at the autopsy and the determination of the links of thanatogenesis. The knowledge gained
about postmortem changes during radiology studies will improve the quality of their assessment and
differential diagnosis of intravital lesions and cadaveric changes.
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Fig. 1. Postmortem MRI of a newborn M, who died at the age of 12 days 10 hours 38 minutes: a o}
T2WI, b & T1WI. Sagittal projection.

The duration of the postmortem p  eriod is 5 hours and 26 minutes (group 1). Postmortem liver changes.
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Fig. 2. Postmortem MRI of a newborn Sh, who died at the age of 24 days: a 0 T2WI, b d T1WI. Sagittal
projection.

The duration of the postmortem period is 12 hours and 56 mi nutes (group 3). Postmortem liver changes.
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B, who died at the age of 1 day 34 minutes: a

o0 T2WI, b & TIWI.

Fig. 3. Postmortem MRI of a newborn
Sagittal projection.

The duration of the postmortem period is 62 hours and 18 minutes (group 8). Postmortem liver changes.
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Fig. 4. Diagrams .

MRI values of the index of the postmortem state of the upper and lower regions of the liver at T2 -WI (a) and
T1-WI  (§) .

The axis of the abscissa - the groups, depending on the duration of the postmortem period. The ordinate axis
- the values of MRI index of the postmortem state (conventional units).
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Fig. 5. Postmortem MRI of a newborn M, who died at the age of 5 days 15 hours 45 minutes: a o
T2WI, b & TIWI. Sagittal projection.

The duration of the postmortem period is 5 hours and 31 minutes (group 1). Postmortem lung changes.
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Fig. 6. Postmortem MRI of a newborn M, who died at the age of 5 days 7 hours 40 minutes: a
b 6 TIWI. Sagittal projection.
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The duration of the postmortem period is 17 hours and 43 minutes (group 3). Postmortem lung changes.
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Fig. 7. Postmortem MRI of a newborn K, who died at the age of 5 days 23 hours 36 minutes: a o)
T2WI, b & TIWI. Sagittal projection.
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The duration of the postmortem period is 61 hours and 38 minutes (group 8). Postmortem lung changes.
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Fig. 8. Diagrams .

MRI values of the index of the postmortem state of the upper and lower regions of the lungs at T2 -WI (a)
and T1-WI (¢ ) .

The axis of the abscissa - the groups, depending on the duration of the postmorte m period. The ordinate
axis - the values of MRI index of the postmortem state (conventional units).
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Fig09. Mi croscopi c changesc,ie)andtldwer ( b, pferegior(s Bf the liver of de-
ceased newborns. Staining witbhhgham@de 300 n and e

R ,b - micropreparations  of the liver of newborn A., who died at the age of 4 days 10 hours and 19 minutes,

the duration of the postmortem period - 16 hours: a - focal desquamation of cholangiocytes in the duct of
the portal tract of the upstream liver region, b 0 total desquamat ion of cholangiocytes in the duct of the por-
tal tract of the downstream liver region;

¢, d 0 micropreparations of the liver of a newborn R., who died at the age of 5 days 10 hours and 30
minutes, the duration of the postmortem period - 27 hours: c 6 expans ion of sinusoids with small clusters

of erythrocytes, signs of karyolysis in individual hepatocytes of the upper liver region, d - expansion of si-
nusoids with the presence of hemolysed erythrocytes, signs of karyolysis in individual hepatocytes of the

lower liver region;

e, f & micropreparations of the liver of a newborn Sh., who died at the age of 14 days 21 hours and 20
minutes, the duration of the postmortem period - 68 hours: e @& expansion of sinusoids, vacuolization of
hepatocytes in the upstream area of the liver, f - expansion of sinusoids with the presence of hemolysed
erythrocytes, decreased color intensity and vacuolization of hepatocytes in the downstream area of the liver.
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