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IEVADS
Darba aktualitate

Sirds un asinsvadu slimibas cilvékiem ir vienas no biezak diagnostic€tajam
slimibam, kas biezi saistas ar potencialu priekslaicigas naves iestasanos. Pie
§ada veida slimibam pieder arT védera aortas aneirisma (védera aorta lokala
limena palielinaSanas par 50%). Aortas aneirismas sastopamiba dazadas
cilvéku populacijas ir 4.8% (Li et al., 2013). Tas plisanas gadijuma lidz pat
75% gadijumu var iestaties nave, nepagistot uzsakt operativu arst€Sanu
(Fleming et al., 2005; Lesperance et al., 2008). Tadeél medicina seviska
uzmaniba tiek fokus€ta uz Savlaicigu aortas aneirismas diagnostic€Sanu un
arsteSanu. Ka pamatmetode védera aortas aneirismas arsté$anai joprojam tiek
uzskatita, aneirismas maisa kirurgiska aizstaSana ar sint€tiska materiala
protézém (Bacharach et al., 2015). Neskatoties uz ilggadigo pieredzi sint&tisko
poliméru izmantoSana asinsvadu rekonstruktivaja kirurgija, joprojam
pecoperacijas perioda tiek novérotas dazadas komplikacijas. Tas bieZi saista ar
protézes un aortas sienu biomehanisko ipasibu neatbilstibu, neointimas
hiperplazijas attistibu, protézes deformaciju, infekciju un citam komplikacijam
(Abbott et al., 1993; Kakkos et al., 2016; Sarkar et al., 2007; Vartanian &
Conte, 2015). Tadgl] joprojam pasaulé zinatnieki cenSas uzlabot jau eso$as, ka
arT izstradat jaunas, inovativas maksligas asinsvadu protézes, ar mérki
maksimali samazinat komplikaciju sastopamibu péc implantacijas perioda. Lai
kliniskaja praksé veiksmigi ieviestu jaunas asinsvadu protézes, kuram biitu
labakas reologiskas un imunologiskas Tpasibas, nepiecieSsama $o Tpasibu
vispusiga un kompleksa izpéte in vivo, izmantojot eksperimentalos dzivniekus.
Sadai eksperimentalai parbaudei nav alternativu metozu in vitro (Byrom,
Bannon, White, & C Ng, 2010; Liu, Ong, Fukunishi, Ong, & Hibino, 2018;
Swartz & Andreadis, 2013).

Rigas Tehniskaja universitaté (RTU) veidotu sintétisko asinsvadu protézu
biomehaniskas ipasibas ir plasi pétitas in vitro (Gupta & Kasyanov, 1997;
Kasyanov, Ozolanta, Kadish, Ozols, & Stradins, 2001; Kasyanov, Ozolanta,
Purinya, Ozols, & V., 2003).Dazos fragmentaros pétijumos sadarbiba ar
Latvijas Lauksaimniecibas universitati ir pétita $o protézu biologiska saderiba,
izmantojot eksperimentalos dzivniekus (Kancevi¢a, Feldmane, & Auzans,
2004).

Latvija iepriek$ veiktajos eksperimentos in vivo, izmantota maza diametra
asinsvadu protézes, kas paredzétas galvenokart periféro asinsvadu patologiju
novérsanai. RTU tika radita jauna tipa kompozita materiala protéze magistralo
asinsvadu, tai skaita védera aortas, protez&Sanai. Lai perspektiva medicina
izmantotu §is inovativas aortas protézes, radas akiita nepiecieSamiba, to
vispusigai parbaudei, izmantojot eksperimentalos dzivniekus.



Darba hipoteze

Jauna veida austas kompozita materiala sintétiskas aortas protézes pec to
implanteSanas organisma spg biointegréties un nodroSinat asins apgadi
kermena kaudalajai dalai.

Aizstavesanai izvirzitas tézes

1. Jauna kompozita poliestera un poliuretana aortas protéze péc implantacijas
suna vedera aorta nodro§ina normalu asins apgadi apasinotajam regionam
un negativi neietekmé dzivnieku vispargjo veselibas stavokli.

2. Aortas protezg, pec tas implantacijas supa vedera aortd, sekmigi spgj
inkorporéties dzivie audi.

3. P&c implantacijas protezes siena attistas raksturiga pret sint€tisko poliméru
pavedieniem vérsta sveSkermena reakcija.

4. lIekaisuma citokinu ekspresija aortas protézes siena ir atkariga no iekaisuma
$tunu daudzuma un veida taja.

Darba meérkis

Promocijas darba mérkis ir parbaudit Rigas Tehniskaja universitaté (RTU)
izstradatas jauna veida kompozita poliestera un poliuretana materiala
sintétiskas aortas protézes biointegracijas sp&jas sunu védera aorta.

Darba uzdevumi

Meérka sasnieg8anai izvirziti sekojo$i darba uzdevumi.

1. Izpétit aortas protézes radito ietekmi uz sunu vispargjo veselibas stavokli
péc implantacijas perioda.

2. Noteikt sunu védera aortas un protézes diametru un asins plismas atrumu
dazados laika periodos p&c protézes implantacijas.

3. Veikt eksplantéto protézu makroskopisko novert€jumu un protézes sienas
mikroskopisku audu elementu analizi.

4. lzanaliz€t ickaisumu raksturojoSu imiinhistokimisko markieru ekspresijas
intensitati protézes siena.

5. Izvertet gludo muskul§iinu aktivitati un skabekla nodroSinajumu protézes
sienas audos.

6. Noskaidrot iesp&jamas védera aortas protezésanas komplikacijas.



Darba zinatniska aktualitate

Pirmo reizi Latvija veikts eksperiments par Latvija Rigas Tehniskaja

universitaté izstradatas un razotas inovativa kompozita sint€tiska materiala
aortas protézes biointegraciju sunu védera aorta. Ka arT $aja pétijuma pielietota
plasa spektra diagnostikas metodes, lai kompleksi vertétu implantétas protezes
ietekmi uz organisma fiziologiskajiem parametriem.

Eksperimenta rezultati varétu kalpot ka sakuma punkts talaku pétjjumu

veikSanai aortas protézu izstrad€, test€$ana un aprobacija izmantoSanai
medicina un veterinarmedicina.

oo

8.

9.
10.

Personigais ieguldijums

Daliba starpnozaru projekta un iepaziSanas ar petijuma izmantotas aortas
protézes izgatavosanas tehniku.

Eksperimentalo dzivnieku ikdienas uzraudziba un apriipe visa pé&tjjuma
garuma.

AsistéSana visas implantacijas operacijas un dzivnieku uzraudziba
pEcoperacijas perioda.

Klinisko izmekl&jumu veikSana visa p&tijuma garuma un paraugu iegtiSana
laboratorisko analizu veiksanai.

Piedalisanas visos vizualas diagnostikas izmekl&jumos.

Patologanatomiska organu un protezéta apvidus izmeklé$ana.

Eksplantéto aortas protézu paraugu iegiisana, makroskopiska izmeklésana
un paraugu sagatavo$ana histologiskai un imiinhistokimiskai izmekl€$anai.
Histologisko un imiinhistokimisko krasoSanas metozu praktiska apgt$ana
un dala preparatu sagatavosana.

Histologisko un imtinhistokimisko preparatu novértésana.

Klmiskas, laboratoriskas, vizualas diagnostikas, patologanatomiskas,
histologiskas, imunhistokimiskas izmekl€Sanas rezultatu apkopoSana,
analize un statistiska apstrade.
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Pétljuma rezultati zinoti $adas starptautiskas zinatniskas konferences/
The results of the research were presented at the following international
scientific conferences:

1. 18. ikgadgja starptautiska zinatniska konference ,,Research for Rural
Development 2012”. Jelgava, Latvija, 16 — 18. maijs, 2012. Malniece A.,
Auzans A., Drevinska K. Aortic Lumen Diameter and Blood Pressure
Changes Dinamics after Replacing Aorta Abdominalis With Prosthesis
(mutisks zinojums).

2. Starptautiska zinatniska konference , Veterinarmedicinas zinatnes un
prakses aktualitates”(,,Animal. Health. Food Hygiene”). Jelgava, Latvija,
22 — 23. novembris, 2012. Malniece A., Auzans A., Drevinska K. Aortic
Lumen Diameter Dinamics after Replacing Aorta Abdominalis with
Prosthesis (mutisks zinojums).

3. 19.ikgadgja starptautiska zinatniska konference ,,Research for Rural
Development 2013”. Jelgava, Latvija, 15 — 17. maijs, 2013.Malniece A.,
Auzans A., Drevinska K.Blood Pressure and Aortic Lumen Diameter
Changes after Replacing Aorta Abdominalis with Prosthesis (mutisks
zinojums).

4. Tth International Conference for Young Researchers. Multidirectional
Research in Agriculture, Forestry and Technology. Krakova, Polija,
17 — 8. aprilis, 2018. Malniece A., Auzans A. Tissue Biointegration in
Polyester-Polyurethane Aortic Prosthesis in a Dog Model (stenda un
mutisks zinojums).

Promocijas darba apjoms un struktiira

Promocijas darbs noforméts uz 127 lapaspusém ar 62 att€liem un 11
tabulam. Promocijas darbs izkartots astonas nodalas: ievads, literatiiras apskats,
materials un metodes, rezultati, diskusija, secingjumi, aizstavéSanai izvirzitas
t€zes, ieteikumi praksei, izmantotas literatiiras saraksts (282 literatiras avoti).
Darbam pievienoti 12 pielikumi.
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MATERIALS UN METODES

Pétijuma vietas, laika un objekta raksturojums

Klmiskais eksperiments tika veikts Latvijas Lauksaimniecibas universitates
Veterinarmedicinas fakultateé no 2011. gada 19. julija lidz 2012. gada 30.
oktobrim. Eksperimenta veikSanai 2011. gada sanemta Partikas un veterinara
dienesta atlauja Nr. 28.

P&tfjuma izmantoti 9 sievieSu dzimuma 1 lidz 3 gadus veci Biglu $kirnes
suni ar kermena masu no 8.50 lidz 10.75 kg, kas iegadati no eksperimentalo
dzivnieku audz&tavas Francija. Dzivnieki visa péetjuma laika turéti
Veterinarmedicinas fakultates Kliniskaja institlita, speciali SIm vajadzibam
rekonstruéta un atbilstosi dzivnieku labturibas prasibam labiekartota telpa.
Telpa katrs dzivnieks atradas sava boksa. Papildus visi suni regulari katru
dienu tika laisti arda 64 m? liela noZogota pastaigu laukuma, kura brivi
parvietojas. Sunus divas reizes diena baroja ar komerciali razotu sauso baribu
,,Bewi Dog Basic Croc”. Baribas deva tika noteikta, nemot véra sunu kermena
masu un atbilstosi razotaja noradijumiem uz iepakojuma. Dzeramais tidens bija
pieejams ad libitum.

Dzivniecku kliniska un laboratoriska izmekléSana tika veikta Latvijas
Lauksaimniecibas universitates Veterinarmedicinas fakultates Klmiska institiita
dzivnieku izmekléSanas telpas (klinika) un laboratorijas. Histologisko un
imiinhistokimisko paraugu sagatavoSana un izmekléSana tika veikta Latvijas
Lauksaimniecibas universitates Veterinarmedicinas fakultates Prekliniska
institita Morfofunkcionalaja laboratorija, Paula Stradina Kliniskas
universitates slimnicas Patologijas institita un Rigas Stradipa universitates
Anatomijas un Antropologijas institita Morfologijas laboratorija. Histologisko
preparatu noveértésana konsult€ja ar1 Ljezas universitates veterinarmedicinas
fakultates Morfologijas un Patologijas departamenta specialisti.

Promocijas darba laika parbauditas Rigas Tehniskas universitates Biomaterialu
un Biomehanikas institiita Biotekstilmaterialu zinatniskas p&tniecibas laboratorija
izstradatas jaunas struktiiras kompozita materiala aortas protézes. Darba testétas
aortas protézes izgatavotas, izmantojot auSanas tehnologiju un biosaderigus ar
apkartgjiem audiem, inertus, netoksiskus un mehaniski saderigus poliestera un
poliuretana kompleksos pavedienus. Protéze veidota, izmantojot tris savstarpgji
sapitu slanu dobu pinuma rakstu (Lukyanchikovs & Kantsevicha, 2010a, 2010b).
Izmantojot dazada garuma audu pavedienu parsedzes, aorta veidojas dazadu
izméru poras (no 1.0 Iidz 3.0 mm), kas labak nodrosina neorganizéto dzivo audu
ieaugSanu neorganizéta veida. Lai uzlabotu $is protézes reologiskas ipasibas, tas
piesticinatas vakuuma pie 90° C temperatiras ar biologiski aktivu $kiduma
kompoziciju (10-11% zelatina un 12-14% glicerina) (Lukyanchikovs &
Kantsevicha, 2010a, 2010b).
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Pétijjuma sheéma

Klmiskaja petjjuma izmantoti 9 sievieSu dzimuma, 1 lidz 3 gadus veci,
Biglu skirnes suni. Lai noskaidrotu prot€zes integracijas gaitas strukturalas
(endotElija izveide, saistaudu, gludo muskul$tinu icaug$ana utt.) un
funkcionalas (asins plisma prot€z€ wu.c.) izmaipas laika griezuma,
eksperimentalie dzivnieki sagrupéti divas grupas:

e A grupa — 5 dzivnieki, kuriem aortas prot€ze implant€ta uz 6 menesiem,;
e B grupa — 4 dzivnieki, kuriem protéze implanteta uz 12 ménesiem.

Visiem suniem pirms aortas protézes implantacijas veikta pilna kliniska,
laboratoriska un vizuala diagnostika. Abu grupu dzivniekiem retroperitoneali
implantetas 5.00 lidz 8.00 mm diametra un 9.0 mm Iidz 20.00 mm garas
inovativas aortas protézes. Pec kirurgiskas operacijas dzivniekiem regulari
katru dienu veikta vispargja kliniska izmekléSana un 1 reizi ménesi veikta
ultrasonografiska aortas protézes izmekl€Sana un mériSana lidz pétijjuma
beigam. SeSiem supiem (pieciem no A grupas, vienam no B grupas) veikta
asinsspiediena mérisana pirms operacijas un vienu reizi meénesi seSus ménesus
péc kartas péc operacijas. Pirms eitanazijas supiem veikta pilna kliniska,
laboratoriska un vizuala diagnostika.

A grupas dzivniekus eitaniz€ja 6 meneSus p&c maksliga asinsvada
implantacijas, bet B grupas — 12 ménesus péc operacijas. Péc eitanazijas veikta
veédera dobuma sekcija un inspekcija, maksligd veédera aortas segmenta
rezekcija un paraugu ievietoSana neitralaja 10% formalina $kiduma. Talak no
paraugiem sagatavoti preparati histologiskai un iminhistokimiskai
izmekleSanai.

Eksperimentalo dzivnieku vispariga veselibas stavokla
izmekleéSana un manipulacijas pirms un péc operacijas

Visi eksperimenta izmantotie dzivnieki péc to iegades 1 menesi tika turéti
karantina un noveroti. Dzivniekiem pirms operacijas tika veikta pilna kliniska
izmekleSana vadoties péc vispar piepemtiem principiem (Jemeljanovs,
Manevics, & Diritis, 2007; Mccurnin & Bassert, 2006; Nelson & Couto,
2009). Katram sunim no priekskajas vénas (v.cephalica humeri) tika pagemts
asins paraugs laboratoriskai izmekl&sanai.

Lai parliecinatos, ka iek$gjie organi ir kltniski veseli suniem veicam védera
dobuma ultrasonografisku un kriSu un védera dobuma rentgenologisku
izmekléSanu péc visparpienemtas metodikas (Mattoon & Nyland, 2014).

Visiem suniem divpadsmit stundas pirms kirurgiskas operacijas tika liegta
bariba un piecas stundas dzeramais fidens.
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Suni Tsi pirms operacijas nosverti, noteikta kermena temperatira, elpoSanas
un pulsa frekvence, kas registréta operacijas protokola. Atbilstosi supa
kermepa masai intramuskulari injic€tas antibiotikas enrofloksacins
(‘Enroxil’ 5 mg 100 mL™ vai 10 mg 100 mL™) 5 mg kg*. Perorali tika ievadits
nesteroidais pretickaisuma Iidzeklis meloksikams (Loxicam) 0,2 mg kg™
Premedikacijai izmantots 0,1 mg 100 mL* atropina sulfats 0,02 mg kg un
1 mg 100 mL? acepromazina maleats 0,1 mg kg? ievadot intramuskulari.
levadnarkozei intravenozi lietots diazepams 0.5 mg 100mL* 0,25 mg kg un
10 mg 100 mL! ketamins 10 mg kg*. Operacijas laika nodrosinata inhalacijas
narkoze ar izofluranu.

Atbilstosi dzivnicka kermena masai, pec operacijas visiem suniem septinas
dienas lietots 5 mg 100mL? wvai 10 mg 100mL? enrofloksacins
5 mg kg™ un perorali ievadits meloksikams. Piecas dienas lietots arT tramadola
hidrohlorids “Tramadol” 4 mg kg™ 2 — 3 reizes diena. Divas reizes diena veikta
briices apkopSana ar 3 mg 100 mL? Gdenraza parskabi vai natrija hlorida
0,9 mg 100 mL* $kidumu, vai povidonajoda $kidumu. Péc 14 dienam iznemtas
Suves.

P&coperacijas perioda pirmaja nedé€la katrs dzivnieks regulari divas reizes
diena tika vispargji kliniski izmeklets. Pec tam vispargja kliniska izmeklesana
veikta regulari reizi diena. Veértéti $adi parametri: dzivnieka stavoklis telpa,
temperaments, Estgriba, dzertgriba, defekacija, urinacija, kermena temperatiira,
elposanas frekvence, sirdsdarbibas frekvence, glotadas, kapilaru pildiSanas
laiks. Lai novértétu, vai implantétas aortas protézes ietekmé kustibu aktivitati
un amplitidu, tas regulari vertétas, ipasi kermena aizmuguréja dala un
pakalkajas.

Asins paraugu izmekléSana

Asins paraugi, ieverojot aseptikas principus, tika ieglti no priekskajas —
pleca zemadas vénas (v. cephelica humeri). Hematologiskai izmekl&$anai 2 mL
asinu iepilditi stobrina ,,Standart Monovette”, kas satur antikoagulantu EDTA.
Biokimiskai izmekl&$anai 3—5 mL asinu iepilditi ,,Standart Monovette Serum”
stobrina. Stobrini mark&ti un uzglabati ledusskapt ne ilgak par 4 stundam lidz
izmekleSanai.

Hematologiska asins parauga izmekl&$ana veikta ar Mindray firmas iekartu
“BC — 2800Vet autohematology analayzer”. Noteikti sekojo$i parametri:
kopégjais leikocTtu skaits 10'? L1, kopgjais eritrocitu skaits (RBC)10%2 L7,
hemoglobina saturs (HGB) g L?, hematokrits (HCT) %, vidgjais eritrocita
tilpums (MCV) fl, vidgjais hemoglobina saturs eritrocita (MCH) pg, vidgja
hemoglobina koncentracija eritrocitos (MCHC) g L%, trombocitu skaits
(PLT)10° L%, trombocitokrits PCT,%. Leikocitara formula noteikta,
mikroskopgjot Klmiska institiita laboratorija sagatavotu un ar ,,Diff Quik”
krasam krasotu asins parauga uztriepi.
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Asins seruma biokimiska analize veikta ar firmas Johnson &Johnson
company Orth—Clinical Diagnostics iekartu ,,Vitros Chemistry System
DT6011”. Eksperimentalo dzivnieku vispargja veselibas stavokla kontrolei
pirms un pécoperacijas perioda noteikti $adi raditaji — urinviela, kreatinins,
kopgjais bilirubins, kopgjais proteins, albumins, ALAT, ASAT, sarmaina
fosfotaze, alfa—amilaze.

Rentgenologiska un ultrasonografiska dzivnieku izmekléSana

Pirms aortas protézes implantacijas un pirms eitanazijas suniem veicam
védera dobuma ultrasonografisku izmekl&Sanu p&c vispar pienemtas metodikas
(Mattoon & Nyland, 2014), izmantojot iekartu PHILIPS HD 11 ultrasound
system (Modela Nr..MCMDO02AA, raZzota Sronno,ltalija) ar 3.5 Iidz 7.5 MHz
sektorialo zondi.

Pirms aortas protézes implantacijas un pirms eitanazijas veicam ari sungu
rentgenologisku  izmeklé$sanu ar iekartu ,PHILIPS COSMOS BS”.
Rentgenuzn@mumi uzpemti vispargjai krtisu kurvja un védera dobuma organu
veselibas stavokla izmekl€Sanai. Uzpe€mam kriisu kurvja un védera dobuma
rentgena uzpe€mumus katram sunim lateralaja (sanu) un dorso—ventralaja
(muguras) gula. KriiSu kurvja rentgenogrammu veica, izmantojot 48 kV un
3.20 mAs lielus parametrus un védera dobuma rentgenogrammu — 46 kV un
5.00 mAs (Thrall, 2013).

Asinsspiediena mériSana eksperimentalajiem dzivniekiem

Sistoliskais un diastoliskais asinsspiediens méerits, izmantojot High
Definition Oscillometry (HDO) ierici. Dzivnieks novietots tam &rta pozicija
klusa telpa, nogaiditas piecas miniites, lai suns pierod pie jaunajiem
apstakliem, ta samazinot stresa ietekmi wuz asinsspiediena merjjumu
rezultatiem. Me@rjjumi iegditi, izmantojot pirma izméra sunu manseti (ka
noradits iericei pievienotaja pamaciba), to apliekot ap astes pamatni. MeriSanas
laika kermena dala, kurai aplikta mansete, atradas +/- 10 cm viena Iiment ar
sirdi (Egner, Carr, & Brown, 2007). Viena m@riSanas reizé veikti pieci
merjumi un aprekinats vid&jais raditdjs, kas talak izmantots aprekinos.
Asinsspiediena mérfjumi noteikti pirms protezéSanas un reizi ménesi 6
meénesus pec tas.
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Operacijas tehnika

Védera aortas piekluvei operacijas laika izmantota retroperitoneala pieeja.
Dzivnieks uz operacijas galda novietots labaja lateralaja gula. Atbilstosi aseptikas
principiem sagatavots operacijas laukums sakot no pedgjo ribu apvidus lidz
giizas locttavas Itmenim un no jostas skriemelu mugurizaugumiem lidz baltajai
linijai. Veikts horizontals 10-12 cm gar§ grieziens paraléli jostas skriemeliem
zem muguras gara muskula (m. longissimus dorsi), kaudali no kreisas pedgjas
ribas, parskelot adu, védera iek$Ejo slipo muskuli (m. obliquus internus
abdominis), veédera Skérsmuskuli (m. transversus abdominis). NepargrieZot
vederplévi, no apkartgjiem saistaudiem atpreparets vidgji
5.00-6.00 cm gar§ veédera aortas segments. Manipulacijas ar védera aortu veiktas
tas viduspunkta starp nieru artériju (aa. renales) atzaro$anas vietu un védera
aortas bifurkaciju. Lai partrauktu asinsriti paredz&taja aortas segmenta uz aortas
tika uzliktas divas speciali §im nolikam paredzétas klemmes aptuveni 3.00—4.00
cm attaluma viena no otras. Talak tika veikts grieziens védera aorta, to Skérsam
pardalot, un rezekceta tas dala. P&c tam izpemta védera aortas segmenta vieta
implant@ta test€jama aortas protéze un pec tam nonemtas klemmes.

Implantétas protezes diametrs A grupa diviem sugiem bija 5.00 mm un trijiem
8.00 mm, bet B grupa visiem suniem 5.00 mm. Implant&tas proteézes garums bija
no 9.00 mm lidz 20.00 mm. Protézes diametrs tika pielagots rezekcétas aortas galu
diametram. Aortas protézu SuSanai izmantoti monofili neuzsiicosie diegi 7/0
“Premilene” un nepartraukta Suve. Muskulu un zemadas $tSanai izmantoti piti
uzsticosie diegi — 2/0 “Serafit” un audi savienoti, izmantojot attiecigi mezglu Suves
un zemadas matracSuvi. Ada $iita ar monofilu neuzsiicodu diegu 3/0 “Supramide”,
izmantojot mezglu Suves. Ir jaatzime, ka aortas protez€Sanas operacijas suniem tika
veiktas sadarbiba ar medicinas mikrokirurgijas specialistu.

Védera aortas un protezes diametra un maksimala asins
pliismas atruma sistolé noteikSana

Vedera aortas un tas protézes diametrs, ka arT asins plusmas atrums tika
noteikts ultrasonografiski jostas skriemelu apvidii. Dzivniekiem pirms mingtas
manipulacijas intramuskulari ievadits acepromazina maleats 0,1 mg uz 1 kg
kermena masas, lai tie biitu mierigaki, tadgjadi atvieglojot izmekl€Sanu. Suni
ultrasonografijas laika novietoti labaja lateralaja gula, un mé&rfjjumu veikSanai
sagatavots laukums, nocérpot apmatojumu kaudali aiz ribu loka un ventrali no
muguras garajiem muskuliem 10x20 cm laukuma. Ultrasonografiskie
izmekl&umi veikti, izmantojot ultraskanas iekartu PHILIPS HD 11 ultrasound
system (modela Nr..MCMDO02AA, razota Sronno, Italija) ar 3.5 lidz 7.5 MHz
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linearo zondi. Pirms aortas protézes implantacijas veédera aortas diametrs merits
viena punktad — pa vidu starp nieru art@rijas atzaro$anas vietu un v&dera aortas
bifurkaciju. P&c vedera aortas protez€Sanas diametrs merits tr1s punktos — védera
aorta kraniali no proté€zes, proté€zes vidusdala un kaudali no protezes
(1. attels). Mérot védera aortas un tas protézes diametru Skersgriezuma, kursorus
visos gadijumos novietoja aortas un prote€zes sienas vidd. Diametra mérijumi
veikti sistoles laika, izmantojot 2D reZimu, un rezultati izteikti milimetros.
Maksimalais asins plismas atrums sistole védera aorta pirms protézes
implantacijas noteikts viena punkta — pa vidu starp nieru art€rijas atzaro$anas
vietu un veédera aortas bifurkaciju. P&c vedera aortas protezéSanas maksimalais
asins plismas atrums sistol€ arT merits tris punktos — védera aorta kraniali no
protézes, protézes vidusdala un kaudali no protézes (1. attéls). Maksimala asins
plismas atruma sistolé noteik$anai izmantota pulsa vilna doplerografija (Pulse
Wave doppler) reala laika B-mode rezima un plismas atrums noteikts
centimetros sekunde. Maksimala asins pliismas atruma sistoleé mérisanas bridi
tika veikta zondes lenka korekcija paral€li asins plismas garenasij (Bonagura &
Fuentes, 2015). Katram dzivnieckam meriti tris reprezentativi, brivi izvéleti
maksimala asins plismas atruma sistol€ vilpi, un noteikts vidg€jais raditajs, kas
talak izmantots aprékinos. V&dera aortas un tas protézes diametra un maksimala
asins pliasmas atruma sistolé mérfjumi noteikti pirms protezé$anas un reizi
meénesi péc tas lidz eksperimenta beigam.

Dzivnieku eitanazija, sekcija un makroskopiska aortas
protézes un tas apvidus izmekléSana

Visus A grupas dzivniekus eitaniz€ja 6 méneSus pec aortas protezes
implantacijas, B grupas dzivniekus — pec 12 ménesiem. Pirms eitanazijas suniem
veikta pilna klmiskd izmekléSana, asins paraugu nopemsSana un analize,
ultrasonografiskie un rentgenologiskie izmeklgjumi atbilstosi iepriek$ apraksfitajai
metodikai.

Pilna narkozé (skat. sadala Eksperimentalo dzivnieku vispariga veselibas
stavokla izmekl€$ana un manipulacijas pirms un p&c operacijas) suni eitanizéti
ar lidzekli “Dorminal” (aktiva viela — Na pentobarbitals) 200 mg kg™, ievadot
to intravenozi, atbilstosi dzivnieka kermena masai.

P&c naves tika veikta nepilna patologanatomiska sekcija. Veikta aortas
protézes eksplantacija, ieklaujot védera aortas posmu kraniali un kaudali no
protézes. Uzgriezot eksplantéto protézes posmu, péc Ueberrueck et al. (2005)
metodikas, verteta protézes limena caurejamiba, neointimas formésanas
intensitate, saistaudu kapsulas veidoSanas intensitate, saaugumi, jaunveidojumi,
aortas implanta iesp&jamas deformacijas.
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1. att. Ultrasonografiskas izmeklésanas laika veikto védera aortas un tas
protézes diametra un maksimala asins plismas atruma sistolé mérijjumu
vietas pec aortas protézes implantacijas sunu védera aorta/

Fig 1.The points of measurements for diameter and peak systolic blood flow velocity
in the abdominal aorta and its prosthesis during the ultrasonographic examination
after the implantation of the aortic prosthesis in the dog's abdominal aorta

A — vEdera aortas dala kraniali no protgzes/abdominal aorta cranial to the prosthesis

B — aortas protéze/aortic prosthesis

C — védera aortas dala kaudali no protézes/abdominal aorta caudal to the prosthesis

D — védera aortas/aortas protézes Skérsgriezuma shematisks attéls/schematic image of
cross-section of abdominal aorta/aortic prosthesis

1 — maksimala asins plasmas atruma sistolé mériSanas vieta kraniali no protézes/the
measuring point of the peak systolic blood flow velocity cranial to prosthesis

2 — védera aortas diametra m&risanas vieta kraniali no protézes/the measuring point of
the diameter of the abdominal aorta cranial to prosthesis

3 — maksimala asins plismas atruma sistolé mé&riSanas vieta aortas protézé/the
measuring point of the peak systolic blood flow velocity in the midle of aortic
prosthesis

4 — diametra mériSanas vieta aortas protéz&/ the diameter measuring point in the midle
of prosthesis

5 — diametra mériSanas vieta védera aorta kaudali no protézes/the measuring point of the
diameter of the abdominal aorta caudal to prosthesis

6 — maksimala asins pliismas atruma sistolé mériSanas vieta védera aorta kaudali no
protézes/ the measuring point of the peak systolic blood flow velocity caudal to
prosthesis

7 — védera aortas/ aortas protézes diametra mériSana vieta $kérsgriezuma/measuring
points of the diameter of the abdominal aorta/aortic prosthesis in the cross section.
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Eksplanteta aortas prot€ze verteta pec Sadas sheémas:
1) Protézes limens:
e prot€zes lumens brivs;
e protézes lumens dalgji nosprostojies (neointimas hiperplazijas, trombu vai
citu faktoru dgl);
e protézes limens pilnigi nosprostojies (neointimas hiperplazijas, trombu
vai citu faktoru del).
2) Neointimas formeSanas pakape:
e neointima sedz visu protezes limena virsmu;
e neointima dalgji sedz protezes limena virsmu.
3) Saistaudu kapsulas veidoSanas:
o saistaudu kapsula pilnigi apnem protézi, izteikta saistaudu formésanas;
e saistaudu kapsula pilnigi appem protézi, vidgji izteikta saistaudu
formésanas;
o saistaudu kapsula dal&ji appem prot€zi, vaji izteikta saistaudu formé$anas
(Ueberrueck et al., 2005).

Protézes ltimena diametrs, garums, protézes sienas biezums merits,
izmantojot elektronisko bidméru LIMIT (precizitate 0.01 mm). Panemti
paraugi histologiskai un imtnhistokimiskai izmekle$anai, kas tilit péc to
rezekcijas ievietoti 10mg 100mLneitralaja formalina $kiduma.

Eksplantéto audu mikroskopiska izmekléSana

Audu sagatavoSana mikroskopiskai izmekleésanai

Mikroskopiskai izmekléSanai no katra suna tika iegiits viens sakotngjais
paraugs, kas ievietots 10 mg 100mL 'neitralaja formalina $kiduma ne mazak ka
4 dienas istabas temperatiira. Péc tam tas protézes vida $kérsam pargriezts uz
pusém, iegiistot kranialo un kaudalu parauga dalu, kas katra sastavéja no aortas
protézes, anastomozes un normalas vedera aortas dalas. Katra dala tika
pargriezta uz pusém gareniska virziena. Talak no katra suna viens kranialais un
viens kaudalais segments dehidratéts audu procesora (TISSUE-TEK II) un
ieslégts parafina blokos, izmantojot standartizétu audu histologiskas
sagatavosanas procediiru (Kiernan, 2008), ta lai asinsvada abas garenvirziena
malas biitu pie parafina bloka griezamas virsmas. Kopa parafina blokos ieslégti
18 audu paraugi no eksperimenta suniem. Talak no katra ieslégta paraudzina
tika ieglti 5 um biezi griezumi, izmantojot mikrotomu SLEE CUT 5062 un
ievietoti silta fidens vanna. Talak audu griezumi tika uzpeldinati uz attaukotiem
priekSmetstikliniem (divi griezumi uz katra priekSmentstiklina) un zaveti 38 °C
temperattra 24 h.
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Histologiska preparatu izmekléSana

Vispargjai histologiskai parskata ainas, ickaisuma $tnu un saistaudu
infiltracijas pakapes novertéSanai izmantotas hematokselina un eozina (H&E)
un Van Gieson krasoSanas metodes. Visiem suniem ar katru metodi krasoti divi
preparati no kranialas un kaudalas parauga dalas. Audu paraugi krasoti péc
vispar piepemtiem H&E, Van Gieson krasoSanas protokoliem (Kiernan,
2008).Kopa histologiskai izmekléSanai sagatavoti un vertéti 144 audu
griezumi, no tiem 72 krasoti ar Hematokselinu un Eozinu un 72 audu preparati
ar Van Gieson metodi.

Histologiskie preparati izmekl&ti, izmantojot multifunkcionalu gaismas
mikroskopu Leica CTR 500 ar kameru Leica DFC 490. Mikroskopisko
izmekl&umu att€lu iegliSanai un apstradei, ka un mérjjumu ieglisanai izmantota
ar min&to kameru sinhroniz&ta datora programma Image-Pro Plus 6.1.

Sagatavotajos H&E preparatos veikta visparéja histologiska griezuma
kopainas novértesana. Mikroskopiski vertéta iekaisuma Stnu infiltracija 400
reizu palielinajuma. Iekaisuma intensitate tika noteikta kvalificeta
patologanatoma uzraudziba, vadoties peéc makrofagu, limfocttu, sveskermena
milzu $Gnu un neitrofilo leikocitu infiltracijas intensitates pakapes un
izvietojuma preparata, attiecigi tam pieskirot balles no 1 1idz 4:

1 — viegls iekaisums

2 — vidgji smags iekaisums

3 — smags iekaisums

4 — ]oti smags iekaisums

(Bellows, Wheatley, Moroz, Rosales, & Morici, 2012; Jayanth et al., 2015;
Orenstein, Saberski, Kreutzer, & Novitsky, 2012; Pierce et al., 2009).

Tika veikta arT iekaisuma $tnu skaiti$ana. Iekaisuma Stnas skaitttas piecos
reprezentativos brivi izveletos redzes laukos, kuru laukums bija vidgji
71404+£79.06 pm?. lekaisuma $0inu vérteSanai redzes lauki izveleti starp
protézes diegiem vai to tuvuma. Makrofagi, limfociti, sveSkermena milzu
Stnas, neitrofilie leikociti skaititi 400 reizu liela palielindgjuma. Katram
eksperimenta individam tikai noteikts savs vertgjums.

Sajos preparatos noteicam ari kapilaru ieauganas intensitati protézes
vidusdala. Kapilari skaititi piecos brivi izvél€tos redzes laukos 200 reizu
palielindgjuma (Bashar et al., 2002; de Valence et al., 2012; Jeschke,
Hermanutz, Wolf, & Koveker, 1999). Izvert€jam ar1 saistaudu $tinu un skiedru
daudzumu protézes siena un ekstraluminali.

Ar Van Gieson metodi krasotajos preparatos vertéts saistaudu raksturojums,
kolagéno un elastigo Skiedru proliferacijas un izvietojuma raksturs proteze.
Tris 1idz piecos brivi izvéleétos redzes laukos mérits médijas, intimas un
saistaudu kapsulas biezums pm, katra redzes lauka veicot vismaz piecus
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merfjumus, lidzigi ka citos pétijumos (Jeschke 1999, Valence 2012). M&dijas
biezums merits 10 reizu palielindjuma veédera aorta kraniali no protézes,
kaudali no protézes, kranialaja un kaudalaja protézes — ve&dera aortas
anastomoze, ka ar1 pasa sintetiskaja protéze€. Intima un saistaudu kapsula,
mértta analogas vietas ka médija, izmantojot 400 reizu palielinajumu. M&dijas
biezums aorta un anastomozes vieta merits ka distance starp visvairak iekSpusé
izveidojuSos elastina kartu un visvairak arpus€ izveidojuSos elastina kartu
medija. Médijas biezums protézes apvidii meérits ka distance starp protgzes
neointimas robezu un saistaudu kapsulas tuvak protézei veérsto virsmu (Bashar
2002). Neointimas biezums protézes vidi mérits ka attalums no neointimas
virsmas 1idz protézes virsmai (Zippel et al., 2008). Lai izslégtu histologiska
griezuma plaknes ietekmi uz médijas un intimas biezumu, mérjumi izteikti arl
procentos.

Imiinhistokimiska preparatu izmekléSana

Imanreaktivo struktiru noteikSanai paredzEtie audu griezumi tika
uzpeldinati uz silikonizetiem priekSmetstikliniem (Histo Bond®), lai
nodro$inatu labaku audu sakeri ar priekSmetstiklinu reakcijas laika. Péc tam

______

Pétijuma audos noteiktas $adas imiinreaktivas struktiiras:

1) Gludo muskul§tnu aktins (Dako Monoclonal Mouse Anti-Human Smooth
Muscle Actin Clone 1A4, kods MO0851; DacoCytomation, Danija)
neointimas §tinu proliferacijas identificéSanai.

2) Interleikina 1 receptoru antagonits (IL1 ra (Q-19)): sc-8481, Santa Cruz
Biotechnology, Inc. Amerikas Savienotas Valstis), lai identificétu citokinu
IL 1o un IL1 B intensitati, jo IL1 ra saistas ar abiem iepriekSmingtajiem
interleikiniem.

3) Audzgja nekrozes factors o (Rabbit polyclonal to TNF-a antibody, nr.
orb7100, Biorbyt, Anglija), lai noteiktu viena no spécigako iekaisuma
citokina klatbiitni aortas protézes apvidi.

4) Interleikinu 10 (Rabbit polyclonal to IL10 antibody, nr.orb100193, Biorbyt,
Anglija), lai novertétu pretiekaisuma citokina, kas veicina sklerotizaciju,
intensitati audos.

5) Asinsvadu endotélija augSanas faktors (Rabbit polyclonal to VEGF
antibody, nr. orb11554, Biorbyt, Anglija), lai spriestu par i$€miju,
revaskularizaciju konkrétajos audos.

Stnu identifice8anai tika izmantota universala streptavidina — biotina
metode un lietots §im nolikam paredzéts reagentu komplekts (LSAB+ System—
HRP, Dako, K0679, Daco Cytomation, Danija) (Boenish et al., 2001). Sakuma
tika veikta preparatu deparafinizacija un hidratacija spirtu rinda, p&c tam
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preparati skaloti ar TBS buferskidumu (Tris Buffered Saline, pH 9,0, Dako,
S3001) 10 min. Talak preparati ievietoti konteineri ar bufer§kidumu Target
Retrieval solution, pH 9, Dako S2367 un divas reizes silditi izmantojot
mikrovijpus (kopa 5 min, 450 W), epitopu atbrivos$anai, tadgjadi labakai
antivielas piesaistei antigénam. P&c sildiSanas preparati atdzes€ti 30 min un
skaloti divas reizes pa 5 min ar TBS buferSkidumu. Péc tam katrs audu
griezums apstradats ar 150 uL 3mg 100 mL™* Gidenraza peroksidu (Peroxidase
Block, Dako, K0679) un izturéts 10 min istabas temperattra. Talak preparati
noskaloti ar destilétu tideni, nosusinati, un uz katra griezuma uznestas primaras
antivielas, kas izturétas 30 vai 60 min, vadoties péc razotaja noradijjumiem.
Primaro antivielu izmatotie titri un inkubacijas laiks redzami tabula 1.
Antivielu atSkaidiSanai izmantots specials §Tm noliikkam paredzets Skidums —
Dako Antibody Diluent, S0809. P&c primaro antivielu inkubacijas preparatus
skaloja, izturot TBS buferskiduma divas reizes pa 5 min. Talak uz audu
griezumiem uznestas ar biotinu saistitas sekundaras antivielas (LSAB+
System-HRP komplekta Biotinylated link, Dako, K0679) uz 30 min. Talak
preparatus skaloja ar TBS buferSkidumu 5 min un uztriepa streptavidinu
(LSAB+System—HRP komplekta Streptavidin—-HRP, Dako, KO0679), ko
inkubg&ja 30 min, p&c tam priekSmetstiklini skaloti ar TBS buferskidumu 5 min.
Talak antivielas — antigéna kompleksa vizualiz€$anai uz audu griezuma tika
aplicéta hromogéna sistéma (20 pL DAB Chromogen + 1mL DAB+ Substrate
buffer $kidums, Dako, K0679), kas péc tam noskalota ar krana tdeni.
Nosléguma §tnu kodoli iekrasoti ar Haris hematokselinu (2—-3 min). Preparatos
pozitivas struktiiras vizualiz€jas briina krasa Stnu kodolos, citoplazma vai
starpsinu telpa.

1. tabula/Table 1
Imiinhistokimiskai izmekléSanai izmantoto antivielu titrs un
inkubacijas laiks/
Antibody incubation time and titre used for immunohistochemical testing

Inkubacijas laiks,
Antivielas nosaukums/ Title of antibodies Titrs/ Titre| min/ incubation
time, min
Gludo muskulstinu aktins (Dako Monoclonal
Mouse Anti-Human Smooth Muscle Actin Clone 1:100 30
1A%)
Interleikina 1 receptoru antagonits (IL - 1 ra (Q-19) 1:50 30
lAudzgja nekrozes factors o (Rabbit polyclonal to .
1:50 30

TNF-0)
Interleikins 10 (Rabbit polyclonal to IL 10) 1:50 30

Asinsvadu endotélija augSanas factors (Rabbit 1-60 30

polyclonal to VEGF) :
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Ka negativa kontrole tika izmantoti identiski audu paraugi, kuriem, veicot
ieprieks aprakstito imunohistoktmisko procediiru, primaras antivielas vieta tika
izmantots antivielu at$kaiditajs (Dako Antibody Diluent, S0809) bez primaras
antivielas.

Ar imiinhistoktmisko metodi izmekl€tajos paraugos, pozitivas struktiiras
identificétas, un to relativais daudzums noteikts, izmantojot puskvantitativo
skaitiSanas metodi péc M. Pilmanes.

Pozitivo struktliru intensitate noteikta, izmantojot $adu gradaciju:

(-) — nav pozitivo struktiiru redzes lauka;

(+) — nedaudz pozitivo struktiiru redzes lauka;

(++) — vidgjs daudzums pozitivo struktiiru redzes lauka;

(+++) — daudz pozitivo struktiiru redzes lauka;

(++++) — loti daudz pozitivo strukttiru redzes lauka (Pilmane et al., 1998)

Kopa imunhistokimiskai izmekl&$anai tika sagatavoti un analiz&ti 90 audu
preparati.

Iegiito datu biometriska apstrade

Iegiitos datu statistiska apstrade veikta izmantojot, programmas Microsoft
Exel un SPSS (Version 23). Visiem datiem veikta to apraksto$as statistikas
kalkulacija (minimala un maksimala vértiba, vidéja vértiba, standartnovirze,
standartklida, mediana). Fiziologisko parametru, asins laboratorisko
izmekl&jumu rezultatu, ultrasonografiskas izmekl&$anas rezultatu (védera
aortas un protézes limena diametra, asins pliismas atruma) salidzinasanai
pirms aortas protézes implantacijas un p&c tas izmantota Vilkoksona
T — kriteérija metode (Wilcoxson test), bet rezultatu salidzinasanai starp
grupam, izmatots Mann—Whitney Tests. Audu mikroskopiskas izmeklesanas
rezultatu salidzinasanai starp 6 un 12 méne$u grupam izmantos Mann—Whitney
Tests. Atskiribas uzskatitas par bitiskam, ja p <0.05 (Arhipova & Balina,
2006).

Veikta korelacijas analize, lai noskaidrotu dazadu iegito parametru
atkaribu vienam no otra. Pirsona korelacijas koeficienta r interpretacija veikta
pec §adas skalas (Evans, 1996).

0.0 - 0.19 "loti vaja"
0.20 - 0.39 "vaja"

0.40 — 0.59 "vidgja"
0.60 — 0.79 "speciga"
0.80 — 1.0 "]oti specigs"
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PETIJUMA REZULTATI UN DISKUSIJA

Vedera aortas protezésanas operaciju gaitas raksturojums un
iznakums

Eksperimenta laika védera aorta deviniem supiem veiksmigi tika
implantétas inovativas aortas protézes, izmantojot retroperitonealo pieeju.
Aortas implantacijas operacijas vidgji tika veiktas trTs stundas un 21 mindti ilgi.
Isaka no operacijam tika paveikta divas stundas un 40 miniités, bet garaka
Cetras stundas un 4 minités. Visas operacijas notika bez sarezgijumiem. Pé&c
operacijas briices dziSana noritgja bez komplikacijam un adas Suves iznemtas
péc 14 dienam.

T. Ueberrueck publicgjis datus, ka v&dera aortas protez€Sanas operacija
ctkam, izmantojot laparotomijas piekluvi veikta vid&ji 62.8+10.4 minites
(Ueberrueck et al., 2005). Kas attiecas uz medicinas praksi, ir noskaidrots, ka
védera aortas rekonstrukcijas operacijas vidgji var ilgt 198 + 41 minites
laparotomijas pieejas gadijuma un 141+£21 mindti ilgi, izmantojot
retroperitonedlo metodi (Butler et al., 1993). Sadu operaciju laika asinsrite
v&dera aorta tiek partraukta no 74+13 lidz 104+46 minaGtem (Butler et al.,
1993).

Miisu gadijuma i$€mijas laiks (laiks, kad partraukta asinsrite védera aorta
kaudali no renalo art€riju atzariem) svarstijas robezas no 21 minites Iidz
1 stundai 6 minttém, vidgji ilgstot 41+4 miniites. Operacijas laika radita
iSémija vedera aorta suniem neradija bitiskas vispargja veselibas stavokla
izmainas. Vienam sunim (H8J4463) eksperimenta beigas tika konstatéta
palielinata loka zarna (megacolon), ta célonis, iesp&jams, bija saistits ar
inervacijas trauc€jumiem, kurus radija salidzino$i garais iS€mijas laiks
(52 mintites) veédera aorta, implantacijas laikd. Tomér sunim H8J4485, kuram
operacijas laika bija visilgakais i$€mijas periods (66 miniites) védera aorta,
§ada zarnu patologija netika konstatéta. Krause et al. (1997), atzimg, ka suniem
komplikacijas biezak rodas, ja asinsrite védera aorta tiek partraukta virs nieru
artériju atzaro$anas vietas. Cilvékiem asinsrites partraukSana védera aorta zem
nieru arteriju atzaroSanas vietas no 30 lidz 50 mintteém tiek uzskatita par drosu
un nerada nieru mazspgju, ka ari paraplégiju un parézi, muguras smadzenu
apasinoSanas traucgjumu de] (Gelman, 1995; Krause et al., 1997; Wahlberg et
al., 2002). Misu pétjjuma ieverojamas komplikacijas visa perioda
pecoperacijas nenoveérojam. Tade] uzskatam, ka p€coperacijas komplikaciju
veidoSanas nav atkariga tikai no iS€mijas laika garuma aorta, bet So
komplikaciju c€loni ir multifaktoriali un vartu ietvert gan iS€mijas laiku, gan
kardiovaskularas sisteémas tolerét sp&ju veédera aortas iS€mijas laika, gan audu
bojajums kirurgiskas briices vieta un citus faktorus.
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Eksperimentalo dzivnieku visparéjais veselibas stavoklis
pirms un pécoperacijas perioda

Uzsakot eksperimentu, visi suni tika atziti par kliniski veseliem.

Vienu dienu p&c v&dera aortas operacijas, visiem dzivniekiem tika noveérota
samazinata kustibu aktivitate, kas peéc misu domam liecinaja par vieglam
sapém, ko novéro péc kirurgiskas audu $kelSanas. Dzivnieku apetite, dzert
griba, urinacija un defekacija visa p€coperacijas perioda bija normala, sugai
raksturiga. Lidzigu informaciju norada arf citi p&tnieki, ka vispargjas aktivitates
un kustibu samazinaSanas p&c kirurgiskam operacijam supiem ir saistita ar
sapem (Afshar et al., 2017; Sharkey, 2013). Aktivitates samazinasanos vienu
dienu péc aortas protezESanas suniem konstatGjusi ari Muste et al. (2008),
savukart ciikam minétaja pétijuma samazinata aktivitate ka ari &stgriba un
dzertgriba ieilga 1idz pat ned€lai p&c aortas operacijas.

Miusu pétijuma aktivitate suniem strauji atgriezas otraja diena péc
operacijas un tada saglabajas Iidz petijuma beigam. Tas norada uz veiksmigu
operaciju rezultatu un arT uz lietoto nesteroido pretickaisuma un pretsapju
medikamentu meloksikama un tramadola efektivitati, kas suniem pieradita ari
citos pétijumos (Afshar et al., 2017; Minto, Rodrigues, Steagall, Monteiro, &
Brandao, 2013).

Visiem supiem abas grupas péc aortas protézes implantacijas kustibu
koordinacijas trauc€jumi netika konstateti visa pétijuma laika. Lidzigi rezultati
iegti arf citos asinsvadu protéZu pétijumos, kuros izmantoti suni (Bhattacharya
et al., 2000; Muste et al., 2008; Seifalian et al., 2003; Wu et al., 1997).
Savukart aitam ir novérota paraplégija vai pakalkaju paralize Tsi péc védera
aortas operacijam (Beygui et al., 1999; Soula et al., 2001).

Fiziologiskie raditaji suniem

Visiem supiem vidgja kermena temperatira diena pirms aortas protgzes
implantacijas bija 38.23+0,19 °C. Piecas miniites pec vedera aortas operacijas
vidgja kermena temperatiira supiem bija 34.19+0.34 °C (zemaka 32.8 un
augstaka 36.1 °C), bet 24 stundu laika ta normalizgjas un vidé&ji bija 38.30+0.18 °C
(zemaka 37.5 un augstaka 39.2 °C).

Sis minétas izmainas sakrit ar literatiira noraditajiem datiem attiecigds
anestézijas laika un péc tas suniem miksto audu kirurgijas veik$anas gadijuma
(Afshar et al., 2017; Fayyaz, Kerr, Dyson, & Mirakhur, 2009; Ferreira et al.,
2015; Srithunyarat et al., 2016)

Turpmak, treSaja diena un ménesi pec operacijas un eitanazijas diena videja
kermena temperatiira attiecigi bija 38.42+0.09 °C, 38.62+0.10 °C un
38.38+0.11 °C, art individuali visu sunu kermena temperatiiras svarstibas $aja
petijuma laika ieklavas normas intervala. Butisku atskiribu starp A un B grupu
individu kermena temperatiiras svarstibam nenoverojam (p>0.05).
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Cilvekiem péc austas poliestera protézes izmantoSanas vedera aortas
rekonstrukcijai tika noverota kermena temperatiiras paaugstinasanas vidgji par
1.6+£0.7 gradiem péc Celsija vienu lidz Cetras dienas p€c veiktas operacijas
(Votte et al., 2012). Miisu pétijuma paaugstinatu kermena temperatiiru suniem
visa pecimplantacijas perioda nenoveérojam.

Sirds darbibas frekvence visiem suniem gan pirms, gan operacijas laika, ka
ar1 visa pecoperacijas perioda bija normas intervala. Prote€zes implantacijas
diena ta vidgji bija 107.2+8.10 (zemaka 82, augstaka 140), bet piecas miniites
pec aortas protézes implantéSanas 111.2+5.2 (zemaka 82, augstaka 132), dienu
péc operacijas 99.9+7.5 (zemaka 72, augstaka 140), ménesi pé&c
operacijas1 14.4+6.4 (zemaka 80, augstaka 140) un eitanazijas diena 103.1£5.5
(zemaka 68, augstaka 124) reizes minte.

Fayyaz et al. (2009) sunpiem izoflurana inhalacijas anestézijas laika
registréjis sirds darbibas frekvenci 119+30 reizes mintité un 93+9 mintte péc
30 mL kglasinu zaudesanas, kas ar1 pecoperacijas perioda saglabajas normas
intervala. Normala sirds darbibas frekvence isi p@c aortas protez€Sanas
operacijam, ka to norada Gelman (1995), liecina par sugu organisma spgju
kompensét arterialo hipotensiju.

Butiska atSkiriba starp A un B grupas dzivnieku sirds darbibas frekvences
mérijumiem netika konstatéta visa pétijjuma garuma (p>0.05).

Elposanas frekvence visa pétijuma laika vidgji svarstijas robezas no
29.8+2.5 reiz€ém mindte pirms operacijas [idz 18.2+3.7 reiz€ém minGté piecas
miniites péc aortas prot€zes implantacijas un bija 28.7+1.7 dienu, 28.4+1.9
ménesi péc tas, un 27.3+3.0 reizes miniite eitanazijas diena. Visaugstaka
elposanas frekvence individualam sunim visa pétfjuma laika neparsniedza
40 reizes mintite. Jaatzime, ka viszemaka elposanas frekvence suniem novérota
aortas protézes implantacijas laika. Ka arT diviem suniem (H9A0069 un
HO9DO0577) ieveérojami zema elposSanas frekvence bija 1si p&c operacijas,
attiecigi 7 un 8 elposanas reizes miniitg, bet ta normalizgjas un nakamaja diena
un attiecigi bija 36 un 28 reizes minGte.

To skaidrojam ar fiziologisko procesu norisi anestézijas laika. ElpoSanas
frekvences samazinaSanas anest€zijas laika un 1si p&c tas ir konstateta ar1 citos
petijumos un parsvara tiek saistita ar anestézijas Iidzek]u supresivo iedarbibu
uz elposanas centru un asinu cirkulatoras sist€émas funkcijam (Grimm, Lamont,
Tranquilli, Greene, & Robertson, 2015).

Atskirtba starp A un B grupas dzivnieku elposSanas frekvences mérijjumiem
netika konstatéta visa p&tijuma garuma (p>0.05). Elposanas frekvence pirms un
pecoperacijas perioda suniem neatskiras (p>0.05).
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Laboratorisko izmeklejumu rezultati un novertéjums

lekaisuma un eritropo€zes asins analizu rezultati A un B grupas suniem
pirms aortas protézes implantacijas apkopoti 2. tabula un eksperimenta
nosléguma
3. tabula. Konstatetais vid&jais kopgjais leikocttu skaits asints A un B grupas
supiem visa pétijuma laika bija normas intervala. Literatiira ari ir dati, kuros
noradits, ka supiem aorta implantgjot poliestera protezes, kopgja leikocitu
skaita izmainas 6 ménesu laika péc implantacijas nebija konstatétas (Marois et
al., 1997). Masu rezultati ir 1idzigi ar Siem datiem, jo 6 un 12 méneSus péc
veédera aortas protezésanas kopgjais leikocTtu skaits bija tuvs, pirms operacijas
konstatétajam. Tas varStu noradit uz to, ka sunu organisma aizsargsist€émas
spgja kontrolét un lokalizét tiem veédera aorta implantétas poliestera —
poliuretana protézes radito iekaisuma un sveSkermena reakciju. Savukart
cilvekiem kop&jam leikocttu skaitam, lidzigi ka kermena temperatiirai, ir
tendence paaugstinaties pirmo 3 dienu laika p&c védera aortas operacijam,
salidzinot ar pirms operaciju raditajiem (Galle et al., 2000; Moulakakis et al.,
2013).

Analizgjot stabinkodolaino neitrofilo leikocttu skaitu eksperimenta dzivnieku
asins, tika konstatéta to skaita progresiva paaugstinasanas. Ménesi péc aortas
protézes implantacijas vidgjais stabinkodolaino leikocitu skaits paaugstinajas lidz
normas intervala aug$€jai robezai, bet 6 un 12 méneSus péc implantacijas $is
raditajs parsniedza to. Literatlira noradits, ka pacientiem ar garu i$€mijas periodu
operacijas laika, péc tam novéro 3 reizes augstaku neitrofilo leikocitu skaitu asinTs,
salidzinot ar tiem pacientiem, kam i§€mijas laiks bijis iss (Gadaleta, Fantini, Silane,
& Davis, 1994). Tomér miisu p&tjuma nepieradijas i§€mijas ietekme uz neitrofilo
leikocttu skaitu asinis pecoperacijas perioda.

Cilvekiem neitrofilo leikocitu paaugstinasanas asinis konstateta treSaja un
piektaja diena péc aortas rekonstruktivam kirurgijam (Galle et al., 2000; @degard et
al., 2000), bet precizu datu par neitrofilo leikocitu skaitu vélaka pecimplantacijas
perioda mums pieejamajos avotos neizdevas atrast.

Citos pétijumos ir noradits, ka sintétiskie prot€zu materiali sp&j meditét akiita
iekaisuma procesu (Zdolsek, Eaton, & Tang, 2007), ka ari jau aorta esoSs
ickaisuma process (ickaisuma process, kas vérsts pret sveSkermeni—protézi)
piesaista neitrofilo leikocttu migraciju uz So vietu, kur tie sabrukot aktive
iminsistémas $tinas, kas ierosina talaku iekaisuma kaskades aktivaciju (Yan et al.,
2016).

Misu gadijuma neitrofilo leikocitu paaugstinasanos asinis sugiem 6 un
12 m@nesSus péc protézes implantacijas veédera aorta varétu skaidrot ar biomateriala
ietekmi uz imiinsistémas $tinam, ka art lokala iekaisuma esamibu protézes siena un
protezes sienas zemaku elasticitati, salidzinot ar védera aortas sienu, ka to norada
arT citi zinatnieki (Bhat et al., 2013; Haumer et al., 2005; Tanindi, Erkan,
Alhan, & Tore, 2015; Zernecke et al., 2008).
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2. tabula/ Table 2

Minimalo, maksimalo un vidéjo(  standartkliida) iekaisuma un
eritropogzes raditaju vértibas suniem pirms aortas protézes implantacijas/
Minimum, maximum and mean (£ standard error) values of inflammation
and erythropoiesis in dogs before implantation of the aortic prosthesis

Pirms implantacijas Pirms implantacijas
A grupa,n=5/ B grupan=4/
Before implantation Before implantation
groupe A, n=5 groupe B, n=4
Vidaji Vidgji
+St.kluda/ +St.klada/
Maks./ Mean+ Min./| Maks./ Mean+
Raditaja nosaukums  Min./ Min| Max St.error Min | Max St.error
Kop. Leikocitu, skaits,
10° L1 WBCL09 L1 8.70 | 1340 | 10.38+0.47 | 7.30 | 9.80 | 8.50+0.64
Segment-kodolainie/
Segmented neuthrophils 5.30 8.40 6.31+0.36 3.23 | 6.86 5.10+0.86
Stabin-kodolainie/ 047 | 032 | 024:003 | 022| 038 | 028:0.04
Banded neuthrophils
Limfociti/Lymphocytes | 0.96 335 | 2.00+036 | 1.30 | 3.08 | 2.31+0.38
Monociti/ Monocytes 0.26 0.80 0.51+0.09 0.39 | 0.60 0.49+0.04
Eozinofilie/ Eosinophil | g 19 | 954 | 0374007 | 0.20 | 0.38 | 03420.03
peuthrophils
RBC,10%? Lt 6.62 7.08 6.91+0.08 6.92 | 8.30 7.54+0.33
HGB,g L 162 170 167.40+1.47 | 164 205 | 180.25+9.46
HCT, % 46.80 | 50.30 | 48.96+0.65 | 47.50| 58.00 | 51.50+2.34
McCV, fl 68.20 72.60 | 70.92+0.75 | 65.80| 70.60 | 68.38+1.13
MCH, pg 23.70 2450 | 24.16+0.14 | 23.50| 24.60 | 23.83+0.26
MCHC,g L 332 348 341.60+2.79 | 336 357 | 349.25+4.59
PLT,10° L1 338 606 | 447.40+47.48| 317 365 |336.50+£11.09
PCT, % 0.35 0.47 0.38+47.48 | 0.29 | 0.34 0.30+0.01
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3. tabula/ Table 3

Minimalo, maksimalo un vidéjo(  standartkliida) iekaisuma un
eritropoézes raditaju vértibas suniem eksperimenta beigas/
Minimum, maximum and mean (£ standard error) values of inflammation
and erythropoiesis in dogs at the end of experiment

6 meénesus pec implantacijas

12 méneSus péc implantacijas

A grupa,n=5/ B grupa,n=4/
6 months after implantation | 12 months after implantation
groupe A, n=5 groupe B, n=4
Vidgji Vidgji
+St.kluda/ +St.klada/
Min./ |Maks./| Mean+ Min./ | Maks./ Mean+

Raditaja nosaukums Min | Max St.error Min Max St.error
Kop. leikocitu skaits,
10° LY WBC109 Lt 9.40 | 12.90 | 11.63+0.77 | 8.00 11.20 9.65+0.67
Segment-kodolainie/
Segmented neuthrophils 6.60 | 8.76 | 8.13+0.51 5.76 7.28 6.59+0.34
Stabin-kodolainie/ 1 g 59 | 048 | 0.38:004% | 024 | 056 | 0.40£0.07
Banded neuthrophils
Limfociti/ Lymphocytes | 1.32 | 2.30 | 1.66+0.23 | 0.85 2.10 1.45+0.32
Monociti/ Monocytes 0.47 | 1.03 | 0.71+0.12 0.28 0.70 0.53+0.10
Eozinofilie/ 1052 | 098 | 0.75:0.10% | 056 | 075 | 0.68+0.04
Eosinophilneuthrophils
RBC,10%? Lt 6.17 | 6.62 | 6.47+£0.10*% | 6.75 7.96 7.09+0.29**
HGB,g L 146 164 159+4.36* 154 176 161.25+5.09
HCT, % 43.80 | 48.90 | 46.58+1.28* | 45.10 | 52.60 | 48.70£1.95
MCV, fl 68.30 | 75 | 72.05+1.51 | 66.10 | 75.70 | 68.90+2.27
MCH, pg 23.60 | 25.20 | 24.50+0.33 | 22.10 23.40 | 22.73+0.28*%*
MCHC,g L 333 360 | 341.25+6.30 | 310 343 331+7.25
PLT,10° L1 430 487 458+11.78 307 449 372.75430.21
PCT,% 0.32 | 0.42 0.37+0.02 0.29 0.38 0.32+0.02

* butiska atSkiriba salidzinot ar pirmsoperacijas periodu (p<0.05) /

* a significant difference compared to the preoperative period (p <0.05)

** butiska atSkiriba salidzinot A un B grupas raditajus eksperimenta beigas (p<0.05)/
** a significant difference when comparing the A and B group indices at the end of the

experiment (p <0.05)

Miisu pétfjuma menesi un 6 ménesus péc implantacijas suniem limfocTtu un
monocttu skaita izmainas asinis ieklavas normas intervala. Divpadsmit
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méneSus p&c implantacijas monocitu skaits visiem suniem bija normas
intervala, bet limfocttu skaits suniem H8K4571 un H9D0577 bija nedaudz zem
zemaka normas raditaja, attiecigi 0.96 un 0.85. Cilvekiem ar1 konstat&ta strauja
limfocttu un monocitu samazinasanas, bet $1s izmainas konstat€tas tris dienas
péc aortas protezéSanas operacijam (Galle et al., 2000). Uzskatam, ka,
pirmkart, limfocitu izmainas var€tu saistit ar organisma imunologisku reakciju
uz prot€ze izmantotajiem biomaterialiem, ka to norada citi autori (Jones, 2008;
Kzhyshkowska et al., 2015). Vienlaikus jaatzimée, ka $iem diviem suniem, kam
novéroja samazinato limfocitu skaitu asinis eksperimenta beigas,
histologiskajos preparatos tika konstatéta lielaka neitrofilo leikocitu un
limfocTtu infiltracija protézes siena, salidzinot ar par€jiem 7 sunpiem abas
grupas. Paaugstinata neitrofilo leikocitu un limfocitu infiltracija protézes siena
parasti norada uz infekcijas klatbtitni (Anderson & Jiang, 2017).

Uzskatam, ka miisu petijuma izmantota proteze ka sveskermenis neizraisija
izteiktu limfocttu aktivaciju, jo limfocttu skaits asinis visiem A grupas suniem
un 2 B grupas supiem bija normas intervala. Tomér kombinacija ar iespgjamu
infekcijas klatbiitni protez€ (iepriek§ mintajiem diviem suniem) notika
izteiktaka limfocttu piesaiste prot€zes siena, tada veida samazinot $o Stnu
skaitu asinis.

Pirms aortas protézes implantacijas un eksperimenta nosléguma trombocitu
un laika liclaka dala ar eritrocitiem saistito parametru raditaji icklavas normas
robezas. Literatiira tick minéti lidzigi dati, kur dazadu sintétisko materialu
biointergracijas pétijjuma izmantojot peles, konstatéti nemainigi eritrocitu
daudzuma un kvalitates raditaji (Scaglione et al., 2011). Atseviski tikai MCH
palielinaSanos petijuma uzskatam par artefaktu (Jemeljanovs et al., 2007).

Salidzinot asins seruma biokimiskos raditajus pirms aortas protezes
ieoperéS$anas, meénesi pec tas un eksperimenta beigas, atskiribas starp A un B
grupam netika konstatétas (p>0.05)un raditaji bija normas robezas. Vienam
sunim (H9C0439) divpadsmit méneSus pec aortas protézes implantéSanas
vedera aorta asins seruma urinviela bija paaugstinajusies virs normas robezas
Iidz 11.2 mmol L. Urinvielas paaugstina$anos asins seruma p&c védera aortas
protez&Sanas zem nieru artériju atzaroSanas vietas 10% gadijumu konstaté ari
medicinas praksé (Breckwoldt, Mackey, Belkin, & O’Donnell, 1992). Miisu
gadijuma janem vera fakts, ka kreatinina koncentracija asins seruma min&tajam
sunim bija normala, bet literatira klasisku nieru mazsp&u raksturo ar
paaugstinatu gan urinvielas, gan kreatinina limeni asins seruma (Nelson &
Couto, 2009). Nopietnus nieru darbibas traucgjumus min&tajam sunim
izsledzam un urinvielas paaugstinasanos defingjam ka prerenalas izcelsmes.
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Asins spiediena izmainas

Masu petijuma pirms eksperimenta sistoliskais asinsspiediens Biglu skirnes
suniem vidgji bija 156.88+5.01 mmHg un diastoliskais 82.16+4.50 mmHg, kas
sakrit ar zemak mintajos petijumos noradito. Normals sistoliskais
asinsspiediens veseliem Biglu Skirnes supiem tiek min&ts 125425 Ilidz
156+22 mmHg un diastoliskais 74+18 1idz 9113 mm Hg (Egner et al., 2007;
Klein, 2013; Pettersen, Linartz, Hamlin, & Stoll, 1988) Cita literaturas avota
veseliem Biglu Skirnes sunpiem uzradits augstaks asinsspiediens, proti,
sistoliskais asinsspiediens 163+19 1Iidz 165+18 mmHg un diastoliskais
92412 lidz 96+15 mmHg (Rattez et al., 2010).

Visa seSu ménesSu laika péc aortas protézes implantéSanas sistoliskais
asinsspiediens muisu petijuma vari€ja vidgji 140.83+2.78 Iidz 162.13+10.12 mmHg
un diastoliskais vid€ji 69.57+6.05 Iidz 88.83+8.14 mmHg, kas arT atbilst
iepriek§ min&tajam veselu Biglu Skirnes sunu normalam asinsspiedienam.

Augstakais sistoliskais un diastoliskais asins spiediens visiem suniem misu
petijuma tika noverots vienu lidz tris dienas p€c vedera aortas operacijas, bet
tas butiski neat$kiras no konstateta pirms operacijas. Lidzigi rezultati aprakstiti
petljuma suniem pec mastektomijas veiksana, kur pirms operacijas sistoliskais
asinsspiediens aptuveni bija 130 mmHg un diastoliskais 90 mmHg un dienu
pEc operacijas butiski neatskiras, jo bija attiecigi 140 mmHg un 95 mmHg
(Horta et al., 2015). Cilvékiem péc asinsvadu operacijam, taja skaita védera
aortas rekonstrukcijam, konstattais sistoliskais asinsspiediens 132 — 135
mmHg, arT batiski neat§kiras no pirms operacijas noteikta sistoliska
asinsspiediena 136+17 mmHg (Sandoval et al., 2016). Lidzigi misu
rezultatiem, cilvékiem pat pie 57% lielas v@dera aortas stenozes, kas radusies
aneirismas rekonstrukcijas rezultata, nenoveroja butiskas asinsspiediena
izmainas p&coperacijas perioda (loannou et al., 2014).

Védera aortas, protézes diametrs un maksimalais asins
plismas atrums sistolé

Aortas un protezes diametra izmainas pecoperacijas perioda

Tiem suniem A un B grupa, kuriem protézes diametrs pirms operacijas bija
5.00 mm pe&c seSiem méneSiem tas bija samazinajies videji par 0.36+0.27 mm
(p>0.05), bet tiem kam implant&ja 8.00 mm diametra protézes, to diametrs p&c
seSiem méneSiem bija vid€ji samazindjies par 1.06+0.29 mm (p>0.05)
(2. att€ls). B grupas supiem divpadsmit méneSus p&c operacijas vidgjais aortas
protézes diametrs nedaudz palielinajas un bija 5.05+0.40 mm (3. att€ls) (3aja
grupa implantéto aortas prot€zu diametrs sakotngji visiem suniem bija

31



5.00 mm). B grupas suniem aortas protézes diametra izmainas visa 12 ménesu
pEcoperacijas perioda netika uzskatitas par biitiskam (p>0.05).

Lidzigus rezultatus konstatgjis Seifalian et al. (2003), astonu Biglu skirnes
sunu védera aorta implantgjot 5+0.04 mm diametra platas poliuretana protgzes,
kuru diametrs trisdesmit se$us ménesus vélak, vidgji bija 5£0.11 mm. Wilson
et al. (1991) petijuma, suniem femoralaja arterija tika implant€tas ar poliesteri
un poliuretanu izklatas, 4 mm diametra platas asinsvadu protézes, kas 12
méneSus vélak nebija batiski mainijusas savu diametru (Wilson et al.,
1991).Turpreti, Sun et al. (2001) suniem védera aorta implant&jot heparinizétas
poliestera protézes, tris méneSus péc to implanteSanas konstat€ja protezu
diametra samazinasanos par 29.9+7.0%. Misu gadijuma tris m&neSus pec
implantacijas tiem supiem, kam implantgja 5.00 mm diametra protezes, to
diametrs bija samazinajies par 10.6+4.4% un attiecigi tiem suniem, kam
implantgja 8.00 mm diametra protézes par 16.25+1.25%.

A grupa seSus meéneSus p&c aortas protézes implantacijas nevienam
eksperimentalajam dzivniekam ultrasonografiski nenovéroja hematomas,
seromas vai aneirismas veidoSanos protézg, ne ari kraniali un kaudali no tas
esosaja vedera aorta. B grupa diviem sunpiem pe€c sesta mé€nesa pec operacijas
tika konstatéta vienpusgja aneirisma aortas protézes vidusdala.

Aortas protézes diametra tendenci samazinaties novérojam lidz treSajam
pEcoperacijas ménesim un to skaidrojam ar protézes sienas cauraug$anu ar
saistaudiem un neointmas forméSanos uz prot€zes ieksgjas virsmas. Lidzigu
viedokli pauz ari citi autori noradot, ka intensiva saistaudu savieSanas,
neointimas veido$anas un uzbiezina$anas notiek pirmaja ménesi péc aortas
protézes implantéSanas (Boccafoschi et al., 2014; Newby & Zaltsman, 2000).
Neskatoties uz implantéto protézu diametra atSkiritbam, visiem suniem p&c
operacijas protezu diametrs bija mazaks, attieciba pret veédera aortas diametru
(p<0.05), ta radot stenotisku segmentu védera aorta.

Citos eksperimentalos pétljlumos suniem aorta ari implantetas mazaka
diametra poliestera vai kombin&tas poliestera/ePTFE protgzes, salidzinot ar
nativo recipienta aortu. (Marois et al., 1996; Shi et al., 1994; Sun et al., 2001;
Zilla, Bezuidenhout, & Human, 2007). Zilla et al. (2007) noradijis, ka
eksperimentos implantéjamas protézes diametram vajadzétu but lielakam, ka
recipienta aortas diametram. Turpreti, Salacinski et al. (2001) norada, ja
implantgtas sint€tiska materiala asinsvadu prot€zes diametrs ir lielaks par ta
recipienta asinsvadu, tad samazinas asins pliismas atrums protezetaja segmenta,
veicinot neointimas hiperplazijas attistibu un okliizijas risku. No otras puses, ja
implantéta parak maza diametra protéze, veidojas fibrina slanis, kas izklaj
maksligas protézes iekS€jo virsmu un var kavét tas normalu integraciju
organisma (Salacinski et al., 2001).
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Fig 2.The changes in diameter of eight and five millimeter wide aortic
prosthesis for 6 months period after its implantation in the abdominal aorta
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Fig 3. The changes in diameter of the aortic prosthesis for 12 months
period after its implantation in the abdominal aorta of dogs in group B
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Veédera aortas diametrs eksperimentalajiem dzivniekiem pirms aortas
protézes implantacijas bija robezas no 6.88 mm lidz 8.82 mm un vidgji
7.72+0.60 mm. Visiem dzivniekiem pirmajos seSos meéneSos pec operacijas
noveérojam vedera aortas diametra kraniali no protézes palielinaSanos vidgji par
0.52+0.15mm (p<0.05). Jaatzime€, ka statistiski salidzinot v&dera aortas
diametra izmainas min€taja vieta atseviSki starp A un B grupam un starp
supiem, kam implantetas dazada diametra protézes, bitiskas atSkiribas
6 ménesos pec implantacijas (salidzinot ar pirms implantacijas noteikto védera
aortas diametru) netika konstatetas (p>0.05).

B grupas dzivniekiem 12 méneSu pécoperacijas perioda, arT tika konstateta
védera aortas diametra kraniali no protézes palielinaSanas vid&ji par
0.53+0.25 mm (p>0,05).

Lidzigas izmainas v&dera aortas diametra verojamas arT kaudali no prot€zes
visa pec operacijas perioda. Sesus ménesus pec prot€zes implantacijas veédera
aortas diametrs kaudali no protézes visiem suniem vidgji bija palielinajies par
0.59+0.18 mm (p<0.05). Vedera aortas diametra picaugums seSus me&nesus pec
protézes implanteSanas kaudali no tas statistiski neatskiras suniem ar 5.00 mm
un 8.00 mm diametra protézi (p>0.05). Savukart B grupas supiem 12 m&nesus
pec operacijas veédera aortas diametrs kaudali no protézes palielinajas vidgji par
0.83+0.28 mm (p>0.05).

Masuprat védera aortas diametra paplasinasanos kraniali no protézes
(stenotiska segmenta) vargja radit paaugstinats spiediens, ko radija nosacita
asins staze, jo bija apgriitinata asins iepliiSana protézes segmenta. Literatiira
norada, ka asinsvada dilatacija ir biezi konstatéta gadijumos, kad palielinas
pieplistoso asinu daudzums asinsvada (Bevan, 1997). Savukart, védera aortas
diametra paplasSinasanas kaudali no protézes (stenotiskd segmenta) mes
skaidrojam ar poststenotiskas dilatacijas fenomenu, lidzigi ka to novéro aorta
kaudali no aortas stenozes subvalvularaja apvida (Bonagura & Fuentes, 2015).
Japiebilst, ka mums pieejamajos literatiiras avotos, autori koncentrgjas uz pasas
protézes diametra atspogulo$anu, nenoradot un neanaliz€jot piegulo$as aortas
diametra izmainas.

Maksimalais asins plismas atrums sistole aortas protéze un vedera
aorta kraniali un kaudali no tas

Maksimalais asins pliismas atrums sistolé védera aorta kaudali no arteria
renalis atzaroSanas pirms sintétiskas asinsvadu protézes ieoperéSanas
eksperimenta suniem svarstijas robezas no 106.0 1idz 159.2 cm s un vidgji
bija 124.607+6.112 cm s, Tas sakrit ar citos p&tijumos veselu sunu védera
aorta konstateto maksimalo asins pliismas atrumu sistole (111.4+28.68 lidz
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129.2+£35.23 cm st) (Koma et al., 2005; Riesen, Schmid, Gaschen, Busato, &
Lang, 2002).

Maksimalajam asins plsmas atrumam sistolé aortas prot€zes vidusdala
pEcoperacijas perioda bija tendence paaugstinaties. SeSu ménesu p&coperacijas
perioda maksimalais asins pliismas atrums sistolé protézes vidusdala A grupas
suniem vidgji bija pieaudzis par 67.20+18.36 cm s (p<0.05) un sasniedza
vidgji 183.92+13.13 cm s*. B grupas suniem seSu méneSu peéc operacijas
perioda maksimalais asins plismas atrums sistol€ palielinajas par 96.97+26.39
cm s (p>0.05) un sasniedza vidgji 238.60+£19.91 cm s, Literatiira norada, ka
asins vada limenam, samazinoties asins pliismas atrumam, ir tendence picaugt
(Jin, Hwang, & Cho, 2017).

Divpadsmit méne$u pécoperacijas perioda vidgjais maksimalais asins
pluismas atrums sistol€ prot€z€ B grupas suniem vidgji bija palielinajies par
79.68+13.11 cm s, sasniedzot 214.15+£15.39 cm s? (p>0.05). Ari maksimala
asins pliismas atruma sistolé izmainas perioda no 6 Iidz 12 méneSiem péc
implantacijas B grupas sunu aortas protéze nebija biitiskas (p>0.05).

Citi zinatnieki konstatgjusi lidzigu tendenci cilvékiem, kuriem 6 ménesus
péc edovaskularas vedera aneirismas rekonstrukcijas maksimalais asins
pliismas atrums rekonstruétaja posma bija palielindjies par 33.00 cm s7,
attiecigi no 131.10£35.70 ¢cm s lidz 164.10+23.30 cm s (Kadoglou et al.,
2012), bet 12 meneSus péc lidzigas procediiras par 41.20£3.30 cm s
(Kadoglou et al., 2014). Misu rezultati skaitliski at$kiras no minéta pétijjuma,
bet tas izskaidrojams ar to, ka starpiba starp védera aortas un protézes diametru
miisu gadijuma visticamak bija lielaka.

Sesu menesu pecoperacijas perioda A grupas dzivniekiem maksimalais
asins plismas atrums sistolé kraniali no prot€zes samazinajas par vidgji
9.31£17.32 c¢cm s (p>0.05), sasniedzot 107.41£20.58 cm s?, bet B grupas
dzivniekiem tas samazindjas par 63.94+10.13 cm s? (p>0.05), sasniedzot
70.53+2.75 cm s,

Divpadsmit méneSu pé&coperacijas perioda vidgjais maksimalais asins
plismas atrums sistolé kraniali no protézes B grupas suniem vidgji bija
samazindjies par 68.45+11.14 cm s(p>0.05), sasniedzot 69.95+4.88 cm s*. B
grupa tika konstatéts, ka pirmo 6 méneSu laika maksimalais asins pliismas
atrums sistolé samazinajas izteiktak, salidzinot ar periodu starp 6 un
12 méneSiem p&c prot€zes implantacijas, bet abos gadijumos izmainas nebija
bitiskas (p>0.05).

Sesu méneSu peécoperacijas perioda maksimalais asins plismas atrums
sistole védera aorta kaudali no protézes A grupas dzivniekiem bija palielinajies
par vidgji 71.41+35.88 cm st (p>0.05), sasniedzot vidgji 188.13+35.71cm s7,
bet B grupas dzivniekiem par vidgji 117.68+29.90 ¢cm s (p>0.05), sasniedzot
252.15£19.67 cm s,
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Divpadsmit méneSu p&coperacijas perioda vid&jais maksimalais asins
plusmas atrums sistole védera aorta kaudali no prot€zes B grupas suniem bija
palielindjies vidgji par 74.07£22.74 cm s' (p>0.05), sasniedzot
212.47£16.52 cm s*. B grupas supiem maksimalajam asins pliismas atrumam
sistolé no 6 Iidz 12 ménesim p&c implantacijas bija tendence samazinaties
vidgji par 39.68 cm s%, (p>0.05).

Misu gadijuma implant&tas protezes veidoja saSaurinatu segmentu veédera
aorta, un tade] radija maksimala asins pllismas atruma sistolé samazinasanos
kraniali no proté€zes un paatrinasanos kaudali no protézes. Asinim plistot, caur
aortas protézi tas ieguva pliismas paatrinajumu, kas turpinajas art aorta kaudali
no protézes. Lidzigu maksimala asins pliismas atruma palielinasanos sistole
supiem novero kaudali no iedzimtas aortas stenozes sirds pamatnes tuvuma
(Bonagura & Fuentes, 2015; Garncarz, Parzeniecka-Jaworska, & Szalus-
Jordanow, 2017).

Galvenais faktors, kas nosaka asins plismas atrumu aorta, ir tas diametrs
(Klein, 2013; Szatmari, Sétonyi, & Vords, 2001). Sadu sakaribu konstatgjam
arl miisu pétijuma, veicot Pirsona korelacijas analizi. Konstatgjam vidgji cieSu
negativu korelaciju starp asins pliismas atrumu un aortas diametru kraniali no
protézes un asins plismas atrumu un diametra lielumu aortas prot€zes
vidusdala (attiecigi korelacijas koeficienti r = - 0.513, p<0.001 un r = - 0.504,
p<0.001). Vidgji cieSa negativa korelacija tika konstatSta ari starp prot€zes
diametru un asins plismas atrumu kaudali no tas ( r = - 0.50, p<0.001).

Kopuma jaatdzist, ka mums pieejamaja zinatniskaja literatiira ptijumi par
asins plismas atruma izmainam suna védera aortd péc sintétisko asinsvadu
implantacijas ir maz pieejami.

Dzivnieku sekcijas un makroskopiskas izmekléSanas rezultati
protézes vieta

Dzivnieku sekcijas laika vizuali inspicgjot, védera dobuma organus Cetriem
A grupas un visiem B grupas suniem makroskopiskas patologiskas izmainas
nekonstat§jam. Ar1 citos Iidziga rakstura p&tijumos, pec sint€tisku materialu
protézu implantacijas védera aorta dazadam dzivnieku sugam, tai skaita
suniem, nav konstatétas makroskopiskas patologiskas atradnes védera dobuma
organos (Bashar et al., 2002; Beygui et al., 1999; Gregory, Vercammen, Flynn,
& Kibbe, 2016; Marc G Jeschke, Hermanutz, Wolf, & Koveker, 1999;
Ueberrueck et al., 2005). Tomér vienam sunim (H8J4463) sekcija apstiprindjas
rentgenologiskas un ultrasonografiskas izmekléSanas laika konstatéta
palielinata loka zarna (megacoln). Loka zarna paplaSinasanos, ka skaidro S.
Gelman, vargja radit tas inervacijas traucgjumi audu traumatizacijas vai
muguras smadzenu i§€mijas del, aortas implantacijas laika (Gelman, 1995).
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Implantétas protézes visiem A un B grupas supiem bija pilnigi
inkorporgjusas vedera aorta un tas apnéma fibrozo audu kapsula. Izteiktaka un
biezak forméjusies kapsula apkart proteéz€m bija B grupas suniem. A. Kadiss
savas disertacijas rezultatos apraksta Iidzigu atradni, kad implantgjot poliestera
un poliuretana asinsvadu protézes (lidzigas $aja petjjuma izmantotajam) sunu
organisma, pec seSiem ménesiem apkart prot€ze€m konstateja biezu saistaudu
kapsulu (Kadiss, 2005). Biezu saistaudu kapsula, kas appem poliestera aortas
protézes suniem 6 méneSus péc implantacija konstatgjis ar1 Marois et al.
(1996).

Abu grupu suniem protézes limens bija brivs ar gludu un spidigu icksgjo
virsmu, kas norada uz proté€zes limena ilgstoSu funkciongjosa stavokla
saglabasanos. Lidzigi zinoju$i ari citi zinatnieki, piem&ram, Izhar et al.
konstatgjis, ka 6 mm diametra segment&ta poliestera — poliuretana protezes tris
menesus pec to implantacijas suna miega art€rijas 100% gadfjumu saglaba
brivu limenu (Izhar et al., 2001). Marois et al. (1996) seSus méneSus pec
poliestera protezes implantacijas suniem kriisu un védera aorta visos gadijumos
konstat€jis brivu proté€zes limenu un baltu, gludu, spidigu protézes ieksgjo
virsmu. Tomér jaatzime, ka Ueberruekt et al. (2005) publicgjis datus, ka
poliestera protézém, kas implantétas ciiku védera aorta un aitu miega arterija,
16,3% gadijumu novérota to okliiziju péc 3 ménesiem.

Sekcijas laika, suniem (H9C0439 un H9A0069) no B grupas, apstiprinajas
vienpus€ja aortas protézes sienas aneirisma, ko bijam noverojusi
ultrasonografiski. Siem supiem konstatéti ari augstakie maksimala asins
pliismas atruma sistol€ raditaji, salidzinot ar par€jiem suniem. Tas, iesp&jams,
sekmg&ja aneirismas veidoSanos prot€zes siena. Par aneirismas c€loniem
uzskata proté€zes sienas stipribas samazinasanos biologiski aktiva vidé
(iekaisuma process) (Francesco et al., 2016) un augsta spiediena apstaklos
(Nappi et al., 2016). Medicina aneirismas un pseudoaneirismas veidoSanas péc
aortas rekonstrukcijas ar sintétiska materiala protéz€m tiek konstatetas 6 %
gadijumu (Nishida, Tabata, Fukui, & Takanashi, 2016)

Protézes sienas histologisko izmekléjumu rezultati

Misu pétijuma A un B grupus ugu ekplantéto aortas protézu histologisko
preparatu izmeklgjumos, neointima vienmeérigi klaja visu protézes ieks€jo
virsmu un neointimas uzbiezinajumi bija nov€rojami tikai prot€zes un védera
aortas savienojuma vietas. Lidzigi rezultati konstatéti arT citu autoru petijumos.
Piem@ram, pilnigu poliestera proté€zes virsmas parklasanos ar neointimu un tas
uzbiezinaSanos anastomozu vietas suniem un cikam konstatéta jau tris
meénesus péc tas implantacijas (Sun et al., 2001; Ueberrueck et al., 2005).
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A grupas suniem miisu pétijuma neointimas biezums kranialaja anatomozg
bija 84.56+4.59 pm, protézes vidusdala 62.36+5.06 pm, kaudalaja anastomoze
132.3849.26 um un B grupas supiem tas bija biezaks (p<0.05), attiecigi
88.80+7.58 um, 104.39+£7.62 um, 133.41+£11.19 pm (4. attels).

Literatdira, lidzigos pétjumos noraditi biezaki neointimas merjumi.
Piem@éram, Wu et al (1997) suniem implant€jot poliestera protezi veédera aorta,
péc 2 ménesiem konstat€ja, ka neointimas biezums kranialaja anastomoze bija
100 pum, protézes vidi 180 pm un kaudalaja anastomoz€ 175 um un Sie raditaji
batiski nemainijas arT péc 3 gadiem (Wu et al., 1997). Sun et al. (2001), tris
ménesus pec dazadi apstradatu poliestera protezu implantacijas sunu veédera
aorta, konstatgjis pat lidz 570+150 um biezu neointimu. Miisu gadijuma
neointtmas veidosanas vert€jama pozitivi, jo tas biezums bija mazak izteiktais
ka iepriek§ mingtajos piemeros.
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Fig. 4. Mean (x standard error) intima thickness in dogs of A and B groups
after aortic prosthesisexplantation in different sites
* butiska atSkiriba salidzinot A un B grupu, p<0.05/
* significant difference between group A and B, p<0.05

Misu petjjuma neointimas hiperplazijas veidoSanos anastomozu vietas
vargja ietekmet izmantotais nepartraukto Suvju veids, bet So Suvju izmantosana,
ekonoméja i§€mijas un kopgjo operacijas laiku. ST iemesla d&| ari medicina
asinsvadu savienoSana tiek izmantotas nepartrauktas $uves (Tiwari et al., 2003).
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Mezglu Suvju lietoSana attiecigi uzrada mazaku neointimas hiperplazijas
veidoSanos, bet ieve€rojami pagarina aortas un prot€zes savienosanas laiku,
palielinot pécoperacijas komplikaciju risku (Lemson et al., 2000).

Implantétas protézes sienas biezums um B grupas dzivniekiem bija batiski
lielaks, salidzinot ar A grupas dzivniekiem (5. attéls). Citi zinatnieki $adu atSkiribu
nav konstatgjusi, pieméram, Seifalian A. et al (2003) batiskas izmainas
poli(karbonata-urea)uretana prot€zes sienas biezuma pirms un 18 méneSus péc
implantacijas sunu védera aorta nav konstatgjis. Protézes sienas biezuma
palielind$anos misu gadijuma var&ja radit protézes izgatavoSanai izmantotais
materials un tehnologija.

Abu grupu (6 un 12 ménesus pec implantacijas) dzivniekiem tika konstatSta
kolagéna depozicija starp protézes diegiem visa sienas biezuma. Lidziga kolagéna
depozicija visa asinsvadu protézes sienas Skérsgriezuma noverota ari citos
eksperimentos, 6 nedélas, 18 un 36 ménesus pec implantacijas (de Valence et al.,
2012; Mugnai et al., 2013; Seifalian et al., 2003; Wu et al., 1997).
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Fig 5. Mean (+ standard error) media thickness in dogs of A and B groups
after aortic prosthesisexplantation in different sites
* butiska atSkiriba salidzinot A un B grupu, p<0.05/
* significant difference between group A and B, p<0.05
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Novertgjot iekaisuma S$tnu daudzumu un izvietojumu histologiskajos
preparatos, konstatgjam, ka 6 méneSus pec aortas prot€zes implantacijas (A
grupa) protézes siena bija viegls un vid€ji smags iekaisums, bet 12 mé&nesus
pec aortas protézes implantacijas (B grupa) prot€zes siena bija smags
iekaisums (6. attels). Lidzigi Karapinar et al. (2004) vid&ji smagu iekaisumu
konstat€jis seSus méneSus pec poliuretana asinsvadu prot€zes implantacijas
suniem. Savukart, Bashar et al. (2002) implantgjot poliestera un neriis€josa
terauda stentu sunu védera aorta ari péc 12 ménesiem konstatgjis videji smagu
iekaisumu. Tome@r dazi zinatnieki izmantojot poliestera protézes, jau agra
pecoperacijas perioda konstatgjusi arT smagu iekaisumu protézeé (Aboshady et
al., 2012; Orenstein et al., 2012). Pieméram, 2 nedg€las péc poliestera protézes
implantacijas ciku vedera aortad, tas siena konstatéta vid€ja Iidz smaga
iekaisuma pakape (Aboshady et al., 2012). Iekaisuma intensitati protézes siena
misu gadijjuma vargja ietekm@t arl prote€zes sienas sastavs un protézes
impregnéSana ar Zelatinu, ka to norada citu pétijumu rezultati (Meyer et al.,
2015; Shindo et al., 2008; Wilhelm et al., 2007).
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A grupas dzivniekiem starp protézes diegiem tika konstateta vidgji izteikta
makrofagu infiltracija, bet B grupas dzivniekiem makrofagu skaits bija lielaks
neka A grupa. Savukart sveSkermena milzu §iinu skaits protézes siena A un B
grupas supiem neatSkiras, un tam bija tendence novietoties ap sinttiska
materiala pavedieniem. Literattra aprakstita petijuma, kur poliestera protezes
implantgja ctku vedera aorta, jau 2 ned€las pec implantacijas proté€zes siena
tika konstateta izteikta makrofagu infiltracija (noradita ka +++) un neliela
milzu §tnu infitracija (noradita ka +) (Aboshady et al., 2012). Ar citos lidzigos
eksperimentos ar dzivniekiem, makrofagu un sveSkermena milzu Stnu
klatbtne poliestera protézEs konstatéta tris méneSus péc to implantacijas
dzivnieku aorta, bet autori nemin makrofagu infiltracijas intensitati (de Valence
et al., 2012; Scott, Barth, Gaddy, & Ahl, 1994).

Literattra noradits, ka makrofagu un sveskermena milzu $iinu klatbiitne
iekaisuma vieta starp sintetisko polim@ru protezu pavedieniem, parasti
konstat€jama jau pirmo 4 nedélu laika p&c to implantacijas un ta var turpinaties
meénesiem ilgi, un tiek uzskatita par raksturiga paradibu (Sigler et al., 2005).
Cilvekiem péc 1 — 6 gadiem eksplant&tu poliestera protézu siena konstatéts
nozimigi augsts makrofagu, sveSkermena milzu $tinu un limfocttu skaits,
noradot uz hronisku smagu un Joti smagu iekaisumu (Olofsson et al., 1995).

A un B grupas sunu preparatos tika konstatéta vienmé&riga vidéji smaga
limfocitu infiltracija starp protézes diegiem, ka ari to sakopojumi ar augstu
Stnu blivumu protézes sienas periférija. Aboshady et al. (2012) p&tfjuma ir
konstatéts, ka vidgji smaga limfocitu infiltracija protézes siena tiek konstatéta
jau 2 nedElas péc ciku védera aortas protezéSanas ar poliestera protézi.
Limfocttu infiltraciju asinsvadu protéz€ parasti noveéro sakot ar pirmo nedelu
pEc implantacijas, un ta var saglabaties protézes siena Iidz pat 50 meénesSiem
péc implantacijas (Schwartz & Henry, 2002). Misu pétijjuma konstatéta
limfocitu novietoSanas protézes sienas periferija sakrit ar literatiira aprakstito
limfocitu novietojuma raksturu asinsvadu protézu implantacijas gadijuma un
norada uz saglabatu iekaisumu stimulgjosu kairinataju (Sigler et al., 2005).

Diviem B grupas suniem (H9D0577, H8K4571) protézes siena tika
konstateta izteikta neitrofilo leikocTtu infiltracija, kas var€tu noradit uz
iesp&jamu infekcijas klatblitni. Par paaugstinatu neitrofilo leikocttu daudzumu
protézes siena, kurai c€lonis bija maksligi inficéta protéze, zinojis Aboshady et
al. (2012). Ar1 Bellows et al. (2012) konstatgjis palielinatu neitrofilo leikocttu
skaitu biologiska materiala maksligi infic€tas protézés. Kliniskaja medicina
asinsvadu prot€zu infekcijas esamiba pecoperacijas perioda tiek aprakstita 5 %
gadijumu (Aboshady et al., 2012).
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Imiinhistokimisko markieru pozitivo struktiiru intensitate
protézes siena

A grupas sunu protézes audu preparatos IL10 pozitivas struktiiras iezZim&jas
salidzino$i vienmérigi starp prot€zes diegiem makrofagu un limfocitu
infiltracijas vietas. Redzes lauka konstatéts videjs daudzums IL10 pozitivo
struktliru. Protézes neointimas slant un saistaudu kapsula IL10 pozitivas
struktliras iezim&jas mazaka daudzuma. B grupas sunu protézes audu
preparatos IL10 pozitivas struktiiras iezimé&jas Iidzigi ka A grupa, bet tomer to
daudzums B grupa bija relativi mazaks neka A grupa (7. attls).

Par IL10 samazinasanos, implantgjot termoplastiska poliuretana protézes
zurku védera aorta zinojis arT Brodbeck et al. (2003).

A grupas sunu preparatos IL1ra pozitivas struktiiras parsvara iezZimgjas starp
protézes diegiem. IL1ra pozitivo struktiiru daudzums bija relativi lielaks
salidzinot ar IL10, bet tomér tas definéts ka vidgjs pozitivo struktiiru daudzums
redzes lauka. B grupas sunu preparatos IL1ra pozitivas struktiiras iezimgejas
starp protézes diegiem, un to daudzums bija relativi mazaks neka A grupas
dzivnieku preparatos.lL1ra pozitivo struktiru daudzums B grupa bija mazaks
neka IL10, bet tas joprojam tika definéts ka vidgjs daudzums pozitivo struktiiru
redzes lauka.

Ir noskaidrots, ka IL10 un IL1ra ekspresijas intensitati nosaka implantéto
sintétisko asinsvadu prot€Zu materiala veids un parklajuma ipasibas (Brodbeck
et al., 2003).

Literattra aprakstitajos p&tijumos in vivo noradits, ka IL1 ra nepietickamiba
sekmé neointimas hiperplaziju péc asinsvadu traumatizacijas (Isoda et al.,
2003; Mazighi et al., 2004; Raines & Ferri, 2005). Misu iegitie rezultati
norada uz lidzigu sakaribu, jo konstatéta vidgji cieSa negativa korelacija starp
IL1ra un SMC-actin pozitivo struktiiru daudzumu (r = - 0.43; p<0.01).

Misu pétijuma TNF-a pozitivas struktiiras bija salidzino$i vienmerigi
izvietotas starp protézes diegiem un to kaliSiem, ka arT fibrozo audu kapsula.
Blivaka TNF-a pozitivo struktiiru iezimé$anas bija makrofagu un limfocitu
sakopojumos. A grupas preparatos TNF—o pozitivo struktiru daudzums bija
relativi I1dzigs IL1ra daudzumam un tika vertéts ka vidgjs daudzums pozitivo
struktiiru redzes lauka (7. att€ls). B grupas dzivnieku preparatos konstatets
daudz TNF-a pozitivas struktiiras redzes lauka un loti daudz pozitivo strukttru
konstatgts preparatos ar augstu neitrofilo leikocttu infiltraciju (7. attels).

Lidzigi, TNF-o butisks pozitivo struktiru pieaugums, protézes siena
konstatets ménesi p&c poliuretana protézes implant€Sanas zurku védera aorta,
salidzinot ar TNF—a pozitivo struktliru daudzumu vienu ned€lu péc mingtas
protézes implantacijas (Enayati et al., 2016).

Misu petjjuma ar imunhistokTmijas metodi noteikto iekaisuma citokinu
ekspresijas daudzums parada, ka B grupas supiem, prot€zes siena alternativi
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aktivéto makrofagu producétais IL10 un IL1 ra daudzums nesp&ja pilniba
inhibet klasiski aktiveto makrofagu aktivitati, tada veida ari TNF— a produkciju
un iekaisuma procesa turpinasanos. Uz to norada ar1 pozitiva vaja, bet statistiski
nozimiga korelacija starp TNF—a pozitivo struktiru daudzumu un iekaisuma
klasi (r = 0.24; p<0.05) un TNF-a un makrofagu skaitu preparatos (r = 0.26;
p<0.05), ka arT IL1ra vaja un negativa, bet statistiski nozimiga korelacija ar
iekaisuma klasi (r = - 0.25; p<0.05) un makrofagu vidéjo skaitu preparatos
(r =-0.30; p<0.01).

Pastiprinata TNF—a atbrivoSanas no dazadu izoformu poliuretana aktivétiem
makrofagiem konstateta arT cita petjjuma, kura noteikta poliuretana ietekme uz
makrofagu aktivitati (Ma, Petit, Yahia, Huk, & Tabrizian, 2002).

Literatoira norada, ka iekaisuma reakcija, proti, makrofagu, limfocitu, milzu
sveskermena $tinu infiltracija, TNF— a, IL10 un IL1 ra sekrécija ir raksturiga
organisma imiinsist€mas reakcija, kura rodas sinttiska materiala prot€zes
implanté$anas gadijuma (Anderson & Jiang, 2017; Anderson et al., 2008;
Kzhyshkowska et al., 2015; Sheikh et al., 2015; Velnar et al., 2016).

Pozitivas VEGF struktiiras aortas protezes siena iezimgjas starp protezes
diegiem, vietam saistaudu kapsula un tas tuvuma esoSajos asins kapilaru
endoteliocitos. A grupas sunu protéz€s VEGF pozitivo struktiru daudzums
redzes lauka tika vértéts ka vidéjs daudzums. B grupas sunu protézes siena
pozitivas VEGF struktiiras iezimgjas blivak un tika definétas ka daudz VEGF
pozitivo struktiiru redzes lauka.

Lidzigi VEGF pozitivo struktiiru pieaugums konstatéts arT testSjot
termoplastiska poliuretana protézes zurku védera aorta. (Enayati et al., 2016).

Miusu gadijuma B grupas suniem konstatétais VEGF pozitivo struktiiru
daudzums liecina par saglabatu audu hipoksiju protgzes siena, ka to norada ar1
citi autori (Greenberg et al., 2008; Kendall & Feghali-Bostwick, 2014; Kwee &
Mooney, 2015).

VEGF piecaugumu B grupas sunu protézes siena, domajams, sekmé&ja ne
tikai lokala hipoksija taja, bet arT hroniska iekaisuma process, jo daudzi
zinatnieku norada, ka VEGF sekréciju ierosina ari iekaisuma procesa iesaistitas
Stnas un citokini (Boersema et al., 2016; Camaré et al., 2017; Carmeliet & Jain,
2011; Kwee & Mooney, 2015; Liu et al., 2014; Scaglione et al., 2011). Musu
gadijuma starp TNF—a un VEGF pozitivo struktiiru daudzumu tika konstatéta
pozitiva vaja, bet statistiski nozimiga korelacija (r = 0.28; p<0.01).

Ir zinams, ka VEGF ierosina ari gludo muskul§tnu proliferaciju (Parenti,
Bellik, Brogelli, Filippi, & Ledda, 2004), ko novérojam arT miisu pétjjuma ka
VEGF un SMC-actin pozitivo struktiiru pozitivu korelaciju (r = 0.31; p<0.01).

Miisu pétijuma aortas protézes sienas preparatos SMC-actin lielakoties
pozitivi iezZim&jas protézes neointimas pamatslani un saistaudu kapsula. Tika
konstatéta ar1 pozitiva SMC-actin iezZim&Sanas protézes neointimu sedzoso
endotélija Stnu kodolos, ka ari kapsulas tuvuma esoSajos asins kapilaru
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endoteliocitos. A grupas sunu preparatos konstatSts vidéjs daudzums SMC—
actin pozitivo struktiiru redzes lauka (7. attéls). B grupas sunu aortas protézes
siena konstatets daudz SMC—actin pozitivo strukttiru redzes lauka (7. attéls).
Citos pétjjumos SMC-actin neointima konstatéts jau agrak péc aortas
protez€Sanas. Piemé&ram, poliestera un politetrafluoretiléna kombingtas
protézes, kas implantetas supu vedera aorta, SMC—actin protézes neointima
nevienmerigi ieziméjas jau 4 ned€las péc implantacijas (Bhattacharya et al.,
2000), bet poliestera protézés 8 nedélas péc implantacijas (Wu et al., 1997).
Savukart, zurkam cetras ned€las péc poliuretana protézes implantacijas védera
aorta, SMC—actin markieris pozitivi iezimgja neointimas pamatslana gludas
muskul$iinas, ka arT endotélija Stinu kodolus, kas viena slant parklaja visu
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7. att. Imiinhistokimisko markieru pozitivo struktiiru daudzums aortas
protezes siena A un B grupas sunpiem, vértejot ar semikvantitativo metodi
Grafika, lai att€lotu pozitivo struktiru daudzumu, kas vertéts ar (-), (+), (++), (+++) un
(++++) apzZim&umiem pieskirtas skaitliskas vértibas (-) =0, (+) =1, (++) = 2, (+++) =3
un (++++) = 4. * biitiska atskiriba salidzinot A un B grupas rezultatus p<0.05/

Fig 7. The quantity of positive structures of immunohistochemical marker
expresion in the wall of aortic prosthesis in dogs of group A and B assessed
by a semiquantitative method

In the graph, to represent the quantity of positive structures evaluated with (-), (+),
(++), (+++) and (++++) denominations assigned numeric values (-) =0, (+) =1,
(++) =2, (+++) = 3 and (++++) = 4. * The significant difference between the results
of groups A and B p <0.05
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neointimu (Jeschke et al., 1999; Zhang et al., 2004). Pozitivi veértgjam faktu,
ka musu pétijuma $tnu kodoli, kas sedza visu protézes iek$€jo virsmu bija
SMC-actin pozitivi. Tas apliecina, ka §1s §linas patiesam ir endotglija Stinas, ka
to aprakstijusi petnieki Kim et al. (2014) un Ueberrueck et al. (2005). Intensiva
SMC-aktin klatbuitne neointima vargja sekmet neointimas biezuma pieaugumu
B grupas dzivniekiem un liecina par gludo muskul$iinu aktivu proliferaciju, ka
to norada Curcio et al. (2011) un Filipe et al., (2018).

Salidzinot imiinhistokimisko markieru pozitivo struktiiru daudzumu starp
A un B grupam konstatgjam biitisku TNF—a, VEGF un SMC-actin pozitivo
struktiru daudzuma palielinasanos B grupas dzivnieku preparatos (p<0.01).
Savukart IL1ra pozitivo struktiiru daudzums B grupa bija batiski samazinajies
(p<0.01), bet atskiriba IL10 pozitivo struktiiru daudzuma A un B grupa netika
konstatgta (p>0.05).

Medicina, lai kontrolétu pret sveSkermeni vérsto iekaisuma reakciju
pEcoperacijas perioda, tiek izmatoti dazada veida protezu parklajumi, ka art
imiinsisttmu  ietekmg&josi, iekaisuma reakciju inhib&osi medikamenti
(Brodbeck et al., 2003; Chen et al., 2005; Chong et al., 2015; Kzhyshkowska et
al., 2015; Mazighi et al.,, 2004). Miusu pétijuma $adi medikamenti
pEcoperacijas perioda netika izmantoti.

Nosléguma janorada, ka esam veikus$i plasu un kompleksu implantétas
védera aortas protézes ietekmes uz supa organismu izvértéSanu. Apkopotie
kliniskas, vizualas, histologiskas un imunhistokimiskas izmekl€Sanas rezultati
kopuma liecina par sekmigu testétas aortas protézes integraciju un
funkcioné$anu suna védera aorta pétijuma laika.
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SECINAJUMI

Veicot eksperimentalu RTU razoto inovativa kompozita materiala aortas

protézu kompleksu biointegracijas novert§jumu sunu vedera aorta 6 un 12
ménesus pc §is protezes implantacijas secingjam:

1.

Veédera aorta implantéta protéze neradija (klmiski konstatgjamus)
apasino$anas traucéjumus attiecigajam regionam visa pecoperacijas laika
un neatstaja negativu ietekmi uz vispargjo sunu kliniskas veselibas stavokli.

Implantéto protézu diametrs petjjuma laika butiski nemainijas, tomer
maksimalais asins pliismas atrums sistoleé protézes dala, A grupas
dzivniekiem, pirmaja ménesi péc implantacijas biitiski palielinajas. Asins
plismas atrumam bija tendence pieaugt visa ecksperimenta laika,
parsniedzot fiziologiskas normas robezvertibu, kas klasificgjama ka viegla
aortas stenoze.

Sesu un divpadsmit ménesu laika péc implantacijas, aortas protézes sp&ja
pilnigi inkorporgties sunu védera aortas segmenta un visu protézu ieksgjo
virsmu sedza endotglijs, kas anastomozu vietas bija uzbiezinats (veidojas
neointimas hiperplazija).

Iekaisuma aina protézes siena norada uz protézes radito sveSkermena
reakciju, kas pastiprinajas pieaugot p&coperacijas laikam un raksturojas
galvenokart ar makrofagu skaita pieaugumu. Picaugot makrofagu skaitam
preparatos, samazindjas iekaisuma inhib&oso markieru IL10 un IL1 ra, bet
palielinajas iekaisumu veicino$a markiera TNF—a ekspresija.

VEGF relativa daudzuma picaugums 12 méneSus péc implantacijas
apstiprina hipoksijas persistenci aortas protézes siena, bet SMC-actin
relativa daudzuma pieaugums norada uz gludo muskulsiinu proliferativas
aktivitates palielinasanos protézes siena, pieaugot pecoperacijas laikam.

Vedera aortas protez€Sana S$aja petljuma diviem supiem komplic€jas ar
iespgjamu infekcijas klatbiitni protézes siena un diviem supiem ar
aneirismas izveidi protézes siena, kas konkrétajos gadijjumos saistama ar
maksimala asins pliismas atruma sistolé paaugstinasanos protézes dala virs
235 cmi/sek.
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IETEIKUMI PRAKSEI

Eksperimentalu un klinisku kirurgisku manipulaciju veik$anai sunu védera
aorta, iesakam izmantot retroperitonealu pieeju tas salidzinoSi tehniskas
vienkars§ibas un eértuma dg].

Veterinarmedicina kliniskaja praksé, veicot vedera dobuma organu

ultrasonografisko izmeklé$anu, iesakam izmekIét un novertét ari veédera
aortas diametru un maksimalo asins pliismas atrumu sistolg.

Iekaisuma procesa analizei audu preparatos, iesakam izmantot iekaisumu
meditgjosu un inhib&josu citokinu noteikSanu, lai precizak spriestu par

iekaisuma §tinu aktivitati un organisma sp&ju nomakt ickaisuma procesu.

Ieteicami arT turpmaki eksperimentali petijumi asinsvadu prot€zu izp&te.
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INTRODUCTION
Topicality of the work

Cardiovascular diseases are ones of the most commonly diagnosed diseases
in humans and are often associated with the potential for premature death. This
type of disease also includes abdominal aortic aneurysm (increase of the local
lumen of abdominal aorta by 50%). In the human population, the incidence of
aortic aneurysms in Europe is 4.8% (Li et al., 2013). In the event of a rupture,
up to 75% of people can die without being able to initiate an emergency
treatment (Fleming et al., 2005; Lesperance et al., 2008). Therefore, the focus
in medicine is on the timely diagnosis and treatment of aortic aneurysm. The
golden standard is still considered to be a surgical replacement of the
abdominal aortic aneurysms with synthetic material prostheses (Bacharach et
al., 2015). Despite the many years of experience in the use of synthetic
polymers in vascular reconstruction, postoperative complications are still
observed. They are often associated with the non-compliance of the prosthesis
biomechanical qualities compared to the natural blood-vessel walls,
development of neointimal hyperplasia, deformation of the prosthesis,
infection, and others (Abbott et al., 1993; Kakkos et al., 2016; Sarkar et al.,
2007; Vartanian & Conte, 2015). Therefore, scientists around the world are still
trying to improve already existing prostheses and develop new innovative ones
with the aim of minimizing the incidence of complications after the
implantation. In order to introduce any developed vascular prosthesis in
medicine, it is necessary to initially test it in vitro and in vivo (Byrom, Bannon,
White, & C Ng, 2010; Liu, Ong, Fukunishi, Ong, & Hibino, 2018; Swartz &
Andreadis, 2013).

The biomechanical properties of the synthetic vascular prostheses made at
the Riga Technical University (RTU) have been extensively studied in vitro
(Gupta & Kasyanov, 1997; Kasyanov, Ozolanta, Kadish, Ozol, & Stradin,
2001; Kasyanov, Ozolanta, Purinya, Ozols, V., 2003). Just in some fragmentary
studies, in collaboration with the Latvian University of Agriculture, these
prostheses have been studied for biological compatibility using experimental
animals (Kancevica, Feldmane, & Auzans, 2004).

In the previous in vivo experiments in Latvia, small-diameter vascular
prostheses were used, which were proposed mainly for the repair of peripheral
vascular disorders. A new type of composite material for the synthetic
prosthesis of the major blood vessels, including the abdominal aorta, was
created at RTU. In order to use these innovative aortic prostheses in the
medicine, there was an acute need for a comprehensive examination of them
using experimental animals.
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Hypothesis of the research

The new type of aortic prostheses woven from a composite synthetic
material is able to biointegrate in the organism after implantation and provide
an adequate blood supply to the caudal region of the body.

Research theses

1. The new composite polyester and polyurethane aortic prosthesis after
implantation in the dog's abdominal aorta provides normal blood supply to
the circulatory region and does not adversely affect the general health status
of the animal.

2. The live tissue is able to integrate successfully into the aortic prosthesis
after implantation in the dog's abdominal aorta.

3. Inherent foreign body reaction directed to synthetic polymers develops in
the prosthesis wall after implantation.

4. The expression of inflammatory cytokines in the aortic prosthesis wall
depends on the amount and type of inflammatory cells in it.

The aim of the research

The aim of the study is to test the synthetic aortic prosthesis of a new
composite material developed by the Riga Technical University for
biointegration capabilities in the dog's abdominal aorta.

The objectives of the doctoral thesis

1. Investigate the effect of aortic prosthesis on the general health status of dogs
after implantation.

2. Determine the diameter of the dog's abdominal aorta and prosthesis and
blood flow velocity at different time intervals after the implantation of the
prosthesis.

3. Perform macroscopic evaluation of explanted prosthesis and analyze the
microscopic tissue elements of the prosthetic wall.

4. Analyze the intensity of expression of the immunohistochemical markers
characterizing the inflammation in the prosthesis wall.

5. Evaluate the activity of smooth muscle cells and the supply of oxygen in the
prosthesis wall.

6. Find out the possible complications of prosthetic surgeries of abdominal
aorta.
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Scientific novelty of the research

For the first time in Latvia, an experiment on the biointegration of an
innovative synthetic aortic prosthesis, developed and produced in RTU, in a
dog's abdominal aorta was carried out. As well in this study, a wide range of
diagnostic methods were used to evaluate the complex implications of the
implanted prosthesis on the physiological parameters of the organism.

The results of this experiment could serve as a starting point for further
research in the development, testing and approbation of aortic prostheses for
use in medicine and veterinary medicine.

Personal contribution

1. Participation in an interdisciplinary project and studying the manufacturing
technique of the aortic prosthesis used in the present study.

2. Routine daily monitoring and care of experimental animals throughout the
study.

3. Assistance in all implantation operations and postoperative monitoring of
animals.

4. Performing clinical trials throughout the study and obtaining samples for

laboratory analysis.

Participation in all visual diagnostic examinations.

Pathological examination of the organs and the prosthetic region.

7. Collecting samples of tested aortic prostheses, macroscopic examination
and sample preparation for histological and immunohistochemical
examination.

8. Practical learning of histological and immunohistochemical methods and
preparation of tissue specimens for histological and immunohistochemical
examination.

9. Evaluation of histological and immunohistochemical tissue specimens.

10. Obtaining, analysis and statistical processing of clinical, laboratory, visual
diagnostic, pathological, histological, immunohistochemical investigation results.

oo

Structure and volume of doctoral thesis

The doctoral thesis is summarized on 127 pages including
62 Figures and 11 Tables. It consists of annotation, introduction, literature
review, material and methods, research results, discussion, 6 conclusions,
theses for defense, recommendations for practice, list of references (282
sources of literature), and 12 appendices.
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MATERIAL AND METHODS

Location and time of the research, characteristics of the
research object

The study was performed at the Faculty of Veterinary Medicine, Latvia
University of Life Sciences and Technologies, from July 19, 2011 to October
30, 2012. The experiment was confirmed by the Food and Veterinary Service
of the Republic of Latvia (No. of license 36).

Nine female Beagle dogs, 1 — 3 years old, weighing 8.5 — 10.75 kg were
purchased from experimental animal breeding organization in France and used
in this study. Throughout the study period, animals were kept in a specially
adapted and reconstructed room in accordance with animal welfare
requirements at the Clinical Institute of the Faculty of Veterinary Medicine. In
the room, each animal was kept in its separate cage. In addition, all dogs were
regularly taken out every day in a 64 m? fenced walk-area, in which they freely
moved. Dogs were fed twice a day with Bewi Dog Basic Croc commercially
produced dry food. The dietary dose was determined taking into account the
body weight of the dogs and according to the manufacturer's instructions on the
package. Drinking water was available ad libitum.

The clinical and laboratory examination of animals were carried out at the
Clinical Institute of the Faculty of Veterinary Medicine, Latvia University of
Life Sciences and Technologies. The preparation and investigation of
histological and immunohistochemical samples were carried out at the
Morphofunctional Laboratory of the Preclinical Institute of the Faculty of
Veterinary Medicine of the Latvia University of Life Sciences and
Technologies, Laboratory of Morphology of the Institute of Anatomy and
Anthropology of the Riga Stradins University, Institute of Pathology of the
Riga Stradin$ Hospital, Department of Morphology and Pathology of the
Faculty of Veterinary Medicine of the University of Liege.

During the doctoral studies, a new structure of composite material aortic
prosthesis, developed at the Riga Technical University Biomaterials and
Biomechanics Institute in the Biotechnological Research Laboratory, was
tested. Aortic prostheses were made using weaving technology and
biocompatible with the surrounding tissue, inert, non-toxic and mechanically
compatible polyester and polyurethane complex yarns. The prostheses were
made by using three interconnected layers of hollow thread (Lukyanchikov &
Kantsevicha, 2010a, 2010b). Using threads of different lengths in tissue yarns,
pores of different sizes (from 1.0 to 3.0 mm) were formed in the aortic
prosthesis wall, which better ensure the unorganized ingrowth of live tissue in
unorganized form. In order to improve the rheological properties of this
prosthesis, they were impregnated in a vacuum at 90 °C with a biologically
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active composition (10 — 11% gelatin and 12 — 14% glycerin) (Lukyanchikov &
Kantsevicha, 2010a, 2010b).

Scheme of the study

In a clinical trial, 9 female, 1 to 3 years old Beagle dogs were used. To find
out the structural (endothelium, connective tissue, smooth muscle growth, etc.)
and functional (blood flow to the prosthesis, etc.) changes in the integration
process of the aortic prostheses during the time period, the experimental
animals were divided into two groups:

* Group A — 5 animals in which the aortic prosthesis was implanted for 6
months;

» Group B — 4 animals in which the aortic prosthesis was implanted for 12
months.

A full clinical, laboratory, and visual diagnostic examination were
performed in all dogs before the implantation of aortic prosthesis. The
innovative aortic prostheses of 5.00 to 8.00 mm in diameter and 9.00 mm to
20.00 mm in length were retroperitoneally implanted in the abdominal aorta in
animals of both groups. A regular daily general clinical examination of
operated animals was performed after surgery and an ultrasonography
examination of aortic prosthesis and measurement were performed once a
month till the end of the study. In six dogs (five from group A, one from group
B), blood pressure was measured before surgery and once a month in six
consecutive months after surgery. Before euthanasia, a full clinical, laboratory
and visual diagnostic examination was repeatedly carried out in all dogs.

Animals from group A were euthanized 6 months after implantation of the
artificial blood vessel, and animals from group B - 12 months after surgery.
After euthanasia, an autopsy and inspection (research) of abdominal aortic
prosthesis region were performed. Then, the prosthesis segment was resected
and samples were in a neutral 10% formalin solution. Slides were made from
the obtained samples for histological and immunohistochemical analysis.
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Examination and manipulations performed of experimental
animals for evaluation of general state of health before and
after surgery

All animals used in the experiment after being brought to the Faculty of
Veterinary Medicine were quarantined and observed during 1 month. Before
the operation, all animals were clinically examined in accordance with the
generally accepted principles (Jemeljanov, Manevich, & Dirltis, 2007,
Mccurnin & Bassert, 2006; Nelson & Couto, 2009). In each dog, a blood
sample from the vein of the forelimb (v. cephalica humeri) was collected for
laboratory examination.

To verify that the internal organs are clinically healthy in all dogs, an
ultrasonography and x-ray examination of the chest and abdominal cavity was
performed using a common methodology (Mattoon & Nyland, 2014).

All dogs were deprived of food for twelve hours and drinking water for five
hours before the surgery.

The dogs were weighed shortly before surgery and body temperature,
respiratory rate and pulse rate were recorded in the operation protocol.
Antibiotics enrofloxacin (Enroxil 5 mg 100 mL™ or 10 mg 100 mL™?), in dosage
of 5 mg kg™ were injected intramuscularly according to the body weight of the
dogs. Non-steroidal anti-inflammatory drug meloxicam (Loxicam) 0.2 mg kg
were administered orally. For premedication 0.1 mg 100 mL™* atropine sulphate
in dosage of 0.02 mg kg and 1 mg 100 mL™ acepromazine maleate in dosage
of 0.1 mg kg™ were administered intramuscularly. For induction of anesthesia
0.5 mg 100 ml?! diazepam in dosage of 25 mg kg?* and 10 mg 100 ml?
ketamine in dosage of 10 mg kg were administered intravenously. During the
operation, an inhalation anesthetic isoflurane was administered.

After surgery, all dogs received 5 mg 100mL™* or 10 mg 100mL*
enrofloxacin in dosage of 5 mg kg and meloxicam in dosage of 5 mg kg* once
a day for seven days according to the body weight. Tramadol hydrochloride
"Tramadol" 4 mg kg has been used 2 — 3 times per day for five days. Twice a
day wounds were cleaned with 3 mg 100 mL™* hydrogen peroxide or sodium
chloride 0.9 mg 100 mL™ solution or povidone iodine solution. Sutures were
removed after 14 days.

In the first week of the postoperative period, each animal was clinically
examined on a regular basis twice a day. Later, the general clinical examination
was performed once a day. The following parameters have been evaluated: the
posture and gait, temperament, appetite, water drinking, defecation, urination,
body temperature, respiratory rate, heart rate, mucous membranes, capillary
refilling time. In order to assess whether implanted aortic prosthesis had an
effect to the movement activity and amplitude, these parameters were regularly
evaluated, especially in the caudal part of the body and in the hind limbs.
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Examination of Blood Samples

Blood samples were obtained according to aseptic principles from the front
limb vein (v. cephelica humeri). For a hematological examination, 2 mL of
blood were collected in a "Standard Monovette” tube containing an
anticoagulant EDTA. For the serum biochemical examination, 3 — 5 mL of
blood were collected in a "Standard Monovette Serum" tube. The tubes were
labeled and stored in the refrigerator for maximum of 4 hours till the
examination.

The hematological examination of the blood samples were performed by
using the "BC — 2800 Vet autohematology analyzer" produced by the company
"Mindray". The following parameters were defined: total white blood cell count
102 L1, total red blood cell count (RBC) 10*? L, hemoglobin (HGB) g L™,
hematocrit (HCT) %, mean corpuscular volume (MCV) fl, mean corpuscular
hemoglobin (MCH) pg, mean corpuscular hemoglobin concentration (MCHC)
g L, platelet count (PLT) 10° L%, thrombocytocrit PCT,%. The leukocyte
formula (leukogram) was determined by microscopy of the blood specimen
prepared and colored with Diff Quik colors in the laboratory of the Clinical
Institute.

The biochemical analysis of blood serum was performed by Johnson &
Johnson Company Orth—Clinical Diagnostics device "Vitros Chemistry System
DT6011". The following parameters were determined for general health status
evaluation in the pre- and postoperative controls of experimental animals: urea,
creatinine, total bilirubin, total protein, albumin, ALAT, ASAT, alkaline
phosphatase, alpha-amylase.

Radiological and ultrasound examination of animals

Before the implantation of the aortic prosthesis and before euthanasia of
dogs, the abdominal cavity in all of them was examined using ultrasonography
according to the generally accepted methodology (Mattoon & Nyland, 2014),
and by using the PHILIPS HD 11 ultrasound system (Model No..MCMDO02AA,
manufactured at Sronno, Italy) with 3.5 to 7.5 MHz sectorial probe.

Before the implantation of the aortic prosthesis and before euthanasia of the
dogs, they were x-ray examined by using the PHILIPS COSMOS BS device.
Radiographs have been performed for the general health status control of the
thoracic and abdominal organs. Chest and abdominal radiographs were made in
each dog in the lateral and dorso-ventral position. The chest radiographs were
made using parameters of 48 kV and 3.20 mAs, and the radiographs of the
abdominal cavity — 46 kV and 5.00 mAs (Thrall, 2013).
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Blood pressure examination of experimental animals

Systolic and diastolic blood pressure were measured using the High
Definition Oscillometry (HDO) device. The animal was placed in a comfortable
position in a quiet room. To reduce the effect of stress on the blood pressure
measurement results, about five minutes were allotted until the dogs got used to
the new conditions. Measurements were done with the first size dog cuff (as
indicated in the manual attached to the device) by putting it around the base of
the tail. During the measurement, the part of the body with the cuff was placed
on the heart level (+/- 10 cm) (Egner, Carr, & Brown, 2007). Five
measurements were obtained in one examination time and the average was
calculated for the use of subsequent statistical calculation. Blood pressure
measurements were obtained before surgery and once a month during 6 months
after surgery.

Surgery Technique

The aortic prosthesis implantation in the abdominal aorta was done using
retroperitoneal approach during the surgery. Animals were positioned on the
operating table in the right lateral recumbency. Surgery area — starting from the
last left rib region to the hip joint level and from the lumbar vertebrae to the
linea alba was prepared according to the generally accepted principles of
aseptic technique. A horizontal 10 — 12 cm long skin cut was done parallel to
the lumbar vertebrae below the longest dorsal muscle (M. longissimus dorsi)
and caudally from the last left rib. Next, abdominal external oblique muscle (M.
obliquus externus abdominis), internal abdominal oblique muscle (M. obliquus
internus abdominis) and abdominal transverse muscle (M. transversus
abdominis) were cut to access the abdominal aorta without cutting peritoneum.
An average of 5.00 — 6.00 cm long abdominal aortic segment was dissected
from the surrounding connective tissue. The manipulations with abdominal
aorta were performed between the point of the branching of the renal arteries
(aa. renales) and the point of aortic bifurcation into the common iliac arteries
(aa. iliaca communis).

The blood flow in the abdominal aorta was stopped with two vascular
clamps, about 3 to 4 cm from each other. After that, a perpendicular cut to the
longitudinal axis of the aorta was done and some of its segment dissected, and
RTU manufactured aortic graft was implanted. The diameter of the implanted
prosthesis in group A was 5.00 mm in two dogs, and 8.00 mm in three dogs,
while in group B it was 5.00 mm in all dogs. The length of the implanted
prosthesis was from 9.00 mm to 20.00 mm. The diameter of the prosthesis was
adjusted to the diameter of the resected aorta. Three minutes before this action,
heparin was administered intravenously. Then clamps one after another were
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removed, by controlling bleeding from the anastomoses. In case of bleeding
from the connection place between aortic wall and prostheses, extra sutures
were used to provide tightness. Aortic and graft ends were sutured with
unabsorbable thread ‘Premilene’ 7/0, muscles and subcutaneous tissues with
absorbable thread ‘Serafit’ 2/0, but the skin with ‘Supramide’ 3/0 thread. It
should be noted that aortic prosthetic surgery in dogs was performed in
conjunction with a medical microsurgery specialist.

Determination of diameter and the peek blood flow velocity in
systole in abdominal aorta and prosthesis

Ultrasound imaging was performed using a Philips HD11 device (Model
No.: MCMDO02AA, Soronno, Italy). A linear transducer 3.5 — 7.5 MHz (Philips
L12-3, Bothell, WA 98041 USA) was used for assessment of measurements of
the peek blood flow velocity in systole and aortic and prosthesis diameter.

The diameter of the abdominal aorta and its prosthesis, as well as the peek
blood flow velocity in systole, were determined in the lumbar region. In order
to facilitate the investigation, animals received intramuscular injection of
acepromazine maleate 0.1 mg per kg of body weight.

Ultrasonography of the abdominal aorta segment was performed in all dogs,
3 days before surgery and once a month postoperatively till the end of the study
period. The constant localization of the assessment was between the point of
the branching of the renal arteries and the point of aortic bifurcation into the
common iliac arteries. During the ultrasound examination, dogs were placed in
the right lateral recumbency. Before surgery, the blood flow velocity of the
abdominal aorta was measured at one site, but after the surgery - at three sites:
cranially and caudally from the aortic prosthesis and in the middle of aortic
prosthesis (Figure 1). The cross-section diameter measurements of the
abdominal aorta were done at the same site simultaneously with velocity
measurements (Figure 1).

Measurements of the blood flow peak systolic velocity were taken using
pulsed-wave Doppler in real-time B-mode imaging. The angle of probe was
corrected to obtain the view of the longitudinal axis of the blood flow
(Bonagura & Fuentes, 2015). Three random peaks were used to determine the
mean values. To measure the diameter of the abdominal aorta and aortic
prosthesis, cursors were placed in the middle of the aortic and aortic prosthesis
wall for 2D imaging. The complementary transverse diameter of the aorta
section was examined by M—mode.
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Animal euthanasia, autopsy and macroscopic examination of
aortic prosthesis

All animals from group A were euthanized 6 months after the implantation
of the aortic prosthesis, and all animals from group B — after 12 months. Before
the euthanasia, a complete clinical examination, blood sampling and analysis,
ultrasonographic and X-ray examination were performed in all dogs according
to the methods described above.

During the complete anesthesia (see Chapter 1.3), dogs were euthanized
administering Dorminal (active substance — Na pentobarbital) 200 mg kg
intravenously according to the animal body weight.

After euthanasia, an incomplete necropsy was carried out for macroscopic
evaluation of internal organs and surgery area. Then, the aortic prostheses
(including the parts of abdominal aorta cranially and caudally from prosthesis)
were explanted. The explanted prosthetic segments, according to Ueberrueck et
al. (2005), were evaluated for prosthesis lumen permeability, intensity of
neointimal formation, intensity of formation of connective tissue capsule,
adhesions, neoplasms, possible deformations of the aortic prosthesis.

The explanted aortic prostheses were evaluated according to the following
scheme:
1) Prosthetic lumen:
e lumen is free;
* lumen is partially blocked (due to neointimal hyperplasia, clots or other
factors);
* lumen is completely blocked (due to neointimal hyperplasia, clots or other
factors).
2) Degree of neointima formation:
« neointima covers the entire surface of the prosthetic lumen;
« neointima partly covers the surface of the prosthetic lumen.
3) Formation of the connective tissue capsule:
« connective tissue capsule completely covers the prosthesis, pronounced
connective tissue formation;
 connective tissue capsule completely covers the prosthesis, medium
connective tissue formation;
* connective tissue capsule partly covers the prosthesis, poorly defined
connective tissue formation
(Ueberrueck et al., 2005).

The diameter, length of prosthesis and thickness of the prosthetic wall was
measured using the electronic sliding caliper LIMIT (accuracy 0.01 mm). After
that, the resected segments of abdominal aorta (including prosthesis) were

57



immediately placed in a 10mg 100mL™* neutral formalin solution to obtain
samples for histological and immunohistochemical examination.

Microscopic examination of the explanted
aortic prosthesis

Tissue preparation for microscopic examination

For microscopic examination, one original sample was obtained from each
dog and fixed in 10 mg 100mL™* neutral formalin solution for at least 4 days at
room temperature. Subsequently, each sample of prosthesis was transversally
cut in the middle point; therefore, cranial and caudal parts of the original
sample were obtained. Each of these parts consisted of a half of aortic
prosthesis, anastomosis and a part of the normal abdominal aorta. Then, each
cranial and caudal sample were cut in half in the longitudinal direction. Next,
from each dog, one cranial and one caudal sample were dehydrated in the tissue
processor (TISSUE-TEK I1) and locked in paraffin blocks using a standardized
histological preparation procedure (Kiernan, 2008) so that the two longitudinal
edges of the prosthesis and vessel were directed on the cutting surface of the
paraffin block. In all, 18 tissue samples from the experimental dogs were
locked in paraffin blocks. Then, 5 um thick cuttings were obtained from each
sample piece using the SLEE CUT 5062 microtome and placed in a warm
water bath. Subsequently, the tissue sections were put on degreased slides (two
cuts on each slide) and dried at 38 °C for 24 h.

Histological examination of tissue slides

The hematoxylin and eosin (H & E), and Van Gieson staining methods were
used to prepare the tissue slides for evaluation of the overall histological
profile, inflammatory cells and connective tissue infiltration. Of each dog, two
slides from the cranial and two from the caudal sample parts were stained with
both methods mentioned above. Tissue specimens ware stained according to the
generally accepted H & E, Van Gieson staining protocols (Kiernan, 2008). In
total, 144 tissue cuts were prepared for histological examination and evaluated,
72 of which were stained with hematoxylin and eosin, and 72 tissue cuts using
the Van Gieson method.

Histological slides were investigated with Leica CTR 500 multifunctional
microscope with Leica DFC 490 camera. A synchronized computer program
Image—Pro Plus 6.1 was used to obtain images of tissue slides and provide
examination and measurements.

H & E slides have been evaluated for a general histological overview of
tissue incorporation. Cell infiltration was evaluated at 400x of magnification.
The intensity of inflammation was determined under supervision of a qualified
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specialist of pathological anatomy based on the degree of intensity and location
of macrophages, lymphocytes, foreign body giant cells and neutrophil
leukocyte infiltration.

According to that, a marking grade from 1 to 4 was used:

1 — mild inflammation,

2 — moderate to severe inflammation,

3 — severe inflammation,

4 — very severe inflammation.

(Bellows, Wheatley, Moroz, Rosales, & Morici, 2012; Jayanth et al., 2015;
Orenstein, Saberski, Kreutzer, & Novitsky, 2012; Pierce et al., 2009).

An inflammatory cell count was also established. Inflammatory cells were
counted in five representative, randomly selected fields of view with an average
area of 71,404+79.06 pm?. To evaluate inflammatory cells, visual fields were
selected between prosthetic threads or near them. Macrophages, lymphocytes,
giant cells of a foreign body, neutrophil leukocytes were counted at 400x of
magnification.

In tissue slides, the intensity of capillary formation in the prosthesis wall
was also determined. Capillaries were counted in five randomly selected fields
of view at 200x of magnification (Bashar et al., 2002; de Valence et al., 2012;
Jeschke, Hermanutz, Wolf, & Koveker, 1999). Researchers of the present study
also evaluated the amount of connective tissue and fibers in the prosthesis wall
and capsule.

In the tissue slides, stained with VVan Gieson method the dominant type of
connective tissue and its proliferation intensity was evaluated. The thickness of
the media, intima/necintima and connective tissue capsules were measured in
um in three to five fields of view. In each field of view, at least five
measurements were performed (Jeschke 1999, Valence 2012). The thickness of
the media was measured at 10x magnification in the abdominal aorta cranially
from the prosthesis, caudally from prosthesis, in the cranial and caudal
prosthesis — abdominal aortic anastomosis, as well as in the middle of synthetic
prosthesis. Intima and connective tissue capsule were measured at analogue
sites as media, using 400x magnification. The thickness of the media in the
aorta and anastomoses was measured as the distance between the innermost and
outermost elastin layers. The thickness of the media in the prosthesis was
measured as the distance between the border of neointima and the border of
connective tissue capsule (directed closer to the prosthesis filaments) (Bashar
2002). Thickness of neointima in the middle of the prosthesis was measured as
the distance from the neointimal luminal surface to the synthetic filaments of
the prosthesis (Zippel et al., 2008). To exclude the influence of the histological
cut plane on media and intima/neointima thickness, the measurements of media
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and intima/neointima were also expressed as a percentage of total media and
intima/neointima thickness.

Immunohistochemical examination of tissue slides
The tissue sections intended to detect immune reactive structures were put
onto slides with silicone surface (Histo Bond®) to provide better tissue

adhesion to the slide during the reaction. Then the slides were dried at for 44 °

C for 12 h.

The following immunoreactive structures have been identified in this study:

1) Smooth muscle cell actin (Dako Monoclonal Mouse Anti-Human Smooth
Muscle Actin Clone 1A4, code M0851; Daco Cytomation, Denmark) to
identify neointimal cells and their proliferation.

2) Interleukin 1 receptor antagonist (IL1lra (Q-19)): sc-8481, Santa Cruz
Biotechnology, Inc. United States) to identify the intensity of IL 1o and IL1
B cytokines, since IL1 ra binds to both of the mentioned interleukins.

3) Tumor necrosis factor a (Rabbit polyclonal to TNF-a antibody, No. orb7100,
Biorbyt, England) to determine one of the strongest inflammatory cytokine
in the region of aortic prosthesis.

4) Interleukin 10 (Rabbit polyclonal to IL10 antibody, nr.orb100193, Biorbyt,
England) to evaluate the intensity of the anti-inflammatory cytokine that
also promotes sclerotization in the tissue.

5) Vascular endothelial growth factor (Rabbit polyclonal to VEGF antibody,
No. orb11554, Biorbyt, England) to determine ischemia, revascularization
in prosthetic tissue.

For immunoreactive cell identification the universal streptavidin-biotin
method and a set of reagents for this purpose (LSAB + System-HRP, Dako,
K0679, Daco Cytomation, Denmark) was used (Boenish et al., 2001). Initially,
deparaffinization and hydration of the slides were performed in the line of
alcohol; then, the slides were washed with TBS buffer (Tris Buffered Saline,
pH 9.0, Dako, S3001) for 10 min. Subsequently, the slides were placed in a
container with Target Retrieval buffer solution, pH 9, Dako S2367 and twice
heated with microwaves (total 5 min, 450 W) for release of epitopes, thereby
enhancing the binding of the antibody to the antigen. After heating, the slides
ware cooled for 30 min and rinsed twice with 5 ml TBS buffer. Then, each
tissue cut was treated with 150 pL 3 mg 100 mL? hydrogen peroxide
(Peroxidase Block, Dako, K0679) and kept for 10 min at room temperature.
Further, the slides were rinsed with distilled water, drained, and primary
antibodies were applied on each tissue cut, which were incubated 30 or 60
minutes, according to the manufacturer's instructions. The titers used for
primary antibodies and the incubation time are shown in Table 1. For antibody
dilution, a special solution for this purpose has been used — Dako Antibody
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Diluent, S0809. After incubation of the primary antibodies, the tissue slides
were washed by TBS buffer twice for 5 min. Subsequently, biotin-related
secondary antibodies (LSAB + System-HRP Kit Biotinylated link, Dako,
K0679) were applied to the tissue cuts and incubated for 30 min. After that, the
slides were washed with TBS buffer for 5 min and streptavidin was applied
(LSAB + System-HRP kit Streptavidin—-HRP, Dako, K0679) and incubated for
30 min; then, the slides were washed with TBS buffer for 5 min. Next, a
chromogenic system (20 uL of DAB Chromogen + ImL DAB + Substrate
buffer solution, Dako, K0679) was applied to the tissue slides for visualization
of antibody—antigen complex, and then rinsed with tap water. In the end, the
tissue cell nuclei were stained with Harry hematoxylin (2-3 min). In tissue
slides, the positive structures were visualized as brown color structures in the
nuclei of the cells, in the cytoplasm or in the interstitial space.

For a negative control the identical tissue were used, but during
immunohistochemical procedure described above, an antibody diluent (Dako
Antibody Diluent, S0809) was used instead of the primary antibody.

The positive immunoreactive structures in the tissue slides were identified
and their relative amount was determined using a semi-quantitative census
method according to M. Pilmane.

The intensity of positive structures was determined using the following
graduation:

(-) — there are no positive structures in the field of vision,

(+) — mild quantity of positive structures in the field of vision,

(++) — moderate quantity of positive structures in the field of vision,

(+++) — severe quantity positive structures in the field of vision,

(++++) — very severe quantity positive structures in the field of vision

(Pilmane et al., 1998).

In total, 90 tissue slides were prepared and analyzed for
immunohistochemical examination.

Biometric processing of the obtained data

The obtained statistical data processing was performed using Microsoft
Exel and SPSS (Version 23). All descriptive statistical calculations (minimum
and maximum value, average, standard deviation, and standard error, median)
were made. For comparison of physiological parameters, blood laboratory
results and ultrasound examination results (abdominal aorta and prosthetic
lumen diameter, blood flow rate) before implantation of the aortic prosthesis
and after the surgery Wilcoxon test was used, but for comparing the above
mentioned results between the groups, the Mann—Whitney Test was used.
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The Mann-Whitney Tests was also used to compare the results of
microscopic examination of the tissue between 6 and 12 months groups.
Differences were considered to be significant if p <0.05 (Arhipova & Balina,
2006).

A Pearson correlation analysis was performed to find out the relationship
between the parameters obtained in this study. The interpretation of the Pearson
correlation coefficient r was performed according to the following scale
(Evans, 1996):

(0.0 — 0.19 very weak,

*0.20 — 0.39 weak,

¢ 0.40 — 0.59 medium,

*0.60 — 0.79 strong,

*0.80 — 1.0 very strong.
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RESULTS OF THE RESEARCH AND DISCUSSION

Outcome of the prosthetic surgery of abdominal aorta

During the experiment, nine dogs successfully underwent implantation of
the innovative aortic prosthesis in the abdominal aorta by using the
retroperitoneal approach. Average total aortic prosthesis implantation surgery
time was 3 hours and 21 minutes. The shortest operation was done in two hours
and forty minutes but the longest was four hours and four minutes. All
operations were carried out without complications. After the operations, the
wounds healed without complications and the skin sutures were removed after
14 days.

T. Ueberrueck has published data that the prosthetic surgery of abdominal
aorta in pigs using laparotomy access was performed on average in 62.8+10.4
minutes (Ueberrueck et al., 2005). Regarding medical practice, it has been
found that abdominal aortic reconstruction lasted, on average 198+41 minutes
for a laparotomy approach and 141+21 minutes for a retroperitoneal technique
(Butler et al., 1993). During these operations, the blood flow in the abdominal
aorta was interrupted from 74=£13 to 104+46 minutes (Butler et al., 1993).

In our case, the time of ischemia (the time when the blood flow in the
abdominal aorta was interrupted between the renal arteries and bifurcation of
abdominal aorta) ranged from 21 minutes to 1 hour and 6 minutes and on
average was 41+4 minutes. The induced ischemia during the operation on the
abdominal aorta did not result in significant changes in the general state of
health.

At the end of the experiment, in one dog (H8J4463) an enlarged colon
(megacolon) was discovered. The possible cause of that finding may have been
innervation disorders caused by a relatively long ischemia time (52 minutes) in
the abdominal aorta during implantation. However, dog H8J4485, who had the
longest period of ischemia (66 minutes) in the abdominal aorta, had no such
intestinal pathology. Krause et al. (1997), notes that complications in dogs
occur more often when blood flow of the abdominal aorta is interrupted above
the renal artery branching point. In humans, the interruption of the blood flow
in the abdominal aorta under the renal artery branching point from
30 to 50 minutes is considered to be safe and does not lead to renal failure, or to
paraplegia and paresis due to spinal cord disturbances (Gelman 1995; Krause et
al., 1997; Wahlberg et al., 2002).

In our study, no significant complications were observed during the
postoperative period. Therefore, we consider that the development of
postoperative complications after this kind of surgery does not depend solely on
the length of the ischemic time in the aorta, but the causes of the complications
are multi—factorial and could include both the time of ischemia and the
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cardiovascular system’s ability to tolerate abdominal aortic ischemia, as well as
tissue damage at the surgical wound site and other factors.

General state of health of experimental animals before and
after the operation

At the beginning of the experiment all the dogs were recognised as
clinically healthy.

One day after abdominal aortic surgery all the dogs showed decreased
physical activity, which in our opinion is because of slight pain after surgical
tissue cutting. Appetite, thirst, urination and defecation during the
postoperative period were normal and species specific. Similar information has
been found in other studies, which state that a decrease in activity after surgical
treatment is connected with pain reaction (Afshar et al., 2017; Sharkey, 2013).
Decrease in physical activity one day after aortic prosthetic reconstruction in
dogs has also been observed by Muste et al. (2008), while pigs in the same
study showed decreased activity, as well as decreased appetite and thirst for as
long as a week after aortic surgery.

In our study dogs showed a fast return of physical activity on the second
day after surgery and it stayed like this until the end of the study. This indicates
a successful outcome of the surgery, as well as the efficacy of non-steroidal
anti-inflammatory drugs meloxicam and tramadol that were used, which have
also shown efficacy in dogs in other studies (Afshar et al., 2017; Minto,
Rodrigues, Steagall, Monteiro, & Branddo, 2013).

After the implantation of aortic prosthesis, all the dogs in both groups
showed no coordination disorders throughout the study. Similar results were
obtained in other studies of aortic prosthetic reconstruction where dogs were
used (Bhattacharya et al., 2000; Muste et al., 2008; Seifalian et al., 2003; Wu et
al., 1997). Meanwhile in studies with sheep, shortly after abdominal aortic
surgery paraplegia or paresis of the hind legs were observed (Beygui et al.,
1999; Soula et al., 2001).

Physiological indicators of the dogs

The average body temperature of the dogs the day before aortic prosthesis
implantation was 38.23+0.19 °C. Five minutes after abdominal aortic surgery
the average body temperature of the dogs was 34.19+0.34 °C (the lowest 32.8;
the highest 36.1 °C), but in the next 24 hours the temperatures went back to
normal and were on average 38.30+0.18 °C (the lowest 37.5; the highest
39.2 °C).
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These temperature changes match the data shown in literature during and
after anaesthesia for soft tissue surgery in dogs (Afshar et al., 2017; Fayyaz,
Kerr, Dyson, & Mirakhur, 2009; Ferreira et al., 2015; Srithunyarat et al., 2016).

On the third day, one month after the surgery and on the day of euthanasia
average body temperature of the dogs was 38.42+0.09 °C, 38.62+0.10 °C and
38.3840.11 °C respectively. Individual temperature changes of the dogs during
this study were within the normal reference range. There was no statistically
significant difference between group A and B body temperatures (p>0.05).

In humans it has been found that after using woven polyester prosthesis in
abdominal aortic reconstruction body temperature rose on average by
1.6+0.7 degrees Celsius for one to four days after surgery (Voute et al., 2012).
In our study no such temperature rises were observed during any time in the
postoperative period.

The heart rate of the dogs before and after the surgery, as well as during the
postoperative period was within the reference range. On the day of the surgery
the average heart rate was 107.2+£8.10 beats per minute (the lowest 82; the
highest 140), but five minutes after aortic prosthesis implantation — 111.2+5.2
beats per minute (the lowest 82; the highest 132). One day after the surgery the
average heart rate was 99.94+7.5 beats per minute (the lowest 72; the highest
140), one month after the surgery — 114.4+6.4 beats per minute (the lowest 80;
the highest 140) and on the day of euthanasia — 103.1+5.5 beats per minute (the
lowest 68; the highest 124).

Fayyaz et al. (2009) observed that heart rate for dogs with isoflurane
inhalation anaesthesia was 119430 beats per minute and 9349 beats per minute
after losing blood of 30 mL kg and it stayed within the reference range
throughout the study. Gelman (1995) points out that normal heart rate shortly
after aortic prosthetic operations shows a dog’s ability to compensate arterial
hypotension.

There was no statistically significant difference between the heart rates of
dogs in groups A and B (p>0.05).

Mean respiratory rate throughout the study ranged from 29.8+2.5 breaths
per minute before the surgery to 18.243.7 breaths per minute five minutes after
aortic prosthesis implantation. One day and one month after the surgery and on
the day of euthanasia, mean respiratory rate of the dogs was 28.7+1.7, 28.4+1.9
and 27.343.0 breaths per minute respectively. Individual respiratory rates of
the dogs throughout the study did not exceeded 40 breaths per minute. It should
be noted that the lowest respiratory rate of the dogs was observed during
implantation of the aortic prosthesis. Also, two dogs (H9A0069 and H9D0577)
had very low respiratory rates shortly after the surgery — 7 and 8 breaths per
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minutes respectively, but the next day it normalized and were 36 and
28 breaths per minute respectively.

The reason for such a decrease in the respiratory rate could be because of a
physiological response to the anaesthesia. Decreased respiratory rates during
and shortly after anaesthesia have been noted in other studies as well and most
commonly are associated with the suppressive effects of the anaesthetic on the
respiratory centre, as well as a decrease in the circulation system’s functions
(Grimm, Lamont, Tranquilli, Greene, & Robertson, 2015).

There was no statistically significant difference between the respiratory rate
of the dogs in groups A and B throughout the study (p>0.05), or between the
respiratory rate of the dogs in the pre— and postoperative period (p>0.05).

Laboratory tests, results and interpretation

The results of inflammatory and erythropoiesis blood tests of the dogs in
groups A and B prior to the implantation of aortic prosthesis are summarized in
table 2 and table 3. The average total white blood cell count in the blood of the
dogs in groups A and B was within the reference range throughout the study. In
literature data can be found that dogs with polyester prosthetics in their aorta
have normal white blood cell counts 6 months after the surgery (Marois et al.,
1997). Our results are similar to the aforementioned, since 6 and 12 months
after abdominal aortic prosthesis total white blood cell count of the dogs was
close to the white blood cell count of the same dogs before the surgery. This
might show the ability of the dog’s body to control and localize inflammation
created by the implanted polyester — polyurethane prosthesis in the aorta. On
the contrary, in humans there is tendency, similar to the body temperature, to
increase white blood cell count in the first 3 days after abdominal aortic
surgeries, when compared to the white blood cell count before the surgery
(Galle et al., 2000; Moulakakis et al., 2013).

When analysing the amount of band neutrophils in the blood of the dogs, a
progressive increase in their number was observed. One month after the
implantation of the aortic prosthesis, the mean number of band neutrophils
reached the upper limit of the normal reference range and exceeded it 6 and 12
months after the surgery. Patients with a long ischemic period during surgery
develop a 3-fold increase of neutrophil count, when compared with those with
shorter ischemic period (Gadaleta, Fantini, Silane, & Davis, 1994). In our study
we did not find such an effect of ischemia on neutrophil count in the blood of the
dogs in the postoperative period.

In humans, increases in neutrophil counts were found on the third and fifth day
after reconstructive aortic surgery (Galle et al., 2000; @degérd et al., 2000), but
more accurate data on the neutrophil count in the later post-implantation period was
not found in the sources available to us.
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Other studies have indicated that synthetic prosthesis materials are able to
mediate acute inflammation (Zdolsek, Eaton, & Tang, 2007). Furthermore,
inflammation in the aorta caused by a prosthesis as a foreign body attracts
neutrophils to the site, where they collapse and activate immune cells, which
trigger further activation of the inflammation cascade (Yan et al., 2016).

In our study, increases in the neutrophil counts in the blood of the dogs 6 and
12 months after the implantation of aortic prosthesis, could be explained by the
impact of the biomaterial on immune cells, as well as the presence of local
inflammation in the wall of the prosthesis and the lower elasticity of the prosthesis
wall when compared with the wall of the abdominal aorta (Bhat et al., 2013;
Haumer et al., 2005; Tanindi, Erkan, Alhan, & Tore, 2015; Zernecke et al.,
2008).

In our study, 1 and 6 months after the aortic prosthesis implantation
lymphocyte and monocyte counts in the blood of the dogs was within the
reference range. Twelve months after the implantation monocyte counts in the
blood of the dogs was within the reference range, while lymphocyte counts in
the blood of dogs H8K4571 and H9D0577 was slightly below the lower norm,
0.96 and 0.85 respectively. In humans, rapid decreases in lymphocyte and
monocyte counts have been observed three days after aortic prosthetic surgery
(Galle et al., 2000). We believe that changes in leucocyte counts could be
related to immunological responses of the body to the biomaterials used in
prostheses, as indicated by other authors as well (Jones, 2008; Kzhyshkowska
et al., 2015). At the same time, it should be noted that histological preparations
of the two dogs which experienced decreased blood lymphocytes at the end of
the experiment, showed higher infiltrations of neutrophil leukocytes and
lymphocytes in the wall of the prostheses when compared with the other 7 dogs
in both groups. Increased infiltration of neutrophil leukocytes and lymphocytes
in the wall of a prosthesis usually indicates the presence of infection (Anderson
& Jiang, 2017).

We believe that the prosthesis used in our study did not create a pronounced
activation of the lymphocytes as a foreign body, since lymphocyte counts in
the blood of all the dogs in group A and 2 dogs in group B were within the
reference range. However, for the two dogs mentioned previously, a possible
presence of infection in the prosthesis could create a pronounced attachment of
lymphocytes to the wall of the prosthesis, thus reducing lymphocyte count in
the blood.

Before aortic prosthesis implantation and at the end of the experiment,
thrombocyte and erythrocyte counts and erythrocyte parameters were within
the reference range. Similar data is provided in the literature, where the use of
mice in a biointegration study of different synthetic materials revealed a
constant amount and quality of erythrocyte parameters (Scaglione et al., 2011).
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An increase in only MCH in the study is considered an artifact (Jemeljanovs et
al., 2007).

When comparing the blood serum biochemical parameters before the
operation of the abdominal aorta, one month after and at the end of the
experiment, differences between groups A and B were not detected (p> 0.05)
and the values were within the reference range. Twelve months after the
implantation of the aortic prosthesis in the abdominal aorta, one dog
(H9C0439) had elevated blood serum urea above the reference range: 11.2
mmol L™ In medical practice, in 10% of the cases which had prosthesis
implantation in the abdominal aorta below the renal artery pruning site,
increases in urea in blood serum have been observed (Breckwoldt, Mackey,
Belkin, & O’Donnell, 1992). In our case, we must take into account the fact,
that the creatinine concentration in the blood serum was normal for the dog
aforementioned. In the literature, classical renal insufficiency is characterized
by an increased level of both urea and creatinine in the blood serum (Nelson &
Couto, 2009). Therefore, we rule out severe renal impairment for this dog and
define urea elevation as of prerenal origin.

Changes in the blood pressure

In our study, prior to the experiment, mean systolic blood pressure in the
Beagle breed dogs was 156.88+5.01 mmHg and mean diastolic was 82.16+4.50
mmHg, which coincides with those indicated in the studies below. Normal
systolic blood pressure in healthy Beagle dogs is considered 125425 to 156+22
mmHg and diastolic 74+18 to 91+13 mm Hg (Egner et al., 2007; Klein, 2013;
Pettersen, Linartz, Hamlin, & Stoll, 1988). In another source of literature,
healthy dogs of the Beagle breed showed higher blood pressure: systolic blood
pressure 16319 to 165+18 mmHg and diastolic 92+12 to 96+15 mmHg
(Rattez et al., 2010).

Throughout the six months after the implantation of the aortic prosthesis,
the mean systolic blood pressure in our study varied from 140.83+2.78 to
162.13+10.12 mmHg and the diastolic mean was 69.57+6.05 to 88.83+8.14
mmHg, which corresponds to the normal blood pressure of the healthy Beagle
breed dogs mentioned above.

The highest systolic and diastolic blood pressure in all the dogs in our study
was observed one to three days after the operation of the abdominal aorta, but it
did not differ significantly from that detected before the surgery. Similar results
for dogs were reported in a study where mastectomy was performed — before
the surgery systolic blood pressure was 130 mmHg and diastolic 90 mmHg and
one day after the surgery they did not differ significantly — 140 mmHg and 95
mmHg respectively (Horta et al., 2015). In humans, systolic blood pressure of
132 — 135 mmHg after blood vessel operations, including reconstruction of the
abdominal aorta, did not differ significantly from the pre — surgical systolic
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blood pressure of 136+17 mmHg as well (Sandoval et al., 2016). Similarly to
our results, people with up to 57% of abdominal aortic stenosis, resulting from
the reconstruction of aneurysm, did not show significant changes in blood
pressure after the surgery (loannou et al., 2014).

Diameter of abdominal aorta and prosthesis and peak blood
flow velocity in systole

Changes in the diameter of the abdominal aorta and prosthesis in
the postoperative period

In dogs from both groups, which had the prosthesis with a diameter of
5.00 mm before the surgery, the prosthesis diameter narrowed by 0.36+0.27
mm (p>0.05) six months after the surgery, meanwhile in dogs which had the
prosthesis with a diameter of 8.00 mm before the surgery, the prosthesis
diameter narrowed by 1.06+0.29 mm (p>0.05) six months after the surgery
(Figure 2). Twelve months after the surgery dogs in group B (all the dogs in
this group had an aortic prosthesis of 5.00 mm implanted) had the mean
diameter of the aortic prosthesis increase slightly to 5.05+0.40 mm (Figure 3).
Changes in the diameter of the aortic prosthesis for the dogs in group B during
the 12 month postoperative period were not considered significant (p> 0.05).

Similar results were observed by Seifalian et al. (2003), following the
implantation of 5+0.04 mm wide polyurethane prostheses in the abdominal
aorta of eight Beagle dogs — thirty six months later mean diameter was 5+0.11
mm. In study by Wilson et al. (1991), in femoral arteries of dogs, polyester and
polyurethane-plated 4 mm diameter wide vascular prostheses were implanted
and their diameter did not significantly change 12 months later (Wilson et al.,
1991). However Sun et al. (2001), after implantation of heparinised polyester
prostheses in the abdominal aorta of dogs, found a decrease in the diameter of
the prosthesis by 29.9+7.0% three months after the surgery. In our study, three
months after the implantation, in dogs with prosthesis of 5.00 mm diameter the
prosthesis narrowed by 10.6+4.4%, but in dogs with prosthesis of 8.00 mm the
prosthesis narrowed by 16.25+1.25%.

In group A, six months after the implantation of the aortic prosthesis, the
formation of a hematoma, seroma or aneurysm were not observed, neither in
the prosthesis, nor cranial or caudal from the prosthesis in the abdominal aorta
of the experimental dogs. Meanwhile, in group B two dogs had developed a
unilateral aneurysm in the middle of an aortic prosthesis.

The tendency of the aortic prosthesis to decrease in diameter was observed
until the third postoperative month, and it could be explained by the filling of
the prosthesis wall with connective tissue and the formation of the neointima
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on the inner surface of the prosthesis. A similar view is expressed by other
authors stating that intense formation and thickening of connective tissue and
neointima occur in the first month after the implantation of the aortic prosthesis
(Boccafoschi et al., 2014; Newby & Zaltsman, 2000). Despite the differences
in the diameter of prostheses implanted, the diameter of all prostheses after
surgery was smaller in relation to the diameter of the abdominal aorta
(p <0.05), thus creating a stenotic segment in the abdominal aorta.

In other studies, smaller diameter polyester or combined polyester/ePTFE
prostheses have been implanted in the dogs when compared to the diameter of
the aorta of the native recipient (Marois et al., 1996; Shi et al., 1994; Sun et al.,
2001; Zilla, Bezuidenhout, & Human, 2007). Zilla et al. (2007) has pointed out
that the diameter of the prosthesis implanted should be greater than the
diameter of the recipient's aorta. However, Salacinski et al. (2001) states that if
the diameter of the synthetic prosthesis implanted is greater than the recipient's
blood vessel, the blood flow velocity in the prosthetic segment decreases,
contributing to the development of hyperplasia of neointima and the risk of
occlusion. On the other hand, if a prosthetic implant of too small diameter is
implanted, a fibrin layer is formed that spreads on the inner surface of the
artificial prosthesis and may hinder its normal integration into the body
(Salacinski et al., 2001).

The diameter of the abdominal aorta for experimental dogs before
implantation of the aortic prosthesis ranged from 6.88 mm to 8.82 mm and was
on average 7.72+0.60 mm. For dogs in both groups, during the six month
postoperative period, the diameter of abdominal aorta cranial from the
prosthesis increased on average by 0.52+0.15 mm (p<0.05). It should be noted
that in the six month period after implantation there was no statistically
significant difference in the diameter of the abdominal aorta cranial from the
prosthesis between groups A and B separately, and between dogs with implants
of different diameter prostheses (when compared with the diameter of the
abdominal aorta prior to implantation) (p>0.05).

In group B, in the 12-month period after the surgery, the diameter of
abdominal aorta cranial from the prosthesis increased on average by
0.53+0.25 mm (p>0.05).

Similar changes can also be seen in the diameter of the abdominal aorta
caudal from the prosthesis in the postoperative period. For dogs in both groups
six months after the surgery the diameter of abdominal aorta caudal from the
prosthesis had increased on average by 0.59+0.18 mm (p<0.05). The increase
in the diameter of abdominal aorta caudal from prosthesis six months after the
implantation was not statistically different between dogs with prosthesis of
5.00 mm and 8.00 mm diameter (p>0.05). Meanwhile, in group B, 12 months
after surgery, the diameter of the abdominal aorta caudal from prosthesis
increased on average by 0.83+0.28 mm (p>0.05).
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In our opinion, the expansion of the abdominal aorta cranial from the
prosthesis (the stenotic segment) could have been caused by the increased
blood pressure caused by the blood stasis due to the difficulty of blood entering
the prosthesis. Literature indicates that blood vessel dilatation is often found in
cases of increased blood supply to the blood vessels (Bevan, 1997).
Meanwhile, the expansion of the abdominal aorta caudal from the prosthesis
(the stenotic segment), is explained by the phenomenon of poststenotic
dilation, as is evident in the aorta from the aortic stenosis in the subvalvular
region (Bonagura & Fuentes, 2015). It should be noted that in the literature
available to us, the authors focused on reflecting the diameter of the prosthesis
itself without specifying or analysing changes in the aortic diameter cranial and
caudal to the prosthesis.

Peak blood flow velocity in systole in the aortic prosthesis and the
abdominal aorta cranial and caudal from the prosthesis

The peak blood flow velocity in systole in the abdominal aorta caudal from
arteria renalis before the implantation of the synthetic vascular prosthesis
varied from 106.0 to 159.2 cm s and was on average 124.607+6.112 cm s,
This coincides with the peak blood flow velocity in systole in the abdominal
aorta of healthy dogs found in other studies (111.4+28.68 till 129.2+35.23 cm s™})
(Koma et al., 2005; Riesen, Schmid, Gaschen, Busato, & Lang, 2002).

The peak blood flow velocity in systole in the middle part of the aortic
prosthesis had the tendency to increase in the postoperative period. In the six
month period after the surgery, peak blood flow velocity in systole in the
middle of the prosthesis for the dogs in group A had increased by
67.20£18.36 ¢cm s! (p<0.05) and was on average 183.92+13.13 cm s
Meanwhile, for the dogs in the group B peak blood flow velocity in systole
increased by 96.97+26.39 cm s! (p>0.05) and was on average
238.60+19.91 cm s. Literature suggests that a narrowing of a vessel lumen
increases blood flow velocity (Jin, Hwang, & Cho, 2017).

In the twelve month postoperative period the peak blood flow velocity in
systole in the middle of the prosthesis for the dogs in group B had increased by
79.68+13.11 cm st and was on average 214.15+15.39 cm s (p>0.05). Changes
in the peak blood flow velocity in systole six to twelve months after the
implantation in group B dogs were not significant either (p>0.05).

Other studies have found a similar tendency in humans, where 6 months
after the reconstruction of an endovascular abdominal aneurysm, peak blood
flow velocity in systole at the reconstructed segment had increased by
33.00 cm s (from 131.104£35.70 cm st to 164.10+23.30 cm st respectively)
(Kadoglou et al., 2012) and by 41.20+3.30 cm s* 12 months after a similar
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procedure (Kadoglou et al., 2014). Our results differed numerically from this
study, but this was due to the fact that the difference between the abdominal
aorta and the diameter of the prosthesis used in our study was probably higher.

In the six month postoperative period, peak blood flow velocity in systole
in the abdominal aorta cranial to the prosthesis decreased in group A on
average by 9.31£17.32 cm s (p>0.05) and was 107.41+20.58 cm s?, but in
group B it decreased on average by 63.94+10.13 cm s*(p>0.05) and was
70.53+2.75 cm s,

In the twelve month postoperative period peak blood flow velocity in
systole in the abdominal aorta cranial to the prosthesis decreased in group B on
average by 68.45+11.14 cm s}(p>0.05) and was 69.95+4.88 cm s™. In group B
it was concluded, that the decrease in peak blood flow velocity in systole was
greater during first 6 months after the surgery than in the 6 to 12 month
postoperative period, but in both cases changes were not statistically significant
(p>0.05).

In the six month postoperative period peak blood flow velocity in systole in
the abdominal aorta caudal to the prosthesis increased in group A on average
by 71.41£35.88 cm s (p>0.05) and was 188.13+35.71cm s, but in the group
B it increased on average by 117.68+29.90 cm s (p>0.05) and was
252.15+19.67 cm s

In the twelve month postoperative period peak blood flow velocity in
systole in the abdominal aorta caudal to the prosthesis increased in group B on
average by 74.07+22.74 cm s? (p>0.05), and was 212.47£16.52 cm s*. In
group B dogs, the peak blood flow velocity in systole from 6 to 12 months after
implantation had a tendency to decrease by an average of 39.68 cm s*
(p> 0.05).

In our case, implanted prostheses formed a narrowed segment in the
abdominal aorta, and therefore caused a decrease in the peak blood flow
velocity in systole cranial from the prosthesis and an increase caudal from the
prosthesis. As the blood flowed through the aortic prosthesis, it obtained a
flow-rate acceleration, which continued in the aorta caudal from the prosthesis.
A similar increase in the peak blood flow velocity in systole for dogs is
observed caudal from congenital aortic stenosis near the basis of the heart
(Bonagura & Fuentes, 2015; Garncarz, Parzeniecka-Jaworska, & Szalus-
Jordanow, 2017).

The main factor determining the blood flow velocity in the aorta is its
diameter (Klein, 2013; Szatmari, Sétonyi, & Voros, 2001). We also found such
a correlation in our study using correlation analysis of Pearson. We found a
moderate negative correlation between blood flow rate and aortic diameter
cranial from the prosthesis and between peak blood flow velocity in systole and
aortic diameter in the middle of the prosthesis (correlation coefficients:
r =-0.513, p<0.001 and r = - 0.504, p<0.001 respectively). Moderate negative
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correlation was also found between the diameter of the prosthesis and the peak
blood flow velocity in systole caudal from the prosthesis (r = - 0.50, p<0.001).

In general, it must be noted that in the scientific literature available to us,
studies on changes in blood flow rates in a dog's abdominal aorta after
synthetic blood vessel implantation are scarce.

Necropsy of the dogs and macroscopic examination
of the prosthesis

During necropsy of the dogs, no macroscopic pathological changes were
found in the abdominal organs of four dogs in group A and all the dogs in
group B. In other studies of a similar nature, after the implantation of synthetic
prostheses in the abdominal aorta, there were no macroscopic abnormal
findings in the abdominal organs of various animal species, including dogs
(Bashar et al., 2002; Beygui et al., 1999; Gregory, Vercammen, Flynn, &
Kibbe, 2016; Marc G Jeschke, Hermanutz, Wolf, & Koveker, 1999;
Ueberrueck et al., 2005). However, one dog (H8J4463) showed an increased
size of the colon (megacolon) detected during X — ray and ultrasonographic
examination made earlier. According to S. Gelman, the enlargement of the
colon may have been caused by nerve damage due to tissue trauma or spinal
cord ischemia during the implantation of the aortic prosthesis (Gelman, 1995).

Implanted prostheses for all dogs in groups A and B were completely
incorporated into the abdominal aorta and were surrounded by a fibrous tissue
capsule. A more pronounced and thicker capsule was detected around the
prosthetics for group B dogs. A. KadiSs, in his dissertation, describes a similar
finding when, after six months of implantation of polyesters and polyurethane
vascular prostheses (similar to those used in this study), thick capsules of
connective tissue were found around the prostheses (Kadiss, 2005). A thick
connective tissue capsule that enclosed a polyester aortic prosthesis 6 months
after the implantation has also been detected in dogs by Marois et al. (1996).

In both groups of dogs, the prosthetic lumen was empty with a smooth and
glossy inner surface, indicating that the prosthetic lumen had sustained
functioning status. Similarly, other scientists, such as Izhar et al. (2001) found
that three months after the implantation of 6 mm diameter segmented polyester
polyurethane prostheses in the carotid arteries of dogs, the lumen of the
prosthesis stayed free in 100% of cases (Izhar et al., 2001). Marois et al.
(1996), six months after implantation of polyester prostheses in the thoracic
and abdominal aortas of dogs, found the lumen free and a white, smooth, shiny
internal surface of the prosthesis in all the dogs. However, it should be noted
that Ueberruekt et al. (2005) has published data on polyester prostheses
implanted in the abdominal aorta of pigs and in the carotid arteries of sheep,
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which shows that in 16.3% of cases three months after the implantation
occlusion of the prostheses was observed.

During the necropsy, in two dogs (H9C0439 and H9A0069) from group B,
a unilateral aneurysm of the aortic prosthesis wall was confirmed, which was
also detected ultrasonographically earlier. These dogs also had the highest
maximum blood flow rate in systole when compared to other dogs. This
probably contributed to the formation of the aneurysm in the wall of the
prosthesis. The causes of aneurysms include a reduction in the strength of the
prosthesis wall in a biologically active medium (inflammation process)
(Francesco et al., 2016) and in high pressure conditions (Nappi et al., 2016). In
medicine, the development of aneurysms and pseudoaneurysms after aortic
reconstruction with synthetic material prosthesis are found in 6% of cases
(Nishida, Tabata, Fukui, & Takanashi, 2016).

Histological examination of the prosthesis

In our study, when histologically examining the prostheses of dogs in both
groups, neointima was smoothly covering the internal surface of the prosthesis
and a thickening of neointima was observed only in the joints of the prosthesis
wall with the abdominal aorta. Similar results were found in other authors'
studies. For example, complete covering of prosthesis wall with neointima and
its thickening in the anastomotic sites in dogs and pigs have been observed
three months after the implantation (Sun et al., 2001; Ueberrueck et al., 2005).

In group A, the thickness of the neointima in cranial anastomosis was
84.56+4.59 um, in the middle of the prosthesis 62.36+£5.06 um and in caudal
anastomosis 132.3849.26 um. Dogs in group B had a thicker layer of
neointima (p<0.05): 88.80+7.58 um, 104.39+7.62 pm, 133.41+£11.19 um
respectively (Figure 4).

In literature, similar studies show thicker measurements of neointima. For
example, Wu et al (1997) implanted polyester prostheses in the abdominal
aorta of dogs and after 2 months found the thickness of the neointima in the
cranial anastomosis was 100 um, in the middle of the prosthesis 180 um and in
the caudal anastomosis 175 um and these indices did not change significantly
after 3 years (Wu et al., 1997). Sun et al. (2001) has detected up to
570+150 pum thickness of neointima three months after the implantation of
various polyester prostheses in the abdominal aorta of dogs. In our case, the
formation of neointima should be considered positively, since its thickness was
less pronounced than in the examples above.

In our study, the formation of hyperplasia of neointima in the anastomotic
sites could be influenced by the type of continuous sutures used, but the use of
these sutures was necessary in saving total surgery time and thus decreasing the
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time of ischemia. For this reason, when connecting blood vessels, continuous
sutures are used in medicine (Tiwari et al., 2003). The use of knot sutures shows
a lesser degree of hyperplasia of neointima, but significantly increases the time
of joining the aorta and prosthesis, thus increasing the risk of postoperative
complications (Lemson et al., 2000).

The thickness of the prosthesis wall in pm for group B dogs was
significantly higher when compared to group A dogs (Figure 5.). Other
scientists have not detected this kind of difference. For example, Seifalian A. et
al (2003) found there were no significant differences in the thickness of the wall
of poly (carbonate—urea) urethane prostheses during 18 months after
implantation in the abdominal aorta of dogs. An increase in the thickness of the
prosthetic wall in our case could have been caused by the material and
technology used to make prostheses.

In dogs in both groups (6 and 12 months after the implantation) a collagen
deposit between prosthetic threads across the wall thickness was detected. A
similar collagen deposit in the entire cross—sectional area of the vascular
prosthesis has also been observed in other experiments 6 weeks, 18 and 36
months after the implantation (de Valence et al., 2012; Mugnai et al., 2013,
Seifalian et al., 2003; Wu et al., 1997).

When evaluating the amount and location of inflammatory cells in
histological preparations, we found that 6 months after implantation of the
aortic prosthesis (group A), there was mild and moderate inflammations in the
wall of the prostheses, but after 12 months (group B) a severe inflammation in
the wall of the prostheses (Figure 6). Similarly, Karapinar et al. (2004) detected
moderate inflammation six months after implantation of polyurethane vascular
prostheses in dogs. However, Bashar et al. (2002) even after 12 months of
implanting a polystyrene and stainless — steel stenting in the abdominal aorta of
a dog found only moderate inflammation. Conversely some scientists found a
severe inflammation in polyester prostheses early in the postoperative period
(Aboshady et al., 2012; Orenstein et al., 2012). For example, 2 weeks after
implantation of a polyester prosthesis in an abdominal aorta of a pig, a medium
to severe degree of inflammation in the wall was detected (Aboshady et al.,
2012). The intensity of inflammation in the prosthesis wall, in our case, could
also be affected by the composition of the prosthesis wall and impregnation of
the prosthesis with gelatin, as indicated by the results of other studies (Meyer et
al., 2015; Shindo et al., 2008; Wilhelm et al., 2007).

Group A showed a moderate macrophage infiltration between the prosthetic
threads, but the number of macrophages in group B animals was higher than in
group A. In contrast, the number of foreign body giant cells in the prosthetic
wall did not differ between the dogs in groups A and B, and foreign body giant
cells had a tendency to gather around the threads of synthetic material. In a
different study, where polyester prostheses were implanted in the abdominal
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aorta of pigs, pronounced macrophage (indicated as +++) and small foreign
body giant cells infiltration (indicated as +) were detected in the wall of
prostheses 2 weeks after implantation (Aboshady et al., 2012). In other similar
experiments with animals, the presence of foreign body giant cells and
macrophages in polyester prostheses were detected three months after
implantation in the aortas of the animals, but the authors did not mention the
intensity of macrophage infiltration (de Valence et al., 2012; Scott, Barth,
Gaddy, & Ahl, 1994).

It has been shown in literature that the presence of macrophages and
foreign body giant cells in the area of inflammation between the synthetic
polymer threads is usually detected within the first 4 weeks after implantation
of a prosthesis. The presence of mentioned cells between the synthetic polymer
threads can last for months, and is considered to be a characteristic
phenomenon (Sigler et al., 2005). In humans, 1 to 6 years after implantation of
polyester prostheses, there was a significant increase in the number of
macrophages, foreign body giant cells and lymphocytes in the wall of the
prostheses, indicating chronic, severe and very severe inflammation in the
prosthesis wall (Olofsson et al., 1995).

A and B group dogs’ preparations showed steady, moderate lymphocyte
infiltration between prosthetic threads, as well as lymphocyte aggregations
with high cellular density in the periphery of the prosthesis wall. Aboshady et
al. (2012) found that moderate lymphocyte infiltration in the prosthesis wall is
detected as early as 2 weeks after the implantation of the polyester prosthesis in
the aorta of a pig. Lymphocyte infiltration in the vascular prosthesis is usually
observed from the first week after implantation and may remain in the
prosthesis wall for up to 50 months after implantation (Schwartz & Henry,
2002). In our study, the lymphocyte localization in the periphery of the wall
coincides with the location of the lymphocytes described in the literature in the
case of implantation of vascular prostheses and indicates a preserved
inflammatory stimulant (Sigler et al., 2005).

Significant neutrophil leukocyte infiltration was observed in two dogs in
group B (H9D0577, H8K4571), which could indicate the possible presence of
infection. Aboshady et al. (2012) reported an increase in the amount of
neutrophils in the prosthesis wall caused by an artificially infected prosthesis.
Bellows et al. (2012) has also found an increase in the number of neutrophils in
a prosthesis artificially infected with biological material. In clinical medicine,
the presence of infection of vascular prostheses in the postoperative period is
described in 5% of cases (Aboshady et al., 2012).

76



The intensity of the positive structures of the
immunohistochemical markers in the prosthesis wall

In group A prostheses tissue, the positive structures of 1L10 were observed
relatively evenly between prosthetic threads in macrophage and lymphocyte
infiltration sites. A moderate quantity of IL10 — positive structures were
detected in the field of view. In the layer of neointima of the prosthesis and in
the connective tissue capsule, the positive structures of IL10 were less
pronounced. In group B prosthesis tissue, the distribution of positive structures
of IL10 were similar to those of group A, but their quantity in group B was
relatively lower than in group A (Figure 7).

The decrease in IL10 by implantation of thermoplastic polyurethane
prosthesis in the abdominal aorta of a rat has also been reported by Brodbeck et
al. (2003).

In group A prostheses, IL1ra—positive structures predominantly appeared
between prosthetic threads. The quantity of ILlra—positive structures was
relatively higher compared to IL10, but, nevertheless, IL1ra expression was
defined as a moderate quantity of positive structures in the field of view. In
group B prostheses, the positive structures of ILlra appeared between
prosthetic threads and were relatively less in quantity than in group A. The
quantity of positive structures of IL1ra in group B prostheses was lower than
IL10, but IL1ra expression was still defined as a moderate quantity of positive
structures in the field of view.

It has been shown that the intensity of expression of IL10 and IL1ra is also
determined by the type and coating properties of implanted synthetic vascular
prosthesis material (Brodbeck et al., 2003).

In vivo studies describe that IL1lra deficiency promotes hyperplasia of
neointima after vascular injury (Isoda et al., 2003; Mazighi et al., 2004; Raines
& Ferri, 2005). Our results show a similar connection as there was a moderate
negative correlation between the amount of positive IL1ra and SMC-actin
positive structures (r = - 0.43; p<0.01).

In our study, the positive structures of TNF—a were relatively evenly spread
between prosthetic threads and their bundles, as well as in the capsule tissue.
The higher quantity of positive structure of TNF—a was in the aggregates of
macrophages and lymphocytes. In group A prostheses, the quantity of positive
structures of TNF—a were relatively similar to that of IL1ra and were evaluated
as a moderate quantity of positive structures in the field of view (Figure 7). In
group B prostheses, a severe quantity of TNF-a positive structures were
detected in the field of view and it was a significant increase compared to that
found in group A prostheses (p<0.05) (Figure 7). Very severe quantity of
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positive structures were found in preparations with high neutrophil leukocyte
infiltration.

Similarly, a significant increase in the severe quantity of positive structures
of TNF-o in the wall of the prosthesis was observed one month after the
implantation of the polyurethane prosthesis in the abdominal aorta of a rat,
when compared to the positive structures of TNF-a one week after
implantation of the prosthesis (Enayati et al., 2016).

In this study the expression of the pro— and anti—inflammatory cytokines in
the prostheses of dogs from group A was equal. This may indicate that the
immune system has the capacity to suppress the inflammation by inhibiting the
pro-inflammatory cytokines and the classical activation of macrophages. Six
months after implantation, the inflammation in the prosthesis wall was
sufficiently suppressed by anti-inflammatory cytokines. However, at
12 months, the inflammatory activity was more pronounced as found by the
decrease in anti-inflammatory cytokines and an increase in pro—inflammatory
cytokines.

This is also indicated by the positive and statistically significant correlation
between the quantity of positive structures of the TNF—a and the inflammation
class (r = 0.24; p<0.05) and between the TNF-o and the number of
macrophages in the prostheses tissue (r = 0.26; p<0.05), as well as negative
weak, but statistically significant correlation between quantity of positive
structures IL1ra and inflammation class (r = - 0.25; p<0.05) and between an
average amount of macrophages in the prostheses tissue (r = - 0.30; p<0.01).

Increased release of TNF—a from polyurethane activated macrophages has
also been shown in another study that determined the effect of polyurethane on
macrophage activity (Ma, Petit, Yahia, Huk, & Tabrizian, 2002).

The literature shows that the inflammatory response, namely macrophages,
lymphocytes, giant foreign cell infiltration, TNF—a, IL10 and IL1ra secretion, is
a characteristic reaction of the immune system, resulting from the implantation
of a synthetic material prosthesis (Anderson & Jiang, 2017; Anderson et al.,
2008; Kzhyshkowska et al., 2015; Sheikh et al., 2015; Velnar et al., 2016).

Positive structures of VEGF in the prostheses wall in bough groups were
between synthetic threads, occasionally in the connective tissue capsule and
adjacent blood capillary endotheliocytes. In group A prostheses, the quantity of
VEGF positive structures in the field of view was assessed as moderate. In
group B, positive VEGF structures were denser and defined as close to severe
quantity of VEGF positive structures in the field of view.

Similarly, an increase in VEGF positive structures was also found by testing
the thermoplastic polyurethane prosthesis in the abdominal aorta of a rat
(Enayati et al., 2016).
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In our case, the amount of VEGF positive structures found in group B dogs
prostheses suggests the ongoing tissue hypoxia in the prosthesis wall, as other
authors point out as well (Greenberg et al., 2008; Kendall & Feghali-Bostwick,
2014; Kwee & Mooney, 2015).

The increase in VEGF in the group B dogs prostheses is believed to have
been promoted not only by localized hypoxia, but also by the chronic
inflammation process in the prostheses wall, as many scientists point out that
VEGF secretion is also triggered by inflammatory cells and cytokines
(Boersema et al., 2016; Camaré et al., 2017; Carmeliet & Jain, 2011; Kwee &
Mooney, 2015; Liu et al., 2014; Scaglione et al., 2011). In our case, between
the positive structures of TNF—a and VEGF, we found a positive weak but
statistically significant correlation (r = 0.28; p<0.01).

It is known that VEGF also promotes smooth muscle cell proliferation
(Parenti, Bellik, Brogelli, Filippi, & Ledda, 2004), which was observed in our
study as a positive correlation between the quantity of VEGF and SMC-actin
positive structures (r = 0.31; p<0.01).

In our study, SMC-actin in the aortic prostheses wall mostly appeared in
the basal layer of the neointima and in the capsule of connective tissue. Positive
marking of SMC-actin was also found in the endothelial cell nuclei of the
neointima, as well as in capillary endotheliocytes near the capsule. In group A,
a moderate quantity of SMC-actin positive structures in the field of view was
found (Figure 7), while in group B the quantity of SMC-actin positive
structures in the field of view found was determined as severe (Figure 7).

Other studies have found SMC-actin in the neointima soon after aortic
prosthetic surgery. For example, in the combined prosthesis of polyester and
polytetrafluoroethylene implanted in the abdominal aorta of a dog, the
SMC-actin positive structures in the neointima of the prosthesis was unevenly
visible 4 weeks after implantation (Bhattacharya et al., 2000), but in the
polyester prosthesis — 8 weeks after implantation (Wu et al., 1997). However in
rats, 4 weeks after the implantation of the polyurethane prosthesis in the
abdominal aorta, the smooth muscle cells of the basal layer of the neointima, as
well as the nucleus of the endothelial cells which covered the neointima in one
layer, were SMC-actin positively marked (Jeschke et al., 1999; Zhang et al.,
2004). We evaluate positively the fact that in our study the nucleus of cells that
covered the entire inner surface of the prosthesis were SMC-actin positive.
This confirms that these cells are indeed endothelial cells, as described by
researchers Kim et al. (2014) and Ueberrueck et al. (2005). The intense
presence of SMC—actin in the neointima could have contributed to an increase
in the thickness of the neointima of prostheses in dogs in group B and suggests
active proliferation of smooth muscle cells, as described by Curcio et al (2011)
and Filipe et al., (2018).
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When  comparing the quantity of positive structures  of
immunohistochemical markers detected in aortic prostheses wall between
groups A and B, we found a significant increase in the positive structures of
TNF-a, VEGF and SMC-actin in prostheses wall of dogs in group B (p<0.01).
However, the quantity of IL1ra positive structures in group B prostheses was
significantly smaller (p<0.01), and a significant difference in the amount of
IL10 positive structures in groups A and B was not observed (p>0.05).

In medicine, various types of prosthetic coatings, as well as
immunosuppressive and inflammation inhibiting drugs, are used to control
post-surgical inflammatory response to a foreign body (Brodbeck et al., 2003;
Chen et al., 2005; Chong et al., 2015; Kzhyshkowska et al., 2015; Mazighi et
al., 2004). In our study, such medications were not used in the postoperative
period.

To conclude, a comprehensive and complex evaluation of the effects on the
body of abdominal aortic prostheses implanted in dogs has been performed.
The combined results of clinical, visual, histological and immunohistochemical
investigations generally indicate a successful integration and functioning of the
aortic prostheses tested in the abdominal aorta of dogs during the study.
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CONCLUSIONS

By performing an experimental evaluation of the biointegration of the
aortic prosthetic composite material produced by RTU in the dog's abdominal
aorta 6 and 12 months after the implantation of this prosthesis, we conclude:

1. The implanted prosthesis in the abdominal aorta did not cause (clinically
detectable) vascular disturbances to the region throughout the postoperative
period and did not adversely affect the overall clinical status of the dogs.

2. The diameter of the implanted prostheses did not change significantly
during the study, however, the peek blood flow velocity in systole in the
prosthesis in group A dogs, significantly increased during the first month
after implantation. Blood flow velocity in the prosthesis tended to increase
throughout the experiment, exceeding the limit of physiological rate, which
could be classified as mild aortic stenosis.

3. During the six and twelve month period after the implantation, the aortic
prosthesis was able to fully incorporate into the abdominal aortic segment
of the dogs and the internal surface of all prostheses was covered by an
endothelium that was thickened in the anastomotic sites (hyperplasia of
neointima developed).

4. Inflammation in the wall of the prosthesis indicated a reaction by the
organism to the foreign body, which increased in the postoperative period
and was characterised mainly by an increase in the number of macrophages.
With increasing numbers of macrophages in the tissues of the prosthesis,
the quantity of inflammation inhibiting markers IL10 and IL1ra decreased,
but the expression of the inflammatory marker TNF—a increased.

5. The increase in relative quantity of VEGF 12 months after implantation
confirms the persistence of hypoxia in the aortic prosthesis wall, while the
increase in the relative amount of SMC-actin indicates an increase in the
smooth muscle cell proliferative activity in the prosthesis wall.

6. In this study, abdominal aortic prosthetics surgery for two dogs was
complicated with the possible presence of infection in the prosthesis wall
and for two dogs aneurysms formed in the prosthesis wall, which in these
two specific cases was associated with an increase in the peek blood flow
velociy in systole in the prosthesis above 235 cm/sec.
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RECOMMENDATIONS FOR PRACTICE

. For experimental and clinical surgical manipulation in the dog's abdominal
aorta, we recommend using a retroperitoneal approach due to its relatively
technical simplicity and ease of use.

In veterinary medicine, when using ultrasonographic examination of the
abdominal organs, we suggest investigating and evaluating the diameter of
the abdominal aorta and the maximum blood flow rate in the systole.

. For the analysis of the inflammatory processes in tissues, we recommend
the use of inflammation mediating and inhibiting cytokines to judge the
activity of inflammatory cells and the ability of the body to suppress the
inflammation process more precisely.

. Further experimental studies on vascular prosthesis are recommended.
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