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Liver resection is widely used in modern surgical departments. Removal of large
volumes of the liver leads to postresection portal hypertension, which is complicated
by bleeding from varicose veins of the esophagus, stomach, rectum, ascites,
splenomegaly with secondary hypersplenism, parenchymal jaundice and portosystemic
encephalopathy. The widespread prevalence of this pathology, high mortality from its
complications indicates that it is an important medical and social problem. The aim of the
study is quantitative morphological study of the features of remodeling the vessels of
the hemomicrocirculatory bad of the jejunum at resection of different volumes of the
liver. The studies were conducted on 45 sexually mature male rats, which were
dividedinto 3 groups. The first group consisted of 15 intact virtually animals, 2- 15 rats
after resection of the left lateral part - 31.5% of the parenchyma of the liver, 3-15
animals after resection of the right and left lateral parts of the liver (58. 1%). Euthanasia
of experimental animals was carried out by bloodletting in conditions of thiopental
anesthesia 1 month after the beginning of the experiment. The hemomicrocirculatory
bad of the jejunum was studied by injection of its vessels into the carcass-gelatinous
mixture, which was injected through the abdominal aorta. From the jejunum, lightened
and histologic preparates were prepared and morphometrically studied the vessels of
the microhemocirculatory bed. Quantitative indicators were processed statistically, the
difference between the comparative values was determined by the Student's criterion.
It was established that the severity of structural transformation of the vessels of the
microhemocirculatory bad of the jejunum depends on the volume of the removed
parenchyma of the liver. The analysis of the obtained results revealed that one month
after resection of 31.5% of liver parenchyma, the morphometric parameters of the
vessels of the haemomicrocirculatory bad of the jejunum were insignificantly altered.
It was determined that resection of 58. 1% of liver parenchyma caused postresection
portal hypertension and marked remodeling of bloodvessels of the hermomicrocirculatory
bad of the jejunum, which was characterized by narrowing of arterioles by 23.4%,
precapillary arterioles by 22.8%, hemocapillaries by 22.9% %, decrease in the density
of microvessels - by 22.4%, the expansion of the capillary venules - by 35.5% and
venules - by 28.7%, venous plethora, hypoxia, dystrophy, necrobiosis of cells and
tissues, infiltrative processes and sclerosis. Resection of 58. 1% of liver parenchyma
leads to postresection portal hypertension, pronounced narrowing of lumen of the
vessels of the adnexa and exchange units hemomicrocirculatory bed, expansion of
the postcapillary venules and venules, venous plethora, hypoxia, dystrophy and
necrobiosis of cells andtissues, infiltrative and sclerotic processes in wall of the jejunum.
Keywords: jejunum, remodeling, hemomicrocirculatory bad, resection of liver.

Introduction

Liver resectionis often performedtoday inmodernsurgical  cholangiocarcinoma, liver transplantation [5, 9, 15, 16, 20].
clinics [11, 14, 17, 26]. The indicated operationis performed  Often, the removal of large amounts of liver remains the
in benign and malignant tumors, metastases, liver injuries,  only method that allows you to rely on the healing of a
intrahepatic cholangiolithiasis, alveolar echinococcosis,  patient with a malignant tumor, or significantly extend his
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life [10, 12, 19, 21, 23]. Resection of large volumes of the
liver can lead to various post-resection complications:
bleeding from varicose veins of the esophagus, stomach,
rectum, ascites, splenomegaly, secondary enlargement of
the spleen, parenchymal jaundice, porto-systemic
encephalopathy, liver failure, portal hypertension [7, 10, 22,
24, 26, 27]. Post-resection portal hypertension leads to
structural rearrangement the organs of the basilar portal
hepatic vein, as well as the remodeling of their structures
[2, 7, 13, 22, 25]. Jejunum refers to the organs, venous
drainage from which go through the portal hepatic vein,
where hemodynamic disorders are complicated by various
morphological changes in the vessels and structures of the
specified organ [15, 18, 25]. It should be noted that the
features of remodeling of the structures of the intestine in
post-resection portal hypertension are not well understood
[25].

The aim of the study is quantitative morphological study
of the features of remodeling the vessels of the
hemomicrocirculatory bad of the jejunum at resection of
different volumes of the liver.

Materials and methods

The studies were performed on 45 sexually mature white
male rats, which were divided into 3 groups: the first group
consisted of 15 intact practically healthy animals, 2 group -
15 rats after resection of the left lateral particle (31.5% of the
liver parenchyma), 3 group - 15 animals after the removal
of the right and left side parts of the liver (58.1% of the liver
parenchyma) [2]. Euthanasia of experimental animals was
carried out by bloodletting under conditions of thiopental
anesthesia 1 month after the beginning of the experiment.
All manipulations and euthanasia of rats were conducted in
compliance with the basic principles of working with
experimental animals in accordance with the provisions of
the "European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific Purposes”
(Strasbourg, 1986), "General Ethical Principles of Animal
Experiments™ approved by the first national congress on
bioethics (Kyiv, 2001), as well as the Law of Ukraine "On
Protection of Animals from Cruel Treatment™” of February
21, 2006 [5].

The hemomicrocirculatory channel of the jejunum was
studied by injection in its vessels into the cartilaginous gelatin
mixture injected through the abdominal aorta. 3-4 hours
after the filling of the gastrointestinal tract of the jejunum, a
sample of bits of different parts of this organ was collected,
fixed in 10.0% solution of neutral formalin for 2 weeks. On
a freezing microtome, sections of 30-40 um thickness were
made, which were dehydrated in ethyl alcohol of increasing
concentration, clarified in methylene ether of salicylic acid
and placed in polystyrene. From the observation portion of
the filled vessels with the cartilaginous gelatinous mixture of
the intestine, histological micropreparations were prepared,
stained with hematoxylin and eosin [8]. Morphometrically
determined diameters of arterioles (DA), pre-capillary

arterioles (DPCA), hemocapillaries (DH), after capillary venules
(DACV), venules (DV), microvessels density (MD) of the
hemomicrocirculatory bed at 1 mm? of the gut tissues of
experimental animals [1]. The measurements were carried
out in 50 fields of view of the microscope. Quantitative values
were processed statistically. The results were processed in
the department of systemic statistical research of
I. Gorbachevsky Ternopil State Medical University in the
software package Statsoft STATISTIKA. The difference
between the comparative values was determined by the
Student criteria [1, 6].

Results

In experimental animals one month after resection 58.1%
of the liver parenchyma at the interstitial peritoneal cavity
revealed expansion of the hepatic portal vein, plethora and
widening of the mesenteric veins and the visible venous
channel of the small and large intestines. Mucous membrane
of the jejunum is full-blooded, edematous, with single cells
of point hemorrhages. The above described evidence of
post-resection portal hypertension [3, 8, 22]. The resulting
morphometric parameters of the vessels of the
microhemocirculatory duct of experimental animals are
shown in Table 1.

From the data presented in Table 1, it is evident that a
month after removal of 31.5% of the liver parenchyma, the
hemomicrocirculatory bed changes, changes and endings
were insignificant. Thus, the diameter of the arterioles in the
experimental data was reduced by only 2.2%, and the
diameter of the pre-capillary arterioles - by 2.8%. The
diameter of the hemocapillaries (exchange link of the
hemomicrocirculatory channel of the jejunum) in the
experimental data significantly (p<0,05) decreased from
(6.10+0,09) micronsto (5.65%0, 12) microns, thatis, at 7.4%.
The remote link (after capillary venules and venules) of the
hemomicrocirculatory channel of the jejunum at the same
time tended to expand. Thus, the diameter of the capillary
venules of the investigated organ a month after the resection
of 31.5% of the liver parenchyma was significantly (p<0.01)
increased by 12.1%, and the venule diameter - by 11.7%.
The density of microvessels per 1 mm? of the jejunum tissue
in the experimental data did not change significantly,

Table 1. Morphometric characteristic of the hemomicrocirculatory
channel of the gut of experimental animals (Mm).

Surveillance group
Indicator ] > 3

DA, um 17.80+0.21 17.40+0.33 13.60£0.12***
DPCA, um 10.50+0.12 10.20£0.15 8.10+£0.09***
DH, um 6.10+0.09 5.65+0.12* 4.70+0.03
DACV, um 12.40£0.15 13.90+£0.18** 16.80+0.18***
DV, um 26.50+£0.30 28.10+0.30** 34.10+£0.33***
DM 3815.6+28,2 3793.4+30.3 2960.5+24.3***

Notes: *- p<0.05; **- p<0.01; ***- p<0.001 compared to 1
group of observations.
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providing a complete blood supply to the structures of the
investigated organ [6].

One month after the resection 58.1% of the liver
parenchyma of the remodeling of the blood vessels of the
hemomicrocirculatory channel of the jejunum was more
pronounced than the previous group of observations. Thus,
the diameter of arterioles at the same time with a high
significant difference (p<0.001) was lower by 23.4%
compared with a similar control value. Diameters of pre-
capillary arterioles and hemocapillaries also with a high
degree of significant difference (p<0.001) decreased by
22.8% and 22.9%, respectively. The diameter of the
capillary venules in the given experimental conditions with
a pronounced significant difference (p<0.001) increased
from (12.40+£9.15) um to (16.80+0.18) um, that is, by
35.5%, and the venules diameter - by 28.7%. The density
of microvessels per 1 mm? of jejunum tissue one month
after the removal of 58.1% of liver parenchyma decreased
from (3815.6+28.2) to (2960.5+24.3). Between the given
morphometric parameters, a significant (p<0.001) difference
was found. At the same time, the last quantitative
morphological index was lower than the previous one by
22.4%, indicating deterioration of the blood supply of the
investigated organ [6, 7].

Discussion

The domination of the expansion of the venous part of
the hemomicrocirculatory duct of the colon within one month
after resection of 58.1% of the liver parenchyma is
accompanied by venous enlargement, which is complicated
by hypoxia. The latter leads to dystrophy, necrobiosis of cells
and tissues, and in the remote postoperative period to
infiltrative and sclerotic processes in the shells of the
investigated organ [2, 7]. The above was confirmed by light-
optical research of micropreparations of the intestine.
Microscopically, in the membranes of the indicated organ,
there were unevenly enlarged, twisted, full-blooded with
numerical sacuculations of the venous microvessels of the
hemomicrocirculatory bed. Inthese vessels, stasis, thrombosis,
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MOP®OMETPUYHUA AHANI3 PEMOZENIOBAHHA TEMOMIKPOUUPKYNIATOPHOIO PYCJNIA MOPOXHbLOT

KWWK NPU PE3EKLIAX NEYIHKU
THarwok M.C., Tarapayk J1.B.

BupaneHHsi Be/kmnx 06 '€MIB NMeyiHkv rnpu3BoanTb A0 MOCTPE3EKLIFHOI nopTasibHOI rinepTeH3ii, Lo YCKIaAHIOETbCS KPOBOTEYaMU i3
BapUKO3HO PO3LLUNPEHUX BEH CTPABOXOAY, LUJYHKA, MPSMOI KULLIKU; aCLUMTOM, CriJIeHOMErasielo, BTOPUHHUM TirnepCcriieHi3MOM,
MapeHXiMaToO3HOK XOBTSHULEIO Ta MOPTOCUCTEMHOK eHueganonarieto. LLnpoka po3rnoBCIOAXEHICTb AaHOI narosorii, Bucoka
CMEPTHICTb Bif i yCKNaAHEeHb CBIAYATb, LL{O BOHA € BaX/INBOKO MEANYHOIO Ta COLialbHOIO rpobemoro. MeTa [OCTiKeHHS - KiIbKiCHe
MOP@OsIOridHe BUBYEHHSI 0COBJIMBOCTEN PEMOLAETIOBAHHS CYANH FEMOMIKPOLMPKYISITOPHOIO PYC/1a MOPOXHLOI KULLIKU 1TPM Pe3EKLIisaxX
Pi3HUX 00'eMIB reqiHkn. [ocniaxeHHs npoBeneHi Ha 45 crateBo3pinux Lyypax-camusix, ki 6yam poaaineHi Ha 3 rpynu. 1 rpyna (15
IHTaKTHUX TBapuH), 2-15 wwypis nicns pesekuii niBoi 6okosoi yactku (31,5% napeHximu nediHkv), 3-15 TBapuH nicis pedekuii npasoi
Ta /1iBOi 6OKOBMX 4acTok re4viHku (58,1%). EBTaHasito TBapuH 34iKICHIOBa/IM KPOBOIMYCKaHHSIM B YMOBax TiOMeHTaa0Boro HapKko3y
yepe3 1 micsaub Big rno4atky eKCriepuMeHTY. T eMOMIKPOLMPKYISITOPHE PYCIIO MOPOXHbLOI KUKV BUBY&/IN 34 [OMOMOrof0 iH'ekuii ii
CYAMH TYLL-XeNaTnHOBOK CYMILLLLIO, KOTPY BBOAUIN 4epe3 HYepeBHY aopTy. I3 nopOXHbLOI KULLIKY BUrOTOBJ/ISIN 1POCBITAEHI Ta
riCTONOri4HI Mikporpenaparu, Ha SKux MOp@OMETPUYHO BUBYAIN CYANHN MIKPOreMOLMPKYISTOPHOro pycna. KibKiCHi nokasHuku
006p0615I/IM CTATUCTUYHO, PISHULIIO MiIX MOPIBHIOBAIbLHUMU BEJIMYMHaMU BU3HaYam 3a Kputepiem CTbiofeHTa. BctaHoBIeHO, Lo
BUPAKEHICTb CTPYKTYPHOI rnepebyaoBu cyamH MiKporeMOoLMpPKYISTOPHOrO pycsia MnoPOXHbOI KULLIKW 3a/1eXnTb Bifg 00 €My BUAaIEHOI
rnapeHximMu rneyiHku. BussneHo, Lo Yepes micsaupb nicsas pesekuii 31,5% napeHximu rnediHkmu 40CTiaKyBaHi MOPGOMETPUYHI napameTpu
CYaMH reMOMIKPOLMPKYISITOPHOrO PYC/a MOoPOXHbOI KULLIKU 3MIHIOBA/INCS HE3HAYHO. BCTaHOBAEHO, Lo pe3ekuis 58, 1% napeHximu
MeYiHKY Mpu3BoaANIAa A0 MNOCTPEIEKLINIHOI MOPTasIbHOI rinepTeH3ii Ta BUPaXeHoro peMoneItoBaHHs Cy.anH reMOMIKPOLMPKYASTOPHOMrO
pycaa nopoxHbOI KULLIKW, IKE XapakTepu3yBaaoCs 3BYXEHHSIM apTepion Ha 23,4%, nepegkaninapHux aptepion - Ha 22,8%,
remokaninsapis - Ha 22,9%, 3MEHLLIEHHSIM LLi/IbHOCTI MIKPOCYAUH - Ha 22,4%, PO3LLUUPEHHSIM 3aKariIpHUX BeHys - Ha 35,5% i BeHys
- Ha 28,7%, BEHO3HVIM [TOBHOKPOB SIM, TiMOKCI€0, ANCTPOGIED, HEKPODIO30OM KITUH | TKaHWH, IH@IIbTPaTUBHUMY ripoLecamm Ta
CK/1ePO3yBaHHAM. Takum YnHOM, B pe3ynbTati pesekuii 58,1% napeHximu rneviHky po3BUBAETHCS MOCTPE3eKUiiHa nopraabHa
rinepTeH3isi, JOCTOBIPHO 3MEHLLYIOTbCS MPOCBITU CYANH MPUHOCHOI Ta OOMIHHOI JTaHOK, FreMOMIKPOLMPKY/ISTOPHOro pycna,
PO3LLUPIOIOTLCS 3aKarisIipHi BeHY M Ta BeHYJsn, 30i7IbLLIYETLCS iX TOBHOKPOB 'S, rirnOKCis, AUCTPOQIsi Ta HEKPODIO3 K/IITUH | TKaHWH,
PO3BNBAIOTLCS IHQI/IbTPATUBHI Ta CKIEPOTUYHI POLIECH Y CTIHLI MOPOXHBOI KULLIKU.

Knio4oBi cnoBa: rmopoxHsi Kuiika, pemMoLaestoBaHHsl, reMOMIKPOLUPKYISTOPHE PYCI0, PE3eKLis NeYiHKu.

MOP®OMETPUYECKUA AHAJIN3 PEMOZLEJNIMPOBAHUA TEMOMMUKPOLUMPKYJIATOPHOIO PYCJIA TOLLEN
KWWK NPU PE3EKUUAX NMEYEHWU

nariok M.C., Tarapuyyk JI.B.

)/aaneHMe 60/1b1LIMX OOBLEMOB M1e4eHu rnpuBoaAnNT K ﬂOCTpeSeKL(I/IOHHOIZ nopTaanoﬁ TrnUrepTeH3nn, Kortopasi OC/10XKHsSeTcs
KPOBOTEYEHUSIMU U3 BAPUKO3HO PACLUMPEHHBIX BEH MULLIEBOAA, XEYAKAE, MPSMOVI KULLIKU, acLMTOM, CriJIEHOMEraineri, BTOPUYHbLIM
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rUNnepCrizIEHN3MOM, MapPEHXNMAaTO3HOUN XENTYXOM 1 MOPTOCUCTEMHOV SHLeganonatned. LLinpokas pacrnpocTpaHeHHOCTb AaHHOM
rnaro/sioruu, BbiCOKasi CMEPTHOCTb OT €€ OC/IOXHEHUI CBUAETEILCTBYIOT, YTO OHA SIBASIETCS BAXHOM MEANLIMHCKON 1 COLMaTbHOM
npobnemoii. Llenb nccnenoBaHusi - KOIMHECTBEHHOE MOPGO/I0rn4eckoe nay4eHmne ocobeHHOCTeri peMoaenpoBaHmns cocynoB
reMoOMUKPOLMPKYIITOPHOIrO PyCa TOLLE KULLIKU 1Py Pe3ekumn pasinyHbix 00beMOoB rneyeHu. ViccnenoBaHusi npoBeaeHsl Ha 45
r10/10BO3PEJIbIX KpbiCax-camMLax, KOTopble Obuiv pa3aeneHsl Ha 3 rpynnel; 1 rpynna (15 MHTakTHbIX XUBOTHbIX), 2-15 KpbiCc nocie
pe3sekummn 1esovi 6okoBowi fom (31,5% napeHxumbl nevyeHu), 3-15 XUBOTHBIX 10C/1e PEe3eKLNU paBovi n 1eBovi 6OKOBbIX 10/1eli
nederHun (58,1%). OBTaHa3n0 XNBOTHbLIX OCYLLECTBJISI/IN KPOBOIMYCKAHWEM B YC/IOBUSIX TUOMEHTAaI0BOro Hapko3a Yepe3 1 mecsy
rocsie Havasna aKcrepumeHTa. [ eMoOMUKpOLMPKYASITOPHOE PYC/I0 TOLLEN KULLKU U3YHasin C MOMOLLbIO MHBbEKLMN €€ COCYA0B TYLLb-
XEenarnHOBOV CMecChio, KOTOPYIO BBOAWIN Yepe3 OPIOLLIHYIO aopTy. M3 TOLL e KULLIKU U3roTaBanBau rnpocBeT/IeHHbIE U
rUCTOJIOrMHECKNE MUKPOIPenaparbl, Ha KOTOPbIX MOPGOMETPUYECKU N3yYaln COCYabl MUKPOreMOoUnpPKYaSTOPHOro pycna.
Konn4ecTBeHHble rokasaresnn obpabaTtbiBain CTaTUCTUHECKN, PA3/TNYNS MEXAY COaBHUBAEMbLIMU 10Kka3atessiMu Orpeacsisiam rno
Kputeputo CTbioAeHTa. YCTaHOB/IEHO, YTO BbIDaXXEHHOCTb CTPYKTYPHOU MepecTpoviku COCYy40B MUKPOreMOLMPKYISITOPHOIrO pycna
TOHKOV KULLIKM 3aBUCUT OT 00bema yaa/IeHHOM napeHxXuMel NeYeHu. BuisBieHo, 4To Yepe3 mecsL rnocse peaekumm 31,5% napeHxmmsi
rneyeHn nccaenyembie MopdOMETPUYecKme napameTpbl COCY0B reMOMUKPOLIMPKYISTOPHOrO PYC/aa TOLLE KULLIKU N3MEHSIJINCH
HE3HA4YNTE/IbHO. YCTaHOBJIEHO, 4TO pe3ekums 58, 1% napeHxvimMbl nevyeHu npuBoamnaIa K nocTpPe3eKLMOHHOV MopTaabHOM runepTeH3nm
U BbIPaXXEHHOMY PEMOLAENPOBAHUNIO COCY0B rEMOMUKPOLMPKYISITOPHOrO pycsa TOLev KULLIKY, KOTOPOE XapakTepn3oBaaoch
CYyXeHnem aptTepunon Ha 23,4%, nepeakanuiisapHeix apTepnon Ha 22,8%, remokanninsapos Ha 22,9%, YMEHbLUEHUEM MJIOTHOCTU
mukpococynoB Ha 22,4%, pacLunpeHneM rnoCTKanuaIspHbIX BeHYs1 Ha 35,5% v BeHyn Ha 28, 7%, BEHO3HbIM 10/THOKPOBUEM, MIOKCUEW,
ANCTPOGreEri, HEKPOOMO30M KIETOK 1 TKaHew, NHOUIbTPATUBHBIMU MPOLIeccamu v CK1epoaupoBaHmnem. Pesekumns 58, 1% rnapeHxmMbi
rie4eHy npuBOaANT K rOCTPEI3EKLIMOHHOM 0PTasIbHOV r1nepTEeH3UN, BbIDAXKXEHHOMY YMEHbLLEHUIO MPOCBETOB COCY.A0B MPUHOCALLErO
Y OOMEHHOr0 3BeHbEB reMOMUKPOLMPKYIITOPHOIrO PYCAa, PACLUNPEHUIO MOCTKaMWISPHbIX BEHYJ1 U BEHYJ1, UX MOSIHOKPOBUIO,
rurnokcuu, ANCTPOGUN U HEKPOOMO3Y KIIETOK M TKaHEH, MHGUILTPATUBHBIM U CKIIEPOTUHECKUM MPOLIECCaM B CTEHKE TOLLEH KULLIKY.
KnioueBble cnoBa: rowjasi KULIKa, PeMOAETMPOBAHNE, FTEMOMUKPOLNPKYISTOPHOE PYCIIO0, PE3EKUUS TEYEHN.
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