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KAto4oBi cAoBa: PE3IOME

rocTpa K1LLKOBa HemnpoxigHiCTb, ekcnepu-  AKTyanbHICTb. [liarHocThka rocTpoi HemnpoXxigHOCTi KullevHuKa 6a3yeTbcs Ha AaHuX
MeHTanbHe AOCNiXXeHHS, MCTOCTPYKTypa  NPOMEHEBUX METOAIB AOCNIOXEHHS — peHTreHomnoriyHoro, ynsrpassykosoro (Y3[),
CTIHKW KWULLKW, peHTreHomnoriyHe pocnig-  komm'totepHoi Tomorpadii (KT), marHiTHo-pesoHaHcHoi Tomorpadii (MPT). 3 HaBegeHumx
XEHHS1, yNbTPasBYKOBI KpUTepii. MeTogiB Hanbinbll AOCTYNHUMW Ta €KOHOMIYHO BUFOHUMW € PEHTIEHOMOTYHMN
Ta Y3[. Ons xipypra BaXnuBo BCTAHOBUTW He TiMbKW AiarHo3 rocTpoi HenpoXigHOCTi
kmweyHuka (MHK), ane we BaxnuBille BU3HA4YMTU SIKOTO BOHA XapakTepy — MexaHi4Horo
abo giHamiyHoro. Came xapakTep ineycy BnnvBae Ha BUOIP TaKTUKM NiKyBaHHS Takux
xBopux. Ons uboro HeobxiAHO MaTu AOCTYMHWIA Ta BUCOKO iHPOpMaTUBHUIA 06 €KTUB-
Henom+sawud HUA  MeTond [JocnimkeHHs. [o Takux MeTodiB  AiarHocTvku  BigHocutbes  Y3[.
BanernmuH Bonodumupoguy OpHak BiOCYTHICTb [OOCTOBIPHUX OBrPYHTOBaHUX KpUTepiiB Bu3HayeHHs HK uum
XapKiBCbKWA  HaLioHanbHWA  MeandHUi  meTomom 06Mexye NOLUIMPEHHS! MOro 3aCTOCYBaHHS.

yHiBepcuTeT MiHicTepcTBa OXOpPOHU 3A0-  MeTa po60oTU — OBrpyHTYBaTW YNbTPa3ByKoBi O3Haku mexaHidHoi MHK, 6asytounch

AAf KOpeCnOoHAEHLI:

pos'st YkpaiHu, kadenpa xipyprii Ne 5; Ha AMHaMiLi AaHMX MOPONOri CTIHKNA KULLIKW.

npocn. Hayku, Gya. 4, M. Xapkis, YkpaiHa,  Marepianu Ta MeToau. Ha Moaeri MexaHiuHoro ineycy, cchopMoBaHoro y 22-x 6inux

61022; wypis, 6yna gocnimkeHa AMHAMIKa FiCTOCTPYKTYPM CTIHKM KULLKW, SiKa po3TalloBaHa

e-mail: doktor.nep@gmail.com BULWE Micua oBTypauii yepes 12, 24, 36 Ta 48 roauH. [10 KOHTPOMbLHOI YBINLIM
4 TBapuWHW, SIKUM BUKOHaHa TiNbku nanapotomis. B oTpumaHux Giontatax gocnigxy-

© Tamm T.I., HenomHswud B.B., Banu MOKasHUKK, SKi 3MiHIOBanucb No Mipi nporpecysaHHa MHK Ta dopmysanu

Mamormoe I.M., LLlakanosa O.A., 2025 O3HakW, ski MoxHa BuABUTM MeTogom Y3[. KinbKicHy OUiHKY CTaHy CRv30BOi,

niacnn3oBoro Ta M’SI30BOMO LWapiB OOOMOHKM TOHKOI KULLKM OLiHoBanun MopdomeT-
pVYHO 3a [OMOMOrOK OKynsipHOi niHivikn «OlympusBX-41», okynspa MikpomeTpa
AMO-2, okynsipHoOi niHinku i citkun .. ABTaHginosa.

Y KkniHiyi vactoty npwucyTHocTi Y3[ «kputepiiB pocnigkyBanm y 53 xBopumx
3 NiOTBEPAXEHOK TOHKOKMLLKOBOK HEMPOXiAHICTIO MyXIIMHHOMO reHe3y, BiK XBOPUX
ctaHoBuB 21-82 poku (52 + 1,3), yonosikiB — 24 (45,3%), xiHok — 29 (54,7%).
Ons  piarHocTukm ineycy BukopuctoByBanm Y3[ PhilipsHD-11XE Ta Siemens
sonoline prima, a TakoX peHTreHonoriyHui anapat — FS-500DDR-3.

Pesynbtat Ta iXx o6GroBopeHHA. OTpumaHi pesynbsraT eKcrepvMeHTanbHOro
OOCMiMKEHHS Mokasanu, Lo Mpu MexaHiYHOMy ineyci BigbyBaroTbCA TPWM OCHOBHI
NocnifgoBHI eTanu: no-nepLue, PO3LWMPEHHST NPOCBITY KWLLKWA Hag MiCLEM NepeLukoau,
no-gpyre, cekBecTpauis piguMHu y i NPOCBIT, NO-TPETE, rHiiHe 3ananeHHs CTiHKW, ske
CYNPOBOMXYETbCA €KCyAaTVBHUM KOMMOHeHTOM. OcTaHHE npu3BOAUTL A0 Habpsky
WapiB CTiHKA KWwKW, Ti 36inblUeHHo, WO [ae MOXNMBICTb BidyanidyBaTu Le 3a
gonomMoroto Y3[], ocobnueo cnunsoBuid wap. Yum [oBlIE iCHYE MexaHiYHui ineyc,
TMM Ginblue NOCUNIOETLCS MPOLEC THIMHOIO 3anarnieHHst CTiHKU Killku 3 Nepexogom
0o il ceposHoi obornoHkn. HacnigkoM ocTaHHbOro € peakuisi O4epeBUHHOIO MOKPOBY
Ta nosiBa pPiguHN MiX NEeTNAMMN KULLEYHMKA.

BusiBneHi mopdornoriyHi 3MiHM Yy CTiHUi KAWKW NSriM B OCHOBY (hOPMYBaHHS
ynbTpa3sykoBux kputepiie THK Ta 6ynu gocnigxkeHi y 53 xBopux 3 nigTBepmxeHo
TOHKOKWLLIKOBOKO HEMPOXiAHICTIO MyXNMHHOTO reHedy, 3 skux 43 (81,1%) 6ynu
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rocnitanizoBaHi npoTsroM 24 roguH 3 MOMEHTY KNiHIYHOT MaHidecTauii xBopobu.
[Mpn HagxomxeHHi OO cTauioHapy UMM XBOPWM MOCAIAOBHO 3 AiarHOCTUYHOK METOH
BMKOHYBanu Y3[] opraHiB YepeBHOI NOPOXXHUHM, a NOTiM il OrnsgoBy peHTreHorpadito.
loctpuin ineyc nig yac Y30 OyB nigTBEpakeHWn HasiBHicTiO 82 + 11,6% o03Hak,
a npw peHTreHorpadii umx >xxe xBopux BuseneHi nuwe 18 + 11,6% osHak (p < 0,005).

3rigHO 3 AMHAMIKOI TCTOCTPYKTYPU CTiHKM KULLKW, fiKa XapaKTepHa Ans KOXHOro

erany (OpPMyBaHHS MEXaHIYHOro ineycy, aBTOpU BBaXawTb,

o 06’eKTUBHUMMU

ynbTpa3sykoBumn kputepismum MTHK MoOxHa BM3HATW: pO3LWIMPEHHS MPOCBITY KULLIKM,
Bidyanisauito piguHu y ii npocBiTi, penbed crnm3oBoi 06ONOHKM Yy BUMMSAI CKNagok
KepkpuHry, amiHa nepucTansTUYHOI aKTMBHOCTI KULLKM Ta HasBHICTb BiMbHOI PiguHM

MiXK NETNSIMU KULLEYHUKA.

Buxogsaum 3 kinbkocTi BusiBNneHux npu Y3[] 03HaK TOHKOKMULLKOBOIO ineycy, MoxHa
NpuUMNycTUTK, L0 KOXHA 3 HUX BiANoBidae OAHOMY 3 eTaniB pO3BWUTKY XBOpobW, Lo
nigTBEpAKEHO pesynbratamu ekcnepumeHTy. pu ornsaoBii peHTreHorpadii opraHis
YepeBHIN MOPOXHUHI Y LIMX e XBOPUX AesiKi 03HaKM ineycy BUSIBUTU Byno HEMOXIUBO.
BucHoOBKW. Y ekcnepuMeEHTi MoKa3aHo, Lo MexXaHiYHWIiA ineyc mae nocnigoBHi etanu
PO3BUTKY, SIKi CYNPOBOMKYIOTbCA 3MiHaMMW FCTOCTPYKTYPU KillKW, LO po3TalloBaHa
BULLE MiCLs nepeLukoaun. YnbeTpasBykoBi 03Haku MexaHiyHoi MHK 6a3yoTbes Ha aaHmx
OvHaMikyu MOpEONOriYHUX 3MiH, LLO BiAOYBalTLCA Y CTiHLI KULLKA.

EkcnepvMeHTanbHe AoCnigKeHHs1 JOBero, Lo YMM Ginblue icHye ineyc, TuM Ginblue
natomopdonoriyHMx 3MmiH BiAOyBaeTbCs B CTiHUi KWLIKW, SIKi MOXHa BidyanisyBatu

nig yac Y3[.

MeTog Y3[ y AiarHoCTMUi rOCTPOro MEexaHiYHOro ineycy Mae nepesary Yy MOPiBHSHHI
3 PEHTreHONMOrYHUM 3a PaxyHOK BUSIBIIEHHSI O3HaK, XapakTepHUX [Afs OKPeMux
eTaniB dpopmyBaHHs xBopobu: npu Y3[ KinbkicTb 03Hak ineycy cknana 82 + 11,6%,
a Npy PeHTreHonoriYHOMy AOCRIAXeHHI Y umx xe xsopux — 18 + 11,6% (p < 0,005).

AAS UUTYBAHHS:

Tamm T.I., HenomHswwmn B.B., MamoHTOB I.M., LWakanosa O.A. MopdconoriyHe 0BrpyHTYBaHHS YnbTpasByKOBUX
KpUTEPpIiB roCTPOi HEMpOXiOHOCTI KULLEYHMKA MexaHiYHOro reHesy. YkpaiHcbkull padionoeidHuli ma OHKomoeiqHul
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ABSTRACT

acute bowel obstruction, experimental Background. Diagnosis of acute bowel obstruction is based on the data of radiological
study, histological structure of the bowel examination methods — radiography, ultrasound, computed tomography (CT), and
wall, radiography, ultrasound criteria. magnetic resonance imaging (MRI). Among these, the most accessible and cost-
effective are radiography and ultrasound examination. For a surgeon, it is essential
to establish not only the diagnosis of acute bowel obstruction (ABO) but also, more

For correspondence:

importantly, to determine its origin — mechanical or dynamic. The origin of the ileus
directly influences the choice of treatment strategy. That is why it is necessary to have

an accessible and highly informative objective diagnostic method. Ultrasound exami-
Nepomniashchyi nation is one of such methods. However, the absence of reliable and substantiated
Valentyn Volodymyrovych criteria for determining the ABO with this method limits its use.
Kharkiv National Medical University of the ~ Purpose — substantiate the ultrasound features of mechanical ABO based on the
Ministry of Health of Ukraine, Department  dynamic changes in the morphological data of the bowel wall.

of Surgery Ne 5; Materials and methods. Mechanical ileus was modeled in 22 white rats. The dynamic
4 Nauky Ave., Kharkiv, Ukraine, 61022; changes in the histological structure of the bowel wall located above the site of
e-mail: doktor.nep@gmail.com obstruction were studied at 12, 24, and 48 hours. The control group consisted of

4 animals that only underwent laparotomy. In the obtained biopsies, we studied t
he indicators that changed as the ABO progressed, forming features that can be
© Tamm T.I., Nepomniashchyi V.V., detected by ultrasound. Quantitative evaluation of the mucosal, submucosal, and
Mamontov I.M., Shakalova O.A., 2025 muscular layers of the small bowel wall was carried out morphometrically using
the OlympusBX-41 eyepiece, the AM9-2 ocular micrometer, and the Avtandilov's

eyepiece graticule.

In the clinic, the frequency of ultrasound criteria was studied in 53 patients with
confirmed tumor-related small bowel obstruction. The patients’ ages ranged from 21
to 82 years (52+1.3). There were 24 men (45.3%) and 29 women (54.7%).
For diagnosing ileus, the PhilipsHD-11XE and Siemens Sonoline Prima ultrasound
imaging systems, as well as the FS-500DDR-3 radiography machine, were used.

Results. The results of the study showed that in mechanical ileus, three main conse-
cutive stages occur: first, the expansion of the bowel lumen above the site of obstruction;
second, sequestration of fluid in the lumen; and third, purulent inflammation of the
bowel wall accompanied by an exudative component. The latter leads to swelling
of the layers of the bowel wall and its enlargement, which can be visualized by
ultrasound, especially the mucosal layer. The longer the mechanical ileus persists,
the more pronounced the purulent inflammation of the bowel wall becomes, and it also
transitions to the serous layer. This results in the reaction of the peritoneal covering

and the appearance of fluid between the bowel loops.

The morphological changes observed in the bowel wall formed the basis for the
ultrasound criteria of the ABO, which were studied in 53 patients with confirmed
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tumor-related small bowel obstruction, 43 (81.1%) of whom were hospitalized within
24 hours of the clinical manifestation of the disease. Upon admission, these
patients underwent sequential diagnostic ultrasound of the abdominal organs
followed by X-ray.

Acute ileus was confirmed by the presence of 82+11.6% of features detected by
ultrasound, whereas on radiography, only 18+11.6% of features were found (p<0.005).
According to the dynamic changes in the histological structure of the bowel wall,
which were characteristic of each stage of mechanical ileus formation, we believe
that the objective ultrasound criteria for the ABO are the following: expansion of
the bowel lumen, visualization of fluid in the lumen, the mucosal relief in the form
of Kerckring’s folds, changes in bowel peristalsis, and the presence of free fluid
between the bowel loops.

Based on the number of features of small bowel ileus detected by ultrasound, it can be
assumed that each of them corresponds to one of the stages of disease progression,
as confirmed by the results of the study. By X-ray, some features of ileus could not be
detected in the patients.

Conclusions. The experiment has demonstrated that mechanical ileus has conse-
cutive stages of development, accompanied by changes in the histological structure
of the bowel wall located above the site of obstruction. The ultrasound features
of mechanical ABO are based on the dynamic changes in the morphology of the
bowel wall.

The study proved that the longer the ileus persists, the more pathological changes
occur in the bowel wall, which can be visualized by ultrasound.

The ultrasound method for diagnosing acute mechanical ileus has an advantage
over radiography due to its ability to detect features characteristic of the various
stages of disease formation: 82+11.6% of the features of ileus were detected by

ultrasound, compared to 18+11.6% detected by radiography (p<0.005).
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3B’5130K pO6GOTH 3 HOYKOBUMMU MPOrPAMAMM,
NAGHAMM | TEeMaMK

Cratta € dparMeHTOoM HayKoBO-4OCHiAHOI poboTu
kadbenpu xipyprii Ne5 HasuyanbHO-HayKoBOro iHCTUTYTY
NiCASIAMNNOMHOI  OCBITM XapKiBCbKOrO HaLiOHaNbHOro
MeanyHOro YyHisepcutetry MiHicTepcTBa OXOpOHWM 340-
poB’st Ykpainu «OcobnmBocCTi po3BUTKY 3ananbHoi peakuii
B Xipyprii opraHiB YepeBHOI MOPOXHUHW i M’AKUX TKaHWHY,
Homep AepaBHoi peectpauii 0123U104366, npuknagHa,
TepMmiH BuKoHaHHA 2023-2026 pp. KepiBHWK — OOKTOP
MeanyHuX Hayk, npodecop |.M. MamoHTOB.

BCTYN

HiarHocTumka roctpoi HenpoxigHocTi knwevHuka (MHK)
FPYHTYETBCA Ha [aHWX MPOMEHEBUX METOAIB Jocnia-
KEHHSI — PEHTreHonoriyHoro, ynerpassykosoro (Y3[),
komn’totepHoi Tomorpadii (KT), marHiTHo-pe3oHaHCHOI
Tomorpadii (MPT). Cepen nepeniyeHux metogiB Ham-
Oinbl AOCTYNHMMU Ta €KOHOMIYHO BUWMOHUMU € PEHT-
reHonoriyHe gocnimkeHHsa [3, 4] ta Y34 [6, 10, 12].
MoxnusicTb BMKOpUCTaHHs MeTopy Y3[ ans gude-
peHuianbHOI  AiarHOCTUKM  MeXaHiYHOT Ta AWHaMIYHOT
HenpoXiAHOCTI 3a paxyHOK Bi3yanisauil nepucTansTuku
KALWEYHNKa MNpOMoHylTb OKpemi astopu [5, 7-9].
IHWIi BBaxatoTb, WO MeToa Y3[ A03BONSE BU3HAYUTU
TepMiHM Ta obCAr onepaTtuMBHOrO BTPYYaHHS Yy XBOPUX,
AK i3 CTpaHrynsuinHum, Tak i 3 obOTypauinHuMm iney-
com [7-10]. [Hdeski pocnigHukn BiggaloTb nepesary
mMeTtoay KT, 3aBAsKM TOYHOMY BM3HAYEHHIO PiBHSI HEMNpoO-
xigHocTi [1, 2, 5, 16], a TakoxX iWwWeMmii Ta HEKPO3y CTiHKU
knwkn 3 nepdopauieto [13, 14]. IcHytoTb ny6nikauii,

Relationship with academic programs,
plans and themes

The paper is a fragment of the initiative research
project of Kharkiv National Medical University of the
Ministry of Health of Ukraine «Features of the deve-
lopment of the inflammatory reaction in surgery of
abdominal organs and soft tissues», state registration
number — 0123U104366, applied, implementation
period 2023-2026. Led by Doctor of Medical Sciences,
Professor [.M. Mamontov.

INTRODUCTION

Diagnosis of acute bowel obstruction is based on the
data of radiological examination methods — radiography,
ultrasound, computed tomography (CT), and magnetic
resonance imaging (MRI). Among these, the most
accessible and cost-effective are radiography [3, 4]
and ultrasound examination [6, 10, 12]. Some authors
suggest the possibility of using ultrasound examination
for differential diagnosis of mechanical and dynamic
obstruction due to visualization of bowel peristalsis
[5, 7-9]. Others believe that ultrasound examination
allows the timing and extent of surgical intervention
in patients with both strangulation and obstructive ileus
to be determined [7—10]. A number of researchers prefer
CT due to its accurate determination of the level of
obstruction [1, 2, 5, 16], as well as ischemia and necro-
sis of the bowel wall with perforation [13, 14]. There are
publications that mention the simultaneous or sequential
use of both ultrasound and CT [15]. For a surgeon,
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Je BKasyeTbCsl Ha opHodacHe abo nocnigoBHE BWKO-
puctanHa Y3 Tta KT [15]. [Ona xipypra BaxmnuBo
BCTAHOBMTK AiarHO3 rocTpoi HENPOXiOHOCTI KULUEYHUKa,
ane e BaXnuBille BU3HAYUTU SIKOTO BOHA XapakTepy —
MexaHiyHoro abo auHamivyHoro. Came xapakTtep ineycy
BNNMBae Ha BUOIp TakTUKM NiKyBaHHA TakMX XBOPWUX
[1,2, 4,5, 8, 12]. Ans uboro HeobxiaHO MaTK JOCTYNHWUIA
Ta BWUCOKOIHGOPMATUBHMI OO’EKTUBHUI MeTon OocHia-
XeHHs. [Jo Takmx meTodiB AiarHoCTUKK Hanexutb Y3[.
OpHak BiACYTHICTb [OOCTOBIPHMX OOrPYHTOBaHWUX KpwW-
TepiiB Bu3Ha4eHHs THK metogom Y3[ obmexye Lumnpoke
MOro 3acTOCyBaHHS.

Meta pobotn — OOrpyHTyBaTM YnbTPa3BYKOBI
03HaKM MexaHiyHoi [HK, 6Gasyiouuck Ha aguHamidi
OaHuX Mopdonorii CTIHKN KALLIKW.

MATEPIAAU TA METOAU AOCAIAXEHHSA

[ocnigxeHHs npoBoaAMnM B €KCMEPUMEHTI  Ha
26 Ginux cTaTeBO3PINMX Wypax-camusax niii  Bictap.
Hamu obpaHa ob6TypauiiHa Mogenb MexaHiYHoro ineycy,
sika chOPMOBaHa LUMSAXOM NEPEB’sI3KM NiraTyporo TOHKOT
kmwkn (C.O. Wanimos, 1984). Ansa uboro nig 3aransHUM
3HebOoMBaHHAM B OnepaLiiHii 3 JOTPMMaHHSM npaBuI
acenTUKM Ta aHTMCENTUKM 22 TBapuvHam BWKOHyBamnu
nanapoTomito, NPOBOANIM NEPEB’A3KY MiraTypol Npocsi-
Ty TOHKOI KWLIKW Ha cepeduHi 1i BigcTtaHi. MepeB’asky
KWLLKW 3OiACHIOBanNyM A0 MOBHOMO NEPEKpPUTTS MPOCBITY,
ane 6e3 o3Hak po3BWTKY iwemii. licna uboro nana-
pPOTOMHY paHy ywwuanu. PopmyBaHHS 0OTypaUiiHOT
HEeNpPOXiAHOCTI BUKIOYAE AOOATKOBUIA BMNAMB NOPYLUEHHSA
KPOBOMOCTAYaHHs CTiHKM KWLLKW, sIKe 3aBXOW MPUCYTHE
npu CTPaHrynauinHoMy Ta 3MmillaHoMy ineyci, Ha Mop-
donoriyHi i 3MiHM B npoueci ekcnepumeHTy. TBapuH
BMBOOWIM 3 EKCMEPVMEHTY LUMAXOM BBEAEHHS NeTanbHol
[o3u KeTamiHy Yepes 12, 24, 36 Ta 48 roavH, nicns Lporo
npoBoannu 3abip GionTaTiB CTIHKM KALWKM Ha 2 CM BULLE
Micus nepeB’s3kn. [lo KOHTPOMbHOI TIpynu  yBiALWNN
4 TBapuHU, SKUM BMKOHYBamnu nanapoToMito, Nicns uboro
paHy 3awwuBanu. 3 eKCnepumeHTy TBapvH BUBOOUNU
Takox yepes 12, 24, 36 Tta 48 roanH. 3abpaHi Giontatn
CTIHKM KMLWKKM nicng dikcauii y dopmanini i ctaHngapTHoT
npoBoAKW 3abapBroBany reMaTokCuniH-eo3nHoMm. MNoTim
Jocnigpkysanu 3a [ONOMOrol  GiHOKYNSpHOro  MiKpo-
cKorna, OLiHIOYM TOBLUMHY M'SI30BOrO LUapy i Crin3oBoi
06OMOHKM, Tak camO Bu3Ha4yanM TOBLUMHY | BWUCOTY
100 BOPCWH. €Ki MOKPMBaKOTb LMAIHOPUYHI  KITITUHW.
Micna nigpaxyHKy KinbKiCHOro CMiBBIQHOWEHHS LUMNiHA-
PUYHUX | KenuxonopibHMX KMiTUH BUSIBNSANM KinbKicTb
MITOTUYHO aKTMBHUX Ta MaHETOBCBKWUX KITiTWH, LIO Npu-
nagawTb Ha ogHy kpunTy. KpiM uboro Bu3Havanu nim-
dOLMTN B OQHIN BOPCUHL | TEPMIHK NOSIBU HENTPOiniB.

[ocnigxeHHs npenapatiB, a TakoX camMo ix
MikpodpoTorpadpyBaHHs  3AiicCHIOBanyM Ha  Mikpockoni
«OlympusBX-41». KinbkicHy OUiHKY CTaHy Cnn30BOI,
nigcnM3oBoro Ta M'A30BOrO  WAPIB  TOHKOT  KMULLKK
ouiHoBann MopgOMETPUYHO 3a AOMNOMOrOK OKYMSAPHOI
niHivikn «OlympusBX-41», okynsipa mikpometpa AM9-2,
oKkynsipHoi miHiikn i citkm I ABTaHginosa (1991).
MopdonoriyHe [ocnigXeHHss BMKOHAHO Ha Kadbeapi
nartonoriyHoi aHatomii HaB4anbHO-HAayKOBOro iHCTUTYTY
nicnaaunnoMHOI  OCBITUM  XapKiBCbKOro  HaLioHansHOro
Mean4yHoro yHiBepcuTeTy MiHicTepcTBa OXOpPOHM 3.0-
poB’st YKpaiHu.

it is essential to establish not only the diagnosis of
acute bowel obstruction (ABO) but also, more importantly,
to determine its origin — mechanical or dynamic.
The origin of the ileus directly influences the choice of
treatment strategy [1, 2, 4, 5, 8, 12]. That is why it is
necessary to have an accessible and highly informative
objective diagnostic method. Ultrasound examination
is one of such methods. However, the absence of reliable
and substantiated criteria for determining the ABO
with this method limits its use.

Objective — is to substantiate the ultrasound
features of mechanical ABO based on the dynamic
changes in the morphological data of the bowel wall.

MATERIALS AND METHODS

The study included an experiment on 26 adult male
Wistar rats. We selected an obstruction model of
mechanical ileus, which was formed by tying the small
bowel with a ligature (S.O. Shalimov, 1984). Laparotomy
was performed on 22 animals under general anesthesia
in compliance with aseptic and antiseptic rules. After that,
a ligature was applied to the lumen of the small bowel
at the middle of its length until the lumen was fully
occluded but without signs of ischemia. Afterward, the
laparotomy wound was sutured. The formation of obstruc-
tive ileus excludes the additional influence of impaired
blood supply to the bowel wall, which is always present
in strangulation and mixed ileus, on its morphological
changes during the experiment. The rats were euthanized
by administering a lethal dose of ketamine after 12, 24,
36, and 48 hours, then biopsies of the bowel wall were
taken 2 cm above the ligation site. The control group
consisted of 4 animals that underwent laparotomy,
after which the wound was sutured. These animals
were also euthanized after 12, 24, 36, and 48 hours.
The collected biopsy samples were fixed in formalin,
processed through standard procedures, and stained
with hematoxylin and eosin. Subsequently, we studied
the samples using a binocular microscope to assess
the thickness of the muscular and mucosal layers and
also to determine the thickness and height of 100 villi
that covered the cylindrical cells. After establishing
the quantitative ratio of cylindrical to goblet cells, the
number of mitotically active and Paneth cells in each
crypt was calculated. Additionally, the number of
lymphocytes per villus and the time of neutrophil
appearance were determined.

The preparations were examined and micro-
photographed using the «Olympus BX-41» microscope.
The quantitative evaluation of the condition of the
mucosal, submucosal, and muscular layers of the
small bowel was performed morphometrically using the
Olympus BX-41 eyepiece, the AM9-2 ocular micro-
meter, and the Avtandilov’s eyepiece graticule (1991).
The morphological study was carried out at the
Department of Pathological Anatomy of Educational
and Scientific Institute of Postgraduate Education of the
Kharkiv National Medical University of the Ministry of
Health of Ukraine.

During the experiment on animals, we followed the
requirements of the European Convention for the
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Mig yac poboTu 3 ekcnepMMeHTanbHUMK TBapUHaMu
KepyBanucb BuUMOramuM E€BpONENCbKOI KOHBEHUji i3
3axucTy xpebeTHux TBapwH (CTtpactypr, 1986 p.), anpek-
TMBamMn Pagu €Bponencbkoro eKoHOMIYHOro CcrniBToBa-
pucTBa LWoAo 3axucty xpebeTHux TBapuH (CTtpacbypr,
1986 p.), 3akoHy YkpaiHu «[po nikapcbki 3acobu» (1996),
kepiBHmuytBom ICHGLP (2008), GLP (2002); po6Goty
BMKOHyBanu BignoBigHO A0 BMMOr i HOPM TWUMNOBUM
MONOXEHHAM 3 nuTaHb eTukM MiHicTepcTBa OXOpPOHU
3popoB’st Ykpainu Ne 690 Big 23.09.2009 p.

Y kniHidi yactoty npucyTtHocTi ¥Y3[ kputepiiB MHK
pocnigxysanu y 53 xBopux 3 MNiATBEPAXEHOH TOHKO-
KMLLKOBOK HENPOXIHICTIO MyXMMHHOTO reHesy. Bik xBo-
pux craHoBuB 21-82 poku (52 + 1,3), yonosikiB —
24 (45,3%), xiHok — 29 (54,7%). Ana piarHOCTUKN BU-
kopuctoByBann anapatu Y3[ PhilipsHD-11XE Ta
Siemens sonoline prima, a TakoX PEeHTreHONoriYHnn
anapat FS-500DDR-3.

PE3YABTATU TA IX OBTOBOPEHHS

XapakTtep i rmubuHa BUSABNEHUX MNOpPYLUEHb Yy TKa-
HMHaxX CTiHKA KWLWKW Y [OCNIMKYBaHUX 22-X TBapWH
Npu MEXaHiYHOMY ineyci OujiHIoBanacs y MOPIBHSAHHI
3 KOHTponem (4 TBapviHu).

[ocnigXeHHs nokasanw, WO y KOHTPOINbHUX TBapuH
yepe3 12 roguH micnga nanapoTtoMii TOBLUMHA CIM30BOI
000MOHKM CTiHKM TOHKOT KULWKK ctaHoBuTb 0,5 + 0,02 mm;
TOBLLMHA M’'SI30BOrO LLAPY HE3MIHEHOI CTiHKM CTaHOBUTb
0,95 + 0,01 mm. CniBBIgHOLEHHSI BUCOTU BOPCUH CNnun-
30BOi ODOONMOHKM [0 LOBXMHM KPUMNT CTaHoBUTL 2,5:1.
KanmucTi eHTepoumnTn NpeactaBneHo y BUMSAI LuniHA-
puyHoi cbopmmu Bucotoro 31,0 + 0,5 MKM 3 uiTKot
NMOCMYroBaHol OONsIMIBKOIO anikanbHOI MOBEpPXHi Ta
6asanbHO posTawoBaHuMu agpamm (puc. 1).

+ ;_..;__.--"‘ o
o CR L i s
= - ﬁi.':‘"

e ;
" s

s

Protection of Vertebrate Animals (Strasbourg, 18.03.1986),
directives of the Council of the European Economic
Community for the Protection of Vertebrate Animals
(Strasbourg, 24.11.1986), the Law of Ukraine «On Medi-
cinal Products» (1996), ICH/GLP guidelines (2008),
GLP (2002), and the ethical guidelines of the Ministry
of Health of Ukraine (Ne 690, 23.09.2009).

In the clinic, the frequency of ultrasound criteria was
studied in 53 patients with confirmed tumor-related small
bowel obstruction. The patients’ ages ranged from 21
to 82 years (52 + 1.3). There were 24 men (45.3%)
and 29 women (54.7%). For diagnosing ileus, the
PhilipsHD-11XE and Siemens Sonoline Prima ultra-
sound imaging systems, as well as the FS-500DDR-3
radiography machine, were used.

RESULTS AND DISCUSSION

The nature and extent of the detected abnorma-
lities in the tissues of the bowel wall in 22 rats with
mechanical ileus was assessed in comparison with
the control group (4 rats).

The results showed that in the control rats, 12 hours
after laparotomy, the thickness of the mucosal layer of
the small bowel wall was 0.5 = 0.02 mm; the thickness
of the muscle layer of the unchanged wall was
0.95 + 0.01 mm. The ratio of villus height to crypt
length was 2.5:1. The enterocytes at the brush border
appeared cylindrical with a height of 31.0 £ 0.5 um
and had a distinct striated border of the apical surface
and basally located nuclei (Fig. 1).

Puc. 1. TicTocTpyKTypa BOPCUH CTiHKW KWLLKWA B HOPMI: anikarnbHa NOBEPXHSA NOKpUTa LUMNIHAPUYHUM eniTeniem
i UITKO MPOCTEXYETLCA NOCMYyroBaHa obnsamiska. 3abapBrneHHs reMaTokcuniHoM i eo3uHom x 100
Fig. 1. Histological structure of the villi of the bowel wall under normal conditions:
the apical surface is covered with cylindrical epithelium, and a distinct striated border is visible. H&E staining x 100

Y kpuntax nepesaxaroTb LUMNIHAPWYHI KNITUHW, cepea
AKUX BUABNAOTLCA | KENUXONOAiIOHI KNITUHWU. Y rmrMboknx
BigAinax KpunT po3TallOBYHOTLCA MNAHETOBCHLKI KNITUHU
(5,0 £ 1,0 Ha kpunTy). Cepea LMNIHOPWUYHUX KMITWH
KpUNT 3ycTpivaroTbCca KNiTUHW 3 dhirypamn MiTO3iB, AKi
ckrnapatTb Ha kpunty — 4,5 £ 0,5.

B enitenianbHOMY MOKpVBI BOPCUH 3HaxXOAATbCS
MixeniTenianbHi Nimountn B Kinbkocti 161,0 = 17,4
Ha 1000 enitenioyuTiB. Y BRAcHiIn nnacTuUHLUi CnM3oBOi

Cylindrical cells predominated in the crypts, among
which goblet cells were also found. Paneth cells
(5.0 £ 1.0 per crypt) were located in the deep sections
of the crypts. Among the cylindrical cells of the crypts,
cells with mitotic figures were found, comprising
4.5 + 0.5 per crypt.

In the epithelial covering of the villi, there are intra-
epithelial lymphocytes in the quantity of 161.0£17.4 per
1000 epithelial cells. In the lamina propria of the mucosa,
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006O0MNOHKM NepeBaxae Nyxka BOMOKHWCTA CronyyHa Tka-
HWHa, sKka MicTuTb 16,0 £ 4,5 manux nimcounTie Ha Bop-
CUHKY (puc. 2). Y TBapuH Ui€i rpynu, siki 6ynu BuBeaeHi
3 ekcnepuMeHTy Yepes 24, 36 Ta 48 roauH y ricToCcTpyKTYypi
CTiHKM TOHKOI KMLWIKM He Oyno 3HamgeHo [OCTOBIpHUX
BiAMIHHOCTEN Y MOPIBHSHHI 3 MOKa3HUKaMu, siki Oynu
BUSIBMNEHI Yepe3 12 roanH eKCrnepuMeHTY.

loose fibrous connective tissue predominated, con-
taining 16.0 + 4.5 small lymphocytes per villus (Fig. 2).
In the rats of this group that were withdrawn from the
experiment after 24, 36, and 48 hours, no significant
differences were found in the histological structure
of the small bowel wall compared to the parameters
that were detected 12 hours after the experiment.

Puc. 2. TicToCTpyKTypa CTiHKM KMLLKM B HOPMI: BflacHa NNacT1HKa CnNvn3oBoi NpeAcTaBneHa nyxkok Crofy4YHO TKAHWHO
3 HasABHICTIO Manmx NimoumnTIB i MnasmMaTnyHUX KNiTuH. 3abaperneHHs reMaTokcuniHom i eosnHom x 100
Fig. 2. Histological structure of the bowel wall under normal conditions: the lamina propria of the mucosa is represented
by loose connective tissue containing small lymphocytes and plasma cells. H&E staining x 100

AHaniza MoponoriyHMx 3MiH Yy CTiHLi TOHKOI KULLIKW
npu ekcnepumeHTanbHOMy ineyci 3a TepmiHamu cno-
CTepexXeHHs Yy TBapuH KOHTPOMbHOI rpynu Ta OCHOBHOI
rpynu nokasas HacTyMNHy AUHaMIKY.

Yepes 12 roguH nicns cdopmysaHHa KH mopdorno-
riYyHe [OCIDKEeHHs1 CTiIHKW MNpUBIAHOrO BIAAINY TOHKOI
KALWKW Yy TBapuH MNoOKasano MpoLecu MporpecyrHoro
3ananeHHs cnusoBoi obonoHku. Lle nigTBepaxeHo
3MeHLeHHsM i ToBwmHu o 0,39 + 0,06 mm, sike 6yno
3YMOBIEHO 36inbLUEHHSIM NPOCBITY KWULLKK i, IK HAcnigok
LbOro, pos3TAryBaHHsAM i CTiHOK. Yepe3 3ananbHun
Habpsk Bigbynocs 36inMblIEHHS TOBLUMHW  BOPCUMHOK
go 0,135 + 0,014 mm, Ta BABiIYI 3MEHLWIMNOCh ChiBBigHO-
LEHHS BUCOTWU BOPCWMH OO OOBXMHW KPWUMT, sike cknano
1,9:1; a BuUCOTaA KaMMUCTUX EHTEPOLMTIB 3HM3MMACb
no 28,7 £ 0,5 mkm. Cnig nigkpecnutu, Wo B Ui TEPMiHK
He 3MiHMnachb TOBLUMHA M’'SI30BOrO LUapy, sika cknana
0,95 + 0,02 mm. Lle cBigunTb, WO CKOpoyyBanbHa 34aT-
HICTb CTiHKM KWLUKM He BTpayeHa, OCKiNlbKM M’A30BUKN
wap ii 6yB 6e3 03Hak AereHepalii B Lii TEpMiHK.

Y Toi e 4ac nocmyroBaHa obnsiviBka eHTepouuTiB
Ha OinblWiA 4acTWHi BOPCMH MpocTexyBanacb i3
3aTpyAHEHHs M, a Ha MOoBepxHi eniTenito BUSBNEHO
BOTHMLLEBI ckynyeHHs GakTtepin. KenuxonogibHi knitnHu
BUSIBNEHO TiNbkM B Ga3anbHUX Bigginax BOPCUH, a cniB-
BiJHOLLUEHHSA iX B eniTenianbHi BUCTINLI 3 KanMUCTUMMN
eHTepoumTamm cknano 1:3. KinbkicTb BUABNEHUX MIiTO3IB
Ha ogHy kpunty 5,6 + 0,2, a KiNbKiCTb MaHETOBCbKUX
KNiTWUH 30inbwunacsk Ao 5,7 + 0,1.

3MiHMBCS KMITUHHUIA CcKnag Yy CTPYKTYpi Crv3oBoi
000noHkM B Bik 3pocTaHHS KinNbKOCTI MiXeniTenianbHuX
nimcpounTiB, KiNbKICTb SKMX B Ui TEpMiHW cknana
185,0 £ 29,0 Ha 1000 eniteniounTiB. Habpsk BnacHoi
NNacTUHKN BOPCUH BUPAXKEHUI HACTINbKK, WO Habpsikna
piavHa micuamu BiglwapoByBana iX Bid MOKPWBHOO eni-
Tenito. Cepepn nimdouuTie, wo craHosunun 35,1 + 12,3

Based on the observation periods in the rats of the
control group, the analysis of morphological changes
in the wall of the small bowel during obstructive ileus
showed the following dynamic changes.

Twelve hours after the formation of the ABO, a mor-
phological examination of the wall of the afferent section
of the bowel showed the progressive inflammation of
the mucosal layer. It was confirmed by a decrease in its
thickness to 0.39 + 0.06 mm, which was caused by
enlarged bowel lumen and, as a result, it led to expan-
sion of its walls. Due to the inflammatory edema,
there was an increase in the thickness of the villi to
0.135 + 0.014 mm, and the ratio of villi height to crypt
length decreased by half, amounting to 1.9:1. The height of
the brush-border enterocytes decreased to 28.7+0.5 pm.
It should be noted that during this period, the thickness
of the muscle layer did not change and remained
0.95 + 0.02 mm. This indicates that the contractile
ability of the bowel wall was not lost, as its muscular layer
showed no signs of degeneration during that period.

At the same time, the brush border of the enterocytes
was difficult to trace in most of the villi, and focal bacterial
accumulations were found on the epithelial surface.
Goblet cells were found only in the basal sections of
the villi, and their ratio to brush-border enterocytes in the
epithelial lining was 1:3. The number of mitoses detected
per crypt was 5.6 + 0.2, and the number of Paneth
cells increased to 5.7 £ 0.1.

The mucosal structure’s cellular composition changed
towards an increase in the number of intraepithelial lym-
phocytes, which amounted to 185.0 + 29.0 per 1000 epi-
thelial cells at that time point. The edema of the villi's
lamina propria was so pronounced that the edematous
fluid separated them from the covering epithelium in some
areas. Among the lymphocytes (35.1 = 12.3 per villus),
numerous neutrophilic leukocytes, which sometimes
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Ha OfHY BOPCMWHKY, 3'ABUMMCSA OKpemi, a MicusMu rpy-
namu, HeWTpodInbHI  nemkounTu. pynn  nenkoumTis
BM3Ha4anucs i B eniteniansHOMy NOKPUBI BOPCUHOK.

Takum unHOM, BUABNEHi Yepe3 12 roamH o6Typauiii-
Hoi TKH konoHii 6akTepinn i HasfBHiCTb nimdoumTapHo-
nenkoumTapHoi iHinbTpaLii cnm3oBoi 060NOHKM KULLKK
€ O03HaKol PO3BUTKY B il CTiHUi 3ananbHOro iHMeKLin-
Horo npouecy. BupaxeHi 3ananbHi 3MiHM Cnu3oBoil
i HE3MIHEHMI M’A30BMI LWIAp CBiAYaTh, WO MpU MexaHiy-
Hin TKH 3ananeHHs CTiHKM KWLLKW MOYMHAETHCA 3 BOKYy
cnun3oBoi 060MoHKKN. AK 03HaKa 3anarneHHs, sike BUHUKITO
B Lli TEPMiHW, BUpaXKEHE PO3LLUMPEHHS | TOBHOKPIB'S CYAUH,
nepeBaxHO OpiOHMX BeH Ni4CNM30BOrO Liapy, B 4acCTuWHI
3 SIKUX BUSIBMSIIOTLCS KpaloB.i nerikoctasu (puc. 3).

were clustered, appeared. They were also detected in
the epithelial covering of the villi.

Thus, the bacterial colonies detected after 12 hours
of the obstructive ABO and the presence of lympho-
cytic-leukocytic infiltration of the bowel mucosa are the
signs of the development of an inflammatory infectious
process in its wall. The pronounced inflammatory
changes in the mucosa and the unchanged muscular
layer indicate that in the mechanical ABO, inflammation
of the bowel wall begins from the mucosal layer.
As a sign of inflammation that occurs during this time,
there is pronounced dilation and congestion of vessels,
primarily small veins of the submucosal layer, some
of which show marginal leukostasis (Fig. 3).

Puc. 3. licToCcTpyKTypa CTiHKM TOHKOI KULLKM Yepes 12 roanH: gecksamalis eniTenito, BUpaXKeHni Habpsik CTPOMU BOPCUH,
nimdoumTapHo-nenkoumUTapHa iHInsTpaLis CTpoOMU BOPCUH, @ TaKOX MOBHOKPIB'S MIKPOCYAWH.
3abapBneHHs reMaTokCUniHOM i eo3nHom x180
Fig. 3. Histological structure of the small bowel wall after 12 hours: epithelial desquamation, pronounced edema of the villi stroma,
lymphocytic-leukocytic infiltration of the villi stroma, as well as congestion of the microvessels. H&E staining x 180

Yepe3s 24 roavHm B GiontaTtax CTiHKM KULIKM Mpu
BMBYEHHI i TiCTPOCTPYKTYpU BUSIBNEHO HapPOCTaHHSA
FHINHOrO 3ananeHHs, a came: TOBLUMHA Crn30BOi 060-
TNOHKN CTiHKM KMWKKM 3MeHwunacb go 0,35 + 0,06 mm,
wo 6yno noB’si3aHO 3 MPOrpecyroynM 36inbLUEHHAM
diaMeTpa KULIKOBOrO CerMeHTa BULLE MNepeLUKOAM.
Oani pi3ko 36inblimnack TOBLUMHA BOPCUH, 3 MOBEPXHI
AKX Oyno 3nylieHo enitenianbHui nokpms. OgHoYacHo
3 UMM Ha NOBEpXHi BOPCUH BUSBMEHO PSACHI KOMOHil
GakTepint (puc. 4).

After 24 hours, we found the development of purulent
inflammation while examining the histological structure
of the bowel wall: the thickness of the bowel mucosal
wall decreased to 0.35 £ 0.06 mm, which was associated
with the progressive increase in the diameter of the
bowel segment above the obstruction site. Furthermore,
the thickness of the villi sharply increased, with the
epithelial covering removed from their surface. At the
same time, abundant bacterial colonies were found on
the surface of the villi (Fig. 4).

Puc. 4. TicTocTpyKTypa cnn3oBoi 060MNOHKM KULLIKM Yepes3 24 roauHW: YacTKOoBe BifLLapyBaHHS NMOKPUBHOTO eniTernito,
nimdoumTapHo-nenkouUTapHa iHgInsTpaLis CTpomMy BOPCUH, NerkocTas B cyanHax. 3abapBneHHs reMaTokcumiHoM i eo3nHom x 180
Fig. 4. Histological structure of the bowel mucosa after 24 hours: partial detachment of the covering epithelium,
lymphocytic-leukocytic infiltration of the villi stroma, and leukostasis in the vessels. H&E staining x 180
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Yepes 36 roguH icHyBaHHS MeXaHi4HOro ineycy Hau-
3HauHile OyB BUpPaXeHW AereHepaTMBHUIA Mnpouec Yy
Cnn3oBin obonoHLui. Lle nposiBnsnocst npakTM4HO NOBHOKO
BiJCYTHICTIO NOKPUBHOIO eniTenito BOPCUHOK i HasiBHICTIO
B HUX BENUKOI KinbKocTi GakTepiin 3 imBibiuieto cTpomun
BOPCUHOK MONiMOPHO-A0EPHUMM NEnKoLMTamMm i npo-
HUKHEHHAM Mikpodbriopu 4o niacnu3oBoro wapy (puc. 5).

ey
£
L.

After 36 hours of mechanical ileus, the degenerative
process in the mucosa was most significantly pronounced.
It manifested as an almost complete absence of the
covering epithelium of the vili and the presence of
a large number of bacteria with the imbibition of the villi
stroma by polymorphonuclear leukocytes and the pene-
tration of microflora into the submucosal layer (Fig. 5).

Puc. 5. licTocTpykTypa cnmnsoBoi TOHKOT KULLKM Yepe3 36 roguH: ToTanbHa AecKBaMalis eniTenito BOPCUH i BeNuKa KinbKictb
KOINOHiI BakTepil Ta HENTPOMINbHMX NENKOLUTIB 3 TPaHCoKalielo A0 NiACNM30BOro Lwapy.
3abapereHHst reMaTokcuniHOM i eo3nHom x 100
Fig. 5. Histological structure of the small bowel mucosa after 36 hours: total desquamation of the villi epithelium,
along with many bacterial colonies and neutrophilic leukocytes with translocation into the submucosal layer. H&E staining x 100

ToBWwMHA cnn30BOi OOOMOHKM CTIHKA KULLKKW B Ui
TepMiHn 3meHwwunacsa ao 0,22 + 0,13 mm. Npu ubomy,
B NiACNW30BOMY LWapi i CeposHin obOonoHLi Bu3Ha4a-
nMCA Pi3KO PO3LUMPEHi MIKPOCYAMHU 3 KpawWoBWMM CTO-
SHHAM  NenkouuTiB, SBULAMKW CcragXa epuTpouuTiB
i nevikoumTapHo-ibpuHOBNMM TpOMBamu.

Yepe3 48 roguH iCHyBaHHA MexaHi4YHOro ineycy
TOBLUMHY BOPCWH Y AOCNIMKYBaHNX TBapWH BU3HAYUTH
NMPaKkTUYHO HEMOXIMBO 4Yepes ToTanbHy AeckBamalito
MOKPUBHOTO eniTenito, a TakoX BupaxeHy imb6ibiuito
CTPOMM iX MOMiMOP(PHO-AAEPHMMM NenkouuTammn 3 Be-
MMKOKO KiNbKICTIO KOMOHIA MIKpOOpPraHiamiB Ha NOBEpXHi
CMM30BOI i3 «3aHYPEHHAM» OKPEeMWX 3 HUX A0 MiAcnM30-
BOro wapy. BuasneHo BupaskoBi gedektu i3 3axon-
MEHHAM 30HW [AecCTpyKuii 3HaYHOI YacCTMHU M’SA30BOrO
Wapy KWWKUW 3 OTOYEHHAM LWinbHUM nepedokansH1M
nemnkouutapHum iHdinstpatom (puc. 6).

The thickness of the bowel mucosal wall decreased
to 0.22 £ 0.13 mm at this time. Also, markedly dilated
microvessels with leukocyte margination, sludge phe-
nomena of erythrocytes, and leukocytic-fibrin thrombi
were observed in the submucosal layer and the serous
membrane at the same time.

After 48 hours of mechanical ileus, it was practically
impossible to determine the thickness of the villi in the
studied animals due to total desquamation of the covering
epithelium, pronounced imbibition of the stroma by
polymorphonuclear leukocytes, a large number of micro-
bial colonies on the mucosal surface, and penetration
of some of them into the submucosal layer. Ulcerative
defects were identified, involving significant destruction of
a large part of the muscular layer of the bowel, surroun-
ded by a dense leukocytic perifocal infiltrate (Fig. 6).

Puc. 6. lNcTocTpykTypa CTiHKM KULWKK Yepe3 48 rognH: BUpasKoBUii AedeKT CTiHKM KULLKU.
3abapBneHHst reMaToKcuniHOM i eo3uHom x 100
Fig. 6. Histological structure of the bowel wall after 48 hours: ulcerative defect of the bowel wall. H&E staining x 100

Cepo3sHa obonoHKka Kuwku Gyna pisko Habpsiknow
3 HasIBHICTIO BOrHMLLEBO-AUAY3HUX NEeNKoUUTapHUX
iHinbTpaTiB. B 1i cyanHax BUSIBNEHO NenKouMTapHO-

The serous membrane of the bowel was markedly
edematous with focal-diffuse leukocytic infiltrates.
Leukocytic-fibrin  thrombi were found in its vessels.
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iGpuHoBI TpomOKU. Ha noBepxHi cepo3HOi 0GOMOHKK
nokanisyBanucsi MacuBHi HallapyBaHHs, WO cknaja-
nmcb i3 iGpUHO3HO-NENKOUUTAPHOTO AEeTpUTYy Ta OO-
MiLLKOM BEenuKOi KinbKOCTi KonoHii 6akTepin. Cnig nio-
KPECnuTK, L0 OKPEeMi CyAWHU Cepo3HOi OGOMOHKM Y
CBOEMY MPOCBITI TAKOX MICTUINW KOMOHIi GakTepiin.

TakMM 4YMHOM, Ha Mopeni eKcrnepuMeHTanbHoOro
MeXaHI4YHOro ineycy npocTexeHO eTanu Mopdonoriy-
HUX 3MiH, WO BigOyBalOTLCS Y KULWILi Ta B YyCiX Liapax
il CTiHKW, pO3TallOBaHUX BULLE MiCUA MepeLKoan
no Mipi NporpecyBaHHsi XBOPOOMU.

Mpn mexaHiYHOMY ineyci rHiiHe 3ananeHHs y CTiHui
KULLKW, sIKe 3HaxXoguTbCs BULLE Micus nepeLukoau,
HOCWUTb EeKCYOATMBHUIA XapakTep Ta 3aBXau Ccynpo-
BOOXKYETbCSA HAabpskoM Ti TKaHUH. PO3LIMPEHHST NpOCBITY
KMLLKW, L0 po3TalloBaHe Bulle Micus OOCTpyKLUil,
npuM3BoAMTb [0 cekBecTpauii y il NpocBiT pignHHOrO
BMICTY KulevHuKa. Ha Tni cekBecTpoBaHOi y NpOCBIT
KWLLKN piaMHW penbedHO BU3Ha4YaeTbcs Habpsikna 3a-
nanbHa crnu3oBa O6GOMOHKa 3 MOTOBLLEHMMM 3anarnb-
HUMKU BopcuHkamu. [Mpu UubOMY, SIK TiNbKU THiiHE 3ana-
NEHHS NepenLLno Ha cepo3Hy 0OOMNOHKY, TO HaBKOSMO Hel
3’ABNSAETLCS BiflbHa pignHa.

BusasneHi MopdonoriyHi 3MiHW, siki NN B OCHOBY
dopmyBaHHst  ynbTpassykoBux kputepiis HK, ©ynu
pocnigxeHi y 53 xBopux 3 MiATBEPAXEHOI TOHKOKMLL-
KOBOI HEMNPOXIiHICTIO MYXTUHHOTO reHesy.

Poanoain xBopurx B 3anexHOCTi Big nokanisauii nyxnm-
HWY, sika 06Typye NPOCBIT KULLEYHMKA, MogaHo B Tabnuui 1.

On the surface of the serous membrane, massive
deposits consisting of fibrinous-leukocytic debris mixed
with a large number of bacterial colonies were localized.
It is worth noting that some vessels of the serous mem-
brane also contained bacterial colonies in their lumen.

Thus, in the model of experimental mechanical
ileus, the stages of morphological changes occurring in
the bowel and in all layers of its wall above the obstruction
site are observed as the disease progresses.

In mechanical ileus, the purulent inflammation in the
bowel wall located above the obstruction site is exudative
and always accompanied by edema of its tissues.
The expansion of the bowel lumen located above the
obstruction site leads to sequestration of the intestinal
fluid content into its lumen. Against the background of
the sequestrated fluid in the bowel lumen, the swollen
inflammatory mucosa with thickened inflammatory villi is
distinctly observed. Once the purulent inflammation has
spread to the serous layer, free fluid appears around it.

The identified morphological changes, which formed
the basis for the development of ultrasound criteria for
the ABO, were studied in 53 patients with confirmed
tumor-related small bowel obstruction.

The distribution of patients based on the localization
of the tumor, which obstructed the bowel lumen, is
presented in Table 1.

Ta6nuus 1. Po3nogin XxBopux 3 MexaHiYHUM TOHKOKMLLKOBUM ifleycoM 3a piBHEM OBCTPYKLUIi KMLLEYHUKa
Table 1. Distribution of patients with mechanical small bowel ileus by the level of bowel obstruction

KinbkicTb naujieHTiB / Number of patients

Jlokanisauis nyxnuHu / Tumor localization %
0
ToHka kuwka / Small bowel 16,9
Cnina knwka / Cecum 27 50,9
BucxigHa kuwka / Ascending colon 17 32,1
Bceboro / Total 53 100

3 aHanisy Tabn. 1 sunnueae, wo y 44 (83%) xsopux
nokanisauisi nyxnvHu, wo obTypye nNpocsiT, nepebysana
B Mpa.iil NOMOBWHI TOBCTOI KULWKK, a 'y 9 (16,9%) nauien-
TiB NyXnMHa 3Haxogunacs B TOHKIN KALLLY.

Y T1abnuui 2 nogaHo TePMiHW HaOXOMKEHHsS1 XBOPUX
[0 cTauioHapy Big no4aTky Xxsopoou.

As can be seen from Table 1, in 44 (83%) patients,
the tumor that obstructed the lumen was localized in the
right half of the large bowel, and in 9 (16.9%) patients,
the tumor was in the small bowel.

The time of admission of the patients from the onset
of the disease is given in Table 2.

Tabnuus 2. Po3noain xBoprx 3a TePMIHOM HAaAXOOXKEHHSI A0 cTauioHapy, (%)
Table 2. Distribution of patients by the time of admission to hospital, (%)

TepmiH HagxomkeHHs / Time of admission

Kinbkictb xBopux / Number of patients o 12 roguH 12—24 roguHu MizHiwe 24 roauH
Less than 12 hours 12—24 hours More than 24 hours
_ 24 (4516,8)* 19 (3616,6)*
n=53 =849 =358 10 (1915,4)
lMpumimka:

* BiAMIHHOCTi Y 4acTOTi HaAXOOXKEHHSI NaLiEeHTIB Ni3Hille 24 roauH nicns noYaTky 3axXBOPIOBaHHS Ta B iHLWI TepMiHM foCTOBIpHI (p<0,05).

Note:

* differences in the frequency of admission of patients later than 24 hours from the onset of the disease and other time periods are

significant (p<0.05).

3 Tabnuui 2 MoXxHa 3pobUTK BUCHOBOK, WO A0 12 ro-
OVH 3 MOMEHTY BUHWKHEHHSI FOCTPOro ineycy Haginiwno
45,3% xBopux, sIK i B TepMiHu Big 12 Ao 24 roguH — 33,9%.
HocToBipHicTb (x2 = 20,06; p < 0,05). Mi3Hiwe 24 roauH
(p < 0,05) rocnitanizoBaHo 19%. [ocToBipHa (y2 = 41,09;

From Table 2, it can be concluded that 45.3% of
patients were admitted to hospital in less than 12 hours
after the onset of acute ileus, and 33.9% of patients were
admitted in 12 to 24 hours after the onset of the condition.
The number was significant (y2 = 20.06; p<0.05). 19% of
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p < 0,05) GinbwicTe nauieHTiB (81,1%) 3 TOHKOKWULLKO-
BOI HEMPOXIiAHICTIO HAAINLWM A0 cTauioHapy y TepMiH 4o
24 roavH Big novaTKy KMNiHIYHOrO NPOsiBY 3aXBOPIOBAHHS.

PyTVHHMM MeTogoM y piarHocTuui 06TypauiiHoro
ineycy € ornsgoBa peHTreHorpacdpisi opraHiB 4epeBHOIl
NOPOXHUHWU. OQHOYaCHO 3 HEHD LM XBOPUM BMKOHYBamnu
Y3 4epeBHOI NOPOXHUHW. PesdynsTtatv [OOCRiAXEHb,
OTpUMaHi Yy XBOPMX 3 i30MbOBAHUM TOHKOKWULLKOBUM
ineycom nogaHo B Tabn. 3.

3 aHanizy Tabnuui 3 moxHa nobauutu, wo npu Y3
XBOPUX Ha 0OTypauifiHWI TOHKULLKOBUI ineyc, 3 8 o3Hak
nNpoMeHeBol AiarHocTukn BussneHo 6 (82 = 11,6)%.
Mpwn ornsgoB.in peHTreHorpadii y TMX caMmx XBOPUX BUSB-
neHo Tinbkn 2 (18 + 11,6)% nNaTOrHOMOHIYHI O3HaKu
y Burnsgi yawm Knonbepa i cumntom Keiici (p < 0,05).

patients were hospitalized later than 24 hours (p<0.05).
The significant (32 =41.09; p<0.05) majority of patients
(81.1%) with small bowel obstruction were admitted to
hospital in less than 24 hours after the onset of clinical
manifestation of the disease.

The routine method for diagnosing obstructive ileus
is plain abdominal radiography. At the same time, these
patients underwent abdominal ultrasound. The results of
these examinations of patients with isolated small bowel
ileus are presented in Table 3.

Table 3 shows that in patients with obstructive small
bowelileus, 6 out of 8 (82+11.6)% radiological features were
detected by ultrasound, while only 2 (18+11.6)% patho-
gnomonic signs were found on plain radiography, inclu-
ding air-fluid levels and the Frimann—Dahl sign (p<0.05).

Tabnuus 3. YactoTa BUsIBNEHHs 03HaK ineycy npu Y3[, Ta ornagosii peHTreHorpadii opraHis YepeBHOT MOPOXHUHK, (%)
Table 3. Frequency of detecting features of ileus by ultrasound and plain abdominal radiography, (%)

[liarHOCTUYHI 03HaKM Mertog piarHoctuku / Diagnostic method

Diagnostic features Y30 / Ultrasound PeHTreHorpadis / Radiography
lnepnHeBmaTtos / Hyperpneumatization 45 (8514,9) 50 (94+3,3)
Yawwm Knownbepa 23 (4316,8)*
Air-fluid levels x?2=29,37
CumnTom Kewci 7 (13+4,6)*
Frimann-Dahl sign ¥2=7,49
Po3LwnpeHHs NpocBITYy KULLKK 0*
Expansion of the bowel lumen 41(77£5.8) ¥?= 66,86
PiavHa y npocBiTi Kuwku
Fluid in the bowel lumen 51 (96£27) 0
Cknagku KepkpuHra 5(9,0+3,9)*
Kerckring’s folds 51(96£2,7) 2= 80,11
3BopoTHBO-NOCTYNoBi pyxu (3IMP) 0*
Retrograde peristaltic movements 41(77£5.8) ¥?= 66,86
BinbHa pignHa (6inbwe 50mn) 2 (4,0£2,7)"
Free fluid (more than 50 mL) 18 (3416,5) ¥2=15,78

Mpumimka:

* BiAMIHHOCTI y YacToTi TpannsiHHA o3Haku 3a Y3[] Ta peHTreHorpadiyHOMy 0bCTEXEeHHI JOCTOBIPHI 3a KpUTEPIEM 2 3 MOMPaBKOD

Metca (p<0,05).
Note:

* differences in the frequency of occurrence of the feature on ultrasound and radiography are statistically significant according

to the y?2 criterion with Yates’ correction (p<0.05).

Mepeniveni Y3 kputepii MHK y kniHiui nogaHo
Ha puc. 7.

The abovementioned ultrasound criteria for mecha-
nical ileus are presented in Figure 7.

Puc 7. Y3[1 03Hakvn MexaHi4HOro ineycy
Fig. 7. Ultrasound features of mechanical ileus
1) po3wmpeHHs NpocBiTy kuULKK, / expansion of the bowel lumen;
2) piavHa y npocBiTi kmwwkw, / luid in the bowel lumen;
3) cknagkm KepkpuHra, / Kerckring's folds;
4) BinbHa pignHa M neTnsiMu KuweyHrka (BkasaHo ctpinkoto) / Free fluid between the bowel loops (indicated by an arrow)

OpuwuriHanbHi 4oCnigpKeHHSs

Original research



YKpaiHCbKWI PafionoriYHMin Ta OHKoNorivHWM xxypHan. 2025. T. 33. Ne 1. C. 57-71
Ukrainian journal of radiology and oncology. 2025;33(1):57-71

ISSN 2708-7166 (Print)
ISSN 2708-7174 (Online)

O6roBopeHHs

AKTyanbHIiCTb CBO€YACHOI AiarHOCTUKM MeXaHi4HOro
ineycy nos’si3aHa 3 TWMM, WO 3ani3Hini onepatusBHi BTPY-
YaHHS Y UMX XBOPUX NMPU3BOAATL 10 BUCOKOI NETanbHOCTI
(22-33%) [12]. 3rigHo 3 pekoMeHaaLismu BcecBiTHbOro
ToBapucTBa HeBigknagHoi xipyprii (2017) nokasaHHsM
[0 onepaTMBHOMO BTPYYaHHS Y LIMX XBOPUX € BIACYTHICTb
NO3UTMBHOI AMHaMIK1 Bif, KOHCEpPBATMBHOI Tepanii npo-
Tarom 72 roguH [1]. Tabchouri N. Ta cnieasT. (2024) npo-
aHanisysanu pesynstath nikyBaHHA 154 XBOpUX 3 TOHKO-
KMLLKOBUM ineycom. ABTOpU NOPIBHANWN pe3ynbTaTtu niky-
BaHHS XBOpUX, ki 6ynn onepoBaHi Yepes 48 Ta 72 roamHu
3 MOMEHTY rocnitanisauii, Ta noyaTtky KOHCepBaTUBHOI
Tepanii. Y nepwin rpyni netanbHictb cknana 33%, a y
apyrii — 16,6% (p = 0,367). ABTOpY iNLLNN BUCHOBKY, LLIO
TpuBanicTb KOHCEpBATUBHOI Tepanil 40 MOMEHTY Xipyp-
riYHOro BTPYYaHHsi OCTAaTOMHO He Bu3HadeHa. Lle moxHa
noB’a3aTh 3 BIACYTHICTIO OO’€KTUBHOrO Ta [AOCTYMHOrO
MeToay OOCHiAXeHHS, KpUTepil AKoro 403BONSATL BU3HA-
YUTK NOKa3aHHSA 4O OnepaTVBHOIO BTPYYaHHS.

[o cyvacHux meTopfiB AiarHOCTUKM TakuxX 3axBOpHo-
BaHb Hanexatb MPT, KT, Y3[ Ta peHTreHomnoriyHe
pocnigxeHHs [1-6, 15].

Tak, Suri S. Ta cniBaBT. (2024) npoBenu NOPIBHANBHY
OLiHKY AiarHocTuyHoi uiHHocTi KT, Y3[1 Ta peHTreHono-
riYHOro JOCHigXeHHS y AiarHOCTULi MexaHiYyHoro ineycy
32 nauieHTiB. ABTOPU BCTaHOBWMMK, Wo npu KT 4vytnu-
BicTb cknana 93%, cneundiyHictb — 100, TovHicTb 94;
npu Y3 — 83, 100 Ta 84% BianoBiaHO, a y pEHTIeHIiBCbKO-
ro gocnimkeHHs Ui aadi cknanm 77, 50 ta 75% [4, 5].
Takum YnHOM, odeBuaHa OnmM3bKa giarHoCTUYHA LiHHICTb
meTogis KT ta Y3[.

Y nitepatypi goctatHbo ny6nikauii Wwono BUKOpUC-
TaHHs B kniHiui metoaa Y3[ ansa giarHoctukm MHK [7-10].
[na uboro aBTOpUM BWKOPUCTOBYBanu Ppi3Hi KpuTepii,
AKi BOHWM BBaxanu Baxnueumun. Shokoohi H. Ta
cnisaBT. (2024) Hamaranucs BW3HAYUTU MOKa3aHHS
[0 onepauii y XBOpUX 3 ineycoMm Tifbku 3a JiaMeTpoMm
kmwkn npu Y3[ [12]. PobepTto Mpacci Ta cniBaBt. (2024)
3Haxoounu piguHy MiXX METMASAMMU KULLEYHUKA Y XBOPUX
Ha THK [6]. Oesin B. BukopuctosyBaB meton Y3[ vy
noeaHaHHi 3 KT [4]. Chou CK (2016) BBaxae, L0 KOPUCTb
Y3[ y piarHocTuLi rocTporo ineycy 3anexuTb Big Mainc-
TepHoCTi onepartopa. Ane npu LbOMYy aBTOp BiA3Ha4as,
wo KT BMKOHATK He 3aBXauM MOXNMBO (BariTHICTb, anep-
rivyHi peakuii Ha KOHTPacCTHi pe4oBWHU, knaycTtpodobis,
maca Tina noHag 200 kr).

MepeniyeHi B Tabnuui 3 03Haku MexaHi4HOro ineycy Ta
03HaKu, Ak Oynu BusiBNeHi pisHMMu aBTopamu [4, 6, 12]
npu ¥Y3[, matoTb MopdonoriyHe o6rpyHTyBaHHs. Lli o3Ha-
KM BigobpaxalTb NocniAoBHICTb PO3BUTKY 3MiH Y CTiHLi
KWLLKW, PpO3TallOBaHin Bule Micus OOCTpykKuii, Ta €
XapakTepHUMKU A1 MexaHiYHOoro ineycy.

Ons  wwupokoro BnpoBamkeHHs Y3 sk wmeTogy
piarHoctnkn TTHK, HeoOxigHi 0O’eTuBHI KpuTepii, ski
BinoGpaxatoTb o3Haku ineycy. Kputepii 6ynyts 06’ekTuB-
HUMW TOAi, KON BOHM MalTb MOPONoriYHe NiarpyHTS,
sIKe € CKINaZloBOK NaHKOK MexaHiyHoro ineycy. Came ansi
LUbOr0 MW BMKOHanu eKCrnepuMeHT, nig vac sikoro 6yno
BCTAHOBIEHE HACTYIMHeE.

Y xoAi ekcnepuMeHTy BCTaHOBMEHO, Lo Yepes 12 ro-
OVH MeXaHI4YHOro ineycy 3 NoBepxHi BOPCUH BiabyBaeTbCA
BUAANEHHS 3axmcHoro wapy. icnsa uporo Ha ix NoBepxHi
BUSBNSIOTLCA PSICHI KOMOHIT GakTepin, siki NpoHMKaloTb
[0 cTpomu BopcuH. Llel npouec cynpoBogxyeTbes op-

Discussion

The significance of timely diagnosis of mechanical
ileus is associated with the fact that delayed surgical
interventions in the patients with this condition lead
to high mortality rates, reaching 22—33% [12]. According
to the recommendations of the World Society of
Emergency Surgery (2017), the indication for surgical
intervention in these patients is the absence of positive
changes from conservative therapy within 72 hours [1].
Tabchouri N. et al. (2024) analyzed the treatment
outcomes of 154 patients with small bowel ileus.
The authors compared the results of patients who
underwent surgery 48 and 72 hours after hospitalization
and the initiation of conservative therapy. In the first
group, the mortality rate was 33%, while in the second
group, it was 16.6% (p=0.367). The authors concluded
that the duration of conservative therapy before surgical
intervention could not be definitely determined. This can
be linked to the lack of an objective and accessible
method of examination, the criteria of which allow
indications for surgical intervention to be established.

Modern diagnostic methods for this condition include
MRI, CT, ultrasound, and radiography [1-6, 15].

Suri S. et al. (2024) conducted a comparative evalua-
tion of the diagnostic value of CT, ultrasound, and radio-
graphy for diagnosing mechanical ileus in 32 patients.
The authors found that the sensitivity of CT was 93%,
specificity was 100%, and accuracy was 94%. As for ultra-
sound, these parameters were 83%, 100%, and 84%,
respectively; and for radiography, the values were 77%,
50%, and 75%, respectively [4, 5]. Thus, the diagnostic
value of CT and ultrasound methods is nearly identical.

In the literature, there are a lot of publications regar-
ding the use of ultrasound for diagnosing mechanical
ileus [7—10]. Different authors used various criteria, which
they considered important. Shokoohi H. et al. (2024)
tried to determine the indications for surgery in patients
with ileus based solely on the diameter of the bowel
observed on ultrasound [12]. Roberto Grassi et al. (2024)
found fluid between the bowel loops in patients with
mechanical ileus [6]. David V. used ultrasound in combi-
nation with CT [4]. Chou CK (2016) claims that the value
of ultrasound for diagnosing acute ileus depends on the
operator’s skill. However, the author also notes that CT
is not always feasible (pregnancy, allergic reactions to
contrast agents, claustrophobia, body weight over 200 kg).

The features of mechanical ileus listed in Table 3 and
the signs identified by various authors [4, 6, 12] using
ultrasound have morphological substantiation. These
features reflect the sequence of changes in the bowel
wall located above the obstruction site and are characte-
ristic of mechanical ileus.

Objective criteria that reflect the features of ileus are
needed for the widespread implementation of ultrasound
as a diagnostic method for the ABO. The criteria are
considered objective when they are based on a morpho-
logical foundation that is an integral part of mechanical
ileus. That is why we conducted an experiment that
helped us establish the facts given below.

The experiment found that after 12 hours of mechani-
cal ileus, the protective layer is removed from the surface
of the villi. Subsequently, abundant bacterial colonies
appear on their surface, which penetrate the stroma
of the villi. This process is accompanied by the formation
of a lymphocytic infiltrate and the appearance of seg-
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MyBaHHAM NiMdounTapHOro iHdineTpaty Ta MNOsBOO
B HbOMYy CermMeHTosgepHux nemnkoumtis. OpgHoyacHo
BMHMKAE HaAOpsSK MiACNM30BOro LWapy KWULWWKW, Oe Big-
3Ha4YaEeTbCsl PO3LUMPEHHS MIKPOCYAMH 3 MOSIBOK B HUX
KparnoBux nerkocTasiB. HasBHicTb GakTepii Ta neiko-
LuMTapHo-niMdoumMTapHoi iHiNbTpaLii cTpoMyM BOPCUH
B Ui TEPMiHM CBIigYUTb MPO MOYaATOK PO3BUTKY THINHOMO
3ananeHHsl. 3ananbHa BOpCUMHKa Habyxae, 36inbLuy-
eTbcs y po3mipax go 0,17 + 0,01 mm.

Yepes 24 roguHN B CTiHLUi TOHKOI KWULLKW 3ananeHHs
HabyBae hibpMHO3HO-THIHOrO XapakTepy, a Yepe3 36 ro-
OWH Big no4daTky 3axBOPHOBaHHSA (OrerMoHO3HO-THiNHe
3ananeHHsl MOLWMPIETLCS Ha BCH TOBLUMHY CTiHKM
KWLLKU 3 NepexofomM Ha M’i30BYy 00onoHky. [porpecytoui
yNpoJoBX Yacy rHilHO-gereHepaTuBHiI Npouecu B CTiHLi
KWLLKN BeOyTb 4O PO3BUTKY (DErMOHO3HOro 3arnasneHHs
i hopmyBaHHA MikpoabcLeciB 3 nepexofoM Ha M’A30-
BUMI Wap Ta cdopMyBaHHSAM (hiOpMHO3HMX HallapyBaHb
Ha cepo3Hii oboroHui. Mpu ubomy Bxe BiabyBaeTbcs
36inbLUEHHS TOBLUMHKU NiACNU30BOr0 Ta M’SI30BOrO LIapy
po 0,35 £ 0,01 mm. Yepes 48 rogvH y CTiHUi KWLLKK
BUSBMSIETbCA TOTarnbHe 3ananeHHs Bcix il wwapis, LWO
CYNPOBOKYETLCS BUPaXEHUMU siBuLLaMK hiGpUHO3HO-
rHIHOro NEePUTOHITY NO CePO3Hi 06OMNOHL.

Mpn mMexaHiYHOMY ineyci rHiiHe 3ananeHHs B CTiHLi
KMLLKW, LLIO 3HAXOAMTLCS BULLE MicUsi NepeLukoan, noym-
HaeTbCcsl 3i Cnu3oBOi OOOMOHKW, Mae eKCcyoaTUBHUIA
XapakTep i 3aBXOW CYNpOBOMKYETbCS HabOpsSKOM yCix
wapiB CTiHKM knwkn go 0,49 + 0,1 mm. Lleh mMomeHT
30aTHI BidyanisyBaTu CyyacHi ynbTpa3ByKOBi anaparu.

3ananbHUM NpPoOLEC CTiHKM KULKK, PO3TalloBaHOI
BuLLE Micusa oOCTpykUii, nNpu3BoaMTL [0 cekBecTpauil
y il MPOCBIT PiAMHHOrO BMICTY KuleYHuKa. Ha Tni cek-
BECTPOBaHOI y NPOCBIT KULIKN PigUHWN pernbedHO BU3Ha-
YaeTbcs Habpsikna 3anarnbHa crnn3oBa 060MOHKa 3 NOTOB-
LWeHMM 3anarnbHUMKM BOPCUHKaMW, SIKi MOXHa Bi3ya-
nigysatn npu Y3[ sk cknagku KepkpuHra. Mpu ubomy,
SKWO THiHE 3ananeHHss He Nepenino Ha M’S30BUKA
Wwap, TO CKOpouyBarbHa 30aTHICTb KULIKU 30epexeHa.
AKWo 3ananbHU Npouec MNepenilloB 3i  CrAM30BOro
Ta NigCNM30BOro LWapy A0 M'SI30BOro — nepucTansTuyHa
AKTUBHICTb CTiHKM KULLKW 3HUXYETLCS.

CydacHi ynbTpa3BykoBi anapatu MawTb BUCOKY
po3aineHy 3aaTtHicTb. Tak, npu YacToTi 3,5 My MmoxnmBeo
BidyanidyBaTtu ytBopeHHst go 0,5 mm. Lle gossonsie npu
rocTpoMy ineyci BUSIBNSAITU He TifMbKA  PO3LUMPEHHSA
NPOCBITY KULLIKW, @ N Wapw ii CTIHKW.

Y Tabnuui 3 nogaHo AaHi Mpo 4acToTy BUSIBMEHHS
o3Hak HK npu Y3[ Ta ornsgosii peHTreHorpadii
YepeBHOI NopoxHUHW. Mig yac Y3[ y Bcix Bunagkax 6ynu
BUSIBINEHI 03HAKM PO3LUMPEHHS CErMEHTAa KULLKK, LLO pPO3-
TawoBaHe BuWe Micua nepewkoan. Lle cniBnagae
3 gaHumn Shokoohi H. ta cnisaBt. (2024). ¥ 51 (96%)
xBoporo npu Y3[ BisyanisyBanu Habpskny cnunsosy
06OMOHKY 3 BOpCMHaMK y BUMSAi cknagok KepkpuHra
(pyc. 7). Lle noe’si3aHo 3 popMyBaHHAM Habpsiky
CMM30BOro Ta NiACMU30BOroO Llapy 3a pPaxyHOK MPOHMK-
HEHHS1 MIKpOOpraHiamiB B L0 30HY, MiCNS MeXaHi4HOro
PYVHYBaHHSI 3aXUCHOrO «MyxHacToro» Lwapy 3 00Ky
CNn30BOi ODOMOHKM CTiHKM KiWku. Ll BaxknmMeBa o3Haka
XapakTepHa Afs MeXaHi4YHOro ineycy, ogHak y nitepatypi
Taka O3Haka He 3HangeHa. TakoX He 3HangeHo
y niTepaTypi onucy Takoi O3HakW, $K CeKBecTpauis
PiOVHN Yy CErMEHTI KMLLKK, Ska 3HAaXoaUTbCs BULLE Micus
o6eTpykuii. Lis o3Haka 3ycTpivanack y 96% Bunagkis
xBopux Ha MHK. Y 2 nauieHTiB po3LIMpeHHs MpOoCBiTY

mented leukocytes within it. Simultaneously, swelling of
the submucosal layer occurs with dilation of the micro-
vessels and the appearance of peripheral leukostasis
in them. The presence of bacteria and leukocytic-
lymphocytic infiltration in the stroma of the villi at this stage
indicates the beginning of purulentinflammation. The infla-
med villi swell and increase in size to 0.17+0.01 mm.

After 24 hours, the inflammation in the small bowel
wall becomes fibrinopurulent, and after 36 hours from
the onset of the disease, phlegmonous-purulent inflam-
mation spreads throughout the entire thickness of the
bowel wall, involving the muscle layer. The progressive
purulent-degenerative processes in the bowel wall over
time lead to the development of phlegmonous inflam-
mation and the formation of microabscesses, which
spread to the muscular layer and result in the formation
of fibrinous layers on the serous membrane. At this
stage, there is also an increase in the thickness of the
submucosal and muscular layers to 0.35 + 0.01 mm.
After 48 hours, total inflammation of all layers of the bowel
wall is observed, accompanied by pronounced signs
of fibrinopurulent peritonitis on the serous surface.

In mechanical ileus, purulent inflammation in the
bowel wall above the obstruction site begins in the
mucosa, has an exudative nature, and is always accom-
panied by swelling of all the layers of the bowel wall to
0.49 + 0.1 mm. This process can be visualized using
modern ultrasound devices.

The inflammatory process in the bowel wall above
the obstruction site leads to the sequestration of the
bowel contents into its lumen. Against the background
of the sequestrated fluid in the bowel Ilumen, the
swollen inflammatory mucosa with thickened inflam-
matory villi can be clearly defined and visualized in
humans on ultrasound as Kerckring’s folds. If the puru-
lent inflammation has not spread to the muscle layer, the
contractile ability of the bowel is preserved. However,
if the inflammatory process has spread from the mucosal
and submucosal layers to the muscle layer, the peristaltic
activity of the bowel wall decreases.

Modern ultrasound devices have high resolution.
For instance, with a frequency of 3.5 MHz, it is possible
to visualize structures up to 0.5 mm. This makes it
possible to detect not only of the expansion of the
bowel lumen but also of the layers of the bowel wall
in acute ileus.

Table 3 presents data on the frequency of detection
of features of the ABO using ultrasound and plain
abdominal radiography. Ultrasound helped to visualize
signs of expansion of the bowel segment above the
obstruction site in all cases. This matches the findings
of Shokoohi H. et al. (2024). In 51 (96%) patients,
the swollen mucosa was visualized on ultrasound
with villi as Kerckring’s folds (Fig. 7). This is linked to the
formation of edema in the mucosal and submucosal
layers due to the penetration of microorganisms into
this zone, following the mechanical destruction of the
protective «fluffy» layer on the mucosal surface of the
bowel wall. This crucial sign is characteristic of mecha-
nical ileus, but it is absent in the literature. Additionally,
the literature lacks description of such a feature as the
sequestration of fluid in the bowel segment above the
obstruction site. This feature was observed in 96% of
the cases of ABO. In 2 patients, the expansion of the
bowel lumen was not caused by fluid but by the presence
of dense contents, and thus, no fluid was detected in
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KALWKM Oyno He 3a paxyHOK PpiguHW, a 3a paxyHOoK
3HaXOMKEHHS1 ryCTOro BMICTY, TOMY piduMHa Yy MpOCBITi
KMLWKKN He Byna BusiBneHa. Ha ubomy Tni Gyna BigcyTHs
Bidyani3auisa cknagok KepkpuHra.

BusiBneHHa BinbHoi piavHn (34%) y 4epesHin no-
pOXHWHI, sike onncae PobepTo Mpacci Ta cnieasT. (2024),
CBiAYNTb NPO Te, WO 3ananbHWUi Npouec y CTiHLi KULLKK
NnepeiLLIoB 3i CNM30BOro0 Ta M’SI30BOTO LUApPy Ha CEpPO3HY
060n0oHKy. Lle 6yno niaTBepaxeHo pesynsratamm ekcre-
PUMEHTanNbHOro AOCHIAXKEHHS.

Buxogsum 3 kinbkocTi BusBneHux npu Y3[ o3Hak
TOHKOKMLLKOBOTO ifeycy, MOXHa NpunycTUTH, O KOXHUIA
3 HUX BiOMNOBiZae ogHOMY 3 eTaniB PO3BUTKY XBOpoOOW,
Wo niaTBEpOXKEHO  pesynbTatamy  eKCMEepUMEHTY.
Mpwn ornsigoBin peHTreHorpadii opraHiB YepeBHOI MOPOX-
HVHU Y LIMX XKEe XBOPUX YacToTa BUSIBMEHHS O3HaK ineycy
Gyna 3Ha4YHO HUXKYOLO.

OTpuMaHi pesynsrati ekcnepMMeHTanbHoro gocnia-
XKEHHsI Mokasanu, WO npu MexaHiYHOMYy ineyci Bigdy-
BalOTbCSl TPU OCHOBHUX MOCTIMHUX MOMEHTA: Mo-nepLue,
PO3LUMPEHHST NMPOCBITY KWULIKW HaZ MiCLeM nepeLukoau,
ake npu Y3[ BigmivaioTb gesiki astopu [2, 5, 12].
Mo-gpyre, cekBecTpauito piaMHU y NPOCBIT KULLIKK Nig 4ac
pocnigpkeHHa susisunu astopu [1, 6, 11]. [Mo-TpeTe,
rHiiHe 3ananeHHsl CTIHKU KWLUKKW, SIKe CYNpOBOMXYETLCH
eKcyaaTVBHMM KOMMOHEHTOM, NOKa3aHO Y AOCHiMKEHHSAX
ne-akux aBTopiB [7—10]. OcTaHHe Npu3BOAMTbL 40 HAbps-
Ky LIapiB CTiHKM KWLWKK, Ti 3BINbLUEHHIO, O MOXIMBO
Bizyaniszysatu 3a gonomoroto Y3[, ocobnmeo crnvsoBuii
wap. Ynm poBle icHYe MexaHidHui ineyc, Tum Ginblue
MOCUIIOETLCS NPOLEC FHIMHOIO 3ananeHHs CTiHKM KULLKA
3 nepexogom Moro Ha ceposHy o6ornoHky. Hacnigkom
YOro € peakLisi 04EPEBMHHOIO NMOKPOBY Y BUIMALi NOSIBU
BiNTbHOI PigMHM MiXK NETASIMU KULLEYHUKA.

Takum 4YnMHOM, OO0 YNbLTPa3BYKOBUX KPUTEPIiiB Mexa-
HIYHOrO ineycy MOXHa BiOHEeCTU: PO3LUMPEHHSI MPOCBITY
KuLWKKW, Bidyanisauito piguHu y i npocsiTi, penbed
cnu3oBoi 06onoHkn y BurMsai cknagok KepkpuHra,
3MiHY NepucTanbTUYHOT aKTUBHOCTI KULLKM Ta HasiBHICTb
PiAVMHN MK NETNAMW KULLEYHUKA.

BUCHOBKHU

B ekcnepumeHTi nokasaHO, O MeXaHiyHuh ineyc
Mae MOCHiJOBHI eTanu pOo3BUTKY, SIKi CyNPOBOMKYHOTLCS
3MiHaMW FiCTOCTPYKTYPY KWLLKW, L0 pO3TalloBaHa BULLE
3a Micue nepeLukoaun. YnbTpa3ByKOBi O3HAKM MeXaHiyHol
MHK 6GasytoTbcsi Ha [aHWX AWHaMIKM MOPAONOriYHMX
3MiH, L0 BigOyBatOTLCS Y CTiHL KULLKK.

EkcnepvMeHTanbHe OOCRIMKEHHS OOBENO, WO YUM
Ginblle icHye ineyc, TUM Ginblle NaTOMOPGONOriYHUX
3MiH BigOyBaeTbCA Yy CTiHUi KWLIKWU, sIKi MOXHa Bidyani-
3yBatu nig 4Yac Y3[.

Metog Y3[ y AgiarHOCTMLi rocTporo MexaHi4yHoro
ineycy mMae nepesary y MOPIBHSIHHI 3 PEHTreHONoriYHUM
3a paxyHOK BUSIBNEHHS 03HaK, XapaKTepHUX Arsi OKpEMMX
eTaniB hopMyBaHHs1 xBopobu: npu Y3[] KinbkKicTb 03HaK
ineycy cknana 82 % 11,6%, a npu peHTreHoNoriYyHoOMy
AocnigXeHnHi y umx xsopux — 18 + 11,6% (p < 0,005).

the bowel lumen. Consequently, Kerckring’s folds were
not visualized in these cases.

The detection of free fluid (34%) in the abdominal
cavity, as described by Roberto Grassi et al. (2024),
indicates that the inflammatory process in the bowel
wall has spread from the mucosal and muscle layers
to the serous membrane. This was confirmed by the
results of the experiment.

Based on the number of features of small bowel
ileus identified by ultrasound, it can be assumed that
each of them corresponds to a specific stage of the
disease, as confirmed by the results of the experiment.
However, the frequency of detecting ileus signs via
plain abdominal radiography in the same patients
was significantly lower.

The results of the experiment demonstrated that
in mechanical ileus, there are three main consistent
points, and the first one is that there is expansion of the
bowel lumen above the obstruction site on ultrasound,
which has been noted by a number of authors [2, 5, 12].
Secondly, some authors observed the sequestration
of fluid in the bowel lumen [1, 6, 11], and thirdly,
some studies described purulent inflammation of the
bowel wall accompanied by an exudative compo-
nent [7-10]. The latter leads to the swelling of the bowel
wall layers and its enlargement, which can be visualized
using ultrasound, particularly the mucosal layer.
The longer mechanical ileus persists, the more intense
the purulent inflammation of the bowel wall becomes,
eventually spreading to the serous membrane.
This results in a peritoneal reaction in the form of
appearance of free fluid between the bowel loops.

Thus, the ultrasound criteria for mechanical ileus
can include expansion of the bowel lumen, visualization
of fluid in the lumen, the relief of the mucosal mem-
brane as Kerckring’s folds, changes in the peristaltic
activity of the bowel, and the presence of free fluid
between the bowel loops.

CONCLUSIONS

The experiment has demonstrated that mechanical
ileus has consecutive stages of development, accompa-
nied by changes in the histological structure of the bowel
wall located above the site of obstruction. The ultrasound
features of mechanical ABO are based on the dynamic
changes in the morphology of the bowel wall.

The experimental study proved that the longer the
ileus persists, the more pathological changes occur in
the bowel wall, which can be visualized by ultrasound.

The ultrasound method for diagnosing acute mecha-
nical ileus has an advantage over radiography due to
its ability to detect signs characteristic of the various
stages of disease formation: 82+11.6% of ileus signs
were detected by ultrasound, compared to 18+11.6%
detected by radiography (p<0.005).
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Prospects for further research

In the future, prospective multicenter studies can be conducted
to identify and clarify the risk factors for PEP. It will be also
possible to conduct research that will help justify the criteria
for ultrasound examination for diagnosing dynamic ileus, as well
as for the differential diagnosis of mechanical and dynamic
bowel obstruction.
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