LATVIJAS UNIVERSITATE
MEDICINAS FAKULTATE

N T
N

D TENS SV

“’m@‘\v AL

PROMOCIJAS DARBS

MORFOLOGISKAS IZMAINAS VEDERA AORTAS ANEIRISMAS
PROKSIMALAJA KAKLINA PEC VEDERA AORTAS
INFRARENALAS ANEIRISMAS ENDOVASKULARAS

ARSTESANAS AR BALONDILATEJAMO ANEIRISMAS MAISA

FIKSETO STENTA PROTEZI

Medicinas nozares un radiologijas apakSnozares

doktora studiju programmas doktorants

Janis Savlovskis

Promocijas darba vaditaji:

Prof. Dains Krievins

Asoc. Prof. Igors Aksiks

Riga 2017



2s ESF Q LATVIJAS
EIROPAS SOCIALAIS UNIVERSITATE
FONDS

EIROPAS SAVIENIBA
IEGULDIJUMS TAVA NAKOTNE

Promocijas darbs izstradats ar Eiropas Sociala fonda atbalstu projekta «Atbalsts doktora
studijam Latvijas Universitaté» Latvijas Universitates asinsvadu kirurgijas katedra un diagnostiskas

radiologijas institlita no 2011. gada lidz 2016. gadam.

Darba zinatniskais vaditaji:

Profesors, Dr. med. Dainis Krievins, Latvijas Universitate

Asociétais profesors, Dr. med. Igors Aksiks, Latvijas Universitate

Darba recenzenti:

1) Dr. Med. Maija Radzina, Latvijas Universitate
2) Dr. med. Péteris Prieditis, Rigas Stradina Universitate

3) Profesors, Dr. med. Hubert Schelzig, Diseldofas Universitate. Vacija



Darba izmantotie saisinajumi
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Anotacija latvieSu valoda

Védera aortas aneirisma ir patologija, kas skar ap 4,8 % populacijas. Katru gadu 5-10
gadijumos no 100 000 sastopams §is patologijas potenciali fatals sarezgijums — aneirismas plisums.

Attistoties endovazalajam tehnologijam, arvien plasaku atzinibu guvusi mazinvaziva alter-
nativa val€jai védera aortas operacijai — védera aortas aneirismas endoprotezéSana. Izmantojot So
metodi, samazinas perioperativa morbiditate un mortalitate. Lai sekmigi izmantotu konvencionalo
pasizpletoSo aortas endoprotézi, nepiecieSams, lai védera aortas segments tiilit zem nieru art€rijam,
tatad aneirismas proksimalais kaklins, batu neizmainits. Proksimala kaklina degeneracija, ierices
dislokacija vai aortas konfiguracijas izmainas var ietekmét endoprotézes mehanisku fiksaciju
aneirismas proksimalaja kaklina, veicinot aneirismas maisa rekanalizaciju, tadéjadi radot aneirismas
plisuma risku.

Lai izvairitos no Siem riskiem, tika radita jauna aortas endovaskularas ierices koncepcija, ko
veido divas neatkarigas balondilat§jamas endoprotézes (BDE) ar hermétiskiem polimé&ru pilditiem
maisiem. Endoprotézes balsta funkciju Sai gadijuma pilda polimers, kas mehaniski aizpilda aortas
aneirismas maisu, mehaniski to fiks€jot un izslédzot no asins cirkulacijas.

Darba mérkis bija védera aortas aneirismas proksimala kaklina apvidus morfologisko izmainu
noteikSana péc arstéSanas ar BDE un pasSizpletoSo nitinola endoprotézi, ka ari BDE pozicijas
stabilitates izvérteéSana ilgtermina.

Petijuma tika analiz€tas 135 pacientu prospektivi uzkratas datortomografijas, kas veiktas
pirms arst€8anas un noteiktos periodos péc arstésanas laika perioda no 2008. Iidz 2015. gadam. Pa-
cienti no tris valstu medicinas centriem tika iesaistiti agrina BDE kliniskaja izpété. Kontrolei tika
izmantoti 56 pacienti ar implantétam pasizpletosam aortas endoprotezém.

Svarigakais parametrs — aneirismas proksimala kaklina paplasSinasanas péc BDE implantacijas
ir dabiska, saistita ar novecoSanos. Tas paplasinas par 0,22 mm gada, tatad par 4-5 reizém mazak
neka péc arst€Sanas ar paSizpletoSu aortas stentu. PEc BDE implantacijas bija vérojamas arT citas
izmainas, pieméram, aneirismas proksimala kaklina pagarinaSanas par 1,46 mm gada un
suprarenala aortas lenka palielinaSanas vidgji par 1,2° gada. Savukart infrarenalaja limeni, kur BDE
ar apkart esoSajiem poliméru pilditajiem maisiem nosedza védera aortu, lenkiskas izmainas bija
niecigas un neparsniedza 1° gada.

Endoprotezes distala dislokacija atseviskos gadijumos bija sasniegusi robezveértibu 10 mm,

kas trakt€jams ka endoprotézes migracija. lerices migracijas prevalence pacientiem ar t€rauda BDE



5 gadu laika bija 1idz 6,1 %. ST atradne noraida darba hipotézi, ka BDE nav paklauta distalai migra-
cijai.

Pétijuma rezultati liecina, ka BDE nerada paatrinatu proksimala kaklina degeneraciju un
paplasinasanos, kas ir biitisks aspekts BDE koncepcijas izmantoSanai ilgtermina. Tomeér ierices
pozicijas stabilitate nav absoliita, kas pamato nepiecieSamibu ieviest izmainas BDE ierices kon-

strukcija, lai mazinatu tas migracijas risku nakotné.



Anotacija anglu valoda

Abdominal aortic aneurysm is the pathology with 4.8% high prevalence and fatal rupture
rate—5-10 cases per 100 000. The screening programs and preventive treatment significantly re-
duces rupture rate. The conventional open surgical repair of aneurysm is progressively replaced by
endo-vascular treatment which demonstrate lower perioperative mortality and morbidity. The domi-
nating aortic endoprosthesis design concept remain unchanged for few last decades and is based on
blood flow isolation from diseased segment of aorta by synthetic material-covered nitinol stent
fixed pri-mary by continuous radial force applied on the healthy infrarenal proximal neck and
common iliac artery, leading to progressive proximal neck dilatation. The key for successful long-
term endovascu-lar treatment is intact proximal neck which in real life usually is bended, short,
covered with mural thrombi and excessive amount of calcium. All these factors negatively impact
the stability of device fixation and in case of device malposition, dislocation or migration may
cause endoleak, aneurys-mal sac reperfusion and rupture. To avoid these complications the new
concept of endovascular aortic endoprosthesis was proposed and clinically tested since 2007 in 3
clinical centers including Latvia. The new concept endoprosthesis consists of dual, balloon-expand-
able stents (BES), surrounded by polymer-filled endobags, which directly obliterate the aneurysm
sac and maintain endograft position. The positional stability of device does not rely on continuous
excessive proximal and distal radial force. The purpose of dissertation is to evaluate the mid-term
and long-term changes of the proximal aneurysmal neck (bending, elongation, dilatation) and de-
vice positional stability within the proximal neck after infrarenal aortic aneurysm treatment with
BES.

The study population included 135 patients with infrarenal abdominal aortic aneurysms who
underwent elective treatment from 2007 at one of three clinical sites using BES endografts (5 pa-
tients from Venezuela, 60—from Latvia and 70—from New Zealand). All of them had preimplant
and prospectively collected postimplant contrast enhanced computed tomography scans CT imaging
studies with median follow-up period 2.1 year (0.7-5.3 year). BES patients were compared with 56
patients treated with modern conventinal design self-expandable aortic endoprostheses collected
retrospectively from Utreht, Netherlands.

The neck dilatation after treatment with BES was up to 0.22 mm/year that is close to natural
age-related aortic dilatation and 4-5 folds lower than neck dilatation after implantation of self-ex-

pandable aortic stents (ANCOVA p<0.00001). The neck elongation and angular deformation was



minor with no significant clinical impact. The device distal migration up to 6% per 5 years is cur-

rently the main factor limiting device selection for aortic aneurysm repair.
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1. Ievads

Darbs veltits konceptuali jaunas aortas endoprot€zes izpétei, kuras uzblive un fiksacijas
mehanisms biitiski atikiras no citam aortas endoprotézém. S1 balondilatéjama endoprotéze (BDE)
tiek fiks€ta asinsvados ar hermétiskiem maisiem, kas operacijas laika tiek piepilditi ar polim&ru.
Venecugla, Jaunzeélande un Latvija ir pirmas valstis pasaul€, kur kop$§ 2008. gada §1 jauna tipa endo-
protéze tiek plasi lietota kliniskaja prakse védera aortas aneirismas endovazalajai arstéSanai. Darba
izmantoti visu So medicinas centru prospektivi apkopotu datortomografijas angiografiju dati.
Promocijas darbs veltits morfologisko izmainu analizei intakta védera aortas segmenta talit zem
nieru art€riju atzarosanas Itmena, ta dévetaja proksimalaja kaklina. Proksimalais kaklin$ ir kri-
tiskaka vieta, tapéc no ta, cik precizi un stabili endoprotéze Seit fikseta, liela mera atkariga efektiva
aneirismas maisa izolacija no asins plismas, tatad — arT arstéSanas efektivitate Istermina un ilgter-
mina.

Darba rezultata giitas atbildes uz vairakiem jautajumiem, kas Sobrid, kad aortas maisa fik-
séta endoprotéze ir komerciali pieejama visa pasaul€, lauj noteikt drosakus krit€rijus pacientu atla-
sei, pamatot novérotas praktiskas izmainas, ieviest jaunas radiologisko analizu metodes gan pacien-
tu atlasei pirms arstéSanas, gan pacientu noveéroSanai péc operacijas, ka arT pamatot nepiecieSamas

izmainas paSas aortas endoprotézes uzbive.
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2. Literatiiras apskats

2.1. Védera aortas aneirismas patologijas vésturiskie aspekti

Védera aortas aneirismas (AAA) patologija ir pazistama vairak neka 3000 gadu. Grieku
izcelsmes vards “aneirisma” (gr. avevpooua) tiesa tulkojuma nozimé “paplasinajums” (Saunders,
1994), un senakais mums zinamais artefakts, kur tika miné&ta $1 patologija, ir seno &giptieSu Ebersa
papiruss, kas datgjams ap 1500. gadu pirms misu &ras, kur tieck minéts, ka “arteriju audz&jus var
izarstét tikai magija” (Lippi, 1990). Ka v&l viens nozimigs vésturisks artefakts ir jamin indieSu
kirurga SaSrutas (Susruta, ap 800—600 gadu pirms miisu €ras) mediciniska gramata “Sushruta
Samhita”, kuras 18. nodala tieck minéta aneirisma jeb “Granthi” ko “var izarstét ar lielam griittbam”
(Bhishagratna, 1963).

Senas Romas kirurgs Antils tiek uzskatits par pirmo, kas veica védera aortas aneirismas
kirurgisko arstéSanu. Vina metode ietvéra laparotomiju pa vidusliniju, aortas proksimalo un distalo
ligéSanu, aneirismas maisa centralo inciziju un trombotiska materiala evakuaciju. Gramata “De
Vosorum Dilatatione”, ko 7. gadsimta sarakstijis Aecijs no Amidas (lat. 4Aétius Amidenus), ir aprak-
stita védera aortas aneirismas attistiba un arstésana, kur tiek papildinata Antila metode — p&c trom-
botiska materiala evakuacijas aneirismas maisu bija jauzpilda ar viraku un garSvielam, lai veicinatu
strutu veidoSanos, jo pastav€ja uzskats, ka strutas sekmé briices dziSanu. Ar laiku, sakot vairak
izprast briices dziSanas procesu, cilvéki atgriezas pie Antila metodes, un védera aortas aneirismas
kirurgiska arsté$ana palika gandriz nemainiga lidz devinpadsmita gadsimta beigam (Wilton, 2012).

Lidz ar Renesansi attistijas ari aortas morfologijas izpratne. Andreass Vezalijs (1514.—
1564. gads) 1543. gada Bazel€ publicgja slaveno, uz liku preparéSanu balstito “De Humani Cor-
poris Fabrica”, bet 1555. gada pirmo reizi precizi uzstadija diagnozi “vedera aortas
aneirisma” (Moore, 1987). Sakot no 19. gadsimta sakuma, tika veikti ar1 vairaki plisusas aortas
aneirismas kirurgiskas arstéSanas méginajumi. Ta 1817. gada anglu kirurgs Estlijs Partons Kipers
caur retroperitonealu pieeju veica aortas bifurkacijas ligéSanu, 1864. gada britu kirurgs C. H. Mirs
piedavaja ievadit aortas aneirisma sudraba, dzelzs, terauda vai vara stieples ar mérki izraisit trom-
bozi, bet 1879. gada Alfonso Korradi no Pavijas méginaja panakt asins koagulaciju aneirismas
maisa, caurdurot to ar metala stieplem un pievadot elektrisko stravu (Thompson, 1998). Visas §is
metodes skaidru iemeslu dé€] nebija efektivas. Pirmo sekmigu abdominalas aortas aneirismas rezek-

ciju ar homografta aorto-iliakalu SunteSanu 1951. gada veicis Carlzs Dubosts Parizé. Homografts
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tika parstadits no 20 gadu vecas sievietes, kas eksiteéja 3 nedélas pirms operacijas. Pacients péc op-
eracijas nodzivoja 8 gadus un nomira miokarda infarkta d&] (Friedman, 2001).
Jauna @ra kirurgiska védera aortas aneirismas arstéSana sakas lidz ar sintétisko arterialu protézu
plasu ievieSanu. 1952. gada Arttrs Vorhis veica pirmo aortas aneirismas rezekciju ar protézi, kas
bija izveidota no materiala vinjona-N, ko izmantoja izpletnu razoSana. Velak protézu izgatavoSana
tika izmantoti vairaki citi materiali ar labaku biosavienojamibu — dakrons, politetrafluoretiléns u.c.
(Hertzer et al., 2002; Williams, 2008).

1990. gada 7. septembri Huans Carlos Parodi ar savu komandu Buenosairesas Kardio-
vaskularaja institiita Argentina veica pirmo endovaskularo védera aortas aneirismas arstésanu (Par-
odi et al., 1991). Jau 2006. gada védera aortas aneirismu endovaskularas protezéSanas tika veiktas

biezak neka valgjas kirurgiskas operacijas (Friedman, 2001).

2.2. Vedera aortas aneirismas slimibas definicija

Védera aortas aneirismas slimiba ir patologiska aortas dilatacija. 1965. gada Steinbergs un
Steins public€jusi darbu, kura, analiz€jot aortografijas, noteikti normalas védera aortas diametri
(Steinberg et al., 1965). Pamatojoties uz dubulto standartdeviacijas novirzi no vid€ja, vini noteica
robezvertibu starp normalu aortu un ektatisku 30,0 mm Iimeni (Steinberg and Stein, 1966). Piené-
mums, ka védera aorta ar diametru, kas lielaks par 30 mm, uzskatama par patologiski paplaSinatu,
guvis plasu atzinibu (Wanhainen, 2008), tacu Sai definicijai ir ar1 trikumi. Aortai ir tendence leéni
paplasinaties visa cilvéka dzives laika, un virieSiem ta vid€ji ir plataka neka sievietém. Ar1 dazadas
cilveku populacijas aortas normalais izmérs atSkiras (Laughlin et al., 2011; Joh et al., 2013). Lai
risinatu §1s neprecizitates, Starptautiska Kardiovaskularo kirurgu asociacija savas vadlinijas defingja
vedera aortas aneirismu ka infrarenalu aortu ar diametru, kas 1,5 reizes parsniedz normu (Johnston
et al., 1991). Tomér $adas definicijas lietoSana praks€ ir problematiska, jo Iidz 60 gadu vecumam
infrarenala védera aortas segmenta diametrs virieSiem ir 19,3 mm, bet sievietém — 16,7 mm (Rogers
et al., 2013). Savukart infrarenalas aortas diametrs 70 gadu vecuma virieSiem vidgji veido 24,0 mm,
bet sievietem 22,0 mm (Wanhainen, 2008). Lidzigi rezultati ir guti arT citos petfjumos (Grimshaw
and Thompson, 1997; Hager et al., 2002; Joh et al., 2013). Par zinamu kompromisu var uzskatit
2008. gada publicéto Dr. Vanhainena darbu, kur veselas aortas augseja diametra robeza izskait]ota,
pamatojoties uz infrarenalas aortas dubultas standartdeviacijas slieksni, un virieSiem ta ir 30,0 mm,

bet sieviettm 27,0 mm (Wanhainen, 2008).
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2.3. Védera aortas aneirismu tipu klasifikacija

Pastav vairaki védera aortas aneirismu veidi — atkariba no védera aortas segmenta iesaistitas
patologijas. Infrarenalas aneirismas skar védera aortu zemak par apak$€jas nieru artérijas
atzaroSanas ltmeni. Jukstarenalas aneirismas sniedzas lidz nieru arterijas ostijas apak$&jai malai
(Crawford et al., 1986; Ayari et al., 2001), bet pararenalas — ieklauj arT aortas sieninu virs nieru
artérijam (Jean-Claude et al., 1999).

Lielaka dala — aptuveni 80 % no v&dera aortas aneirismam — ir infrarenalas. Jukstarenalo
aneirismu prevalence ir mérama 15-16 % limeni (Taylor et al., 1994; Sarac et al., 2002), savukart

pararenalo aneirismu — 5-6 % limen1 (Jean-Claude et al., 1999).

2.4. Aortas morfologiskas izmainas saistiba ar fiziologisku novecosanas procesu

Aorta ir lielaka arterija cilvéka kermeni, un visu dzives laiku ta paklaujas ievérojamam
hidrodinamiskam stresam. Rezultata fiziologiskas novecosSanas rezultata aorta rodas vesela virkne
mikro- un makroskopisku izmainu.

Histologiskas izmainas aortas sienina izpauzas ar cistisku medialu nekrozi, ko definé ka
mukoida materiala uzkraSanos sienina, elastina proporcijas mazinasanos un fragmentaciju (Toda et
al., 1980), fibrozi, kas manifestgjas ar kolagéna uzkrasanos un gludo miocitu skaita samazinasanos
(Greenberg, 1986), ka arT medionekrozi, kas izpauzas ka laukumi ar manamu kodolu iztrikumu
Stnas (Schlatmann and Becker, 1977).

Aortas fizikalas 1paSibas lielakoties nosaka elastina un kolagéna daudzums un proporcijas.
Elastina saturs torakala un abdominala aorta biitiski atSkiras. Torakalas aortas sienina ir 60—84
lamelaras vienibas, bet védera aortas sienina tikai 28-36 (Wolinsky and Glagov, 1969; Halloran et
al., 1995; Humphrey and Taylor, 2008). Novecojot elastina saturs torakala aorta biitiski neizmainas
(Hosoda et al., 1984; Andreotti et al., 1985), bet védera aorta pakapeniski samazinas (Maurel et al.,
1987; Cheuk and Cheng, 2005). Rezultata elastina satura disproporcija starp torakalo un védera aor-
tu ar vecumu pieaug. Vairakos pétijumos ir pieradita arl ievérojama elastina Skiedru fragmentacija,
ko skaidro ar ta mehanisku nogurumu cilvéka dzives laika (Toda et al., 1980; Avolio et al., 1998).
Ar laiku izmainas ari elastina biokimiskais sastavs — tadas aminoskabes ka desmozins un
izodesmozins ir atbildigas par elastina Skiedru savstarp&jo savienoSanos. Cilvékiem lidz 60 gadu
vecumam tas veido 3/1000, bet 86 gadu vecuma — tikai 2/1000 (John and Thomas, 1972). Savukart
elastina un kolagéna savienotaj-molekulas histidinoalanina saturs lidz ar vecumu ievérojami pieaug

(Fujimoto, 1982). So biokimisko izmainu rezultata aortas elasticitate lidz ar vecumu samazinas.

13



Pirma tipa kolagéna saturs torakala un védera aorta biitiski nemainas, bet tresa tipa kolagéna
saturs un ta Skerssavienojumu intensitate kranio-kaudala virziena pieaug. Aortas sienina esoSu
dazadu kolagéna tipu satura izmainu korelacija saistiba ar vecuma izmainam nav pilniba izpétita
(Tsamis et al., 2013), bet ir noskaidrots, ka tresa tipa kolagéna saturs aorta Iidz ar vecumu samaz-
inas (Miller et al., 1993). Lidzigi ar1 kolagéna Skiedru sakartojums aortas tunica media klust arvien
neregularaks (Toda et al., 1980). Pieaug ar1 kolagéna Skiedru Skérssavienojumu daudzums. Tas
notiek gan uz Skerssavienotaj-aminoskabes histidinoalanina koncentracijas pieauguma rékina (Fu-
jimoto, 1982), gan uz glikozilétu un savstarpgji kovalenti savienotu produktu akumulacijas rékina
(Briiel and Oxlund, 1996). Aprakstitie procesi, cilvekam novecojot, aortas sastava eso$o kolagénu
padara stivaku un trauslaku.

Gan torakala, gan ar1 védera aorta ar vecumu paliek plataka (Pearce et al., 1993; Monahan et
al., 2010). Lidz ar datortomografijas metodes plaSu ieviesanu kliniskaja prakse, §is dabigas vecuma
izmainas aorta tika ari detalizéti aprakstitas literatira. Ascend&josas aortas diametrs ik gadu
palielinas par 0,135-0,4 mm (Wolak et al., 2008; Mao et al., 2008), bet torakalas aortas diametrs par
0,14-0,25 mm (Fleischmann et al., 2001; Wolak et al., 2008). Infrarenala aorta pacientiem ar
nelielam nearstétam aneirismam vai pacientiem p&c valgjas kirurgiskas arstéSanas palielinas ar

atrumu lidz 0,58 mm/gada (Sonesson et al., 1994; Liapis et al., 2000).

2.5. Védera aortas morfologiskas izmainas pie aneirismatiskas aortas transfor-
macijas

Histopatologiska atradne védera aortas sienina pacientiem ar aneirismas slimibu ietver $adas
parmainas: medialu atrofiju, neovaskularizaciju, iekaisuma $tinu infiltraciju un intraluminala tromba
veidosanos (Jones, 2011).

Védera aortas aneirismas iniciacijas iemesls nav pilniba noskaidrots. Iesp&jamie etiologijas
faktori ir aortas sieninas iekaisums ar agrinu elastina satura mazinasanos vai aterosklerotiskas plat-
nites ruptira ar tromba izveidoSanos un neovaskularizaciju no vasa vasorum (Alexander, 2004;
Sakalihasan et al., 2005; Humphrey and Taylor, 2008).

Progres€jot védera aortas aneirismas slimibai, tiek noverota intensiva ekstracelulara elastina
un kolagéna degradacija (Amalinei and Caruntu, 2013). To saista ar neovaskularu atbildi uz intimas
aterosklerotiskiem bojajumiem. Caur jaunizveidotiem kapilariem aortas sienina migré iekaisuma
Stinas, kas izdala citotoksiskus mediatorus, izraisot gludo miocitu apoptozi un elastina degradaciju

(Lindeman et al., 2008). Pieaugusa organisma potenciali reparativa elastogenéze kliist neefektiva
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(Alexander, 2004b), jo strukturali nozimigs asinsvadu sieninas elastins tiek producéts tikai jau-
nieSiem (Stenmark and Mecham, 1997). PieauguSajiem sekundaras atjaunoSanas rezultata paradas
atseviski elastina elementi, bet veselai aortai elastina lamellaras struktiiras neveidojas (Hunter et al.,
1996). Normala elastina karta norobezo gludo miocitu migraciju, proliferaciju un pasarga no apop-
tozes (Carmo et al., 2002). Pie bojatas elastina Skiedru kartas un intensivas gludo miocitu apoptozes
tunica media klust planaka. Freestone ar kolégiem uzskata, ka tunica media iztrikums nosaka
pakapenisku aortas paplasinasanos ar tunica adventitia mehanisku parslodzi un kompensatoru fi-
broblastu proliferaciju, ka ar1 fibrilara kolagéna parprodukciju (Zarins et al., 1988; Freestone et al.,
1995; Tsuruda et al., 2006). Advancéta védera aortas aneirismas slimibas stadija aortas sienina tiek
infiltréta ar mononukleariem limfocitiem un makrofagiem, kas izveido limfoido audu sakopojumu
un turpina stimul€t neovaskularizaciju. Rezultata aptuveni 5 % gadijumu izveidojas iekaisigas
aneirismas, proti, aneirismas ar blivu ¢ adventitia iekaisumu, kas infiltré€ divpadsmitpirkstu zarnu
vai apaks$gjo dobjo vénu (Amalinei and Caruntu, 2013).

Lidz ar védera aortas aneirismas izméru pieaugumu progres€ tunica media slana degeneraci-
ja, ka rezultata palielinas disbalanss starp kolagéna degradaciju un sintézi, kas var izraisit aneiris-
mas plisumu (Sakalihasan et al., 2005). Viena no svarigakajam lomam aortas sieninas ruptiira ir ma-
triksa metalproteinazém-1, 2, 3 un 9 (Lijnen, 2001; Visse and Nagase, 2003), kas skel fibrilaru ko-
lagénu un elastinu un kas, salidzinot ar normalu aortu, aneirismatiski izmainita sienina tiek produce-
tas ievérojami intensivak (Galis and Khatri, 2002; Bazeli et al., 2010). Sos proteolitiskos enzimus
izdala gan limfoida infiltrata Stinas — makrofagi un B-limfociti (Thompson and Parks, 1996; Longo
et al., 2002) —, gan arT aortas sienina ieaugosie jaunizveidotie asinsvadi (Reeps et al., 2009).

Aptuveni 75 % no visam védera aortas aneirismam vizualizé plasu piesienas trombu, kas
sastav no vairakiem slaniem — iek$&ja svaiga sarkana tromba, vid€ja slanota tromba un aktivi fibri-
noliz€jama albumenala slana ar dazadas pakapes inkorporaciju aortas siena (Jones, 2011). In vitro
petijumos tika pieradits, ka izdalits cilvéka trombs aktivi sekret€ proteolitiskus faktorus (Kazi et al.,
2003; Folkesson et al., 2011), ieskaitot matriksa metalproteinazes un urokinazes tipa plazminogéna
aktivatoru (Houard et al., 2007), kas var ietekm@&t proteolizi aortas aneirismas sienina (Michel et al.,
2011). Citas teorijas uzsveéra netieSu ietekmi uz védera aortas aneirismas sieninu, proti, tromba kar-
tas raditu sieninas hipoksiju, jo tas darbojas ka papildu Skérslis skabekla transportam no aortas lu-
mena, padzilinot aortas sieninas hipoksiju un stimulgjot angiogenézi (Vorp et al., 2001).

Asins plismas modeléSanas studijas tika nove€rota pretéja — protektiva piesienas tromba

funkcija. Rekonstrugjot telpiskus veédera aortas aneirismu modelus no datortomografijas angiografi-
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jas datiem, tika noteikts, ka trombs, izmainot asinspliismu aneirismatiskas aortas limena, mazina
turbulenci un ar to saistitu sieninas stresu (Bluestein et al., 2009; Georgakarakos et al., 2009).

TieSa korelacija starp piesienas tromba klatbiitni un védera aortas aneirismas ruptiiru jopro-
jam nav pieradita (Hans et al., 2005; McGloughlin and Doyle, 2010), bet ir pieejami dati par rup-
tiiras korelaciju ar piesienas tromba fragmentaciju un slanosanos (Roy et al., 2008; Polzer et al.,
2011).

Literatiira ir plasi aprakstita ne tikai veselo individu infrarenalas aortas paplaSinasanas
saistiba ar novecoSanas procesu (Sonesson et al., 1994; Lederle et al., 1997), bet ar1 proksimala in-
frarenala kaklina dilatacija mazam védera aortas aneirismam (Yau et al., 2007) un pacientiem p&c
valgjas kirurgiskas un endovaskularas védera aortas aneirismas arsté$anas (Lipski and Ernst, 1998;
Napoli et al., 2003; Dillavou et al., 2005; Falkensammer et al., 2007). Novérojot 54 pacientus ar
neliela izméra aneirismam no 4 Iidz 5,4 cm lieluma 2 gadu perioda, Yau et al (Yau et al., 2007)
apraksta ievérojamu aortas proksimala kaklina paplasinaSanos un izlociSanas progresu, kas notiek
vienlaikus ar aneirismatiski neizmainita kaklina garuma samazinasanos. Sie dati norada uz svarigu
veédera aortas aneirismas proksimala kaklipa dabigas vestures aspektu, proti, pakapenisku
proksimala kaklina aneirismatisku transformaciju, kas izplatas no aneirismas maisa puses virziena

uz augsu.

2.6. Veédera aortas aneirismas slimibas dabiga vesture

Galvenie riski, kas saistiti ar védera aortas aneirismu, ir tas plisums. Notiekot plisumam,
25 % cietuso nomirst, pirms tiek nogadati slimnica, savukart vél 51 % aiziet boja slimnica, nesane-
mot radikalu arstéSanu. Pacientiem péc valg€jam operacijam mirstiba veido 4046 %, bet pec en-
dovaskularas arstéSanas — 11dz 29 %. Rezultata 30 dienu izdzivosSana p&c védera aortas aneirismas
plisuma veido 10-25 % (Brown et al., 1996; Fleming et al., 2005; Lesperance et al., 2008).

Ruptiiras risks pieaug lidz ar aneirismas izmeru. Pieaugot védera aortas aneirismai no 4 lidz
6 cm, ikgadgjs plisuma risks attiecigi palielinas no 0,3 1idz 6,5 % (Brown et al., 1996). Aneirismam
virs 6 cm ikgadgjs plisuma risks parsniedz 10 % un turpina augt eksponenciali (Michaels, 1992).
Sievieteém aortas aneirismas ir sastopamas retak neka virieSiem, bet to plisuma risks ir 3 reizes
lielaks, un arT aneirismu izméri, pie kuriem notiek plisums, ir mazaks (Brown et al., 1996).

Populaciju pétijumos védera aortas aneirismas diametrs vid€ji katru gadu pieaug par 2—
3 mm (Collin et al., 1989; Nevitt et al., 1989). Vairaki p&tijumi norada uz to, ka aneirismas augSanas

atrums pozitivi korel@ ar tas izméru. Mazas aneirismas ar diametru <35 mm aug ar atrumu 1-2 mm/
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gada (Lindholt et al., 2000; Santilli et al., 2002), bet aneirismas ar diametru >45 mm — ar atrumu 4—
5,3 mm/gada (Stonebridge et al., 1996; Lindholt et al., 2000). Eksisté arT norades par to, ka sievi-

etém aneirismu augSanas atrums ir 1,5 reizes atraks neka virieSiem (Solberg et al., 2005).

2.7. Slimibas epidemiologija un riska faktori

2013. gada publicéta meta-analize, kas apkopo 56 originalpublikaciju datus par védera aor-
tas aneirismas sastopamibu dazadas populacijas, liecina, ka vid&ja prevalence atrodas 4,8 % limeni.
Ta sastopama 6,0 % virieSu un 1,6 % sievieSu, maksimalo prevalenci sasniedzot 65-74 gadu ve-
cuma grupa (Li et al., 2013). Slimibas prevalence butiski varie dazadas populacijas. Australija ta
noveérojama 6,5-6,7 % limeni (Nicholls et al., 1992; Yeap et al., 2010), Eiropa un Amerika 2,8—
6,5 % limen1 (Lederle et al., 2000; Hafez et al., 2008; van Walraven et al., 2010; Svensjo et al.,
2013), bet Azija — 0,5 % limeni (Adachi et al., 2000; Oh et al., 2010). Vairak neka 99 % védera aor-
tas aneirismu, kas noteiktas skrininga programmas, to lielums veido <5 cm diametru (Scott et al.,
2001; Acosta et al., 2006). Prevalence aneirismam ar diametru >5 cm neparsniedz 0,5 % (Li et al.,
2013).

Post-mortem pétijumi liecina, ka 95 % no navém védera aortas aneirismas ruptiras dél
notiek cilvékiem p&c 65 gadu vecuma (Vardulaki et al., 1998; Acosta et al., 2006). ASV pétijuma,
kura piedalijas 126 696 cilveki, smeketajiem 50-54 gadu vecuma slimibas prevalence veidoja 1 %,
taCu vecuma grupa no 75 lidz 79 gadiem jau 7,3 % (Lederle et al., 2000). Ar1 Eiropa veiktie pétiju-
mi cilvékiem vecuma grupa virs 60 gadiem norada uz v&dera aortas aneirismas prevalenci, kas ir
mazaka par 1 % (Seelig et al., 2000; Alund et al., 2008). ST iemesla dé| lielaka dala skrininga pro-
grammu ir fokusétas uz populaciju vecuma virs 65 gadiem.

Pédgjo divu dekazu laika veédera aortas aneirismas patologijas prevalencei ir tendence
samazinaties. Epidemiologisku pétijumu meta-analizg tika atspogulota prevalences samazinasanas
Eiropa. Laika posma no 1988. lidz 1992. gadam prevalence bija 6,5 %, bet perioda no 2011. lidz
2013. gadam ta veidoja tikai 2,8 % (Li et al., 2013). So efektu ir griiti izskaidrot. Iesp&jams, ka to
var saistit ar skrininga programmu efektivitati, kas atklaj vairak asimptomatisku aneirismu un,
novirzot tas radikalai arstéSanai, samazina aneirismas pacientu Ipatsvaru referjama populacija.
Turpretim rupturétu aneirismu incidence, ka liecina Zviedrijas pilséta Malmo veiktais petijums laika

no 1971.-1975. gada lidz 2000.-2004. gadam, ir pieaugusi gandriz divas reizes (no 5,6 lidz 10,6
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gadijumiem uz 100 000), kas iesp&jami saistams ar populacijas novecosanos, ka ar1 labakam diag-
nostiskajam iesp&jam (Acosta et al., 2000).

Ultrasonografisko izmekl&jumu skriningpétijumos védera aortas aneirismas patologijas at-
tieciba virieSiem un sievietém ir tuvu 1:5 (Pleumeekers et al., 1995; Alcorn et al., 1996; Singh et al.,
2001; Sakalihasan et al., 2005). Savukart aortas aneirismas ruptiiras risks sievietém ir ievérojami
augstaks neka virieSiem (Simoni et al., 1995), jo katrs treSais pacients ar plisusu védera aortas
aneirismu ir sieviete (Brown and Powell, 1999; Lindholt et al., 2000).

Pargjie vedera aortas aneirismas riska faktori ir saistiti ar aterosklerozi. Pacientiem ar
klaudikaciju aneirismas sastopamibas risks ir tris reizes augstaks neka asimptomatiskiem pacien-
tiem (Pleumeekers et al., 1995; Svensjo et al., 2011; Svensjo et al., 2013). SmekéSana palielina
risku no 2 lidz 5 reizém (Lederle et al., 2000; Newman et al., 2001; Svensjo et al., 2013). Pargjie
riska faktori, pieméram, arteriala hipertensija, cukura diab&ts, védera aortas aneirisma gimenes
anamnéze, koronara sirds slimiba, dislipidémija, cerebrovaskulara slimiba, obstruktiva plausu
slimiba un nieru nepietickamiba palielina aortas védera aortas aneirismas veidoSanas risku lidz di-
vam reiz€m (Simoni et al., 1995; Alcorn et al., 1996; Lee et al., 1997; Lederle et al., 2000; Yeap et
al., 2010; Svens;jo et al., 2013).

2.8. Védera aortas infrarenalas aneirismas arstésanas veidi

Veédera aortas aneirismas radikala arst€Sana ir iesp&jama ar divam metodém — val&u
kirurgisko operaciju, kas uzskatama par zelta standartu, un endovaskularu arsté$anu, kas kst

arvien popularaka (Biancari et al., 2002; Bacharach et al., 2015).

2.8.1. Kirurgiska arstésana

Védera aortas infrarenalas aneirismas valgjas kirurgiskas arstéSanas gadijuma tiek veikta
aortas aneirismas maisa rezekcija un asins SuntéSana no aneirismas proksimala kaklina Iidz neiz-
mainitam distalajam art€rijam, kas var biit vesels aortas aneirismas distalais kaklins, veselas kop&jas
vai arl ar¢jas iegurna artérijas. Pirmaja gadijuma tiek izmantota cilindriska prot€ze, bet pargjos —
ripnieciski izgatavota sazarota sint&tiska protéze (Vogel, 2011) (1. attels).

Operacijas pieeja liela mera ir atkariga no aneirismas anatomiskam Ipatnibam (proksimala
kaklina garums un izvietojums, vesela distala aortas aneirismas kaklina klatbiitne, aneirismatiskas
transformacijas izplatiSanas uz iegurna arterijam, pacienta Konstitiicijas u.c.) un var biit gan

retroperitoneala, gan transperitoneala (Hertzer et al., 2002). Standarta procediira notiek endotra-
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heala narkoz€ un paredz medianu transperitonealu laparotomiju, aortas proksimala kaklina un
magistralu aortas visceralu zaru mobilizaciju, aortas proksimalu un distalu klipéSanu, aneirismas
maisa inciziju un maisa inkorportu aortas parietalu zaru caurs$iiSanu, proksimalas anastomozes
izveidoSanu gals gala, distalu anastomozu izveidoSanu kopg&jo vai argjo iegurna artériju Iimeni gals
sana vai gals gala un sekojoSu magistralas asinsrites atjaunoSanu apaks$€jas ekstremitates. le-
jauks$ana biezi vien paredz uni- vai bilateralu adas inciziju cirk§pa rajona un attiecigi vienas vai abu

kopgjo femoralu un argjo iegurna arteriju izdaliSanu (Vogel, 2011).

proksimala aortas

nieru artérijas
anastomoze ar protézi

védera aortas aneirismas
proksimalais kaklins

sazarota sintétiska
aortas protéze

piesienas trombi védera
aortas aneirismas maisa

vedera aortas

. . no asins plismas
aneirismas maisa limens

izolets védera aortas

piesienas trombi " .
aneirismas maiss

kopgjas iegurnpa artérijas
aneirismas maisa
no asins plismas

izolets kopéjas iegurna
artérijas aneirismas maiss

distalas protézes
anastomozes ar iegurpa
artérijam

A

B

1. attéls. Vedera aortas aneirisma kombinacija ar kreisas kop€jas iegurna arterijas aneiris-

mu pirms arstesanas (A) un péc valéjas SuntéSanas ar sintétiski sazarotu protézi (B)

Rupturétas veédera aortas aneirismas arstéSana priekSroka tiek dota valgjai kirurgiskai
arstésanai, jo tai ir labaka kontrole par procediras norisi un ir iesp&jama masivas retroperitonealas
hematomas evakuacija, ka arl nepastav agrinas p&coperacijas asins siices risks, kas var klat par

iemeslu fatalai aortas aneirismas reruptirai (Alsac et al., 2005; Grieve et al., 2015).

2.8.2. Endovaskulara arsteSana

Standarta gadijumos v&dera aortas aneirismas endovaskulara arst€Sana ar PE parasti notiek
endotrahealaja, spinalaja vai retak lokalaja anestézija. Ta sastav no $adiem posmiem — péc kopgjo
femoralo arteriju punkcijas un aortografijas veikSanas pari vaditajstigai aorta ievada saklautu endo-
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protézes aortalo komponenti. lerici pozicion€ ta, lai endoprotézes parklata dala lokalizetos tilit zem
kaudalas nieru artérijas. Aortala komponente p&c implantacijas nodroSina asins atplidi no
suprarenalas aortas uz vienu no iegurna arte€rijam. Caur kontrlateralo punkcijas vietu kanulé endo-
protézes aortalas komponentes sanu atveri, tad caur to ievada un implanté endoprotézes iegurna
komponenti, nodroSinot asins atpliidi uz abam iegurna artérijam (Verhoeven et al., 2006; Torsello et

al., 2011) (2. attels).

nieru artérijas

védera aortas aneirismas
proksimalais kaklin$

védera aortas endoprotézes

piesienas trombi védera aortala komponente

aortas aneirismas maisa

védera aortas

- . no asins plasmas
aneirismas maisa lamens

izolets védera aortas
aneirismas maiss

A

2. attels. Veédera aorta pirms (A) un péc endovaskularas arstéSanas ar paSizpletoSo nitino-

B

la endoprotezi (B)

Pirmo védera aortas endoprotezéSanu ir veicis Huans Parodijs (Juan Parodi) sadarbiba ar
Hulio Palmacu (Hulio Palmaz) un Hektoru Baroni (Hector Barone) Argentina 1990. gada 17. sep-
tembr1 (Parodi et al., 1991). Pirma sekmigi implantéta aortala endoprotéze bija paStaisita un
sastavéja no Dakrona protézes, piestiprinatas pie balondilat§jama Palmac stenta. P&c tas en-
dovaskularas implantacijas tika nodroSinata asins pliisma no vesela aortas infrarenala segmenta uz
vienu kopg€jo iegurna arteriju (Parodi, 1995). Jaatzimée, ka Saja laika perioda pie lidzigas koncepcijas
neatkarigi stradaja vairakas zinatnieku grupas gan Ziemelamerika (Lazarus and M, 1988), gan
PSRS (Volodos et al., 1986). 1996. gada tika implantta arT pirma aorto-bifemorala endoprotéze
(Lawrence Brown et al., 1996), kura tika izmantota inovativa modulara endoprotézes koncepcija,
kas Sobrid ir biezak izmantoto endoprotézu pamata (May et al., 1998). Implantacijas tehnika un
darbibas princips lielakai nitinola endoprotézu dalai ir kopigs (Jayia et al., 2013). PaSizpletosas en-
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doprotézes (PE) darbibas princips pamatojas uz stenta protézes radito radialo spéku, kas, piespiezot
stenta prot€zi pie proksimala kaklina sienam viena pus€ un pie iegurna arterijam — otra pusg,
nodroSina hermétiska asins pliismas kanala izveidoSanu. Ta ka §ada veida fiksacija nav iesp&jama
aneirismatiski izmainitos asinsvados, kop€am iegurna art€rijam ir jabiit bez izteiktam aneiris-
matiskam izmainam, kas ir viens no endovaskularas arstéSanas ierobezojumiem. Vairakam pedgjas
paaudzes iericém proksimala gala ir suprarenalas fiksacijas elementi (aki, neparklatie nitinola stenta
elementi, balondilatg§jamais stents), kas nodroSina papildu fiksaciju un bitiski samazina ierices mi-
gracijas risku (Pintoux et al., 2011). Citi aspekti, kas laika gaita tika uzlaboti, ir endoprotézu lokani-

ba, profila redukcija un gareniska stivuma palielinasanas (Jackson and Carpenter, 2009).

2.8.3. Aortas aneirismas maisa fikséta balondilatejama endoproteze

Pasreizgja laika posma vieniga BDE, kuras stabilitati nodroSina fiksacija aneirismas maisa,
ir Nellix Endovaskulara Hermetizacijas sist€tma (Endovascular Aneurysm Sealing System, En-
dologix, Irvine, CA). ST protéze sastav no divam ar baloniem dilatéjamam stenta protézém, ar
iestradato hermétisko maisu. Operacijas laika maisus piepilda ar divkomponentu sastavu (3. attéls),

kas p&c ievadiSanas polimeriz€jas un saciete.

nieru artérijas

védera aortas aneirismas
proksimalais kaklin$
balondilatéjamas
parklatas

stenta protézes

piesienas trombi védera

. - labas stenta protézes
aortas aneirismas maisa

ar poliméru
pildits maiss

kreisas stenta protézes
ar poliméru pildits maiss

védera aortas

. . no asins plismas
aneirismas maisa lamens

izoléts vedera aortas

iesienas trombi iri i
piesienas tro aneirismas maiss

kopéjas iegurnpa artérijas
aneirismas maisa

no asins plasmas
izolets kopgjas iegurna
artérijas aneirismas maiss

A

B

3. attels. Védera aortas infrarenala aneirisma kombinacija ar kreisas kopéjas iegurnpa arteri-
jas varpstveida aneirismu pirms un péc endovaskularas arstéSanas ar aneirismas maisa fik-
sétu stenta protezi
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Katra stenta protéze nodro$ina asins plismu no aneirismas maisa proksimala kaklina rajona
uz vienu no iegurna artérijam. SacietjuSais polimérs, aizpildot aneirismas maisa limenu, vien-
laikus nodroSina gan sist€émas fiksaciju, gan aneirismas maisa hermétisku izolaciju no asins pliismas
(Donayre et al., 2011; Krievins et al., 2011). Sist€éma lauj vienlaikus arstét gan veédera aortas

aneirismu, gan ar to asoci€tas kopg€jo iegurna arteriju aneirismas (Kisis et al., 2013).

2.9. Speki, kas darbojas uz stenta protezi

Stenta protéze implantéta veédera aortas aneirisma atrodas mainiga un agresiva vide, paklau-
joties gan mehaniskai deformacijai, gan elektrokimiskai korozijai. Negativa ietekme ir ar1 asins
plismas raditam mehaniskam stresam (Zarins et al., 1983). 686 pacientu 10 gadus ilga novéroSana
apliecinaja, ka dazada veida paSizpletosu stenta protézu disfunkcija ir vérojama 8,7 % gadijumu, no
kuriem 71,7 % tika konstatéti proteézes metaliskas konstrukcijas lizumi, 23,3 % endoprotézes park-
lajumu fiks€joSo diegu parravumi un 5,0 % — protézes parklajuma atveres (Jacobs et al., 2003).
Plasaka publiceta eksplantétu iericu serija, kas ietver 120 endoprotézes, izpemtas péc 1-61 ménesu

ilgas kalpoSanas, metala noguruma liizumi tika konstateti 66 % gadijumu (Zarins et al., 2004).

2.9.1. Radialas saspieSanas-dilatacijas cikli

Stenta protézes pec implantacijas arterijas tiek paklautas sirdsdarbibas raditiem saspieSanas-
dilatacijas cikliem ar frekvenci, kas veido aptuveni 1,2 Hz. Pie pulsa spiediena ar maksimumu
100 mmHg art€riju lumena diametrs sirds cikla laika svarstas 3—10 % robezas (Pedersen et al.,
1993). Sie apstakli tick modeléti in vitro, testgjot jebkura tipa endovazalus stentus, tai skaita arT aor-
tas stenta protezes.

Nitinola stenti ir loti izturigi pret radialas saspieSanas cikliem — péc 380—400 miljoniem
saspieSanas cikliem, kas ir ekvivalenti aptuveni 10 dzives gadiem, mehaniska noguruma pazimes
nitinola stentos netiek novérotas (Schroder and Kaufmann, 2007; Saidane et al., 2007). Kliniskie
dati norada uz to, ka laika periods starp endoprotézes implantaciju un nitinola stenta lizumu varié
no 1 ménesa lidz 4 gadiem, un tas ve€rojams lidz 5 % pacientu (Jacobs et al., 2003). Tik lielas
atSkiribas starp laboratorijas testu rezultatiem un kliniskiem novérojumiem ir skaidrojamas ar to, ka

in vivo stenti vienmér paklaujas vairaku agresivu faktoru ietekmei, kas potencé viens otru un
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rezultata ievérojami paatrina materiala mehanisku nogurumu un protézes disfunkcijas risku (De-
manget et al., 2012).

Sobrid Nellix endoprotéze (Endologix Inc., Irvine, CA) ir vieniga komerciali pieejama stenta
protéze, kas izgatavota no kobalta-hroma sakausgjuma (Co-Cr-W-Ni). Salidzinot nitinola un kobal-
ta-hroma sakaus€juma stentus, ped€jiem piemit ieverojami lielaks radialais sp€ks, bet mazaka
lokaniba un elasticitate. Laboratorie testi norada uz kobalta-hroma sakausgjuma stentu mehanisku
izturibu, materialu droSibu un izturibu pret saspieSanas-dilatacijas izraisitiem noguruma lizumiem
(Marrey et al., 2006). Kobalta-hroma sakaus€jumi plasi tiek izmantoti koronaro un periféro stentu
un stenta protézu razo$ana. Sajos vaskuldrajos baseinos kobalta-hroma stentu lizumu incidence

pirmaja pécimplantacijas gada neparsniedz 1 % (Karnabatidis et al., 2009; Lozano et al., 2011).

2.9.2. Stenta protezes saliekSanas

Implantgjot stenta prot€zes pari izlocitam veédera aortas aneirismas proksimalam kaklinam
un izlocitam kop&am iegurna artérijam, tas tiek paklauts ievérojamam lenkiskas deformacijas
spekam, kas cikliski izmainas sirdsdarbibas rezultata. Pacientu prevalence ar iegurnpa art€riju par-
locTjumiem Iidz 90° veido 38 %, bet maksimalais parlocijuma lenkis sasniedz lidz pat 180° (Alber-
tini et al., 2006; Balasubramaniam et al., 2009). Demangets ar kolégiem ir demonstrgjis, ka pie
lenkiskam deformacijam nitinola aortas stenta protézes metaliskas konstrukcijas formai ir izskiroSa
loma, proti, stenti, kuru metaliska konstrukcija ir uzbiivéta no atseviSkiem rinkiem vai spiralém,
sadala parlickuma deformacijas slodzi homogénak neka stenta protézes, kas uzbiivétas no Z-veida
elementiem. Pie parliekuma >90° stenta prot€zes metaliskie elementi sak parklaties un protézes
parklajums, kas ir fikséts pie metaliskiem elementiem, ierobezo to savstarpgjas kustibas. Ja par-
liekuma lenkis turpina pieaug, veidojas stenta radiala deformacija, ko raksturo diametra redukcija
un kas ir izteiktaka stentiem, kas uzbuvéti no Z-veida elementiem (Demanget et al., 2012). Diame-
tra redukcija, kas lielaka par 70 %, saistita ar strauju stenta prot€zes trombozes riska kapumu, kas
pamato zemaku trombozes incidenci fleksiblakiem stentiem (Weale et al., 2010). Pie parliekuma
>60° luzuma risks stenta prot€ze€m, kas uzbuvetas no Z-veida elementiem, ir divreiz lielaks neka
protézém, izgatavotam no cirkulariem elementiem vai spiralem (Demanget et al., 2012; Demanget
et al., 2013), kas labi saskan ar kliniskajiem datiem — eksplant€tu nitinola endoprotéZzu luzumi
biezak tiek konstatéti parlocijumu vietas (Zarins et al., 2004; Lin et al., 2013). Virtuali modelgjot
dazadas intensitates parliekumus plismas modeli, tika demonstréts, ka dazadam aortas stenta pro-

tezeém ir atsSkirigs ar1 asins siices rasanas risks (Albertini, 2005).
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Aortas stenta protézu sintétiskais parklajums pie prot€zes parlocijumiem paklaujas ieveéro-
jamam stresam. Ipasi liels tas ir pie parliekuma iek$gjas kontiiras, kur tas var izraisit protézes park-
lajuma plisumu (Demanget et al., 2012) ar stices izveidoSanos un stenta protézes disfunkciju (Ja-

cobs et al., 2003; Wanhainen et al., 2008; Dayama et al., 2013).

2.9.3. Metala korozija

Viena no metalu biosavienojamibas problémam ir to izturiba pret koroziju un korozijas
ietekme uz audiem. Dazadu aortas stenta prot€zu izgatavoSanai Sobrid izmanto nikela-titana
sakausgéjumu (nitinolu), nertis§joso t€raudu (316L) un kobalta-hroma sakaus€jumu. Popularakais
materials ir nitinols, jo tam piemit termiskd atmina un ta implantacijai nav nepiecieSams
balonkateters. So materialu korozijizturiba ir atkariga no metalisku virsmu parklajosas oksida kar-
tinas (Gotman, 1997). Laboratorijas apstaklos, kas simulé fiziologiskus apstaklus péc implantacijas,
uz nitinola stentu virsmas péc 3 ménesu garas ekspozicijas ar sken&josa elektronu mikroskopa
palidzibu bija iesp&jams saskatit virsmas nelidzenumus un punktveida korozijas peréklus (Saidane
et al., 2007). Korozijas intensitate un attistiSanas atrums ir atkarigs arl no metala apstrades kval-
itates — jo labak ir nopuléta metala virsma, jo ta labak pretojas korozijai (Es-Souni et al., 2002).
Visprecizak metala kimisko koroziju raksturo pétijumi, kas apraksta eksplantétu stenta protéZu sta-
vokli. Jakobs ar kolégiem apraksta 60 gadijumu sériju ar eksplantétam nitinola stenta protézém, kas
bija nokalpojuSas 15-36 ménesSus. Neviena no gadijumiem metala korozija ar neapbrunotu aci neti-
ka konstatéta, bet ar skengjosu elektronisku mikroskopu redzamas korozijas iezimes bija niecigas
(Jacobs et al., 2003). Lidzigi rezultati bija aprakstiti ar1 citas gadijjumu sérijas ar eksplantéSanu lidz
6 gadiem péc operacijas (Lin et al., 2013).

Nertisgjosais terauds ir visneizturigakais materials pret koroziju, un §1 materiala izmantoSana
permanenti implant&jamas endoprotéz€s varétu biit saistita ar stenta protézes degradaciju ilgtermina
(Gotman, 1997). Turpretim kobalta-hroma sakaus€jumi cilvéka kermen1 praktiski nekorode (Got-

man, 1997), ir daudz izturigaki un elastigaki par nertis§josa térauda stentiem (Lim et al., 2013).

2.9.4. Asinsplusmas raditais stress

Asins pliismas atrumam un ta raditajam asinsvadu sieninas nobides stresam ir svariga loma
aterosklerozes attistiba un aneirismatisku paplasinajumu izveidosanas procesa (Zarins et al., 1983;
Humphrey and Taylor, 2008). P&c stenta proteézes implantacijas védera aorta Sie speki sak iedar-
boties uz endoprotézes sieninam. Eksperimentali ex vivo ir noskaidrots, ka speks, kas ir ne-

piecieSams, lai stenta protéze pilniba izslidétu no proksimala aortas aneirismas kaklina, neparsniedz
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25 N (Resch et al., 2000). Savukart attieciba uz dzivnieku modeli ir precizéts, ka spéeks, kas ne-
piecieSams, lai inici€tu prot€zes migraciju, neparsniedz 46,7 N (Murphy et al., 2007). Teor&tiskajas
studijas tiek apliecinats, ka speks, kas rodas pie standarta asins plismas svarstibam sirds cikla laika
un darbojas uz endoprotézi lejup veérsta virziena, “idealaja” matematiskaja modell neparsniedz
5,5 N (Morris et al., 2004). Vélak, izmantojot sarezgitakus pliismas dinamikas datorizétus algorit-
mus, tika noskaidroti arf citi faktori, kas ietekm& endoprotézes migraciju lejup versta virziena — im-
plantétas stenta protézes izméri, hipertensija un dazadas uniplanaras aortas geometriskas konfigura-
cijas (L1 and Kleinstreuer, 2006; Morris et al., 2006; Howell et al., 2007). Tomér cilvéka aorta
neatrodas viena plakng, un, progres€jot aortas aneirismas slimibai, asins pliismas liimena centrala
linija arvien vairak nobidas no vertikalas ass. Noformétas aortas aneirismas patologijas gadijuma
aorta un iegurna arterijas ir vérojami vairaki parlieckumi 30°-120° lenka robezas. Stenta protéze péc
implantacijas ir spiesta pielagoties izlocitas aortas formai, un speki, kas darbojas uz tas sienam, ir
daudz sarezgitaki, neka tika noteikts teor€tiskajos linearajos modelos vai uniplanaras plismas di-
namikas modelos. Jo lielaki ir aortas un iegurna artériju parliekumi, jo mazaks ir kaudali virzits un
lielaks ir saniski virzits speks (Figueroa et al., 2009). Dislokacijas spéka orientacija Saja gadijuma
tiek virzita galvenokart perpendikulari lielakam stenta protézes izliekumam un veido lidz pat 9,5 N
(Figueroa et al., 2010). Pieaugot aneirismas kaklina lenkiem, dislokacijas speks, kas darbojas uz
endoprotézes proksimalo dalu, pieaug Iidz pat 16 N (Molony et al., 2010).

Ievietojot viena stenta prot€z€ otru, ka tas notiek pie vedera aortas aneirismas en-
dovaskularas arsteéSanas ar bifurkacijas stenta prot€zi, vai ari, kad ir nepiecieSams pagarinat ar en-
doprotézi parklata segmenta garumu, asins pliismas raditie dislokacijas speki sak darboties uz im-
plantétam komponent€m neatkarigi un var izraisit prot€zu savstarp&jo dislokaciju un disociaciju,
radot tresa tipa asins siici (Prasad et al., 2011). Viens no paaugstinata distalas migracijas riska fakto-
riem ir stenta prot€Zu iegurna komponentu sakrustoSanas variants védera aorta, jo tas ir saistams ar
lielaku endoprotézu parlocijumu un lielaku dislokacijas speku (Georgakarakos et al., 2012; Geor-

gakarakos et al., 2013).

2.10. Védera aortas aneirismas endovaskularas arstéSanas sareZgijumi

Védera aortas aneirismas endovaskularas arst€Sanas primarais meérkis ir noverst aortas rup-
tiiras risku. Par neveiksmigu endovaskularu arstéSanu uzskata tadu, pie kuras S$is risks saglabajas
augsta Itmeni. EUROSTAR registrs, kas ir pasaules lielaka védera aortas aneirismas pacientu

datubaze, apliecinaja, ka svarigakie neveiksmigas aortas stenta protezéSanas iemesli ir pirma vai
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tresa tipa asins stice un stenta migracija (Buth et al., 2003; Ghouri and Krajcer, 2010). Citas
nevélamas sekas, ka otra un ceturta tipa asins siices, ir saistitas ar daudz mazaku aortas ruptiiras
risku, tap€c to ietekme uz ilgtermina arst€Sanas rezultatiem nav vért€§jama ka viennozimiga (Jones
et al., 2007).

Sekundars, bet ne mazak svarigs endovaskularas arstéSanas merkis ir uzturét normalu védera
dobuma organu un apaks$&jo ekstremitaSu apasinoSanu. Dalu no trombotiskam vai
trombemboliskam komplikacijam ir griti novérst, jo, implantgjot stenta protézi, parasti tieck panakta
visu parklatu aortas visceralu un parietalu zaru proksimala okliizija. Ta ir saistama ar saméra reti
sastopamam, bet nopietnam komplikacijam, ka akits iS€misks kolits a. mesenterica inf. okluzijas
del (Nevelsteen et al., 2006), akiita s€klinieku nekroze a. testicularis okluzijas dél (McKenna et al.,
2009), spinala iSémija muguras smadzenes apasinojosu artériju okliizijas d&l, glutealas
muskulatiiras mijkliboSana un erektila disfunkcija a. iliaca int. okliizijas d&] (Maldonado et al.,

2004).

2.11. Védera aortas aneirismas endovaskularas arstésanas riska faktori

Veédera aortas aneirismas endovaskularas arst€Sanas iznakumu ietekmé vairaki faktori:
planoSana pirms procediiras, opergjosa arsta pieredze, tehniskais aprikojums, ka arT pasas implante-
jamas stenta prot€zes tips un paaudze. Saskana ar E/ROSTAR registra datiem biezakie pirma tipa
asins siices un proté€zes migracijas iemesli ir parlocits un iss aneirismas proksimalais kaklins, liels
proksimala kaklina diametrs, liels maksimalais v€dera aortas aneirismas diametrs, piesienas trom-
boze kaklina apvidi un komplic€ta iegurna arteriju anatomija (Albertini et al., 2000; Peppelenbosch
et al., 2004; Rodway et al., 2008). Retak sastopamie neveiksmigas védera aortas aneirismas
arsteéSanas iemesli ir nepareizs protézes implantacijas [imenis, liels aortas sanu visceralo un parieta-
lo zaru skaits, ka arT protézes defekti (Back et al., 2003; Peppelenbosch et al., 2004; Alerci et al.,
2013). Nopietnakie védera aortas aneirismas endovaskularas arstéSanas riski saistiti ar endoprotézes
disfunkciju aneirismas proksimala kaklina apvid, kas izpauzas ka pirma tipa asins siice un distala

migracija.

2.11.1. Iss aortas aneirismas proksimals kaklin$

Védera aortas aneirismas endovaskularas arstéSanas princips pamatojas uz hermétiska
kanala izveidoSanu starp veselu proksimalu aneirismas kaklinu un iegurpa artérijam. Lai nodroSina-

tu $adu hermétisku savienojumu, pasizpletosai nitinola aortas endoprotézei ir nepiecieSams sameéra
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gars, taisns un relativi vesels proksimalais kaklinS. Visparpienemtais kritérijs stenta protézes droSai
fiksacijai ir neizmainits infrarenalas aneirismas proksimalais kaklins, kas garaks par 15 mm (Armon
et al., 1997; Schumacher et al., 1997). Atseviski autori ka minimalu kaklina garumu droSai stenta
protézes fiksacijai nosaka 10 mm Iimeni (Greenberg et al., 2000).

Apkopojot 1119 pacientu CT angiografiju aksialas sérijas, Zarig§ zino, ka proksimala kak-
lina garums <15 mm ir noveérojams 19 % gadijumu, savukart kaklin§ <10 mm attiecigi 8 % gadiju-
mu (Zarins et al., 2003). Dati ir giiti no registra, kura tika ieklauti pacienti, kas arstéti ar stenta pro-
tezém. Dala no pacientiem ar su proksimalu aneirismas kaklinu tika novirziti citam arste€Sanas
metodém un netika ieklauti registra. Nemot véra $adu atlasiSanu, patiesai pacientu prevalencei ar
aneirismas kaklina garumu <10 mm ir jabut augstakai. Mazaka apjoma retrospektivi pétijumi nora-
da uz augstaku 1sa proksimala kaklina prevalenci. Izanaliz§jot 111 pacientu CT angiografijas, Starks
zino par 41,4% pacientu prevalenci ar kaklina garumu <15 mm un 23,4 % lielu prevalenci ar kak-
lina garumu <10 mm (Stark et al., 2013). Karpenders ar kolegiem, izanaliz&jot 307 pacientu CT an-
giografijas, konstatja, ka proksimala kaklina garums <15 mm ir sastopams 54 % gadijumu (Car-
penter et al., 2001).

238 pacientu retrospektiva analiz€ péc arstéSanas ar Zenith (Cook Medical Inc, Blooming-
ton, Minn) stenta protézém tika konstatéts, ka pacientu grupai ar proksimala kaklipa garumu
<10 mm pirma tipa asins siices attistiSanas risks pieaug 4 reizes, bet kombinacija ar citam atkapém
no rekomend&jamiem anatomiskiem atlases kriterijiem — tas palielinas eksponenciali (Stanley et al.,
2001). AneuRx prospektiva multicentru kliniska p&tijuma ietvaros tika analiz€ta stenta protézes mi-
gracija 1119 pacientiem péc vedera aortas aneirismas arst€Sanas ar AneuRx stenta prot€zém
(Medtronic Inc., Santa. Rosa. CA), ka rezultata tika noskaidrota likumsakariba starp endoprotézes
distalu migraciju un tas fiksacijas garumu proksimala kaklina ar migracijas riska samazinaSanos par

2,5 %, fiksacijas garumam palielinoties par katru milimetru (Zarins et al., 2003).

2.11.2. Izlocits aortas aneirismas proksimals kaklins

Védera aortas aneirismatisks paplasinajums ka hroniska degenerativa slimiba biezi vien
kombingjas arf ar citam aortas degeneracijas izpausmém — aortas un iegurna artériju pagarinasanos
un to parloctijumiem. Suprarenalais aortas segments un kop€jo iegurna arteriju distalas dalas ir fik-
s€tas apkartgjos audos labak neka infrarenalais aortas segments un proksimalas kop€jo iegurna
arteriju dalas. Tas ir saistits ar retroperitoneala telpa stingri fiksétiem ¢ coeliacus, a. mesenterica
superior, aa. renales un aa. iliacae internae zariem. ST iemesla dg] aortas infrarenalais segments un
kopgjas iegurna artérijas vieglak mobiliz&jas un parlokas (Armon et al., 1997). Biezak izveidojas
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divi parliekumi tuvu nieru arteriju atzaroSanas vietam. Proksimalu parlocijumu, kas parasti atrodas
tie$i nieru arteriju Itment vai nedaudz virs tam, sauc par suprarenalu, bet apaksgjo, kas visbiezak
atrodas starp relativi veselo kaklinu un aortas aneirismas maisu, dévé par infrarenalu lenki.
Asinsvadu anatomija védera aortas aneirismas slimniekiem ir izteikti variabla un vairak vai mazak
izteikti parlocijumi médz veidoties ar1 citos lIimenos, pieméram, infrarenala kaklina vidi vai pasa

aneirismas maisa (Savlovskis, 2011).

2.11.3. Aortas aneirismas proksimala kaklina piesienas tromboze un kalcinoze

Viena no aterosklerozes morfologiskam izpausmém ir pangu kalcinoze un piesienas trombu
veidos$anas. Védera aortas aneirismas patologija biezi kombingjas ar smagu aterosklerozi ar dazadas
pakapes proksimala kaklina iesaisti. Par advancétu un smagu proksimala kaklina piesienas trombozi
un kalcinozi uzskata aterosklerotiskas izmainas, kas skar >50 % no aortas sieninas cirkumferences
un kas izvértejamas aksialos datortomografijas attélos (Chaikof et al., 2002). Sadu izmainu klat-
bitne potenciali palielina nieru artériju embolizacijas risku endoprotézes poziciongsanas un implan-
tacijas bridi, ka arT ierices migracijas un pirma tipa asins stices raSanas risku (Carpenter et al.,
2001). Sis apgalvojums ir plasi atzits un tiek minéts ka relativa kontrindikacija endovaskularai
arst€Sanai vairaku komerciali pieejamu endoproté€zu lietoSanas instrukcijas. Tomer jaatzist, ka
vairaki retrospektivie petijumi, kas izstradati ar merki apliecinat So apgalvojumu, nav pieradijusi
izteiktu proksimala kaklina kalcinozes un trombozes ietekmi uz endovaskularas arsté€Sanas ister-

mina un ilgtermina iznakumu (Gongalves et al., 2012; Gitlitz et al., 2001; Albertini et al., 2000).

2.12. Infrarenalas aneirismas proksimala kaklina izverteSanas radiologiskas

metodes

Védera aortas aneirismas proksimalais kaklins ir relativi vesels védera aortas segments starp
apaksgjo nieru artériju un aneirismas maisa aug$&jo malu (Leurs et al., 2006). ST segmenta garumam
ir noteico$a loma gan val&jai, gan endovaskularai arstéSanas metodei. Lai kirurgiski izpreparétu
kaklinu un uzliktu tam klemmi, ir nepiecieSams aneirismas kaklins, kura garums veido vismaz 15
mm (Leurs et al, 2006). Savukart PE mehaniski fiks€jas kaklina, un fiksacijas garuma
samazinasanas korelé ar protézes migracijas riska pieaugumu (Zarins et al., 2003). ST iemesla dé]
praktiski visu endoproté€zu lietoSanas instrukcijas minimali pielaujamais kaklina garums ir noradits
10—15 mm.

Vesturiski ir izmantotas vairakas kaklina garuma mérijjuma metodes, kas pamatotas gal-

venokart uz aksialu datortomografijas att€lu analizi (Wilson et al., 2004; Leurs et al., 2006; Ghouri
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and Krajcer, 2010). Visam $§Tm metodém bija liela m&rijjuma kliida (Filis et al., 2003), jo aneirismas

kaklin$ biezi ir izlocits, ka arT izvietots slipi attieciba pret kermena garenisko asi (Kaufman et al.,

(Diehm et al., 2008).

Literatiira nav vienota uzskata par to, kur tieSi biitu veicama proksimala kaklina diametra
mériSana pec endoprotézes implantacijas. Dala no pétijumiem par atskaites punktu pienem implan-
tetas endoprotézes proksimalo galu (Cao et al., 2003; Dillavou et al., 2005; Sampaio et al., 2006)
vai ar1 Itmeni, kas atbilst noteiktas protézes proksimalajam segmentam (Cao et al., 2003). Citi autori
par atskaites punktu pienem infrarenala kaklipa Itmeni tdlit zem apaksgjas nieru art@rijas
atzaroSanas vietas (Liapis et al., 2000; Makaroun and Deaton, 2001; Falkensammer et al., 2007) vai
ar1 Itmeni 3 mm (Diehm et al., 2007), 7,5 mm (Badran et al., 2002) vai ar1 10 mm (Wever et al.,
2000) zemak par apaks$gjas nieru art€rijas atzaro$anas limeni. Dala no p@tjjumiem izmanto
retrokursivo metodologiju un par atskaites punktu pienem aortas Iimeni, kura atrodas implant&tas
endoprotézes proksimalais gals (Cao et al., 2003; Dillavou et al., 2005; Sampaio et al., 2006), vai
ar1 Itmeni, kas atbilst noteiktas protézes proksimalam segmentam (Cao et al., 2003; Savlovskis et
al., 2016).

Misu pieredze rada, ka gadijumos, kad proksimala kaklina forma ir koniska, noteikt, kur
vesela aorta klaist par patologiski izmainitu, bez papildu kritérijiem nav iesp&jams (Savlovskis et al.,
2011). Par tadiem kriterijiem pienem 10-20 % aortas diametra pieaugumu, salidzinot ar aortas di-
ametru uzreiz zem nieru art€rijam (Beebe et al., 1995; Filis et al., 2003; Diehm et al., 2008).

Kliniski nozimigakais aortas izlocijums (infrarenalais lenkis) visbiezak atrodas starp
aneirismas kaklinu un maisu. Ja infrarenalais lenkis parsniedz 60°, tas tiek klasificéts ka viens no
komplicétakajiem anatomiskajiem faktoriem (Chisci et al., 2009), un ir relativa kontrindikacija
vairaku endoprotézu lietoSanai. Art §1 lenka mériSanai tiek izmantotas vairakas metodes. Viena no
izplatitakajam metodém ir lenka noteikSana starp aneirismas kaklina sto garenisko asi un aneiris-
mas maisa limena garenisko asi (Qu and Raithel, 2008). Tomer §1s ass noteikSana ir subjektiva un
biezi vien nepreciza, pat ja radiologi lieto vienadus standartiz&tus protokolus (Diehm et al., 2008).
Cita infrarenala lenka mériSanas metode, kuru lietojot mérijuma kltuida ir mazaka, ir lepka mériSana
visasakaja lumena centralas Iinijas parlocijuma vieta, ko iegiist, rotgjot rekonstrukciju per-

Veédera aortas endoprotéZzu migracija tiek defin€ta ka ierices kaudala dislokacija par 10 mm

(Chaikof et al., 2002). Ped€jo 10 gadu laika strauja datortomografijas tehnikas uzlaboSanas lavusi
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precizak noteikt ierices izkust€Sanos, tapéc arvien biezak par robezvertibu tiek defin€ta ierices
kaudala migracija par 5 mm (Monahan et al., 2010).

Aneirismas maisa fiks€tas balondilatéjamas endoprotézes izskats novérojuma radiologiskajas
metodes ir variabls un laika gaita mainigs. Tas nav tiesa veida salidzinams ar att€ldiagnostikas
rezultatiem, kas iegiti no pacientiem pe€c vedera aortas aneirismas arstéSanas ar konvencionalo
pasSizpletoSo endoprotézi. Lielaka pieredze pacientu novérosana péc BDE implantacijas pamatojas
uz datortomografijas angiografijas izmekl&jumiem, kas ir plasi pieejams un salidzinosi viegli inter-
pretejams izmekl€juma veids. Duplekss ultrasonografijai un magnétrezonancei ari ir diagnostiska
vertiba, ko ir nepiecieSams pieradit, tacu pirms tiek iegiiti pacientu noveérojuma attalie rezultati, §1s

divas metodes nevar pilniba aizvietot datortomografiju (Holden et al., 2016).

2.13. Infrarenala aneirismas proksimala kaklina paplasinasSanas péc radikalas

arstésanas

Péc védera aortas aneirismas radikalas arstéSanas ve€rojama pakapeniska aortas
paplasinasanas (Sonesson et al., 1998; Matsumura and Chaikof, 1998; Walker et al., 1999), kas var
mazinat stenta prote€zes proksimalas fiksacijas speku un izraisit stenta protézes migraciju (Resch et
al., 1999; Parra et al., 2003), ka ar1 pirma tipa asins stices attistiSanos (Dillavou et al., 2005; Pintoux
et al., 2011). Pacientiem p&c v&dera aortas aneirismas arst€Sanas ar PE §ada paplaSinasanas ir vidg&ji
1,5 mm gada gan védera aortas supra-, gan infrarenalaja segmenta (Falkensammer et al., 2007;
Dalainas et al., 2007), un ta tika novérota 20-33 % pacientu divus gadus (Dillavou et al., 2005;
Sampaio et al., 2006), 35-36 % pacientu — tris gadus (Prinssen et al., 2001; Napoli et al., 2003;
Diehm et al., 2007) un 59 % pacientu — ¢etrus gadus péc endovaskularas aneirismas arstéSanas (Cao
et al., 2003). Ilgtermina pétijumi, noveérojot pacientus laika perioda lidz 10 gadiem, liecina, ka
velina perioda proksimala aneirismas kaklina dilatacija ir novérojama Iidz 100 % gadijumu (Mona-
han et al., 2010).

Védera aortas aneirismas kaklina paplaSinasanas korel€ ar stenta protézes diametra ekscesu
PE implantacijas bridi (Sternbergh et al., 2004; van Prehn et al., 2009). Praktiski visu komerciali
pieejamo PE fiksacijas princips pamatots uz radialu speku, ko implantétd endoprotéze rada
proksimalaja un distalaja gala — attiecigi uz védera aortas aneirismas proksimalo kaklinu un iegurna
artérijam. ST iemesla dé| aprakstita aneirismas kaklina dilatacija, visticamak, saistita ar stenta pro-
tezes fiksacijas principu un atspogulo progres¢josu aortas sieninas degeneracijas procesu (Diehm et

al., 2008).
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Retrospektivos pétijumos, kuros tika analiz€tas v@dera aortas izmainas péc agrina dizaina
aorto-femoralas stenta protézes implantacijas, $ada kaklina dilatacija netika noverota (Parodi and

Ferreira, 2002; Malas et al., 2005).
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Darba merki

Izvertet 1stermina un ilgtermina izmainas védera aortas aneirismas proksimala kaklina p&c aortas
aneirismas endovaskularas arst€Sanas ar aneirismas maisa fiks€tu stenta protézi, noteikt So iz-
mainu ietekmi uz arstéSanas istermina un ilgtermina rezultatiem, ka ari salidzinat §is izmainas

pacientiem, kas arstéti ar paSizpletoSo stenta protézi un aneirismas maisa fiks€tu stenta protézi.

Pieradit aneirismas maisa fiksacijas mehanisma noturibu proksimala kaklina istermina un

ilgtermina.

Darba hipotéezes

. Védera aortas balondilatéjama endoprotéze atSkiriba no paSizpletosas nitinola endoprotézes nera-

da v&dera aortas aneirismas proksimala kaklina dilataciju.

. Védera aortas balondilaté§jama endoprotéze ir pietiekami rigida, lai efektivi pretotos deformacijas

spékiem aortas aneirismas proksimala kaklina apvid.

. Balondilatgjama endoprotéze ir fiks€ta poliméra, kas aiznem visu infrarenalas aortas limenu, un

11dz ar to endoprotézes distala migracija nav iesp&jama.

Darba uzdevumi

. Izstradat balondilaté§jamas endoprotézes deformacijas un migracijas radiologiskas analizes

metodes.

. Pielagot eso$as un, ja nepiecie$ams, izstradat jaunas radiologiskas analizes metodes pacientu at-

lasei un novérosanai péc védera aortas aneirismu arst€Sanas ar balondilat€jamam endoprotézem.

. Istenot izstradato metodiku, salidzinat proksimala védera aortas aneirismas kaklina diametra iz-

mainas pacientiem, kas arstéti ar balondilat§jamam un pasizpletos§am endoprotézém.

. Izvertet balondilatéjamas endoprotézes raditu proksimala aneirismas kaklina deformaciju, ka art

ierices migracijas ietekmi uz aneirismas arsteéSanas efektivitati.
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3. Materiali un metodes

3.1. Izmantota tehnika, datorprogrammas un statistiskas datu apstrades

metodes

Pirms un pécoperacijas datortomografijas tika veiktas ar 16 un 64 slanu datortomografijas
skeneriem ar slana biezumu <1,5 mm. Mediciniskie dati (DICOM) tika import&ti no slimnicas radi-
ologisko att€lu uzglabasanas sistémas Impax (Agfa, Inc). Medicinisko datu radiologiska p&capstrade
un mérisana tika realizéta ar OsirixMD v.6.0—-7.0 programmu (Pixmeo SARL, Bernex, Suisse). Pa-
cientu datu un radiologisko mérfjumu uzglabasanu veica FileMaker Pro Advanced v.12.0 (File-
Maker, Inc.) datubazé. Datubazes generétu tabulu matematisku p&capstradi un datu sagatavosanu
statistiskai analizei veica ar Numbers v.3.0-3.6.1 (Apple, Inc.). Statistisko datu analizi veica ar
Prism v.6.0f programmu (GraphPad Software Inc, La Jolla, Calif’). Promocijas darba teksta ievadi
realiz€ja ar Manuscripts v1.0 (Manuscripts.app Limited), savukart bibliografisku avotu apkoposanai
un cit€Sanai izmantoja Papers v.4.1 (Makentosh B.V. Dordrecht, The Netherlands).

Apkopotu datu sadalijuma tipa noteikSanai tika izmantots D’Agostino un Pirsona tests
(D ’Agostino and Pearson normality test). Parametriskie dati tika salidzinati, izmantojot Studenta t-
testu un divvirzienu atkartotu mérijumu dispersijas analizi (two-way Repeated Measures ANOVA) ar
Sidaka vairaku salidzinajumu testu (Sidak post-test). Lai noverstu novérojuma periodu aproksimaci-
jas kludu, lidztekus istenotajai ANOVA analizei tika veikta ar1 dazadu mérjjumu (diametru, lenku,
garumu utt.) izmainu linearas regresijas analize ar preciziem novérojuma periodiem. Noverojumu
meérijuma rezultati, ko izmantoja linearai regresijai, tika aritméetiski normaliz€ti attieciba pret pirmo
pEcoperacijas merjjumu, kas tika pielidzinats nullei. Multiplu regresijas Iiknu saildzinaSanu veica ar
kovariacijas analizi. Neparametrisku datu salidzinasanai izmantoja tieSo FiSera testu (Fisher exact
test) un Mana-Vitneja testu (Mann-Whitney test). Parametriskie dati atspoguloti ar vidéjo un 95 %
ticamibas intervalu, bet neparametriskie dati — ar medianu un interkvartilu intervalu. Statistiskais

bitiskuma Itmenis pienemts ar p-vértibu <0,05.
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3.2. Proksimala kaklina radiologiskas izverteSanas metodologija

3.2.1. Proksimala kaklina dilatacija

Aortas Skérsizméra laukumu merijumus veica perpendikulari centralajai asinsvada linijai, ko

veidoja manuali. Skersizmeéra laukumu konvertgja diametra, izmantojot formulu:

D=2,/=

=

D — aortas diametrs

A — aortas Skérsgriezuma laukums

Aortas Skeérsgriezuma laukumus mérija no adventicijas lidz adventicijai suprarenalaja aorta

tilit zem a. mesenterica superior atzaroSanas vietas, bet infrarenali tris dazados limenos in-

frarenalaja kaklina:
1) tulit zem kaudalas galvenas nieru artérijas (1. limenis),

2) stenta protézes proksimalo galu [iment (2. limenis),

3) 5 mm zem stenta prot€zes proksimalo galu Iimena (3. [imenis) (4. attéls).

Suprarenala aorta

Infrarenala aorta

Limenis 1 - -4 o e i e P el
leen!s 2 15 mm VIVIVA VI VIV
Limenis3 -----%k-----/----1---71--- iy DTttt AT - R
Proksimala kaklina Nosegtais
Proksimala kaklina /|y garums | kaklins —  AAANL
distala robeza
NANNAN
Pirms operacijas Ar balonu dilatéjama Pazizpletosa
endoprotéeze endoprotéeze

4. attéls. Védera aortas aneirismas infrarenala kaklina mérijjumu limeni pirms arstéSanas, ka

ar1 péc endovaskularas arsteSanas ar balondilatéjamo un paSizpletoso endoprotezi

2. un 3. infrarenalas aortas Iimena lokalizacijas noteikSana pirmsoperacijas CT izmekl&ju-
mos pamatojas uz centralas asinsvada linijas distanci no 1. [imena Iidz attiecigi 2. un 3. limenim

pirmaja peécoperacijas izmeklgjuma. Lidzigi meérjjuma vietas tika noteiktas 2. un 3. Iimenim p€cop-

eracijas ikgad@jos novérojumos.
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Infrarenalas aortas garums tika defin€ts ka centralas asinsvada linijas intervals starp
apaksgjo galveno nieres art€riju (1. [imenis) un vietu, kur aortas diametrs palielinas par 10 %,
salidzinot ar 1. infrarenalas aortas limeni.

2. lIimenis BDE pacientiem tika defin€ts ka kranialakais Skérsgriezums, uz kura BDE
pacientiem ir saskatami abu stenta prot€zu noslégtie ripki un PE pacientiem — visi Cetri
endoprotézes proksimalie markieri (Endurant stenta prot€zei $is limenis atbilst parklatas stenta
protézes proksimalajam galam). PaSizpletoSas endoprotézes suprarenalas fiksacijas elementi
mérfjuma Itmenu noteikSanai netika izmantoti. Ar protézi nenosegtais infrarenalas védera aortas
aneirismas proksimalais kaklin$ tika defints ka centralas asinsvada linijas segments starp 1. un
2. Iimeni. Attiecigi nosegtais kaklin§ tika definéts ka centralas asinsvada linijas segments starp
2. Itmeni un proksimala kaklina distalo robezu (4. attéls). Infrarenalas aortas diametra izmainas
noverojuma perioda tika noteiktas tikai tiem pacientiem, kuriem nosegta kaklina garums parsniedza

5 mm. Ve&dera aortas aneirismas maksimalo Sk&rsizm€ru gan pirms operacijas, gan Visos

3.2.2. Aortas lenkiskas deformacijas mérijumi

Tika analiz&tas divu aortas lenku izmainas — suprarenala un infrarenala limeni. Suprarenalais
lenkis tika definéts ka maksimali izteiktakais aortas parliekums nieru artériju Iimeni vai tilit virs
tam, bet infrarenalais — ka maksimali izteiktakais aortas parlickums vedera aortas aneirismas

proksimala kaklina limeni vai ari uz robezas starp proksimalo kaklinu un aortas maisu.

103-014 Position: FF! 103-01% Pasition: FF:

Baseline CTA. J1st month follow-up! o
10/22/09 11:59:08 ‘ﬂ 01/11/10 10:42:31 -

L

5. attels. Suprarenala lenka mérijjumi pacientam pirms védera aortas aneirismas en-

dovaskularas arstesanas ar BDE (A), 1 ménesi (B) un 1 gadu péc arstésanas (C)
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Abu lenku meériSanas metodes pamatotas uz aortas centralas asinsvadu Iinijas garenisku
rekonstrukciju analizi, sinhroniz&jot pirmsoperacijas un p&coperacijas datortomografijas izmek-
1&jumu sériju rotaciju un atrodot centralas asinsvadu linijas gareniskas rekonstrukcijas ar maksimalu
parlieckumu attiecigi suprarenalaja un infrarenalaja Itmeni. S€riju sinhronizacijai izmanto aortas
sienina esosus kalcinatus un aortas zarus. Suprarenala lenka noteikSanai izmantoja videjo no diviem
meérfjumiem gar aortas sieninas adventicijas slani — gar ieliekto un izliekto aortas virsmu (5. att€ls).

Infrarenalu lenki noteica ka vid€jo no diviem lenkiem — lenki starp aortas ieliektas un izliek-

tas virsmas adventicijas kontliram no vienas puses un aortas bifurkaciju no otras (6. attels).

103-014 It “ T03-074 & PoBioN: FESH 103-014
Baseline CTA 1st month follow-up; g st year:

10/82/09 11:59:08 01/11/10 10:42:31 o Ay W10 wa;ssﬁ

N -

610,

Angle: 124.7008/8235 300" BN gl 134.271° / 225 7298

Angle: 142.523° / 21700

Made In OsiriX Made In OsiriX; i Made, In OsiriX;
6. attels. Infrarenala lenka meérijumi pacientam pirms védera aortas aneirismas en-
dovaskularas arsteSanas ar BDE (A), 1 ménesi (B) un 1 gadu péc arstésanas (C)

3.2.3. Proksimala kaklina garuma merijumi

Védera aortas proksimala kaklina garuma noteikSanai izmantoja originalu metodi, kas pama-
tota uz centralas asinsvadu linijas gareniskas rekonstrukcijas distances mérijumu starp nieru artéri-
jas atzaroSanas ltmeni un aortas sienina esoSiem kalcinatiem aortas aneirismas proksimala kaklina
distala gala lItmeni. Distance tika mérita gar aortas adventicijas slani, izmantojot nenoslégta poligo-

na instrumentu (7. attels).
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7. attéls. Infrarenala kaklina garuma meérijums, pamatojoties uz aortas sienina redzamiem
kalcinatiem. Identiski slipas linijas garuma mérijumi pirms aortas aneirismas endovaskularas

arsteSanas ar BDE (A), 1 ménesi (B) un 1 gadu péc arstesanas (C)

[zmekl&jumu aortas rekonstrukciju rotacija tika sinhronizeta, pamatojoties uz aortas sienina

redzamiem kalcinatiem un aortas sanu zaru lokalizaciju.

3.2.4. Balondilatéjamas endoprotezes gareniskas dislokacijas meérijjumi

Ierices kaudalo dislokaciju mérija gar asinsvada centralo liniju no kaudalas nieru artérijas
atveres apakSmalas 11dz kaudalas endoprotézes proksimalajam galam. Par endoprotézes proksimalo
galu pienéma kranialako orto-normalas rekonstrukcijas Iimeni, kura bija saskatami visi endopro-
tezes koncentriskie metaliskie elementi. Darba rezultatos referéti neriisgjosa térauda BDE 5 mm un

10 mm BDE distalas migracijas robezvertibu gadijumi.
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4. Rezultati

4.1. Pacientu populacijas dati

Registra apkopoti dati no kliniskajiem centriem, kuros pirmajos uzsakta BDE izpé&te — dati par
60 pacientiem no Paula Stradina Kliniskas universitates slimnicas (Riga, Latvija), par 70 pacientiem
no Oklendas pilsétas slimnicas (Oklenda, Jaunz€lande) un par 5 pacientiem no Tamanako klinikas
(Karakasa, Venecuéla). Visas BDE pacientu datortomografijas prospektivi uzkratas laika perioda no
2008. Iidz 2015. gadam. Infrarenalas aortas paplasinasanas kontrolei tika izmantoti 56 pacientu dati
no Njuvégenes pils€tas klinikas (Utrehta, Niderlande), kam implantéta PE. Pacientu dati pirms

protézu implantacijas apkopoti 1. tabula.

1. tabula. Pacientu dati pirms BDE un PE implantacijas

BDE PE p-vertiba
Pacientu skaits 135 56
Vecums (gadi) 71,2+2,3 72,6 +1,8 0,30
Viriesi / Sievietes 111/24 46/10 1,0
:;ff;‘;:ggﬁei‘r“:zzﬁas mak- 537:20 57,7423 <0,0001
Tr"lvne;‘;’ll‘v‘::tﬁzr:zf:‘r gfj‘é‘;in) 2.1 (1.9-3.8) 2.0 (1.1-2.9) 0.007
x::i)s(lilsn(igl::isi )novéro; uma 59 51
Pacientu skaits ar pieejamiem 3 60 20

gadu noverojuma datiem

Noverojuma periodu mediana, ka arT minimalie un maksimalie pacientu novérojuma periodi ir
lidzigi abas grupas. Tomér BDE pacientu grupa novérojumu periodi lielakajai dalai pacientu ir
ilgaki un parsniedz 2 gadus, radot statistiski nozimigu atsSkiribu noveérojuma garuma starp BDE un

PE pacientu grupam.
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4.2. Proksimala kaklina izmainas péc endovaskularas arstéSanas

Proksimala kaklina remodelacija péc endovaskularas arstéSanas ir komplekss process. Tas
ietver proksimala kaklina dilataciju, pagarinasanos un lenkisku kaklina deformaciju. Visi $ie procesi
norisinas vienlaikus ar iesp&amu endoprotézu dislokaciju, kas ietekmé proksimala kaklina

remodelaciju.

4.2.1. Infrarenalas aneirismas proksimala kaklina diametra izmainas

Promocijas darba védera aortas aneirismas proksimala kaklina diametra izmainu izp&tes
metodologija un rezultati tika publicéti 2015. gada ASV Asinsvadu Kirurgu asociacijas laikraksta
(1. pielikums).

BDE un PE pacientu grupu suprarenalas un infrarenalas aortas diametru izmeri pirms

arsteésanas bitiski neatskiras (2. tabula).

2. tabula. BDE un PE pacientu grupu suprarenalas un infrarenalas aortas diametru izmeri

pirms arsteéSanas

BDE PE p-vértiba
Suprarenalas aortas diametrs (mm) 26.3 (25.7-26.9) 26.3 (25.5-27.1) 0.95
Infrarenalfs aortas diametrs mm)
Itmenis 1 24.6 (23.9-25.3) 25.5(24.5-26.5) 0.13
Itmenis 2 25.1 (24.2-26.2) 25.8 (24.9-26.8) 0.27
Itmenis 3 25.2 (24.3-26.2) 25.7 (24.6-26.7) 0.54

Pirms endovaskularas arst€Sanas védera aortas diametru sadalijums visos noraditajos
Itmenos atbilst normai (D’ Agostino & Pearsona omnibusa normalitates testa p-veértiba ietilpst inter-
vala no 0,07 lidz 0,84) (8. att€ls) un ir bez statistiski nozimigam atSkiritbam pacientiem péc

arst€Sanas ar BDE un PE (2. tabula).
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Suprarenalas aortas izméru sadalijums
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8. attels. Védera aortas diametru histogrammas pacientiem pirms védera aortas aneirismas

endovaskularas arstéSanas

9. attela ir paraditas suprarenalas un infrarenalas aortas diametra agrinas pe€coperacijas iz-

mainas. Vienigais Iimenis, kur 1. pecoperacijas ménesa novérojuma nav konstatgjamas statistiski

ticamas aneirismas dilatacijas, ir suprarenala aorta pacientiem, kas arstéti ar BDE. Tas ari ir vieni-

gais Iimenis, kura aortas sienina péc endovazalas arstéSanas nekontakte ar endoprotézi.

3.2
Q Pirms operacijas

3.0- @ =<1 ménesis péc operacijas
— ! p<0.0001
g p<0.0001
~ p<0.0001
& 2 8l p<0.0001
@ . p>0.05 p<0.0001
S p<0.0001
]
g 2 6 H p=0.03
o .
€
[e]
<

2.4

1. 2. 3. 1. 2. 3.
Tmenis Tmenis Tmenis Tmenis Tmenis Tmenis
2.2' L ] L ]
BDE PE BDE PE

Suprarenala aorta

Infrarenala aorta

9. attéls. Suprarenalas aortas un aneirismas proksimala kaklina diametri pirms un 1 ménesi
péc endovaskularas arsteSanas ar BDE un PE

40



Infrarenala aortas dilatacija 1. un 2. lIimeni agrina p&coperacijas perioda pacientiem péc
védera aortas aneirismas arst€Sanas ar BDE ir mazaka neka pacientiem, kas arstéti ar PE (RM
ANOVA p-vertiba ir attiecigi 0,082 un 0,034). Infrarenalas aortas 3. Iimeni $1 atSkiriba nesasniedz
statistisku butiskuma Itmeni 0,05 (RM ANOVA p = 0,07). Abam pacientu grupam aortas dilatacijas
pakape palielinas, kad mérfjjuma Iimenis tuvojas aortas aneirismas maisam. Vidéji infrarenalas aor-
tas diametra pieaugums pacientiem p&c arst€Sanas ar PE parsniedz BDE pacientu radijjumus 2—3
reizes.

Pacientiem, kas ir sasniegu$i 3 gadu noveérojuma periodu, noveérojamas lidzigas izmainas
suprarenalas aortas diametra izmainas (10. att€ls) un biitiskas atSkiribas infrarenalas aortas diametra

izmainas (11. attels), kas attiecas uz pacientiem péc arstéSanas ar BDE un PE.

50%- 50%1

(1) p=0.19 @ p=022
40%1 {1 Pirms operacijas 40%1 M ) .
0 Pac opg'écijajs 7 {1} Pirms operacijas
& 3.gada novérojums {} Péc operacijas
30%- 30%- # 3. gada novérojums
20% 20%1
10%- 10%
0%- L 0% L
1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50 3.75 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50 3.75
Aortas diametrs (cm) Aortas diametrs (cm)

10. attels. Suprarenalas aortas diametru histogrammas pacientiem péc arstéSanas ar

BDE (1) un PE (2)

40% 80%

° (1) p=0.15 ° (2) p < 0.0001

9 S O Pirms operacijas o " -
30% - {} P&c operacijas 60% B gg?i;eegggfs

/ # 3. gada noverojums 8 3. gada noverojums
20% 40%
10% 20%
il B [ 0%

300 325 350 375 1.5 2.0 25 3.0 35 4.0 45
Aortas diametrs (cm)

175 200 225 250 275
Aortas diametrs (cm)

11. attéls. Infrarenalas aortas 3. limena aortas diametru histogrammas pacientiem
péc arstesanas ar BDE (1) un PE (2)

Infrarenalas aortas diametrs 3. Iimend pacientiem péc arst€Sanas ar BDE biitiski neizmainas

(p = 0,15) atskiriba no pacientiem, kas arstéti ar PE (divfaktoru dispersijas analizes p < 0,0001).

et
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12. attels. Infrarenalas aortas diametra izmainas 3. Iilmeni1 3 gadu laika péc védera aortas

aneirismas endovaskularas arstéSanas ar BDE un PE

Sidaka multiplu salidzinajumu pé&c-tests apliecina, ka infrarenalas aortas diametra izmainas
3. liment BDE pacientu grupa starp 1. pecoperacijas ménesi un 3. novérojuma gadu nebija biitiskas
(p > 0,05). Savukart pacientiem péc arst€Sanas ar PE $1 limena aortas diametrs turpina pieaugt

(p <0,0001), 3 gadu laika paplaSinoties vid€ji par 6,5 mm (12. att€ls un 3. tabula).

3. tabula. Izmainas aortas diametra 3 gadu perioda pacientiem péc BDE un PE

implantacijas (95 % ticamibas intervals)

BDE PE p vertiba

Suprarenala aorta, mm

Pirms operacijas diametrs 26,57 (25.65-27.49) 26.23 (24.62-27.85) ns

1. ménesis péc arstésanas +0.08 (—0.38 [1dz 0.55) +1.05 (0.50-1.60)  <0.01

3. gads péc arstéSanas +0.75 (0.28-1.21) +0.99 (0.44-1.54) ns
Infrarenalas aortas 3 limenis, mm

Pirms operacijas diametrs 24.97 (23.77-26.16) 25.70 (24.03-27.37) ns

1. ménesis pec arst€Sanas +1.35 (0.50-2.20) +2.69 (1.67-3.70)  <0.05

3. gads péc arstéSanas +1.86 (1.00-2.71) +6.45 (5.43-7.46) <0.0001

Visu pieejamo noverojumu dispersijas analize nebija iesp&jama atSkiriga kontroles izmek-

l&jumu skaita d&] dazadiem pacientiem. ST iemesla dé] kop&jo — lidz 5 gadu novérojumu — datu
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analizei tika izmantota lineara regresijas analize. legiitie rezultati labi saskan ar pieejamo 3 gadu

noverojumu pacientu datiem (13. att€ls).

Suprarenalas aortas diametrs Infrarenalas aortas diametrs 1. imeni
34

W w
N »
W
N

(]
o
w
o

- Operacija
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
)
m

N
o

Aortas diametrs (mm)
nN
©

Aortas diametrs (mm)
N
@

N
>
HO-OH

S ANCOVA p = 0.0002
04 5 P 04 ANCOVA p <0.0001
I
22 T T T T T T 22 T T T T T T
|1.mén. 1.gads 2.gads 3.gads 4.gads b5.gads |1.mén. 1.gads 2.gads 3.gads 4.gads 5.gads
Pirms operacijas Pirms operacijas

Infrarenalas aortas diametrs 2. imeni Infrarenalas aortas diametrs 3. imeni

@w
b
\

\

" _PE

w

N
[
N

w
o

[
o

e
l
; oo BDE T
26 §— - 2% % e BDE
& é s
24 8 ANCOVA p < 0.0001 24 g ANCOVA p < 0.0001
S g
22 ) o)

Aortas diametrs (mm)
N
oo
Aortas diametrs (mm)
N
©

22

| 1. n"lén. 1. g'ads 2. g'ads 3. g'ads 4, g'ads 5. g'ads

Pirms operacijas |1.n"1én. 1.g'ads 2. g'ads 3. g'ads 4, g'ads 5. g'ads

Pirms operacijas

13. attels. Aortas diametru izmainu regresijas liknes dazados mérijumu [imenos pa-
cientiem péc védera aortas aneirismas endovaskularas arstéSanas ar BDE un PE

Linearas regresijas analize norada uz aortas dilataciju visos limenos (regresijas liknes devia-
cija no nulles ir ar p = 0,0001), izpemot suprarenalo Itmeni pacientiem, kas arstéti ar PE (p > 0,05).
Infrarenalas aortas dilatacijas pieaugums visos Itmenos pacientiem, kas arstéti ar PE, ir statistiski
ticami augstaks neka tiem pacientiem, kas arstéti ar BDE (ANCOVA p < 0,0001), parsniedzot to 3—
5 reizes. Veérojama tendence uz izteiktaku infrarenalas aortas dilatacijas dinamiku kranio-kaudalaja
virziena (4. tabula).
4. tabula. Infrarenalas aortas diametru ikgadgjs pieaugums (mm/gada) dazados Iimenos pa-

cientiem péc védera aortas aneirismas endovaskularas arsteSanas ar BDE un PE; p-vértiba
norada uz ANCOVA rezultatiem

Infrarenalas aortas Iimenis BDE PE p vertiba
Limenis 1 0.17 (-0.12 Iidz 0.23) 0.65 (0.53-0.78) <0.0001
Limenis 2 0.18 (0.12-0.23) 0.92 (0.77-1.08) <0.0001
Limenis 3 0.22 (0.15-0.29) 1.09 (0.90-1.28) <0.0001

43



34

w
'

(1 2
€ %2 T 321 2
£ E %
(7] o »n o
= S S 30 o
g 30 g £ 30 ‘
£ @ = I
a & o |
o 28 T —— O 281
£ ‘ e g
& Supraly (@ o Sapra:
26 renala < 1
Infra- & | ANCOVA p =0.77 267 infra- B | ANCOVA p < 0.0001
renala | renala |
| |
2 [ 1.mén. 1.gads 2.gads 3.gads 4.gads 5.gad 24 y y y - y
! 1.mén. 1.gads 2.gads 3.gads 4.gads 5. gads [1.men. 1.gads 2.gads 3.gads 4.gads 5.gads
Pirms operacijas Pirms operacijas

14. attels. Suprarenalas un infrarenalas aortas 3. imena diametra izmainas ilgtermina pec

védera aortas aneirismas arstéSanas ar BDE (1) un PE (2)

Pacientiem, kas arsteti ar BDE, suprarenalas aortas segmenta dilatacijas atrums p&coperaci-
jas perioda neats$kiras no infrarenalas aortas, parklatas ar stenta protézi (ANCOVA p = 0,77), tur-

prett ar PE arst€tiem pacientiem T atskiriba ir izteikta (ANCOVA p < 0,0001).

4.2.2. Infrarenalas aneirismas proksimala kaklina garuma izmainas

Védera aortas aneirismas proksimala kaklina garuma izmainas 1 ménesi péc endovaskularas

operacijas netiek konstatétas (15. attels).
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Pirms operacijas 1 ménesis pec operacijas

15. attels. Védera aortas aneirismas proksimala kaklina garums pirms operacijas un
1 ménesi péc endovaskularas arsteSanas ar BDE (ar punktiem ir ieziméti raditaji arpus 5—

95 procentilu intervala)

44



Salidzinot aortas aneirismas proksimala kaklina garumu pirms endovaskularas arstéSanas ar
BDE un vienu ménesi p&c tas, statistiski nozimigas izmainas netika konstatétas (Vilkoksona paru
testa p-vertiba ir 0,065). Toméer ilgtermina vérojama statistiski ticama kaklina pagarinaSanas par

1,46 mm gada (p-vertiba novirzei no nulles <0,0001) (16. attels).
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16. attels. Proksimala aneirismas kaklina garuma izmainas pec védera aortas aneirismas

arsteSanas ar BDE 5 novérojuma gadu perioda

Proksimala kaklina pagarinaSanas korelacija ar pirms operacijas izméerita kaklina garumu un
ar endoprotézi neparklata kaklina garumu netika konstatéta (17. att€ls). Spirmana korelacijas koefi-

cients r = 0,07 un —0,05 ar p = 0,59 un attiecigi 0,79.
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17. attels. Aortas infrarenala kaklina pagarinasanas atkariba no kaklina garuma pirms

operacijas (1) un no neparklata kaklina garuma (2)
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4.2.3. Aortas izlocijumu izmainas

Védera aortas aneirismas pacientiem pirms arstéSanas ar BDE suprarenala un infrarenala
lenka medianas veértibas bija attiecigi 24,6 (15,2-33,1) un 42,5 (30,0-53,3). Suprarenala un

infrarenala lenka histogrammas ir redzamas 18. attela.
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18. attels. Suprarenala (1) un infrarenala (2) lepka histogrammas pirms operacijas ar BDE

Agrini pec stenta prot€zes implantacijas bija verojamas nelielas, bet statistiski nozimigas
izmainas gan suprarenala, gan infrarenala lepka limeni. Abos limenos bija vérojama aortas par-
locijumu iztaisnoSanas: suprarenali — par 2,2° (0,9°-3,4°; p = 0,0014) un infrarenali — par 5,6°

(3,5°-7,6% p < 0.0001) (19. attzls).
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Suprarenalais lenkis Infrarenalais lenkis

19. attels Agrinas pécoperacijas suprarenala un infrarenala lenka izmainas (grafikos ir
paradita mediana, interkvartilu intervals un ar punktiem atziméti novérojumi arpus 5-95
procentilu intervala; p-veértibas norada uz Vilkoksona paru testa rezultatiem)
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Lai parbauditu hipotézi, ka aortas parlocijumu izmainas péc AAA arstéSanas ar BDE ir
atkarigas no aortas parlocijuma pirms operacijas, visi pacienti tika iedaliti divas grupas atkariba no
aortas parlocijuma pakapes. RobeZzlinija starp zemas un augstas pakapes parlocijumu suprarenalam
lenkim tika defin€ta 30° Iimeni (attiecigi 0°-30,0° un >30,0°), bet infrarenalam lepkim — 45° [iment
(attiecigi 0°—45,0° un >45,0°).

20. attéla ir atspogulots, ka BDE implantacijas rezultata suprarenalais lenkis iztaisnojas abas
— gan zema, gan augsta — lenka grupas. Izmainas ir nelielas, un zema lenka grupa veido 1,4° (0,2°-
2,7° ar p = 0,03), bet augsta lenka grupa — 3,6° (0,8°-6,3° ar p = 0,02). Lidziga iztaisnoSanas endo-
protézes implantacijas rezultata ir vérojama ari infrarenalaja aorta. Zemas pakapes parlocijumu
grupa ta veido 4,1° (1,1°-6,0° ar p = 0,003), bet augstas pakapes parlocijumu grupa — 7,3° (1,8°—
9,1°ar p=10,0003).
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20. attels. Suprarenala (1) un infrarenala (2) lenka izmainas augstas un zemas aortas par-

locijuma pakapes pacientiem péc AAA arstéSanas ar BDE.
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Robezvertibas defin€Sana suprarenalajam lenkim 30° [imeni un infrarenalam lenkim 45° Ii-
menT ir pamatota statistiski, jo pe€coperacijas izmainas zemas un augstas aortas parloctijuma pakapes
grupas ticami atSkiras (divvirzienu atkartotu mérjjumu ANOVA p < 0,0001 gan suprarenalajam, gan
infrarenalajam lenkim).

[lgtermina izmainas aortas suprarenalaja lenki ir atSkirigas zemas un augstas aortas par-
loctjuma pakapes grupas (ANCOVA linearo regresijas liknu atskiribai p = 0,003). Parlocijuma
lenkis butiski nemainas pacientiem ar pirms operacijas registrétu suprarenalo lenki <30° (p-vértiba
regresijas liknes novirzei no nulles ir 0,85). Savukart pacientiem ar pirms operacijas registrétu
suprarenalo lenki >30° ilgtermina verojams Iens aortas parlocijuma pieaugums par 1,2° gada (0,7°—

1,6° gada ar p-vertibu novirzei no nulles <0,0001) (21. attels).
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21. attels. Ilgtermina izmainas suprarenala aortas lenki pacientiem ar augstas pakapes
suprarenalas aortas parlocijumu (p-vértiba norada uz statistisko buitiskuma Iimeni regresi-

jas Iiknes novirzei no nulles)

Infrarenala lenka ilgtermina izmainas nav atkarigas no aortas parlocijuma pakapes (kovaria-
cijas analize linearas regresijas Iiknu atskiribai p = 0,29). Infrarenala lenka izmainas, neizdalot atse-
viSki augstds un zemas pakapes aortas parlocijumu grupas, ir 0,3° gada (0,1°-0,5° gada ar

p =0,001).
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4.3. Ar polimeru fiksetas balondilatejamas endoprotezes migracija

P&c védera aortas endovaskularas arsteéSanas ar BDE 5 gadu novérojuma perioda lielakajai
dalai pacientu ierices distala dislokacija ir m&rjjuma kliidas robezas vai arT neparsniedz 5 mm no
distalas migracijas robezvertibas. Tomer linearas regresijas datu analize norada uz to, ka Sada

distala dislokacija pastav (22. attgls).
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22. attels. BDE ierices ilgtermina distala dislokacija

Vidgji ierices dislokacija veido 0,7 mm gada (liknes novirze no nulles ar p < 0,0001). Ta ir
salidzinama ar kaklipa ilgtermina pagarinaSanas atrumu (1,46 mm gada).

Atseviskos gadijumos endoprotézes distala parvietoSanas ilgtermina parsniedz 5 un 10 mm
robezvertibas (23. attels).

Tadi faktori ka ar endoprotezi parklata un neparklata kaklina garums, poliméra daudzums en-
doprotézes maisos un endoprotézes proksimalo galu suprarenala pozicija netiek uzskatiti par
butiskiem ierices migracijas noteic€jiem (Mantel-Cox testa p-vertiba grup&jumam >0,05). Vienigais
faktors ar statistiski nozimigu ietekmi uz migracijas risku ir arst€jamas veédera aortas aneirismas
maisa izmérs, ja tas ir lielaks par 5,5 cm. Jaatzime, ka endoprotézes 10 mm migracijas riska atSkiri-
ba pacientiem ar dazada izméra aortas aneirismas maisu nav sasniegusi statistisku butiskuma ltmeni

5 % robezas (Mantel-Cox testa p = 0,07).

49



100% 100% 98.8%

. I . 97.0% 93.9%
100%7H—"= =" -~ 10 mm dislokacija
100% 97.2%
e 94.8% . — .
92.8% 89.3% —— 5 mm dislokacija
75%-
50%-
25%-
0% r r r r r
Operacija 1. gads 2. gads 3. gads 4. gads 5. gads

23. attels. Kaplana-Meijera liknes pacientu proporcijai bez BDE migracijas pazimém ar

migracijas robezvértibam S mm un 10 mm Iimeni

4.3.1. Endoprotézes migracijas ietekme uz aneirismas arstéSanas efektivitati

Galvenie védera aortas aneirismas arstéSanas efektivitates kriteriji ir izvairiSanas no la tipa

asins slicém un aneirismas maisa augsanas.

100--\4:5&::&5“:&&&1:*[:

80 ‘—u—u —- =5 mm migracija

Log-rank testa p = 0.54

20

Pacienti bez 1a suices pazimém (%)

0 T T T T T
Operacija 1. gads 2. gads 3. gads 4. gads 5. gads

24. attels. Kaplana-Meijera Iiknes pacientu proporcijai bez 1a tipa asins siicém

atkariba no endoprotézes distalas migracijas >5 mm
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la tipa asins siices sastopamiba pacientiem saistita ar endoprotézes migraciju >5 mm (Mantel-
Cox testa p = 0,054). >10 mm migracijas ietekmi uz 1a asins stices prevalenci noteikt nav iesp&jams
nelielas §1 notikuma incidences d€| pétama pacientu grupa (24. attéls).

Endoprotézes >5 mm distalas migracijas saistiba ar1 ar aneirismas maisa diametra pieaugumu
>5 mm nesasniedz statistisku biitiskuma Itmeni (25. att€ls), tacu, turpinot noverosanu, $ada likum-

sakariba var tikt konstateta (Mantel-Cox testa p = 0,09).

100 =t e 1 ] 1 mu—"H

80 1

(%)

-~ pav migracijas

60

—— - >5 mm migracija

40 1

aug$anas pazimém

Log-rank testa p = 0.09

20

Pacienti bez aortas aneirismas maisa

0 T T T T T
Operacija 1. gads 2. gads 3. gads 4. gads 5. gads

25. attels. Kaplana-Meijera liknes pacientu proporcijai bez aneirismas maisa augSanas

pazimém atkariba no endoprotézes distalas migracijas >5 mm
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5. Diskusija

Darba rezultati atspogulo dazadas morfologiskas izmainas védera aortas aneirismas
proksimalaja kaklina p&c veédera aortas endovaskularas arstéSanas — proksimala kaklina elongaciju,
suprarenala un infrarenala lenka izmainas, endoprotézu dislokacijas risku, ka art butiskas atskiribas
proksimalaja kaklina p&c arsté€Sanas ar aneirismas maisa fiksétu BDE un PE.

Praktiskaka nozime ir aortas infrarenala kaklina diametra izmainam, jo tas nodro$ina aneiris-
mas maisa fiksétas BDE stabilitati ilgtermina. Gan BDE, gan PE implantacija izraisa tailit€ju kak-
lina paplaSinasanos, tomeér vélaka laika perioda pacientiem ar implantétu BDE biitiska proksimala
kaklina dilatacija nav noveérojama, savukart pacientiem ar PE §ada dilatacija novérojama vél ilgi péc
implantacijas. AtSkiras ar1 inicialas dilatacijas pakape — peéc arst€Sanas ar BDE par ~1 mm (4 %),
bet péc PE implantacijas — par ~2,5 mm (10 %). Kaklina dilatacija agrini péc endovaskularas opera-
cijas ar PE ir labi zinama, tap&c pirmas pecoperacijas datortomografijas izmekl&jums tiek pienemts
par atskaites punktu turpmakajiem noveérojumiem (Badran et al., 2002; Dillavou et al., 2005). En-
dovaskularo ieri¢u implantacijas bridt abu tipu endoprotézes ar radiali vérstu speku iespiezas aortas
sienina, tome&r BDE gadijuma $adu spéku rada balonkateters, kas péc metaliska stenta implantacijas
un balonkatetera iztukSoSanas neuztur radiala speka parpalikumu. Savukart paSizpletosa ierice
turpina izplesties ar1 vélak, tadgjadi nodrosinot implant&tas ierices fiksaciju un uzturot aneirismas
maisa izslégSanos no cirkulacijas. Par labu $adam rezultatu trakt€jumam liecina ari suprarenalas
aortas dilatacija par 0,8 mm (3 %) péc arstéSanas ar PE ar suprarenaliem fiksacijas elementiem un
Sadas dilatacijas iztriikums pacientiem ar BDE. 3 gadu nov€rojuma perioda védera aortas aneiris-
mas pacientiem ar implantétu BDE netika konstat&tas statistiski ticamas infrarenalas aortas diametra
izmainas, turpretim pacientiem ar PE tika noverota kaklina diametra palielinasanas par 25 %.
Novérojuma perioda lidz 5 gadiem ar endoprotézé€m parklata aneirismas proksimala kaklina dilata-
cija dazada tipa endoprotézeém atskiras piecas reizes — pacientiem ar BDE dilatacijas Itmenis ir
viena limeni ar dabigu, novecoSanas rezultata izraisitu aortas dilataciju (Fleischmann et al., 2001;
Wolak et al., 2008).

Pasizpletosas endoprotézes izméra ekscess 10-20 % ir nepiecieSams, lai nodroSinatu PE asins
plismas izolaciju un pretotos dislokacijas spekiem (Sternbergh et al., 2004). Promocijas darba iz-
mantotas kontroles PE diametru ekscess bija 12,8 %, kas ir loti tuvu aortas kaklina dilatacijai, kas
registréta 3 gadus peéc operacijas (13 %). ST atradne saskan ar ilgsto§aku novérojumu datiem, kas

pierada, ka aortas aneirismas proksimala kaklina dilatacija turpinas, kamer pasizpletosa endoprotéze
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sasniedz nominalu diametru (Monahan et al., 2010). P&c $1 nominala diametra sasniegSanas aortas
kaklina dilatacijai biitu janostabilizgjas.

Aortas diametra progresivs pieaugums saistiba ar vecumu ir plasi aprakstits literatiira (Pearce
et al., 1993; Sonesson et al., 1994). Lidz ar datortomografijas ievieSanu kliniskaja praksé paradijas
ar1 dati par aortas izm&ru pieaugumu dazadu patologisku procesu rezultata. Fiziologisks, ar vecumu
saistits suprarenalas aortas diametra pieaugums ir robezas no 0,14 lidz 0,25 mm gada (Fleischmann
et al., 2001; Wolak et al., 2008). Pacientiem ar nelielam nearstétam aneirismam vai ar1 péc val€jas
aortas operacijas infrarenala aorta paplasSinas ar atrumu lidz 0,57-0,58 mm gada (Liapis et al., 2000;
Illig et al., 1997). Darba suprarenalas aortas dilatacija tika izmantota iek$€jai kontrolei abam pa-
cientu grupam — gan pacientiem péc aortas aneirismas arstéSanas ar PE, gan pacientiem, kas arsteti
ar BDE. PE implantacija bija saistita ar tiilit€ju suprarenalas aortas paplasinasanos, ko var izskaidrot
ar protezes suprarenalas fiksacijas mehanisma izraisitiem efektiem. Pacientiem péc BDE implanta-
cijas $ada paplasinaSanas netika novérota. Turpmaka p&cimplantacijas suprarenalas aortas dilatacija
PE pacientiem bija zemaka (0,06 mm/gada) neka BDE pacientiem (0,26 mm/gada). Ja suprarenalas
aortas diametra picaugumam par atskaites punktu pienem pirmsoperacijas aortas izmérus, aortas
diametru pieauguma starpiba pacientiem, arstétiem ar dazadiem stenta protézes tipiem, izzid (0,26
+ 0,11 mm/gada BDE pacientiem pret 0,13 + 0,20 mm/gada PE pacientiem; ANCOVA p = 0,56) un
atrodas aortas fiziologiskas augSanas normu robezas.

Endovaskularas aortas aneirismas arst€Sanas pamatlicgja Dr. Parodi balondilat§jamas en-
dovaskularas ierices ilgtermina novérojumi demonstréja stabilu infrarenala kaklina diametru péc
arstesanas (Parodi and Ferreira, 2002), kas sakrit ar v€lak veiktiem pétijumiem (Malas et al., 2005)
un 7 darba rezultatiem (Savlovskis et al., 2015). Saja darba konstatéta infrarenala kaklina pro-
gresiva dilatacija péc aortas aneirismas endovaskularas arsté€Sanas ar iericém, kuru pamata ir PE, ir
saskana ar plasu literatiras datu klastu. Biitiska novitate ir tas, ka So divu dizainu stenta protézes
(balondilatejamas un paSizpletosas) pirmo reizi tika tieSi salidzinatas, izmantojot vienotu
metodologiju un programmatiiras risinagjumus. Pamatojoties uz iegiitajiem rezultatiem, var apgalvot,
ka infrarenala kaklina dilatacija péc aortas aneirismas arstéSanas ar PE drizak saistama ar ierices
raditu pastavigu radialu spéku, nevis ar visparéju progreséjosu infrarenala kaklina degeneraciju or-
ganisma novecosanas procesa (Diehm et al., 2008).

Kaklina dilatacijas kliniskas sekas ietver pirma tipa asins siices attistibu un endoprotézes mi-
graciju. Otra tipa asins siices tika novérotas 12 % pacientu ar PE bez bitiskas ietekmes uz
proksimala kaklina pieauguma atrumu. Literatiiras dati norada uz kaklina dilatacijas (>2,5 mm) in-
cidenci 13 % liment pirmaja gada, 33 % otraja un 36 % — treSaja gada péc aortas endovaskularas
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arsteSanas ar PE, ka arf to, ka ta saistama ar kliniski nozimigu stenta protézes migraciju (Napoli et
al., 2003). PE prot€zes migracijas iztrikums, neraugoties uz progresivu kaklina augsanu, ir skaidro-
jams ar efektivu Endurant protézes fiksaciju suprarenalaja segmenta ar penetr&joSiem akiem
(Torsello et al., 2011).

Tiek uzskatits ka aneirismas maisa ilgtermina izslégsana no asins cirkulacijas un ierices pozi-
cijas stabilitate nav atkariga no infrarenala kaklina, jo tiek nodroSinata ar poliméru pilditiem
maisiem, kas, fiks€jot endoprotézi, vienlaikus novers ari otra tipa asins siices veidosanos (Diehm et
al., 2008).

Darba rezultati apstiprina, ka attalums starp nieru apaksg€jo art€riju un ierices proksimalo galu
palielinas ar atrumu, kas mazaks par 1 mm gada un ir vérojams gan péc Endruant 11, gan péc Nellix
endoprotézes implantacijas (Savlovskis et al., 2015). ST attaluma palielinasanas var tikt skaidrota
gan ar ierices distalo dislokaciju, gan ar infrarenala aortas kaklina dabigu pagarinasanos laika gaita
(Litwinski et al., 2006; Sugawara et al., 2008). Pacientiem péc BDE implantacijas attalums starp
nieru apaks$gjo art€riju un aneirismas maisa proksimala segmenta sieninas kalcinatiem palielinajas
ar atrumu 1,46 mm gada, kas liek uzskatit, ka vadoSais, ar endoprotézi neparklata kaklina pagar-
inasanas procesa mehanisms ir saistams ar dabigu kaklina pagarinasanos. Tomér atseviskos gadiju-
mos ierices distalas dislokacijas atrums ievérojami parsniedza dabigu infrarenala kaklina pagar-
inasanos, izraisot pirma tipa asins siices un citas ar endoprotézes nestabilitati saistitas komplikacijas
(Litwinski et al., 2006). Pacientiem p&c aortas aneirismas arst€Sanas ar BDE ierices distala disloka-
cija > 10,0 mm tris gadu laika tika novérota 1,2 %, bet piecu gadu laika — 6,1 % gadijumu, kas bija

saistama ar augstaku pirma tipa asins stices izveidosanas risku.
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6. Secinajumi

Balondilatéjama endoprotéze ar poliméru pilditiem maisiem ir aortas endoprotéze, kuras
darbibas princips ir atskirigs no iericém, kuru pamata ir pasizpletoSie stenti. Sis atSkiribas pamato
nepiecieSamibu izmainit radiologiskas izvert€sanas metodologiju vEédera aortas aneirismas pacientu

atlasei, kam indic€ta arst€Sana ar BDE, un So pacientu novérosanai péc $adas arsté€sanas:

1. Vienas centralas liimena Iinijas vieta izmantot divas neatkarigas slipas linijas, kas ir modele-
jamas no nieru arteriju l[imena Iidz labas un kreisas iegurna art€rijas bifurkacijas Itmenim.

2. Asinsvadu diametru izvertéSanai un izméru dinamikas noveéroSanai centralas lumena Iinijas
vieta izmantot centralo asinsvada Iiniju.

3. Pirmsoperacijas planoSana endoprotézu garuma izvélei centralas limena linijas vieta izman-
tot 1sako no iespgjamam liimena ieklautam slipajam Iinijam.

4. Ierices dislokacijas meérjjumiem katras balondilat€§jamas endoprotézes poziciju vertet

neatkarigi — gar centralo limena Iiniju lidz endoprotézes proksimalajam galam.

Infrarenalais kaklin$ p&c veédera aortas aneirismas arst€Sanas ar BDE paplasinas ievérojami
leénak neka pec arstéSanas ar PE. Tas apstiprina, ka labi dokumentgta kaklina dilatacija, kas novérota
péc arstéSanas ar PE, ir ierices radita radiala speka efekts, nevis dabigs aortas degeneracijas process,
saistits ar organisma novecosanos.

Aortas suprarenala un infrarenala lenka p&coperacijas izmainas ir niecigas, un infrarenalas
aortas paplasinaSanas atrums péc aortas aneirismas arst€sanas ar BDE ir pietiekami Iéns, lai uzskati-
tu, ka Sie faktori nekompromit€ $ada tipa endovaskularas ierices ilgtermina stabilitati.

6,1 % pacientu péc aortas aneirismas endovaskularas arstésanas ar BDE tris gadu laika ir
konstat&jama nozimiga ierices distala dislokacija (>10 mm), ko nevar izskaidrot ar fiziologisku kak-
lina pagarinaSanas procesu. Tas noraida t€zi par to, ka aneirismas maisa fikséta BDE nevar migrét.

Nakotne nepieciesams noteikt $adas migracijas riska faktorus, lai optimizétu pacientu atlasi.
Biitu art jaizverte nepiecieSamibu ieviest izmainas BDE uzbiivé, nodrosSinot papildu fiksacijas
mehanismu (suprarenalu vai infrarenalu), lidzigi ka tas ir lielakajai dalai paSizpletoSo aortas endo-

protézu.

55



Darba novitate un ta praktiska nozime

Darbs ir veltits konceptuali jaunai aortas endoprotézei, kuras uzbiive un fiksacijas
mehanisms bitiski atSkiras no citam komerciali pieejamam aortas endoprotézém. Darba izstrades
procesa bija nepiecieSams rast risinajumus vairakiem jautajumiem gan saistiba ar pacientu atlasi
endoprotezesanai, gan ar to noveéroSanu péc operacijas. Rezultata tika izstradats standartiz€ts pro-
tokols pacientu morfologiskai izvérté$anai pirms un péc endovaskularas arstéSanas, kas ari tika

ieviests ikdienas kliniskaja praks€ Paula Stradina Kliniskaja universitates slimnica (26. attéls).

Central Vesse! Line Distances Guidewire Simulation Distances
from the Caudal Ranal Artery(c) from the Caudal Reral Artery (cm)

Paul Stradins Clinical University Hospital | |

Initials  NB
DOB  24/Jan/1952
PatientID  103-030
Scan Date  5/Sep/2012

ength of
Proximal Neck: 1.6 cm |

Proximal Neck of AAA (cm)
Prox. End Outer Vessel Diameter 219 (21.3-24.1) mm
Proximal End Lumen Diameter  19.0 (17.0-20.2) mm

Minimum Lumen Diameter  15.9 (15.1-163) mm "
_—
Distal End Outer Vessel Diameter ~ 24.1 mm
Volumes (cm3)
Right lliac Ostum Lett lliac Ostium Right liiac Ostium Left lliac Ostium
10.7¢cm - \ 99cm 112cm 109 cm AAA Sac 135
Rt Hypogastric Rt Hypogastric A Right Common lliac 7
146 cm; 139 cm Left Common liac 1
AAA Sac (cm) Left Hypogastric ,// Left Hypogastric
Maximum AAA Outer Diameter ~ 48.9 (48.0-51.6) mm 157em | 147 cm
Minmum Sac Lumen Diameter ~ 17.3  (16.3-18.1) mm | /
Angles (degree)
Right Common lliac: (cm) Left Cammon liac (cm)
Suprarenal Angle 359 °
Maimum Outer Vessel Diameter 148 (138-159) mm Maximum Outer Vessel Diameter ~ 15.4  (15.0 - 15.8) mm " ¢

Minimum Lumen Diameter 105 (104-108) mm \ / Minimum Lumen Diameter 9.0 ( 81-9.8 )mm

AAA Neck Angle  17.6 °

/ Neck-to-Sac Angle 367 °

Comments

Note: The measurements are shown in the following order: mean diameter calcuiated
from the crossectional area (range of maximum and minimum diameter)

26. attéls. Védera aortas aneirismas morfologiskas izvértésanas protokols pacientiem pirms
endovaskularas arsteSanas ar aneirismas maisa fiksetu endoprotezi

Inovacijas, kas radas darba izstrades procesa, galvenokart attiecinamas uz diviem aspektiem —
ko mérit aortas aneirismas proksimalaja kaklina un ka to darit. Inovacijas papildina diagnostiskas
radiologijas nozari. Jaunas metodes ir aprobétas gan Latvija, izstradajot standartprotokolu pacientu
morfologijas radiologiskajai izveért€Sanai pirms un p&c arstéSanas Paula Stradinpa Kliniskaja
universitates slimnica, gan arpus tas, izstradajot protokolus starptautiskam BDE pacientu registram

EVAS-Global. Globalas akadémiskas sadarbibas rezultata tika atrisinati vairaki att€ldiagnostiskas
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interpretacijas jautajumi, kas saistiti ar rezultatu publicéSanu (Holden A., Savlovskis J. et al., 2016)
(2. pielikums).

Window/Level:270/260
Cranial : 14°
LAO:17°

Remaining Length

Remaining Length

3 \
‘ 3D view for illustration use only
-

27. attels. EndoSize programmas ekranuznémums, kas demonstré endoprotéZu pozicijas
planojumu, pamatojoties uz divam minimala attaluma slipam

ST darba iestrades tika izmantotas ari datorprogramma EndoSize (Therenva SAS, Rennes,
France), kas paredzeta pusautomatiz€tai védera aortas aneirismas arst€Sanas planosanai pirms

Nellix BDE implantacijas (27. attels).
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Aortic neck enlargement after endovascular
aneurysm repair using balloon-expandable versus
selt-expanding endografts

Janis Savlovskis, MD,* Dainis Krievins, MD, PhD," Jean-Paul P. M. de Vries, MD, PhD,° Andrew Holden, MD,*
Kaspars Kisis, MD," Marcis Gedins, MD," Natalija Ezite, MD, and Christopher K. Zarins, MD,*
Riga, Latvia; Niewwegein, The Netherlands; Aucklond, New Zealand; and Stanford, Calif

Objective: This study evaluated changes in aortic neck diameter after endovascular aneurysm repair (EVAR) using a
balloon-expandable stent (BES) endograft compared with a commercially available self-expanding stent (SES) endograft.
We hypothesized that forces applied to the aortic neck by SES endografts may induce aortic neck enlargement over time
and that such enlargement may not occur in aneurysm patients treated with a device that does not use a proximal SES.
Methods: This was a retrospective quantitative computed tomography (CT) image analysis of patients treated with the
Nellix (Endologix, Irvine, Calif) BES (n = 49) or the Endurant II (Medtronic, Minneapolis, Minn) SES (n = 56)
endograft from 2008 to 2010. Patients with preimplant, postimplant, and at least 1-year serial CT scans underwent
quantitative morphometric assessment by two independent vascular radiologists blinded to the outcome results. Changes
in the infrarenal neck over time were compared with the suprarenal aorta for each patient.

Results: Follow-up extended to 4.8 years for the BES and to 4.6 years for the SES, with no significant difference in median
follow-up time (34 months for BESs and 24 months for SESs; P = .06). There were no differences in preimplant neck diameter
(25.2 £0.9mmvs 25.7 £ 1.1 mm; P = .54) orlength (27.7 = 3.7 mm vs 23.6 £ 3.7 mm; P = .12) between BESs and SESs at
baseline. After implantation, neck diameter increased by 1.1 £ 0.5 mm in BES patients and 2.6 %= 0.5 mm in SES patients (P =
.07) compared with the preoperative diameter. At 3 years, neck diameter increased by 0.5 = 0.9 mm in BES patients and by
3.8 = 1.0 mm in SES patients (P = .0002) compared with the first postoperative CT scan. The annual postimplant rate of
increase in the infrarenal neck diameter was fivefold greater in SES patients (1.1 = 0.1 mm/y) than in BES patients (0.22 +
0.04 mm/y; P<.0001). There were no significant differences in the diameter of the suprarenal aorta at baseline or at 3 years
and no differences in the annual rate of change in suprarenal aortic diameter between BES and SES endografts.
Conclusions: EVAR using SES endografts resulted in progressive infrarenal aortic neck enlargement, whereas EVAR using
BES endografts resulted in no neck enlargement over time. These data suggest that infrarenal neck enlargement after
EVAR with SES endografts is likely related to the force exerted by SES elements rather than disease progression in the

infrarenal neck. (J Vasc Surg 2015;62:541-9.)

Endovascular aneurysm repair (EVAR) has largely
replaced open surgery for elective repair of infrarenal aortic
aneurysms with suitable anatomy. However, long-term
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durability of EVAR remains an ongoing concern due to
late complications of aneurysm enlargement, device migra-
tion, new-onset type I endoleaks, the need for secondary
procedures, and aneurysm rupture.’ * All currently avail-
able endograft devices in the United States use self-
expanding stent (SES) structures that exert radial force
against the infrarenal aortic neck to provide fixation and
seal. Most current-generation devices also incorporate
suprarenal stent elements with penetrating hooks to
enhance fixation.

Because the long-term durability of EVAR is depen-
dent on continuous proximal and distal fixation and seal,
varying degrees of oversizing are used to ensure continued
seal and to guard against the potential of neck enlarge-
ment, which could destabilize proximal fixation and seal.
Indeed, enlargement of the infrarenal aortic neck has
been noted in 20% to 33% of patients at 2 years,” in
35% to 36% of patients at 3 years,” ' and in 59% of patients
at 4 years'” after implantation of a variety of devices. Long-
term follow-up extending to 10 years has shown neck
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Fig 1. Location of aortic diameter measurements on preimplant and postimplantation computed tomography (CT)
scans in patients treated with balloon-expandable stent (BES) and self-expandable stent (SES) endografts. The
suprarenal aortic diameter was measured just below the superior mesenteric artery. The infrarenal aortic neck diameter
was measured at just below the lowermost renal artery (level 1), at the proximal end of the endograft (level 2), and
5 mm below the proximal end of the endograft (level 3). The infrarenal neck length and covered neck length were

derived as shown.

enlargement up to the size of the implanted endograft in
100% of patients."® Neck enlargement has been related
to the degree of stent graft oversizing at the time of im-
plantation”'*'* and has been implicated in device migra-
tion and the development of new-onset type I
endoleaks.®+'?1%17 Although absence of aortic neck dila-
tation has been reported in patients treated with balloon-
expandable stent (BES) grafts,'®'” systematic reviews
have found no clear association between neck dilation
and SES grafts'® and have concluded that aortic neck dila-
tion is most probably an expression of ongoing aneurysm
wall degeneration of the infrarenal aortic segment.”’

The Nellix device (Endologix, Irvine, Calif), a novel
endograft that uses BESs rather than SESs, along with
polymer-filled endobags, to achieve fixation and seal of
the aneurysm sac, has experienced favorable early clinical
results.”’ ** The Nellix does not rely on proximal and distal
radial force for fixation of the endograft, and the effect of
this device on proximal neck enlargement and device
migration are unknown. The purpose of this study was to
evaluate changes in aortic neck diameter after endovascular
infrarenal abdominal aortic aneurysm repair using the
Nellix BES device compared with a concurrent experience
using the latest-generation of the Endurant (Medtronic,
Minneapolis, Minn), a commercially available SES device.

METHODS

Study population. The study population included
patients with asymptomatic infrarenal abdominal aortic
aneurysms who underwent elective treatment from May
2008 to January 2010 at one of three clinical sites using
the Nellix BES endograft (Riga, Latvia and Auckland,
New Zealand) or the Endurant IT SES aortic stent graft
system (Nieuwegein, The Netherlands). BES patients
were treated under Institutional Review Board-approved

investigational device protocols, and the SES cohort
comprised consecutive patients treated with the Endurant
IT SES device during the same period. All patients in both
groups gave institutionally approved informed consent.
Patients who had preimplant and postimplant computed
tomography (CT) scans and follow-up contrast CT imag-
ing studies at =1 year were included in the study.

Quantitative morphometric analysis. Preimplant
and postimplant CT scans (=30 days of device implanta-
tion) and annual follow-up CT scans were evaluated
independently by two experienced vascular radiologists,
who were blinded to outcome results, using Osirix MD
2.8.5 software (Pixmeo SARL, Bernex, Switzerland).
CT scans were performed using 16-slice or 64-slice scan-
ners with an axial slice thickness of <1.5 mm. All analyses
were based on three-dimensional aortic reconstructions
with measurements taken perpendicular to the vessel
centerline.

Aortic diameters were measured adventitia-to-adventitia
in the suprarenal aorta, just below the superior mesenteric
artery, and in the infrarenal aortic neck at three levels: (1)
just below the level of the lowermost renal artery, (2) at
the proximal end of the stent structure, and (3) 5 mm
below the level of the proximal end of the stent, as shown
in Fig 1. At level 3, the BES was surrounded by endobag
fabric, which is apposed to the aortic wall and may or
may not contain polymer fill. The exact location of the
infrarenal aortic neck level 2 and level 3 measurements on
pretreatment scans was determined using the centerline dis-
tances from level 1 to level 2 and from level 1 to level 3 on
the first post-treatment CT scan in each patient. Aortic
aneurysm diameter was recorded at its maximum diameter
perpendicular to the vessel centerline. Infrarenal aortic
neck length was defined as the centerline distance between
the level of the lowermost renal artery (level 1) and the
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point at which neck diameter increased by 10% compared
with level 1.

The proximal end of the endograft (level 2) for the
BES device was defined as the most cranial cross-section
where both BESs appear as full-rings and for the SES
device as the cross-section showing the most caudally
located proximal device marker of the fabric-covered stent.
The bare suprarenal stent elements of the SES device were
not considered.

The uncovered neck length was defined as the center-
line distance between level 1 and level 2 of the infrarenal
aorta. The covered neck length was defined as the center-
line distance between level 2 and the distal end of the aortic
neck (Fig 1). Neck diameters at each level were calculated
from the cross-sectional area using the standard equation.

The exact centerline longitudinal position of each
predefined aortic location was determined first on the post-
procedure CT scan, and this was used as a reference to
locate the same level on the preprocedure CT scan and
on each follow-up CT scan. The differences in the rate of
aortic diameter increase between the suprarenal aorta and
the infrarenal at level 3 were estimated only for patients
with a covered neck length of =5 mm.

Statistical analysis was performed using Prism 6.0 soft-
ware (GraphPad Software Inc, La Jolla, Calif). Data distri-
bution was tested with D’Agostino and Pearson normality
test. Parametric data were compared using the Student
t-test and two-way repeated measures analysis of variance
with the Sidak multiple comparison post-test. To minimize
the effect of inhomogeneity in the exact number of days
between device implantation and subsequent annual
follow-up CT scans, changes in diameter over time were
considered as a continuum using a linear regression model.
Follow-up measurements were arithmetically normalized
to adjust the first follow-up measurements to a zero. The
multiple linear regression curves were compared with anal-
ysis of covariance (ANCOVA). Nonparametric data were
compared with the Fisher exact test and the Mann-
Whitney test. The data in the tables are presented as
mean with the 95% confidence interval (CI) for parametric
data and median with interquartile range (IQR) for
nonparametric data. Statistical significance was assumed at
P < .05. Error bars and dotted slopes in the graphs repre-
sent the 95% Cls of the mean.

RESULTS

Study population. The study population comprised
49 patients treated with the BES endograft and 56 patients
treated with the SES endograft. Baseline characteristics for
the two patient groups are reported in Table I. There were
no significant differences in age, sex distribution, suprarenal
aortic diameter, infrarenal neck diameter, or infrarenal neck
length between the two groups. The mean aortic aneurysm
diameter was slightly larger in the SES group than in the
BES group (57.7 vs 52.4 mm; P < .0001). Covered neck
length was <5 mm in two patients in the BES group and in
six patients in the SES group, and these were not included
in analysis of infrarenal aorta diameter changes at level 3.
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Table I. Baseline characteristics

BES SES
Variables” (n = 49) (n = 56) P value
Age, years 71.2 (69.0-73.5) 72.6 (70.8-74.4) .30
Sex .63
Male 38 46
Female 11 10

Suprarenal aorta  26.3 (25.7-26.9)
diameter, mm
Infrarenal neck

diameter, mm

26.3 (25.5-27.1) 95

Level 1 24.6 (23.9-25.3) 25.5(24.5-26.5) .13

Level 2 25.1 (24.2-26.2) 25.8 (24.9-26.8) .27

Level 3 25.2 (24.3-26.2) 25.7 (24.6-26.7) 54
Aortic aneurysm  52.4 (50.5-54.4) 57.7 (55.4-60.0) <.0001

diameter, mm
Infrarenal neck

length

(pre-op), mm

27.7 (24.1-31.4) 23.6(19.9-27.4) .12

BES, Balloon-expandable stent; SES, self-expanding stent.
“Continuous data are presented as the mean (95% confidence interval) and
categoric data as number.

Histograms of the distribution of suprarenal and infrarenal
aortic neck diameters at level 3 before and after device im-
plantation and at the 3-year follow-up are shown in Fig 2.

The follow-up period extended to 4.8 years for BES pa-
tients and to 4.6 years for SES patients. Median follow-up
period was 34.2 months (IQR, 12.8-46.5 months) for BES
patients and was 23.8 months (IQR, 13.8-34.8 months) for
SES patients, with no significant difference between the
groups (Mann-Whitney, P = .06). The 3-year follow-up
included 28 BES and 20 SES patients. At 5 years, data were
available for four BES patients and one SES patient.

Device implantation. Devices were implanted in
accordance with the instructions for use of each device.
Mean device oversizing in the SES group was 12.8% =
2.7% (range, 7%-31%). The position of the implanted device
was slightly lower with respect to the renal arteries in the
BES group compared with the SES group, with the prox-
imal end of the device 7.6 * 2.2 mm below the lowermost
renal artery for BES compared with 3.6 = 1.5 mm for SES
(P = .003). However, there was no difference in covered
neck length between the two groups (20.0 = 3.1 mm for
BES patients vs 20.1 = 3.3 mm for SES patients; P = .97).

Aortic diameter changes after device implantation are re-
ported in Table II. The diameter of the suprarenal aorta did
not change in the BES group but increased by 0.81 mm in
SES group compared with the preoperative diameter (P <
.0001). Device implantation resulted in a small but statisti-
cally significant increase in the infrarenal aortic neck diameter
compared with the preoperative baseline at all levels (level 1-
3) in both BES and SES patients (Table II). The magnitude
of infrarenal neck diameter increase was approximately
twofold greater in the SES group, with statistically significant
differences at level 1 (P = .008) and level 2 (P = .037) but
not level 3 (P = .074, repeated-measures analysis of variance).

Changes over time. Representative examples of changes
over time in the infrarenal aortic neck cross-sectional area in a
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Fig 2. Histograms show suprarenal aorta and infrarenal aortic neck (level 3) diameter distribution before, after, and
3 years after endovascular aneurysm repair (EVAR). Significant infrarenal aortic neck enlargement is present at 3 years
in self-expanding stent (SES) patients compared with balloon-expandable stent (BES) patients.

Table II. Change in aortic diameter (mm) after
placement of balloon-expandable stent (BES) vs self-
expandable stent (SES) endograft: difference in diameter
between preoperative baseline and first postoperative
computed tomography (CT) scan®

Variable BES SES P value

Suprarenal aorta 0.07 (—0.22 to 0.37) 0.81 (0.54-1.09)" .52
Infrarenal neck

Level 1 0.48 (0.07-0.89)>  1.80 (1.41-2.18)" .008
Level 2 0.89 (0.41-1.36)>  2.04 (1.59-2.48)" .037
Level 3 1.13 (0.61-1.66)"  2.63 (2.12-3.14)° .074

“Data are shown as mean (95% confidence interval).
“Significant increase of diameter (P < .05) compared with the preoperative
baseline.

BES and SES patient are shown in Fig 3. Three years after
device implantation, there was a 50% increase in the cross-
sectional area of the infrarenal neck in SES patients,
whereas there was no significant change in infrarenal neck
cross-sectional area in BES patients. Changes in infrarenal
neck diameter at each level over time in BES vs SES

patients relative to postimplantation diameter are shown
in Fig 4.

The time-related increases in neck diameter compared
with the preoperative baseline in the subset of patients
with 3-year follow-up scans are reported in Table III. At
3 years, there was no significant increase in the diameter
of the suprarenal aorta in BES or SES patients. The initial
slight increase in the suprarenal diameter immediately after
placement of the suprarenal SES device was balanced by
slight enlargement (0.75 mm) of the suprarenal aorta in
BES patients over time. In the infrarenal aorta, the SES
group exhibited significant enlargement of the infrarenal
neck compared with baseline. At 3 years, the neck diameter
in SES patients was >6 mm larger than at baseline
(P < .0001), whereas the neck diameter (Table III) did
not increase significantly after BES device implantation.

The annual rates of change in the infrarenal aortic neck
diameter in the BES and SES groups are reported in
Table IV. The annual rate of neck enlargement in the
BES group for levels 1 to 3 was 0.17 = 0.03 mm/Yy,
0.18 = 0.03 mm/y, and 0.22 * 0.04 mm/y, respectively,
and in the SES group was approximately fivefold higher
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Fig 3. Representative examples are shown of the change in infrarenal aortic neck diameter over time after treatment
with balloon-expandable stent (BES) and self-expandable stent (SES) endografts. Cross-section of infrarenal aorta 5 mm
below the proximal end of endograft (level 3) is shown for BES at (A) baseline, (B) postoperatively, and (C) at 3 years,
and for SES at (D) baseline, (E) postoperatively, and (F) at 3 years. Note: The extrastent contrast seen on the
postoperative and 3-year BES scan is within the polymer filled endobags surrounding the stents.

at each level, with rates of 0.65 * 0.06 mm/y,
0.92 = 0.08 mm/y and 1.09 = 0.10 mm/y, respectively.

Differences in the rates of infrarenal aortic enlargement
over time between BES and SES are shown graphically in
Fig 4. Whereas there was no difference in suprarenal aortic
diameter change between the BES and SES groups, there
was a marked difference in the behavior of the infrarenal
aortic neck, with a fivefold increase in the rate of enlarge-
ment in SES patients compared with BES patients
(ANCOVA, P < .0001; Fig 5).

The distance from the lowermost renal artery to the
top of the endograft (length of uncovered neck) at 3 years
increased in both patient groups compared with the post-
operative baseline (+2.6 mm in BES and +2.8 mm in
SES) with no difference between the groups (P = .86).
The rate of increase in uncovered neck length over
time was not significantly different between the BES
patients (0.59 * 0.23 mm/y) and the SES patients
(0.79 = 0.31 mm/y; ANCOVA, P = .31), and the pooled
increase rate for both groups was 0.66 mm/y. No clinically
significant device migration occurred in either group.

DISCUSSION

This study demonstrates a significant difference in
behavior of the infrarenal aortic neck after endovascular

abdominal aortic aneurysm repair, depending on whether a
BES or SES endograft is used to treat the aneurysm.
Implantation of BES and SES endografts both resulted in im-
mediate and significant infrarenal neck enlargement
compared with the preoperative baseline; however, no subse-
quent enlargement was noted with BES, whereas SES
resulted in progressive neck enlargement over time. The
magnitude of immediate neck enlargement after BES implan-
tation was ~ 1 mm (4%), whereas SES implantation resulted
in an increase of ~2.5 mm (10%). Such increases in neck
diameter are well recognized and serve as the basis for using
the first postimplantation CT scan as the baseline for studies
on neck enlargement over time.”'* At the time of device im-
plantation, radial force was applied to the infrarenal neck by
both BES and SES endografts. In the case of the BES device,
this force was applied by the noncompliant balloon during
expansion of the metallic stent, with no residual expansile
force acting on the stent after balloon deflation. In the case
of the SES device, continuing radial force was applied to
the infrarenal neck after implantation by the oversized SES
to maintain endograft fixation and seal. The SES endograft
used in this study also had a suprarenal SES element, and sig-
nificant enlargement of the suprarenal aorta of 0.8 mm (3%
diameter increase) was noted in the SES group immediately
after implantation, which was absent in the BES group.
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Fig 4. Change in diameter of suprarenal aorta and infrarenal aortic neck over time after treatment with balloon-
expandable stent (BES) and self-expandable stent (SES) endografts. ANCOVA, Analysis of covariance;

CI, confidence interval.

Table III. Change in suprarenal and infrarenal aorta diameter (mm) compared with preoperative baseline computed
tomography (CT) scans for subset of patients with 3-year follow-up®

BES SES
Variable (n=28) (n = 20) P value
Suprarenal aorta (level 1)
Pre-op diameter (baseline) 26.57 (25.65-27.49) 26.23 (24.62-27.85) NS
Post-op diameter +0.08 (—0.38 to 0.55) +1.05 (0.50-1.60) <.01
Three-year follow-up +0.75 (0.28-1.21) +0.99 (0.44-1.54) NS
Infrarenal aorta (level 3)
Pre-op diameter (baseline) 24.97 (23.77-26.16) 25.70 (24.03-27.37) NS
Post-op diameter +1.35 (0.50-2.20) +2.69 (1.67-3.70) <.05
Three-year follow-up +1.86 (1.00-2.71) +6.45 (5.43-7.46) <.0001

BES, Balloon-expandable stent; NS, not significant; SES, Self-expandable stent.

“Data are shown as mm (95% confidence interval).

More importantly, this study showed remarkable differ-
ences in morphology of the infrarenal aortic neck during
the 3-year follow-up period. Patients treated with the
BES device experienced no significant change in infrarenal
aortic neck diameter, whereas patients treated with the SES
device experienced a 25% increase in neck diameter at
3 years. This neck enlargement was progressive after im-
plantation, with a fivefold increase in the annual rate of
neck enlargement in SES patients compared with BES

patients. The change in infrarenal aortic neck diameter
over time in the BES group was no different from the
expected age-related increase in aortic size.”*?”
Oversizing of SES devices by 10% to 20% at the time of
implantation is recommended to ensure a seal between the
stent graft and the aortic wall and provide continuous radial
force to resist migration.'” In this study, mean SES device
oversizing at the time of implantation was 12.8%, approxi-
mately the same degree to which the neck enlarged
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Table IV. Annual rate of change (mm/year) in infrarenal aortic diameter after treatment with balloon-expandable stent
(BES) and self-expandable stent (SES) endograft compared with the first postoperative computed tomography (CT) scan®

Variable BES SES P value
Infrarenal neck
Level 1 0.17 (—0.12 to 0.23) 0.65 (0.53-0.78) <.0001
Level 2 0.18 (0.12-0.23) 0.92 (0.77-1.08) <.0001
Level 3 0.22 (0.15-0.29) 1.09 (0.90-1.28) <.0001

"Data are shown as rate of increase in mm/year (95% confidence interval).
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Fig 5. Aortic diameter changes over time after treatment with balloon-expandable stent (BES) and self-expandable
stent (SES) endografts. After BES implantation, there was no significant change in suprarenal or infrarenal aortic
diameter. After SES implantation, there was significant infrarenal aortic neck enlargement but no change in suprarenal
aortic diameter. ANCOVA, Analysis of covariance; CI, confidence interval.

(13%) during the 3-year postimplantation period. This is
consistent with long-term studies that show that neck
enlargement continues until full expansion of the oversized
SES is attained.'® Progressive neck enlargement would
naturally result in a reduction in the relative oversizing
over time, and it has been presumed that with full expan-
sion, neck stabilization may occur. Such cessation of
enlargement was not demonstrated in this study, and
further studies with longer follow-up and a prospective cor-
relation to degree of oversizing in relation to neck diameter
changes are needed.

That aortic enlargement is a natural process and that the
aorta progressively increases in diameter throughout life is
well known.”®?® With the advent of CT imaging, age-
related changes of normal and diseased aortas have been
well documented.””*” The normal age-related increase in
the aortic diameter at the suprarenal level is 0.14 to
0.25 mm/y.”*?® The infrarenal aorta in patients with small
untreated aneurysms or after open repair can enlarge at a
rate of up to 0.57 to 0.58 mm/y.*"**? This study used the su-
prarenal aorta as an internal control to evaluate the changes in
the infrarenal aorta in the two study groups.

Implantation of the SES endograft resulted in an
immediate enlargement of the suprarenal aorta, probably
related to the fact that the SES device incorporated a
bare suprarenal stent structure to enhance fixation.

The suprarenal aortic diameter did not change in the
BES group. The subsequent postimplantation rate of
enlargement of the suprarenal aorta in SES patients was
lower (0.06 mm/y) than in BES patients (0.26 mm/y).
When the rate of suprarenal aorta enlargement was calcu-
lated using preoperative aortic dimensions, there was
no difference in the rate of suprarenal enlargement
(0.26 = 0.11 mm/y for BES vs 0.13 = 0.20 mm/y for
SES patients; ANCOVA, P = .56), both within the ex-
pected range of normal.

The clinical consequences of neck enlargement
include the development of new-onset type I endoleaks
and endograft migration. In this study, despite mean
neck enlargement of 6.5 mm at 3 years after SES implan-
tation, no type I endoleaks or device migration occurred
in patients in either group. Type II endoleaks were seen
in 12% of the SES patients, with no difference in the
rate of postimplant neck enlargement between patients
with and without type II endoleaks. The incidence of
neck enlargement (=2.5 mm) has been reported to be
13% at 1 year, 33% at 2 years, and 36% at 3 years after
EVAR and has been related to clinically relevant stent
graft migration."" The absence of SES migration, despite
neck enlargement, may be due to an efficient suprarenal
stent fixation mechanism that included penetrating
hooks.??3*
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Ancurysm sealing and long-term positional stability of
the BES device used in this study is not dependent on
the infrarenal neck for position because device position is
maintained by polymer-filled endobags that fill the aneu-
rysm sac and also prevent type II endoleaks.”’*' Nonethe-
less, a 0.6 to 0.8 mm/y rate of increase in the distance from
the level of the lowermost renal artery to the top of the
endograft was noted in both BES and SES patients. This
increase in the uncovered length of the neck may be due
to true device movement over time or to clongation of
the infrarenal aortic neck.*> The latter explanation is
consistent with the known age-related increase in aortic
length as well as diameter®®; however, the current study
was not designed to differentiate between these two
mechanisms.

BES systems are not commonly used in current aortic
endografts, although this method of fixation was used by
Parodi in his initial endograft design.’”*® Long-term
follow-up of patients treated with the Parodi BES device
showed no evidence of neck enlargement.'® Similarly,
Malas et al'” found no evidence of neck enlargement
(2.5 mm) among 41 patients treated with a BES endog-
raft on follow-up CT scans at a mean of 31 months (range,
15 years). Neck enlargement of 1 to 2 mm was noted in
17% of these patients and is consistent with the expected
age-related increase in size.

Our finding of no neck enlargement among 49 patients
treated with the Nellix BES endograft with follow-up
extending to 4.8 years supports these prior observations.
This contrasts with our observation of significant neck
enlargement in 56 similar aneurysm patients treated
concurrently with the Endurant SES endograft, monitored
for 4.6 years, and evaluated with the same quantitative CT
image analysis. These results are consistent with the large
body of published data implicating SESs in neck enlarge-
ment and represent the first direct comparison BES and
SES endografts in relation to neck enlargement. Taken
together, these data suggest that neck enlargement after
EVAR may be primarily related to the endovascular device
rather than to progressive aneurysmal degeneration of the
infrarenal neck.

Limitations of this study include the retrospective
nature of the study design, in which a prospectively
enrolled patient cohort treated with an investigational
device (Nellix) was compared with a consecutive series of
patients treated with a commercially available endograft
(Endurant) and the possibility of differences in patient
selection criteria between the two study groups. Although
the two experiences were concurrent and both included
prospectively mandated long-term CT image-based
follow-up of similar aneurysm patient populations with
similar lengths of follow-up, a small (5 mm) but significant
difference in aortic aneurysm diameter was noted at
baseline, with no significant differences in infrarenal neck
diameter or length. We found no relationship between
the baseline aneurysm diameter and subsequent neck
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enlargement but cannot rule out its potential effect on
the study findings. The study is also limited by the small
sample size in each patient cohort. Future prospective,
comparative studies of BES and SES endografts are needed
to confirm these findings.

CONCLUSIONS

Endovascular repair using a BES endograft resulted in
no aortic neck enlargement over time, whereas treatment
with a SES endograft resulted in progressive infrarenal
aortic neck enlargement over a 3-year period.
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INVITED COMMENTARY

Timothy A. M. Chuter, MD, San Francisco, Calif

The accompanying report by Savlovskis et al' shows there is
no neck dilatation 3 years after endovascular aneurysm repair using
the Nellix device (Endologix, Irvine, Calif). This is a reassuring
finding, because unlike a typical oversized self-expanding stent
graft, the polymer-filled Nellix endobag is of fixed diameter. Any
significant dilatation of the neck would have inevitably resulted
in a type I endoleak. In this regard, the behavior of the Nellix de-
vice resembles the behavior of the Ovation (TriVascular, Santa
Rosa, Calif) stent graft. The polymer-filled sealing rings of the
Ovation have no capacity for expansion, and (as yet unpublished)

CrossMark

data are said to show no significant dilatation of the neck at
3 years.”

The report by Savlovskis et al' documents medium-term data
on neck dilatation after implantation of the Endurant (Medtronic,
Minneapolis, Minn) stent graft. Their findings are consistent with
other medium-term studies on self-expanding stent grafts. Howev-
er, long-term studies® show this process is self-limited. Once the
stent graft reaches full expansion, its diameter and the diameter
of the surrounding neck both stabilize. The fully expanded stent
graft appears to protect the neck. As long as the neck is sufficiently
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Abstract

Endovascular aneurysm sealing (EVAS) using the Nellix system is a new and different method of abdominal aortic aneurysm
repair. Normal postoperative imaging has unique appearances that change with time; complications also have different
and specific appearances. This consensus document on the imaging findings after Nellix EVAS is based on the collective
experience of the sites involved in the Nellix EVAS Global Forward Registry and the US Investigational Device Exemption
Trial. The normal findings on computed tomography (CT), duplex ultrasound, magnetic resonance imaging, and plain
radiography are described. With time, endobag appearances change on CT due to contrast migration to the margins of the
hydrogel polymer within the endobag. Air within the endobag also has unique appearances that change over time. Among
the complications after Nellix EVAS, type | endoleak usually presents as a curvilinear area of flow between the endobag
and aortic wall, while type Il endoleak is typically small and usually occurs where an aortic branch artery lies adjacent to
an irregular aortic blood lumen that is not completely filled by the endobag. Procedural aortic injury is an uncommon
but important complication that occurs as a result of overfilling of the endobags during Nellix EVAS. The optimum
imaging surveillance algorithm after Nellix EVAS has yet to be defined but is largely CT-based, especially in the first year
postprocedure. However, duplex ultrasound also appears to be a sensitive modality in identifying normal appearances and
complications.

Keywords
aortic aneurysm, complications, computed tomography, duplex ultrasound, endobag, endoleak, endovascular aneurysm
sealing, imaging

Introduction

Endovascular aneurysm sealing (EVAS) using the Nellix
system (Endologix, Irvine, CA, USA) is a new and very dif-
ferent method of abdominal aortic aneurysm (AAA) repair.
Early publications in the developmental phase of the device
reported encouraging results in favorable and adverse anat-
omies."? Positive results have also been reported using the
commercially available device, again in a range of aortic
anatomies.>* Nellix EVAS appears to have greater anatomic
applicability in treating AAA morphologies than conven-
tional endovascular aneurysm repair (EVAR) devices.’

The unique nature of Nellix EVAS results in very different
postoperative imaging findings that may be misinterpreted

by vascular and imaging specialists, as the imaging appear-
ances differ from those following traditional EVAR. Normal
images alter depending on the postoperative time frame as
well as the imaging modality. Complications after Nellix
EVAS also have different and specific appearances. To date,
there are few publications describing imaging after Nellix
EVAS.“® Not surprisingly, these articles are characterized by
small case numbers and short-term follow-up.

This consensus document on the imaging findings after
Nellix EVAS was based on the collective experience of the
sites involved in the Nellix EVAS Global Forward Registry,
as well as the Principal Investigator in the US-based Nellix
EVAS Investigational Device Exemption trial. The com-
bined experience exceeds 1000 clinical cases, with the
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longest global follow-up after Nellix EVAS. After the initial
meeting of the authors, consensus was achieved by subse-
quent agreement on imaging descriptions included in the
document. The article focuses on imaging findings after
standard Nellix EVAS and does not discuss advanced appli-
cations, such as the use of chimneys or treatment of post-
EVAR complications.” ' The normal and abnormal findings
on computed tomography (CT) and duplex ultrasound are
described, as well as plain radiography and magnetic reso-
nance imaging (MRI) appearances. Finally, a surveillance
imaging protocol after Nellix EVAS is suggested.

Endovascular Aneurysm Sealing Using
the Nellix Device

The Nellix EVAS procedure has been previously described
in detail.** Each device consists of a chromium cobalt bal-
loon-expandable stent, covered in expanded polytetrafluor-
octhylene (ePTFE) and surrounded by a polyurethane
endobag (Figure 1). The stent is composed of 4-mm-long
interconnected stent elements; the highest and lowest stent
elements are not covered with ePTFE. The upper end of an
endobag is attached to the bottom of each top stent element,
facilitating precise positioning of the upper endobag. Stent
lengths are selected to land immediately below the lower-
most renal artery and above the iliac artery bifurcation on
each side.

The stents are mounted on 10-mm-diameter minimally
compliant angioplasty balloons introduced from each com-
mon femoral artery. The devices are deployed at the same
level proximally to 10-mm inner diameter at nominal infla-
tion pressure (7 atm). The endobags are then “prefilled”
with saline until a pressure within the endobags of 180 mm
Hg is reached. This prefill step provides an accurate esti-
mate of polymer fill volume, assesses device stability dur-
ing endobag filling, and allows the possibility to reposition
the stents (after prefill aspiration). On occasion, contrast
will be added to the saline during prefill to allow visualiza-
tion of the endobags. Angiography is performed to confirm

satisfactory aneurysm exclusion and then the saline is com-
pletely aspirated. Finally, polymer is added to the endobags
until the same fill pressure is reached. The polymer is a
polyethylene glycol diacrylate that is provided in a 2-part
solution and cross-links or cures when mixed in 3 to 5 min-
utes to form a hydrogel with a consistency similar to a pen-
cil eraser. While the hydrogel is curing, the angioplasty
balloons are inflated to maintain a smooth blood flow
lumen. The final repair consists of two covered stent flow
lumens to maintain perfusion to the pelvis and lower limbs
as well as endobags that both fixate and seal the aneurysm,
minimizing the risk of endoleak or migration.

Computed Tomography and Duplex
Surveillance Following Nellix EVAS

The optimum CT protocol following EVAS is not signifi-
cantly different from that after conventional EVAR; how-
ever, both noncontrast and arterial phase studies must be
obtained (Figure 2). These studies facilitate the differentia-
tion of arterial wall calcification and contrast in the endo-
bags from endoleak or enhancing blood within the stent
lumen. Subtraction CT, where the noncontrast study is sub-
tracted from the arterial phase, may further assist with visu-
alization of subtle findings. However, the precontrast study
must be obtained with the same imaging parameters (field of
view, reconstruction algorithm, etc) to optimize subtraction
results. Dose reduction software using techniques such as
iterative reconstruction are routinely utilized. While it is
always important to minimize patient dose, very low dose
studies may not provide adequate visualization of the stent
lumen due to metal artifact from the adjacent stent.

Duplex ultrasound assessment of patients following
Nellix EVAS involves standard grayscale, color, power, and
spectral Doppler studies. Sonographic visualization depends
on an acoustic window and is influenced by the usual
factors, including patient size, bowel gas, and so on.
Contrast-enhanced duplex may be used as an adjunct to
standard studies.
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NELLIX: 2x 10mm x 160cm

Figure . lllustrations showing (A) the polytetrafluoroethylene-covered Nellix stents (note the proximal and distal stent elements
are not covered) and (B) endobags filled with cured polymer, excluding the aneurysm as well as the proximal and distal attachment
sites. Note the endobags fill proximally to the bottom of the top stent element. (C) Completion angiogram after Nellix sac sealing.
Note the endobags may produce a “shoulder” at the proximal (arrows) and distal (arrowheads) seal zones.

Normal Early Appearances on CT and
Duplex

CT appearances within the first postoperative month show
the aneurysm and Nellix components (Figure 3). The hydro-
gel within the paired endobags is initially of medium
radiodensity due to contrast (sodium diatrizoate 1%)
included in the polymer formulation. The stents and blood
lumens are easily identified. The radiodensity of the endo-
bags is usually ~150 Hounsfield units (HU) on early post-
operative CT. The endobags may abut the aortic wall or
intraluminal thrombus.

The aneurysm is usually the same size when compared
to the preoperative CT but may be 1 to 2 mm larger (Figure
4). Intraluminal thrombus may also demonstrate a degree of
displacement (Figure 5). Both of these findings are due to
the endobags being inflated above the patient’s systolic
blood pressure but are not usually of any clinical signifi-
cance. In particular, thrombus displacement has not resulted
in clinical or imaging evidence of arterial embolization in
clinical experience to date.

The radiodensity of the hydrogel within the endobags is
variable at 1 month (Figure 6). While the hydrogel is usu-
ally of uniform medium radiodensity, there may be loss of
contrast, which may be asymmetric between endobags in
the same patient. Endobag filling may also be asymmetric.

Frequently, a small amount of air will be visible in the
endobags (Figure 7). This air is inadvertently introduced
during the steps of endobag saline prefill and polymer fill.
Based on the authors’ experience, the amount of air intro-
duced appears to be associated with the normal procedural
learning curve. In particular, errors in maintaining negative
pressure in the endobags prior to the administration of poly-
mer can introduce air, which lies in a dependent location in
the endobags and is most frequently seen on CT images
obtained within the first postoperative week. In a minority
of cases, air will persist at the 1-month stage but should not
be visible by 3 or 6 months. The air diffuses across the
endobag and is replaced by fluid, probably from the peri-
aortic extracellular space.

The same structures identified on CT are well seen on
duplex in the early postoperative period (Figure 8). The
stents, endobags, aortic thrombus, and aortic wall are read-
ily visualized. The hydrogel within the endobags is anechoic
and the endobag wall echogenic. Aortic thrombus is a little
more echogenic than the endobag contents and so is easily
recognized. The flow lumen within the stents can be well
interrogated with color and spectral Doppler. As expected in
a minimally compliant arterial stent with relatively high
peak systolic flow velocities (usually 100-200 cm/s), the
spectral waveform is without elevated diastolic flow or
spectral broadening.'” In the early postoperative days, air in
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Figure 2. Computed tomography (CT) 6 months following
Nellix endovascular aneurysm sealing: (A) noncontrast CT
clearly showing endobags and stents and (B) arterial phase CT
showing enhancement in the stent lumens. (C) Subtraction CT
removes any calcification and endobag contrast from the image.

the endobag may produce focal echogenic interfaces, and
air entrapped between the stent and endobag may limit stent
lumen visualization (Figure 9). These appearances have
usually resolved by 1 month.

Normal Late Appearances on CT and
Duplex

The radiodensity of the polymer within the endobags
decreases with time, usually reaching a density of 70 to 80
HU. This reduction in density occurs variably between 1
and 6 months so that by 6 months the density has stabilized
(Figure 10). As the density within the endobags decreases,
there is migration of contrast to the inner margin of the

Figure 3. Normal (A) noncontrast and (B) arterial phase
computed tomography (CT) scans | month following Nellix
endovascular aneurysm sealing. Note the stents, surrounding
endobags containing hydrogel of medium radiodensity,
intraluminal thrombus, and aortic wall. (C) lllustration of the
arterial phase CT image showing components (a, stent lumen; b,
stent; ¢, endobag; d, intraluminal thrombus; e, aortic wall).

endobag. The contrast may be in an asymmetric distribution
within the endobag and may partly disappear on later fol-
low-up. The migration of contrast to the margins of the
endobag is due to a mild osmotic gradient between the poly-
mer hydrogel (300-370 mOsm/kg) and blood in the peri-
aortic tissues (275-295 mOsm/kg). This gradient drives
iodine ions to the edge of the hydrogel mass. Variation in
the distribution of contrast is due to variations in the ion
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Figure 4. Axial computed tomography (CT) images (A)

| week before and (B) | week after Nellix endovascular
aneurysm sealing showing slight aneurysm expansion. The small
apparent increase in aneurysm size may be within interobserver
measurement error, although care is taken to anatomically
match imaging planes. Significant thrombus displacement is
noted.

diffusion rate through the polymer. Note that the iodine ions
migrate to the edge of the polymer hydrogel mass rather
than the endobag itself, and there may be a thin layer of
fluid between them.

The late appearances of air in the endobag can be
explained by the same process of osmotic gradient and
iodine migration. As mentioned above, air within the endo-
bag diffuses across the endobag wall and is replaced by
fluid. Subsequently, contrast migration to the edge of the
hydrogel outlines the previous air bubble and may resemble
focal endobag collapse (Figure 11). In some cases, iodine

Figure 5. Computed tomography (CT) images | month (A)
before and (B) after Nellix endovascular aneurysm sealing,
showing mild thrombus displacement.

ions may diffuse across the fluid within the previous air
bubble and be deposited at the inner surface of the endobag
wall (Figure 12). The fluid filled air pocket can also be well
visualized on directed duplex (Figure 13).

The “cul-de-sac” produced when the upper end of the
endobag lies below the renal arteries is sometimes seen to
remodel with organized thrombus over time, resulting in a
smooth contour to the flow lumen (Figure 14).

Contrary to imaging after conventional EVAR, the aneu-
rysm sac after Nellix EVAS either stays the same size or
mildly decreases in size on long-term follow-up. Any
decrease in aneurysm size is due to resorption of intralumi-
nal thrombus surrounding the endobags (Figure 15). Once
the aortic wall abuts the endobag, further aneurysm sac
shrinkage is not possible. The amount of aneurysm shrink-
age after Nellix EVAS is therefore less in aneurysms that
have less intraluminal thrombus when treated. Conversely,
the infrarenal neck diameter does not dilate after Nellix
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Figure 6. Variable computed tomography appearances at |
month after Nellix endovascular aneurysm sealing. (A) There
is uniform radiodensity within the endobags but early contrast
migration to the endobag interface. (B) There is asymmetric
density within the endobags. Note that at this level there is
also asymmetric endobag filling. (C) Asymmetric endobag
radiodensity.

EVAS, unlike the dilatation seen after conventional EVAR
using self-expanding stents."

The duplex appearances do not significantly change with
time (Figure 16). The endobags remain hypoechoic, and the
migrated contrast is not usually sonographically visible.
The Doppler findings are also unchanged.

Figure 7. Computed tomography at 3 days following Nellix
endovascular aneurysm sealing. Note the pockets of gas in a
dependent location in each endobag.

Figure 8. Computed tomography angiography (CTA)

and duplex ultrasound (DUS) at | month following Nellix
endovascular aneurysm sealing in axial view (upper panel) with
color Doppler and longitudinal view (lower panel); the stents,
endobags, intraluminal thrombus, and aortic wall are well seen.

Figure 9. Air (arrows) within the endobags on computed
tomography angiography (CTA) and duplex (US) 2 days after
Nellix endovascular aneurysm sealing.
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Figure 10. Changed appearances of the Nellix device with
time. (A) Computed tomography (CT) at | month shows
uniform radiodensity throughout the endobags. (B) CT at

6 months shows loss of density within the endobags, with
migration of contrast to the periphery of the endobag. (C) CT at
| year shows minimal change from the 6-month CT.

Magnetic Resonance Imaging
Appearances

The components of Nellix EVAS are well seen on MR imag-
ing. The endobags are hypointense on T1-weighted imaging
and hyperintense on T2-weighted imaging (Figure 17). The
endobags can be easily differentiated from surrounding aor-
tic thrombus. On contrast-enhanced MR angiography, there
is some signal loss within the flow lumen due to susceptibil-
ity artifact from the adjacent stents, but a patent lumen can
still be visualized.

Figure 11. Follow-up computed tomography (CT) appearances
of air in the endobags. (A) CT at day | postprocedure shows
pockets of air in each endobag in dependent positions. (B) CT
at | month shows the air has been replaced by fluid without
endobag collapse. (C) CT at 6 months. Note the contrast at the
interface between the hydrogel and fluid pocket (short arrows),
raising the possibility of endobag collapse.

Plain Radiography Appearances

On plain radiographs, the chromium cobalt stents are easily
visible (Figure 18). The stents are usually crossed and the
upper ends of the stents are aligned. On occasion, the stents
may take a parallel course, and the upper ends may be
mildly offset. On images acquired after 1 month, the
migrated contrast provides an outline of the endobags. Plain
radiographs allow assessment of wireform fractures or stent
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Figure 12. Air in endobags on computed tomography at

(A) | month and (B) 6 months. Note iodine has migrated
predominantly to the margin of the hydrogel (long arrow) but
also at the inner margin of the endobag wall (short arrow).

kinking. The role of plain radiographs in postprocedural
imaging surveillance is unclear.

Complications After Nellix EVAS

Just as the normal imaging appearances after Nellix EVAS
are unique, so are the appearances of complications, which
include types I and II endoleak and procedural aortic injury.
There are additional complications not unique to Nellix
EVAS, such as stent lumen thrombosis, access artery injury,
or aortic infection; these will not be discussed further as
their visualization is no different from that after EVAR
(Figure 19).

Type I endoleak may be seen both proximally (type Ia)
and distally (type Ib). Most cases of type Ia endoleak are
due to incorrect low deployment of the Nellix devices or
inadequate filling of the endobags. Type Ib endoleak
occurs if there is inadequate device length in the iliac
artery or inadequate endobag filling. Type I endoleak
presents as a curvilinear rim of contrast between the
endobag and aortic thrombus or the aortic wall

Figure 13. Air in endobag on computed tomography (CT)
and duplex. (A) CT at day 7 showing a small pocket of air in an
endobag (arrow). (B) CT at 6 months. lodine has migrated to
the margin of the air pocket (arrow). (C) Duplex at 6 months.
The fluid filled pocket is clearly visible (arrow).

(Figure 20). This may be very subtle and difficult to dif-
ferentiate from calcified atheromatous plaque or contrast
in the endobag (Figure 21). Close correlation between
noncontrast and arterial phases is important, and the use
of subtraction and delayed phase imaging can also
assist. Patent outflow vessels may also be seen, includ-
ing lumbar and inferior mesenteric arteries. Enlargement
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Figure 14. Remodeling of the proximal aortic flow lumen.
(A) Completion angiogram after Nellix endovascular aneurysm
sealing. Note the “cul-de-sac” produced by the upper end of
the endobag (arrow). (B) Volume-rendered reconstruction of
computed tomography performed at | month. The space has
thrombosed with remodeling of the flow lumen (arrow).

1st yoar

Figure 15. Significant aneurysm sac shrinkage between |
month and | year following Nellix endovascular aneurysm
sealing.

Figure 16. Stable sonographic appearances after Nellix
endovascular aneurysm sealing. Duplex at (A) | month and (B)
6 months.

Figure 17. Normal magnetic resonance (MR) appearances. (A) T|-weighted fat-saturated postcontrast axial image showing the
hypointense endobags and surrounding medium signal intensity aortic thrombus. (B) T2-weighted fat-saturated image showing the
hyperintense endobags. (C) Contrast-enhanced MR angiography; there is some signal loss within the stent lumen.

of the aortic aneurysm may be visualized, especially in experience, untreated type I endoleak usually gets larger
cases with no patent outflow vessels. In the authors’  with time (Figure 22).
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Figure 18. Plain radiographic appearances. (A) Typical crossed stent appearance. (B) Stents running essentially in parallel. Note
the upper ends of the stents have been slightly offset (long arrow). The bottom ends of the stents have been flared with angioplasty
balloons in this case (arrowheads). Distal stent flaring is occasionally performed to improve distal endobag seal and facilitate stent
lumen access. (C) Radiograph performed immediately after a computed tomography study 6 months after Nellix endovascular
aneurysm sealing. Note the contrast outlining the endobags (arrows) and in the urinary tract collecting systems.

Figure 19. Nonocclusive thrombus (arrows) at the lower end
of a Nellix stent as seen on computed tomography angiography
(CTA), digital subtraction angiography (DSA), and intravascular
ultrasound imaging (IVUS).

An unusual form of type la endoleak involves an
endoleak between the endobags (Figure 23); this leak may
be associated with a typical endoleak between the aortic
wall and the endobags. Type Ib endoleak (Figure 24) will
usually also show contrast around the device in the common
iliac artery. The duplex findings in patients with type I
endoleak include a curvilinear area of flow between the
endobag and aortic wall on color or power Doppler (Figure
25). Antegrade flow in outflow vessels, including lumbar

Figure 20. Type la endoleak after Nellix endovascular
aneurysm sealing. The Nellix stents were deployed very low in
the infrarenal neck in this case. Note the curvilinear endoleak
between the endobag and aortic thrombus anteriorly (arrows).
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Figure 21. Type la endoleak after Nellix endovascular aneurysm sealing. (A) Noncontrast and (B) arterial phase computed
tomography scans at | month. Note the subtle type la endoleak posteriorly between the 2 areas of calcified plaque (arrow). (C)
Arterial phase CT at 6 months postprocedure. The type la endoleak has gotten larger (arrow). (D) Intraprocedural angiogram during
a secondary intervention for type la endoleak. Note the outflow via the lumbar arteries (short arrows) and inferior mesenteric artery

(long arrow).

Figure 22. Type la endoleak after Nellix endovascular
aneurysm sealing. (A) Endoleak (arrows) clearly visible posterior
on computed tomography. (B) The endoleak was considerably
larger at the time of endovascular treatment.

and inferior mesenteric arteries, is also seen. Spectral
Doppler findings include high-velocity flow within the
endoleak, with elevated diastolic flow and spectral broaden-
ing due to turbulence.

Type Il endoleak is very uncommon after Nellix EVAS.*
It is typically small and usually occurs where an aortic
branch artery lies adjacent to an irregular aortic blood
lumen that is not completely filled by the endobag
(Figure 26). The endoleak may resolve spontaneously. On
duplex, the endoleak is associated with a patent aortic
branch artery and displays low-velocity biphasic flow on
spectral Doppler.

Procedural aortic injury is an uncommon complication.
The term is used to describe an aortic injury occurring as a

Figure 23. Type la endoleak (arrow) between the endobags.

result of overfilling of the endobags during Nellix EVAS.
Imaging findings range from a small periaortic hematoma
that is minimally symptomatic and resolves completely
(Figure 27) to overt aortic rupture (Figure 28).

Imaging After Nellix EVAS for
Ruptured AAA

Nellix EVAS has been used to treat patients with symptom-
atic and frankly ruptured AAAs.’ Imaging appearances post-
intervention may resemble those following elective Nellix
EVAS, apart from the periaortic hematoma that resolves
with time (Figure 29). In some ruptured AAA cases, the
endobag may partly protrude through the aortic defect into
the periaortic tissues.
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Figure 24. Type Ib endoleak. (A) Noncontrast and (B) arterial phase computed tomography scans just above the aortic bifurcation.
Note the curvilinear contrast between endobags and aortic wall (arrows). (C) Maximum intensity projection image. Note the short
sealing zone in the left common iliac artery (arrow), resulting in the type Ib endoleak.

Figure 25. Type la endoleak. Computed tomography shows
large anterior type la endoleak (arrows). (B) Endoleak clearly
shown on power Doppler.

Figure 26. Type Il endoleak after Nellix endovascular
aneurysm sealing. (A) Preintervention computed tomography

Surveillance Protocols After Nellix (CT). Note the narrow channel of contrast communicating with

EVAS the inferior mesenteric artery (arrow). (B) CT at 6 months after
Nellix endovascular aneurysm sealing. There is a persistent type

The optimum imaging surveillance algorithm after Nellix Il endoleak, shown on other images to communicate with the

EVAS is yet to be established. However, because this is a inferior mesenteric artery.
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Figure 27. Procedural aortic injury. (A) Computed
tomography (CT) at | month. Note the small periaortic
hematoma (arrow) in an asymptomatic patient. (B) CT at 6
months shows complete resolution.

Figure 28. Procedural aortic injury. (A) Computed tomography
on day | shows a localized defect in the aortic wall posteriorly
on the right, with endobag bulging (arrow) and retroperitoneal
hematoma. (B) Volume rendered reconstruction. The
asymmetric endobag contour is noted on the right (arrow). The
aortic injury had healed on follow-up imaging.

Figure 29. Nellix endovascular aneurysm sealing for a ruptured AAA (A) with large periaortic hematoma. Computed tomography
scans (B) 3 days and (C) 6 months after repair with Nellix endovascular aneurysm sealing; note the hematoma has resolved in the later

image.

new technology without long-term experience, many cen-
ters have opted for CT surveillance, especially in the first
year postprocedure. In addition, duplex ultrasound is often
being performed at the same time points to correlate appear-
ances between these 2 modalities.

Conclusion

Nellix EVAS is a different method for treating AAAs, with
unique imaging appearances after repair. The normal
appearances change with time, especially on CT imaging.
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Although complications are uncommon, these also have
distinctive appearances, different from those seen after con-
ventional EVAR. A sound knowledge of normal appear-
ances and complications is important for centers performing
this innovative intervention.
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