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A. TENIKO MEPO2



KED®AAAIO 10 - Avevpvouata
[evika

Elcaywyn

Ta aptnplakd aveupuopaTo €lvol amd TIC TLo oUXVEC TtaBoloyieg Tou KukAodopLkoU
CUOTHHATOC TTOU EVEXOUV ONUAVTLKO Kivduvo yla Tnv uyeia kat t {wn twv acbevwy. Mmopset
Vo TOPoUoLOcB0UV OTLG TIEPLOCOTEPEC ATIO TIC OPTNPLEG TOU CWHATOC EVW N CUXVOTNTA TOUG
QUEAVEL ONUOVTLKA OTIC UeyaAUTepeC nALkieg. Ta aveuplopata £xouv TOWKAa peyebwy,
OXNUATWV Kol evtoTioewv. MNPoKeEévou va Tapacyet éva koo mAaiolo yla tnv taflvopnon
toug n Ad Hoc Committee on Reporting Standards of the Society for Vascular Surgery €xel
oploel To avelpuopa we “Mia uoviun, eotiakn dlataon piag aptnpiog n onoia unepBaivet
>50% tnv uatodoyikn tn¢ biauetpo”.[1] Quokd pe BAcn TOV MOPATIAVW OPLOUO Elval
ONUAVTLKA N YVwon TG $UCLOAOYLKAC SLOUETPOU TWV AYYELWVY WOTE VA TTPOCTSLOPLOTEL Kal TO
Oplo Tavw amnod To omnoio Bewpolpe OTL uTtdpxel avevpuopo.(Ewova 1) Ot puCLOAOYLKES
SLOMETPOL TWV OPTNPLWV KOTA UAKOG TOu aptnplakol 8évdpou €xouv mpoodloploBei pe
Sladopec peBOOOUC OMWG VEKPOTOMIKEG 1 OTTELKOVIOTIKEG MeAETeg. To péyeBog tNng
duololoyikng aoptng £xel dpavel otL oxetiletal pe tnv nAkia, To $pUAo Kkal thv ¢acn Tou
kapdlakol KUkKAoOU (aUénon twv 6laotdoswv Katd tnv Kapdlakr oucTtoAn).[2] Ta
oveupvopata Pe BAon Kol Tov oplopo Tou ovadEpBnke Slakpivovtal amd Siadopeg
TIOPOOLEG VOOOAOYLKEG OVTOTNTEC. EKTaoia elval éva evllaueco otdadlo otnv avénon twv
Slootdoswv pag oaptnplag oétav n Sidtacn sivat <50% tng GucLoAoyLKNC SLOUETPOU TOU
ayyeiou. H aptnplopeyaliia sival n dudaxutn (Kot OXL EVIOTIOUEVN OMWE OTO AvVeVPUOHA)
Sataon tng aptnpiag >50% tng ducLloAoyIKAG TNG SLOpMETPoU. H aveupuoudtwon TEAOG
odpopd cuvduaoUO AVEUPUOUATWY Kal ektaciag.[3]

External carotid artery: 3-5 mm

Internal carotid artery: 4-7 mm

Brachiocephalic artery: 8-12 mm Vertebral artery: 3-5 mm

Subclavian artory: 6-10 mm
Axiary artery: 6-8 mm. Thoracic aorta: 20-28 mm

Celiac trunk: 6-8 mm
Hepatic artery: 4-6 mm

Gastric artery: 3-5 mm
Splenic artery: 47 mm

Brachial artery: 5-7 mm.
al artory: 4-7
Interosseous artery: 2-3 mm Fonal artery: 4-7 mm

Radial artery: 2-4 mm

Ulnar artery: 2-4 mm

Palmar arch antery: 1-3 mm

GMUOL.

Ewoéva 1: Ot puororoyikég
SGTAGELS TOV KUPLOTEPWOV
Interior mesenteric artery: 2-4 mm aprn pld)V OTO ave pO,)TClVO

Superficial femoral artery: 4-6 mm
Popliteal artery: 3-5 mm

Anterior tibial artery: 2-4 mm
Peroneal artery: 2-3 mm

Posterior tibial artery: 2-4 mm



H Tafwvopnon Twv avVEUPUOUATWVY

AANON kat Pgudn aveupvopata

Apxlkd n OlAKplon TWV AVEUPUOUATWY Yivetal oe aAnbn kat Yeudn. Ta oAndn
nephapBavouv kot T 3 otolBadec Tou aptnplakol TOWHATOG (éow, MECOC Kal €Ew
Xtwvag) evw ota Peudr) UTIAPXEL OPTNPLOKA pOor €KTOC TOU QUAOU TG aptnplog Kal To
aveUpuopa 6ev meplPAAAetal amd To GUGCLOAOYLKO OPTNPLOKO TolYwHa OAAG amod Hia
Peuvdokapa mou oxnuatifouv ol méPLE LoTol. H maBoloyia twv aAnBwv aveupuopdtwy gival
onw¢ Ba avadpepbBel otnv ocuvéxela TMOAU-Tapayovtikl evw ota Peudo-aveuplopata
TIPOKTLKA. UTTAPXEL MO O} OTO QPTNPLOKO TOolYWwHA KAl por] €KTOC TOu ayyesiou. Autd
ouvnBéotepa mapouoLlalovial oav AnMoTEAECHUA TapaKEVTNONG, o €5adog MPoUMAPXoUCaS
0pTNPLAKAG OVOOTOHWONG N UETd  amd  smpdluvon/Aolpwén Tou  aptnpLakoy
Toywpatod.(Ewéva 2)

Ewova 2: Zynuatikn
AVOTOPAGTACT YELOO-
OVELPVGLOTOC LLE OPTTPLOKT
po1 €KTOG TOL VA0V TOV
ayyeiov

Mopdoloyiki Tagivopunon

H peydAn misodndlo twv oveupuopdtwv eival otpaktoeldny dnAadn mpokaAolv
VEVIKEUMEVN SLATOON EVOG CUYKEKPLUEVOU THNMOTOG TOU OyYelou, oTnV omoia CUMUETEXOUV
OMOL Ol XITWVEG TOU TOWMOTOG. Ta oakoeldr) aveuplopota adopolV ULo CUYKEKPLUEVN
popdoAoyla KOTA TNV oOmola [l €0TLAKA omMOSUVALWGON TOU TOWWUOTOS TPpOKAAEL
QoUHUETPN TPOBOAN TOou ayyelakoU aulou. (Ewova 3). H popdoloyia auth elval ouxvh o€
oveupUopATO TIOU avomtlooovTal UETA amo tpalua mepldeptkd thg AP umokAeldiou
optnpiag. (Ewova 4). Ta ocakoeldr) aveupUoPOTA YEVIKWEG Bewpeitol OTL evEeXOUEVWC
Satpéxouv auvénuévo kivbuvo pnénc.[4,5]

Ewova 3: Zynupatikn
OVOTOPACTOCT] ATPOKTOEIOOVG
(A) ko cakogdovg (B)
avVELPVGLLATOG.



https://expertconsult.inkling.com/read/cronenwett-rutherfords-vascular-surgery-7th/chapter-126/figure-126-2
https://expertconsult.inkling.com/read/cronenwett-rutherfords-vascular-surgery-7th/chapter-126/figure-126-5

Ewova 4: TTapaderypo
COKOEOOVG AVELPVGLATOG TNG
AP vrokAediov aptnpiog.

AttioAoyikni Ta§lvopnon

H umokeipevn (otonaBoloyia koBopilel kalL tnv awtoloyioc TG mapouciog
oveupuopatog, SnAadn edv autd odeiletal os ekdpUAion/adnpwHdTwon Tou aptnpLakol
TolYWHATOG, 0 ¢Aeypovr), o SlaXWPLOUO, O TPOUMO, O AOlHwEN N OE OUYYEVE(G
OVWHOALEG.

Ex@uALoTika
H peyaln mAsoPndio Twv aVEUPUOUATWVY Kol €8IKA QUTA TNG KOWALOKAC QOPTAG

odeilovtal o pla moAUmAokn ekduAloTikr Sladikaoio n omola emnpedlel TO APTNPLAKO
Tolxwpa. MoAU cuxva ta aveuplopATA AUTA avadEPOVTaL Kal WG aBNPOoKANPUVTIKA av Kol
ouvnBwg bev oyetilovtal pe aptnplokn anodpaktikn vooo. EMopévwe mapd To yeyovog otL
ol 0poL eKGUALOTIKA Kol aBnpookANPNVTLKA CUXVA XPNoLlomololvTal e Tov (6lo Tpomo, o
MPWTOC elval mBava mo KatdAAnAog yla va neplypael tnv maboloyia mou oxetiletal pe
™Tv eudavion TwWV OAVEUPUOHATWV. Evw eival Sedopévo OTL OTO TOlYWHOA QPKETWV
OVEUPUOUATWY UTAPXOUV aBnpwpatikéc allowwoels/aoBeotwoel kot S1adopeq UENETEG
uToSeLkvUoUuV pia TiBavr) attloAoyLlk CUCXETLON TNG ABNPWHATIKNG VOOOU LE TNV OVATITUEN
oveupvopatog (my Tmpwrtelovia oto omoio xopnyndnke &lata TOU TPOAyEL TNV
aBnpwudtwon Ppédnkav va eival emppemnn otnv eUdAvIon AVEUPUSUATWY) UTIAPXOUV Kol
aMa Sebopéva TOU UTOBELKVUOUV OTL Ol aBNPWUATIKEC aAAOLWOELS SnuloupyolvTaL
Seutepoyevwe.[6] e autr v katevBUvon, Sladdopeg pehéTeg Seixvouv OTL OL ABNPWHATLKES
TAGKEG evamoTiBevtal kuplwg o€ TEPLOXEG MELWHEVNG  SLATUNTIKAG TACONG Kol
gnavakukAodoplag Tou aptnpLlakol alpotog Omwe ival oL aptnplokol Syyaopol aAld Kat to
EOWTEPLKO TOU OVEUPUOHATIKOU 0akou.[7] Zxetikd pe tnv ekduliotikn Sadikacio mou
gMOUpUPalvel OTO QPTNPLOKO TolYwHa oxupn Tekunplwon €xet o poAog Twv
UETAANOTIPWTENCWY, ULOG OLKOYEVELAG EAAOTOOWV TIOU €Xel davel OTL €xouv auénuévn
CUYKEVTPWON Kol SpaotnpLotnTO 0TO TOLXWHA TWV AVEUPUCHATWY OE OXECH HE OUTO TOU
napatnpeital ota pucloloyka ayyeio.[8]



DAeyuovwédn

Ta dAeypovwdn aveuplopata sivol plo €0IK KoTnyopla OVEUPUOUATWY OTOU TO
opTnplakd Tolywuo Tapouctaletal  Slaltepo  TaXUOPEVO, HME  éviovn Tapoucia
dAeypovwdwy OTOLKEIWV eV TIOAU CUXVA CUVUTIAPXEL OTloBomepLTovalkr ivwaon n omola
TEPIKAELEL TNV KOWALOKA aopTh aAAG Kol GAAEC QVOTOMLKEG SOUEC OMWG TOUC OUPNTHPEG.
Alddopol egpeuvnTéc Bewpolv OTL TA OVEUPUOUATO YEVIKWG TEepAauBdvouv  pia
dAeypovwdn Slepyacio n omoila otnv MePLOCOTEPO EKONAN HOPPr TNG TOPOUCLATETAL LE
oroBormneplrovalkn ivwon kat dAeypovwdeg aveupuopa.(Eikova 5) ItnplEn otig mapandavw
Bewpleg MapEXEL KoL TO YEYOVOC TNG Ttapouciag opowwv human leukocyte antigen (HLA) téoo
ot dAeypovwdn 600 Kkal o pn-pAeypovwdn aveupuopata.[9]

Ewova 5: ®reypovadeg
avELPLG L LOPTNG KO KOVOV
Aayoviov aptnplov.

Aveupuouato UETA SlaywpLouo

AveUpuopa umopel va avamtuxBel petd amd ofU SloaxwpLopo TOUu  apTnpELAKoU
TOLXWHATOG KATL TIOU oUXVA Tapatnpeital otnv Bwpakiky aopty omou oto 20% Twv
OVEUPUOUATWVY €XeL TponynBel Slaxwplopog. To £€w Toiywpa tou Peudoaulol evog 0EEwWG
SLOXWPLOPOU UIMOPEL va elval apKETA adUVALO WOTE VO CUYKPOTHOEL TNV ApTNPLAK) POH Kot
Tleon Kal PE TNV MAP0S0 ToU XpOvou va SLatabel onUAVTIKA e ATTOTEAECHA TNV OVATITUEN
oveupuopatog. Mia voooloylkr ovtotnta mou Uropel va odnynoet os SLaywplouo Kol oth
OUVEXELDL OE OVEUPUOUO €lval n KUOTIKA VEKPWON TOU HECOU XITWVA TOU OPTNPLAKOU
TOWHATOG OMMoU N LVOAIvn TOu pécou YItwvo avtikodiotatal amd plo avapxn Slapeon
ouola, KATL Tou propel cuxva va epdaviletal oe acBeveig pe voooug Tou GUVSETIKOU LoToU
onw¢ ocuvépopo Marfan n} Ehlers-Danlos.

Tpauuatika
To aveuplOUATA TTOU TIPOKUTITOUV UETA A0 TPAUMATIONO TOU apTnELOKOU TOLXWHATOC
givat ouvnBwe Peudoaveupuopata OTwg £xeL dN avadepOeL.

Nowwdn
To Aopwdn (A HUKWTIKA) aveuplopota eite sival amotéAsopa aptnplakng AoMwENg
(coptitida) mou mpokaAel amoduVAUWON TOU OYYELAKOU TOLXWHOTOG KOl OVEUPUOUQ, ElTE
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TPOKAAOUVTOL Omd  EMIMOAUVON TOU TOLXWHATOC £VOG TPOUTAPXOVIOG €KPUALOTLKOU
aveupuopatog. H paydaio avénon tng xprnong evdoayyelakwv HeBOSwv TOCO yla TN
Slayvwon 000 Kal T Bepameia Twv KOPSLOYYELAKWY VOChUATWY, N avénon Twv acbevwy pe
avoooKaTAOTOAN KaBwc Katl n xpron evodA£BLwy oucwwy, €xouv cUUPBAAAEL otnv avénaon
™¢ epdaviong Aolpwdwy aveupuouatwy. Naialdtepa n cUPLAn Kal n evéokapditida rftav
TOL OUXVOTEPA aAiTLa TNG Mapouciog TETolwv PAaBwv.

Tagwvopnon e BAon TNV AVATOWLKN EVTIOTLON

Aoptr}

AveupUopata prnopel va avamtuxBouv kaB’6Ao To UNKOG TNG AoPTAG EEKLVWVTAG Ao TV
aviouoa aopTtr). & AUtV TNV B£on ta aveupuopata sival eite ekdUALOTIKA eite akoAouBoUv
£vav o€V Slaxwplopd tumou A. Mepovwpéva aveuplopata BwpaKLKAG aopTtng eviomilovtot
o€ 0.9% VEKPOTOULKWY HEAETWV KAL OVTUTPOOWIEUOUV TO 3% TWV XELPOUPYLKWYV EMEUBATEWY
yla aveUpuopa ot HMA.[10,11] To mo cuxvo TIAVTWG AVEUPUCUO OTO avOpWIVO Cwia
glval pakpav To ekpUALOTIKO aveUpuopa TNG KolAlakng aoptrs (Abdominal Aortic Aneurysm
— AAA). Nepimou 32.000 ekAeKTIKEG EMEPPACELC TPpayATOTTOLOUVTAL KOT £€To¢ otic HMA evw o
oplOpog Twv VEwv Slayvwoewv ¢Bavel mepinouv tig 105.000.[11,12] Ta aveuplUopata TG
KOWALOKAC 0lOPTAC SlaKpivovtal og UTo-, tapa- Kol Unep-vedpLkd avaloya pe tnv BEon Toug
OXETIKA UE TNV €KPUON TWV VEPPKWY apTtnplwy. Ta BwpakokoAlakd aveuplopaTa elvol
cadwg Alyotepa kat mapouctalovral og 0.03% TwV VEKPOTOMLIKWVY TTAPAOKEVOOUATWY.[10]

Aayovieg

To aveuplopaTa TWV AQyoViwv GUXVA CUVUTIAPXOUV UE TA aVEUPUOUOTA TNG KOWALAKNAG
a0pTNG. 2 40% Twv AAA QVEUPLOKETAL TAUTOXPOVA KOl ETTEPOTAEUPO N apdOTEPOTAEUPO
aveUpuopa Aayoviwv. Mepovwpéva aveupUoUaTO TwV AQyoviwv €lval OpKETA TILO OTIAVLAL
Kal £xouv €vbelfn emibLopbwaong otav n dtapetpdc toug unepPet ta 3.0cm. Ta aveuplopata
auUTA ouvABwWG KatoAapBAvouv TNV Kowr Aayovio EVW UIOPEL vol EMEKTEIVOVTAL KAl OTNV
€ow Aayovio. Aveupuopata Tng £Ew Aayoviou aptnplag eivat e€alpetikd ondavia.[13]

Mnpiaieg

Ta aveuplopota TNG KOWNAG uHnplaiag aptnplag eival ocuxvoTEpPO  LATPOYEVN
Pevboaveuplopato HETA amd Tmapakévinon mapd aAnbn aveuplopata. Mapdia autd
aAnBr aveupuopata TNG KOWNAC Hnplaiag aptnplag mopatnpouvtol Kol Umopel va
ouvumntapyouv pe AAA o mooooTo mepl to 80%. Auta €xouv £vbelEn emudlopbwong otav n
pEYLOTN SLApEeTPOG eival >2.5cm.

lyvuakn

To aveuplopOTa TNG LYVUAKNG aptnplog sival to cuxvotepa mepldeplkd aveuplopota
Kal Tavta Ba mPEMEL va eAEyXovTal O TEPUTTWOELG aoBevwy pe AAA AOyw TG OUXVAG
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ouvumapéng toucg. 10% mepimou twv acBevwv pe AAA Ba mapouotalouv ouyxpoOvwe
oveUPUOHA LYVUOKNG apTNPLOC KoL TO TTOCOOTO QUTO £(vVOL ONUAVTIKA UEYAAUTEPO OTOUG
avépeg amd OTL OTIG YuvalkeC. e TO00OTO Tepl to 30% Ta AveupUOUOTA TNG LYVUAKNG
aptnpiag eivat audotepomieupa. [11,14]

STAQyyVIKd ayyEio

Ta ouxvoteEPO QVEUPUOUOTO TWV OTMAAYXVIKWV ayyeiwv elval autd Ttwv VedpLlKwY
opTNPWV Ta omola aviupoowrnelouv To 0.3% TOU OUVOAOU TWV XELPOUPYLKWV
emdL0pOBwoavV AVEUPUCUATWY TNV OTLYUN TIou OAa Ta UTIOAOUTA OTIAQYXVIKA avEUPUOOTA
avtumpoownevouv 1o 0.1%.[11] Ta aveuplopata TwWV VEPPIKWY APTNPLWY WUITOPEL va
oxetilovtal pe wopulkry duomhaoia, aptnpitida, dlawpLOPoUC av Kol cuxvotepa eival
€KPUALOTIKA. H OTANVIKN Kol Ol PECEVTEPLEG OpPTNPLEG €lval Ol €MOUEVEC O ouXVOTNTO
TPOCOPBOANG EVW N NIATIKA KAl N Kowlakn aptnpia akoAouBolv. TuvnBwc ta OIAQYXVIKA
aveupuopata xprlouv emblopbwong otav n HEYLOTN SLAUETPOG £lval >2cm evw yla TNV
OVTIUETWITLON TOUuG €xouv xpnolpomownBei  &ladopeg QVOLKTEC XELPOUPYLKEC Kol
£evOOQYYELOKEC TEXVIKEG.

Eykepaldikda

Ta aveupuopata tng evOoKpaviog KukAodopiag elval OYXETIKA CUXVA OE avTiBeon Pe auTtd
™¢ e€wkpaviag poipog Twv kopwtibwv ta omoia gival MoAU onavia. To aveupUoUATO TWV
KOpWTIOWY TUTIKA TiEpAAUBAVOUV O HEWOUUEVN OUXVOTNTA TIC £€0W, KOWEG Kal £Ew
Kapwtideg aptnpleg kol ouxvotepa elvol aBnpooKANPUVTIKA 1 OXETL(OVTOL PE LVOHUULKA
Suomhaocia O aplBUOC TwV €TNOLWV EMEUPACEWY YLa AVEUPUOUATA KOPWTISWV otig HIMA Sev
Eemepvael tig 750.[11]

Nivakag¢ 1: Yxetky ocuxvotnta emdlopbwong aveupuoudTwyv avAaloyo UE TNV
avatoutkn toug Béon.Lawrence PF, Gazak C, Bhirangi L, et al. The epidemiology of
surgically repaired aneurysms in the United States. J Vasc Surg. 1999;30:632-64

Type of Aneurysm Total Number Total Aneurysm Repairs
Repaired (%)
Abdominal aortic 32,389 62.3
Lower extremity 8112 15.6
Ruptured abdominal 6623 12.7
aortic
Theracic 1471 2.8
Neck T46 14
Isolatediliac 667 13
Ruptured thoracic 374 07
Theracoabdominal 362 0.7
Upper extremity 296 0.6
Subclavian 257 05
Renal artery 133 03
Visceral 47 0.1
Splenic 36 01
Other 436 0.8
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KED®AAAIO 290 - [otopikn Avadpoun)

MEAETEC QKOO KOL O OILYUTITLOKEG HOUHLEG £XOUV QTOKOAUEL OTL N APTNPLOCKANPUVON
KOl N 0PTNPLOKH ATIOTITAVWON ATV OXETIKA KOWEG aKOpa Kot Ttpv 3.500 xpovia. O mamupog
Tou Ebers eival amd TIC MPWTEC OXETIKEG LOTPIKEC avoPOPEC KoL TILOTEUETAL OTL €XEL
ouvtayxfel ylvpw oto 2000 m.X. O ouyypadac avadépetal cadwe oTa 0PTNPLUKA
aveuplopata, TmBavwg To TEPLDEPIKA KoL €lonysital TNV  akoloubn Bepaneia:
«AVTIUETWTIOTE TO e payaiplt kal kapte 1o pe PWTLE, WOTE vo alpoppaysl oxL mapa
moAU".[1,2] O AvtUAAog, EAANvAC XEpoupyog Tou 20U adlwwva W.X., mpoodepel tnv 1n
KOTOYEYPOUUUEVN OTTOTELPA OVTIUETWIILONG TWV OVEUPUOUATWY. € QUTOV amodidetal n
armoyPn, "Asv BOa OVTIUETWTIOOUPE Ta €€APETIKA HeyaAa aveuplopota oAAG Ba
ooxoAnBoUlue pe Ta aveuplOoUATA OTA AKpo Kol Tto KepAAl”. O AvtUANog ektelouoe
oA VvWwan TOU QVEUPUCHOTOG KEVTPLKA KOl TIEPLPEPLKA, AVOLYE TOV OIVEUPUOHATIKO CAKO KoL
VEULE TNV KOWNOTNTA e Sladopa UALKA. IXETIKA LLE TNV EKTOUN TOU QVEUPUCUOTIKOU GAKOU
pag Aéel: «Exeivol mou S€vouv tnv aptnpia, onwe eyw Ba cupPolAeva, o KABE AKpo, AN
g€alpoUlv To SLATETAUEVO PEPOC, TTpayUATOTTOOUV pLa emikivbuvn eméuBaocn. H Biatn évtaon
NG aptnPLOKNG PONG UMopel ouxvad va WeTatomiosl TG amoAwwoelg". Auth n Kaln
oUpBoUAn 666nke 1800 xpovia mpwv.[1,3] Metd amnd 1 xihietia o Ambroise Pare (1510-1590)
OUUIWVWVTAC HE TNV Topamavw HEBodo taxdnke UTEP TG TomoBETnong amoAivwaong eyyug
TOU aveUpUOUATOC, TIPOTPEMOVTAC V. LNV avolxBel o odkog Adyw Tou KivbUvou Tt coPapng
kal Bavatndopag awoppayiag. O (Slog mepléypae pnén aveupUOUATOG TNG BWPAKLKAG
aoptng kot éypaye, «H pnén aveuplopaTog TOU CUUPAIVEL OTO EOWTEPIKA UEPN TOU
owpatog eivat aviatn”.[2,3]

O John Hunter (1728-1793), Tav 0 MPWTOC TTOU CUVELSNTOTIOINCE TN oNUacio Tou €XEL N
napdamnAeupn kukhodopla kot to 1785 amoAivwoe tnv emMUTOARC pnplaia aptnpla evog
000gvoUc pe avelPUCHA LYVUOKNG OTO OVOTOULKO CNUELO TTOU TwPo OVOUATETaL TPRUA TOU
Hunter. O aoBevn¢ emPiwoe tng enéupaong Slatnpwvtag PLWOLLO TO AVIIOTOWO KATW
MENOG.[4] H eméuBaon tou Hunter ATav n mpwtn UEYAAN KOLVOTOWUIO HETA TO XPOVLA TOU
AVTUN\OU KOl TIOPEUELVE ETKALPN £WC TO E€MOMEVO PAMA  OTN  XELPOUPYLKN TWV
OVEUPUOUATWY TIou €ylve amd tov Robert Matas to 1888. Autdg eslorjyaye tnv evdo-
aveupuopatopadn tnv omola epdppoce yla va Bepamnevosl éva eUPEYEBEG avelpuoua
Bpaxloviou aptnpiag. Metd TNV aMOAivwon TOU OVEUPUCUOTOG KEVIPLKA KOl TIEPLPEPLKA,
TPOYLLOTOTIOINOE TOUA OTO TOXWHO TOU OVEUPUOHOTOG, ANOUAKPUVE Tov Bpoupo svw ta
OYYELQ TTIOU EMLKOWVWVOUCAV LLE TOV OVEUPUOUATIKO OAKO OmOAVWONKav amo Ta evtog, KATL
nou enétpePe TN Slatipnon NG mMopAmAsupng kukhodopia oto pEéNoc.[5] Amd tote
Sladopeg AAeg emepPAOELG SOKIUACTNKOV KUPLWG HE OTOXO TNV €L0AYWY UALKWVY TIOU
Bswpolvtav otL Ba mpokaAoloav tnv BpduBwaon Tou aveuplopatog (cUpUOTa, UAKA amo
oidénpo, atodAL ktA) xwpic Slaltepn emtuyio.

g 29 Maptiou 1951 o FdAAog xelpoupyodg Dubost mpayuotomolel tnv 1n ektoun
OVEUPUOUATOC KOLALOKAG QOPTAC KOl avilkatdotaon Me oAlopooxsupa. O acBevig Atav
50stwv avédpag kot umePAnOn os AP Bwpokokolllok Tou Sla péoou TNG omolag £va
oAAopooxeupa BwpPAKLKAG QOPTAG TIoU €ixe URkog 15ek kot lxe AndBel amod uia 20xpovn
yuvalkd mou eixe koataAnfel 3eBdopadec vwpitepa avacTtopwbnke otnv UMOVEDPLKN
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KoW\lakn aopty kat tn AE kowrn Aayovio oaptnpioa. Emiong mpayupatonolnBnke
evbaptnpektour TG AP Aaydviag aptnpio mpwv ThV avooTOpwon ThG Ue To pooxeupa. O
aoBevig enélnoe yla 8 xpovia Kol TeEAKA KatéAnée amo eudpayua. H eméufoon auvtn
OUYKAOVLOE TOV LOTPLKO KOOUO Eupwmng kot APEPLKNG Kol EVETVEUOE TIOAAOUC XELPOUPYOUC
niou Ba akoAouBoloav (Ewova 1).[6]

Ewéva 1: Awdrypappo tov Dubost yio v 1" ektopn kot oviikatdotaon aveupioHoTog
LE OAAOLLOGYEVLLAL.

To 1954 ot Blackomre ko Voorhess dnuoclelouv pia oslpd pe 17 aoptikd aveuplopata
TIOU QMOKATAOTAONKAV UE TN XPNoN UPACUATOG. AUTH N UEAETN QTTOTEAECE TOV TPOTIOUMO
™G olYXPOVNG QVTLUETWIILONG TWV OVEUPUOUATWY TNC KOWALAKNG OOPTAC HUE EKTOMN Kol
OVTLKATACTOON PE oUVOETIKA pooxelpota. (Ewkoveg 2,3).[7]

BLAKEMORE AND VOORHEES Astishs _of Sorpey

September, 1954

Clamp in =il aing

Cv'_‘n“i'
DN renal &

Ewdva 2: Emdoidpbmon avevpOopatog 0optig e XpNon VOAGLOTOG.
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Ewodva 3: Teyvicég yuo v evioyvon g KEVIPIKNG avactopwons 60 ypovia Tptv.

Tnv dla xpovid o M.DeBeckey pe tnv opdda tou Eekivnoes va epydletal mMAVW OE
Sladopa UALkA ou Ba pmopoloav va XpnoLuomolnBolv w¢ HOOYEUUATO Kol Ta omola
katéAnéav oto Dacron Tou XpnOLUOTIOLEITOL HEXPL Kol onuepa.[8] H avolkTth XELpOUpYLKN
OVTLUETWITLON TWV OVEUPUOUATWY £€AixBnke Kol BeATLWONKE TIC eTOpeveG Téooeplg 10etieg
UE OTMOTEAEOUA L0l KOTOYEYPOUUEVN SLEYXELPNTIKY KOl GLECH HETEYXELPNTIKA Bvntotnta
arno 1.2% ot efelbikevpéva kEvtpa £wg 3.8% ouvoAlkd. To 1991 ot Parodi and co-authors
dnuoctlevouy TNV 1n oslpd VEOOYYELAKIC AVILUETWIILONG TWV OVEUPUOUATWY TNG KOWALAKNAG
00ptic.[9] Ou cuyypadeic autoi meplypadouv TNV AVIIHETWILON 5 acBevwv Pe TV Xpron
TWV KAQOOLKWVY MOOYXEUMATWY dacron ota Omoila KEVIPLKA KOL O OPLOUEVEG TIEPUTTWOELG
TEPLPEPIKA OUPPATTOTAV £Va OOPTIKO Stent TO OMOIO0 XPNOLUOMOLOUVTOV avil Twv
OVOOTOUWOEWY YLO. TOV QIMOKAELOUO TOU OVEUPUOUATOC Amd TNV oUOTNUATLKA KukAodopia
(Ewkoveg 3).

Ewova 3: Teyvikég katd v 1"
OTOTELPQL EVOOAYYELOKTG
QVTILETOTIONG TOV
OVELPLOUATMV TNG KOTMOKTG
0pTNG TTPO 25 €TMV.
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Apxlkd pe tn Snuwoupyila custom-made kalL otn ouvéxela commercially available
eVOOUOOXEUUATWY N €VOOOYYELOKN OVILUETWILON €yve yphnyopa TOAU SnpodW\Ag Ue
QTMOTEAECUA ETIL TOU TOpOVTOG Tiepl To 80% OAWV TwV EMEUPACEWV QATIOKATAOTAONG
OVEUPUOUATWY TN KOIALOKAC 0lOPTAC va yivovTtal evdoayyelakd Kal To TooooTo auto Baivel
ouvexws ouavopevo.[10] Itn ouvéxelo mapopolo €€EAEN UTNPEE pe TNV OvaAmTUEn
€VOOOOYXEVUUATWY YLO TNV OVTLLETWITLON TWV AVEUPUOHATWY TNG BwPaKLKAG 0LOPTAG EVW OL
toxeleg e€elifelc otov TopEd TNG evOOAYYELOKAG XELPOUPYLIKAG €XOouv 08nynoeL otn
Suvatotnta tng Bepanciog twv AAA SlabepULkd e TN Xpnon HOVo TOTUKAG avalobnaolag
OAAQ KAl TNV  QVTWETWTIION BOwpaKOKOWALOKWY, UTEPVEDPLKWY Kl TtapavedPLKWV
OVEUPUOUATWY HE TN Xpnon Bupldwtwv Kal SLakAaS WUEVWV EVEOUOOYXEUUATWY Kol UE GAAEG
teXVIKES (Elkoveg 4,5). [11,12]

Ewova 5: CT ayyesioypaopio
HETE amd EVOONYYELOKT
OVTIULETOTITONG VLEPVEPPIKOV
OVELPVGUATOS KOIALOKNG
00pPTNG.
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KE®AAAIO 3° - [otommaBoAoyia tng
0OPTTG KOL TOU AVEVPVOUATOG

Ot maBoroyoavatopkés oatopayés mov cvpuPaivouv ota apyikd otdole g
AVATTUENG TOV AVEVPLOUATMVY TNG KOLAMOKNG 0lOPTHG PAIVETAL VO TPOGOUOLALOVV Kot
va akoAovBovv Kowvd povomdtt pe v afnpopoatikny voco, eved ot dV0 VTG
VOGOAOYIKEG OVTOTNTEG LOPOPOTOLOVVTAL GE PETAYEVEGTEPO GTASL TNG PLGIKNG TOL
e€EMENG Omov o1 TapaTNPOVLEVES UETAPOAEG KATAAYOLV €ite GE o O10TATIKY gite
oTNV KAUGOIK OTOPPUKTIKY Hopen g moboloyiog g aopthc. [1] H xotmokn
aoptn eival eloctikov tHmov aptnpio N omoio katd v euPpuikn (o1 amoteieiton
amo o evoodniiakn povoostoldoa Kot £vo AETTO GTPMIN GUVIETIKOV 1GTOV TO. OTTOln
emkdBovtarl 610 £6m eLaoTIKO mETaho. H emkovovia peta&d tov €60 Kot Tov HEGOL
YITOVA YIVETOL HEGH AVOLYHAT®V 6TO £00 eAaoTikd TéTaro (Ewkéva 1).

Ewova 1: Kotmakn aopth og £uPpuvo 21 gfdouddmv. O €om yrtdvag amotedeiton omd
LOVOGTOPAdN EVOOOMALAK®Y KUTTAPWOV GE EXAPT LE TO £G6M EAAGTIKO TETOAO (KEPAAES
Belmv). ‘Eva diktvo vasa vasorum moapatnpeitor otov £Em yitova (BEAN) To omoio dev

omepvh To LEGO EAAOTIKO TETAAO.

O péoog yuovag anotedeitor and mepinov 28-30 otofadeg, kdbe pio amd Tig
omoieg mepAapPavel Paocikd eAacTikég iveg evd vmootnpiletor kot amd mEPLE,
KOAMayOveg 1veg kot Aglon poikd kottapa. To péco elootikd TETOAO  TOL
mapeuParretor petad Tov PHEGOL Kol TOL €6M YTV givol mepimov o 2/3 TOv
ndyovg 1oL €0 glooTkov metdhov.  Ocov agopd oTov £E® YITOVA, €M
avevpiokeTol £va 6lkTvo Vasa vasorum mov eKmopevETOL PACIKA A0 TIG TOPUKEILEVES
LECEVTEPLEG KOl 0GQVTKEG aptnpies. [2,3] Avtd £xel povel 0Tl domepvovv TOoV HEGO
xrove povo oe ayyela pe mepiocdtepeg amd 30 otofadec elaotivng (OTmg Yo
mapadetypa copPaivel oty Bopakikn 0opT OOV 0 OVTioTOOG aPBrdS eivon mepl
to 70) Kol GUVERMG 0 HECOG YITAOVOS TNG KOWMOKNG 0opThg otov GvBpomo eivat
Boaowd avdyyelog, mapd v mopovoic vasa vasorum otov £€m yuovo. [4] e
nepintwon mov 1 Odyvon tov O kol TV OPENTIKOV GLOTATIKOV OTd TOV
OLLOTOVIEVO OVAD OeV emapKel, Tapatnpeiton enéktaon Tov vasa vasorum stov H€co
YLTOVA OGS T ayyelo 0V Th € avTiBeon e Ta KEVIPIKOTEPO TUNUATO TNG QOPTNS, OEV
elval koAl evoouatopéva oty TP Oepédio ovcio Kot @oiveTon vo d106TovV TV
AKEPALOTITA TOV TOLYDOUATOC. [4]
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Yuykpvopevn pe v Bopakiky] aopt kot avty GAAOV ONAacTiK®V 1 avOpdTIvN
KOWMOKY] 00pTh Tepléyel Aydtepeg ehaotikés otoldoes, mept 1ig 30 Ommg 1Mom
avaeépinke. Xvvenmg 1o ayyelo epgaviletor Mo avévooto AOY® €vOC VYNAOTEPOL
AOyov KoALOyOVOL-eAGTIVIG. ATtoTEAEG O €fval KO 1 ELOAVIOT) HEYAADTEPNS TAGNC
avd ELOCTIKT HOVAdO AOY® TNG CLGTNUOTIKNG KukAopopiog kot mieone. H televtaia
eatveror 0Tt ailel onUAVTIKO pOAO GTO YEYOVOGS OTL 1] KOTAOKT] 0LOPTH EVOL LOKPAV 1)
ouyvotepn Béomn avamtuéng ovevpOopotog otov avlpwmo. EmumAéov m avayyei
oVGTOACT TOV UEGOL YITMVO LLE TNV OTOLGio TV Vasa Vasorum otnv KOwoKY| 0opTy
Qoivetor 0Tt GUUPAAAEL ONUAVTIKA GTN CLYVN EVTOMIOY TOV OVEVPVOUAT®V GTNV
avoTopkn avth 0éom og oyxéon pe dAla onpeio Tov aptnplakod dEvopov. [4,5]

Metd T yévvnon autd Tov TOPOTNPEITAL GTO TOLYMUO TNG KOWAKNG OPTNS Elvat
1 SO TOL £00 EAACTIKOV TETAAOL OTTOTE KOt eppavilovtal eykdpota eAdeippota
Kuplog oe meployég Omov apydtepa oty evihikn Lon eivor cvyvq M gpedvion
afnpopotikov aArowwoenv (Ewkéva 2).

Ewova 2: EAkeippata tov 0w
EMICTIKOV TETOAOL OTTMG
eatvovton og dtopa nAiog 9,
35, 61 kot 63 eTmv.

= e T e T .

O éow yrtavog eniong Topovctdlel EKPLAICTIKEG OAALOIDGELS LE TNV ELPAVIOT] LLOG
oTo1ad0g Acimv POIKGOV KLTTAPOV HETAED TOV £vO0ONAioL Kot TOL €6M EANGTIKOD
netdAov. [6,7] Ta televtaio to mOavoTEPo glvar OTL TPoEpyovTal amd Tov UEGO
YTOVE KOl LETOVOCTELOVV TPOS TOV €6, JWOUEGOV TOV EAAEIUUATOV TTOL £XOLV
avartuyBel oto é0m eAaoTikd méTalo. EmmAéov Kot mapdAAnia e TNV EKQUALGN TOL
EMCTIKOV TETAAOL, Topatnpeitar evamdfeon vEéou €haoTikod 16100 EVTOG TOL £0M
YUTMOVO. 0 07010¢ Kot KOplo Adyo mapdystor amd ta Agio. poikd kottopa. [8,9] O
EMIOTIKOC aVTOG 10TOG TaPovotdlel avEnUévn cLVAEELD Yo TIG MTOTPMTEIVES Kot

TpoolaBEéTel otV evamdbeon twv teAevtainv 6Tov €60 yrtdva Tov ayysiov (Ewkdéva
3).
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Ewova 3: Evanfeon Mmosddv otov €0 yrtdva acbevov 37 etov (A) kot 84 gtdv

H vrmoveppikn kotMokn oopt Kot ot KOwéG Aayovieg aptnpieg eivar dwaitepa
EMPPETEIC OTNV EUPAVION EKPVAMOTIKOV OAALOIDCEDV/OACTACNG TOV £00 EAAGTIKOD
TETAAOL 0ALQ Kot EVATODESTG EAAGTIKOV 1GTOV GTOV £6(M YLTOVA, V0 TOPAYOVTIEG TOV
eaivetal 6Tl TPodbETOVY 1oYVPA otV evarndeon abnpoUATIKOV TAAKOV. ATTd TNV
GAAN  opOdVVOUIKES TOPAUETPOL OMMG TO. KOUOTO OVOKANCTNG GTOLG OPTNPLUKOVGS
dyaopovg mlavd mpodafétovy oe ERPAVION AYYEWK®OV VOG®V KOOMOSG TUPOdOTOHV
Lo ovvey EKPLUMOTIKN dadikacio 1o aptploko toiyouo (Ewkova 4). [10]
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Ewova 4: Ex@dion Tov pécov yltdva 6
A. acBevn 84 etV pe abnpopdtoon

B. acfevn) 83 e1dv pe avedpuopa aoptng
GTOV OUYEVO TOV OVELPVUGLLOTOC

C. acbevn 69 etV pe avedPLGHO 0OPTAG
KATO TO LEGOV TOL GAKOV.

Oleg o1 mapamdve depyacieg teMkd pmopel va kataAn&ovv ot dnuovpyia evog
APKOVVTMG VTOEIKOD TEPIPAAAOVIOC  OTOV £6M-UEGO YLITOVO, KOOMDG 1 ONUOVTIKI
ThYLVON TOL €6M YLITOVO Ogv EMTPENEL TNV ampdcoKontn didyvon tov Oz Kot TV
OPENTIKAOV GVOTATIKOV OO TOV OYYELKO OVAO GTO TOlYMU EVA Kot To, Vasa vasorum
Omwg Eyel Mo avaeepbel amovsialovy amd Tov HEGO YLITMVA TNG KOIMAKNG aoptis. To
amotédleopo, eivol To Vasa vasorum mov Bpickovtatl 6tov £ X1tV TOV ayyeiov va
OlElcdvoOVY  OTOV  UEGO  YUTdVEL O o O0KOGIo.  LETOVACTELONG Kot
veoayyeloyéveons. To amotélecpa ivol 1 S1domacn e SIKTVOTNG SOUNG TOV UEGOV
Yove kobhg meployég pe HEYEAN TLKVOTNTO VEOEUQOVIGOEVTOV Vasa vasorum
TAPOLGLALOVY GNUOVTIKG EAATTOUEVN TEPIEKTIKOTNTO GE EAUCTIKEG KO AElEC HVIKES
tveg. TlapdAinia o ¢€m yrtdvog opoing vrepmidocetal. H abnpopdtoon tov écm
ytova  (evomdbeon MmompoteEV®V) o cvvdvacpd pe v vmodio kot TV
VEOMYYELOYEVEST] £0M KOl LEGOV YLTMVA 031 YOV TEAMKA GE ATpOPia TOV HEGOL YLTDVA
0 omoiog €ival Kot oVTOG OV PLGIOAOYIKA SEXETAL TO TOAD UEYOAVTEPO UEPOG TMV
Tdoe®V AMOY® NG GLOTNUATIKYG KUKAOQOPiag. XapakInploTikod ivol 0Tt 6ta peydia
aveEVPOOUATO TNG KOWMOKNG 0opTg ovvnBmg vdpyovy <50% twv Agiov poikov
KUTTOP®V TOL OVELPIGKOVTOL GTO TOLYMUOTH TMV QLGLOAOYIK®V ayyeiwv (Ewkéveg
5,6). [11,12]
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Ewodva 5: Neoayyeloyéveon
TOV HEGOL YITAOVAL.

FOO0
TOH
“g P<0.01
__E‘_ [
£ so00
& wo P=0.0001
= P<0.0001
S 000
o
.E 2000
=
! Ewdva 6: [Tukvotnte
Controls 30-59mm 60-T9mm =80mm ; . I:n G )
KUTTOP®V GTOV HECO Kot £E®
YLITOVO 0 TOR®V HE N YopPic
L - DO aveHPLGLLA KOTMOKNG 0OPTHG.
E 30000 4 P=0.0001
g 20001 P=0.005
5 20000 <
E 15000 4
£ 10000
=
ﬂ:’ S000 4
R : ‘ .
Control 30-59mm 60-79mm >R0mm

Onwg mpooavapépnie 1 miyvven Tov £6M YITOVA 00N YEL GE VEOUYYEIOYEVEST] ATTO
Tov £ TPOog Tov 0 yltdva. H mapovsia tav vEwv autdv Kavoldy tpodladétet Kot
OTNV UETAVAGTEVCT] QAEYLOVOI®V KVTTAPp®V Omm¢ €lvarl T pokpodya Kot to T-
AepeokhtTopa oto optnplokd toiympa. To kOTTapo oVTE HECH® TNG EKKPLONG
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KUTTOPOTOEIKAOV KVTOKIVAOV 0dNyodV 6TV OmONT®ON TOV ALV HVIKOV KOTTAP®V.
Emniéov exxpivoviog OGAAEG TPO-QAEYLOVMOEL; OVGIEC, WHE TN OEPA  TOLG
KIVNTOTOOUV Kol VEQ, QAEYUOVAOON KOTTOPO HE OMOTEAECU TN OOTHPNON HLOGC
YPOVIOG QAEYLOVMOIOVG avTidopaons. Me ovtdv TOV TPOTO 1) VEOUYYEIOYEVEGT TOV
HEGOL yrtdve, odnyel oe p XPOVIOL PAEYLOVI] TOL OPTNPLOKOD TOYMUOTOS LE
OTOTEAECLLO, TN GLVEYN OmOdOUNCT NG €EMKLTTAPLOG OLGIOG TTOV UE TN GEWPA TNG
npoKoAel TN S1dTOCT TOV AYYElOL KOl TO GYNUOTIGUO OVELPVUGUOTOG. X& EVOL HIKPO
0AAG VTTOPKTO TOGOGTO acBevmv avtn 1 dladtkacio uropel va eivol TOGO0 EKTETANEN
mov vo KotoAngel og éviovn mayuvon Tov EE® yuITdve oAAd okOpo KOl OF
omoBomepitovaiky] tvwon kot Onuovpyios GLUEOGE®Y MO TO  TEPIKEIpEVA
EVOOKOLMOKGA  Opyovo. AVLTEG Ol TEPUITOOELS OVOPEPOVTOL O QAEYLOVAOIN
OVELPVGLLATO TO OTTOL0L TGTEVETOL OTL OEV AMOTEAOVV EEYMPIOTN VOGOAOYIKT] OVTOTNTA
OALG OVTITPOCMOTEVOVY TNV TO 0KPOio EKONAMGON GTO (QAGHO TNG GAEYUOVAOIOVS
depyaciag mov avaeépOnke mponyovuévms. Kot eved yevikdg 1 KLTTOPIKOTNTO TOL
apTNPLOKOD TOYOUOTOS 68 achevelg pe avevpOGHOTO KOIAMOKNG 0OPTNG UTopel va
nowilel, o & yuovag ovvnbog elvar évtova  kuttapofpldng Adym g
OLVOVAGUEVNGC EMOPACNC TNG VEOOYYELOYEVEGTG KO TNG EvTovng eAeyuovig. [13,14]

Téhog avapopd mpémel va yivel Kot 6To yeyovog Tng ONUovpyiog Tov evOoavALKoD
Opoppov o omoiog vdpyel otV TOAD peydAn misoyneia tov AAA kot aivetal 0Tt
dwdpapatifel onUavTiKO pOAO OTNV TEPAUTEP® €KPLAIOT kot eEacBévion Tov
OVEVPVOUATIKOD OPTNPLOKOD TOYY®OUATOS. To oyfua Tov avevpOoUATOS 00NYeEl 0T
onpovpyia 2-yevdv kot 3-yevedv podV €VIOS TOV OVEVPULOUATIKOD GAKOL LE
OMOTEAECHO, TN OTAOT TOL CUPATOG, TNV EVEPYOTOINGCN TOV OUOTETAAI®V Kol TO
oynpatiopd tov evdoawikov Bpdufov o omoiog eivar mapodv oto 90% TV
avevpuoudtov. O televtaiog anotedeital amd TOALEG oTOPAdES, e aVTES OV ivan
TANGLEGTEPO GTOV OULUATOVUEVO QAO VO TAPOLGLALOVY PPEGKO VAIKO o€ avtifeon pe
avtég mov givor mAnciov tov €£MTEPIKOL TOYMOWUATOG TOL oyyeiov Omov Kuvpiwg
napatnpeitan wvadng Opopfo. Onwg avaeépetar otn PAoypapio o OpodpPog av&hvet
TO TTAYOG TOV TOWMUOTOC Ko duayepaivel Ty mapoyn O, 6Tovg VToKeIIEVOVS 16TOVG
OALG glval KoL TNYN TOPAYOYNG TPOTEACHOV TOL OTOSOUOVV TO CPTNPLOKO TOTXMLLA.
[15,16]
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KEDAAAIO 4° - OgpameuTikh
Sdlaxeiplton acBevwyv pe AAA —
2 UyxpoVvec katevBuvtnplec odnylec

H Siaxeiplon twv acBevwv pe AAA Baoiletal otnv extipnon tou Kwdluvou pRgng amo tnv

Ll KoL TOU SLeyXELpNTKoU kwShvou Tng OOKATdotaong amnd ty OAAN. O Mo kowodg

0PLOUOG TOU aveupUOoUATOG TtepAappavel éva katwdAL péylotng Stapétpou 3cm. Ydpyel
opodwvia otL ota AAA Sapétpou 3.0-3.9cm o kivouvog pnéng sivat MoAU pKpOC, TETOLOC
mou Oev SIKAlOAOYEL XELPOUPYLKA amokatdotaon. Ta aveuplopata autd TiBevtal os
TPWTOKOAAQ TTAPAKOAOUBNONG VA TOKTA XPOVIKA SLOCTAUATO HE OKOTIO TNV E£YKaLlpn
avixveuon HetafoAwv otic dlaotaoelg toug. H opBr Swoxeipion twv AAA HEYLOTNG
Slopétpou 4.0-5.4cm  éxel kaBoploBel pe Pdaon T  amoteAéopata 2 pEYAAWV
TUXQLOTIOLNUEVWVY UEAETWY TIOU GUVEKPLVAY TNV TIAPAKOAOUONGN LLE TNV OVOLKTI XELPOUPYLKN
amnokataotaon. Ot peAéteg auteg elval n United Kingdom Small Aneurysm Trial (UKSAT) kal n
American Aneurysm Detection And Management study (ADAM).[1,2] AuUo akopa
TUXOLOTIOLNUEVEG UEAETEG CUVEKPLVAV TNV TAPaKoAoUOnon HE TNV MPWLUN €VOOAYYELOK)
amokotaotacn oe aveupuopata 4.0-5.4cm (Comparison of surveillance vs. Aortic
Endografting for Small Aneurysm Repair - CAESAR) kal og aveupuopata 4.0-5.0cm (Positive
Impact of Endovascular Options for treating Aneurysms Early - PIVOTAL).[3,4] OAec ot
peAéTeg elxav mpoodloploel TIC evlelfelc XELPOUPYLIKAC TtapEpPacng otnv opada tng
CUVTNPNTIKNAG QVTLLETWIILONG/TAKTIKAC TtapakoAouBnong oL onoieg Atav taxeio avénon twv
Slootdoswv Tou oakou (>lcm/year), CUMMTWHATIKA aveuplopoTa KaBwe Kot avénon tng
peyiotng Stopétpou >5.5cm. Itnv UKSAT, 1090 avépec kal yuvaikeg nAwiog 69-76 eTwv He
OCUUMTWUOTIKA — aveupUopata  4.0-5.5cm  tuxalomowiOnkov o€  OMASEG  TAKTIKAG
TP AKoAoOUONONG KAL TTPWLNG AVOLKTHG XELPOUPYLKNG OIMOKATAOTACNG. XTA LECO- KOl LAKPO-
npoBeopa anoteAéopata 6ev pavnke Stadopd atnv BvnoudtnTa PeTafl Twv 2 oOpddwy ota
5 kat 12 €tn.[3,5] O puBuog pnéng twv AAA otnv opada tng mapakolouBnong Ntav 1%
KAT'£TOC EVW N AUECN HETEYXELPNTIKA BvnNToTNTA OTNV OMAdA TNG MPWLUNG OITOKATAOTACNG
ntav 5.6%. OL Tmeploodtepol aobevelc mou Tuxawomow|Onkav otnv opada  TNG
mapakohoUBOnong TeAka xelpoupyndnkav kupiwg Adyw alvénong tng Slopétpou >5.5cm

(Ewova 1).

H avdAuon kOoToug KatédelEe OTL N TOKTIKN TNG TOpaKkoAouBnong rtav meplocdtePo
cuudEpouca amo TNV MPWLLN XELPOUPYLKA amokataotaon.[6] H pehétn ADAM tuxalomoinoe
1136 aoBeveig, otnv peydhn toug mAstoPndia, avdpeg petaft 50-79 Twv. & AUTAV TOCO T
TOO0OTA PAENG otnv opdda tng mapakolouBnong (0.6% Kkat'étog) 600 Kal TNG AUEDONC
METEYXELPNTIKAG BvntotnTtag (2.7%) nNtav xaunAdtepa and auvtd tg UKSAT. Opoiwg kat oe
aut v MeAétn to 60% Twv acBevwv otnv oudda tng mapakoAouBnong TeAKA
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umefAnBnoav o€ XELPOUPYLKA OITOKOTAOTOON TOU QVEUPUOHUATOG AOyw auénong twv
Sl00TACEWV TOou odkou. Ta amoteAéopata Twv SU0 QUTWVY TUXOLOTIOLNUEVWY UEAETWY
aBpoiotnkav oe plo mpocdatn avaockonnon (ota 6 £tn Hazard Ratio 1.11 [95%CI 0.91-
1.34]), n omoia Oelyvel OTL oTNV OUAdA TWV QAVEUPUOUATWY METAEU 4.0-5.4cm n TOKTLKA
napakoAouBOnaon eivatl aodpalng kot amoteAecpatikni.[7]

1.00 - Early-surgery group
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Ewova 1: Koumoin Kaplan Maier yio to 1060616 TV a60gvadv otnv
OLLAdQ TNG YEPOVPYIKTG KOl GUVTNPNTIKNG AVILETMNIGNS TOV TEMKA
vrefAOnoav oe TapéuPfacn yio ) Oepaneio Tov aveLPHOUATOC.

Npwwn anokatdotaon evdoayystaka?

2tnv UKSAT, n UETEYXELPNTIKNA BVNTOTNTA OTLG EKAEKTIKEG EMEUPATELG ATAV 5.6% Kal 0TV
ADAM 2.7%. Me tnv eloaywyn Kal tnv gupeia xpron twv evéoayyslakwv Hebodwv evAoya
YEVWNONKE TO €pWTNUA €AV N TPWLUN EVSOAYYELOKN OMOKOTAOTOON TWV QVEUPUCUATWY
(Endovascular Aneurysm Repair — EVAR) Ba umteptepoVce TNg GUVINPNTIKAG AVTLUETWITLONG.
H Bdon Tou EpWTNUOTOG AUTOU £YKELTAL OTO YEYOVOG OTL N LETEYXELPNTLKN BvnToTnNTA HETA
and EVAR nAtav 1-2% 6nAadry 3 ¢opéG MUIKPOTEPN amd aUTAV HUETA OO  OVOLKTA
oveupuopatektoun. [8,9]

AUO TIOAUKEVTPLKEG TUXALOTIOLNUEVEG MEAETEG emedSilwEay Vo OMAVIACOUV 0TO TAPATIAVW
gpwtnua. [3,4] Autég £6sl€av OTL AOyw Tou TOAU HUKPOU KvSUVOU pAENG Twv HLIKPWV
OVEUPUOUATWY N TIPWLLN EVOOOYYELAKY OMOKATAOTAON 8V MPOohEPEL GNUAVTLKO OdENOG
ota 3 xpovia mapakolouBnong. H PIVOTAL avadépel mapopola cuvolikny (Hazard Ratio:
0.99, 95%Cl 0.14-7.06, P-Value 0.99) kot oxetl{OUevn Ue Ta avelpuopa Bvntotnta (Hazard
Ratio 1.01, 95%Cl 0.49-2.07, P-value 0.98). H CAESAR avadépel Topouold TTOCOOTA
emPiwong 3 €tn YeTA TNV TUXOlomoinon: 96.4% otnv opada TNG MPWLUNG EVOOOYYELAKNG
amokatdotaong Kot 92.4% otnv opdda tng mapakoAolBnong (P-value 0.6). Emiong dev
napatnendnkav Stadopic otn oxeTl{OUevn UE TOo avelpuopa Bvntdtnta, otn Bvntdtnta 30-
NUEPEC HETA TNV eméuPoon, otn ouxvotnta pnéng Ttou aveupUOUOTOG KAl OTLG
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enaveneuPaoetc.[10] Ze 36 prRveg to 60% twv acBevwv otnv opada TnG mapakoAouBbnaong

TteAka uneAnBOnoav os anokatdaotaon (Etkova 2). Emopévwg ol LEAETEG auTEC Sev AAAagay

TLC CUOTACELG YL TNV QVTLUETWIILON TWV OVEUPUCUATWY TNG KOWALAKNG 0LOPTAC LE SLOCTACELG

4.0-5.4cm.
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Tellkd pa mpoodatn PeTa-avaluon
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Months since Randomisation

N° at Risk

MONTHS 0 6 12 18 24 30 36

41 - 44mm 39 35 29 25 23 16 14

45 - 49mm 99 87 78 64 54 35 20

50 - 54mm 40 37 33 23 15 10 3

Ewova 2: Kapumoieg Kaplan
Maier yio. 0 1060616 TOV
acfevdv otnv opada g
EVOONYYELOKTNG KOl GUVTPNTIKNG
OVTILETAOTIONG TOL TEAIKA
vrefAnOnoav ce mapéuPfacn yio
™ Oepameios TOL AVELPVGUOTOG.

£6e1€e OTL N OULUVTNPENTIKA QVTIUETWIILON KOl n

TIPOOEKTIKI QVALOVI UTEPTEPEL £vavtl onolacdnmote mapéupaong yia tnv Oepamneio Twv

OVEUPUOUATWVY TNG KolAlakng aoptng [11], (Ewova 3).
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Immediate Repair Surveillance Peto Odds Ratio Peto Odds Ratio

Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% ClI Peto, Fixed, 95% ClI

ADAM 24 569 16 567 25.8% 1.61[0.85, 3.04) =T—

CAESAR 9 157 7 158 10.4% 1.31 [0.48, 3.57] —

PIVOTAL 10 253 10 263 13.2% 1.04 [0.43, 2.54) —

UKSAT 50 563 30 527 50.7% 1.60[1.01,2.52) ——

Total (95% CI) 1542 1515 100.0% 1.48 [1.07, 2.05) =

Total events 93 62

Heterogeneity, Chi*= 082, df=3 (P=0.84); *= 0% ) t + ; 4 1
R il 01 02 05 2 5 10

Test for overall effect Z=2.38 (P = 0.02) Favours immediate repair Favours surveillance

Ewoéva 3: Forest plot tng Ovntomtag o didotnpa 1 £tovg o aobeveic pe pikpd
avEVPLO O, KOIALOKNG QLOPTNG OV €ite mapakolovdnOnkayv eite avtipetonicdnkov
YEPOVPYIKA/EVOOOYYELOKA.

OL ouyypoveg SLeBveic kateuBuvTpLleg 06nyieg avadépouvy:

1. A policy of ultrasonographic surveillance of small aneurysms (4.0-5.5 cm) is safe and
advised for asymptomatic aneurysms. Level 1a, Recommendation A.

2. When the threshold diameter (5.5 cm, measured by ultrasonography, in males) is
reached or symptoms develop or rapid aneurysm growth is observed (>1 cm/year)
immediate referral to a vascular surgeon is recommended. Level 33,
Recommendation B.

3. To prevent interval rupture, it is recommended that a vascular surgeon review
patients within 2 weeks of the aneurysm reaching 5.5 cm or more in diameter. Level
5, Recommendation D.

4. In some centers an earlier referral, at between 5.0 and 5.5 cm is an acceptable
alternative practice.

ABeBaldTnTa MOPAUEVEL OXETIKA WE ELOIKEG UTIOOUASEC TOU TANBUCHOU OMWE Yl TLG
YUVAILKEC, TOUC VEOUG ) Toug TOAL emiBapupévouc acBeveic. Kapio amo tig pehéteg dev Atav
oxedlaouévn va avadeifel onpavtikég SladopeG o€ AUTEC TL UTToKaTNyopieg acBevwy. Mapd
TaUTa oL yuvaikeg dpaivetal va napouctdlouv éva kivbuvo pnéng 3-4¢opég peyalltepo anod
QUTOV TWV avlpwVv evw Kot n SLeyXelpnTikr BvntotnTta Kol voonpdtnta £ival onuovTKa
peyaAUtepec. [12] Mpog To MAPOV CUCTNVETAL N OVILLETWILON TwV Yuvalkwv pe AAA ot
SLAUETPO eEAaDPA PLKPOTEPN ATIO TNV OVTLOTOLXN TWV avEpWV:

Females should be referred to vascular surgeons for assessment at a maximum aortic

diameter of 5.0 cm as measured by ultrasonography. Aneurysm repair should be considered
at a maximum aneurysm diameter of 5.2 cm in females. Level 3b, Recommendation C. [13]
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KEDAAAIO 5° — H spfropnyavikn
Bewpnon tng pnéng

fl’evikd (Ta pelovektApata TG MEYLOTNG OSLapETPpOU KOl N
epBrlopnxaviki Oswpnon)

H cUyxpovn oTpaTnyLKN AVTILETWILONG Twv AAA Onwe autr kabopiletal anod Tig diebveig
kateuBuvtnpleg odnylec Baoiletal oto péyebog Tou aveupUopatog mou ekdpaleTal amo tnv
UEYLOTN SLAUETPO Kal Tov puBUo auénong Twv Slactdcswv otov xpovo.[1] H mpoaoéyylon
OUTN €XEL ONUAVTIKOUC TIEPLOPLOMOUC Kol aSuvapieg. NEKPOTOULKEG KO ETILONULOAOYLKEG
peAETeG Selyvouv OTL TA UIKPA aveUPUOHOTA (KATW Ao TO OPLO YLA XELPOUPYLKN Ttapéupacn)
SLaTpEYoUV £va ULKPO aAAA TIPAYHATKO Kivouvo préng. Mia KAOLGGLKI) VEKPOTOULKN UEAETN
Selxvel OTL T0 9.5% TWV aVEUPUOUATWY He SlaueTpo <4cm mapoucialav prén evw To
QVTLOTOLYO TOCOCTO oTa aveUpUopaTa UE SLapeTpo 4.1-5.0cm nrav 23.4%.[2] Akdua kot av
Ol EKTLUAOELG QUTEC akolyovTal UTIEPBOAIKEC, OTIG KOTEUOUVTPLEG 08NyleC amod thv Society
for Vascular Surgery, o ektluwpevog etrolog kivbuvog préng oe aveupuopata SLapETpou
4.0-5.0cm elvat 0.5-5%.[3] And tnv GAAn AAAeg peAéteg avadEpouv OTL €wg Katl 50% Twv
UEYAAWV QVEUPUOUATWY, OPKETA TTAVW OO TO OPLO YLla XELPOUPYLKH TapEUBacn mote Sev
Ba mapoucidoouv pnén.[4] Tivetal Aoumtov avtlAnmto OTL n xpnon &vog tOoo yevikol
Kpltnpiou OmMwg eival n péylotn SlApetpog ya tv Andn Bepameutikwy amoddcewy
onwaodnmnote Ba 0dnynosl otnv kabuotepnuévn Bepaneia kamowwyv acbevwy (av oxL otnv
pnEn) oAAQ KAl OTNV OVTLUETWITLON GAAWV OL OTIOIOL OTNV MPAYUOTIKOTNTA SV Xpetalovtol
kaplo mapépPaocn. Kot evw ocuxvad o vopog tou Laplace Beswpeital otL amoteAel tnv
Bewpntikn BAcn yla TN Xprion Tou KPLtnpilou tng MEYLOTNG SLAPETPOU, QUTO AmMOTEAEL Ul
unepamAovoteuon. O vOpog autog avadEpeL OTL N TAON TIOU OOKETaL 0TO TolYwHA €VOG
ayyeilou elval avaloyn tng SLOUETPOU TOU KATL OUWG TIOU O€ TPAYMOTIKEG OUVONKEG dev
LoXVEL 0TO KUKAOGOPIKO oloTnua yia 2 Adyoug. 1%, n yewpetpia evdg aveuplopatog oAU
Sladépel amd autnv evog armhol KUAivSpou 1 odaipag yla TLg onoieg o vopog tou Laplace 6a
elxe oL katL ouvnBwe adopd moAUTAoKa oxrpaTa He SLadOPETIKEG KAUMUAOTNTEG. H Xprion
ETIOMEVWCG HOVO TNG MEYLOTNG OSlapétpou mopoAeimel va AdBel unmoPwv tnv Slaitepn
avatopio/yewpetpia Tou kdBe oaveupvopatoc. 2%, n efétacn HOVO TWV TACEWV TOU
0OKOUVTAL OTO apTnpELlako Tolywpo Oev eival emapkng KOOwWE AUTEC €ival o évag POvo
napayovtag g eélowong mou kaBopilel Tov Kivduvo préng. O dAlog ival n avtoxn tou
opTNPLAKOU TolYwHAToC. Onwg poavad£pBnke n amotuyio evog UALKOU Kal Kat' avilotowyia
n pnén tou aveupuopatog cupPaivel OtTav N TACN MOU OOKeiTal oTo Tolywua uttepPel Tnv
avTOXI TOoU Kot dpa 0 Adyog tdon/avtoxn sivat autog mou kabopilet tov kivbuvo pAng, evw
n SLapetpog Sev oxetiletal amoOAUTO UE KavEvay artd TouC 2 auTouc mapdyovtec.[5]
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H toywpatikni taon

Tdaon eival n d0vaun mMou ooKeital os o emipavela ava povada emidpavelag. Itnv
avaAuon menepacpévwy otolyeiwv (Finite Element Analysis — FEA) n umo pelétn sruddvela
Xwpiletal og évav peyoho aplOpO OTOLXELWSWYV TUNUATWY Kol oL S1adopeg MapAUETpOL
(6nAadn n taon kot n mapapopdwon) umoloyilovtal yla kKaBe éva amd autd. H tdon
npocdlopiletal pe BAon TIG KATAOTATIKEG £ELOWOELG TToU Xapaktnpllouv tn cupnepldopd
TOU UTO €€€taon UALKOU (oTnv MepIMTwon HOg To aptnplako toixwua) - SnAadn t oxéon
METagL TAoNC Kal mapapopdwong Kol oTLG apXEC SLatnpnong TG EVEPYELOC KAl TNG opuUNng. H
KATAVOUN TwV TAOEWV TOOO yla opoloyevr (FEA) 6oo kat avopoloyevr) (Fluid Structure
Interaction-FSI) ¢option tou aptnplakol TOWHATOC UTIOAOYIlETAL YE TN XPrion Tou von
Mises stress mou ekdpaletal wg

O = J%[(GI_JZ): +(0,—0;) +(o; _GB)::I

Equation 1

Kal omou 61, 02, 03 eilval oL MPWTOPXLKEG TACELS. H péylotn TolwpoTKn tdon (Peak Wall
Stress- PWS) avadépetal otnv péylatn GopTLon mou SEXETOL TO APTNELAKO TOLXWHO KATA TN
Slapkela Tou KapSLlakol KUKAOU SnAabn Katd tv LEYLOTN cUCTOAR. H TR auth s€aptdtot
oo TNV aPTNPLAKNA TILECN, TN CUYKEKPLUEVN 3-6laoTatn YeWMETplo KABs aveupUoUATOC Kol
TLC UNXQWVLKEG LOLOTNTEC TOU TOLYWHOTOG.[5-7]

OL QpXIKEG MEAETEC TIOU UTIOAOYLOOV TLG TACELG TIOU QOKOUVTAL OTO aPTNPLOKO Tolywpa
xpnotpomnoinoav efldavikevpuéva AAA povtéla pe odatplkn 1 KUAWSpIKN popdoloyia. e
amlouoteupéva  2-6ldotata PMOVIEAQ OL TACEL( NTAV OVAAOYEC TOU HEYEBOUG TOU
OVEUPUOUATOC KAl N HLEYLOTN TAON BPLOKOTAV MAVTIA OTO ChUELD TNG KEYLOTNG Slapétpou.[8]
AA\oL €6el€av OTL n mapoucia Tou evOOaUALKOU Bpoppou pmopel va EAATTWOEL TG TACELS
mou umoAoyilovtal oto Tolxwpa €wg kat 30%.[9,10] AuTEG oL MEAETEC QMOTUYXAVOUV va
KataypaPouv TNV MPAYUATLKA KATOVOUN TwV TACEWV OTNV eMLPAVELD TOU OVEUPUCUATOG
KaBw¢ n mpaypHatiky 3-8Ldotatn avatouio oty mpayuotkotnta 6ev £xeL kapia oxéon ue
TNV amAomoLnévn evog KuAivdpou.[11]

YTn ouvéxel oL Vorp et al. mpaypatonoinoav avaluon Twv TACEWV Ot UTIOBETIKA 3-
Staotata AAA POVTEAD [LE OKOTIO VOl EKTLLIOOUV TNV EMISPACH TNG LEYLOTNG SLAPETPOU QAN
KAl TNG OOUMMETPLOC OTOUC UTIOAOYLOMOUC. Autd mou mpoékuPe NTav OTL Ol TAOELSG
auéavovtav TOoo Ue TO aufnuévo péyebog 000 Kol PE TNV QUENUEVn QCUPUETpla Tou
aveupuopatog amodelkvuovtag OtL n taon Oev kabopiletal povo amd tn SLAueTpo.
Emopévwg aveuplopota  OpoloU  peyéBoug pmopel va  Tapouctdlouv  PEYAAEG
S510.pOPOTIOLNCELG OTIC TIOPATNPOULEVEG TACELG avAAOya UE TNV LSLiTEPN YEWUETPLO TOUG
Kal apa va dlatpéxouv oAU dtadopetikd kivouvo pnéng (Ewkova 1). [12]
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Ewdva 1: Téco n péyom
OLAUETPOC OGO KO M
acvppeTpio eatveTor 0Tt £govv
ONMUOVTIKNY ETLOPOOT GTO
HETPO KOl TNV KOTOVOUT TV
TAGEMV GTO OVEVPLGLLATIKO

TOlY®UOL.

OL €MOUEVEC HEAETEG XPNOLUOTOINOAY AVATOUIEG/YEWUETPIEC aveEUpUOUATWY acBevwv
OTIWC QUTEC TPOEKUTITOYV Omd amelkovion pe CT ayysloypadia kot emakoAoudn 3-Sldotatn
avaclvBeon. Ocov adopd TNV avVAKATACOKEUN TNG 3-8LA0TATNG YEWUETPLOG TOU KABE
aveupuopaTog auTh Eekwvadel pe tnv AnPn dedouévwy amnod tnv CT ayyeloypadia. H Andn
TWV EYKAPOLWV TOHWV TTAXoUG -1-2mm akoAouBesital amd to oxeSL00U0 TOU TEPLYPAUUATOG
NG KAOe TOUNG TOOO YL TOV OVEUPUOHATIKO OAKO 00O Kal ylo Tov aAndr auAo. TeAlkd to
oUVOAO TWV MEPLYPUUATWY AVOCUVTIBETAL YLt va TapAyeL TO 3-8LA0OTATO LOVTEAO ATO TLG
vedpLKEC apTnpleg PEXPL KaL TOV SiXaopo Twv Aayoviwv. El8IkA Aoylopika éxouv avarmtuyBet
ylaL TNV EKTEAECN QUTWV TWV AELTOUPYLWV TA OTola elval og BEon va MPAYUOTOMOLO0UV £lte
XElpoKivNTn €ite NUI-QUTOMATN EITE QUTOUATN KATATHNGCN TOU apTNELOKOU TOLXWHATOC Kal
auAo.

Ot Fillinger et al. umoAdyloav TIG TAOEL O POYEVTA, CUUMTWHATIKA Kot o AAA Tou
amokataotadnkav eKAekTIKA Kol €8elav OTL To PWS Atav onpavtikd HeyaAlTepo oTa
PAYEVTA KOl CUMMTWUOTIKA AAA. Aladopég otn SLAUETPO Kal TNV apTNPLOKA Tiieon petagy
QUTWV TWV opddwy Sev mapatnpndnkav. Ie aUTN TN OElPA TO UKPOTEPO payev AAA eixe
MEYLoTN SLdpeTpo 4.8cm mapoudciale OUwE Taon avaloyn evog aveupuopatog 6.3cm.[13] H
16La epeuvnTIK opada og emopevn Hehétn £6eLle OtL yio AAA uTd apakohouBnon to PWS
elval mo akplPéc amdé tn SLAPETPO OTO va eviomicsl toug aoBeveic oL omolol Ba
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napouactdoouv prén. To PWS fAtav katd 11% o €ld1ko kat 13% 1o euaiodnto CUYKPLTIKA UE
TN Héylotn dlapetpo.[14]

Mapd Ta evOOPPUVTIKA QUTA QTOTEAECUOTA Ol TOPATAVW UEAETeC dev Edafav umoPv
Tou¢ TNV mapouaia tou evéoauliikol Bpoppou (Intraluminal Thrombus — ILT) n omola onwg
noén oavadpépbnke pmopel va ennpedlel ONUAVIIKA TOUC UTOAOYLOUOUC.[9,10] Ot
Venkatasubramaniam et al emiong £€6eav onpavtik avénon tou PWS ota payévta AAA
oAAQ emutAéov Tpoteivouv OtL n B€on tou PWS cupPadilel pe tnv Bon tng pnéng (Ewdva
2).

ANSYS 6.1
FEB 20 2003
08:47:04
NODAL SOLUTION
STEP=1

SUB =6
TIME=1

SEQV (AVG)
PowerGraphics
EFACET=1
AVRES=HMat

DMX =8.524
SMN =.008487
SMX =.920306
o
.085222
.170444
.255667
340889
.426111
.511333
. 596556
.681778
767

(IR

Ewova 2: H 0éon g péytotng Toly®patikng téong Uropei va
VIOdEIKVOEL TV BEoM TG PNENG.

ErumAéov mpoodatwe €xel dovel OTL auEnUEVEG TOLXWHUOTIKEG TACELS OTOV WHO TOU
aveupuopartog mapouoialovral o AAA ou mapouoctalouv Taxy pubud avénong oto xpovo,
EVW KOL OL TUUEG Tou PWS ektog amd auénuévo kivbuvo pnéng daivetat otL pmopel va
umodelkviouv  Kal auénuévo kivbuvo ylo taxela petaBfoln Twv Slo0TACEWV TOU
oveupvuopatoc. [15,16]. Autég oL peléteg meplopilovtal amd To yeyovog OTL Aapupdavouv
UTIOY LV TOUG UTTIOBEDELG YLOL TLG UNXAVLKEG LOLOTNTEG KAL TO TIAXOG TOU TOLXWMOTOG EVW EMIONG
Bswpolv w¢ Kataotaon UNSEVIKAC TAoNng tn SL00TOAN TOU KopSLOKOU KUKAOU KATL TOU
duaoika Sev LoyLeL.

AT tnv AAAN n (8la epeuvnTIkn opdda €6€L€e OTL N ToooOTNTA ToU evO0oaUALkoU Bpoupou
£VTOC TOU AVEUPUCHATIKOU 0dkoU TIPOPAEMEL e peyaAlTepn akpiBela v éva avelpuopa
Ba mapouoldosl avénuévo pubuo avénong, o oxeon Ue TIC TIHEG PWS, umodeikviovtag OtL
Kal OAAEC TApPAUETpOl £Xouv onupacio otnv e€EAEn kal TN Quolkn oTopla Twv
OVEUPUOUATWV.[17] ANAEC LEAETEG OpOLWG €XOUV KATOANEEL OTO CUUTIEPACHA OTL AUENUEVN
noodtnta evéoaulikol Bpoppou mpodlabétel o taxeia avénon kot pnén. [18,19] And tnv
AGAAN povtéla FEA Seixvouv pia TOAU onpavtikn eniépaon tou BpopBou oTo PETPO KOl TNV
KQTOVOUN TWV TACEWV OTO apTnplako Tolxwuo, n omoia KataAnyel o pla afloonueiwtn
EAATTWON TWV TIOPATNPOUKEVWY TACEWV Kal €Xel odnynoel moAAoU¢ va amodidouv otov
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Bpoupo évav poho euPlounyavikou paflhaplov (ILT biomechanical cushioning effect).
[20,21]

Tnv 81a otypn, o Bpoupog €xel davel OTL mBAVA EMUITPENEL TNV HUETASO0N TNG Ttleong oto
OPTNPLOKO TOIXWHA EVW KOL PWYHUEG KOTA UAKOC TOU WTOPel va SnULoOUpyouV TIEPLOXEG
auénuévng TAong oto UTtoKeipevo ayyeio £wg kal 30% (Ewkova 3). [22,23] Emopévwg av Kat
UTIAPXEL YVEVIKN oupdwvia oto OTL 0 evdauAkog Bpoupog Sladpapatilel €vav onpOvIKO
pPOAo otnv eE£AEN Kal TNV pHAEN TWV AVEUPUOUATWY, N aKPLBNC eMidpacn Tou TAPAUEVEL
B£pa evtatikng épeuvag.

Ewova 3: Poyuéc evtog tov
€VOOOAIKIOV BpoLov
KOTOAYOUV GE TEPLOYES
avénuévng Taong oto
VTOKELLEVO 0PTNPLKO
TOlY®UOL.

v.Mises stress

0571 35.065 69559 104.053 138547 173,040 230,530

H oxéon TAcewv Kol YEWHETPLOG

Onwg €xeL N6n avodepbel oL TACELG TOU ACKOUVTOL OTO ToiYWHA StadEPouv onUOVTLKA
METAEy OSLaPOPETIKWY AVEUPUOUATWY AOYw Sladopomolnoswyv otnv LoLaitepn yeWMETpla
TOU KaBevog amd autd. MoANEC EPEUVNTIKEG OUASEG £XOUV SLEPEUVHOEL TN OXEON UETALY TWV
CUYKEKPLUEVWV HOPDOUETPLKWY XAPAKTNPLOTIKWY KABe AAA Kal TwV TACEWV OAAA Kal Tou
Kwdlvou pRénNg o€ Ul TPOOTIABsla va TPOCSLOPLOTOUV TOPAUETPOL TIou TiBava
umodelkvuouv éva mpodid uPnAol kwwduvou. [24-26] Ou Giannoglou et al. avadépouv
ONUAVTLKA cuoXEtion Hetaly PWS kat kapmuAotnTag tng Kevtpoypoupnc.[24] Ot Doyle et al.
anod TNV GAAN MPOTEIVOUV OTL N QCUMUETPLA TNG KEVTPOYPAUUNG €V TTOAAOLG kaBopilel TNV
KATOVOUI TWV TOWHATIKWY TAoewv.[25] Mapd tnv mpodavh onuacia twv mapoanavw
OMOTEAEOUATWY OL LEAETEG QUTEC OlyvoOUV TNV Tapoucia Tou evboaulikol Bpoppou n omoia
onw¢ €xet nNén avadepBel Ba pmopoloe va €xelL eMNPEACEL TOUCG UTOAOYLOMOUG. Ot
Georgakarakos et al. avadépouv plo onuaviik oxéon HeTagy TG OTpEPAWONG TNG
KEVIPOYPAUUNAC Kal Tou PWS og AAA povtéla mou Aapfdvouv umogty Toug Thv mopoucia
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Tou BpopPou.[26] EmtutAéov oL Xenos et al. cuoxETIoav TNV TOLXWHOTIKY TAoN UE pia avénon
™G ywviag HeTall Twv KoWwwv Adyoviwv aptnplwyv Kotd tnv £€kducrh Toug OTOV O0OPTIKO
SYaopo. ZuykekplUéva n avénon NG ywviag autng ocuoxetldotav Pe TV epddvion
QUENUEVWVY TOLXWHOTIKWY TACEWV OTNV TIEPLOXA QUTH €VW Ol TACEL OTOV UTIOAOLTO
OVEUPUOHATIKO OAKO NTOV YEVIKA HELwUEVES. OL ouyypadeig mpoteivouv OTL Bavd os pia
Sladikaoia remodelling tou TOoWUOTOG QUEAVETAL N ywvio Twv Aayoviwv wote ot
TOLXWHATIKEG TAOELG VAl PLETaKLYNBOUV o€ onpela Tou odkou AlyOTEPO ETUPPET OTN PNEN TNV
(6la OTlyUn TOU OL TACELG €VTOC TOU €KPUALOUEVOU Kal adUVAUOU QVEUPUOCHOTIKOU
TOWHATOG LElwvovTal.[27]

Ol MHXANIKEZ IAIOTHTEZ TOY APTHPIAKOY TOIXQMATO2z

Ex vivo uelétec yia tov kadoplouod tne uaotknc totopliac tne dnutoupyioacg kot tne e€EAénc

TWV QVEUPUOUATWY

Nwplig eixe avayvwploBel OTL n OVEUPUOUATIKH VOOOG eival Paclkd pla eKPUALOTLKNA
Sladkacia mou emnpedlel To apTNPELAKO TolXwpo. MOAAEG TOOOAOYOOVATOMIKEG UEAETEG
£xouv katadeifel TNV anwAsla TG SOUNC TOU 0PTNPLOKOU TOLXWIATOC OTO AVEUPUCHATA TNG
aoptn¢. Ot Sumner et al. Atav oL mMpwTtoL mou uTESetéav OTL T TUAUATA TOU QYYELOU TTOU
NTOV OVEUPUOUATIKA ATOV TEPLOCOTEPO avEVOOTA KoL TEPLEiXOV AlyOTEPO KOAAOYOVO Kal
g\aotivn amnod Ta YELToVIKA TUALATO OTIoU To ayyeio ATav ¢ucloloyiko. [28] e cupdwvia pe
Ta apandavw ot He and Roach €86etav otL TG00 n clotacn 600 Kol Ol PLNXAVIKEG LOLOTNTEC
TOU QVEUPUOCHOTIKOU TOLXWHATOG €ival SLapopeTIKEG amd QUTECG TLG GUGCLOAOYLKNG QOPTHG
KabBw¢ Tmapouclalouv oNUAVTIKY Meiwon tNg ehactikotntag/svevbototntac.[29] O
EPEVVNTEG auTol Bprikav OTL N TOcOTNTA TOU KOAAQYOVOU OTO TOLXWHO TWV OVEUPUCUATWY
elval augnuévn evw oL EAAOTIKEC (VEC ONUAVTIKA PELWPEVEC. [29] EmutAéov ot Sakalihasan et
al. avadépouv OTL UTIAPXEL ONUOVTLKA CUOYXETION METOEU TNG AOPTIKNG SLAPETPOU, TNG
QUENMEVNG EEOYWYLLOTNTAG TOU KOAAOQYOVOU KOl TNG MELWUEVNG TOCOTNTAG €haotivng. H
peilwon tng eAaotivng vwpic otnv €€€AEN TNC OIVEUPUOHATIKAC VOGOU XWPIC TNV TaUTOXpOoVvN
peiwon tou kKoAAayovou mBava KATaAnyeL 0TV AmWAELO TNS EAACTIKOTNTAC TOU 0pTNPLAKOU
TOLXWHLATOG TO OTOL0 OUWG Slatnpel akopa TV avtoxn tou. H auvgnuévn eéaywylpotnta tou
KoAAayovou n omoia mapatnpeital Kupiwg oto HEYAAQ Kal OTa POYEVTA OVEUPUOUOTO
mBava urmoSnAwvel pLo auénuévn evIUULKn SpaoTnPLOTNTA TOU KATOANYEL OTNV auénuévn
amodounon Twv KOAAQYOVWV VWV KOl TV ONMwAEld Twv ouvdécewv Petatd toug. [30]
JUUMEPACHOTIKA OL TIEPLOCOTEPOL CUYYpAdEiG oTEVOUV OTL oL dAAAYEC TTOU oXeTilovTal pe
TV aveupuopatiky voco meplAapBavouv apyikd amodopncn Twv WV gAAoTivhg Tou
oényel otnv gudavion tng Slataong Tou ayyeiou Kot amodouncon Tou koAAayovou n omola
enoupPaivel o pHeTAYEVECSTEPA OTASLA TNG VOOOU KoL 06nyel og amwAeLa TNG AvToxng Tou
toywpatog kat pnén.[31] Mpoodata €psuveg Katadelkviouv OTL OTO CQOPTIKO TOlXWHO
YUVALKWYV PE OVEUPUOHA UTIAPXEL ONUOVTLKA TIEPLOCOTEPN EAAOTIVN KoL AlyOTEPO KOAAQYOVO
ormd OtL To ovrtiotolyo ot dppevec acBeveic. H avénuévn ehaotivn mbava sfnyel tn

37



Bpadutepn avfnon TwWv AVEUPUOUATWY OE YUVAIKEC EVW TO HELWUEVO KOANayovo e€nyel ta
auénuéva moocootd prnénc.[32]

H ektiunon twv unyavikwy tdtotitwy yto tnv FEA

H yvwon tTwv UNXovikwy WOLOTATWY TOU apTnpLokoU TOLXWHOTOG £lval Baotkn yla
TNV eKTignon Ttou Kwduvou NG pnéng téoo ylati sival amopaitnteg ylo tov
UTIOAOYLOUO TWV TACEWV Héow TNG FEA aAAd kal ylati oxetilovtal apeca pe 1o 20
eUBLOpNXOVLKO TTapAyovTa Ttou ennpealet Tov kivbuvo pnéng SnAadn tnv avtoxn tou
TolwHAToC. OL LBLOTNTEG TOU TOLXWUATOG £XOUV TIPOCSLOPLOTEL ATIO PNXOAVLKEG ex-
Vivo HEAETEG KOl OL TLUEG TIOU XPNOLUOTIOLOUVTAL OVTUTPOCWITEVOUV UECEG TLUEC TIOU
€XOUV TIPOKUPEL amd tnv e€€Taon €VOG UEYAAOU OPLOUOU TOPACKEVOOUATWY. ZTLG
TIEPLOCOTEPEG HEAETEC TO TOIXWHA TOU OVEUPUOHATOC Bewpeital umeEPEAAOTLKO,
OOUUTIIEOTO Kal LOOTPOTIO OMwe £Xel meplypadel amd Ranghavan and Vorp.[12-
17,21,29,33] Ou ouyypadeic autol mpotewvov OTL TPonyoUpeva HOVTEAQ Ta ormoia
Bewpoloav TO OPTNPLOKO TOXWHA YPOUMULKE €AOOTIKO OTTOKAIVOUV CNUAVIIKA OO TNV
TPAYHATIKOTNTA KOOWC ex-vivo melpapota €xouv Seifel OtL N cupmepldopd TOU TOLXWHATOC
glval un ypauULKn Kot uropet va mapatnpnBel peydin napapdpdwon tng tagng touv 20-40%
mpw tnv epdavion pnénc.[33] Emouévwg avémtuéav €va VEO LIOVTEAO yLO TOL AVEUPUCHOTA
Baclopévol o melpapatikd dedopéva. To Tedeutaio ekppaletal amo Thv HabnUATIK oxXEon
mou akoAouBei 6rmou W eival n mapapopdwaon kot IB o mpwTtog mapdyovtag ToU TAVLOTH TG
ETULUAKUVONG.

W= a (IB-3) + B (IB-3)2

To HOVTENOD €XEL LOVO 2 TIOPOUETPOUG KAL ELVAL TIPAKTIKO YLO TOV TIPOCGSLOPLOUO TWV TACEWV.
Mo npoodateg peAéteg katéypadav TNV cupnePLOPA TOU LOTOU AoKwvVTAS SUVON TTPOG TLG
2 kot OxL 1 povo SlevBuvon kal €6el€av OTL TO TOlYWHA TOU AVEUPUOUOTOG MOPOUGCLAlEL
oVLOOTPOTN Kol OXL LOOTPOTN CUUMEPLDOPA, TIOU CNUAIVEL OTL N MAPAPOPdWon UIMOPEL va
elvat Sladopetikn og dladopeg SleubBUvVoeLS (T EMUNKWE i KUKAOTEPWG). H Stadopd otoug
umtoAoyLopoU ¢ AapBdavovtag umtoPy LOOTPOTN 1} AVIOOTPOTN CUUNEPLPOPAE TOU TOLXWLATOG
UTopel va elval onpavTikr KATL mou Seiyvel Tn onuooia TNG owoThE EMAOYNG TWV HNXOVLKWY
olotntwv.[34]

Ex vivo Tmelpduata Yo TNV _EKTIUNON TWV UNXOVIKWY ELOTATWY Kol TNC avtoxng Tou

TOLXWLOTOC.

MoAAéC maBoAoyoaVOTOUKEG UEAETEC £XOUV aoXOANOel pe TNV ekTipnon TwV EAACTIKWV
LOLOTATWV TOU TOLYWHOTOG TOU AVEUPUGCLOTOG TNG KOWALOKAG OLOPTAG KaL TN oUyKPLon TOUG UE
OUTEC TOU PUOCLOAOYLIKOU 0OPTIKOU TOLXWHATOC WOTE va mPocdloplotolv ot alhayég mou
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ouvodelouv TNV gudavion Kot tnv eEEALEN Twy aveupuopdtwy. OL Vorp et al Bprkav otL n
ovToXH TOU OVEUPUOHATIKOU TOLYWHATOC ATAV Katd 50% UElwUEVN OE OXEON HUE QUTNV TOU
TOWHATOG TNG GUCLOAOYIKAG AOPTNG EVW TAUTOXPOVA TO TPWTO NTOV KAl ONUAVILKA TILO
avévdoto.[35] Opoiwg pia o mpoodatn HeAETN amd toug Xiong et al, €6e&e OTL N otabepa
EAAOTLKOTNTAG TWV OVEUPUOUATWY ATAV CNUAVIIKA HeyaAltepn (meploocdtepo avévdoto
Tolywpa). OL KAUMUAEG TAONG KAl TAPAUOpdwoNng NATov Tapopoleg Metafd AAA kal
duoLoAOYIKNG aopTnC OAAG Ol TIPWTEC HTOV HETATOTILOMEVEG TIPOC T OAPLOTEPA KO
napoucialav peyaAutepn kAlon. Me dAAa Adyla yla plat S€5opévn TACN TO OVEUPUGHATIKO
TolYwHa TapoucoLalel UIKpOTEPN Topopdpdwon amod tnv UCLOAOYLIKH COopTH EVW N
aduvapio Tou UAKOU va oUYKPOTAOEL TNV TAon (Kol CUVENWE n pREn) mopouclaletal o€
XOUNAOTEPEG TACELG 0TV NMeplmtwon twv AAA (Ewova 4).[36] ErutAéov oL Di Martino et al
ouvékplvayv Seiypata amd aveuplOUATA TIOU XELPOUpynONnKav eKAEKTIKA Kol AAAO TIOU
napouciacav pnén. OL ouyypadeic autol €ds€av oOtL n pnAén oxetiletal pe TNV
amoduvapwon ToU opPTNPLOKOU TOLYWHATOC OXL OHWC HE HELWHEVN elaotikotnta. H
MElWwMEVN avtoxn ota payévta AAA oxetllotav HE aUENUEVO TIAXOC TOLXWUOTOC KOl ME
ghattwpevn avevdototnta dnAadn auénuévn eAaoTikOTNTA OAAA OXL PE TNV MEYLOTNH
OLOUETPO. JUVEMWG TO TAXOG TOU TOWWHATOC KAl N €AAOTIKOTNTA Tou miBavad
QVTUTPOOWIEUOUV CNUAVTIKOUG TOPAYOVTEG TTou oxetilovtal pe pnén ota peydala AAA oe
avtiBeon pe v péylotn didpetpo.[37]

1.6
E=16.315x-0.7169
1.4 F E=10.5318x-1.2375
o 2T 7 E=6.1922x-0.8257
n 0.8 F AAA
o P A LAA
50 PR, CAA
0.4 F
0.2 F
O L ]
0 0.6 0.8

strain

Ewova 4. O avevpuopaticog 10tog (AAA) elvar onpovtikd mo
avéVO0TOG 0d TO UN-0VELPVGUATIKO 0opTIKO Toiympa (CAA-
circumferentially oriented abdominal aorta, LAA-longitudinally
oriented abdominal aorta.

‘Ocov adopd tnv aviox ToU apTNPLAKOU TOLXWHATOC £XEL aVAYVWPLODEL OTL UTIAPXEL
XWPLKN Slakupavon Kata MNKOG TOU OVEUPUOHATLKOU CAKOU.
MaBoAoyoaVATOULKEG/VEKPOTOULKEG HEAETEG €Xouv Oeifel OTL METOEY UIKPWV Kol PEYOAWV
AAA Sev uTtapYEL LETABOAN OUTE OTO TIAXOC OUTE OTNV AVTOXI) TOU TOLXWUOTOG TiiBava Adyw
pLog dradikaoioc remodelling mou oupBaivel ota peydla avevplvopata. H pAén emopévwg
gival paAdov pla tomik Slepyacia KoL n ovayvwplon Twv EVOAWTWY CHUEIWY UTopel va
glvat 6UokoAn.[4] EmutAéov mpénel va avadepBel 0TL 0 evboauALkog Bpoupog daivetal va
OOKEL aPVNTIKA EMSpacn oTNV avtoxr TOU TOWWHOTOS TIPOKAAWVTAG TOTIKA UTtoia oTIg
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TIEPLOXEG TIOU KOAUTITOVTOL Omod €va maxl otpwuo Opoupou.[38] OL TMePLOXEG QUTEG
TAPOUCLAlOUV €EVTOVOTEPN VEO-OYYELOYEVEDN, GAEYUOVA Kal TOTIKN amoSuvAapwaon Tou
TOLXWHATOG LLE TPOTO AVAAOYO LLE TO TTOCOOTO Tou BpopPou.[38] ANAoL untoypappilouv OTL
ONUAVTIKO POAO €XEL Kal n ToTukn evlupatikn Spaotnpldtnta Kot umodelkvUouv Tnv
opvnTikn enibpacn tng petahlonpwtelvacng-2 (MMP-2) n omola mpokaAel amodounon tng
ghaotivng ota pikpd AAA odnywvtag os alfnon tTwv SLOoTACEWY evw N auénuévn €kkplon
kol Spaotnpotnta tng MMP-9 daivetar otL obnyel oe pnén Twv HeyoAUTEPWV
aveupuopdatwy.[39] Ou Vallabhaneni et al. oxupiotnkav OTL oL XWPLKI KATOVOUN TNG AVIOXAS
TOU TolXWHATOC odelAeTAL OTN XWPLKN KATAVOUN TNG TIOPAYWYNC Kal Spaotnplotntog Twv
petaAlompwrteacwy.[40] Ze pa mpoomaBela va KataoTel duvath n pn-emnepPatikn extipnon
NG avtoxNG TOU QVEUPUOUOTIKOU TOLXWUOTOG £va Hadnuatikd Hovtélo €xel mpotabet.
AopBavovtag umtoPv eUKoAa PLETPIOLUEG TIAPAUETPOUC OTIWCE TNV TOTILKN SLAUETPO, TO TTAXOG
Tou evdoaulikol BpoppBou, To GUAD TOU a0BEVOUC KOL TO OLKOYEVELAKO LOTOPLKO N TOTILKA
OVTOXH TOU TOoLYWHATOC uTtoAoyiletal pe Baon tov akoAouBo pabnpatiko Tumo:

STRENGTH =71.9-37.9 % (ILT1/2 - 0.81) - 15.6 x (NORD - 2.46) — 21.3 x HIST +19.3 x SEX

STRENGTH eival n eKTILWUEVN OVTOXN O €V CUYKEKPLUEVO ONUELO TOU QVEUPUGHATLKOU
odkou oe N/cm? ILT eival to Tomkd maxog tou BpopBou oe cm, NORD eivatl n Tomkn
SLAPETPOG TToU €XEL KavovikoTonOel pe Bacn tn SLAUETPO TNG GUGLOAOYLKAC QOPTHG OTIWG
out) koBopiletat amd v nAkia kat o PUAO Tou aocBevolg, HIST elvar n
napouacia/amovoio olkoyevelakol otopwkov (1/2=with, —1/2=without), SEX sivat to ¢Ulo
(1/2=male, -1/2=female).[41] H mpooEyylon QUT AVTUTPOCWIEVEL EVOL OTATIOTIKO LOVTEAO
Yyl TNV UN-eMeUPATIKA EKTIUNON TNG KATOVOUAG TNG OVTIOXNG TOU TOLYWHATOC TIoU £XEL
TPOKUPEL amod TNV OUYKPLON TwV TIPOBAEMOUEVWY TILWV HE QUTEG TTOU TPogkupav amo
Sokipaoieg edpelkuopol Selypdtwv amd Xelwpoupylka efalpebévta AAA. Me tn Xpron
OTATIOTIKWY TEXVLKWY WOTE va TautomolnBolv oL mapdyovieg ekeivol mou £xouv onuooia
yla TNV MPoPBAedn TNG TOXWHATIKAG AVTOXNG €XEL TPOKUEL TO TTAPATIAVW HOVTEAO yLa TNV
MN-EMEPPATIKN EKTIUNON TNG AVTOXNG TOU TOLXWMOTOG TwV aveupuopdtwy (Ewkéva 5). [41]

| § |
-— < &

Strength e Stress - “
N/cm? i N/cm?2 iy RPI
125 o 30 0.50
115 . 26 0.43 Ewovo 5: Xaptoypdenon e
;25 f; » g'gg KATOVOUTNC THE TAoNG, TG
85 - xa — B o1 A avtoyng Kabmg kot Tov Adyou
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Kedpalato 60 - MEOOAOAOTIA

OMlot ov oaocBeveig pe AAA mov ocvumepnednoav otnv peAétn, apyikd
vrefAnoav oe CT ayyeloypapio dveo kol kdte kowiag pe &yyvon evoopAEPiov
OKLOYPOPIKOD Ylo. TNV OMEKOVION TOL OveELPVLGHATOS. [o va cvumepiAngdel o
aclevig otV peAétn n apykn| e&étaon Oa émpene va yivelr pe mhyog topdv <3mm
DOTE VO VITAPYEL OPKETT AETTOUEPELD GTNV KATOYPOPY] TOV EIKOVOV TTOV VO, EXLTPENEL
mv mepautépm katatunon kot eneepyosio. H CT ayyeloypapia ntav arapaitmro va
nepLopPAavel To TUNPO EKEIVO TNG QLOPTNG GO TNV £KPLGT TOV CTAAYYVIKOV ayYEi®V
£0C TOLAGYLOTOV TO OYOGUO TOV KOWVAV A0YOVIOV apTNnpLidVv.

Metd v AMym ¢ CT ot ewdveg DICOM enelepydotniay pe to Open source
software ITK-SNAP.[1] TTpokettar yio. pior EQOpOYT TOV ETTPEMTEL TV KOTATUN O 2-
JIOTOTOV 1TPIKAOV €IKOVOV Kot TNV ovachvieon g 3-0tdotatng yempetpiog
(Ewoveg 1,2). Avtd pmopel va yivel gite pe avtopotn KatdTtunon HEc® £vOg EVEPYOD
TEPLYPAULOTOC TOV 0 ¥PNOTNG TomobeTel €VTOG TG VIO €EETOOT YEMUETPIOG KO TO
omoio av&avetar pe Pdon KatdeAl £vtoong oNpHotog To omoio emiong Oétel o
YPNOTNG, E1TE NMU-OLTOUATO 1 XEWPOKIVNTO. XTNV NU-0VTOUOTN KOTATUNGT O XPNOTNG
dopbavel yewpokxivinto toxdv AGON mov €xouv TPOKVLYEL KATO TNV OAVLTOMOTN
KOTATUNOT VA OTN XEWPOKIVITN KATATUNGT O YPNOTNG EMAEYEL TO TEPTYPOLLIO TNG
TEPLOYNG TOV EVOLAPEPEL onueio TPog onuelo. e YeVIKEG YPAUUES Kot OGOV apopd
OTO OVEVPVGUATO, TNG KOIALOKNG COPTNG 1) KATATUNGOT TOV OUULOTODLEVOL OWAOD Elvarl
duvatd va yivel e v avTtOHOTN | NUL-AVTOLOTN KATATUNGT Aol 01 TUKVOTNTES TOL
OKLOYPOPIKOD Kol Gpa 1 €VIOOT TOL GNUATOG €lval TOAD SLOPOPETIKEG KOl GOPDG
SWKPITES amd aVTEG TV TEPLE dopmV. ATd ™V GAAN 0cov agopd to e£mMTEPKO
TOlYOUO TOV OVEVPVOUATOG 1 KATATUNGON £MPETE VO YIVEL GE OAEG Tl TEPIMTMOGELG
YEPOKIVITA AOY® TNG TOPEUPEPOVS TUKVOTNTOG CKLOYPAPIKOD Kol £VTOGTG GNHOTOS
HeTa&l Tov eEMTEPIKOV TOLYMUATOG TOV OVEVPVGLOTOS, TOV EVOOUVAIKOV Opdufov Kot
TOV YOP® 16TAOV. ATd avt) ™ ddikacio kot aol €xet yivel Katdtunorn OAmv Tomv
aEOVIK®V TOU®V, Ao TNV A0poIon TV TEPIYPAUUATOV YiveTan 1| avachvieon Tov 3-
dtdotatov poviéhov AAA 1660 Yo Tov avAd 660 Kot Yo to eEmtepikd toiympa. To
HOVTEAO o0TO eivar ouvBmG adpd Kot mapovcstalel avakpifeleg Kot cQAANATO TO
omoia £yovv mpokvyeEL and T yepokivnn Katdtunon. To apyeio to omoio e&dysTon
amd to Tpdypoappa ivat Tov Tomov .Stl i .vip.

. Wall boundary

Ewoéva 1: Katdrunon
aEOVIKNG TOUNG OVELPVGLLALTOG

Lumen boundary ue ) xpnon tov ITK-SNAP
oy A

-

Y4

\
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Ewodva 2. Avebpoopo aoptrg
o€ gykapota,ofelaio Kot
petmmoio TOUN Kot To
avtictoryo 3-01dctarTo
LOVTEAO

AkohoUBw¢ Tto Tapamdavw apyeio emefepydletol Pe TR XPHON TOU open source
software VMTK-Vascular Modeling Tool Kit.[2] To AoylLouilkd QUTO KOTAPXAV ETULTPETEL OTO
XPNOTN VA ETLOKOTICEL TNV UTIO £€£TAON YEWMETPLO. TN OUVEXELA TTAPEXEL TN duvatotnTa
opoAomoinong Twv und enefepyacia MEPLYPAUUATWY Kal emidavelwv o Babuod tov omolo
ETUAEYEL O XPNOTNG E OKOTIO VA TIPOKUEL LLa YEWUETPLA N omola Ba mpooopoldlel otnv
Tipayuatikn kotdotaoh (Etkdva 3).

Ewova 3: E€opdAivvon g
EMPAVELNG OVEVPVGLOTOG KO
OLAOV LLE TN XPNON TOL
VMTK.
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AkohoUBwc oto opalomotnpévo TIAéov Tepiypappa Tou aveuplUopatog yivetol o
UTIOAOYLOUOC TNG KEVIPOYPOAUUNAG HE nul-auTopatomolnuévn Sladlkacia otnv omoia o

XPNotTnG emAEyel To onuelo €L006ou kal €£680U Kol TO TPOYpAUUA UTOAOYLleL TV
KeEVTpoypauun Bpiokovtag yia KABe onueio TNV akTiva TNG LEYLOTNG EYYEYPAUUEVNG odaipag
(maximum inscribed sphere) (Ewova 4).

To AOYLOUIKO WUTIOPEL aUTOMOTO va UTIOAOYIOEL TNV HECN KoL TIC ONUELOKEC TWMEC TNG
KapmuAotnTag, tng otpéPng Kat tng oTpEPAwong os KaBe onueio tng Kevipoypapung. Adou
yIVEL KL QUTO O XPROTNG ETUAEYEL TNV SnULloupylo TOUWY KABETWY OTNV KEVTPOYPOALLUI TOU
oveupUopATOC yla TIG omoieg pmopel va katoaypael mAnpodopieg OmMwe: n PEYLOTN
SLApETPOG, N eAdxLoTn SLAPETPOG, N ACUMUETPLa, To epBadov, n mepidépela (Ewkova 5A,B).

A.

Ewova 5: A-@aivetor to vid e€étaon avedpouopa,
1 KEVIPOYPOUUN KOl Ol KAOETEG TOUES [UE
pecodtaotipato 1mm. B-Xpopatikn kipoko
NG EMPAVELNS OTOUNG TV TAPOTAVED KAOET®V
TOU®OV
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To mpoypappa emiong mapéxel T Suvatotnta Kotaypadng tng omootoong Hetafl 2
emupavelwv Onwce sival yla mapadetypa n 3-61dotatn yeWUETpla TOU alpatoUevoU auAol
KAl OUTAG TOU QVEUPUOUOTOG OVOTOPLOTWVIAG HE OUTOV TOV TPOMO TO TAXOG TOU
evboauALkoU Bpoppou yla kabe onpeio g yewpetpiag (Etkdva 6).

signeddistance

_ -1.50

-6.53

i
- He

-21.6

Ewova 6: Xpopatiky kKApoKo g onUEKNS 0mdoTooNS LETAED TV
000 emeavel®V (aveVPHGLATOG KOt VAOD) TOV OVGLUCTIKA OVOTAPIGTA
T0 TAYO0G TOL EVOOOVAIKOV Opoufov.
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‘Ocov adopd tOoV MPOCSOPLOUO TWV EUPRLOUNXOVIKWY TIOPAUETPWY SnAadh Ttwv
TAOEWV TIOU AOKOUVTOL OTO TOLYWHO TOU OVEUPUCHATOC OPXLKA E£YLVE KATAOKEUN TOU 3-
Slaotatou mAEypatog tou AAA-poviélou UToBETovtag £va opolopopdo TAXOG Tou
TOLYWHATOC 2mm Kot AapBdavovtag umtoPv TOo0 To €EWTEPLKO TOXWHA TOU AVEUPUOHOTOG
000 Kal Tov evSoauAlkd BpouPo. To mAgéypa Snuoupyndbnke pe tn xprion tou ICEM CFD
(version 12.0.1; ANSYS Inc., Berkeley, CA, USA) kol amoteAoUvtav amd YPOUULKA TETPA-
e8pKa Menepaopéva otoleia. M péon mukvotnTa Tou TAéypatog 2.4 elements/mm?
XPNOLlUOTOINONKeE o0 OAeG TIC TIEPUTTWOELG. O otabuog epyaciag ANSYS Inc.
XpnotuonolBnke yia tnv FEA kal Tov UTOAOYLOMO TNG KATAVOUNG TWV TOXWHATIKWY TACEWY
Katd tnv péytotn cuotohr (Ewkéva 7).

Von Mises Stress

0.201

0.00451

Ewdva 7: Avédivon g KaTavoung Towv TicE®Y Tov aoKOUVTOL GTO
TOLYMULO TOL OVELPVUGLLOTOC.

o Toug mopamdvw umoAoylopoUg sivat amapaitnto va AndBolv umoPv oL EAAOTLKEG
LOLOTNTEC TOU LoToU. AUTEG ULOBETNBNKAV Ao Ta LOVTEAD TTOU €XOUV TpoTEelvel ol Raghavan
and Vorp ylo To tolywpa tou aveupuopatog kal ol Vande Geest et al yla tov ev6oauliko
BpouBo oOmou to ToiywHA Kol 0 BpopPog Bswpolvtol uTEP-eAACTIKA UALKA.[3,4] Mua
opolopopdn cuotoAkr mieon 120 mm Hg xpnotldomolndnke yla tnv ¢option OAwvV Twv
povtéAdwyv. Ta amoteléopata tng FEA emefepydotnkav TEPOITEPW LE TO Open source
visualization software (Paraview version 3.14).
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Kedalalo 70 - Aotoylec otov
NMPOCOLOPLOUO TNE UEYLOTNG
SLOUETPOU TWV AVEUPUCHLATWY TNC
KOLALOKNC alopTNC AOYW TWV
SlapopeTkwyV LeBOdwV pETPNONC UE
afovikn ayyeloypadia

EIZATQIH

Onwg Nén éxel avadepbel oe mponyoueva kebdAala n cUYXPOVN OTPOTNYLKA EKTIUNONG
tou Kwwduvou pnénc twv AAA kat n AQPn twv Bepameutikwyv amoddcswv Paoiletal
OTOKAELOTIKA OTA KPLTAPLA TNG MEYLOTNG OSLAPETPpOU Kal Tou pubpol auvénong twv
Slootdoswv Tou ayyeiou. To 6pLo TTAVW Omd TO OMOLO0 GUOTHVETOL XELPOUPYLKA TapEUpach
givat 5.5cm o6cov adopd tn Stdpetpo kot >1cm/year doov adopd tov pubud avénong. Ta
opla aUTA £XoUV TPOKUPEL OO HUEYAANEG TUXOLOTIOLNUEVEG LEAETEC TIOU GUVEKPLVOV TNV
TiapakoAoUBONON HE TNV AVTLUETWITLON (XELPOUPYLKA N eVEOaYYELOKN) TWV AVEUPUOHATWV.[1-
3]

H taxela mpoodog tng texvoloyiag ocov adopd TNV LATPLKN QTELKOVION EXEL
kataotnoel duvath tnv 3-81A0TATN AVOKATOOKEUH TWV AVEUPUOUATWY HeTA and CT
ayyeloypadia pe AnPn oAU Aemtwv Topwy (Taxog €wg kot 0.3mm). ZUVENWG UE TN
XPNON TWV CUYXPOVWV QTELKOVIOTIKWY HEBOSWV elval edikty n kataypadn tng
YVEWMETPLOG TWV OVEUPUOUATWVY WE TIOAU PeyaAuTtepn akpifela oe oxéon HUE TIG
HeBOdouGg mou eixav xpnolpomnolnbet akopa kal oto npoodato mapeAbov (US n/kat
CT xwplic tn duvatotnta 3-6ldotatng avaolvOeong). UVENMWG Ol KATEUBUVTAPLEG
oényieg ywa tov mpoodloplopd tng Dmax CuoTVOUV TIPOKELWWEVOU va emitevyOel
HEYaAUTEPN aKpifela OTIC HETPAOEL], auth va mnpoodlopiletal kabeta otnv
KEVIPOYPAUUN TOU ayyelou Kal OxL KABeTa OTO OUOCTNUA CUVIETAYMEVWV TOU
afovikou Topoypadou, adol oL 0foVIKEG TOMEC Mmopel va moapoucialovrtal
EMAEUTTIKEG KOl VO UTIEP-EKTIMOUV TIG TIPAYUATIKEC OLOOTAOCELS TOU ayyeiou.[4]
Edooov n 3-8laoctatn avacuvBeon Tou aveupUopatog Sev eival mavta Kal o€ OAa Ta
KEVTpa SLaBEoLun evw N eKTipnon TG KEYLOTNG SLAUETPOU Kal Tou puBbuol avénong
ouvnBwg yivetal pe t xpnon adldkplta KABeTwY 1 afovViKwv Topwy, gival mbavo
KATA TOV TMPOCGSLOPLOUO QUTWVY TWV TIUPAUETPWY VO TIPOKUOUV QlOTOXIEG OL OTTOLES
evbexopeva Ba obnyroouv oe avtiotoleg aotoxieg otnv ANYPn Twv BePATEVTIKWV
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amodpacswv. O oTOX0¢ TNC apoloas LEAETNG €lval va TTPoodLloploTolV ot Sladopég
avaueoa ot 6Uo ueBOSdoug METPNONG KOL VA TAUTOMOWNOOUV YEWMETPLKA
XOPAKTNPLOTIKA TIou Sladopormololv Ta VEUPUCHATA EKEVOL oTa omola Ba mpémel
VO OVOUEVOVTOL ONUOVTIKEC OMMOKALOELC Kal dpo Ba TPEMEL val yIVETAL HLOL TILO
T(POOEKTLKN afloAoynon amnod ekeiva ota omoia n amAr CT ayysloypadia pnopst va
TIAPEXEL AELOTILOTA ATTOTEAECHOTO KAl APpA UL TILo TIOAUTTAOKN avaAuon &gv eival
anapaitntn.

YAIKO KAl MEOGOAOZ
MAnBuoudc ueAETNG
Tplavta-evvéa acBeveic pe AAA ouumeplAndBnoav otnv peAétn. OAol eixav

urmoBAnBel oe CT ywa tn Slayvwon n tnv mapakoloubnon tou aveupuopatog. H
HEYLOTN SLAUETPOG KABETA OTNV KEVIPOYPAUUN Tou ayyeiou (Dmax orthogonal —
Dogrry) ATaV HeTalL 32mm kat 65mm. AcBeveic pe Dmax>65mm amokAeioBnkav ano
NV HEAETN KOBWG 0 OTOXOC HTOV VO EEETACOULE TIEPUTTWOELS OTIOU OL SLOPOPEC OTLG
UETPNOELC METAL Twv OVo peBOdwv Ba pmopoloavV va EMNPEACOUV  TIG
BepameuTikéG anodAoeLg Kol Tn yevikotepn Slaxeiplon tou aoBevoulg. Eikool-évag
00Beveig elxav TouAhdylotov Suo Sladoxikég amewkovioelg pe CT dnAadn ektdg amnod
NV apxwkn &€lxav akOpa Ml 1 TEPLOCOTEPEC yla TNV TapakoAolBnon Twv
S100TACEWVY TOU AVEUPUOHOTOC. JUVETIWG OTNV UEAETN OUVOALKA cuumepAndOnoav
60 CTs oL omoieg e€etaobnKav avadpopLKd e OKOTIO TNV Kataypadr Twv dtadopwv
HETAED afOVIKWV Kol KAOETWV METPNOEWV OTOV TPOCSLOPLOMO TNG HEYLOTNG
SlapETpou Kal Tou pubpol avénong.

Eneéepyaoio twv elKOVWY Kot pEB0SoC TwV UETPAOEWY

OAeg oL afovikég Topoypadieg egetdoBnkav kal emefepydobnkav Ye TOo open
source software ITK-SNAP.[5] Ano tig CT elkoveg (DICOM files) kataokeudaoBnkav 3-
Sldotata AAA pOVTEAQ. € YEVIKEC YPOUUEG TO TEPLYPOUMOA TOU OyyELAKoU
TOLXWHATOC OXESLAOONKE LE XELPOKIVNTN KATATUNON O KABe Toun amod to eninedo
TWV VEDPLKWY OPTNPLWV €WG KAl TOV 0QOPTIKO Sixaopd kat n emidpAvelo Ttou
OVEUPUOHOTOGC OVOKATOOKEUACONKE OMO TO OUVOAO TWV TMEePLYpAppUATwy. To 3-
Sldotato MHOVTEAO TIOU TIPOEKUTITE EemegepydoBnke He TN Xprnon Ttou vascular
modeling tool kit (VMTK) open source software. [6] Metd amnd tnv e§opdAuvon tou
ToYWHATOC £€ylve efaywyn TNG KEVIPOYPAUUNG TOU OVEUPUOHOTOC N omoia Kot
xpnotpomolndnke yla tnv e€aywyn TOUWV KABETWY O QUTNV O HECOSLOOTAHATA
Imm. H péylotn Sapetpog kaBe KABeTNG TOUNG uToAoyioBnke kal n HEYLOTN
SLAPETPOC yla TO CUVOAO TOU QVEUPUOUATOG Kataypadnke (Dorry). Emumpdobeta to
3-6laotato AAA povtélo XwploBnke Kol o afOVIKEG TOUEG, KABETEG oTOV Z-Agova Tou
OUOTINHUOTOG CUVTETOYHEVWY TOU afoviKoU Ttopoypadou. H péylotn SLapetpog Kabe
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afoviknG Toun umoloyloBnke kal n péylotn OSLAPETPOC Yyl TO OUVOAO TOU
aveuplopaTog Kataypadnke (Daxar) (Etkova 1).

Perpendicular Axial

to vessel (analogue

centerline of the 2D
CT slices)
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Ewova 1: E€aywyn topdv KAOET®V GTNV KEVIPOYPALLLUT TOV OVEVPVUGLLATOG KOl GTOV Z-
GEova TOV GLGTILUTOG GVVIETAYUEVOV TO AEOVIKOD TOUOYPAPOV.
TNOPBAVOVTOG UTTOYLV TV OGOVIKN TOMN tOU QVEUPUOHOTOG OTtOU OVEUPLOKETAL N

HEYLOTN OLAPETPOC, ELOAYOUUE €vOv OPO TIOU TEPLYPAPEL/TTOCOTIKOTIOLEL TNV
OCUMMETPLA TNG TOUNAG XPNOLLOTIOLWVTACG TOV HEYLOTO KAl TOV EAAXLOTO Afova TNg
ENelng. ZuykekpLlpéva opiloupe

Shapelndex (SI) =SectionMinorAxis / SectionMajorAxis (Eltkova 2).

Mpodavwg yLa EVIEAWSG CUUUETPLKEG TOUEG SI>1, evw ylo HeYAAn aCUUUETpla
™¢ Ttoung SI=>0.

A

Ewova 2: Tpomog
vroloyiopov tov Sl.

A. Avevpucpa e ey
acvupetpia (SI1=0.6),

B. Zoppetpikod avedpoopa
(S1=0.9).

Section Major Axis
— — — —— —=Section Minor Axis

Section Major Axis
— = = — —Section Minor Axis
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Ene€epyaoio twv dedouévwv

H Sdwadopd tng péylotng Slapétpou OMwe autr mpoodlopicBnke pe tn Xprnon
a€OVIKWV KoL KABETWV 0TN KEVTPOYPOAUUN UETPACEWV (Daxiar — Dogrrr), Kataypadnke
yla g 60 CTs mou ocupneplA\ndpOnoav otnv mapovca HeAétn. OL diadopég mou
nopatnpnOnkav cuoxetioBnkav pe tov Sl. Eva oplo SI>0.8 e€etdobnke doov adopd
TV akpifela yia tnv mpoPAedn Twv aveupUoUATWY TIou Ba mapoucialav amokAoELg
HETAEL TWV HETPACEWV >5mm.

YrtoAoylopocg tou puBuou avénonc pe th xpron dtadopwv eldwv LETPNOEWYV

Ze otL adopad Toug acBeveig ou eixav umoPAnBel og >1 ametkovion (mean follow
up time: 11.9 months with a range of 3-52 months) gktd¢ tng Dmax, umoAoyioBnke
Kal 0 pubuog avénong Twv SlooTACEWV Tou aveupuopatog (Growth Rate — GR).
Yrnipxov StaBéoipua 21 levyn mou xpnoldomowdnkav ywa to okomd auto. O GR
UTTOAOYLOBNKE XPNOLUOTIOLWVTAC TIG METPHOELG TIG MEYLOTNG SLAUETPOU O AEOVIKEC
Kol KABETEC TOUECG o€ OAOUC Tou Suvatoug cuvduacuoUG:

1. GRAXIAL: D2AXIAL'DlAXIAL

2. GRorrv= D20orrH —D10orTH

3. GRaxiat-ortH= D2pxiai-D1orrH

4. GRorrH-axiat= D20ortH-D1axiaL
(GR: Growth Rate, D1: maximum diameter at initial CT, D2: maximum diameter at
follow up)

2TATLOTLKN ovaAuon

H dtapopd peTal Daxiar Kot Dopry EkPpAcOnke ocav mean * standard deviation. H
OTOTLOTIKI) ONUOVTIKOTNTA £EETAOONKE e TN Xprion tou paired samples t-test. Ot GR
ekdppalovtat wg medians kat interquartile range (IQR). Eddoov 0 GRorry €lval o
evOELKVUOEVOG TPOTOG va ekdpacBel o puBuog avénong, ol umdlouneg pebodol
€KTIUNONC ouykpiBNKav pe autov pe tn xprion tou Wilcoxon-rank sum test.

AMNOTEAEZMATA

OL afoVIKEC TOMEG ATAV CUOCTNUATIKA MEYAAUTEPEG ATO OQUTEG TOU yivovtav
KABETA O0TNV KEVIPOYPAUUN Tou aveupuopatos. H péon dtadopd Ntav Daxiai-DorrH
=2mm+*2.7 KoL ATV OTATIOTIKA onpavtikn (P<0.001). To eUPOG TWV MAPATNPOUUEVWV
Stadpopwv Atav 0 - 12.3mm. JuvoAkd urpxav 12/60 (20%) MEPUTTWOELS KATA TLC
omole¢ mapatnPNONKe Daxia>5.5mm kot Dogry <5.5mm. € auTAV TNV MEPLTTWON N
Sladopd petafld Twv SladopeTikwv peTtproewv Ba  emnpéale v AQYn
Bepamevtikwy amodpdcewv kat Ba AA\ale TNV £€vOElEn TNG XELPOUPYLKNG
OVTLLETWTILONG.

O S| o€ yeVIKEC YPAUUEC NTAV XOUNAOG (LEYAAN OICUMUETPLO) OE TEPUTTWOELG TTOU
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napouvcialav peyaleg Siadoponoloelg UETAEU Daxar KoL Dogry. AviiBeta ot
SLapopEG TOAU OTIAVLA TOV CNUAVTIKEG OE AVEUPUOUATA UE ULIKPN OLOUMMETPpla. Mia
T S1=0.8 e€eT1A0OnKe OXETIKA UE TO TTOCO KAAQ pmopel va mpoBAEPeL TNV akpifela
TOU Kpltnpiou autol omote n evalodnoia kat n elIKOTNTA TTOU KaTOYpAdNKaAV HTOV
83.3% katL 98% avtiotolya (Ewkova 3).

>5mm Daxja-Dorth

_ 09%e o° .
) —0 L 2 i Shapelndex
"g 0.8 o ¢ | @ Threshold=0.8
o 0.7 * | ®
% i *
S 06 o4 @ | *

0.5 .

012345¢6 78 910111213
Daxiai-Dorth (mm)

Ewova 3: O Sl propet pe kokn evoioOnoio kot 0oOTTO VL
TOVTOTOW|OEL TIG TEPITTAOGELG EKEIVEG OOV OTUAVTIKES SLOUPOPOTOMGELS
ueta&y Dorth ko Daxial mpémnet va avapévovra.

MNa éva péoo Staotnua mapakohouBnong 11.9 punvwy, o pécog pubuog avénong
Atov GRogry = 2.3(3.5)mm. H avtiotowyn Twun GRaxa NTav 3.3(4.5)mm. Aappavovtag
UYLV OTL N OOVIKEC TOUECG CUOTNHOTLKA UTIEPEKTLUOUV TNV UEYLOTN SLAUETPO TOU
OVEUPUOHOTOC O TPOOSLOPLOHOS Tou puBuol avénonG GRorrHaxar €O0WVE TNV
HULKPOTEPN KoL O GRaxarorty TNV HeyaAUTepn T 0.9(3.2)mm kat 4.9(4.8)mm
avtiotoya. H Stadopd PeTa€l GRogry KAl GRaxa OEV NTAV OTATIOTIKA ONUAVTLKN
(P=0.2) evw avtibeta ot dlapopEg HUeTall GRogrry QMO TNV Pl KO GRoRTH-AxAL KOL
GRaxiat-orTH OO TNV GAAN mopoucialov OTATIOTIKA onpavikotnta (P<0.001)
(Nivakag 1).
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Table 1

Growth rates of AAAs as calculated using axial and orthogonal measurements in all possible combinations. Medians are provided. With reference to GRopry statistical
significance of differences between measurements is evaluated and P values are reported. (D1: maximum diameter at initial CT; D2: maximum diameter at follow up; ORTH:
Orthogonal measurements; AXIAL: axial measurements; GR: growth rate).

Pr# D1(mm) D2(mm) GRormi-ormH GRaxiar-axar GRaxiaL-orTH GRorrH-Ax1AL
ORTH AXIAL ORTH AXIAL (D2ogrH — D1ogrw) (D2axiaL — D1 axia) (D2 axiar — D1ogrn) (D20gmi — D1 axiar)

1 35.1 353 351 41.8 0 6.5 6.7 -0.2

2 41.9 44.8 45.7 51.5 3.8 6.7 9.6 0.9

3 42.8 449 44.9 48.3 2.1 34 5.5 0

4 44.7 45.2 449 45.4 0.2 0.2 0.7 -0.3

5 44.7 48.3 45.6 48.7 09 0.4 4 2.7

6 449 45.4 64.5 64.7 19.6 19.3 19.8 19.1

7 45.6 45.8 47.3 47.4 1.7 16 1.8 15

8 45.7 46.7 48 50.4 23 37 4.7 13

9 47.2 59.5 50 60 2.8 0.5 12.8 -9.5

10 47.3 47.4 60.2 60.5 12.9 13.1 13.2 12.8

11 48.7 49.6 49.5 50.5 0.8 0.9 1.8 -0.1

12 40.5 50.5 51.9 536 2.4 3.1 4.1 14

13 49.8 49.8 53.1 539 33 4.1 4.1 33

14 49.9 543 50.6 56.6 0.7 23 6.7 -3.7

15 50.4 50.5 51.8 519 14 14 1.5 13

16 52.5 52.6 53.4 53.5 0.9 0.9 1 0.8

17 53.2 533 59.5 60.6 6.3 7.3 7.4 6.2

18 56.7 64.1 64.2 64.3 7.5 0.2 7.6 0.1

19 57.6 57.8 60.7 61.1 3.1 33 3.5 29

20 58.1 59.5 60.1 63 2 3.5 4.9 0.6

21 50.8 61 64.8 64.9 5 39 5.1 38

Median 2.3 (reference) 33(P=0.2) 4.9 (P<0.001) 0.9 (P<0.001)

2YZHTH2zH

Ta aveuplopaTa TNG A0PTAG TOBOVA AVIUTPOCWTIEVOUV TNV TILO XOPOKTNPLOTLKA
TEPLITTWON XELPOUPYLKAG aboAoyiag otnv omolia to péyebog eival T1doo Kplolo yla
v AqPn Bepamevtikwv amoddoswv. Emi tou mapoviog n Slaxeipon Twv
OVEUPUOUATWY PBooiletal OMOKAELOTIKA OTNV HEYLOTN OLAUETPO Kal Tov pubuo
avénong. [1] To kpiowo Oplo TNG HEYLOTNG OlAUETpoUu TAVW amd To omoio
OUOTIVETOL XELPOUPYLKI) OVTIHETWIILON €lval 5.5cm kot auto €xel kaBoplobel anod 2
HEYAAEG TUXOLOTIOLNUEVEG UEAETEC OL OTIOLEG TIOPEUTILTTOVTIWG EXOUV XPNOLUOTIOLROEL
elte unépnyo (UKSAT) eite afovikr topoypadia pe afovikeg (ko OxL KABeTEG otTnV
Kevipoypauun) petpnoelg (ADAM). [7,8] And tnv aAAn n paydaia TeEXVOAOYLKN
MPOodo¢ OTNV LOTPLKA OTMELKOVION Tou Kablota Sduvat tnv AnPn moAl Asmtwv
TOMWV Kal tnv 3-6ldotatn avacuvOeon Tou aveupUOUATOC Ao TIG €KOveg TG CT
ayyeloypadiag kavouv duvatr tnv MEPLOCOTEPO akpLBn Kataypadn tng YEWUETPLAG
Kal TOU WUEYEBOUC TWV QAVEUPUOUATWY. ZUVETWG OL OUYXPOVEG KATEUBUVTAPLEG
obnyleg cuotrivouv oL PETPNOELS va Yivovtal kat autév tov tpomo.[4] NMpoodata
€xouv dnuooteuBel avadopés otn PBBAloypadia mou e€etdlouv TOo INTNHA TWV
OMOKALOEWV OTOV IPOCSLOPLOUO TNG HEYLOTNC SLAUETPOU OMWG auTr tpoadlopileTal
e Toug OlLadopoug TPOTouG HETPNONG. AUTEG Oelyvouv OTL Ol OEOVIKEC TOMEG
UTIEPEKTIUOUV ONUOVTIKA TNV TIPOYHOTIKA MEYLOTN SLAUETPO TOU QAVEUPUOCHOTOC.
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[9,10]. Ao ta Sk paG SeSoPEVA TTPOEKUYPE HLA OTATIOTIKA OnpavTikn dadopd
UETAED Daxiar KoL Dorry N omoia Atav 2+2.7 mm (P<0.001) kdtL mou eival o€
oupdwvia Kot pe AAAEG HeAETEC TOU UTOSELKVUOUV plat Stadopd TNG TAENG TwV
~3mm.[9] Av kal To pETpo autnc NG dtadopdg Sev eivat mMOAU peydalo, To eUPOC TNG
UTOPEL OE OPLOPEVEC TIEPUTTWOELG Vo EemepAoel Ta 10mm Kot apa va odnynoeL o€
aoToxieg otnv Slaxeiplon autwy Twv a.oBevwy. TETOLEG OTOXlEG MapaTnPRBONKav o€
20% twv aoBevwv Tou cupnepAndOnoav otnv mapoloa PHeAETN.

Me Bdon ta €UPAUOTO HOG, N OCUMUETPIO TOU aveuplOUATOG OMWG AUTH
ekdppaletal and tov Sl pmopel va SLapopomoLioEL TIC TIEPUTTWOELS EKEIVEC OTIOU
ueyaleg diadopomnolioelg Ba mpémnel va avapévovral. Tiuég SI>0.8 ixav apvntikn
npoyvwotikn afla ywa Siadopég >5mm 98%. Zuvenwg oe mepimtwon SI>0.8
ONUOVTIKEG QTTOKALOELS METOED TWV HETPNOEWV TIPOKTIKA OQTOKAE(lovVIAL €vw O€
avtibetn mepimtwon (SI<0.8) Ba mpémel va avapévovtal o Tepimou 50% twv
aoBevwv (Eltkova 4).

DAXIAL=59mm
DoRrRTH=47mm

DAXTAL=44mm
DORTH=44mm

Ewova 4: XapoktnploTikég TEPINTMOGELS AVEVPLUGUATMV e
peydieg 11 KaBOAoL dtopopéc HETAlD TV LETPTCEMV.
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EtoL n xpnion &vog amloU kpltnpiou Omw¢ o Sl pmopel va katadeifel Tig
TIEPUTTWOELG EKEIVEG OTIOU N TIPOCEKTIKI UEAETN TOU QVEUPUOMOTOG HE 3-8laoTatn
ovaouvBeon elval amopaitntn yw TNV €KTUNON TOou HMEYEBOUG TOU KAl VA TIG
Sladopormoloel and ekelveg OMOU AUTO UMOPEL He aodAAela va ekTiunBel amo
amAEC TOMEG afoviknG Topoypadiag Xwplg TNV avaykn HLaG Tio TTOAUTIAOKNG
enefepyaciog, UE AMOTEAECUA TNV EEOLKOVONGN XPOVOU KOl TIOPWV.

TéAog 6oov adopd Tov pubud avénong opoiwg mapatnpnOnNKav CNUOVTIKEG
Sladpopormnooelg petafl Twv SladopeTikwY UETPOEWY. Edv n péylotn SLAPETPOC
TOOO OTNV OpPXLKH 000 KAl OTNV TEAK Katdotacn €ixe petpnBel pe tov idlo tpomo
(elte oe afovikéC TOUEG, €ite KABETO OTNV KEVIPOYPOUUAR TOU OVEUPUOUATOG) O
pubuog avénong O6ev mapouciale onuavtiky Siadopomnoinon. To avtiBeto
napatnpnObnke oe mepMTWON TOU OL PETPNOEL] eVOANAooovTav UETAEU Dogrry Kal
DaxiaL OTIOTE KaToypAdnKaV OTATIOTIKA ONUAVTIKEC ATIOKALCELG.

2YMMNEPAZMA

Je Meplmtwon HETPNONG TNG HEYLOTNG SLapETpou Twv AAA o AEOVIKEC TOMEG,
Xwpig 3-8ldotatn avaouvbeon MopATNPELTAL Ul CUCTNHOTIKY UTEPEKTIUNON TNG
TIUAG TNG OE OXEON HE TIC TIPAYHOTIKEG TIHEC. Mapd To yeyovog OTL N UEDN TLUA TNG
OTOKALONG QUTAC €lval JKpPn, Kataypadetal Eva PLeyAAo eUpOC TILWV TO OMolo o€
OPKETEG TIEPLTTWOELG UMOPEL va emnpedosl tn Olaxeipon twv acBevwv kal va
odnynoeL oe BepameuTIKEG aoTo)ieg. AuTO mapatnpeital Kuplwg ota aveupuopata
HE UEYAAN QCUMMETpla OTMwe auth ekdpaletal and tov Sl. O pubudg avénong Twy
Slootdoewv TOU aveUPUOUATOG TPETEL va Tipoodlopiletal pe tnv 6l péBodo
HETPNONG TOCO OTNV aApPXLK OCO KoL OTNV TEALKA QTIELKOVION TIPOKELUEVOU Vv
amodeuxBoUV ONUOVTIKEG OTTOKALOELC.
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KedaAato 8o - H aéla tnc kataypadng
TOU OYKOU TOU QVEUPUOMOTOC yLa TNV
EKTLMNON TNC ALENONC TWV
SLOOTACEWV TOU KOl TNV aVAYKN
XELPOUPYLKNC Bepareiog

Elcaywyn

Onwg €xel mpoavadepbel n ektipnon tng EVOELENGg yLa Tn XeLpoupyLkn Beparmeia twv AAA
Baoiletal otnv eflooppodmnon tou KwwdUvou amod tv evdexouevn mapéupoon amo thv Pl
Kal tnv mbavotnta tng pnéng amd tnv GAAn. Elval yvwotd otL o kivéuvocg tng pnéng
OXeTieTAL UE TO PEYAAO UEYEDOG TOU aveUPUOUATOC KAl TNV Toxela avénon Twv SLacTACEWY
Tou. Emopévwg yivetal avTAnmto OtL ival avaykaiog o mpocsdLloplopog ULOG TIOPOETPOU N
omola Ba ekdppalel To péyebog kat tnv avénon twv AAA kal pe Baon tnv omoia Ba oplotouv
KOL TOL OpLO. TIAVW OTtO TA OTtolal eVOEIKVUTAL N XELPOUPYLKN QVILETWILON. To mapamavw,
KAOLOGLKA YIVETAL UE TN XPHON TOU KpLTtnpiou TNG péylotng Stapétpou (Dmax). H kpilowun Tl
TAvVW amd TNV omoia evOelkvUTAL XELPOUPYIKN QVILUETWILON €lval 5.5cm yla tv péylotn
Slapetpo kot 1cm/year ylo tov puBud avénong (GR). [1-5]

ATO TNV GAAN oL véeg SuvATOTNTEG OTOV TOMEQ TNG LATPLKNG OMEWKOVIONG HE TV 3-
Slaotatn avacuvBeon Twv AVEUPUOUATWY HeTd amd CT ayysloypadia £xouv kavel duvato
TOV TPOoSLOPLOoNS 3-8LACTATWY TIOPOHETPWY OMWG €ival 0 OYKoG TOU aveupUOUOTOG, Ol
orolec evdexdpeva Ba punopoloav va gival XproLUEG TNV ekTiunon Tou pey€Bouc Kal tng
auénong twv Slaotdoswyv otov Xpovo. Eva Transatlantic Debate mou €xel avamntuxbel yupw
omd auto To Bépa €xel SnuooteuBel mpoodata, Pe KATIOLOUC cuyypadelg va tiBevtal umép
™G Xpnong Ttou Topoadoclakoy Kputnpiou tng MEYLOTNG SLap£Tpou Kol GAAoUG va
umnootnpilouv OTL N LETPNON TOU OYKOU TIAEOVEKTEL KOL TIPETIEL VA EVOWHATWOEL oTNV KAWVIKNA
npaén.[6-8] Evw oL peAéteg mou €xouv Koataypdlpel TIC HETABOAEC TOU OYKOU TWV
OVEUPUOUATWY £X0UV KUpPLwG mpaypatonolnel os acBeveig mou £€xouv urtoPAnBel oe EVAR
ME okomo va afloAoynBouv ol HETOBOAEG TTOU MAPATNPOUVTAL HETEYXELPNTLKA, N afla Twv
OYKOMETPLKWY SeIKTWV otnv mapokololOnon twv pikpwv AAA Sev €xel amoteAéoel
OVTLKELJEVO eKTETAUEVNC EpEuvag. [9-14]

ITNV Topouca HEAETN €€eTACOME MLA OElpd Hkpwy AAA, KATw omo Ta opla yla
XELPOUPYLKN TapEUBacn Kal Ta mopakolouOnoape wote va kataypdPoupe tnv petofoln
TWV 8100TACEWY TOUC 0TO XPOVo. Kamola amo ta aveupUoHATH QUTA TIHPEUELVAY KATW QTO
Ta Opla ylo TAPEPBOON KOl EMOUEVWG OUVEXLOOV va  Pplokovtol UG  TAKTIKA
mapakohoUOnon, evw KAamola GANO LEYGAWOAV OPKETA WOTE VO OTTALTCOUV XELPOUPYLKN
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OVTIUETWITILON. XKOTOC UOG €lval va eEetdooupe €Aav ol 3-6lACTATEG OYKOUETPLKES
TAPAUETPOL €ival afLOTLOTEC KoL UMOPOUV va XpnolgomolnBouv yla tTnv Kataypadr tng
oAAayNg Twv SLOOTACEWVY TOU AVeEUPUOHATOC OTO XPOVo, €AV Unopel va oxetilovtal pe v
QVAYKN YlO XELPOUPYIKN TOpEUBACN KOl VO GUYKPIVOUUE TIC TIOPAPETPOUG OUTEC HE TO
TapadooLako KPLTPLO TG MEYLOTNG SLAPETPOU. EKTOG amo TOV avEUPUOHOTIKO OYKO KOl TNV
MEYLOTN Slapetpo, U0 OKOUO TOPAYOVIEG £EeTA0ONKAV oL omolol oyetilovtal pe TNV
noodtnta tou evboaulikol Bpoppou (Intraluminal Thrombus - ILT), n 2-6idotatn
TIAPAUETPOC TOU PEYLOTOU TIAXOUG Kal N 3-8ldototn MapdpeTpog Tou Oykou tou Bpoppou.
[15-18]

YAIKO KAl MEOOAOZ

NAnBuouoc peA€Tng

Tplavta-téooeplg aoBeveic pe AAA cupnepAndOnoav otnv napovoa peAétn. OAa ta
OVEUPUOUATA ATAV OPXIKA KATW Ao TO OPLO VLo XELPOUPYLKH TtapéuBacn (apxLkn ULEYLoTn
Slapetpog petafd 4.0 kat 5.3cm) kot emopévwe uTteBARBOnoav og Touldylotov pia akopa CT
OMELKOVION oTa TAaiola TNG TOKTKAG TapakohouBbnong. To aveupUOoUATO TIOU KATA T
Sldpkela NG mopokololBnong umepéPnoav ta 5.5cm umePAnOnoAv Ot XELPOUPYLKN
OVTILETWITLON, EVW O£ aVTIOETN MEPIMTWON MOPEUELVOV UTIO TTAPAKOAOUONON UE EMOUEVEG
OUTTELKOVIOELG OVA TAKTA XPOVIKA SlaoTrpata.

Artewkovion pe CT kol smeéepyaocio Twv ELKOVWV

OMot ot acBeveic eiyav unoPAnBel os pa apykn CT mou eite €6eoce tn Sldyvwon elte
£€ylve ota mAaiola Tng mapakoAolBnong evog yvwotol AAA. EmutAéov pia akdpa CT
TipayaTonoibnke o Sldotnua TOUAAGXLoTov 6 pnvwv. OAeg ol afovikéG Topoypadieg
£ywav Ue tn xpnon evéodA£Blou oklaypadlkol evw TO TTAXOC TwV TOHWY AT <3mm. Amo
TI¢ 2-8laotateg swkoveg tng CT ayyeloypadiag (DICOM files) €ylve avakatookeun Twv 3-
Slaotatwv povtéAwv AAA pe tn xprion tou open source software ITK-SNAP omnwg
TEPLYPAPNKE KOl TIPONYOUHEVWG. Ta TNV avacUVvBeon Tou ayyelakoU TOLXWUOTOG EYLVE
XEPOKIVNTN KATATUNON EVW YylO TOV QUAO €YLVE QUTOMOTN KATATUNONn HE Pdon o6plo
Tukvotntag 1o omola opilet o xpnotnc.[19] Na kdBe AAA povtédo 4 Tapdpetpol
umoAoyloBnkav yla Tnv apxLkr Kal TNV TEALKA AmMeLKOvIon: n UEyLlotn dldpetpog (Dmax), o
OUVOALKOG OYKOG Tou aveupuopato¢ (AAA_Vol), To UEYLOTO TAXOG TOU TOLXWLOTLKOU
BpopPBou (ILT_Thick) kot o oykog¢ tou Opoupou (ILT_Vol) (Ewova 1). Ou OykoL Ttou
0vVeUPUOUATOC Kol Tou Bpoppou umoloyioTnKay amo To KATWhEPESTEPO OPLO TNC KATWTEPNG
vedplKAG aptnplag €wg Kol TOV aOPTIKO Oxaopd Omwe Tmpoteivetal amo TG Siebveig
kateuBuvtnple¢ odnyiec. [20]. H Dmax HetpnBnke KABETA OTNV KEVIPOYPAMUN TOU
oveupuopatog. OAeg oL PETPAOELC €yvav amo U0 TapaATNPNTEC WOTE va UTOAOYLOOEL n
gnavainyuotnta.
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Dmax

AAAvolume

ILT volume

ILT thickness

Ewoéva 1: Xapoaktplotikd Topaderylo oveELPUCUATOS OOV
Tapovclalovtat ot 4 TaPAUETPOL TOV KOTAYPAPN KOV
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X600 UOC KOL OTOTLOTLKA avaiuon

O etolog pubuog avénong pe PBaon kol TG 4 TAPAPETPOUC TIou TipoavadEpOnkav
(GR_Dmax, GR_AAA Vol, GR_ILT _Thick, GR_ILT_Vol) umoAoyioBnke kal n péon T ya To
ouvolo twv aoBevwy kataypadnke. H emi Tig ekatod etrola avénon opoiwg urtoAoyiocOnke.

H péon Sladopd petatl twv SLadOpETIKWY TAPATNPNTWY UTIOAOYLOBNKE yla OAEC TIG
TAPATIAVW TIAPAPETPOUC VW Kal N otabepa petaBAntotntag (coefficient of variation)
KaBwg kat ta 95% opLa cupdwviag (limits of agreement) unoAoyioBnkav kata Bland and
Altman.[21]

ErutAéov n ouoyétion petafl twv GR_AAA Vol, GR_ILT Thick kat GR_ILT Vol pe tov
kKAaoowkd GR_Dmax e€etdobnke. H otabepa Spearman’s rho xpnolpomou)bnke yia va
alohoynBel o BaBudC cuoxETiong KABWCE KAl N OTOTLOTIKA CNUAVTIKOTNTA TWV CUCXETIOEWV
QUTWV.

T€Ahog ta AAAs tou cupmeptAapBavovtol xwploBnkav o€ OUASES UE 2 TPOTIOUG.

1. Avaloywg tng €kBacng (mapakoAouBnon/Group | vs eKAEKTIKN XELPOUPYLKNA
ovtpetwriion/Group |l petd tnv tehkn CT ametkovion) Ko

2. Avaloywc to GR og opddeg taxeiog kal Bpadeiog avénong e Baon kaBe pia
omo TG UTo efftacn mapapétpouc (GR_Dmax, GR_AAA Vol, GR_ILT Thick and
GR_ILT_Vol).

Juvenwg ta avevplopata pe GR<median tafivoundbnkav otnv opada Ppadeiog (low
growth rate group - LGR) kal autd pe GR>median otnv opada taxeiag avénong (high growth
rate group - HGR). Mpokelpévou va dlepeuviooupe tnv mbav cuoxetion Hetafl €kBaong
Kat puBpolL avénong n ouvadetla petall tTwv Groups I/1l anod tnv pia kot twv HGR/LGR amd
TV GAAn e€etdobnke. To Pearson’s x* test xpnoLHOTOWONKE yia TNV oOAOYNoN NG
OTOTLOTIKAG ONUAVIIKOTNTAG €VW YLO KABE TMOPAUETPO UTIOAoyloBnkav n elBkOTNTA, N
gualobnoia kat to likelihood ratio oxetikd pe tnv MPOBAedn TNC AVAYKNG YLOL XELPOUPYLKN
OoKATAoTAo.

ANOTEAEZMATA

[.XapaKTnNPLoTIKA Tou TTANBUoUOU UEAETNG

O péoog xpovog mapakoAouBnong amd tnv apxikn €wg TV TEAKN anelkovion pe CT Atav
12 pnveg (range: 6-36). Meta kot tnv tehevtaia CT ayysloypadia 19 acbeveic mapéusvay
umo mapakoAouBnon (Group 1) evw 15 xelpoupynbnkav edpdoov édptacav ta Kpiowa opla
¢ Slapétpou f Tou pubuol avénong (5.5cm 1 1cm/year avtiotoya — Group 11). O puBuog
avénong OmMw¢ TPOKUTITEL amo TV Kataypodr Ttwv 2-8ldoTtatwv Kol 3-8laoTtatwv
TAPAUETPpWVY Tapouctaletal otov Mivaka 1.
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Table 1

Median values and interquartile range (IQR) of growth rate based on measure-
ments of maximum diameter (GR_Dmax), AAA volume (GR_AAA_Vol), ILT thickness
(GR_ILT_Vol) and ILT volume (GR_ILT_Vol) are presented. Moreover percentile annual
increase of these parameters (median and interquartile range are presented).

Index Median (IQR) growth rate (%) Annual increase (IQR)
Dmax 3.1 mm/year (1.9) 7.0% (5%)

AAA Vol 17 ml/year (21) 15.5% (15%)

[LT Thick 2.2 mm/year (3.7) 18% (37%)

[LT Vol 10 ml/year (21) 28.5% (37%)

1. SJupdwvio petofy SLadopPETLKWY TAPOTNPNTWY

H dtadpopd petatl SladopeTkWY MAPATNPNTWY OTLG LETPAOELG TIOU TIpAyLaTonoLnonkay
napouctaletal otov Mivaka 2. Iuvolka 25/34 AAA mapouciacav puBud avénong tou
OUVOALKOU TOUG Oykou > amd to 95% avwiepo oplo cupdwviag (upper 95% limit of
agreement), evw TO OVTLOTOLXO TTOCOOTO Goov adopd TNV peEylotn Stdpetpo Atav 19/34.
Auto onuaivel otL 6/34 (18%) meputtwoelg Topoucialayv ME BACN TIC OYKOUETPLKEG
TIAPOLETPOUC aUénon HeyaAUTepn ammo TN Slakupavon UETAEU SLOPOPETIKWY TTaPATNPNTWY
Xwplc va mapouoialouv avtiotolyn avénon tng LEYLOTNG SLOUETPOU.

Table 2

Agreement between 2 observers outlining AAAs with regard to all four indices
under evaluation. 18% of AAAs presented a growth beyond inter-observer variability
according to volume but not according to diameter measurements. CV: co-efficient
of variation, Cl: confidence interval.

Mean difference 95% Cl cv
GR_Dmax (mm/year) -0.8 (—-4.7,3.1) 3.9
GR_AAA Vol (ml/year) -1.3 (=9.3,6.7) 8
GR_ILT_Thick (mm/year) -0.5 (-3.8,2.8) 3.4
GR_ILT_Vol3 (ml/year) -1 (-9.6,7.6) 8.6

lll. SJuoxetion petafy tou pubuov avénong Dmax pe tov puBud avénong AAA volume, ILT
thickness kat ILT volume

Avixveboape Loxupny cuoxétion petaél tou GR_AAA Vol kat GR_Dmax n omoia Atav
OTATIOTIKA ONUavVTIKN (Spearman’s rho 0.6, P=0.002). Opoiwg petafy GR_ILT Vol kot
GR_Dmax (Spearman’s rho 0.6, P=0.001). TéEAoG METPLO CUCXETION QVIXVEUONKE HETOEY
GR_ILT _Thick kat GR_Dmax (Spearman’s rho 0.4, P=0.04). Ta amoteAéopata oUTH
napoucotalovtal otig (Ewkova 2).
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IV. Juvadewa petafd twv  ouddwv  tayeiag/Bpadeiog  avfnong kAl  quTwv  TNG
noapokoAouBnong/mapéuBaong

Aappavovtag umoPy 6tL n mapakoAouBnon (Group 1) Ba Enmpemne BewpnTIKA TOUAAXLOTOV
va cupBadilel pe Bpadeio avénon (LGR) kol n avaykn XeLpoupylkig mapguBacng (Group 1)
pe Taxeia petaBoAn twv Staotacswv (HGR), n cuvadela petafy twv opadwv LGR/HGR amd

v pio kal twv Group I/Group Il amd tnv dAAn SiepeuvnOnke pe tn Snuoupyio mivaka
ouvadelag 2x2 kat To Pearson’s x° test. Ta amoteAéopara cuvolifovtal otov Mivaxa 3.
Aappavovtog umoPy tov GR_Dmax, 10/15 AAAs Tou XpEeLAoTNKaY TapguBacn Atov oto
HGR kat 5/15 oto LGR (P=0.17). Ixetkd pe tov GR_AAA Vol 12/15 amno ta AAAs otnv opdda
™¢ mapgpPacng Atav oto HGR kot povo 3/15 oto LGR (P=0.005). Ocov adopd 10
GR_ILT _Thick, 10 AAAs oto HGR kalL 5 oto LGR xpeldotnkav XELpoUpYLK TopEpupacn
(P=0.17) evw Aappavovtag vum'oPw Ttov GR_ILT Vol amdé ta aveuplopota Tou
Xelpoupyndnkav 12 rAtav oto HGR kat 3 oto LGR group (P=0.005). STOTIOTIKA ONUOVTLKA
OUOXETION METAED TNG OVAYKNG YL XELPOUPYLKN Tapéppacn kat tou pubBpol alvénong
TEKUNPLWONKE LOVO YLa TOV OYKO TOU OVEUPUCHATOG KAl TOV OYKO Tou Bpoppou (3-8ldotateg
METABANTEC), OXL OUWCE Yo TNV HEYLOTN SLAUETPO KOl TO TIAX0G Tou BpduPou (2-8ldotateg
petaPAntéc). To Likelihood ratio yia tnv avaykn mapgpBacng petafd twv opadwv HGR kot
LGR Atav 10 yia TG 3-6laotateg HeTaANTEG Kal Hovo 3 yla Tig 2-8ldotateg. Autd onuaivel
OTL éval OveUPUOUO TIOU TOPOUGCLAlEL TaxU puBud avénong oykou, £xel 10-mAAGCLEC
TOavotnTeg va XpelaoTel xelpoupyikn mopEppacn amod éva dAAo mou mopouctdlel Bpadeia
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petafoin twv Staotdoswv. O avtioTolyoG OXETIKOC Kivduvog otav o puBudg auvénong
kaBopiletal amd TNV pEylotn Sitapetpo eival 3. H svawobnoia kat n eldkotnTa TWV
OYKOUETPLKWYV TIAPAUETPWY OTNV TIPOPAEPN TNG avaykng mapepPBaocng ntav 80% kal 74%. Ta
avtiotolya mooooTa yla TN SLAUETPO Kal TO AXo¢ Tou BpouBou rftav 66% kat 63%.

Zulfitnon

Mapd To yeyovog OTL €Ml TOU TAPOVIOG To HEyeBOG Kol 0 pubuog avénong Twv AAA
afloloyeital pe tnv kataypadn tng UEYLOTNG SLOUETPOU, N XPNON QAUTHG TNC TAPOUETPOU
ebpalwbnke Otav n amekovioTikeG HEBoboL nAtav meploplopéveg oe US 1 CT xwpig
Suvatotnta avaclvBeong. H texvoloylkn mpoodog mou £xel ouvteleotel teheutaia otnv
LOTPLKA QTELKOVION KOl n omola €xeL kataotnoel tnv 3-8idotatn avacuvBeon twv AAAs
duvatn, €xeL eLoayayel véa PeyEDN Ta omola mBavov TTAEOVEKTOUV TNG HEYLOTNG SLAPETPOU
otnv kotaypadn tne HETOPOANG Twv SLOOTACEWV TOU OAKOU, OTWG €ival o Oykog Tou
OVEUPUOUATOC.

Mponyolueveg UEAETEC €xouv efetaocel tnv afla g HETPNONG TOou OYKOU yla Thv
aflohdynon tng avénong Twv aveupuopdtwy. [9-14] Ot Prinsen et al e€étaocav tig petafolég
TOU OykoU MeTd amd EVAR kol £8elav OTL Ol OYKOUETPIKEG TAPAUETPOL daiveTal va
QVIXVEVUOUV UE PEYaAUTEPN evaloBnaoia Tic oAAOYEG TwV SLACTACEWY TOU OAKOU OE GXECN UE
TNV HEYLOTN SLAUETPO KL VA PELWVOUV TLC UN avaykaieg SLayVWOTIKEC Kol BepaTmEUTIKEG
npagets. [9] EmutAéov ol Kritpracha et al avadépouv mopopola eupAUOTA LE TOV OYKO Va
gival n mo svailodBnTn MAPAUETPOG yla TNV aviyveuon alénong Twv AVEUPUOUATWY UETA
EVAR. Zuykekpluéva o€ 27% Ttwv aoBevwv Toug He otabepny MEyoTn  SLAUETPO
napatnendnke onuavtiki avénon tou oykou. [10] AAAoL cuyypadeic MPOTEIVOUV OTL HE TN
Xpnon tng HEylotng Slapétpou umopel va Sladulyel to 14% TWV QAVEUPUOUATWY TOU
napouoLdlouv pelwon Kat to 19% mou mapouctdalouyv avénon Tou OyKou, KATAARyovTag oTo
CUUTTEPACHA OTL N METPNON TOU OYKOU avixveUeL allayéG Tou peyEBoug mou ol omoieg Ba
Slédeuyav pe tn xpnon povng g pEylotng dtapétpou. [11,12] Kal evw oL MEPLOCOTEPES
peAéTeg mou €xouv aoxoAnBel pe TETOOU €l6OUG UETPAOEL HEAETOUV oAAQYEC OTOV
OVEUPUOHATIKO 0AKo PEeTA amd EVAR, ta 6edopéva mou adopolv Tnv mapakoAolBnon twv
ULKPWV OVEUPUOUATWY gival TIOAU meploplopéva. Mpoodata ot Parr et al umoypapploav tn
onpaocia tng mopakoAolBNoNG TWV OYKOUETPIKWY TIHPAUETPWY O acBeveic pe pikpd AAA
KaBw¢ Bprkav OTL mepimou to 50% twv acBevwy MoU MAPoUCLacav CNEAVTLIKY auénon Tou
oykou, dev mapouciacav avtiotolyn avénon tng péylotng Stapétpou. [13] ANAoL epeuvnTEG
peAétnoav plo opdda 28 acBevwy pe pikpd AAA kat katéypaldav pia alénon Tou OyKou TNg
TAENG Tou 17.3% o€ pia péon dldpkela mapakoAoubnong 14 unvwv n omoio ATAV CNUAVTLKA
peyalltepn amo tnv nmocootiaia avénon tng Stapétpou (8.0%) (P<0.001). [14] Duoikd auto
givat avapevopevo agol o Oykog kol n SLAPETPOC sival pey£dn vpwpéva os SladopeTiki
Suvaun, aMa tnv (Sl otyun To yeyovog OTL 0 OyKoG Teplypddel To oUVOAO TOU
OVEUPUOHATIKOU COKOU EVW N SLAPETPOC IO LOVO CUYKEKPLUEVN TIEPLOXT TOU, EVOEXOUEVWC
KAVEL TOV OyKOo Tilo guaicOnto Seiktn avixveuong HetofoAic Twv Slactdoswyv.[22] tnv
napovuoa HeAETN TO 74% twv acBevwy gixe avnon tou oykou mavw amod to upper limit of
agreement evw TO AvTiOTOLYO TTOCOCTO yLA TN SLAUETPO ATAV LOALG 56%.
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ErmunpooBeta mpénel va avadepbel OtL KataypadbnKav LOXUPEG CUOYXETIOELG LETALY TOU
GR_Dmax amnod tnv pia kat twv GR_AAA Vol kat GR_ILT_Vol and tnv GAAn mpayua To omnoio
UTIOSELKVUEL OTL KAl QUTEC OL TOPApETpol Ba pmopoucav va xpnowdomnolnBouv yla tnv
aflomiotn meplypadn tng avénong Tou aveupuouato. Ao tnv AAAN n CUCYXETLON QUTH
uropel va Atav woxupr (Spearman’s rho 0.6) 6ev ATav opwg MOAU LoXupn Kol n otaBepd
ocuoxEtlong armeiye moAU amod to 1 mpdypa mou SnAwvel OTL evw n avénon Oykou Kal
Slapétpou oxetilovral, dev elvol TAUTOONEG Kal SLOPOPEC TIPETEL VOL VOUEVOVTAL.

Mpokelpévou va mpoodloplooupe Toleg amd TIG TAPAUETPOUC ToU e€eTAoBNnKav ival
TEPLOOOTEPO KATAAANAEG yla va ekdpAoouv Thv auénon Tou peyebouc Tou aveupUOUOTOG,
0ELOAOYNOAWE TN CUCXETION METOEU TWV QVTIOTOWVY PUBUWY aufnong KoL Tng ovAayKng
XELPOUPYLKNG TOPEUPAONG. ZTNV AVAAUGCH HOC N avVAYKN XELPOUPYLKAC TapEUBacng nTav to
TeEAKO onuelo avadopdg. Eva meplocdTEPO LOXUPO ONUELD OMWG Yyl TOPASELyUd N
napouoia prRgng UIMopEL va LoXUPOTIOLOUCE Ta CUUIEPACHATA Lag aAAd Ba tav aduvato va
xpnowomoiwnBet adol n pnén otnv culyxpovn €mMOXN TWV QUCTNPWV TIPWTOKOAWV
mapokoAouBnong eival ondvia oe dloyvwopéva aveupuopata mou nén PBpiokovtal umo
TapoKoAOUBNON evw OUXVOTEPO TOpPATNPE(TOL O  HMEYGAQ  QveUpUOUOTO  TIOU
SLOYLYVWOKOVTAL TNV OTLYUN TN PRENG. EMOMEVWC N avAYKN XELPOUPYLKNG TtapEUBacng Onwg
QUTA TEKUNPLWVETAL Ao Ta YVWOTO KpLtrplto Dmax>5.5cm sival auth mou cuoxetiobnke pe
Tov pubuo avénong twv 2-Slactatwv Kal 3-6laoTatwv UETABANTWV. IXETIKA HE TV
pebodoloyia MoU XpNOLUOTIOLNCAUE APXLKA EYLWVE KPLTIKN OTL ev pmopel va yivel cUykplon
ULOG OYKOUETPLKAG HEBOSOU pE pia GAAN Tou Kataypddel ThV HEYLOTN SLAUETPO OTAV N
MEyloTn OLAPETpOG elval Kot autr mou kaBopilel tnv £kBacn (tnv avaykn &nAadn
XELPOUPYLKNG TapEUPacng). H amdvinon oto mapandvw eival 0tL f cUYKPLON TIOU KAVOUE
adopd pubuouc avénong evw n ékBaon adopd TN OTATIKA TN TNG LEYLOTNS SLAUETPOU OF
€va Xpoviko onueia (teAiky CT amelkovion) HeyéDn ocadw Slakpltd HETALU TOUC.
Avadépoupe éva xapakTnploTiko apddelypa duo AAAs. To AAA#L mapouciaoe avénon tng
Slapétpou amd 45mm oe 52mm (GR_Dmax:7mm/year) oe pecodldotnua 12 pnvwv Kat
TIAPEUELVE UTIO TtapakoAouBnon. To AAA#2 napouciaoe pkpoTteEPo pubud avénong pe Bdaon
™V péylotn Stapetpo (amd 51mm o 55mm og 12 prveg — GR_Dmax:4mm/year) ¢pOavovrtag
To Oplo ylo Xelpoupyikn mapéuPBacn. Ocov adopd TNV HETPNON TWV OYKWV To AAAH#2
napouoiace peyahutepn avénon and to AAA#L (27ml/year vs 12ml/year).

EMopévwe PeAETHOaPE TN CUOXETLION ToU pubuol alénong twv Sladdpwv UTO e€€taon
TIAPAUETPWY HE TNV AVAYKN XELPOUPYLKAG TAPEUBAONG SNILOUPYWVTAG THVAKEG CUVAPELOG
2x2 petall twv opadwv ypnyopng/Bpadsiag avfnong Kol XELPOUPYLKAC/CUVTNPNTIKAG
OVTLUETWITLONG. XTATIOTIKA ONUOVTLIKA CUOXETION MeTafl puBuol avénong kot ékBoaong
Bp€bnke povo yla TG 3-8ldotateg PETAPANTEG TOU CUVOALKOU OYKOU Kal TOu OYKOU TOU
BpopBou kat OxL yLa TIg 2-8tdotateg LeTaPANTEG TNG LEYLOTNG SLOUETPOU KAL TOU TIAXOUG TOU
BpopPou. Ta likelihood ratio Atav 10 kal 3 avtiotola Mpaypa To omnoio onuaivel 6Tt AAA pe
toyxelo av€non tou cuvoAlkoU OYKOU Kal Tou Oykou Tou Bpopfou Atav 10 dopég mbavotepo
va XewpoupynBoulv amod otL autd mou mapouocialov PBpadeia avénon. Otav o pubuog
aU&nong kabopllotav amo TNV PEYLOTN SLAUETPO O AVTIOTOLYOG OXETIKOC Kivouvog ATav Hovo
3. XOpPOKTNPLOTIKO TOPASElYUO aveUPUOUATOC HE HEYAAn avénon Ttou Oykou Ywplg
avtiotoyn petaBoln Tng péylotng Slapétpou mapouoialetal otnv Ewkéva 3.
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Ewova 3: Tlepintoon
AVELPVGLLATOG TTOV

ToPoLGiace LKpd puOuUd
avENoNg ¢ SapUETPOV

(42ml/year)

(2.6mm/year) peydio OLU®G
pLOLO avEnong tov dykov

Zuunépaocua

O puBuog avénong g 3-6taoctatng HeTaBANTAG TOU OYKOU TOU OVEUPUOHATOC £ival TiLo

guaiodntog Seiktng HeTOBOANG TWV SLACTACEWY TOU KAl TTAPOUCLATEL KOAUTEPN CUOCXETLON
ME TNV OVAYKN XELPOUPYLIKAG QVILLETWIIONG O OXeon Me tn 2-6ldotatn HETaBAnTh tng
MEYLOTNG SLOUETPOU.
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KedaAato 90 - ANayEC oTN
VEWUETPLA KOl TLC EUBLOUNXAVLIKEC
TIOPOALETPOUC ULKPWV OVEUPUOLLATWYV
LLE eCOlLPETLKA TaXELa avénon
npoodepouv MANPOPOPLEC OXETLKA LLE
TNV PUOLKN LoTopla TNG
OVEUPUGCMOTLKAC VOOOU.

Elcaywyn

H 1o kataotpodikn €MUTAOKN TNG OVEUPUCUATIKNG vOoou eival n pnén n omola
otav avadePOPOOTE OTNV KOWALOKN a0opTh] cUVOSEVETAL OO TOCOOTA BvnNToTNTAC
nepl To 80%. AmO TNV AAAN N E€KAEKTIKN) XELPOUPYLKN TapEpBoon mapouclalel
OLEYXELPNTIKA KOl QUEDN METEYXELPNTIKA Bvntdétnta tng tdéng tou 3%. O mo
Sladebopévog mapayovtag mou Bewpeital OtL oxetileTal APeca PE TOV KIVOUVO TNG
pnéng eivat to péyebog TOu aveupluopatoG. ETOL, N OUYXPOVN OTPATNYLKN
OVTILETWILONG TWV OVEUPUOHATWY TNG KOWAKAC aoptn¢ otnpiletal kat’
OTTOKAELOTIKOTNTA 0TNV 0£LOAOYNON TOU KPLTNPiou TN MEYLOTNG SLAUETPOU KAl TOU
PUBUOU AUENONC UE TIC KPLOLUEG TIUEG TTAVW ATO TLG OTIOLEG CUOTAVETOL XELPOU PYLKNA
anokatdotaon va gival 5.5cm kat 1cm/year avtiotowa. Ano tnv aAAn eivat KaAa
TEKUNPLWHEVO OTL TA UIKpOTEPA AAA avTIUETWTIL{OUV Evav ALlYOTEPO CNUAVTLKO aAAQ
UTTOLPKTO KivOUVO prénG evw KATIOLEG VEKPOTOULKEG UEAETEG UTtoOTNPL{OUV OTL £WG
Kol 10% Twv poyEVIWY AVEUPUOUATWY UIMOPEL va mapouatalouv PEYLOTN SLAPETPO <
5cm. [1-5]

Edooov n péylotn Slduetpog kal o pubuog avénong ocuxva amodelkvuovral
avemapkn oto va TpoPAEPouv TNV €€EAEN kol Tov Kkivbuvo pnAéng evog
OUYKeKPLUEVOU AAA, €xeL avamrtuxBel evtatikn €pguva ylwa TNV avalntnon aAAwv
Selktwv wote va koatootel duvatn n eatoptkevpévn mpoPAsdn.[6,7] H péylotn
Tolyywpatiky taon (Peak Wall Stress - PWS) €xeL BpeBel OtL eival onpavtika
HEYAAUTEPN OE PAYEVTO OO TTAPOUOLAG SLAUETPOU UN-pAYEVTA AVEUPUOUATA, EVW
eTUMA€0oV alveTal OTL TAUTOTOLEL LKOWVOTIOLNTIKA TAL AVEUPUOUATA HE HEYAAUTEPO
Kivbuvo pnéng otnv mopeia tou xpoévou. TEAog to onueio tng pnéng daivetat ot
oUXVA TauTileTOL PE TO onpelo omou epdaviletal to PWS. [8-10]
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To LUKPA OVEUPUOHOTA TNG KOWALAKAG aopTNC avadEpeTal OTL avuédvovTtal pe Evav
Héoo etnolo pubud auvénong 0.2-0.3cm. [3,11] Avtipetwrnicape évav aoBevh pe
aouvnBlota ypriyopo pubud avénong tou AAA, to omoio peydAwoe katd lcm o€
Slaotnua 6 pnvwv KATL Tou Ba avtlotolouoe o€ eTAOLA aUENON TNG TAENG TWV 2cm
OTOTE KAl GUGCLKA TEBNKE N EVEELEN XELPOUPYLKNG OVTLUETWILONG. H avaAluon autng
NG omaviag nepimtwong mbava Ba mapdoxel XpRolUeG TAnpodopieg ylo TNV
duaoLKn LoTopLa TNG AVEUPUCHATLKAG VOOOU KoL TNV EKTLMNGCN TOU KWvdUVoU préng.

YAkO kot M€60obog

Anpoypadkec-KAwikeg mhnpodoplec

Ye aoBevny 75 etwv Slayvwobnke avelpuopa KOWLOKNAG aoptng kota thn didpkela US
KoW\lag to omolo SlevepynBbnke ywa AAAO LaTPLkO AOYO. ATO TO QATOUIKO OVAUVNOTLKO
ovadEpeTal KATVIOUO KOBWE Kol XpOvio omodpakTik TVEUROVOTIABELR, COKXOPWSONG
Stafntng, umepAutiSiapio uTO PAPUAKEUTIKN Oywyr. AEV UTIIPXE OLKOYEVELAKO LOTOPLKO
OVEUPUOUATIKAG Vvooou. To O&layvwoBév avelpuopa e€etdaoBnke emumAéov pe CT
ayyeloypadlo kot Ppébnke va £€xel opxkn Heéylotn OSlapetpo 4.5cm. Meta amd
pecodlaotnua 6 pnvwv Slevepyndnke véa CT ota mAaiola TNG TAKTIKAC mapakoAolBnong. H
MEYLOTN SLAUETPOC HeTPNBNKe ota 5.5cm. TUpdwva pe Tig Stebveig katevBuvTApLeg 0dnyieg
0 aoBeviic ueBANON Ot XELPOUPYLKI EKTOWN TOU QAVEUPUOMOTOC KOL QVILKATAOTAON LE
OWANVWTO CUVOETIKO LOCKEU QL.

ewpetpkn Sopopdwon

Ma TNV opxXLKA KAl TNV TEALK QITELKOVION TOU QVEUPUOHATOG Xpnotworownonke CT
oyyeloypadio pe Aemtég TOEG (Maxog tTopng 1mm) kot evbodAéPlo oklaypadikd. H 3-
Slaotatn avoouvBeon Kol n avaAuon TNG YEWUETPLAG €yve PE TN XPRON TwV AOYLOLKWY
ITK-SNAP kot VMTK omnwg €xel meplypadel ota nponyolpeva kepaiata. TOCO yLa TO apxLko
000 KOL YLa TO TEALKO HOVTEAO-AAA 0 GUVOALKOG OYKOC TOU OAKOU, 0 OYKOG TOU QUAOU Kol O
OyKoG Tou evSoaultkol BpduPou kataypdadnkav. Metd tnv e€oywyr TwV KEVTPOYPOUUWY N
ETULPAVELX TOU OVEUPUOUOTOC XWPLOTNKE O KABETEG TOUEG He HecodlaoThuota 1mm.
MPOKeLHEVOU Va XOpaKTNPELOOEL 0 TPOTOC avénong Tou aveupUOUATOG, N EMLPAVELD TWV
TAPATIOVW KADETWY TOHWV KATAYPAPNKE O OXEON HUE TNV QmOOTACN Ao TOV QOPTLKO
Sixaopo. To maxo¢ tou OpopPou emiong KataypApnke KOTA TNV OPXLK KoL TEALKN
Katdotoon. H £kkevtpn kotavoun tou Bpoppou TOCOTIKOTOINONKE HE Tn £l00ywyn Tou
Eccentricity Index (El), o omolo¢ mpoabloploTnKe oTNV TOUN HE TN HEYLOTN SLApETPO wC 1-
(Minor Distance/Major Distance) omou Minor kat Major Distance gival n gAdylotn kot n
HEYLOTN amootaon MeTafld TNG KEVIPOYPAUUAC TOU QUAOU KAl TOU OVEUPUCHOTLKOU
Toyywpatog. NMpodavwg o Selktng autog teivel oto 0 oe AMOAUTWG CGUHUETPLKY KATAVOUN
tou BpopPBou (6mou Minor distance/Major distance=1) kat teivet oto 1 og peydAn
oouppetpio (6mou Minor distance/Major distance=0). Télog¢ n Kaumulotnta TNg
KEVTpOypauurG oto 1° kat 2° AAA-LOVTENO UTTOAOYIOTNKE.

EpBropnyavikéc Napdpetpot

Mo TNV avaAuon twv Tacewv £va 3D mMAéyua kataokeudoBnke pe tn xprion tou ICEM CFD
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(ANSYS Inc., Berkeley, CA, USA) kol 0 UTtOAOYLOMOG TwV TACEWV £ywve pe to ANSYS 12.0
Workbench (ANSYS Inc., Berkeley, CA, USA). Na 1o aptnplako tolywpa kat tov 8poupo éva,
neo-Hookean unepeAaoTikd pHovtélo xpnotuomolndnke Aappavovtag uoPLv TIG MapaKATW
KOTOOTOTIKEG EELOWOELG avVTIoTOLXA:

Wipar, = a(l —3) + (I —3)% Wy =c,(II —3) + ¢, (11 — 3)7

orou o = 0.174 MPa kal B = 1.881 MPa [12], ¢; = ¢; = 0.026 MPa [13], eivat ot 18LOTNTEG TOU
VAoV, |, Il eivat n mpwtn kat Sevtepn otadepd Tou Taviotr Left Cauchy-Green C, J* = detC.
To povtélo AAA doptiotnke He TNV aptnplakn mieon tou acBevoug. To PWS (ue Baon tnv
e€lowon von Misses) kataypadnke.

ErutAéov n aveupuopatikn emidAvela TIOU NTav ekteBelpévn oe UPNAN TOLXWUATIKA
TAon umoloyioBnke. Na To OKOTO AUTO €val OPLO OPLOTNKE yloL VoL TTPOoaSLopLloTtel N uPnAn
taon. H péon duololoylky Taon umoAoyioBnke XPNOLUOTOLWVTAG £val LOAVIKO HOVTEAO
uTtovedpLKAG aoptnG Stapétpou 20.9mm (uéon Slapetpog e Baon to PpUAO Kol TNV NAKIiA
Tou aoBevoug) mou doptiotnke pe T cuatoAikr mieon [14]. Avénon 100% BewprBnke oOtL
opileL TNV uPNAR ToLWHATLKA TAON.

Me tn xprion Tou open source software ParaView 3.14 (A. Henderson, ParaView Guide, A
Parallel Visualization Application. Kitware Inc., 2007), to 0plo autd epapuoodnke wote va
UTTOAOYLOTEL N emLpAvVELA TIOU UTIOKELTOL 08 VP NAEC TAOELS. TEANOG e OKOTIO va kataypadel
N OVOKOTOVOU TWV TOXWHOTIKWY TACEWV amd TV Hio ¢pacn otnv GAAn, n mpocOia Kat n
omioBla emipavela tou AAA Slaxwplotnkav pe BAon To eninedo z-y TWV CUVIETOYUEVWY TOU
afovikoU topoypddou. H mpdobla kat omicBia emipdavela mou UTOKELTOL 0 UPNAEC TAOELG
TOCO OTNV OPXLKH 000 KOl OTNV TEALKH KATAOTOON utoAoyioBnkav.

AnoteAéopata

FewueTPKNA Slapdpdwon Tou aveupUOUOTOC
O OUVOALKOG QVEUPUOMOTIKOG Oyko¢ auénbnke amd 85ml oe 120ml. H avénon autn

avtavakAd tnv evandBeon tou evdoauAkol Bpopupfou adol o Oykog Tou AUAOU TTOPEUELVE
otaBepdg (72ml otnv mpwtn kot 71ml otn gtepn CT) evw o0 dykog Tou BpopBou auéndnke
and 14ml oe 50ml. Na va e€et@ooupe Tov TPOTO auénong Tou AAA OTOo XpOVO XWPLoOUE TNV
OVEUPUOUATIKN €TLpAvVeELd O KABETEC TOUEC. 2TO Onuelo TNG MEYLOTNG OLOUETPOU N
emPAVELA TNG AVTIOTOLKN KABETNG TOAC TOU AveUPUOUATOS auéRBnke and 15.0 cm? ot
22.5 cm®. Tnv 8t otypn n emddvela Tou aulol oto iSlo onueio mapouciace ehadpd
peiwon (amd 14.3 cm? og 12.4 cm”®) evw autr Tou BpopPou epdavioe afloonpeiwtn avénon
(amd 0.7 cm? o€ 10.1 cm?) (Ewova 1).
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Figure 1

=l

Sectional Area (cm?)
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KMpoka.

Ewova 1: Iapovcialetor | e€oywyn KAOET®V GTNV KEVIPOYPOLLUT] TOUDY LE
pecodotprota I mm kabmg kot 1 emedvela (eppadodv) SOTOUNG GE YPOUOTIKN

OL péyloteg TIéEG erudavelag otig mpoavadepbeloeg kAOeTeC TOUEG eudavioTnKaV OE
otaBbepr] AMOCTACH ATO TOV AOPTIKO Stxaouo Kal ota 2 AAA povtéla, n omoia eivat 4cm

(Ewova 2).
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Ewdva 2: I'pagpwn
OVOTTOPAGTACT) TNG ETPAVELNG
JlTOUNG € GYEoT LUE TNV
amdGTACT) OO TOV COPTIKO
dyaopd. H péyiom dwtoun
mapoTnpeitan se otabepn
amooTooT (4cm) amd TO SLYUGHO.

To péyloto maxog tou BpopPou auvénbnke amd 0.3cm o 1.6cm Kal autd cuvéPBn oto

MPOCOLo TUAA TOU OVEUPUOUATOC OTIWG Ttapouctidletal otnv (Ewkéva 3).

Thrombus Thickness (cm
16

Ewova 3: Avanapdotacn Tov méyovg Tov VOoavAKoh Bpouov 6 YpoUOTIKN
KMpoko Kot TNy apyikn Kot TEAMKN KoTdoTtoo.
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O El otnv apxlkn katdaotaon Atav 0.2 evw otnv teAkn Atav 0.6 kATl ou Seiyvel thv
£KKEVTPN evamnoBeon Tou Bpoppou pe tnv mapodo tou Xpovou. H HéEyLoTn KOUTUAGTNTA TNG
KEVTPOYPOUUAC ausndnke amod 0.4 cm™ oe 0.5 cm™, Seixvovtag Lo ACUUETPN SLOYKWON
TOU aveUpUOUOTOC TPOG Ta eUTPOG (Etkdva 4).

Figure 4

Ewova 4: H petafoln) ™g KapmuAdTToG TG KEVIPOYPUUUNG OEly Ve Lo TpoBoin
TOV OVEVPVGUATOG TTPOG T, EUTPOG LE TNV TAPOSO TOV XPOVOV.
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EuBlopnyovikeC MapAUETPOL

H Tuur Tou PWS mpaktikd mapépewve otadepn (22 N/cm? apxkd kot 21 N/cm?® tehwd). H

KQTOVOLI TWV TAOEWV Kal ya ta 2 AAA povtéha daivetal otnv Elkova 5. H péon tédon otnv
ducLohoyikr) aoptr urtohoyioBnke oe 10 N/cm? omtdte éva dplo 20 N/cm? xpnoomnotrfnke
yla va opiooupe TIG uPnAég tdoels. H emupdavela Tou aveupUOHUATOC TTOU UTIOKELTAL OF

VPNAEC TAoEC Sev METAPARONKE ONMAVTKG ool apxikd Atav 9.9 cm’ evw) TEAWA
umohoyioBnke 9.7 cm?. Ao v GAAn, mopatneRdnke pia afloonueiwtn HeTaBoAf TNG
KATAVOUNG TWV TACEWV OTNV TIOPELDl TOU XPOVOU. JUYKEKPLUEVA evw Ol UPNAEG TAOELS

opxLkd evtormilovtav oTo MPOcblo TolywHa Kol ToVv auXéva Tou aveupUOHATOC, GTO 20

UOVTEAO GUYKEVTPWVOVTOL OTIOKAELOTIKA O0TO omicBlo Toixwpa. Etol, n ocuvoAikn omicBla

eMLPAVELA TOU AVEUPUGHATOC TIOU UTOKELTAL 0 UPNAEC TAoELS ard 0 cm” ou ATav apxkd

Kat €ywe 9.7 cm? TEAKA.

ISt AAA model

22

20d AAA model

Von Misses stress (N/cm?)f

Ewova 5: Evo dev mapoatnpnOnke onpovtikny HeToforn
™G TG Tov PWS katd ) dwdpreto g
TapoKoAovONoNG, VINPEE 0L CNULOVTIKY] CVOKATOVOLUY|
TV TdoenV €1 Papoc Tov omichiov Toy®UATOC.
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Zultnon

Y€ QUTAV TNV UEALTN TOPOUGCLAIOUHE HLa TIOAU OTAvia TEPIMTWOn aveupUOHUATOC TNG
KOWLOKNC 0OPTNG TO OToilo mopouctalel eEQPETIKA Taxelia avénon tou pHeyEéBoug Tou N
ornola mpoodSlopiotnke oe lcm oe 6uNveg TapakoAouBnong omdte kol umePAndn oe
XELPOUPYLKN armokatdotacn ylo va amodeuyxBel o kivduvog pnénc. [3,15] Ouola pe ta
neploootepa AAA Tou mapouoialouv n omoila adopd To MPOCHIO TUAUA TOU CAKOU, N
auénon ATav mpog Ta UNPOC Kol oTnV mapoloa nepinmtwon. [16] Eva evéladEpov elpnua
™G avaAluong ATAV TO YEYOVOG TNG KN METABOANG TIS TIUAG Tou PWS amod tnv apxikn otnv
TEAKN KATAOTAON, KATL TTOU £PXETOL O avrtiBeon Pe TMPONYOUUEVEG UEAETEC OL OTOLEG
Selyvouv OTL UTIAPXEL OUOYXETION MeTOEU PWS kol puBuol avénong. [17] EmutAéov n
eMIPAVELA TOU OVEUPUOUOTOC N OTolal UTIOKELTAL 0 UYPNAEC TOOEL OUOLWG TIOPEUELVE
TPOKTIKA oTaBepn METALL apXIKAG Kal TEAIKAG Kataotaong. Amd tnv GAAn umnpée ua
oafloonuelwtn HeTaBOA TNG KOTAVOUNAC TWV TOLXWHOTIKWY TOCEWV HE TNV MApodo Tou
XPOVOU. JUYKEKPLUEVA OPXLKA N TIEPLOXN TOU QVEUPUCHATOCG N omoia mapouciale UPnAEg
TAOELG evTOTL{OTOV OTO TPOCHOL0 TOIXWLA TOU CAKOU KOl OTOV QUXEVA, TIEPLOXEC OTIOU N PRéN
glvat moAU omavia cOpdwva pe SeSopéva VEKPOTOUIKWY peAeTwy. [18,19] AvtiBeta peta
TNV apodo 6 pNvwv oL LPNAEG TAOELS ixav cUYKeVTPWOEL oTo omicBlo aptnplakd tolywua
omou eival kat n Béon ™G pnénc otnv mMAsloPndio TwWV PAYEVIWV OVEUPUCHUATWV.
YroB£toupe OTL n avénon tng enidpavelag oto onicblo tolywpa n omoia eival ekteBelpévn
o€ UPNAEC TOLXWHATLKEG TAOELC evOeXOUEVa auEavel Tov Kivbuvo pnénc. To omiobilo tolywpa
daivetal otL elval meplocdtepo AeMTO Kol AlyOTEPO QVEVSOTO amod To MPOcHBLO KATL TIOU
mBavov oxetiletal pe pewwpévn HnXavikn avtoxr. To mapamdvw ocupPadilel pe ta
anoteAféopata moBoAoyoavaTtopkwy PEAETWY TIou Seixvouv OTL N prnén cuvnBwg cupBaivel
oTo omicOlo Tolywpa TOU AVEUPUCHATIKOU o0aKou.[18-21] EmutAéov OMwC TMPOTEIVOUV OL
Mower et al Ta vasa vasorum o MepLOXEG auénpevng TAong Umopel va cupmiélovtol onote
Kal n mapoyxn 02 Kal OpEMTKWY CUCTATIKWY OTO ApTNPLAKO Tolxwua mapepnodiletal. [22]
AUTO evdexOueva TPOKOAEL €€A0BEVION TOU TOWWUOTOC KAl €mMnPedlel tnv €EEAEN Tou
oveupUopaTOoC.

QuOLKA 0 UTTOAOYLOMOG TWV TOLXWHOTLKWY TACEWV €Ml TOU apovTog dev eival dpeoa
SloBéopoc ya xprion otnv KAk Tpagn. Emopévwg Ba ATAV TIO TIPOKTLKO v
POCSLOPLOTOUV €UKOAA LETPROLUOL HOPdOUETPLKOL TTAPAYOVTEG oL omoiol Ba pmopoloav
€UMEOA va Katadelouv TNV avVOKOTOVOUN TWV TACEWV 0TN SLAPKELD TNG TTAPAKOAoUBNoNG
TWV aveupuopdatwv. Evag tétolog Seiktng Ba pmopovoes va eival n Kapmulotnta Tng
KEVIPOYPAUUAC N omoia £€xel davel amd mMPonyoUHeVeG HEAETEG OTL £XEL GNUOVTLKN
enidpaon OTIG TACEL TIOU OOKOUVTOL OTO OPTNPLOKO TOlXWHA CUVABWE KOTATOVWVTAG
TepLooOTEPO TNV omicBia emidavela. [7,23] EnutAéov o evdoauAkdc Bpoppog exet davel otL
naillel poho eguflopnyavikol pathaplol, anocBévoviag HEPOG TwV TACEWV Tou ¢pBavouv
OTO 0pTNPLOKO Tolywua. [13] H £kkevtpn katavopur Tou Bpoupou evtog TOU AVEUPUCHATLKOU
oGKoU pmopel ocludwvA Kal HE TA EUPHAKATA TNC Ttapouoas MEAETNG va UTtoSelKVUEL TNV
ovopolopopdn aVOKATOVOUN TWV TOWWHOTIKWY TAOEWV €1 Bdpog Ttou ormicBlou
TolwHatog. Eva PETPO WOTE Vo TTIOCOTIKOTION Ol To Mapanavw ivatl o El mou mpoteivou e,
Kal o omolog eival évag Seiktng elkoha TPOCSPACLUOC OTOV KAWVLKO ylatpo adol pmopsi va
umoloyloBel amd 2-8idotateg topég CT ayyeloypadiag xwpi¢ tmv avaykn 3-8idotatng
avacUvBeong Kat TTOAUTIAOKWY UTTOAOYLOUWY TACEWV.
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Tuunépaopa

Kata tnv avaiuon plog nepintwong AAA mou napouotalel Eévav acuvndlota tayu

pubuo avénong mapatnpnbnke SLOYKWON TOU AVEUPUCHATOCG TPOG TA EUMPOG Kall

€KKEVTPN evamobeon Tou evdoaulikol BOBpouPou. Auta odnynoav o Ul

0€LOONUELWTN AVAKATAVOUN TWV TOXWHOTIKWY TACEWV €1 BApo¢ tou omicBblou

TOLWMATOG TOU OAKOU, TO oTmoio €ival kat n meplocodtepo cuxvn B€on tng pnénc.

Tétowou eidoug MAnpodopieg elval XPrOLUES yla TNV EETAON TWV TOPAYOVIWV TIOU

Snuloupyoulv auénuévo kivbuvo pnéng kat otov kabBoplopo tng Ppuolkng Lotoplag

TWV OVEUPUOUATWY
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Kedpalaio 100 - Katavoun tng
nopapopPwonc Kot Tng
SLOTOCLUOTNTOC KATA LAKOC TNG
KOLALOKNC 0loPTAC OTAV UTTAPXEL
aveupuopaTikn dlatoon

Elcaywyn

Onwg £xel avaepepbel oe mponyoveva ke@dlata, GtV TPocTadeld TPOGOIOPIoUOD
napaydvTev mov oyetilovtat pe Tov Kivouvo piéng TV avELPLGUAT®V TNG KOTAOKNG
0OPTNG TEPO KOl TAVE amd T0 KAHOAMKO KPLITNPlo TNng HEYLOTNG JUETPOV, EVIOVO
eVOlPEPOV LITAPYEL Yo TIG gUPropmyavikés mapopétpous. H avevpuopatikny vocog
etvar Paoctkd po ekeuAeTIK dtodikacio 1 oroia exnpedlel TO apTNPLOKO TOlYOUA e
OTOTEAEGLLO. TNV OTAOAELD TNG OOUKNG TOV OKEPALOTNTOG. XVVETMG 1) OMMOAEL TNG
€AGTIVIIG KOl 1] ATOdOUN G TOL KOAAOYOVOL TOV GLVOIEVOLV TN dMovpyie Kot TNV
e€EMEN TV avevpuoudTeV, aivetot 0Tt oyeTilovtot te TNV HETOPOAN TOV ELUCTIKOV
1O10THTOV TOL APTNPLUKOD TOLYDUATOG Kot TN Heimon ¢ avToyng tov. [1,2] EmmAéov
TO. OTOTEAEGUATO EX VIVO pnyovikig SOKIUAGTIOG OVEVPVGLOTIKOD 16TOD dEiyvouV Lo
OeTiKM CLGYETION TNG AVEVOOTOTNTAG TOL APTNPLOKOD TOTYDUOTOG LLE TNV OVTOYY| TOL,
npoteivovtag 0Tt peimon g avevootdtrag (1 avénon g datacipndtnrog) mihavd
vrodekvoel avénuévo kivovvo pnéng. [3,4] Tivetar emopévec avtiAnmtd OtL o
TPOGIOPIGHOG TOV UNYOVIKOV 1O10THTMOV TOL OPTNPLUKOD TOLYMUOATOG EXEL UEYAAN
onuacio. TNV KAToypaen Kot EPUNVEIR TNG ATMOAELNS TNG OOUIKTG TOV OKEPULOTNTOG
Kot TV €EQTOKEVUEVT] TPOPAEYT TOV KIvdDVOL pHENG.

H mpoéceatn mpdodog mov £xel cuvieheotel otig HeBOOOVE ITPIKNG OMEIKOVIONG
KOl OCULYKEKPUEVOL M YPNon S MAektpokapdoypoeikd kabodnyoduevng CT
(ectrocardiographically-gated computed tomography - ECG-gated CT) éyet emtpéyet
TNV KOTOYPOON TNG MOAUKNG KIVIGNG TOV 0pTNPLOUKOD TOLYMUOTOS KATA TN OtdpKeLd
ToV Kopdkoy KOKAOL. Me 1 yprion tétolwv HeBOSWV Ol TEPLOYIKES UNYOVIKES
1010 TEG TG 0opTh¢ B propovcav va ektiundobv in vivo. [5] Epdcov mponyodueveg
peréteg mov  €yovv  ypnowpomomoet US  €yovv deifer o1t o avénomn g
STAGIHOTNTOG TOV OVELPVGLATOS 6TO ¥POVvo TBavd oyetileTon pe avénpévo kivouvo
péNg, M aélomoinon TV GUYYPOVEOV  TPONYUEVOV  OTEIKOVICTIK®OV HeBOOwV
OVOUEVETOL VO TOPEYEL  YPNOWES TANpogopieg mov Oa  cvuPdAlovv otV
eCatopukevpévn mpoPreyn e pnéne. [6] Tponyodueveg peléteg €xovv vmoroyicet
TIG UNYOVIKEG WOOTNTEG TOV APTNPLIKOD TOWYMUOTOC, UN-EMEUPATIKA, LLE TN YXPNOM
OTEIKOVIOTIKOV UeBOd®V. AVTEG €ite KATAypAPOLY TNV CAAOYT| TNG ETIPAVELNS HLOG
TOUNG Kotd TN Odpkel TOL KOPSKOL KUKAOL, €ite TNV  pETAPOAN} TOL
OVELPLGLATIKOD OYKOL KOl GVGYETILOVTAG TO LE TNV apTnplaky Tieorn vwoloyilovv
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JTAGILOTNTO TOV apTNPLKOD Toyduatog. [7-9] IMapd ™mv oia Tov petpnoemv
OVTOV, Kopio amd TG TPo-avapePOUEVES LeBOOOAOYIEC OEV TTOPEYXEL TANPOPOPIES Yia
™ YOPIKN SIKVUOVET) TOV UNYavVIKOV 1010ttev. [10]

Ymv mapovoa perétn  ypnopomomoope ECG-gated CT pe okomd va
KOTAYPAWYOVUE TNV TOPAPOpO®ON KOTA TN JPKELD TOL KopdtaKoh KOKAOL Kol vo
EKTIUNOCOVLE TN OLUKVUOVOT TNG SLOTAGIUOTNTOG TOV OPTNPIOKOD TOLYMULOTOG KOl TOL
€VOOOWAKOD OpOUPov GTNV QUGIOAOYIKY] KOl TNV OVEVPLOUOTIKY COPTH OE Lo
TPOooTABELD VO OvVIYVELGOVLE TIC LETAPOAEC TOV cvuPaivouv Katd tn dnpovpyio Kot
e€EMEN TV avevpLCUATOV.

YAkO kot M£60obog

MAnBuouég Mehétng

Aéxo aoBeveig pe AAA coumeptinednoay oy perét. Ot acBeveic avtol elyav
dwyvootel pe avedpuoua kot vePAndncav e aneoOVIoN 6TO TAOIGLO TNG TOKTIKNG
ToVg TapakorovOnone. Tpeic acBeveic otn cvvéyeln vefAndncay ce yePOLPYIKN
OTOKOTACTACY] TOL OVELPLGLOTOS e Pdon Tig chyypoveg Oebveig KatevBuvTpLeg
odnyiec. H péon nlia frav 71.7 €t pe €bpog amd 59 éwg 82. H mieloymoeia twv
acBevav Mtav avopeg (avaroyio 9:1). H péyiotn didpetpog tov oveupHGHOTOC
nropovotay and 32 mm €mg 68 mm pe péon tun 49 mm. Anpoypagikd ctoryeio
TOV a60evOV KOt S106TAGELS TOV avevpLuoudt®v cuvoyilovtal otov Iivaka 1.

MNpwTtdkoAAO ameLKOVLIONG

OMlot o1 acBeveig vrefAndncav oe Multi-Detector ECG-gated CT. H Aqyn tov
elovov éywve og afovikd topoypdpo Somatom Definition Flash, Dual source-Dual
energy CT scanner (Siemens, Erlangen, Germany), mptv kot petd tmv evoopAéfia
My oKlypaetkoh HECOV e MAEKTPOKOPIOYPoLKd kaBodnyovpevn akolovbia. To
nayoc toung Mrav 0.625 mm. Ou vmndhowmeg mopauetpor Mrav: image matrix
size"512x512, temporal resolution was 83 ms, in plane spatial resolution was 0.33
mm, total effective dose 5.5 mSv ota 80 bpm. Avo cepég ECG-gated series a&ovikmv
TOUMV KATOYPAPNKAY, Lo GTNV UEYIGTN GUGTOAN KOl 0 GTNV TEAMKT S0GTOAN EVTOG
tov R-R dootmparog. Mn emepfoatikn] pétpnon g aptnplokng mieons pe m ypnon
TEGOUETPOL £YIVE GTOV 1d10 YPOVO.

Enefepyacia elkdvwv
Katatunon kat 3-6iaotatn avacuvieon

H xotdtunon kot n 3-dtdototn avachHvOeon Tov EIKOVOV EYIVE LUE TO YVOOTO LOG
mo. [ITK-SNAP, eved 1 enelepyacio tov televtaiov pe to VMTK. H dadikacio avt)
&ywve TOGO Yyl TNV HEYIGTN OLOTOAN OGO Kot Yo TV TeMkn OlaoctoAr. Koatd
SlapKEL TNG KATATUNONG 1 OVTIGTOLXEG TOUEG TV OVO0 PAGE®V TOV KopdlokoD KHKAOL
tonofetovvrov 1 pia dimha otnv GAAn (blinded) dote va amogpevyBovv pikpEg
avavTioTotyieg mov Kupiwg ogeidoviay oe mapamievpo ayyeio 1 AGPECTAOGEIS TOV
aptnpokod toyopotoc. H xotdtunon mepreddpfove 1o vIepvepikd TUNUO TNG
KOWAMOKNG 00PTNG DOCTE VO, VITAPYEL KATOYPAPT] TANPOPOPIaG Yo VO POIVOUEVIKE
VYIS TUNHO, €G TOV aopTIKO dyyaoud. Adym tov evOoPAEPIOVL oKlaypaPLKOD 1
Tk kivnon tov aAnBovc avAod MTav dvvatd vo Koataypopel pe akpifelo o
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O6AoVG ToVg 0oBevelg. ATd TV GAAN 660V aPopd To eEMTEPIKO TOlY®LO TOL ayyeiov, N
ToAKY] Kivnon pmopovoe va Kotaypagel pe akpifela oe 6/10 acbevelg eved otovg
VIOAOIMOVG LINPYE onuavtikny ofefoardmra. Xvvenmdg 3-0idotato AAA-povtéla
KOTaoKeLAotnkay yoo Tov avdd o€ péEYLoT GLoToAn (systolic-lumen) kot TeAKN
dwwotol (diastolic-lumen) kot yioo 10 €€@TEPIKO TOlYOUA OTNV TEMKN OLOGTOAN
(diastolic-wall). AvactHvheon tov eEmTEPIKOD TOYDUATOS KOTO TNV HEYIGTI] GLGTOAN
EYVE Y10, TIG 6 TEPUTTMGELS OOV AT UITOPOVGE Va Yivel e akpifeta (systolic-wall).

Eéaywyn twv KEVTPOYPOUUWY KAL EKTIUNON TWV YEWUETPLKWV TTOPUUETPWV

Ye Oha ta 3-0udotata AAA-povtéla £yve eEdymYT TG KEVIPOYPAUUNG TOV ALAOD
Kot pe Baon autiv 1 EMPAVELD TOV AVELPVOUATOG YwpioOnke oe kdbeteg TopéC o€
dwotiuota Imm. g kdbe pio amd tig TopéG avTég avtioToryel Evog avémv apBpuog
IOV YPNOUOTOMONKE YLOL TNV AVTIGTOIYNOT TOV TOUDV TV OLPOPETIKOV PACEMV
TOL KOPOOKOD KUKAOL HeTa&d TOLG Kol Tr GUYKPIOT 1TNG EMPAVELNS TOVG
(rapapopewon) (Ewéva 1).

A) 2D ewobdveg and CT scan  B) 3D povtého TI') Kevipoypapun A) Zoykpion
Katdtunon toyyopatoc kot  AKA oVA0D Kol KAOETEG Stopdv peta&n
aviob AKA » SwTopég GLGTOANG-
— SloTOANG
lcm _
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Ewova 1: Tapovsraleton n
dadkasio TG KaTdTUnong, e
onpovpyiag 3-ddcToTm®V
HOVTEA®MY KOl 1] GUYKPIOT] TOUN
TPOG TOUN HETAED HéEYIOTNG
GLOTOANG KOl TEMKNG OLOGTOANG
Y10l TOV OLLOTOVIEVO OAD KO TO
eETEPIKO TOlY®UA TOV OryYEiov.




Oocov apopd otV eEMTEPIKN EMPAVELD TOV OVELPVUGLOTOS, EMMTAEOV 1 UEYIOTN
dwapetpog g kGBe toung emiong koatayphonke. H emoedveir tov &vooovAtkol
Opoppov voroyicnke apapdvIag o€ KAOE TOU TNV EMTPAVELD TOV AVAOD Omd TNV
avtioToryn Tov eEMTEPIKOD TOLYDLLATOG.

MpocdLopLoUOC TWV TTEPLOYWV EVOLAPEPOVTOC

Avo meproyég oplomnkav pe Bdon v aAloyn g dapétpov tov ayyeiov. H mpdn
NTOV 1 UN-0VELPLGUOTIKY 0opTn (non aneurysmal aorta — NAA) 6mov 1 SidpeTpog
dev GALale OMNUOVTIKA KATO UNKOG TOV ayYeiov VA 1 O£0TEPT NTAV 1 AVEVPVGLOTIKN
aopTn OmOv 1 SLAUETPOG aENVOTAY CNUOVTIKA HE TNV amOGTOCT), 1) OTold Kot
KOTEANYE GTOV 0LOPTIKO OLYOGUO.

Moootikormoinon NG MaPaApopPPEwWonc Kot TN SLATACIUOTNTOC

Me 6Komd v KOTaypaWOLHE TNV KATOVOUT TNG TOPOUOPPOCNS TNG 0OPTNG KATA
UKOG TOV VYOV KOU TOL OVEVPULOUATIKOD TUNUOTOC TNG, T OYETIKN OAAOYT NG
empavelog (relative area change - RAC) 1660 Y10 Tov avid 660 Kot yio T0 €EMTEPIKO
apTNPOKO Tolywpe vVToAoyicOnke Yoo OAeg TG kdbeteg Topég mov amaptilovv To
avevpvopo pe Baon v eicmon (EQ. 1):

RAC = Areagysore-Areapiastole Equation

Area-DiastoIe

INo 6hovg tov acBevelg kataypaenkay ot péceg Tipég TV RACwan, RAC ymen Kol
RACnaa.

lNo va mopaxdpyovpe v ofefordotnto oty katdtunon Ttov eEOTEPIKOD
AYYELKOD TOLYDOUOTOG Y10 TIG 4 TEPUTTAOGEIS OTOV OEV VIPYE GAPNS OL0LPOPOTOINGN
a6 Toug TEPPAALOVTEG 16TOVGE, 1 TOPAUOPPOGT) TOV TOLYDUATOG EKTIUNONKE EUpEGH
amd TV TOPAUOPPMOGCT TOL GLAOV. ZVYKEKPIUEVO LTOBETOVTOG OTL O EVOOOLAIKOC
Opoupog eivar acvumieotog N aAloyn TG EMPAVELNS TOL 0VAOD Tpoceyyilel avTnv
TOV OPTNPLEKOD TOLYYDOUATOS oVuUPwva. pe thV e€icmon (EQ. 2):
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T.=Ty=W, - L. =W, - Ly=W -W, =L, — L, Equation 2

(thrombus area, wall area, L =lumen area, systole, d = diastole)

H oovumeotomra tov  Opdupov  €xer  tekunmpuwBel pe  mponyovueveg
ToHOAOYOUVOTOMKEG KO OTEIKOVIOTIKES LeBOSOVE KOl XPNCUOTOLEITAL EVPEMS KOTA
TN OPKEW TOV VTOAOYICUOD TOV TOYMUATIKOV TAGEMV TOV AOKOLVIOL GTO
avevpvopato. [11-13] Emmdéov avtd emPePoardbnke ko 6tovg dikovg pog aodeveic
oLYKPIVOVTOG TNG EMPAVELIEC TOL BPOUPOV GE GLGTOAN KOl SIOUGTOAY] GTOVG AGHEVEIC
HE GOQN KATATUNOT TOV ALAOV Kol TOL EMTEPIKOD TOLYDUATOG KOl OTIG OVO QACELG
1oL Kopdiakod kKokAov (Ewkéva 2). [14]
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Ewova 2: H emoedveia tov Opdppov pével otabepn Katd tn d1dpKeto Tov
kapdrokob kOkAov (ILT Area Ratio= DiastolicArea/SystolicArea).

EmmAéov pe v towtdypovn Kataypoen e apTnplokng Tieong n oltacttdtnTa
D vroloyicOnke. Avtn opiletar og M GYETIKN OAAAYT TNG EMPAVELNG TNG KAOE TOUNG
amd TNV TEMKTN SGTOAN £€MC TNV UEYIOTN] GUGTOAY], OLUPEUEVT] UE TNV TECT] TOL
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npokdAiece avtnv v oAiayn (Eq.3). [15,16]

AreaSystole'AreaDiastole RAC i
D= = Equation 3
Areapiastole=4P AP

E@ocov n mieon maApov mov ackeitor 6to aptnplokd toiyopo e NAA kot oty
E0MTEPIKN eMPAvel Tov OBpouPov oto AAA elvar 1 eOpTION TOL TPOKOAAEL TNV
TOPALOPPMCT) TOL OyYEIOV, ¥PNOLOTOMGOUE TNV KOTAYPOEY| TG Tieong poll pe ta
dedoUéva, TAPAUOPPMONG MOTE VO VITOAoyicovue TN datactuotnta g NAA Kot
avTV T00 AAA TOV 0POPE TO GUUTAOKO OPTNPLOKOD TOYMHOTOS KOl EVOOOLAIKOD
Opoupov (Dnaa and Daaa avtiotoya). Epocov i pdption mov déyetatl o aptnplakd
TOlY®UO GTO GNUEID TOL OVELPVGLOTOS OTOPPOPATUL LEIDVETOL AOY® TNG TAPOVGIOG
oV OpopuPov, N SOTACIUOTNTO LOVO TOL AVEVPVGUOTIKOD TOYMUATOS OV UTOPEL val
vroAoyioBel agldmota pe T ¥PNoN TG TECNG GPUYLOV.

Téhog n kavovikomomuévn dlatacttdtto. (Dyorm), MOV OPIoTNKE ®G O AOYOG
peta&d g dwtacpdtnTag Tov AAA Kot avtig TS NAA ypNnolponomdnke oote va
eCorerpBel Toydv afefordmra Ady® ™G Un-emepPatikng HETPMONG TG OPTNPLOKNG
nieong (Eq. 4).

_ DAAA _ RACLumen/A P _ RACLumen

Dnorm = — = =

Equation 4 Dnaa RACnaa/4P RACnaa

2T0TIoTIKT eneEepyacia

INa g axdAovbec mapapétpovs: RACNaa, RACwa, RAC umen, Dnaa Daaa Dnorms, M
péon TN Kot To €0pog vroroyicOnkav. H otatiotikng onpovtikdmta toydv dSoupopov
eetdobnie pe 1o Wilcoxon-rank sum test. EmmAéov a&lodoyndnke m ocvoyétion
petald Dyorm Kot HEYIOTNG SLOUETPOV TOL OVELPVLGLOTOG KOOMG KOl TNG EMUPAVELOG
oL KatoAapupaveTon amd tov evooavikd Opoppo (Spearman’s rho test).

AnoteAéopata

H «xotaypagn ¢ dwkdpovong g mopapopeoons Kotd tn OdpKew Tov
Kapo1okoH KOKAOL ko’ OAO TO UNKOG TNG KOTAMOKTG 0lOPTNG EIVOL EQIKTN LE TN YP1|oM
g ECG-gated CT. Xapaxtnpiotikég nepurtdoels napovotdlovior otnv Ewkova 3.
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Ewoéva 3: Kataypaoen g

TOPAUOPPOOCTS KATA UNKOG TNG
KOWMOKNG 00pTiG o€ 4 aobeveis.

Yg 6lhovg toug acbeveic TapatnpNONKe HEIOUEV TOPAUOPPOGCT] TOV TOLYDUOTOS
oV AAA o¢ oyxéon pe v NAA evd n modukn kivnon tov awAod tpocéyyile avtnyv
™G PLGLOAOYIKNG 00pTNG. ZVYKeKPUEVA 1 RACwa ftav 0.7% (0.3-2.1%), 1 RAC Lymen
1.8% (0.5-3.4%) wor 1 RACnaa 2.8% (0.9-4.8%). ZtotioTikd ONUOVTIKA MTOV 1
Spopd petald RACwa kot RAC| ymen (P=0.007) xabdg kot RACwan xor RACnaa
(P=0.005). H dwapopa peta&h RACNaa xar RAC| ymen €V NTOV GTOTIGTIKA GTUOVTIKY|

(P=0.12).
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H Dypa fizav 0.43 (0.16 - 0.83)-10° Pa™ evd 1 Daaa 7jzav 0.30 (0.05 - 0.64)-10™ Pa’
'H dtapopd avtn dev NTav otatiotikd onuovtiky (P=0.12). H Dyorm fTav 0.73 (0.1-
3.1). Zm ovvéyela diepeuvionke edv avty N petaPAnt) oyetiletor pe v péylom
OLAUETPO KO TO TEPLEYOUEVO TOV EVOOOLAIKOV BpopPov. TIpoékuye 1oyvp1| cvoyétion
™G Dnorm pE O péyebog tov avevpiouartog (Spearman’s rho 0.65, P=0.04) kot tnv
péon emodvela tov Opoupov (Spearman’s rho 0.81, P=0.005) mov Mtav octatioTiKd
onuovtikn (Ewkova 5).

Dyogye 3+ 7 Spearman's tho 0.65

3 P=004 .
1.5 .

1 .

. . ¢
0.5 . .® .

"o 20 10 60 0 Ewova 5: Bpébnie woyvpn

Maxinmum Diameter (nun) GDGXéTlGT[ ugtaé‘;{) Dnorm Ko
D 35 Spearman's tho 0.81 . ugylGTng alaugrpov’ gnl(Pavgla
NORM_ 31 P=0.005 evdoavikod Opoppov.
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Ta mapandveo cvvoyilovror otov Mivaka 1.

Patient RACnax RACmen RACya [pﬁ:d:(ﬁ] [pagﬁo-f'] Dnosm
# 2.2% 3.4% 0.5% 0.39 0.59 15
# 1.6% 1.7% 0.5% 0.20 0.22 11
# 3.7% 2.5% 2.1% 0.59 0.40 0.7
#4 2.2% 1.7% 0.8% 0.42 0.32 0.8
#5 0.9% 2.8% 0.9% 0.16 0.49 3.1
#6 4.8% 1.7% 0.8% 0.72 0.25 0.4
#7 2.8% 2.2% 1.7% 0.81 0.64 0.8
#8 4.4% 0.6% 0.5% 0.82 0.11 0.1
#9 3.9% 0.5% 0.3% 0.39 0.05 0.1
#10 2.3% 0.6% 0.3% 0.42 0.10 0.3

MEDIAN 2.9%° 1.8%" 0.7%% 0.43 0.30 0.73

*Difference between RAC,,, and RAC,, ..., was statistical significant (P=0.007)

# Difference between RACzyand RACy.. was statistical significant (P=0.005)
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ZulAtnon

H mapodoa perétn emyelpel pe ) ypnomn cOyyxpoveV amEKOVIGTIKOV HeBOdmV va
KOTAYPAWYEL TNV TAPOUOPPMOOT) TNG PUGIOAOYIKNG KOl TG AVEVPVOUATIKNG KOTAOKNG
0opTNHG KATA TN O1dpKel TOV Kapdlokoh KOKAoL. Me ) ypnon tétolwv pebddowv
EVOEYOUEVA EIVAL EPIKTOG O TPOGOIOPICUOG TOV UNYOVIKAOV 1IO0THTOV TOV apTNPLKoD
TOYY®UATOC IN VIVO pe t ypnion un-enepPatikov pebddov. To amoteAéopuatd pog
delyvouv OTL M TOPAPOPE®CY] TOV TOYMUOTOS TOV OVELPUGUOTOC VOl CMUAVTIKA
UIKPOTEPT O OLTAYV TOL OANOOVE OWAOL KOl TNG TOPOKEIUEVNG (PLGLOAOYIKNG
KOWMOKNG aoptnc. Avo elvar ot mapdyovteg mov mbava oyetilovior pe ovtd To
eowvopevo. Ilpodtov ot aALOI®UEVES UNYOVIKEG 1O1O0TNTEG TOL TOLYMUATOS CTNV
TEPLOYN TOL OVELPVGUOTOC AOY® TNG EKPLAIGTIKNG O1AdIKOGIOG TOV GVVOJSEVEL TNV
eneavion kot Vv e£EMEN Tov avevpuoudtov. [aboloyooavotopkés peréteg Exovv
dei&et OTL TO TOlY®UO TOV AVEVPVCUATOG EIVOL YEVIKA TEPIGGOTEPO AVEVOOTO OO VT
TOVL PVGLOAOYIKOD ayyeiov kATt ToL cLUPASICeL Kat pe To dikd pog gvpruara. [1,3,4].
Ag0tepOV 1 POPTIOT TOL EEMTEPIKOV TOLYDUOTOS TOL OVEVPVGLOTOG 1) OO0 TPOKOAEL
KOl TNV TOPAUOPPMOCT TOv, elval HEIOUEVN GE OYECN LE OUTNV OV OEYETOL M|
TOPOKEIUEVT] PUOIOAOYIKY] 0OPTH OAAG KOl 1) ECOTEPIKN EMPAVELN TOV EVOOOVAIKOV
Opoupov. Ilpdypatt vrdpyovv apketd dedopéva oty PipAoypagio mov deiyvouv
évav amooPeotikd pého tov Bpdupov o omoiog dpa cav gufrounyovikd “paiidpt”’
TOL UEWMVEL TNV TAGT TOV OCKEITOL GTO TOLYMUA TOL AVEVPVGLATOG, KATL TOV LE TN
oelpd TOV GUUPAAAEL GTNV LEIOUEVT TAPAUOPPMOOT] TOV EUEIC Topatnpovue. [17,18]
Emopévac n ypnon g mieong ceuypov yio tov VTOAOYIoUO TG doTtactpudtnag eivon
a&lOmoT HOVO OTAV OVOPEPOUACTE GTNV LN OVEVPVOUOTIKY 0opT KaOdg Kol 6TO
OOUTAOKO  OVEDPVUGHOTIKOD  TOWMUOTOG Kol  gvdoovikov Opoupov  (Wall-ILT
composite). Avtifeto 6tav aVOQEPOUAGTE GTO TOIYMUN TOV OVEVPVGLOTOS KOl GTNV
nepintwon mapovsiog Opoupfov evidg tov chkov, M yPNoN TG TEONS CELYLOV
eumepEyel éva onuavtikd oedaipa. Iapd to yeyovog avtd, 10 TOPATAVE ATOVTATOL
oAb ovyva oty Piploypoeic. [7,8] Ta omotedéopatd pag deiyvovv OTL M
dwatacipotnto tov Wall-ILT composite givol peiopévn o oy£om Ue TNV PLGLOAOYIKN
KOWAMOKY] 00pTY] OPLIOG 1] S10pOPA VTY) OEV EIVOL GTATIGTIKG GTLLOVTIKY.

Epdcov 1 apykn dwatacpuotra g aoptis v kébe acBevr pumopel vo givor
JdpopeTikn e€ontiog doPOpmV TapaydvVTIOV OT®MG 1 MAKIO KOl 01 GLVOGLPOTNTES
TPOKEWEVOD VO TTOPEYOVUE €V HETPO TNG HETOPOANG NG OTUGIUATNTOS 7OV
opeiletal oV TapPovGia Tov avevpiopaTog, edyovpue TV Dnorm. [19,20] Ot
Swpopéc ot Dnorm HETOED dtopopeTikdv acBevdv pmopovv vo amodofodv otnv
EKTOON NG EKPVAIONG TOV TOLYMUOTOG AGY® TNG OVELPLGUOTIKNG VOGOL POV M
apyIKn OlTacIHOTNTA ovoEopas €xel oM Anedel va' oyv. Xtov mAnBuoud mov
peAetnoape vnpye éva peydro €0poc tudv. EmmAéov @dvnke Ot 1 mopdueTpog
ot TapPovcldlel 1GYVPY cLoyETIoN He TO UEYEDOG TOV OVELPVUCUATOSC KOl UE TNV
TOGOTNTO TOV EVOOUVAIKOL Opopfov. Avtd emPePardvel tov amosPectikd poAo oL
OpopPov o omoiog péow NG TOAPAUOPP®ONG TOL  ONMOS VT QOivETOL OO TNV
ALENUEVT TOALUKT] KIVIIOT] TOL GLAOD TOL AVEVPVGLATOG OTOPPOPE CTLOVTIKO HEPOGC
NG TEONG LEWDVOVTOS IE OVTO TOV TPOTO TNV POPTION TOL EKPVAIGUEVOL EEMTEPTKOV
OVELPLGLLOTIKOD TOLYDOTOG.

[Tponyovueveg peréteg pe m ypnon US €oei&av 6TL 1 vynAn S10TacIdTNTO TOL
avEVPUCUATOG KoL 1 oOENGN TNG SATAGIHOTNTOS LE TNV TAPOd0 Tov ¥pOvoy Thavd
oyetilovron pe avénuévo kivovvo priéng. [6] Erumhéov maboroyoovatopkés HeAETeg
€Youv Oglfel ol ONUOVTIKY OPVNTIKT] GLUGYETION TNG OATAGIUOTNTAG [E TNV OVTOYN
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TOV AVELPLGUATIKOD TOY®ONOTOG. [3,4] Aapupdvoviog vadyv ta Tapandve dedopéva
kaBmg kat v Betikn cvoyétion G Dnorm He T0 pé€yebog Tov avevpidopatog, pmopel
va votedel OTL VYNAEG TYES TNG TOPAUETPOV OVTNG VTOJEIKVIEL AVENUEVO KivOLVO
PNENG. Avdpeca oTovg acheveic Tov HEAETNOOUE VIPYE UEYAAO €0POG TIUDOV TNG
Dnorm 0KOpO KoL HETAED 0VELPLVGUATOV TOPOHOIOV HEYEDOLG KATL TTOL delyvel OTL M)
TOPAUETPOC aVTY lowg umopel vo ypnoporombel o¢ évag emmAéov OeikTng Yoo TV
eEOTOUIKEVIEVT EKTIUNMGN TOL KIVOLVOL PHENG.

Tuunepaopata

H xataypaen ™G mopapdpemon Tng (QULGIOAOYIKNG KOl TNG OVELPLOUATIKNG
KOWMOKNG 0lOPTNHG LE TN YPNON SVYYPOVOV OTEIKOVIGTIK®OV HEBOdwV eivar epikth. To
TOLY®UA TOV AVEVPOGLOTOS TOPOUUOPPDOVETAL CNUOVTIKE AYOTEPO GE GYECT UE TOV
aAnb” owAd Kol TNV TAPOKEIPNEVY] (QULGLOAOYIKY] aOpTH. AVTO Oo@PeileTal OTIC
EMNPEACUEVES UNYAVIKEG WOLOTNTEG TOV EKQUVAIGUEVOD OVEVPLGUOTIKOD GAKOL OAAL
KOL OTNV HEWOUEVN QOPTIOT TOL ADY® TNG Tapovsiag Tov evéoovAikod Bpoupov. Ta
LEYOAQ OVELPVOOUATO 7OV TEPLEYOVV UeYOAN mocdtnta OpopPfov mapovsidlovv
peyoivtepn dwotacuotnta tov Wall-ILT composite. H vynAn tyug DNORM mibava
npoPAémel Evav avénpévo kivouvo priéng.
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Kedalato 110 - H emidpaon tn¢
OOV LLLLETPNC KOTOLVOUNC TOU
evOoauAlkoU Bpoufou otov pubuo
aUv&énonc TwWV AVEUPUOUATWYV TNC
KOLALOLKN G 0LOPTNG

Elcaywyn

Onwg €xeL NdN avadepOel n péylotn SLAUETPOG TOU aveupUOUATOC TTOAAEG POPEC UTopEl
va eival avaflomotog delktng KwdUvou pr&ng ota aveupUopaTa TG KOWALAKNAG 00PTAG KL
£T0L va odnynosl ot OepameuTikég ootoxieg SnAadn TN XELPOUPYLKN OVTLUETWILON
QVEUPUOUATWY TIou Oe Slatpéxouv peyalo kivbuvo pnéng mopd to HeydAo HEyeB0C TOUG
OAAQ KOl TN CUVTNPNTLKA TIPAKOAOUONON-OVAOVH] HLKPOTEPWY AVEUPUOUATWY TIOU OHWCE
SLOTPEXOUV oNUOVTLKO Kivouvo. Ztnv npoondbsla mpocodloplopol o evalodntwy SelKTwv
mou efatoulkeupéva va TipoPAEmouv Tov Kivbuvo pnéng kaBe Efexwplotou AAA, o
£vB0QUALKOC BpopPog elval pLa amo TIC TIEPLOCOTEPO HEAETNUEVEG TIOPAUETPOUG N omola
£xeL TpoTaOel OTL OXeTileTal pe TNV OUENON TWV OVEUPUOUATWY VW Elvol TIAPpWV o€
TOC0O0TO >75% Twv neputtwoswy. [1] Exel davel anod mponyoUeves LEAETEG OTL N AUENEVN
noootnta evéoaulikol BpopPou miBava oxetiletal pe peyoAltepn mbavotnta Taxelag
avénong twv dlacTtdoewy Tou aveupuopatog. [2] EmumAéov n avénon tng emipdavelag tou
BpopPou pnopet pe peyaAltepn akpifela va mpoPAEPeL tnv mBavotnta TnG prENG amod otLn
avénon tng péylotng Staptpou. [3] Akdpa pila BTk cuoxetion £xel davel petafy tou
KwdUvou pnRéng kol Tou Ttaxoug tou BpouPou, evw Ta PAYEVTO AVEUPUCHOTA TIEPLEXOUV
neploootePo Opoppo amd autd ta omnoia StopBwvovtal ekAektikd. [4,5] Evw o aplBuoc twy
SnuocleloewV TOU £peuvolV TOV POA0 Tou evdoauAkoU BOpoppou otnv pnAén twv
OVEUPUOUATWY Eeival UEYAAOG, OL TIEPLOCOTEPEC ETMUKEVIPWVOVTOL OE TOPOUETPOUG TIOU
XOPAKTNPL{OUV TNV MOCOTNTA TOU (TTY TIAXOG, ETULPAVELD, ATIOAUTOC 1] OXETLKOG OYKOG, PUBUOG
avénong/evandBeonc), evw ta dedopéva mou adopolv TN XWPLKA Katavour tou Bpdupfou
€VTOG TOU AVEUPUOHOTIKOU 0AKOU glval TOAU meploplopéva.[1,4-6]

Oa pmopoloe n Katavoun Tou BpopBou va emnpedlel TNV eEEALEN TWV AVEUPUOUATWVY?
YTIG TIEPLOOCOTEPEC TIEPLUMTTWOEL 0 OpouPBog eival acUUUETPA KATOVEUNUEVOG EVTOC TOU
O0AKoU ouvhBwg oto MPoodLo Tunua tou. [5] Meléteg oe {wa €xouv Seifel OTL UTIAPXOUV
Sladopég otnv Lotoloyia/Bloxnueia tg aoptrg petald Stadopetikwy TUNUatwy tnc.[7,8]
Me Bdon to nmapandvw umtoBEétoupe OtL n enidpoaon tou BpouBou mibava eivat Stadopetiki
avaloya Pe TNV Kotavour tou. EmumAéov €xel pavel 6tL n avénon Tou aveupuopatog eivat
peyaAUTtepn oto MPOoblo amod OtTL oto omicBlo TUAMA Tou KAaBwC N TePLoX UETAEY Twv
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00dUikwY apPTNPLWV TIHPOUCLALEL TNV ULKpOTEPN METABOAN oto Xxpdvo. [9] KL evw o
UNXAVIOUOG TNG AoUUUETPNG aUEnong Tou aveupUoPaTog Sev elval MANPWG KATAVONTOC,
glval mBavo 1o omicblo Toiywpa va elval KOAUTEPA TIPOCTATEVUEVO Ao TV Loxaluia, va
AapBavel meploocdtepo 02 kal BPEMTIKA CUCTOTIKA KABWG Ta vasa vasorum mou alLaTwVouV
TO apTNPLaKo Tolywpa Eekvolv amod TIC 0odUiKEG aptnpieg oL omoleg ekplovtal amd to
ormioBio Toiywpa Tng aoptnc. [9] O KUPLOG OKOTIOG TNG UEAETNG AUTAG Elval va LEAETAOEL TNV
EMISpacn MOV UMOPEL va €XEL N ACUUUETPN Katavoun tou BpouBou otov puBud avénong
Twv AAA. EmutAéov va peAetriooupe TNV emidpacn outol Tou GALWOUEVOU OTLG
EUPLOUNYOVIKEG TIAPAUETPOUG TIOU XapaKTnpilouv Ta aveuplopaTta.

M£BoboL

MANBuouOC LeEAETNG

Tplavta-téooeplg Stadoxlkol aoBevel pe HIKPA QVEUPUOUOTO TNG KOWLAKAG OQOPTAG
ouunepAndOnoav otnv peAétn (L€on nAikia 71.7£€tn, eVpog 59-82, 32 Gvopeg-2 yUVaIKEG).
Y& aqutoug lyav yivel touhdaxlotov SUo amelkovioelg pe CT ayyeloypadio.

Emeéepyaoiol ELKOVWVY KOLL LETPHOELG

'OAeg ol CT enetepydotnkav pe 1o ITK-SNAP Onwg £xel meplypddeL TPONYOUUEVWSG UE
okomo tnv 3-6ldotatn avaclvBeon Kal TNV kataokeur) AAA-povtédwv yla OAoug Ttou
a0Beveig KaTA TNV APXLKA Kal TNV TEALKA Kataotoon. Ta HOVTEAQ auTd cupmepleAappavoy
TNV KOLALAKN 0loPTr OO TO OTIAQYXVIKO TNG TUAMA £WE KL TOV SLXAOUO TWV KOWWwV Aayoviwy
optnpuwv. H mepetaipw enefepyaocia €yve pe 1o VMTK omwg £xel mpoavadepbei. O pubudg
av&nong Twv OVEUPUOUATWY KoBopilotnke He TNV avaywyn tne dtadopdg tg HEYLOTNG
SLOMETPOU KATA TNV APXLKN KoL TEALKH KATAOTAGCN OTO XPOVO WOTE VO UTLOAOYLOTEL O pUBUOG
aUEnong KT €to6 (Dmax1 KO Diaxa)-

ATO TG opadomolnpéveg 3-8ldotateg emupaveleg AAA mou adopolvoav tnv apxikn CT
ayyeloypadlo Kol UTOBETOVTOC €va OLOLOYEVEC TIAXOG TOLXWHOTOC 2mm TO €£EWTEPLKO
Tolywpa UeTadEpOnke 2mm eviOC WOTE va £XOULE MO €KTIHNON TNG E0WTEPLKAG
emudavelag. To 3-6ldotato mAEypa dnuioupyndnke pe ICEM CFD (version 12.0.1; ANSYS Inc.,
Berkeley, CA, USA) amd tetpaedplkd otolxeia. To aptnplakd Toixywupo kat o 8pdupog
BewpnBnKav UTIEPEAAOTIKA UALKA OTIWG £XeL eplypadel amd Ragavan-Vorp kal Vande Geest
et al avtiotolya. Mwa opoloyeviig ¢doption 120 mm Hg xpnowuomnolibnke oto 6plLo Tou
Qaveupuopatikol auvAou. Ta amoteAéoparta Tng FEA emegepydotnkav LE TO open source
visualization software (Paraview version 3.14). To PWS opioBnke w¢ to 99-percentile stress
OTOV QVEUPUCHATIKO OAKO, eVvw N UEon omioBla toywpatiky tdon Posterior Mean Wall
Stress — PMWS) mou oploBnke w¢ to 99-percentile stress oto omicOlo tolywpa TOU CAKOU
emniong katoypadnke. [10,11]

To péyLoto mayog tou BpOoppou (ILTyick) oploTnke wg N LEYLOTN amooTaon LETALD TG
E0WTEPLKAC ETILPAVELNG TOU TOLXWHATOG Kol TOU €wTepLkol opiou tou aAnBolg audol atnv
KABetn TOUR HE TNV Héylotn SLdpetpo. O OyKog Tou OGKOU (Vaaa), TOU aUAOU Kol TOU
evboaUALkoU BpopBou (V1) amod tnv katwoepéotepn vedplky aptnpia £wg KAl TO 0OPTIKO
Soouo kataypadnkav pe to open source Aoylopikd GNU Triangulated Surface Library
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(version 0.7.6; http.//gts.sourceforge.net/).

Mpokelpévou va afloAOYNoOUUE TN Katovoun tou Bpoppou XpnoLUOTOLoaUE TO
Aoylouko, Imagel software (http://rsb.info.nih.gov/ij/). [12] Zuykekpiuéva umoloyioape tn
OXETIKN €mdAVELA TOU aUAOU Tou eviomiletal oto MPOoBlo kol omicBlo TUAUa Tou

OVEUPUOUATOC OTNV TOoUN TNG Kéylotng Stapétpou. To mpdaoBlo kat omicBlo TuRUa oplotnkav
Je BAon To CUOTNO CUVIETOYUEVWY TOU afoVIKOU TOHOYPAdOU LE TO 6pLo va opileTal we n
VYPOUUA Ttou SLEPYETOL ATIO TO KEVTPO TOU OPILou Tou £€WTEPLKOU TOLXWHOTOG KABETA OTOV
npocBlomnicblo dfova (Etkdva 1). Me OKOTO VO TTOCOTLKOTIOL|COUE TNV ACUMUETPpla oTnVv
Katavopr tou Bpoppou slodyoupe tov asymmetrical thrombus deposition index (ATDI) mou
oplotnke wg: ATDI = [Al, — Al,] / AL, 6mou AL eivat n ermuddvela tou auvhol kot AL, kat AL,
elvat ol emudpaveleg Tou auAoU oto MPHGaBLo Kkal omicBlo TUNUa Tou aveupuopatog. O ATDI
elval BeTIKOG OTAV TO YEWUETPLKO KEVTPO TOU QWAOU gival oto omioBlo (emikpatel n mpdoba
gvtomon tou ILT) kot apvntikd otav elval oto MPOcHlo TUAUA Tou odkou (eTukpatel n

omnioBwa katavoun Tou ILT) (Ewdva 1). Z& nepinmtwon mou dev umdpxel evO0aUALKOC Bpoupog
1 N KOTAVOUN TOU EVTIOC TOU 0dkou ival teAeiwg ouppetpikn o ATDI gival 0. AvtiBeta o ATDI
givat 1 or =1 étav o ILT evarmortiBetal povo oniobia ) mpodcbia avtiotolya (—1<ATDI<1).

Anterior

Posterior

Ewova 1: Tpomog kotaypadig TG 0CUUUETPLOC OTNV KATAVOUN TOU eVEOQUALKOU
BpopBou pe tn xprion tou ATDI
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2TOTIOTIKN eneéepyaoia

Ta aveuplopata TOU CUUTEPANdONnoav otnv UeAETN Taflvopnbnkov oe KATnyopleg
taxelag kat Bpadeiag avénong pe Pacn tov HECO puUBUO avénong OAwv twv acBevwv. OL
TUWEC Dinaxs Vir, ITthicky ATDI, Vaaa, PWS, kot PMWS kataypadnkav Kal cuykpibnkov petafu
OUTWV TWV opdadwy. EmutAéov Ta aveuplopata xwpiobnkav kal oe opuadeg MpocdLog Kot
omioBlag evanoBeonc tou BpopuPou (dnAadn apvntikol kal Betikou ATDI avtiotola) Kal ot
Sladopec oe OTL adopd Tov pubud alEnong Kal TG EUPLOUNKOVIKEG TTOPOUETPOUG PWS Kot
PMWS kataypadnkav.

H kavovikOTNTa Twv KATavouwy yla Ta cuveyn Sedouéva eéetaoOnke pe o Shapiro-
Wilk test. Ta kavovikd katavepnuéva dedopéva avadpEpovtol wg mean Kal CUYKpLvovTal Ue
To independent t test; Ta HUN-KAVOVIKA Kotovepnuévo avadépovtal wg median kal
ouykpivovtal pe to Mann-Whitney test. H otatiotikr onpaviikotnta opiletatl wg p<0.05. H
OTATLOTIKN enetepyacia £yve pe to SPSS (version 20; IBM Corporation, Somers, NY, USA).

AnoteAéopata

ATDI kat puBuog avénong
Ye éva péoo Slaotnua mapakolouBnong 11.5 unvwv (interquartile range 11 months),

Kataypadpnke péoog pubuodg avénong 3.0 mm/y. H mheoPndio twv AAA mapoucialav
TPOOOLOL EKKEVTPN KATAvVOU Tou evdoauAlkoU Bpoppou Katd thv apxikn katdaotacn (ATDI
>0, n=22) (Nivakoag 1). Ta aveuplopata ot opadeg taxelag kal Bpadsiag avénong dev
Slédepav onuavtika 6cov adopd tnv D, (Mmean 46.1 vs 47.53 mm, p=0.53), toV Vaaa
(median 96 vs. 91 mL, p=0.55), tov V,; (median 36 vs. 35 mL, p=0.62), kaL tTnv maximum
ItTiick (mean 14.4 vs. 12.5 mm, p=0.57). And tnv GAAn 10 aveuploUATA OTNV Ouada TNG
Bpadelag avénong eixav onuavtikd xapnAotepo ATDI GUYKPLVOUEVO L€ OQUTA TIOU
napouctalav taxeio avgnon (mean —0.032 vs. 0.336, p=0.035).

ErutAéov ta AAA pe omicBlua katavour] tou evdoaulikol Opoupou (ATDI <0)
napoucialav onUAVTIKA XoUNAOTEPO pUBUO avénong o oxéon e QUTA Tou siyav mpdcbia
katavoun (ATDI>0 (median 2.1 vs. 3.4 mm/y, p=0.029). H elbkotnta Kat N evalcOnoio tou
kpunplou ATDIKO otnv mpoPAedn PBpadeiag avénong ntav 89% kat 47% avtiotowa.
JUYKEVTPWTIKA amoteAéopata avadEpovtal otov Mivaka 1.
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[Tivaxag 1

Case Droxa
mm
1 32
2 37
3 38
4 40
5 40
6 42
7 42
8 42
9 43
10 44
11 44
12 45
13 45
14 45
15 45
16 46
17 46
18 46
19 47
20 48
21 48
22 49
23 49
24 50
25 50
26 51
27 51
28 52
29 52
30 54
31 54
32 56
33 56
34 60

ATDI Kol KOTTOVOLLH TWV TOYWLOTIKWY TACEWVY

DmaxZ;
mm

40
42
41
42
41
43
48
44
44
53
48
55
47
50
52
47
47
47
51
52
49
51
57
52
53
60
52
60
53
57
62
57
62
62

Growth
Rate, mm/y

4.4
2.1
3.6
3.4
1.7
1.5
3.3
3.0
1.0
4.5
2.4
20.0
3.4
4.0
3.1
1.0
3.0
2.0
4.4
2.7
2.0
1.4
3.1
2.0
2.8
3.0
4.0
6.4
4.0
2.3
19.2
1.7
36.0
2.4

VAAA/

62
50
61
121
64
86
71
74
53
84
61
69
87
98
81
53
180
79
101
99
91
125
71
97
98
96
112
104
136
147
121
134
179
225

VI LT,

10

21

42

20

26

47
70

36
36
22

74
50
37
45
30
44
85
59
42
68
83
35
125
113

Max
ILT thic
mm

RN N R R DN RN

R
Ww| o

21
22

20
15

27
11
21
20
12
17
29
20
19
25
25
12
36
22

ATDI

—-0.05
-0.03
0.75
0.02
-0.01
-0.46
0.29
0.01

0.42
0.01
0.72
1.00
0.06
0.18
0.25
1.00
0.46

-1.00
0.04
0.27
0.26
0.33
—-0.60
0.01
0.52
0.71
-1.00
1.00
—-0.02
1.00
-0.19

Metall twv opddwyv taxelag kot Ppadeiag avénong Sev UTNPXAV CNUAVTIKEC SladopEg

oto PWS (mean 19.8 vs 20.5 N/cm?, p=0.69). Artd Tnv GAAn UTIAPXE ONUAVTIKA Stadopd oTnv
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KQTOVOLI TWV TACEWV UETAED TwV opadwv mpdabiag kot omicOiag katavopng tou Bpdupou.
Ta AAA pe ATDI>0 napouoialav cuyKEVIpWON TwV TACEWV 0To omicBlo Tolywua evw autd
pe ATDI<O kuplwg oto mpocBlo Toiywpa Tou odkou. To péco PMWS ntav onupaviika
ULKPOTEPO OTA QVEUPUOUATO HUE OMioBLa KOTAVOUR OUYKPLVOUEVO HUE OUTA UE TipOoOLa
Katavour tou evSoauAikol BpouBou (mean 12.8 vs 17.4 N/cm2, p=0.04) evw oL TIHEG TOU
PWS 6ev SiEdepav onuavtikd (mean 15.9 N/cm2 vs 16.1 p=0.91). Ot mivakeg 2 ko 3
ocuvoilouv TIc Sladopég otig Sladopeg mapapétpoug HeTafl Twv opddwv Taxeiag kat
Bpadelag avfnong kalL autwv TPooBlag kol omioBlog Katavoung tou BpduPou.
XopaKTNPLOTIKA Topadelypata aveupuoUATwy tapouactalovtal otnv Ewova 2.

[Tivaxog 2
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[Tivaxog 3

3.Amm/year 2.1lmm/year

17.4Nt/cm? 16.1Nt/cm? 0.9

15.9Nt/cm? 12.8Nt/cm’ 0.04*

El =0.6 El=0.1
Side view
P°stenor amenor )
Von Mises Stress
22 (N/mm?)
0.21
>0 2
0.1
0.08
0.04
0.002

El=-0.3 El =

Posterior

1.

Ewéva 2: TTapadetypato AAA pe dtdpopeg Tinég ATDI ko o1 avtictoryeg Kotavopég
TOV TAGEWMV.




ZulAtnon

Itnv mapovoa PeAétn e€etalovpe TNV mBavr) enidpoon TNG KATAVOUNG TOU EVOOOUALKOU
Bpoupou otov pubuod alEnong Tou aveupuopaTog. To KUpLo eVpNUA NTAV OTL O TTEPLTTWON
omioOiag katavoung tou BpduBou (ATDI<O) mapatnpeitol xapunAotepog pubudc avénong os
OXEON HE TIG MEPUTTWOELG TPOoBLlag katavoung (ATDI>0). H uPnAn el8kotnta aAAd LETPLO
gualodnoia evog kpLtnpiou ATDI<0 pag Selyvel OTL mOPA TO yEYOVOG OTL N TPOCHOLA KATOVOLN
Tou Bpoppou Sev pmopel va xpnolpomolnBel ocav deiktng Kwwduvou yla taxeia avénon, n
omioBla katavopn pmopel va xpnolpomnolnBel yio va mpoPAEPel aflomota éva XaunAo
pUBUO avénonc. AUTO TO ONMOTEAECU A UITOPEL va elval LSLaitepa XproLo and KAWIKN anoyn
Kabwg¢ n mAnpodopia auth mapéxetal amno TG 2-6ltaotateg lkoveg tng CT ayysloypadiag
XWPLg TNV avaykn MoAUTAOKwY avaAUoswv. H tautonoinon evog deiktn xapnAolL kvduvou
Ba pmopouoe BewpnTKA va aUENOEL Ta PecOSLACTAMATA TNG TapokoAouBnong Kal To
OLKOVOLKO Kol PUXOAOYLKO BAPOG IOV UTH CUVETIAYETAL yLo. UCTNHA UYELOG KoL aoBevelc.
O pohog tou evdoauAkol BpouPou otnv e€ENEn kal tnv pnén twv AAA TOpapEVEL gV
moAAoi¢ adleukpiviotog. Tnv (Sla otyun mou €xel pavel OtTL peyAAeg moootnteg BpouBou
EAATTWVOUV TI{ TAOCEL TIC TACEL( TIOU OOKOUVTOL OTO Tolywpa, o Bpoupog eival éva
Bloloykd evepyd OUCTOTIKO TIOU Wmopel va mapepnodioel thv Sudaxuon tou 02 Kol va
TIPOKAAEDEL TNV KPUALON TOU UTIOKEIPUEVOU 0pTNPLAKOU TOLXWUATOC.[13-15] Ta
gupnuata tng mapovoag HEAETNG OTL N omicBla Katavopr] tou Bpoupou oxetiletal pe
XOUNAOTEPO pUBUO alEnong unopel evbexopeva va e€nynBel amnod to yeyovog OtL to omicBlo
Tolywpa d¢aivetal va elval TEPLOCOTEPO TPOOTATEUUEVO amd TO TPOCOLo0 pla Tou
napouctalel KaAlTepn ofuyovwon HECW TwV vasa vasorum Ta omola ekplovTal amo TG
ooduikéc aptnplec. [16-18] Eival smopévwe mibBavo 1o omicblo Toiywuo va emnpedletol
AlyoTEPO amo To MPOCOLO TOolXWHA OO TNV MapoUaia EVOC TTAXEWE OTPWHATOC Bpoppou.

JuvoAlkad to PWS 8ev Ntav onpavtikd SladopeTikd HETAEY TwV opadwv Taxelog Kot
Bpadelag alénong aAd oUTe Kol HETOEU TwV opadwy MpocdLlag Kot omicblag evamobeong
Tou Bpoppou. Ano Tnv AAAn To PMWS ATAV ONUAVTIKA HLKPOTEPO OTLG TIEPUTTWOELG EKEIVEC
pe ATDI<0. Edpooov to 83% Twv TEPUTTWOEWVY TNG PnéNg avadEpovrtal oto onicblo toiywua
KAl 0 POAOG TOU TACEWV TIOU OLOKOUVTAL OTO OToBLO TOlXWUO TOU 0AKoU €XeL potaBel OTL
TuBava elval Kpioog otnv e€EALEN TwV aveupuopatwy. [19,20]

H aocUupetpn katavopn Ttou evdoauAlkol BpdpBou pmopel va £Xel onUAvTKA
enibpaon otnv €fEAEN TWV AVEUPUOUATWY TOcO amd PLOAOYKAG OCO Kol oo
EUPBLOUNXAVIKAG OKOTILAG. Otav eviomniletal mpoobia mpokaAel mepattépw ekdpUAlon tou nodn
0SUVATIOUEVOU TOLXWUOTOG OAAQ KOIL [LLOL OVOLKATTOVOLN TWV TACEWV £1¢ BApOog Tou omicBlou
Toyywpatog. [20] And tnv AAn €av o BpopPog eival omicBla kataveunpévog to omicblo
TOlYWHO TIPOOTATEVETAL QMO TN CUYKEVTPWON TEPLOXWV UYPNAAG TAonG. ZUUdwva e TA
omoteAéopato tNg mopoloog MeAETNG outh n teleutaia Stapdpdwon oxetiletal pe
XOUNAOTEPO pUBUSG avinong Kal apa evdexopeva e xaunAotepo kivbuvo préng. Atiel va
avadpepbel oTL Sev pnopéoape va BpoUpe onUAVTLKh emidpacn tng SLapETpou, TOU OYKOU
TOU aveuplopaTog Kot Tou Bpoppou KabBwg Kal Tou UEYLoTou Ttdyxoucg tou BpouBou otov
puBUO avfnong Tou avVeUPUOUATOG, TPAYHA TIOU Seixve OTL €KTOG AMO TNV TOCOTNTA
onpaotia €xeL KAl n KATAVour Tou evooauAlkou BpopuBou otnv EEALEN TWV OVEUPUCUATWVY.
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Tuunépaopa

H aocUpuetpn omicBla evamodbeon tou BOpouPou €VTOG TOU QAVEUPUOUOTIKOU OAKOU

mBava oxetiletal pe xapnAotepo pubud avénong kal o ATDI evdexopeva va Vo amoTeAETEL

gva erumAgov Seiktn ektipnong tou kwvduvou pHéng.
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Kedpalalo 120 — AéloAoynon tou
KlvOUVOU pNénc Twv AVEUPUOUATWY
TNC KOLALOKNC QLOPTNC UE TN
OUVEKTLUNON KAWLKWY, BloXnULKWY,
LOPPOUETPLKWV KOl EUBLOUNXAVIKWY
TIOPOLLETPWV.

Elcaywyn

Ytnv npoomnadela va BeAtiwbel o Tpomoc aflohdynong tou KvdUvou TnG pRéng twv AAA,
TIOAAEG pEAETEC £x0UV e€eTAoeL TNV eMidpaon Sladopwv MAPAUETPWY OTIWG SNUoYpAdLKWY,
VEWUETPLIKWY, OXETWIOPEVWY UE TNV Tapouacia tou evboauAlkol Bpoppou, Blodoyikwy Kot
EUBLOUNXOVIKWY oTnV g€EAIEN TWV aAVEUPUOUATWY. Evw eival Tekpunplwpévo otL dtadopeg
petaBAntéc amo dadopetikd nedia mBava emnpedlouv TNV GUGCLKN LOTopLa Kol ToV Kivouvo
PAENG TWV AVEUPUCUATWY, N EVOWUATWON TOUC OE £VO OTOTLOTIKO LOVTEAO TIOU EVOEXOUEVA
B avtiotoouoe KAAUTEPA UE TNV TOAU-TtAPAyOVTIKA GUON TNG AVEUPUGUATLKIAG VOOOU Kol
Ba poEPAeme TNV €EEALEN TOU KABE EeXxwpPLoToU aveupuopatog Sev XL paypatTonolnOet.
IKOTOG Mag Aowmdv elval n dnpoupyia evog poviéhou mou Ba meplhapBavel Stadopa
XOPOKTNPLOTIKA amd Sladopetikd moboducolohoyikd medla TTPOKELUEVOU va BEATLWOOUUE
™V POBAePn Tou Kvduvou taxeia avgénong i PAENG TWV AVEUPUCUATWV.

H énuioupyia evoc 8évdpou-anddaong (decision tree) eivol eAKUOTIKN Kal pmopel va
glval ypnolun otoug KAwikoU¢ Latpouc yla tTnv AnPn twv Bepameutikwy anmoddoswy.[1]
JUVENMWG OKOTIEVOUE va dnpoupyrnooupe €va decision tree mou Ba tafwvopel ta AAA ot
opadec toyxelag kal Bpadeiag avénong pe Bacn dSnuoypadikd, LOoPPOUETPLKA, OXETI{OUEVA
pe tov OpopPo, BloAoylkd Kol EUPLOUNXOVIKA XOPOKTNPELOTIKA Ta omola prmopouv va
TMPOCSLOPLOTOUV OO TPLOSLACTATN ATMEIKOVLON KAl amAn avaAuon aipatoc.

Mé£BobolL

Tplavta téooeplg aoBeveic pe yvwotdo AAA Kkal TouAdylotov 2 amelkovioelg pe CT
ayyeloypadila cupnepiAndBnoav otnv HeAETn. ZUVOAKA e€eTdobnkav 24 puetaBAnTEG amo 5
Sladopetikd maboduclohoyikd media (LopPOUETPIKA, OXETIIOMEVA HE TOV EVOOAUALKO
BpouPo, euPlounyavikd, Plooyika kot dnpoypadikd) (Mivakag 1). O puBuog avEnong
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kataypadnke pe Baon tn dtapopd HeTOfL apxKNE Kal TEAKNG TILAG TNG LEYLOTNG SLOUETPOU
Kal oL aoBeveic xwpioBnkav oe ouddeg taxeiag kot Bpadeiag avénong ue Baon tov YEoo
puBbud avénonc mou kataypaape (3.2 mm/year). Ot pOPPOUETPLKEG HETOPANTEG KoL OL
TIOPALETPOL OXETI{OUEVEC UE TNV TTapouaia Tou Bpoupou mpocSloplotnkayv e TNV TN XpPHoNn
Tou ITK-SNAP kat tou VMTK. H ywvieg petal Tou omAayxVvikoU TUAUATOC TNG 0OPTHG KoL TOU
OUXEVA TOU QVEUPUOHATOG KABWE Kol LETAEY TOU QUXEVA KOL TOU OAKOU UETPRBNKav LE TO
Evorad Workstation (Evorad SA, Athens, Greece). H péylotn TOLYWHATIKR TAONH
npoodloplotnke pe to ANSYS Inc., Berkeley, CA, USA doptilovtog Tig 3-61A0TATES YEWUETPLEG
TWV QVEUPUOUATWY ME opolopopdn mieon 120mmHg kal uloBeTwVTOg UTIEPEAAOTLKA
MOVTEAQ TOOO YLOl TO AyYELOKO TolYwa 000 Kal yla tov evéoauAkd Bpoppo.[2,3]

Nivakag 1.

Morphometric Thrombus _

14. Max Diameter (Dmay) 15. Volume of ILT (V1) 1. Peak Wall Stress

15. Neck Diameter (Dpeck) 16. Relative ILT volume (PWS)

16. Normalized diameter (Vir/V) 2. Neck vs. body PWS
(Dmax/Dneck) 17. Max ILT thickness location

17. Tortuosity (L/H) 18. ATDI 3. Anterior vs.

18. Length of AAA (Laaa) 19. ("+1" anterior, " -1" posterior PWS

19. Saccular Index posterior location
(Dmax/Laan) deposition) 4. Max Rupture

20. Surface Area of AAA (S) Potential Index

21. Volume of AAA (V) (RPI)

22. Aorta-Neck Angulation

23. Neck-AAA Angulation

17. Creatinine Gender

18. Platelets Age

3. Cholesterol Family History
Smoking status

OO

H otototiky enefepyacio €ywve oto WEKA [4] mou eivol AOYLOUIKO YlO OTATIOTIKN
ovaAuon Kot ouvbuoopo 6ebopévwv. OL petaPfAntéc pe tnv uvdnlotepn emidpaon
eTAEXONKkav Kkal éva J48 decision tree xpnoluomotnOnke yla tn dnuioupyia tou poviéAou
(Ewkova 1).
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Classification — decision tree

Right click on the highlighted line in Result list and choose Visualize tree

ETTT sl

Preprocess Clozs 'lw'm'wmh.-" Weka Classilier Tron Vieuaboer: 160006 - trens. 140 (wather.symbolic) 1] F1

Clasattier
Cnoose lm.-:o:s.mz

b « - = Sunfy = Overcast = raim
% Use traeng oet 140 pruned tree s v G
T Sugphed test st 5t ‘ — .
© Cronsvabidon 1 | outlook = sunty :

I msidity « high: no (3.0) = high = normal sTRUE = FALEE

" | Mamidity = noxmal: yes (2.0)

More ogtiens I outlook » overonst: yes (4,0) - - - -
| outlook » calny

(o) B 'I 0! windy « THIE: mo (2.0)
V) by
! windy = FALSE: yap (3.0)

|| Buxber of Laaves |

Sige of the tree | o

Tine taken to build wodel: 0,13 peconds

sew EValuacion on CEALBING 265 ses
wow SURNALY wee

Corxectly Classified Instances 4 100 )
Incorrectly Claaaified Inatances 0 0 . -

Anpovpyia evég decision tree oto WEKA.

AnoteAéopata

OL mapdpetpol mou eixav tnv peyaAltepn enibpaon ATav o SeikTNG OlOUMUETPLOC OTNV
evanoBeon tou Bpoppou (ATDI), to dUNO, N evtomion Tou PWS Kol 0 GXETIKOG OYKOC TOU
BpopPBou. 3to poviéNo Tou TeAkd TpogkuPe, o ATDI Atav Kot n HeTaBAntrh pe tnv
peyaAUTePN MePLeEXOUEVN TTANpodopia Kal CUVENWG N TPWTN HetaPAntr) tou decision tree.
AUO okOpa TOpApETPOL cupmepthappavovtal, SnAadn o OXETIKOG OYKOC Tou eVSOQUALKOU
BpopBou kal n ywviwon petafl auxéva Kal 6akou tou aveupuopatog (Etkdva 2). Me Bdon
TO TIPOTEWVOUEVO HOVTEAO 29/34 aveuplopota taflvopnOnkov pe akpifelo ot opadeg
tpaxeiog kot Bpadeiag avénonc (akpifeia poPAedng 85%).
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ATDI "
To decision tree meptdapPaver 3

TAPOUETPOVG KAt TPOPAETEL TNV

tayeio 1 Ppadeio adENom TOV

aveELPOOUATOG e aKpifela oe
- 00 = 1 '

29/34 nepintoeig (85%).

Relative ILT Volume

/N

‘= 0.6 = 0.6'

/

Neck-AAA angulation

/N

l<= 23. l> 23l

s

Zulftnon

Me 6ebopévn tnv taxeia e€EAEN ot pebddouc amelkoviong Kal enefepyaoiag elKOVWV
Kal tn S1adoon Twv MPOYPUUUATWY SLAYVWONE KoL TIOpaKoAOUBNGNE TWV OIVEUPUGUATWY TNG
KOWOKAG aoptng, n oulloyn Oedopévwv €xel aufnbel evtumwolakd oe Babuod mou
ONMAVTIKOG OYKOG amd thv Anpodopia mou pmopel va amoktnOel puével aveKUETAAAEUTOG.
Mpokewévou va apPAuvOel To kevo petafd tng cuAloyng SeSopEVWY amod TV ML Kot TNG
aflomoinong Toug He OKOTO TNV KAWLKA edappoyn amd tnv aAAn, €xouv SnuioupynBetl
Stadopot ayoplBuot yia tnv avantuén povtéAwy mou cuvdualouv moAAEC mAnpodopleg ya
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TV e€aywyn achaAwv oUUMEPATUATWY.

Ot Shum et al. mpéodata xpnolponoincav éva TETO POVTEAO yla va TipoPAéPouv TV
pnén twv AAA[5] 3to poviédo autd oupmepllapBavovtay SLAdOopPEC YEWUETPLKEG
TAPALETPOL amd 76 aobeveic. H StayvwoTtikn akpiBela mou emitevyxdnke Arav 86.6%. Napad
TO YeYovoG OTL XPNOLUOTOOUUE L0 TIOPOUOLO TIPOCEYYLON, TILOTEVOUUE OTL n e€€taon
TIOA WV TIOPOUETPWY amd SladopeTikd maboducioloyika media (SnA. OXL LOVO YEWUETPLKA
Sebopéva) mheovektel kabBwg Bploketal o avtiotolyia pe TNV MOAU-TtApAyoVTIK duaon Tg
OVEUPUOUATIKAG vOooou. Me GAAa Aoyla n ekdUALON TOU TOLXWHATOG TNG AOPTHG KAl N
enidpaon mou mbava £xouv oe autiv Snuoypadikol TOPAYOVTEG OTWE TO OLKOYEVELOKO
LOTOPLKO KL TO KATIVIOUA, OAAG KoL ETILTTAEOV XOPOKTNPLOTIKA OTIWE O OYKOG KOl N KOTOVOUN
Tou evboauALlkoU Bpoppou, og cuvduaouo e TNV EMISPOON TWV TOLXWHUATIKWY TACEWV TIOU
0oKOUVTAL AOYW TNG CUCTNMOTIKNAG TEONC £XOUV CUUMANPWHOATIKO pOAo otnv e€EAIEN Twv
AAA kol apa TipEnel va e€etalovral padl.

Me Bdon ta amoteAéopata pog n taxela n Ppadeia avénon evog OUYKEKPLUEVOU
aveupuopatog unopel va mpoPAedBel av yvwplloupe TNV EKKEVIPN Kotavoun tou BpoéuBou
£VTOC TOU OVEUPUGHOTIKOU GAKOU, TO OXETLKO OYKO Tou BpopBou kal tn ywviwon petal
QUXEVOL KOl OAKOU TOU QVEUPUOHATOG HE akpiBela 85%. Kabwg véa dedopéva mpootiBevrat
oTo povteho (ry CRP, d-Dimer k.a) n akpifela avapévetal va auénbel. Av kal to Oeiypa
HaG elval OXETIKA ULKPO N UEALTN auth CUMPBAAAEL OTNV ULOBETNON €VOC TTAPOAYOVTIKOU
povtélou TpoPAed NG TG eEEALENG Twv AAA.

Zupnépacpa

Meta amnod tnv avaiucon 24 xapaktnploTikwy and 5 dtadopetikd naboduacioloyika edia
Tpoéku e €va povtéAo Tou pmopel va taflvopnosl to AAA og KOTnyopleg Toxeiag Kot
Bpadeiag avénong ue akpifela 85%.
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STUDY LAYOUT - ABSTRACT

The evaluation of geometric and biomechanical factors to
develop a patient-specific model to accurately predict risk of
rupture of small abdominal aortic aneurysms

Introduction

Abdominal aortic aneurysms (AAAs) represent a focal, balloon-like dilation of the aorta
exceeding 1.5 times its normal diameter.”? Therefore in clinical practice a 3cm maximum
diameter can be used to set the diagnosis of AAA. It is reported that 4-8% of men and 0.5-1%
of women above 50 years of age bear an AAA.>* Rupture represents the most catastrophic
complication of the aneurysmal disease that is accompanied by a striking overall mortality of
80%.>® Diagnostic and therapeutic protocols that regard AAAs aim in the prevention of such
a disastrous scenario. Elective repair with open surgical intervention is being performed for

9,10

decades with a continuously declining operative mortality. Moreover the advent of

endovascular aneurysm repair seems to offer further advantages in terms of reduced

adverse operative outcomes.'**

On the other hand, despite the technological progress and
accumulated experience, current repair techniques are not without complications and taking
into account that most AAA patients are elderly with several co morbidities the clinicians
often have to answer the question when the risk of rupture and subsequent mortality

justifies the risk of surgical intervention.”**

Current guidelines for AAA management
consider aneurysm size, as it is defined by its maximum diameter as well as aneurysm
growth rate as the only variables to determine the need for elective repair. Therefore cut-off
points have been set by the European Society for Vascular Surgery (ESVS), the American
Heart Association (AHA) and the Society for Vascular Surgery (SVS) (maximum
diameter>5.5cm, growth rate>lcm/year) that are generally thought appropriate for
intervention to be recommended. Nevertheless these certain cut-off points represent mean
values that have emerged by large randomized trials and even though they can provide a
general estimation of AAA risk of rupture they often have been proven unreliable and
misleading for the treating physician. This is underscored by autopsy studies which indicate
that small AAAs can rupture while some larger, well above the threshold for surgical repair

18-20

remain intact for long time intervals that often exceed life expectancy of patients. In fact,

in the literature it is reported that up to 13% of AAAs with maximum diameter <5cm can

111



21,22

rupture whereas the 50% of large AAAs never proceed to rupture. Subsequently the use

|”

of “one-size fits all” variables to evaluate AAAs often fails since it does not take into account
each AAAs unique characteristics that may play a significant role in its evolution.

Currently with the use of modern imaging modalities and image post-processing with 3D-
reconstruction, the maximum diameter can be accurately and reproducibly recorded on an
orthogonal plane (meaning perpendicular to the vessel centerline) therefore avoiding
inaccuracies due to tortuosity when examining 2D, axial CT slices. Moreover other indices
like the AAA volume have become assessable, which may be more appropriate to describe
aneurysm size and expansion over time. The difference between axial and orthogoanal
maximum diameter measurements as well as the value of volumetric indices during AAA
diagnosis and follow-up have not yet been definitively answered in the literature.
Futhermore, according to the biomechanical approach rupture occurs when the stress
exerted on the aneurysmal wall overwhelms its strength. Therefore wall stress may be a
better predictor of rupture than the maximum diameter, an argument which has been
supported by many studies in the literature. The aneurysm geometry as well as thrombus
load and distribution and aortic wall mechanical properties, have been proposed to
significantly affect wall stresses but also strength and therefore may be related to the risk of
rupture. The aim of the current analysis is to examine the value of orthogonal in contrast to
axial diameter measurements and those of volumetric variables during AAAs examination.
More importantly to investigate the role of biomechanic and geometric parameters to AAAs
rupture risk and hopefully develop a model which could accurately estimate the risk of AAA
rupture on an individualized, patient specific level, beyond the “one-size fits all” maximum

diameter criterion.
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Discrepancies in determination of abdominal aortic aneurysms
maximum diameter and growth rate, using axial and orthogonal

computed tomography measurements

Purpose: Maximum diameter and growth rate of abdominal aortic aneurysms (AAAs)
which are currently used as the only variables to set the indication for elective repair are
recorded through computed tomography (CT) measurements on an axial plane or on an
orthogonal plain that is perpendicular to vessel centerline, interchangeably. We will attempt
to record possible discrepancies between the two methods, identify whether such
differences could influence therapeutic decisions and determine in which cases this should
be expected.

Materials and methods: We retrospectively reviewed sixty CT-scans performed in thirty-
nine patients. Three-dimensional reconstruction of AAAs has been performed and
differences in maximum diameter measured on axial and orthogonal planes were recorded.
A measure for asymmetry was introduced termed Shapelndex defined as the value of section
minor over major axis and was related with differences in maximum diameter recordings.
Growth rates were also determined using both axial and orthogonal measurements.

Results: Axial measurements overestimate maximum diameter by 2+2.7 mm (P <0.001)
with a range of 0-12.3mm. Overall, 20% of the CTs had an axial maximum diameter >5,5cm
indicating the need for intervention whereas, orthogonal diameter was below that threshold.
Asymmetry of the axial sections with Shapelndex<0.8 was found to be related to an
overestimation of maximum diameter by >5mm. There were no significant differences in
growth rates when determined using orthogonal or axial measurements in both
examinations (median growth rate: 2.3mm and 3.3mm respectively P=0.2). However there
were significant differences when orthogonal measurements were used at initial and axial
measurements used at follow-up examination or vice versa (median growth rate: 4.9mm and
0.9mm respectively P<0.001).

Conclusions: Although the mean difference between measurements is low there is a wide
range among cases, mainly observed in asymmetrical AAAs. Shapelndex may identify those
which are more likely to be misestimated. CT measurements performed to establish AAA
growth rates should consistently use either the axial or orthogonal technique to ovoid

inaccuracies from occurring.
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Value of volume measurements in evaluating abdominal aortic

aneurysms growth rate and need for surgical treatment

Purpose: To examine whether indices other than the traditionally used abdominal aortic
aneurysm (AAA) maximum diameter, such as AAA volume, intraluminal thrombus (ILT)
thickness and ILT volume, may be superior to evaluate aneurismal enlargement.

Materials and methods: Thirty-four small AAAs (initially presenting a maximum
diameter<5.5cm which is the threshold for surgical repair) with an initial and a follow-up CT
were examined. Median increase and percentile annual change of these variables was
calculated. Correlation between growth rates as determined by the new indices under
evaluation and those of maximum diameter were assessed. AAAs were divided according to
outcome (surveillance vs elective repair after follow-up which is based on the maximum
diameter criterion) and according to growth rate (high vs low) based on four indices.
Contingency between groups of high/low growth rate regarding each of the four indices on
one hand and those regarding need for surgical repair on the other was assessed.

Results: A strong correlation between growth rates of maximum diameter and those of
AAA and ILT volumes could be established. Evaluation of contingency between groups of
outcome and those of growth rate revealed significant associations only for AAA and ILT
volumes. Subsequently AAAs with a rapid volumetric increase over time had a likelihood
ratio of 10 to be operated compared to those with a slower enlargement. Regarding increase
of maximum diameter, likelihood ratio between AAAs with rapid and those with slow
expansion was only 3.

Conclusion: Growth rate of aneurysms regarding 3Dimensional indices of AAA and ILT
volumes is significantly associated with the need for surgical intervention while the same
does not hold for growth rates determined by 2Dimensional indices of maximum diameter

and ILT thickness.
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Changes in geometric configuration and biomechanical parameters
of a rapidly growing abdominal aortic aneurysm may provide insight
in aneurysms natural history and rupture risk

Purpose: Abdominal aortic aneurysms (AAA) are currently being treated based on the
maximum diameter criterion which has often been proven insufficient to determine rupture
risk in case of every AAA. We analyzed a rare case of an AAA which presented an extremely
fast growth focusing on biomechanical determinants that may indicate a high risk profile. The
examination of such a case is expected to motivate future research towards patient-specific
rupture risk estimations.

Methods: An initially small AAA (maximum diameter: 4.5 cm) was followed-up and
presented a growth of 1 cm in only 6-months of surveillance becoming suitable for surgical
repair. Changes of morphometric characteristics regarding AAA, thrombus and lumen
volumes, cross-sectional areas, thrombus maximum thickness and eccentricity, and
maximum centerline curvature were recorded. Moreover biomechanical variables
concerning Peak Wall Stress, AAA surface area exposed to high stress and redistribution of
stress during follow-up were also assessed.

Results: Total aneurysm volume increased from 85 to 120 ml which regarded thrombus
deposition since lumen volume remained stable. Thrombus deposition was eccentric
regarding anterior AAA segment while its thickness increased from 0.3 cm to 1.6 cm.
Moreover there was an anterior bulging over time as depicted by an increase in maximum
centerline curvature from 0.4 cm-1 to 0.5 cm-1. Peak Wall Stress (PWS) exerted on aneurysm
wall did not change significantly over time, slightly decreasing from 22 N/cm2 to 21 N/cm?2.
At the same time the area under high wall stress remained practically constant (9.9 cm2 at
initial vs 9.7 cm2 at final examination) but there was a marked redistribution of wall stress
against the posterior aneurysmal wall over time.

Conclusion: Aneurysm area under high stress and redistribution of stress against the
posterior wall due to changes in geometric configuration and thrombus deposition over time

may have implications to aneurysms natural history and rupture risk.
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Deformation and distensibility distribution along the abdominal
aorta in the presence of aneurysmal dilatation

Purpose: In order to evaluate the elastic behavior of the abdominal aortic aneurysm
(AAA), the distribution of aortic deformation during the cardiac cycle is measured. Moreover,
the distensibility of the AAA composite structure consisting of the AAA wall and the
intraluminal thrombus (ILT), as well as that of the adjacent non-aneurysmal aortic segment
(NAA), are calculated.

Methods: Ten patients underwent electrocardiographically-gated computed tomography.
3D-surfaces of aortic wall and lumen were reconstructed during peak-systole and end-
diastole and cross-sections perpendicular to the centerline were extracted 1mm apart.
Comparison of cross-sectional areas between peak-systole and end-diastole provided the
relative area change (RAC). Mean values were calculated for NAA (RACuas), aneurysmal wall
(RACwan), and aneurysmal lumen (RAC men). Distensibility of aneurysmal and unaffected aorta
was calculated using brachial blood pressure measurements (Daaa and Dyaa respectively).
Normalized distensibility (Dyogy) Of the AAA was calculated with respect to normal aortic
segment distensibility and related to aneurysm size and thrombus content.

Results: A map of aortic deformation during the cardiac cycle was obtained. Differences
between RACy,; (median=0.7%, range=0.3-2.1%) and both RACy., (median=2.8%, range=0.9-
4.8%) and RAC,umen (median=1.8%, range=0.5-3.4%) were statistically significant. Daaa
(median:0.30-10'5 Pa’, range= 0.05-0.64-10 Pa'l) was lowe than Dyaa (median:0.43-10'5 Pa’
Y range= 0.16-0.83-10” Pa'l) but difference was not statistically significant. Median Dyog
was 0.73 (range=0.1-3.1) and presented a significant positive correlation with AAA size and
thrombus content.

Conclusion: Aneurysmal wall deforms significantly less than non-aneurysmal wall and
aneurysmal lumen, due to altered elastic properties and reduced loading. In large AAAs with
larger amounts of ILT, the lumen deformation is comparable or even exceeds that of NAA and
subsequently so does the distensibility of the Wall-ILT composite, an observation suggesting
a thrombus cushioning effect. Dyogy may provide insight in the estimation of AAA evolution

and assist in rupture risk assessment.

116



Effect of Intraluminal Thrombus Asymmetrical Deposition on
Abdominal Aortic Aneurysm Growth Rate

Purpose: To determine the relationship between asymmetrical intraluminal thrombus
(ILT) deposition in abdominal aortic aneurysm (AAA) and growth rate and to explore its
biomechanical perspective.

Methods: Thirty-four AAA patients underwent at least two computed tomography (CT)
scans during surveillance. The volumes of the AAA (VAAA) and thrombus (VILT) and the
maximum thrombus thickness (ILTthick) were computed. Thrombus distribution was
evaluated by introducing the asymmetrical thrombus deposition index (ATDI), with positive
and negative values (—1<ATDI<1) associated with anterior and posterior ILT deposition,
respectively. Finite element analysis was applied to estimate wall stress. Aneurysms were
divided into high and low growth rate groups based on the cohort’s median growth rate, and
abovementioned parameters were compared between groups.

Results: Most AAAs had asymmetrical anterior thrombus deposition. The high and low
growth rate groups did not present significant differences in maximum diameter, VAAA, VILT,
or maximum ILTthick. However, the high growth rate group had significantly higher ATDI
(p=0.02). The ATDI <0 group (posterior ILT distribution) presented a significantly lower
median growth rate compared to that of ATDI >0 group (anterior or symmetrical ILT
deposition; p=0.029). The specificity of an ATDI <0 criterion for identifying AAAs with a
growth rate below the cohort median was 89%. The ATDI <0 group had a significantly lower
posterior maximum wall stress compared to that of the ATDI 20 group (p=0.03). Overall peak
wall stress did not differ between groups.

Conclusion: Posterior thrombus deposition in AAAs is associated with significantly lower
growth rate and lower posterior maximum wall stress compared to that of AAAs with

anterior thrombus deposition and could potentially indicate a lower rupture risk.
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Integration of morphologic, biomechanic, molecular and clinical risk
factors to develop a prediction model that identifies AAAs with rapid
growth potential

Purpose: To develop a prediction model that encompasses a multi-factorial approach,
integrating risk factors from different pathophysiological fields, in order to identify AAAs
which are in a greater risk for rapid growth and therefore may need to be repaired in a lower
threshold.

Methods: Thirty-four patients bearing an AAA, with at least one follow-up examination,
were included. Overall, 24 variables representing 5 different fields (demographic, biological,
morphometric, thrombus related, biomechanic) were analyzed (Table I). The growth rate was
linearly extrapolated from the difference in maximum AAA diameter between the first and
last CT scans. Cases were divided into groups of high and low growth rate based on the
cohort’s median growth rate (3.2 mm/year). Morphometric and thrombus related markers
were measured using vascular modeling toolkit after reconstructing the 3-Dimensional image
by segmenting the external and lumen surface of the aorta using ITK-snap software.
Estimation of wall stress distribution at peak systole (120 mmHg) was performed in
Workbench (ANSYS Inc., Berkeley, CA, USA), after tetrahedral mesh generation in ICEM CFD
v.12.0.1 (ANSYS Inc., Berkeley, CA, USA). Statistical analysis was performed in WEKA, an open
source machine learning software used for data mining. The highest ranked attributes were
selected with chi-square statistics with respect to growth rate class and a J48 decision tree
algorithm with ten-fold cross validation was used to develop a model based on the data. A
kappa statistics (k) was also calculated.

Results: The highest ranked attributes were Asymmetry thrombus deposition index (ATDI),
gender, anterior vs. posterior PWS location, neck vs. body PWS location, and relative ILT
volume. The lowest ranked attribute was Dmax.. ATDI was the feature with the highest
information gain thus making it the first in the decision tree. This consisted of 3 variables
namely ATDI, relative ILT volume, and neck-AAA angulation (Figure 1). Twenty-six out of the
34 cases were correctly classified yielding a prediction accuracy of 76.5% with k=0.53.

Conclusion: AAAs susceptible to rapid enlargement and therefore a higher rupture risk
can be identified using a prediction model that takes into account thrombus eccentric
deposition and relative volume along with neck-AAA angulation with an accuracy of 76.5%.
When a larger patient cohort is acquired, and more risk markers from different categories
are incorporated in the model, the decision tree may have more or different leafs and

potentially increase its accuracy.
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Purpose: Maximum diameter and growth rate of abdominal aortic aneurysms (AAAs) which are currently
used as the only variables to set the indication for elective repair are recorded through computed tomo-
graphy (CT) measurements on an axial plane or on an orthogonal plane that is perpendicular to vessel
centerline, interchangeably. We will attempt to record possible discrepancies between the two methods,
identify whether such differences could influence therapeutic decisions and determine in which cases
this should be expected.
Materials and methods: We retrospectively reviewed sixty CT-scans performed in thirty-nine patients.
Three-dimensional reconstruction of AAAs has been performed and differences in maximum diameter
measured on axial and orthogonal planes were recorded. A measure for asymmetry was introduced
termed Shapelndex defined as the value of section minor over major axis and was related with differences
in maximum diameter recordings. Growth rates were also determined using both axial and orthogonal
measurements.
Results: Axial measurements overestimate maximum diameter by 2 +2.7 mm (P<0.001) with a range of
0-12.3 mm. Overall, 20% of the CTs had an axial maximum diameter >5.5 cm indicating the need for inter-
vention whereas, orthogonal diameter was below that threshold. Asymmetry of the axial sections with
Shapelndex < 0.8 was found to be related to an overestimation of maximum diameter by >5 mm. There
were no significant differences in growth rates when determined using orthogonal or axial measurements
in both examinations (median growth rate: 2.3 mm and 3.3 mm respectively P=0.2). However there were
significant differences when orthogonal measurements were used at initial and axial measurements used
at follow-up examination or vice versa (median growth rate: 4.9 mm and 0.9 mm respectively P<0.001).
Conclusions: Although the mean difference between measurements is low there is a wide range among
cases, mainly observed in asymmetrical AAAs. Shapelndex may identify those which are more likely to be
misestimated. CT measurements performed to establish AAA growth rates should consistently use either
the axial or orthogonal technique to avoid inaccuracies from occurring.

© 2013 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Abdominal aortic aneurysms (AAAs) are a common cause of
mortality in western societies especially with aging of the pop-
ulation [1]. Left untreated all aneurysms will eventually rupture
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with associated high morbidity and mortality [2]. Elective repair
of AAAs aims in the prevention of this catastrophe and is cur-
rently based on the criteria of aneurysm size and expansion rate.
Surgical intervention by either open or endovascular means is con-
sidered appropriate when maximum diameter >5.5 cm or growth
rate >1 cm/year [3]. Current thresholds have been set by large scale
randomized trials which indicated that beyond these, the risk of
rupture and subsequent death exceeds the operative mortality,
currently considered to be <3% [3-5].

The advents of thin-slice computed tomography (CT), digital
imaging as well as technological advances that have made feasible
the three-dimensional (3D) reconstruction of AAA surface allow
more accurate measurements of AAA size parameters. Therefore
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B —

Fig. 1. 3D AAA models of one case with (A) the actual centerline and (B) a representation of the z-axis of CT scanner coordinate system, which are used to extract orthogonal
and axial cross-sections respectively. The orthogonal and axial cross-sections of the AAA surface are displayed.

maximum diameter is currently recommended to be measured
on an orthogonal plane that means perpendicular to vessel cen-
terline with 3D reconstructed CT images, since aneurysm cross
sections often appear elliptic on axial images making the measure-
ments uncertain [6]. Since AAAs 3D reconstruction is not always
available and maximum diameter as well as growth rate between
follow ups are estimated using axial or orthogonal measurements
indiscriminately, the current study examined the presence and
extend of discrepancies between the two methods. Others that
attempted to address this issue indicate significant differences in
the determination of maximum diameter. On the other hand they
do notrelate these differences to any AAA characteristics that could
indicate the cases in which remarkable discrepancies should be
expected and do not take into account inaccuracies with regard
to growth rate that is also used as a significant variable to define
therapeutic strategies [7]. In the current study differences of max-
imum diameter as well as growth rate as determined by axial or
orthogonal measurements were assessed. Moreover we attempted
to identify AAAs characteristics that foretell possible inaccuracies
in measurements and should raise suspicion toward misleading
results.

2. Materials and methods
2.1. Patient population

Thirty-nine patients with AAA were included in the current
study. They all had undergone CT imaging for diagnosis or surveil-
lance of AAA. Maximum diameter measured on an orthogonal plane
as currently recommended [6] was <6.5 cm for all patients, vary-
ing from 32 to 65 mm. Patients with initial maximum diameter
>65 mm were excluded in order to examine only cases where dis-
crepancies in measurements could have therapeutic implications.
Twenty-one patients had more than one CT scans meaning that
except from the initial diagnostic imaging they had at least one
follow up for detection of aneurysm expansion (mean follow up

time: 11.9 months range: 3-52 months). This resulted in totally
sixty CT scans, which were retrospectively reviewed to record dis-
crepancies of maximum diameter and growth rate determined by
axial and orthogonal measurements.

2.2. Image post processing, maximum diameter measurements,
sectional shape determination

All CT scans were reviewed and processed using open source
software ITK-SNAP [8]. From CT images, 3D AAA models were
reconstructed as it has been described elsewhere [9]. Briefly, out-
lines of the outer surface of the AAA wall were manually obtained
slice by slice and the 3D surfaces were reconstructed from the stack
of contours. The reconstructed 3D wall surfaces of each case were
processed using the vascular modeling tool kit (VMTK) open source
software [10]. After smoothing the surface, the centerline was com-
puted and was used to extract perpendicular cross sections at 1 mm
intervals (Fig. 1A). Maximum size of each perpendicular section was
computed and maximum diameter of the AAA on an orthogonal
plane was recorded (Dogry ). The AAA wall surface was also cut in
axial cross sections, vertically to the z-axis of the CT scanner coordi-
nate system (Fig. 1B). These axial cross sections were equivalent to
axial sections of CT scan. Maximum size of each section was again
computed and maximum diameter of the AAA using axial measure-
ments was recorded (DaxjaL ). With regard to the axial section that
presented maximum AAA diameter a measure for section asymme-
try was introduced termed the shape index (Shapelndex) using the
major and minor axis on an ellipse shape. Specifically Shapelndex
is defined as the value of section minor over major axis as depicted
in Fig. 2.

Section minor axis

Shapelndex = ————
Section major axis

(Shapelndex approaches unity for symmetric sections while

tends to be low for asymmetric sections)
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Section Major Axis
— — — —— —=Section Minor Axis

Section Major Axis
—— — ———Section Minor Axis

Fig. 2. Shapelndex that is a measure of asymmetry as it is computed from 3D reconstruction and its equivalent in 2D CT slices. (A) An asymmetrical AAA with Shapelndex = 0.68.

(B) A symmetrical AAA with Shapelndex =0.98.

Fig. 2A displays an asymmetrical AAA with low Shapelndex,
while in Fig. 2B a symmetrical AAA with Shapelndex that approaches
unity is presented.

2.3. Data analysis

The difference between axial and orthogonal measurements of
maximum diameter (Daxiar — Dorth ), Was recorded for all sixty CT
scans under review.

Differences in maximum diameter between axial and ortho-
gonal measurements were related to Shapelndex. A threshold
of Shapelndex <0.8 was tested for identification of cases that
presented differences >5mm. AAAs with Shapelndex>0.8 were
considered negative for having differences >5 mm (true negative

(TN) if difference <5 mm, false negative (FN) if difference >5 mm),
whereas those with Shapelndex <0.8 were considered positive
(true positive (TP) if difference > 5 mm, false positive (FP) if differ-
ence <5 mm). Sensitivity was calculated as:

P i
TPLEN = probability of Shapelndex < 0.8

given that difference is > 5mm

Sensitvity =

Negative predictive value was calculated as:

N - .
NPV = TNTFN = probability of difference < 5mm

given that Shapeindex is > 0.8



N. Kontopodis et al. / European Journal of Radiology 82 (2013) 1398-1403 1401

2.4. Growth rate determination using different measurements

With regard to patients with at least one follow up (mean follow
up time: 11.9 months with arange of 3-52 months) the growth rate
of the AAA was calculated. There were twenty-one pairs of sequen-
tial CTs from which growth rates (GR) were determined using both
axial and orthogonal measurements in all plausible combinations.
Subsequently growth rates were calculated as:

GRaxiaL = D2axiaL — D1axiaL (1)
GRortH = D20rtH — D10RTH (2)
GRaxiaL-orTH = D2axiaL — D1ortH (3)
GRorTH-AxIAL = D20rTH — D1ax1AL (4)

(GR: growth rate; D1: maximum diameter at initial CT; D2:
maximum diameter at follow up). Differences between various
measurements were recorded.

2.5. Statistical analysis

Differences between Daxja. and Dgopry are expressed in
mean + standard deviation. A paired samples t-test was used to
detect significant differences. Growth rates as determined from
axial and orthogonal measurements are expressed as medians and
interquartile range (IQR). GRogrry represents the recommended
way to determine growth rate of AAAs and the rest of methods
are compared with the latter using a Wilcoxon-rank sum test.

3. Results

Axial measurements of AAA maximum diameter were
consistently higher than orthogonal measurements. A mean
DaxiaL — Dorry of 2 mm +2.7 was found and this was statistically
significant (P<0.001). The range of this difference was 0-12.3 mm.
In total there were twelve out of sixty CT scans where maximum
diameter using axial measurements exceeded 5.5 cm that is the
threshold for surgical repair, in the same time that orthogonal
measurements were under this critical value. Therefore discrepan-
cies between measurements due to overestimation of maximum
diameter using axial cross sections, would have lead to surgical
intervention in 20% (12 out of 60 CTs) of the subjects examined
that would be inappropriate according to current guidelines.

Shapelndex tended to be low (high asymmetry) for AAAs
that presented large discrepancies between Daxja. and DogrrH-
By plotting Daxiar — Dorru against Shapelndex it was noticed that
for cases without significant asymmetry, differences rarely were
remarkable. On the other hand when there was increased asym-
metry larger differences between the two measurements could be
observed. Specifically setting a threshold of Shapelndex < 0.8, cases
with Daxjar — Dorty > 5 mm could be identified with a sensitivity
of 83.3% whereas the negative predictive value was 98% as it is
represented in Fig. 3.

Mean follow up period of patients was 11.9 months. For this
time interval median(IQR) GRorty was measured 2.3(3.5)mm.
GRaxiaL presented a median value of 3.3(4.5)mm. Due to consistent
overestimation of maximum diameter using axial measurements,
GRorTH-Ax1AL Provided the lower values of growth rate with a
median of 0.9(3.2)mm, while GRaxjaL-orTH Was higher presenting a
median of 4.9(4.8)mm. The difference between GRorry and GRaxjaL
was not statistically significant (P=0.2). On the other hand differ-
ences between GRORTH and GRORTH-AXIAL AS well as GRAXIAL—ORTH
were statistically significant (P<0.001). The growth rate as it was

>5mm Daxjar-Dogr

1 o o
s ¢, i
0.9 20 G i
é 0.8 +—a—2 e Shapelndex
N o | < Threshold=0.8
T 0.7 * | PS
S : .
ﬁ 0.6 * o * i *
0.5 Lo
0.4 T

012345678 910111213
Daxiac-Dorth (mm)

Fig. 3. DaxiaL — Dot is displayed against Shapelndex. A Shapelndex > 0.8 accurately
predicted cases with differences between the two methods below 5 mm, whereas
in only one case a larger difference would have been missed. Except this case, all
AAAs presenting differences that exceeded 5 mm had a Shapelndex <0.8.

determined for each sequential pair of CTs using axial or orthogonal
measurements is displayed in Table 1.

4. Discussion

AAA probably represents the only surgical condition in which
size is such a critical determinant of the need for intervention.
Currently aneurysm size, as determined by its maximum diame-
ter, as well as growth rate, are used as the only variables for the
recommendation of elective repair [3]. The importance of these
parameters is reflected by the large randomized trials that have
been conducted to elicit the appropriate cutoff point beyond which
the risk of rupture probably outweighs the morbidity and mortality
associated with treatment [4,5]. These landmark studies either use
ultrasound (UKSAT) to define aneurysm size or CT, but without the
use of 3D reconstruction (ADAM) [11,12]. Both suggest a threshold
of 5.5 cm to consider open elective repair of AAA appropriate.

The advents of endovascular aneurysm repair, thin-slice CT, dig-
ital imaging as well as technological advances that have made the
3D reconstruction of CT images of AAAs feasible, have changed the
standards for reporting in aneurysm size. Currently measurements
that use 3D reconstruction to record maximum AAA diameter per-
pendicular to vessel centerline are considered more accurate since
they are not sensitive to errors due to tortuosity, extensive angu-
lation or high regional curvature of the vessel, which can influence
measurements on an axial plane. Although the current Society of
Vascular Surgery recommendations require 3D reconstruction to
produce a view of the aorta perpendicular to its centerline, this
reconstruction is not always available and measurements in both
axial and orthogonal planes are being used indiscriminately [6].

Recently there are data reported in the literature, with regard
to discrepancies between recordings of maximum diameter using
US and CT measurements on various planes which do not take
into consideration discrepancies of the second determinant of the
need for surgical intervention that is growth rate [7,13]. Our goal
was to record mismatch between axial and perpendicular CT mea-
surements with concern to maximum diameter and growth rate
as calculated using recordings on different planes of the vessel.
Moreover since this was performed for AAAs under or close to the
thresholds for elective repair we attempted to define if there are
any significant implications of such discrepancies in terms of ther-
apeutic decisions. Furthermore we related sectional shape of AAA
on an axial plane, to differences between Daxjar and Dpggp in an
attempt to define a threshold of asymmetry beyond which large
differences should be expected. Sectional shape of AAA on an axial
plane as it is proposed here can be easily determined from 2D CT
slices.
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Table 1

Growth rates of AAAs as calculated using axial and orthogonal measurements in all possible combinations. Medians are provided. With reference to GRogrry Statistical
significance of differences between measurements is evaluated and P values are reported. (D1: maximum diameter at initial CT; D2: maximum diameter at follow up; ORTH:

Orthogonal measurements; AXIAL: axial measurements; GR: growth rate).

Pt # D1(mm) D2(mm) GRoRTH-0RTH GRaxiAL-AXIAL GRAXIAL-ORTH GRORTH-AXIAL
ORTH AXIAL ORTH AXIAL (D2orTH — D1oRrTH) (D2axiaL — D1axiar) (D2axiaL — D1orn) (D20rTH — D1axiaL)

1 35.1 353 35.1 41.8 0 6.5 6.7 -0.2

2 41.9 44.8 45.7 51.5 3.8 6.7 9.6 0.9

3 42.8 449 449 48.3 2.1 34 5.5 0

4 44.7 45.2 449 454 0.2 0.2 0.7 -03

5 44.7 48.3 45.6 48.7 0.9 0.4 4 2.7

6 449 454 64.5 64.7 19.6 19.3 19.8 19.1

7 45.6 45.8 47.3 474 1.7 1.6 1.8 15

8 45.7 46.7 48 50.4 23 3.7 4.7 13

9 47.2 59.5 50 60 2.8 0.5 12.8 -9.5

10 47.3 47.4 60.2 60.5 129 13.1 13.2 12.8

11 48.7 49.6 49.5 50.5 0.8 0.9 1.8 -0.1

12 49.5 50.5 51.9 53.6 2.4 31 4.1 14

13 49.8 49.8 53.1 539 33 4.1 4.1 33

14 49.9 54.3 50.6 56.6 0.7 23 6.7 -3.7

15 50.4 50.5 51.8 519 14 14 1.5 13

16 52.5 52.6 53.4 535 0.9 0.9 1 0.8

17 53.2 533 59.5 60.6 6.3 7.3 7.4 6.2

18 56.7 64.1 64.2 64.3 7.5 0.2 7.6 0.1

19 57.6 57.8 60.7 61.1 3.1 33 3.5 2.9

20 58.1 59.5 60.1 63 2 3.5 49 0.6

21 59.8 61 64.8 64.9 5 39 5.1 3.8

Median 2.3 (reference) 3.3(P=0.2) 4.9 (P<0.001) 0.9 (P<0.001)

To the best of our knowledge, this is the first study that
attempted to evaluate discrepancies in the method used to evalu-
ate AAA diameters using computational model analysis. Our results
indicated a consistent overestimation of aortic diameter when
measured on an axial plane compared to perpendicular measure-
ments. This was observed in almost all AAAs and the mean value
of this difference was 2 +2.7 mm that was found statistically sig-
nificant (P<0.001) and which is in agreement with others that
indicate an overestimation of maximum diameter using axial mea-
surements ~3mm [7]. Although this difference is low so that
therapeutic decisions should not be influenced, there was a wide
variance among cases. Frequently differences were high enough to
cause deficiencies in management and in particular cases exceed-
ing 10 mm. Therefore with regard to the same AAA, based on axial
measurements someone would have proposed surgical interven-
tion at the same time that orthogonal measurements would have
lead to conservative management and surveillance. Specifically this
was observed in 20% of CTs under evaluation in the current study.

Moreover AAAs asymmetry as it was depicted by Shapeln-
dex could differentiate between cases where axial measurements
would overestimate maximum diameter and cases where such
measurements did not significantly differ from those on an ortho-
gonal plane. A Shapelndex <0.8 predicted DaxjaL—DortH =5 mm
with a sensitivity of 83.3%, whereas it presented a negative progno-
stic value of 98%. Conversely a Shapelndex > 0.8 practically excludes
the possibility of differences between the two measurements that
exceed 5mm and for these AAAs axial measurements probably
determine maximum diameter and thus aneurysm size accurately.
On the other hand high regional asymmetry (Shapelndex <0.8)
should raise suspicion for significant overestimation of maximum
diameter. For these AAAs orthogonal measurements should be
obtained because an overestimation of more than 5mm is likely
to occur which might mislead the treating physician. As it can be
seen in Fig. 4, sections perpendicular to vessel centerline are usu-
ally symmetrical representing the actual size of the vessel while
axial sections can be asymmetrical resulting in a significant overes-
timation. Therefore the use of the Shapelndex is expected to reduce
uncertainty when determining aneurysm size without the use of
3D reconstruction, and furthermore diminish the time needed by

the radiologist to evaluate an AAA since it will not be necessary to
perform perpendicular measurements in every case.

Furthermore growth rate of AAAs that also serves as a determi-
nant for elective repair also varied among different measurements.
When growth rates were estimated using orthogonal or axial mea-
surements consistently, differences were not statistical significant
(median GRogrry = 2.3 mm, median GRaxjar. = 3.3 mm, P=0.2). On the
other hand, there were important discrepancies when these meth-
ods were used indiscriminately. Compared to growth rates deter-
mined using orthogonal measurements in both initial and follow up
CTs as currently recommended (GRogrtH ), GRaxiaL-orTH Significantly

SectionShapelndex

|

L
o o
[0} O

o
N

W

0.6

Fig. 4. An AAA with its centerline and the cross sections presenting the maximum
diameter on an axial plane and perpendicular to vessel centerline. It can be seen
that orthogonal sections are usually symmetrical (Shapelndex:1 - red color) repre-
senting the actual size of the vessel while axial section can overestimate the latter
significantly due to high asymmetry (Shapelndex: 0.6 - blue color).
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overestimated (median 4.9 mm, P<0.001) and GRorrH-axiaL Under-
estimated (median 0.9 mm, P<0.001) the actual growth rate of
AAAs, which is a possible scenario when different examiners from
different diagnostic centers evaluate the initial and next CTs. Since
this is commonly encountered in the clinical practice, deficiencies
in terms of therapeutic strategies may arise.

5. Conclusion

There is a consistent overestimation of AAAs maximum diam-
eter when measured on an axial plane compared to orthogonal
measurements. Although the mean difference between measure-
ments is low there is a wide range among cases that frequently
can influence therapeutic decisions. This is mainly observed in
AAAs with high regional asymmetry and in such cases ortho-
gonal measurements should be pursued to determine actual
aneurysm size. The proposed Shapelndex may offer an initial easy
diagnostic tool to identify those AAAs most likely to be overes-
timated and are in need of a more focused evaluation. Growth
rates of AAAs should be calculated using the same method of
measurements in both CTs otherwise there can be significant dis-
crepancies.
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Purpose: To examine whether indices other than the traditionally used abdominal aortic aneurysm (AAA)
maximum diameter, such as AAA volume, intraluminal thrombus (ILT) thickness and ILT volume, may be
superior to evaluate aneurismal enlargement.

Materials and methods: Thirty-four small AAAs (initially presenting a maximum diameter <5.5cm
which is the threshold for surgical repair) with an initial and a follow-up CT were examined. Median

Keywords: increase and percentile annual change of these variables was calculated. Correlation between growth
AAA diameter . Lo . . .
volume rates as determined by the new indices under evaluation and those of maximum diameter were

assessed.

AAAs were divided according to outcome (surveillance vs. elective repair after follow-up which is based
on the maximum diameter criterion) and according to growth rate (high vs. low) based on four indices.
Contingency between groups of high/low growth rate regarding each of the four indices on one hand and
those regarding need for surgical repair on the other was assessed.

Results: A strong correlation between growth rates of maximum diameter and those of AAA and ILT
volumes could be established. Evaluation of contingency between groups of outcome and those of growth
rate revealed significant associations only for AAA and ILT volumes. Subsequently AAAs with a rapid
volumetric increase over time had a likelihood ratio of 10 to be operated compared to those with a slower
enlargement. Regarding increase of maximum diameter, likelihood ratio between AAAs with rapid and
those with slow expansion was only 3.
Conclusion: Growth rate of aneurysms regarding 3Dimensional indices of AAA and ILT volumes is signif-
icantly associated with the need for surgical intervention while the same does not hold for growth rates
determined by 2Dimensional indices of maximum diameter and ILT thickness.

© 2014 Elsevier Ireland Ltd. All rights reserved.

Intraluminal thrombus thickness
Intraluminal thrombus volume
Rupture risk

AAA expansion

1. Introduction

Abdominal aortic aneurysms (AAAs) represent a significant
cause of mortality in western societies, becoming more evident
with ageing of the population [ 1]. Rupture is the main complication
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of aneurysmal disease and despite progress in surgical techniques
is still reported to bear a striking mortality of approximately 80%
[2,3]. On the other hand, elective repair is currently performed with
a perioperative mortality of 3%, thus qualifying aneurysmal dis-
ease as one of the more representative pathologies where early
detection and intervention reserve such a great gain for patients
[4-6].

The need for AAAs surgical repair is determined based on the
balance between risk of rupture on one hand and that of surgical
intervention on the other. It has long been recognized that rup-
ture risk coincides with aneurysm size, meaning that large AAAs
are more rupture prone than small ones [7,8]. Moreover aneurysms
tend to increase in size over time with differing growth rates, and if



1052 N. Kontopodis et al. / European Journal of Radiology 83 (2014) 1051-1056

left untreated all AAAs would ultimately move towards rupture [9].
Subsequently a means to quantify aneurysm size and growth rate is
needed in order to determine appropriate cut-off values for surgical
intervention to be recommended. This is traditionally performed
using the AAAs maximum diameter criterion. Accordingly large
scale randomized clinical trials have set the abovementioned cut-
off points which are >5.5 cm of maximum diameter and >1 cm/year
growth rate [4,10,11].

However, the recent advent of 3-dimensional (3D) reconstruc-
tion of AAAs from 2-dimensional (2D) computed tomography (CT)
images has given access to other variables that quantify their
size, raising queries about whether those may be more appropri-
ate to express aneurysm size and growth. Aortic volume is the
main index that has been examined in this regard. Subsequently,
a Transatlantic debate on the matter was reported with some
authors standing for and others against the motion [12-14]. Many
authors suggest that maximum diameter represents an adequate
measure of AAA size which also predicts adverse cardiovascular
outcomes [15]. On the other hand, various study groups indicate
that aneurysm volume may be superior in pointing out changes of
AAA size and such research has mainly been performed to evalu-
ate changes in AAAs’ dimensions after endovascular repair [16-19].
Data as to whether such indices may be useful to evaluate enlarge-
ment of small AAAs during follow-up and determine the need for
surgical repair are very scarce in the literature [20,21].

In the current study, we examined a cohort of aneurysms, ini-
tially being under the threshold for surgical repair and evaluated
their growth at a follow-up examination. Some of those aneurysms
reached the above-mentioned maximum diameter threshold for
intervention to be recommended and consequently underwent
elective repair whereas the rest remained under surveillance. We
aim to examine if 3D volumetric measurements during assessment
of AAA expansion, associate with the need for surgical repair, and
compare to the traditionally used maximum diameter measure-
ments.

Moreover taking into account that the great majority of AAAs
have a considerable amount of intraluminal thrombus (ILT) which
has been suggested to have a critical role in aneurysms natural
history and rupture risk, we investigated if changes in ILT related
indices such as thrombus maximum thickness and volume may
accurately display changes in AAA size over time and associate with
the need for repair, as well [22-25].

2. Materials and methods
2.1. Study population

Thirty-four patients bearing an AAA were included in this single
center retrospective study. All aneurysms were initially under the
threshold for surgical repair (initial maximum diameter between
4.0 and 5.3 cm) and subsequently underwent a follow-up examina-
tion to evaluate aneurysm enlargement. AAAs under examination
either underwent surgical repair after the follow-up CT scan due to
reaching 5.5 cm of maximum diameter, or remained under observa-
tion with serial imaging if they did not reach the above-mentioned
thresholds.

2.2. Data acquisitions and Image post-processing

All patients had undergone an initial CT scan that either set the
diagnosis or was performed during follow-up of a known AAA.
Additionally, a follow-up examination at least 6 months apart
was obtained. All CTs used in the current analysis were contrast
enhanced using intravenous contrast agents. There was a slice

thickness of at least 3 mm in order to retrieve required accuracy
for diameter, thickness and volume measurements.

From 2D CT images, realistic 3D AAA models were reconstructed
using both manual and automatic segmentation for initial and
follow up CT scan. For the segmentation process the open source
software ITK-SNAP was used [26]. For contrast enhanced aortic
lumen a semi-automated algorithm could be used. Initially the
user identified AAA lumen entry and exit points while the rest of
the procedure was automated and the segmentation was based on
identification of intensity regions with an active contour based pro-
cess. Manual corrections were performed by the user, if needed. For
aortic wall however the segmentation was manual due to poor dis-
crimination from surrounding tissues. Briefly, outlines of the outer
surface of the AAA and the luminal surface were manually obtained
slice by slice and the 3D surfaces were reconstructed from the stack
of contours as we have described elsewhere [27]. The whole pro-
cess lasted about 20 min for each case. For each model four variables
were calculated with regard to both initial and follow-up examina-
tion: the maximum diameter (Dmax ), total AAA volume (AAA_Vol),
ILT maximum thickness (ILT_Thick) and ILT volume (ILT_Vol). AAA
and ILT volumes were recorded from the inferior border of the
more caudal renal artery to the last slice before the aortic bifur-
cation. This is preferable than only including the aneurysmal sac
in order to accurately record changes during follow-up, since for
the latter one should use standard anatomic landmarks, such as
the renal arteries and the aortic bifurcation. Moreover this is in
accordance with the current guidelines and the reported stan-
dards for measuring changes in aneurysm size [28]. Additionally,
AAA maximum diameter was obtained using orthogonal measure-
ments which according to guidelines and our previously published
data, more accurately display aneurysm size than axial measure-
ments [28,29]. All recordings were performed by two independent
observers to assess repeatability of measurements.

2.3. Study design and statistical analysis

Annual growth rates (GR) with regard to all four indices used to
assess aneurysm expansion (GR_Dmax, GR_AAA_Vol, GR_LT_Thick,
GR_ILT_Vol, respectively) were recorded and median values for the
whole cohort were calculated. Percentile annual increase was also
calculated.

Median values of differences between the two observers obtain-
ing measurements, was assessed for all indices under evaluation.
Coefficient of variation was calculated as well as 95% limits of agree-
ment according to Bland and Altman [30].

Furthermore the correlation between growth rates as calculated
using the new indices under evaluation and those of the most
widely used GR.Dmax was investigated. Spearman’s rho deter-
mined the correlation coefficient and statistical significance was
recorded.

Moreover AAAs consisting our study cohort were divided in two
ways:

e According to outcome (surveillance/Group 1 vs. elective
repair/Group II after follow-up) and

e According to growth rate (high vs. low) based on four indices
under evaluation (GR_Dmax, GR_AAA_Vol, GR.ILT_Thick and
GR_ILT Vol).

For the latter, aneurysms with GR <median were allocated to
the low growth rate group (LGR) whereas those with GR > median
to the high growth rate group (HGR).

In order to investigate agreement between outcome and
growth rate as it is determined using various indices, contingency
between HGR and LGR groups on one hand and Groups I and II
on the other, was evaluated. Pearson’s x2 test was used for this
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Table 1

Median values and interquartile range (IQR) of growth rate based on measure-
ments of maximum diameter (GR_Dmax), AAA volume (GR_AAA_Vol), ILT thickness
(GR.LT-Vol) and ILT volume (GR-ILT-Vol) are presented. Moreover percentile annual
increase of these parameters (median and interquartile range are presented).

Index Median (IQR) growth rate (%) Annual increase (IQR)
Dmax 3.1 mm/year (1.9) 7.0% (5%)

AAA Vol 17 ml/year (21) 15.5% (15%)

ILT Thick 2.2 mm/year (3.7) 18% (37%)

ILT Vol 10 ml/year (21) 28.5% (37%)

purpose. Moreover likelihood ratios and sensitivity/specificity of
each variable to predict need for repair were calculated.

3. Results
3.1. Characteristics of the whole study group

For this study, ethics approval was obtained by the institu-
tional review board and all subjects provided informed consent.
The median follow-up period between initial and final CT exami-
nation was 12 months (range: 6-36). After follow-up there were 19
AAAs that did not reach appropriate thresholds for surgical repair
to be recommended and subsequently continued their surveillance
program (Group I). Accordingly there were 15 AAAs that required
elective repair (Group II). Regarding the whole study group median
and interquartile range (IQR) of the growth rates and percentile
annual change as determined using the four indices under evalua-
tion are presented in Table 1.

3.2. Agreement between observers and measurements

The agreement of measurements between observers is pre-
sented in Table 2. Our results are similar to those of others also
evaluating AAA diameter and volume change over time [20,21].
Moreover regarding volume increase we found that 25/34 AAAs
presented growth rates above the respective upper 95% level of
agreement. On the other hand the same applied to 19/34 AAAs with
respect to diameter measurements. This means that 6/34 (18%)
of AAAs, according to volume measurements presented a growth
beyond inter-observer variability while they did not display signif-
icant change regarding diameter measurements.

3.3. Correlation of the traditionally used Dpqx growth rate to
those of AAA volume, ILT thickness and ILT volume

There was a strong correlation between GR_AAA_Vol and
GR_Dmax which was statistically significant (Spearman’s rho 0.6,
P=0.002). Similarly correlation between GR_ILT_Vol and GR_Dmax
was strong and statistically significant (Spearman’s rho 0.6,
P=0.001). Finally only a moderate correlation could be established
between GR_LT_Thick and GR_Dmax (Spearman’s rho 0.4, P=0.04).
These results are summarized in Fig. 1A-C.

Table 2

Agreement between 2 observers outlining AAAs with regard to all four indices
under evaluation. 18% of AAAs presented a growth beyond inter-observer variability
according to volume but not according to diameter measurements. CV: co-efficient
of variation, CI: confidence interval.

Mean difference 95% CI cv
GR_Dmax (mm/year) -0.8 (-4.7,3.1) 3.9
GR_AAA_ Vol (ml/year) -1.3 (-9.3,6.7) 8
GR.LT_Thick (mm/year) -0.5 (-3.8,2.8) 3.4
GR.ILT_Vol3 (ml/year) -1 (-9.6,7.6) 8.6
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Fig. 1. There were strong correlations between growth rates of maximum diameter
on one hand and those of AAA and ILT volumes on the other which were statistical
significant (A and B). The correlation for ILT thickness was moderate and of border-
line statistical significance (C). (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article.)

3.4. Contingency between groups of high/low growth rate and
those of surveillance/surgery: Sensitivity and specificity of
measurements to predict need for intervention

Considering that surveillance (Group I) should ideally coin-
cide with slow enlargement (LGR), while need for intervention
(Group 1II) should coincide with rapid expansion (HGR), contin-
gency between HGR and LGR using each one of the indices on
one hand and groups I and Il on the other was assessed using the
Pearson’s x?2 test. These results are summarized in Table 3. With
regard to GR_.Dmax 10 of the 15 AAAs that underwent interven-
tion were in the HGR and 5 in the LGR group (P=0.17). Taking into
account GR_AAA Vol 12 of the 15 AAAs having undergone surgical
correction were in the HGR and only 3 in the LGR group (P=0.005).
Regarding GR_ILT_Thick 10 AAAs in the HGR and 5 in the LGR were
operated (P=0.17) whereas for GR_ILT Vol the corresponding val-
ues were 12 AAAs in the HGR and 3 in the LGR (P=0.005). Significant
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Table 3

2 x 2 contingency tables for high and low growth rates as determined using maximum diameter (Dmax), AAA volume (AAA_Vol), ILT thickness (ILT_Thick) and ILT volume
(ILT_Vol) on one hand and the outcome (surveillance vs. need for surgical repair) on the other. There were 19 AAAs that were observed while other 15 underwent surgery.
Moreover for each variable there were 17 cases of low and 17 of high growth rate. Statistically significant association between groups of growth rate and outcome could be
established only for AAA and ILT volumes (P-values are reported). With regard to need for surgical repair, likelihood ratios between AAAs in the high and low growth rate
groups for all indices under evaluation were calculated as well as sensitivity/specificity of median growth rates.

Surveillance (n=19) Surgery (n=15)
Dmax (P=0.17) Low GR (n=17) 12 5 Likelihood ratio=3
High GR (n=17) 7 10 Sensitivity = 66%
Specificity =63%
AAA_ Vol (P=0.005) Low GR (n=17) 14 Likelihood ratio=10
High GR (n=17) 5 12 Sensitivity = 80%
Specificity =74%
ILT Thick (P=0.17) Low GR (n=17) 12 5 Likelihood ratio=3
High GR(n=17) 7 10 Sensitivity = 66%
Specificity =63%
ILT Vol (P=0.005) Low GR (n=17) 14 3 Likelihood ratio=10
High GR (n=17) 5 12 Sensitivity = 80%

Specificity = 74%

association with need for surgical repair could only be established
for AAA and ILT volumes but not for maximum diameter and ILT
thickness. With regard to outcome, likelihood ratios between HGR
and LGR groups were 10 for 3D indices of AAA and ILT volumes and
only 3 for 2D variables of Dpax and ILT thickness. Subsequently, an
AAA that was assigned to the HGR group according to aneurysmal
and ILT volume increase, presented a 10-fold risk to having reached
appropriate thresholds for surgical repair compared to an AAA in
the LGR group. The risk was only 3-fold when HGR and LGR were
determined using Dmax and ILT_Thick. With regard to the observed
median growth rates, sensitivity and specificity of each variable to
predict need for surgical intervention was calculated. For both 2D
indices of maximum diameter and ILT thickness Sensitivity was 66%
and Specificity 63%. Superior results were obtained for 3D indices
of AAA and ILT volumes with a sensitivity of 80% and a specificity
of 74%.

4. Discussion

Aneurysmal size as determined by maximum diameter is con-
sidered the most significant predictor of rupture with a threshold
of 5.5cm having been identified as the critical value where rup-
ture risk outweighs procedural risks [10]. Although there is wide
acceptance and much evidence to support the use of maximum
diameter in evaluating aneurysms risk profile, this was mainly
established when ultrasound and later CT scan without the advent
of 3D reconstruction were used for the diagnosis and surveillance of
AAAs [4,11]. Nevertheless, recent advances in imaging allow for the
accurate recording of other indices to express AAA size and expan-
sion which may be superior to the traditionally used maximum
diameter.

Previous studies have evaluated the possible value of AAA vol-
ume measurements for the determination of changes in aneurysm
size [16-21]. Prinssen et al. examined volume and diameter
changes in aneurysms having undergone endovascular repair and
suggested that those regarding sac volume appear to provide ear-
lier reassurance and reduce unnecessary interventions compared
to maximum diameter measurements alone [19]. Additionally,
Kritpracha et al. indicated that diameter measurements were not
sensitive in detecting enlarging AAAs after endografting while
volume measurements may be the preferred method for early
diagnosis of sac enlargement. Specifically in 27% of their studies
with stable maximum diameter, significant AAA volume increase
was observed [17]. Similarly, other research groups postulated
that using maximum diameter a decrease in aneurysm size can

be missed in 14% and an increase in 19% of cases, thus suggest-
ing that volumetry detects sac size changes that are not reflected
in diameter measurements [16,18]. These studies examined the
role of volume measurements in AAAs after endovascular repair
indicating its superiority compared to maximum diameter. To our
knowledge there are only scarce data in the literature to address
value of volume measurements in evaluating small AAAs enlarge-
ment. Recently, Parr et al. highlighted the importance of volumetric
measurements in patients undergoing surveillance for AAAs. In
their series almost half of the patients with volumetric growth
did not have corresponding diameter increases above their respec-
tive limit of agreement [20]. Others, studying a group of 28 AAAs
recorded a volume growth of 17.3% during a median follow up of
14 months which was significantly higher than Dp,.x progression
of 8.0% between baseline and follow-up examinations (P<0.0001)
[21]. This may be expected since diameter and volume are related
through a power law but in the same time may indicate that since
diameter measurements only reflect a single aneurysm dimen-
sion in one single cross-section, while volume measurements also
take into account the gradual changes of aneurysm morphology,
these may detect changes in aneurysm size earlier [31]. Further-
more our results, in accordance to others indicate that overall
volumetric measurements have a higher sensitivity for aneurysm
growth. In our study cohort a 74% of patients had a volumetric
increase above the respective upper 95% level of agreement while
the corresponding proportion for diameter measurements was only
56%.

Additionally, it should be mentioned that there were strong cor-
relations which were statistical significant between GR_Dmax on
one hand and GR_AAA Vol as well as GR_ILT_Vol on the other which
implies that AAA and ILT volume change over time may be used
to evaluate aneurysms’ enlargement. Nevertheless and although
correlation between volume and maximum diameter increase is
expected since the former is a function of the latter, the correlation
observed is strong (Spearman’s rho 0.6) but still far away from 1
or even 0.8 which would indicate a very strong correlation. Subse-
quently while volume and diameter growth rates are related, they
are not identical and differences do exist.

In order to identify which of the indices under examination may
be more appropriate from a clinical point of view, to express AAAs
enlargement, we examined the association of the corresponding
growth rates with outcome as it is expressed by the subsequent
need for surgical intervention. In this analysis the need for sur-
gical intervention is being utilized as the adverse event to which
association of volume and diameter measurements is evaluated.
This occurs when appropriate diameter thresholds are reached as
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proposed by current guidelines. Obviously, a harder endpoint i.e.
rupture would be desirable and could provide more robust evi-
dence to support our results or even indicate a relevant threshold
that would foretell increased rupture risk and indicate need for
repair. However in the modern era of strict surveillance protocols
for patients bearing small AAAs, rupture is an uncommon event
mainly complicating AAAs diagnosed at that time and not those
being under observation and having undergone serial imaging.
Subsequently, a study that would include a series of AAAs being
under surveillance that finally ruptured, to assess their volumet-
ric expansion would be interesting but very unlikely to take place.
Alternatively we use an indirect measure to assess aneurysms rup-
ture risk which is the currently used maximum diameter criterion
which indicates the need for repair, in order to design the current
analyses in a way that meaningful conclusions could be drawn.

Regarding our study methodology, one could argue that a
volumetric method used to quantify AAA expansion could not
be compared to another using diameter measurements if the
maximum diameter is also the variable that defines outcome. Nev-
ertheless this is not the case here since comparisons are being
made between growth rates of volumes and diameters while the
need for intervention is based on the static value of maximum
diameter at one time point (the follow-up CT scan) which is a
completely distinct parameter. In other words aneurysm size as
expressed by the maximum diameter is used to determine need
for repair while comparisons regard increase of diameter and vol-
ume over time (growth rates) and their association with the former.
To make this more comprehensive we report an example of 2 AAAs
from our study cohort. AAA#1 presented a diameter increase from
45mm to 52 mm (GR.Dmax:7 mm/year) in 12-months’ time and
remained under surveillance. AAA#2 presented a lower diame-
ter increase from 51 mm to 55 mm during the same time interval
(GR_.Dmax:4 mm/year) and underwent elective repair. Neverthe-
less AAA_Vol_GR of AAA#2 exceeded that of AAA#1 (27 ml/year vs.
12 ml/year) which is in accordance with what is suggested by the
current analysis.

For this purpose we evaluated contingency between groups of
low and high growth rate on one hand and those of outcome on
the other. These groups were used to create a 2 x 2 contingency
table for each one of the examined variables compared with out-
come. P-values obtained indicate that the results are likely if the
null hypothesis of no association between the rows (high and low
growth rate) and columns (surveillance and surgery) of the contin-
gency table is true for Dmax (P=0.17) and ILT_Thick (P=0.17). On the
other hand the null hypothesis of no association could be rejected
and therefore a statistically significant association between growth
rates and outcome could be established for AAA_Vol (P=0.005) and
ILT Vol (P=0.005). More importantly with regard to AAA and ILT
volumes a 10-fold risk of AAAs in the HGR group to require surgi-
cal intervention was found. The corresponding risk of AAAs in the
HGR group when growth rate was determined using Dmax and ILT
thickness was only 3-fold. Therefore AAAs with a rapid volumet-
ric increase were more likely to exceed appropriate threshold of
5.5cm and be considered suitable for surgical intervention com-
pared to AAAs with rapid increase of Dmax. A representative case
of an AAA which presented discrepancies between growth rates
of maximum diameter and aneurysmal volume is presented in
Fig. 2.

Finally it should be noted that several authors have postulated
a critical role of ILT in AAAs natural history and rupture risk. In
this regard ILT has been reported to correlate with an increased
enzymatic activity as well as decreased arterial wall strength and
subsequently an increased risk for rapid AAA growth and rupture
[22-24,32]. More importantly an increase in thrombus deposition
over time has been suggested to foretell a high risk profile [25].
Therefore it could be suggested that ILT volume besides being

Fig. 2. A representative case of an AAA that underwent surgical repair after
follow-up, which presented low growth rate (<median) according to the maximum
diameter but high growth rate (>median) according to the AAA volume. (A) Dis-
plays initial, while (B) presents follow-up examination. This aneurysm presented an
initial maximum diameter of 52 mm which after 14 months became 55 mm mak-
ing it amenable to surgical repair. Growth rate according to maximum diameter
was 2.6 mm/year. Aneurysm volume on the other hand presented a growth rate
of 42 ml/year (>median). Opaque gray color represents aneurysmal wall, opaque
orange color represents aortic lumen, cross-section with red color represents max-
imum AAA cross-section for initial and follow-up AAA models.

critical in terms of AAA mechanisms of progression and rupture also
provides an accurate measure of aneurysm expansion over time.

5. Conclusion

Three-dimensional indices of AAA and ILT volumes are superior
to 2D indices of maximum diameter and ILT thickness regarding
their association with outcome in terms of reaching appropriate
thresholds to require surgical repair. Therefore from a clinical point
of view these may represent more appropriate means to express
aneurysm enlargement over time.
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Abstract

Background

Abdominal aortic aneurysms (AAA) are currently being tréab@ased on the maximum
diameter criterion which has often been proven insufficient to deterrupture risk in cage
of every AAA. We analyzed a rare case of an AAA which presented an exgréast growt
focusing on biomechanical determinants that may indicate a high priskle. The
examination of such a case is expected to motivate futurerchseavards patient-specific
rupture risk estimations.




Methods

An initially small AAA (maximum diameter: 4.5 cm) was lfmhed-up and presented| a
growth of 1 cm in only 6-months of surveillance becoming suitable dogical repair
Changes of morphometric characteristics regarding AAA, thronalmas lumen volumes,
cross-sectional areas, thrombus maximum thickness and eccentacity maximum
centerline curvature were recorded. Moreover biomechanical variefaheerning Peak Wa
Stress, AAA surface area exposed to high stress and redistnilmiitstress during follow-up
were also assessed.

Results

Total aneurysm volume increased from 85 to 120 ml which regarded thratepositior]
since lumen volume remained stable. Thrombus deposition was eccegaiding anterig
AAA segment while its thickness increased from 0.3 cm to 1.6 cmed®er there was an
anterior bulging over time as depicted by an increase in maxiceumerline curvature from
0.4 cm' to 0.5 cnt. Peak Wall Stress (PWS) exerted on aneurysm wall did not change
significantly over time, slightly decreasing from 22 Nfam 21 N/cni. At the same time the
area under high wall stress remained practically constant (9.8tdnitial vs 9.7 crhat final
examination) but there was a marked redistribution of wallssti@gainst the posterior
aneurysmal wall over time.

=

Conclusion

Aneurysm area under high stress and redistribution of stress tayaimssterior wall due {o
changes in geometric configuration and thrombus deposition over tiae mave
implications to aneurysms natural history and rupture risk.

Keywords

Peak wall stress, AAA Morphometrics, AAA biomechanics, Rupture risk

Background

Abdominal aortic aneurysm (AAA) is a major health problem, beagmore common with
ageing of the population and aneurysmal disease is the 13th leadiag of death in
Western societies [1]. The most catastrophic complication otdmdition is rupture, which
in the past occurred in up to a third of patients left untreatedanitbverall mortality of 80%
[2]. To prevent this devastating outcome, elective AAA repair hasn bgerformed
successfully for several decades and is currently asstasate mortality rates < 3% [3].
According to current guidelines, large aneurysm size as repedseyta maximum diameter
> 5.5 cm and rapid growth ratel cm/year foretells a high risk of rupture and therefore sets
the indication for surgical intervention. On the other hand small gsmsr should be
followed with ultrasound or computed tomography (CT) to detect exgpanf3,4].
Nevertheless it is well established that such patients nsay eadperience the catastrophic
results of rupture with some studies postulating that as high asofi@¥ruptured AAAs
have a maximum diameter less than 5 cm [5].



Since aneurysm size and growth rate have often been proven inadoupatsict each
AAA’s evolution there is a considerable effort for other markerbe found to assist in
rupture risk estimation. According to the biomechanical approapturel represents a
material failure of the degenerated AAA wall to withstand skress exerted on it due to
systemic pressurization [6]. Wall stress depends on each AAAue@nigeometric
configuration and therefore it might provide a more accurate rupiske estimation
compared to the universal maximum diameter criterion [7]. Itdeen proposed that Peak
Wall Stress (PWS) exerted on the aneurysmal wall not osigisficantly different between
diameter-matched ruptured and non-ruptured AAAs but also differenaaurysms with a
higher rupture risk over time better than the maximum diametethérmore, the site of
rupture has been suggested to correlate with the location of PWS in ruptured AAAs [8-10].

Small AAAs are reported to grow with a mean annual rate 60@B2Zm [3,11]. We came
across a case that presented a far faster enlargememhofrthin a 6 month interval that
equals an annual growth rate of 2 cm/year making it amenablegica repair. The analysis
of the geometric and biomechanical profile of such a case istexjp® provide insight into
AAAs mechanisms of growth and rupture and identify possible predicbia high risk

potential to assist in rupture risk estimations.

Materials and methods

Patient demographic and clinical information

A 75 years old Caucasian male patient was diagnosed with AAAgiam abdominal
ultrasound that was performed for other medical reasons. Fromebylbf risk factors and
medical history, the patient was a smoker and he was under nmdidat chronic
obstructive pulmonary disease, diabetes mellitus and arteriatteygion. He had no family
history of aneurysmal disease. The incidentally discovered Asas evaluated with
abdominal CT scan and was measured to have an initial maximumteliashd.5 cm. After
an interval of 6 months a second CT scan was performed to detoysm expansion. A
maximum diameter of 5.5 cm was recorded. In order to ensureatéEocexpansion rate
determination, AAA maximum diameter and growth rate werera@ed using orthogonal
measurements at both CTs, avoiding possible uncertainties that @uddahsen if axial
measurements were obtained [12]. According to current guidelines tieatpanderwent
open surgical repair of the AAA to eliminate risk of rupture. pbstoperative course was
uncomplicated and the patient was discharged from hospital satteysurgery presenting
no complications during follow-up.

Ethical approval for this research was obtained from the insti@itreview board (reference
number 12275/15.01.2013). Written informed consent was obtained from the patitmd f
publication of this report and any accompanying images.

Data acquisition and geometry configuration

Contrast-enhanced high-resolution spiral CT angiography was osedAA evaluation.

From 2D images, 3D AAA models were reconstructed using both mamdabhutomatic
segmentation for initial and follow up CT scan [13]. For the segrtientprocess the open
source software ITK-SNAP [14] was used. For each model theao&lrysm volume, the
lumen and intraluminal thrombus (ILT) volumes were recorded frommib& caudal renal



artery to the last slice before the aortic bifurcation acogrdo reporting standards on
measuring changes in aneurysms size [15]. The open source sdBiNardriangulated
Surface Library 0.7.6 was used for volume measurements. Geometric confguadtthe
AAA models was assessed using the open source software Vabtndating Tool Kit
(VMTK) [16].Centerlines of the aneurysmal wall as well asdansurfaces were created and
used to extract perpendicular cross sections every 1 mm as liecseen in Figure 1. To
determine the aneurysm’s pattern of expansion, cross-sectiomatlzage from initial to
follow-up examination was plotted against the distance from dwmfticcation which is being
presented in Figure 2. ILT thickness was also recorded along theysimefor both AAA
models (Figure 3). Eccentricity of ILT deposition was assesdethe cross section of
maximum size, by introducing the Eccentricity Index (El), whis defined as 1-(Minor
Distance/Major Distance) where the Minor and Major Distanéersdo the minimum and
maximum distance, respectively, between the lumen centerline andnéwrysmal wall
boundary. Apparently the zero value would represent a concentridigitffoution whereas
the unity would represent a profoundly eccentric ILT deposition. Fimadlyimum curvature
of the centerline was recorded to evaluate bulging of the AARavdoth initial and final
examination and this is being shown in Figure 4.

Figure 1 Cross-sections perpendicular to the centerline with regard to crossectional
areas for 1st AAA-model (initial examination) and 2nd AAA-model (follow-up.

Maximum sectional areas take values of 22.5 anul 15 crirespectively. Color scale on the
centerlines depicts distance along the centerline with 8 cm repreggsaatiic bifurcation.

Figure 2 Surface areas of sections vertical to the centerline for total aneurysm waind
lumen for 1st (initial examination) and 2nd AAA-model (follow-up) in relation to
distance along the centerline (aortic bifurcation at 8 cm).

Figure 3 Thrombus thickness as it is represented for 1st (initial examinationand 2nd
AAA-model (follow-up). The reference values and color scale have been taken with respect
to the 2nd model. The corresponding maximum values of ILT thickness are 0.3 cm and 1.6
cm. It is observed that ILT locates anteriorly.

Figure 4 Increase of maximum centerline curvature during follow-up suggestan
anterior bulging of AAA over time. Centerline aA. 1st CT,B.2nd CT, andC. Overlapping
of the two centerlines.

Biomechanical parameters

For the wall stress analysis, a 3D mesh was generated udidd @D (ANSYS Inc.,
Berkeley, CA, USA). The wall stress analysis was perfdrmigh ANSYS 12.0 Workbench
(ANSYS Inc., Berkeley, CA, USA) and its static structural analybr the wall and ILT,
neo-Hookean hyperelastic material models were adopted, with tloevifay strain-energy
functions respectively:

Wwar, = a(l —3) + BU — 3)2, Wy = c,(I1 — 3) + (11 — 3)?
wherea = 0.174 MPa an@ = 1.881 MPa [17], = ¢ = 0.026 MPa [18], are material

parameters, I, Il are the first and second invariants of theQafchy-Green tensor C 3
detC. The AAA model was loaded with the patient’s systolic pressure



The PWS (based on the von Misses criterion) was recorded.

Moreover the aneurysmal surface area exposed to high wall atassalso calculated. For
this purpose, a threshold of wall stress was defined. The meaioloigycal wall stress was

computed using an idealized model of infrarenal aorta loaded witlilumtinal pressure of

120 mmHg and a diameter of 20.9 mm, which is the mean aortic ialm@sed on the

patient's age and gender [19]. A 100% increase of the physiologiiesls was used as a
threshold to define high wall stress.

By using the open source software ParaView 3.14 (A. Hendersonvyi®ar&uide, A
Parallel Visualization Application. Kitware Inc., 2007), this tiwed was then applied to
identify the wall regions exposed to high wall stress, and legiating their areas, to obtain
the total wall surface area under high wall stress. Finalgvaluate the redistribution of wall
stress during follow-up, the anterior and posterior site of é#ch were defined by using
the z-y plane of the CT scanner coordinates system, and theirater high wall stress
located anteriorly and posteriorly were calculated for the initial avad $tate.

Results

AAA geometric characterization

Total aneurysm volume increased between initial and follow-up exaiorinigom 85 ml to
120 ml. This volume change matched the increase in ILT deposition Isime volume
remained constant (72 ml and 71 ml for initial and follow up exanoinagspectively) while
ILT increased from 14 ml to 50 ml. To spatially examine the aseunyattern of expansion,
cross sections perpendicular to the centerline were extractedhaindsurface area was
measured. The cross-sectional area of the aneurysm wall pregiegsew over time, while
the lumen area did not increase but showed slightly greater valties first model. At the
site of maximum size, AAA cross-sectional area was 15.®fominitial and 22.5 crhfor
follow-up examination. Corresponding values of lumen cross-sectional \eegasl4.3 crh
and 12.4 crhwhile those of ILT were 0.7 chand 10.1 cth Cross-sections of the two AAA
models are displayed in Figure 1 whereas a graphical reprgsantf the cross-sectional
areas with regard to the distance from bifurcation is presemtegjure 2. Maximum AAA
and ILT cross-sectional areas were observed at the samacdistam aortic bifurcation that
was 4 cm for both AAA models. Apparently, maximum ILT thickness waarkedly
increased during follow-up from 0.3 cm to 1.6 cm and this regarded trgoamtAA portion
as shown in Figure 3. El was initially 0.2 while a value of 0.6 feasd for final state
representing the eccentric anterior deposition of ILT during follpwMaximum curvature
of the AAA centerline also increased from 0.4crio 0.5 cni, suggesting an anterior
bulging over time as represented in Figure 4.

AAA biomechanical parameters

PWS throughout the aneurysmal surface remained practically nbmstsenting a slight
decrease from 22 N/dmo 21 N/cmi. Wall stress distribution for the two AAA models is
presented in Figure 5. Mean wall stress on the idealized aastd®N/crh and therefore a
threshold of 20 N/chwas used as a cut-off value to define high wall stress. fidngrgsmal
surface area under high wall stress did not change considerablimogegresenting a value
of 9.9 cnf during initial and 9.7 cmduring final evaluation. On the other hand a marked



redistribution of wall stress throughout the aneurysmal surfaca twme could be
established. Specifically, initially area under high streas l@cated at the anterior site and
the AAA neck, while at final state high stress areas are prdgent at the posterior AAA
wall. Subsequently, total posterior wall area exposed to high,stvas criand 9.7 crhat
initial and final states respectively.

Figure 5 Anterior and posterior views of wall stress distribution throughout the AAA
surface for the 1st (upper row) and 2nd AAA-model (lower row)A redistribution of wall
stress against the posterior aortic wall is noticed.

Discussion

We present a rare case of a small AAA that grew unexglgdist presenting an increase in
maximum diameter of 1 cm in only 6 months of surveillance and becoetligiple for
surgical correction. It is well established that rapid A&#ansion indicates a high risk of
rupture [3,20]. Similarly to most AAAs that present a preferemtrdérior expansion of the
aneurysmal wall due to limitation of posterior expansion from tineleal column presence,
enlargement was also anterior in our case [21]. By studyisgréine case of rapid growth
rate, which otherwise presented a rather common geometricahpattgrowth, hypotheses
on new potential morphological and biomechanical markers may baswitl give direction
to future studies.

An interesting finding is that regarding the AAA under evaluationP¥S did not increase
during follow-up, in contrast to previous studies that suggest aniassodetween PWS
and growth rate [22]. Furthermore the AAA surface area expasddgh stress did not
considerably change as well. On the other hand the location of thégls showed a marked
redistribution over time. At the initial AAA state, area untiegh wall stress was mainly
located at the aneurysmal neck which is a very unlikely sitepitire according to autopsy
studies [23,24]. On the contrary at the final AAA state, the expased to high wall stress
was concentrated at the posterior AAA portion, which is the stepdiire for the majority of
ruptured AAAs. We hypothesize that augmentation of posterior anedryganface area
exposed to high wall stress may increase the likelihood of ruptosgerdr AAA wall
regions have been suggested to be thinner and less stiff than thatsel lacteriorly which
may lead to a decreased mechanical endurance. This is suppottesl fregults of several
autopsy studies that indicate a posterior rupture site for theitwagbruptured AAAs [23-
26]. Subsequently a larger aneurysmal surface area located grbstegeds to be reinforced
through arterial wall remodeling to withstand the high stresseéstas therefore more likely
for a weak wall spot to be exposed to high stress. Additionally, asedoout by Mower et
al., vasa vasorum and other small blood vessels in regions of irtitesss may tend to be
compressed and not provide nutrition to the vessel wall [27]. Thiscauase weakening of
the aneurismal wall with impaired repair or remodeling mechanishich would have an
influence on AAAs evolution.

However, the wall stress computation is currently not pradticalclinical setting. It might
therefore be more useful to identify relevant morphological msrket would capture the
stress redistribution. Such a marker could be the centerline maxautwature, which has

been suggested to greatly influence stresses on the AAAusadllly against the posterior
segment [7,28]. Additionally, the thrombus deposition has been proposed to have a
biomechanical cushioning effect reducing the stress exerted orartbeal wall [13].



Eccentric anterior deposition of ILT over time could display the-umuform stress
redistribution against the posterior wall and a means to quantifpiimer could be the El as
introduced in the current analysis. More importantly El could bdyeeaiculated on a two
dimensional plane of the CT data without the need for 3D reconstrubfbrs not always
available in a clinical setting. More studies are needed tdlisstaimportance of such
observations.

Conclusion

In this single case of a small AAA with rapid expansion, antdsidging and eccentric
anterior ILT deposition were noticed. These have lead to markiestrieution of wall stress
against the posterior wall which has been shown to be the most contenofrsipture. It is
expected that such information could be useful towards determining AafAsal history
and obtaining an accurate patient-specific AAA rupture risk esbmatarger scale studies
are needed to validate the significance of these findings.
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SHORT REPORT

Aneurysm Intraluminal Thrombus Compressibility Estimated in vivo Using
Electrocardiographically Gated Computed Tomography: A Feasibility Study

N. Kontopodis ?, E. Metaxa b, K. Pagonidis ¢, E. Georgakarakos d, Y. Papaharilaou b, C.V. loannou "

#Vascular Surgery Department, University of Crete Medical School, PO Box 1352, 711 10 Heraklion, Crete, Greece
P Institute of Applied and Computational Mathematics, Foundation for Research and Technology — Hellas, Heraklion, Greece

€ Asklipios Diagnostic Radiology Center, Heraklion, Greece

9Vascular Surgery Department, “Demokritus” University of Thrace Medical School, Alexandroupolis, Greece

Introduction: We attempt to investigate if the mechanical properties of an intraluminal thrombus (ILT) could be
assessed non-invasively through modern imaging techniques. Thrombus compressibility and deformation are

evaluated in vivo.

Report: Five patients underwent electrocardiographically (ECG) gated computed tomography scan during
surveillance of their abdominal aortic aneurysm (AAA). ILT volumes and cross-sectional areas during peak systole
and end diastole were recorded and found to remain constant.

Discussion: ILT elastic behaviour can be estimated non-invasively. Under physiologic arterial pressure, an ILT is

incompressible and does not deform longitudinally.

© 2013 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
Article history: Received 22 October 2012, Accepted 5 March 2013
Keywords: ILT compressibility, ILT mechanical properties, ECG-gated CT

INTRODUCTION

Intraluminal thrombus (ILTs) is found in the majority of the
abdominal aortic aneurysms (AAAs) and its size varies
strongly between patients. The amount of thrombus has
been shown to influence growth rate and rupture risk.* A
possible protective role of the ILT through a biomechanical
cushioning effect has been previously suggested whereas
others reported that larger amounts of thrombus indicate
a potential for rapid expansion and a higher risk of
rupture.) > Therefore, identification of ILT mechanical
properties is of paramount importance to better under-
stand its influence in AAA evolution and such properties
have been mainly assessed ex vivo through mechanical
testing.” In vivo estimation of these variables, if possible,
would provide useful information about the biomechanical
features of ILT and further insight into its role in the fate of
the AAA. Subsequently, the current study investigates the
feasibility to assess the elastic behaviour of ILT non-
invasively using electrocardiographically (ECG) gated
computed tomography (CT). In this context we estimate ILT
compressibility and deformation.

DOI of original article: http://dx.doi.org/10.1016/j.ejvs.2013.03.011

* Corresponding author. Tel.: 430 281 340 2379; fax: +30 2810 375365.

E-mail addresses: ioannou@med.uoc.gr; xioannou@hotmail.com (C.V.
loannou).

1533-3167/$ — see front matter © 2013 European Society for Vascular
Surgery. Published by Elsevier Ltd. All rights reserved.

http://dx.doi.org/10.1016/j.ejvsextra.2013.03.004

MATERIALS AND METHODS

Five patients underwent ECG-gated CT scanning. Image
acquisitions were performed with a Somatom Definition
Flash, Dual source-Dual energy CT scanner (Siemens,
Erlangen, Germany), before and after contrast media
administration with retrospective ECG-gated spiral acquisi-
tion. Non-ionic contrast media was used. Slice thickness was
0.625 mm and image matrix size 512 x 512. No beta-
blocker was administered. The maximum diameter of
AAAs ranged from 4.4 to 6.8 cm with a mean of 5.0 cm.
Three-dimensional (3D) reconstruction of CT images was
performed by two independent observers using the soft-
ware ITK-SNAP® and this resulted in four, 3D AAA models for
each case representing the aortic wall and lumen at peak
systole and end diastole. The reconstructed 3D-AAA models
were processed using the vascular modelling tool kit
(VMTK) software.® Centerlines were semi-automatically
extracted and were used to extract cross sections at
1-mm intervals.

ILT volume was calculated for both phases:
ILTVolume = WallVolume — LumenVolume. The quotient:

ILTVolumeRatio = 7ILTVqumeS.ystole
ILTVolumeDiastole

was recorded to determine if ILT volume remains constant
and thus whether the thrombus is incompressible.

To examine if there is longitudinal deformation of the ILT
during the cardiac cycle, its area change in each cross
section obtained perpendicular to the AAA centerline was
measured. Specifically, cross-sectional areas of the ILT were
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calculated: ILTArea = WallArea — LumenArea (Fig. 1) and
were compared between peak systole and end diastole. The
quotient:

. ILTAreaSystole
ILTAreaRatio = ————
ILTAreaDiastole

was recorded for each cross section.

Median values and interquartile range are presented. ILT
volumes and areas are compared between systole and
diastole using the Wilcoxon rank sum test; p-values <0.05
were considered significant.

RESULTS

Due to low sample size, median and interquartile range
were calculated for ILTVolumeRatio and ILTAreaRatio.
Median ILTVolumeRatio was 1.004 (0.03), indicating that the
ILT is incompressible in vivo. Furthermore, the ILT volume
change between systole and diastole was not statistically
significant (p-value: 0.5).

Accordingly, the ILTAreaRatio was calculated for each
cross section. Two representative cases are displayed in
Fig. 2. The ILTAreaRatio approached unity for all cross
sections irrespective of local thrombus thickness. Median
ILTAreaRatio for the five patients was 1.001 (0.03). Appar-
ently ILT cross-sectional area remains practically constant.
ILT area change between systole and diastole was not
statistically significant (p-value: 0.35). Inter-observer differ-
ence of ILTAreaRatio was 1% and was thus too small to
influence results.

Lumen
surface

Thrombus
CIoss-
sectional
area

f

Wall
surface

Figure 1. 3D-reconstruction of the AAA wall/lumen surfaces. ILT
cross-sectional areas are represented with an orange surface. (For
interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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Figure 2. Graph of ILTAreaRatio (red line) with distance along the
centerline for two cases. Maximum diameter (black line) and
thrombus sectional area (orange line) are plotted. /LTAreaRatio
approaches unity irrespective of thrombus area. (For interpreta-
tion of the references to colour in this figure legend, the reader is
referred to the web version of this article.)

DISCUSSION

There is a longstanding debate with regard to ILT influence
on AAA evolution with some studies proposing a protective
while others indicating a harmful effect." Pathology
studies indicate that the thrombus reduces oxygen supply
to the arterial wall inducing wall weakening.” Others
suggest faster growth of AAAs containing large amounts of
thrombus.®> Recent studies indicate however that ILT
reduces PeakWallStress exerted on the AAA wall." More-
over a possible thrombus cushioning biomechanical effect
due to its increased compliance has also been described.?
Assessment of ILT mechanical properties is essential to
better understand its effect on AAA biomechanics, wall
strength and overall behaviour and to incorporate these
parameters into future AAA computational models. Until
recently such properties could only be assessed through
ex vivo mechanical testing.

Here we investigate whether advanced imaging tech-
niques such as ECG-gated CT can be used to assess ILT
elastic properties non-invasively. Specifically we evaluated
thrombus compressibility and deformation in vivo in five
patients undergoing imaging for AAA surveillance. Both ILT
volume and cross-sectional area remain relatively constant
throughout the cardiac cycle and along the entire length of
the AAA. Therefore our results indicate that the ILT is
incompressible and does not deform longitudinally during
the cardiac cycle. On the other hand, as reported by Vorp
et al., as the aneurysm wall and lumen both expand during
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the cardiac cycle and the ILT is found incompressible thus
retaining its area, there is a thinning of the thrombus layer
from systole to diastole.? Therefore, the thrombus may
deform circumferentially but not longitudinally throughout
the cardiac cycle and, in the normal range of arterial pres-
sure, is incompressible which is in agreement with previous
ex vivo mechanical studies and ultrasound-based imaging
studies.?*

In conclusion, advanced imaging techniques can be used
to assess non-invasively ILT mechanical properties. Such
measurements indicate that the thrombus is incompressible
and does not deform longitudinally but only circum-
ferentially during the cardiac cycle.
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Deformation and distensibility distribution along the
abdominal aorta in the presence of aneurysmal difatation

N KONTOPODIS ™ E METAXAZ® K PAGONIDIS= CIOANNOL Y. PAPAHARILACQL 2

Aém. In order to evaluate the elastic behavior of the
abdominal aortic aneurysm (AAA), the distribution of
aortic deformation during the cardiac cycle is meas-
urexd. Moreover, the distensibility of the AAA compos-
ite structure consisting of the AAA wall and the intra-
luminal theombus (ILT), as well as that of the adjacent
non-aneurysmal aortic segment (NAA), are calculaied.
Methbods., Ten patients underwent electrocardiograph-
ically-gated computed tomography. 3D-surfaces of
aortic wall and lumen were reconstructed during
peak-systole and end diastole and cross-sections per-
pendicular to the centerline were extractedd 1 mim
apart. Comparison of crosssectional areas between
peak-systole and end-diastole provided the relative
area change (RAC). Mean values were calculated for
MNAA (R4AC,,,), aneurysmal wall (RAC ), and aneu-
rysmal lumen (RAC, ) Distensibility of aneurysmal
and unaffected aorta was calculated using brachial
blocd pressure measurements (D, , and D, , respec-
tively). Normalized distensibility (D, 5,0 of the AAA
was calculated with respect to normal aortic segment
distensibility and related to aneurysm size and theom-
bus content.

Resnlts. A map ot aoctic deformation during the cardiac
cycle was obtained. Differences between RAC ., (me-
dian=0.7%, range=0.3-2.1%) and both RAC,,, (medi-
an=2.8%, range=0.9-4.8%) and RAC, _ (median=1.8%,
range="0.5-3.4%) were statistically significant. D, (me-
dian=0.30-10° Pal, range=0.05-0.64-10° Pa)was lower
than Dy, (median=0.43-10-° Pa!, cange=0.10-0.83-10-°
Pal) bui difference was not siatistically significant.
Median D, ., Was 0.73 (range=0.1-3.1) and presented
a significant positive correlation with AAA size and
thmambus cantent.

TIE and EM equally contributed to this study and both cqualify for
firzt authorhip.

Cormeponding author: Y. Papahadlacu, Fho, Institute of Applied
and Computational bMathematics, Foundation for Research and Tech-
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Conclusion. Aneurysmal wall deforms significanily
less than non-aneurysmal wall and aneurysmal lumen,
due o altered elastic properties and reduced loading.
In large AAAs with larger amounis of ILT, the lumen
deformation is comparable or even exceeds that of
MNAA and subsequently so does the distensibility of
the WallILT composite, an observation suggesting a
thrombus cushioning effect. Dy, .5, May provide in-
sight in the estimation of AAA evolution and assist in
rupiure risk assessment.

Key woBDs: Aofic aneurysm, abdominal - Risk faciors -
Electrocamdiography.

bdominal acttic anewysm (AAA) represents

a major health problem that affects increasing
nuwnber of individuals with aging of the popula-
ticn b ? Its major complication is rupture followed by
8 striking overall mortality of §0-00% 24 All the rel-
evant screening and therapeutic protocols atternpt
to prevent this catastrophic outcome indicating
immediate surgical repair or watchful waiting and
intervention when this is considered appropriate.
According to current guidelines elective repair of
Asbs js based on size and growth rate with surgical
intervention recormmended at maximum diameter
255 om or enlargement 21 cm/year respectively’
However, it i3 well established that such universal

THE JOUEMAL ZF CARDICAASCITIAR SURGERT 1
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criteria can not accurately predict Ass evolution on
a patient specific baszis Even amall Asass well under
the threshold for swgical repair, may napnue, while
almost 50% of larger anewryesm will newver proceed
to ruptare 8,7

In an effort to identify additional anewry=m rap-
ture risk markers that will assist in the management
of these patients, there i=s increasing interest in the
role of AAM biomechanical parameters. Aneuryamal
dizease iz mainly a degenerative process affecting
the arterial wall leading to loss of suchural integ-
rity. Therefore, reduced elastin and collagen that ac-
companies AAMA formation and evolution have been
shown to be related to altered elastic properties as
el as reduced swength of acrtic wall & ® More over
results of ex wro mechanical testing indicate a posi-
tive correlation of anewuryamal wall stiffness with its
srength suggesting that reduced stiffness may fore-
tell a higher rupnare rislg 10, 11 It has therefore, be-
come apparent that additional knowledge on AAA
wall mechanical properties could provide insight in
the regional loss of wall integrity and lead to more
sensitive, patient-specific napture risk estirnations.

Recent advances in medical imaging and spe-
cifically the use of elecwocardicgraphically-cated
computed tomography (ECG-gated CT) allowed the
documentation of actic wall deformation through-
out the cardiac cycle. Using adwvanced imaging tech-
niques, the aortic wall regional elastic properties,
could directly be estimated 2 viro. 1? Since previous
imaging ultrascund based smudies indicate that an
increase in aneurystn distensibility owver time is re-
lated to a higher napture risk profile the exploitation
of such modern imaging techniques is expected 1o
assist in mpture risk assessment !> Various resedrch
groups that estimmate elastic wall properties, non-
invasively using imaging modalities either record
the change of vessel aoss-sectional area during the
cardiac cycle, talkking into account predefined T
slices, or the volume of the wessel, and relate it to
the amerial pressure 416 Howewer, both recordings
provide only a global estimation of wall properties
not taking into account regional variations that may
be present along the wessel 17

In the current study we use ECG-gated CT to cap-
ture aoric deformation throughout the cardiac oy-
cle and estimate the distribution of aoctic wall and
intraluminal thrombus (ILT) distensibility along the
normal acrta and AAA in an effort to detect changes
that accompany anewysm formation and evolution.

2 THE JOUEMAL OF CARMICAMSCILAR SURCGERYT

CEFRSRMATION AND DIETENEIEILITY CISTRIELTICN ALCMEG THE AECKTMWMIMAL ACETA

Moreowver, we atternpt 1o compare elastic properties
of the anewrysmal and the unaffected aormic segment
and provide an intra-patient measure of differences
which could be of value for rupture risk estimations.

Materials and methods

Study population

Ten patients with AAA were induded in this study,
which was approved by the Instinutional Rewview
Board of the University Hospial of Crete, and all
subjects gave informed consent The patients were
under surveillance and underwent CT imaging for
followr-up. After CT imaging 3 patients underwent
elective repair, based on the ourrent guidelines of
AMA managernent Mean age was 71.7 years rang-
ing from 59 to 82 years. The majcrity was of male
gender with a male: female ratio of @1 Maximum
diameter of the smdied AAMA=: ranced from 32 mum
to 68 mun with an average of 49 mim Demograph-
ics and clindcal characteristics of patients, as well as
Aneurysam size are presented in Table I

Data acquisition

All patients undersrent Multi-Detector ECG-gated
CT scan Image acquisitions were performed with a
Somatom Defnidtion Flash, Dual scurce-Dual enersy
CT" scanner (Siemnens, Brlangen Germany), before
and after contrast media administration with retro-
spectively ECG gated spiral acquisition MNon-ionic
contrast media was used Slice thickness was 0.625
mrn and image matrix size 512x512 The tempocal
resolution was 83 ms and in plane spatial resolu-
ticn 033 mun. The total effective dose wras 5.5 msSv
at 80 bpm. Two BCOG-gated series of axial images
were reconstructed, at peak-systole and end-diastole
during the R-K interval MNon-invasive blood pressure
measurements at the time of the CT acan were also
obtained.

Imape post processing

SESGMENTATICN AMNC THEEE CIMENSIOMAL (A1) RECON-
STRUCTION

Segmentation and 3D surface reconsthuction of
the aortic wall and lumen was performed using the

ol 10|
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softerare ITK-SHMAP!® Briefly, outlines of the outet
surface of the AAA (“wrall™) and the lurminal surface
(“lumen ™) were manually obtained slice by slice and
the A0 surfaces were reconsttucted from the stack
of contours This was performed for peak-systole
and end-diastole. During segmentation, each slice
of one phase (syatole or diastole) was placed zide-
by-zide with the respective slice of the ather phase
(blinded) in order to exclude minor artifacts mainly
caused by branching wasculanwe or wall calcihca-
tion. The segmentation included the wvisceral seg
ment of the abdominal acrta to obtain information
of a seemingly healthy vessel, to the last slice just
before the acmic lumen splits to the comumon iliac
arteries. Due to contrast enhancement, lumen dis-
placement between peak-systole and end-diastole
could be detected for all cases For aortic wrall, howr-
ever because of poor discrimination from surround-
ing tissues, displacermnent could be accurately detect-
ed in & cut of 10 cases while there was significant
uncertainty in 4 cases. Therefore, three 3D surfaces
were reconstiucted for each case: diastolic-lumen,
systolic-lumen, and diastolic-wall surfaces. Systolic-
wall surfaces were reconsttucted for those 6 cases
that allowed confident wall boundary detection.

EEXTRACTICN OF LUMEM CENTERLINE AMND ESTIMATION CF
SEOMETRIC FARAMETERS

The reconstructed 3D lumen and wall surfaces of
each case were processed using the vasoular mode-

ol S - Mo 5
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ling tool kit (VMTE) software 1? After snoothing the
surfaces, the cepterline of the lumen was created,
and was used to extract cross-sections of the AAA
aurfaces at 1 mm intervals along the centerline, and
azzion thetn the same number For direct comparizon
of their cross-sectional area (Figre 1)

With regard to the wall surfaces, the maximum
diameter of each section was alzo recorded. The ILT
crosssectional area was calculated by subtracting
the =section area of the lumen swrface from that of
the wall

Fdevtificarion of the two aortic repions of inrerest

Two aortic regions were defined based on the di-
amneter change The frst was the noo-aneuryamal
aortic (MAA) region, where the diameter did not
change with distance monotonicaly, had minor fluc-
tuations, and the wessel was not tortuous appearing
overall healthy from the CT ithages. The second was
the AAMA region, whidh started where the diameter
inaeased with distance and ended at the aortic bi-
furcation.

Deformation and distensibiliry quantification

To provide a map of aortic deformation along the
healthy and ansuryamal wessel for both aortic wall
and lumen, the relative area change (RAC) was cal-
culated for every cross-section of the AaA wall and
lumen as well as the NAA (Eq. 10
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Figure 1 —A) 3C-recorstruction of AAA rodels from 20 CT immges and creation of cepterlines; B) perpendicular cross-sectiors lmm apart
for beth acrtic wall and lumen at end-diaztcle and peak-syetale. Direct comparisan of cross-sectional areas provides a map of acrtic defor-
mation; Cha representative crost-section and s area change during the cardiac cycle . Such information was recorded for all cross-secticne.

i = P ety ~ AT ok Equation 1
ATCE re ke

For each case under examination mean values of
RAC o, RAC — and RAC,,, were recarded.

To override the uncertainty in acrtic wall displace-
ment detection for those cases with poor demarca-
ton of Add wall boundary from surrcunding tissues,
aortic lumen displacement was used for the guanti-
Acation of vessel elastic properties. Specifically, by
assuming ILT incormpsessibility, the area change of
the lumen closely represents the area change of the
wall (Eq. 20

L=Ty=W,—L =W L, =W -W=2 -2, Equation 2

(7 = thrombus area, W= wall area [ = lumen area,
s = systole, d = diastole)

Thrombus incompressibility has been proposed
by previous mechanical and imaging studies and is
widely used in computational models that estimate
wall stress 2322 This was also verified in our smudy
population by recording ILT systolic and diastolic
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areas in those cases wheres both lumen and aortic
wall displacement could be recorded. ®
Moreover, by using brachial blood pressure meas-
urements the distensibility © was calculated. This is
defined as the relative change in the wessel cross
sectional area during the cardiac cycle divided by the
comresponding change in blood pressure (Eq.3).% %
-, ATCR g, = AT g - Eac
Areag. . -AF AP

D Equation 3

Since pulse pressure exerted on the arterial wall
of the MAA and luminal surface of ILT represents the
loading that causes aortic deformation, we used the
observed expansion data along with blood pressure
measurermnents to calculate distensibility that regard-
ed the MNAA and the whole AAA composite sruchure
consisting of the wall and ILT (D, and D,,,, re-
spectively). On the other hand the loading on the
Abs wall alone is reduced due the presence of ILT
and therefore its distensibility cannot be accurately

determined directly using pulse pressure.
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Furthermore the normalized distensibility (D pops’,
defined as the ratic of distensibility between AAA
and notmal aora is calculated to reduce uncertainty
due to non-invasive blood pressure measurements
Specihically it has been proposed that the brachial
blood pressure can underestimate intra-acrtic pres-
sure 1o almost 15% but Dy 88 defined here is not
senasitive to this error (Bq. 4019

_Daan  BAChey ' 8P  RACpme Equation 4
Drns  FACmes ' AF  BiCama

Dm

Stavistical analysis

For RAC, ..., RAC, ; and RAC as well as D,
and D,,, and D e, median and rangs are report-
ed. Statistical signifcance of differences was tested
using Wilcoxon-rank sum test Correlation between
Digape 20d AAA maximum diameter as well as aver-
age ILT cross-sectional area was asseszsed by Spear-
man’s rho test. Correlation coefficient is reported.

Results

Determination of the diswibution of aortic defor-
mation troughout the cardiac cycle is Feaszible using
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Figure 2 —RAC of cross sections along the acrta for tono re prese rta tinve
AN cazes. A Mapping of R&Z, _ on the 30 reconstruction of the
acrta light cpacue gev sudace) whem the remal arteries can be lo-
cated, and the lumen = showmn with a yellow, dacker surface RaC,
i represemed with 2 colored scale on the cemerline of the lunen B.
Graph of RAC,, . (green line) RAC.,, (red line) and RaC, _ (blue
line) with distance along the centerline, wher the starting point is
above the remal arteries and last at the acrtic bifurcation. Data of naxi-
rum diameter (hlacl:, cominuous line) are preented.
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ECG-gated CT scan Two representative cases are
presented in Fiowre 2. All cases presented a reduced
deformation of AsA wall compared to that of [MAA
while Aa A lumen expansion approximated that of the
non-anewysmal segment Spedhcally RACG, was
0.7% (0.3-2.19), RAC,, ., Was 1.8% (0.53.4%) and
RAC,,, Was 2.8% (0 94 8%) There were statistical
signif cant differences between RAC, g and RAC,
(P=0.007) as well as RAC,; and RAC,.. (P=0.005).
Differences between RAC,,, and RAC, __ were not
statistically signifcant (P=0.12).

In some cazes there was a consistent Nnding of
negative values in RAC, , and RAC in the AAA
shoulder region (at the entrance S?mﬂe ANSL YR
expansion where the acrtic diameter increases) that
was verihed by independent observers This could
be explained by the AAMA expanzion pattern dur-
ing the cardiac cycle which iz both citcumferential
and longiudinal Subsequently in regions of steep
change of wessel size, such as the shoulder region,
cross-sections during systole may be compared to
slightly distal pams of the wessel which are anatomi-
cally larger, during diastole and therefore present
negative values of area change.

Diygae Was0.43 (0.16- 0830105 Pal while D, , Was
0.30 (005 - 0645 10% Pl Differences between val-
ues were nof statistically significant (P=0.12). Dy
was 0.73 (0.1-3.1) To identify if this index correlates
with maximuwm diameter and theombus content, it
wa: presented veraus the aforermnentioned pararmn-
eters (Figure 3) There was a strong positive correla-
ton of Dyapy With anewrysm size (Speanman’® tho
0.65, P=004) and average thrombus cross-sectional
ared (Spearman’s rho 081, P=0.003)

The walues of the indexes representing acitic
deformation and distensibility (RAC,.., RAG, ..
RAC g, Diass Dasa, Ducsg) for all cases under ex-
amination as well as statistical significance of differ-
ences are presented in Table II.

Discussion

The current study utilizes modern imaging tech-
niques to record vessel deformation during the car-
diac cycle along the normal and anewryamal abdormn-
inal aorta Such methodology provides data for the
in pivo detemmination of acrtic elastic properties and
their regional variations through direct measure-
ments from non-invasive imaging rechnigues.
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Figure 3 —Correlation of Ads D with (A) aneuwryem size {maxi-
rum diameter) and (B thrombus cobtent (average LT cross-sec-
ticmal area)). A strong positive correlation was found for both waria-
bles which = compatible with ap I.T cushioning effect 2z explained
in the text.

Our resalts indicate that AAA wall expansion dur-
ing the cardiac cycle iz significantly less than that of
the adjacent non-aneurysmal segment and the aneu-
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rysmnal lumen. Two factors may be implicated to this
phenomenon. Firstly, the altered mechanical proper-
tiez of the anewryamal wal compared to the [NAA
wall due to the degeneration that anewrysmal disease
causes, could have sighihcantly contributed to the re-
duced deformation of the former Mechanical studies
indicate that AaA wall becomes stiffer than thar of
the unaffected acrtic segment and this is consistent
with the present Andings & 19, 1l Secondly, the loading
con the aneuwrysmal wall cauzing its deformation may
be reduced compared to that acting on the MNAA wrall
and the luminal surface of ILT. Specihically the pulse
pressre represents the loading force that causes
deformation of the non-anewrysmal wall as well as
the whole AAA structure consisting of the WallILT
composate. However, many computational sudies
indicate a cushioning effect of ILT that significandy
reduces stress exerted on the answysmal wall wwhich
alao could have contributed to the observed reduced
deformation. % # Therefore, the use of measured ar-
terial pulse pressure to calculate distensibiity of the
aneuryamal wall when IIT is present, which i the
CAse in most Adss, although extensively used in the
literature, may represent an oversimnplification lead-
ing to inacourate conclusions. M4 15 %, 7 Pulse pressure
can be uzed however to calaulate the distensibility of
MHAA and anewryamal Wall-1LT composite. Our results
showreduced AAA distenaibility compared to the un-
affected segment but differences were not statistical
significant. The wide range of D,,, values indicates
the prezence of large differences between cases
Since each patient’s baszeline acrtic distensibiliry
may be different due to several factors such as age

TaerE [ —The nariables that represent deformation (RAC,,,, RAC gy, and RAC,, .. a5 well gz dissensibiliyy of the vesael (D, D, .,
@¥icd Dy} cive preseviad for all cases under examiation. Satsticel sigrifica s difrevices ave retoried.

Patent RAGu RACpueme RACeu TP coation Dhacmm ——
#] Z.2% 5 4% 0.5% 0.539 0.59 15 et
2 1.6% 1.7% 0. 5% 0.20 0.22 1.3 50
3 3.7% 2. 5% 2.1% 0.59 0.40 0.7 52
4 0.5 z.8% 0.9% 0.16 0.49 3.1 &5
5 Z.2% 1.7% 0.8% 042 0.52 (=) 54
) £ 5% 1.7% 0.8 Q.72 025 0.4 g4
5 2.8% 2. 2% 1.7% 0.8l 0.64 08 40
= 4 £%, 0.5%%. 0.5% 083 0.11 (i3 | 32
b’ 3.9% 0. 5% 0.3% 0.33 0.0%5 0.1 43
#10 2.3% 0.5% 0.3% 0.42 0.10 0.3 40
MECIAN 2.9%F 1 .59 ol 0.43 0.30 0.73 49 4

"Diifference betwreen RAC, and BAT

All ather differnees waere not statls ¥ =lgnificant.

was shatk beal slgnificant (P=0.007); ¥ Difference betwreen RAZ  and FAC - was shbsbeal slgnifcant (P=0.007%)
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of commorbidities % # in order to obtain a meas-
wre of distensibility change due to AAA disease,
Dyprgar Was introduced. Differences i Dygy found
berpreen patients, can possibly be atributed to the
extent of degeneration caused by AAA dizease,
zince the baseline of aomic distensibility for each
patient haz been taken into account There was a
wide range of Dy values in our study popula-
tion. Moreowver a stong positive correlation of this
parameter with aneurysm size and more importantdy
with ILT content, as measured by average ILT cross-
sectional area, was established This indicates the
mechanical cushioning effect of ILT which, through
its deformation, represented by the increased lumen
expansion, absorbe a sionifcant part of the arterial
pulse pressure thus reducing the mechanical load-
ing on the weakened aneurysmal wrall

The increased lumen expanzion and subsegquent
IIT deformation does not contradict ILT incorm-
pressibility, which i= suggested by others and alzo
confrmed in our study population. 22 Specifically,
since aartic wall and lwnen both expand during the
cardiac cycle and ILT is incompreasible thus retain-
ing itz area, there must be a thinning of ILT [rom
diastole to systole ®

Previous ulrasound based studies suggest a posi-
tive predictive role of AAA distensibility for rupture
rislk estimation with higher baseline valuez and an
increase of distenaibility over time being associated
with a higher napture rate !> Morecowver, mechanical
testing suggests a sighificant negative comrelation of
stiffness with aneurysmal wall strength 9 U Taking
into account these Andings and the significant posi-
tive correlation of Dyagy With anewryam size found
here, a higher mupture risk could be expected for
Adas with increased Dyygy Owr 2tudy population
presented a wide range of Dipy vValues even be-
tween same sized AAAs The posaible walue of this
index in assessing susceptibility to mupture should
e explored through larger scale studies that wil
alzo examnine follow-up of such patients.

Conclusions

Fecording of abdominal aortic deformation dur-
ing the cardiac cycle for both the unaffected and
ansurysmal acrtic segments is feasible using cur-
rent non-invasive imaging techniques. Ow results
indicate that AaA wall is less deformable than both
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adjacent non-aneurysmal acric segment and aneu-
rysmal lumen This could be due to both altered
mechanical properties of the answyamal wall and
reduced loading due to the presence of ILT lLarger
Aass writh high lewel of thrombus acourmualation are
zsignifcantly more distensible than those of amaller
size indicating an ILT cushicning effect. Dy pn, May
be of value in assessing susceptibility to mapture but
this should be veriied by larger acale studies.
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Effect of Intraluminal Thrombus
Asymmetrical Deposition on Abdominal
Aortic Aneurysm Growth Rate

Eleni Metaxa, PhD'*, Nikolaos Kontopodis, MD'!-?*, Konstantinos Tzirakis, PhD',
Christos V. loannou, MD, PhD?, and Yannis Papaharilaou, PhD'

Abstract

Purpose: To determine the relationship between asymmetrical intraluminal thrombus (ILT) deposition in abdominal
aortic aneurysm (AAA) and growth rate and to explore its biomechanical perspective. Methods: Thirty-four patients with
AAA underwent at least 2 computed tomography scans during surveillance. The volumes of the AAA (V,44) and thrombus
(V1) and the maximum thrombus thickness (ILT,.) were computed. Thrombus distribution was evaluated by introducing
the asymmetrical thrombus deposition index (ATDI), with positive and negative values (-1 <ATDI<I) associated with
anterior and posterior ILT deposition, respectively. Finite element analysis was applied to estimate wall stress. Aneurysms
were divided into high and low growth rate groups based on the cohort’s median growth rate, and the abovementioned
parameters were compared between groups. Results: Most AAAs had asymmetrical anterior thrombus deposition. The
high and low growth rate groups did not present significant differences in maximum diameter, Vua, Vi1, OF maximum
ILT - However, the high growth rate group had significantly higher ATDI (p=0.02). The ATDI<O group (posterior
ILT distribution) presented a significantly lower median growth rate compared to that of ATDI>0 group (anterior or
symmetrical ILT deposition; p=0.029). The specificity of an ATDI<O0 criterion for identifying AAAs with a growth rate
below the cohort median was 89%. The ATDI<O0 group had a significantly lower posterior maximum wall stress compared
with that of the ATDI>0 group (p=0.03). Overall peak wall stress did not differ between groups. Conclusion: Posterior
thrombus deposition in AAAs is associated with significantly lower growth rate and lower posterior maximum wall stress
compared with that of AAAs with anterior thrombus deposition and could potentially indicate a lower rupture risk.

Keywords
abdominal aortic aneurysm, intrasac thrombus, intraluminal thrombus, biomechanics, volumetric analysis, stress analysis,
sac growth rate, rupture risk, asymmetrical thrombus deposition index

While the list of publications on ILT effect on rupture risk is
extensive, the majority focus on ILT size-related characteris-
tics, such as volume/area growth,>” relative sac volume,® and
maximum thickness’; only a few details are provided regard-
ing the effect of ILT spatial distribution on AAA rupture risk.®

Introduction

Since autopsy data showed that nearly 13% of abdominal aor-
tic aneurysms (AAAs) with a maximum diameter <5 cm were
ruptured and 60% of the AAAs >5 cm in diameter never rup-
tured,! the “maximum diameter criterion,” as a single parame-
ter that fits all patients, has been questioned. In the search for

more reliable rupture risk markers, intraluminal thrombus
(ILT) is one of the most studied AAA features, which has been
postulated as a driving force in AAA expansion and is present
in 75% of all AAAs.? It has been shown that ILT load is associ-
ated with a higher likelihood for rapid AAA expansion,® while
an increase of thrombus cross-sectional area may better predict
AAA rupture than the increase in the maximum diameter.* In
addition, a positive correlation between rupture risk and ILT
thickness has been demonstrated,’ and ruptured AAAs have a
greater ILT volume compared with selectively repaired AAAs.
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Could the spatial distribution of ILT have an effect on
AAA progression? Most AAAs actually present an asym-
metrical ILT deposition favoring the anterior side.® Studies
in animal and other models have suggested site-specific
regional differences in wall biochemistry in the aorta.®* We
thus hypothesized that ILT may have a different effect on
AAA progression depending on its deposition pattern.
Additionally, while AAA expansion is asymmetrical, prob-
ably due to spatial restriction caused by the vertebral col-
umn, recent studies have also shown that wall growth,
“feeding” the expansion, is also asymmetrical.!? Specifically,
aneurysmal growth is greater in the anterior wall, sparing
for the most part the aortic wall region between the inter-
costal and lumbar arteries. While the mechanism of asym-
metrical growth has not been fully understood,? it is possible
that posterior aneurysm wall regions are protected from
ischemia, better oxygenated and nourished than other
regions because vasa vasorum is supplied by the lumbar
arteries, which arise from the back of the aorta.!® This
regional difference in AAA growth, as well as the site-spe-
cific differences in wall biochemistry in the aorta, have
driven our hypothesis that ILT distribution in the AAA sac
may have an effect on growth rate. The primary aim of this
study was to determine the relationship between asymmet-
rical ILT deposition and growth rate.

Furthermore, we attempted to explore the biomechani-
cal perspective of asymmetrical ILT deposition. Rupture
represents the mechanical failure of the arterial wall to
withstand wall stresses, which has been shown to be
dependent on the amount of ILT!" and on the shape of the
sac.!213 Subsequently, we examined in a patient-specific
cohort how the wall stress is affected by the asymmetrical
ILT deposition, usually coincident with an asymmetrical
AAA shape.

Methods
Study Population

Thirty-four consecutive AAA patients (mean age 71.7
years, range 59-82; 32 men) with at least 2 computed
tomography (CT) scans performed between 2010 and 2013
as part of a formal study protocol gave informed consent to
participate in this study, which was approved by the local
institutional ethics committee. Three of these patients had
an initial AAA diameter >5.5 cm, but their surgery was
postponed due to comorbidities, leading to further imaging
for AAA surveillance. Initial maximum diameter ranged
from 32 to 60 mm (mean 46.7; Table 1).

Image Postprocessing and Measurements

All CT scans were processed using the open source ITK-
SNAP application!'* (http.//www.itksnap.org/) as previously

described.!® Three-dimensional (3D) AAA models from the
visceral segment of the abdominal aorta to ~4 cm below the
aortic bifurcation were reconstructed from the stack of
manually obtained contours of the outer wall and lumen
surfaces. The reconstructed 3D wall surfaces were pro-
cessed using the vascular modeling tool kit.!¢ After smooth-
ing the surface using the volume preserving Taubin
algorithm, the maximum transverse diameter was mea-
sured. The growth rate was determined by linear extrapola-
tion from the difference in maximum AAA diameter
between the first and last CT scans (D, and D,.,
respectively).

From the smoothed 3D reconstructed surfaces extracted
from the first CT scan and assuming a uniform wall thick-
ness of 2 mm, the outer wall surface was offset 2 mm inward
to obtain an estimate of the inner wall surface. Maximum
ILT thickness (ILTy,,) was defined as the maximum dis-
tance between the inner wall and lumen boundary surfaces
at the cross section of maximum diameter. The sac (V4),
lumen, and ILT (V1) volumes from the most caudal renal
artery to the last slice before the aortic bifurcation were
computed with the open source GNU Triangulated Surface
Library (version 0.7.6; http://gts.sourceforge.net/) using the
inner wall and lumen surfaces.

To evaluate ILT distribution, ImagelJ software!” (http.//
rsb.info.nih.gov/ij/) was used to determine the relative
lumen area that lies on the posterior and anterior segments
of the maximum diameter cross section. The segmentation
of the lumen into anterior and posterior regions was based
on the CT scanner coordinate system with the boundary
defined by a line passing through the centroid of the outer
wall boundary perpendicular to the anteroposterior axis
(Figure 1).

To obtain a measure of the degree of asymmetrical ILT
distribution, the asymmetrical thrombus deposition index
(ATDI) was defined as follows: ATDI = [AL,, — AL, ] /
AL, where AL is lumen area and AL, and AL, are areas
of the posterior and anterior lumen regions, respectively.
ATDI is positive when the lumen geometrical center lies on
the posterior section of the sac (ie, dominant anterior ILT
distribution) and negative when it lies on the anterior sec-
tion (ie, dominant posterior ILT distribution) (Figure 1). In
the absence of ILT or if ILT deposition is anteroposteriorly
balanced in the maximum diameter cross section, then
ATDI becomes zero. ATDI is 1 or —1 when ILT is deposited
only posteriorly or anteriorly in the cross section, respec-
tively (-1<ATDI<I).

Wall Stress Estimation

Using the outer wall and lumen surfaces and assuming a
uniform thickness of 2 mm, the AAA model for finite ele-
ment analysis (FEA) was reconstructed including both
AAA wall and ILT, as previously described.'®!® The 3D
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Table I. Aneurysm Size, Growth Rate, and ILT Characteristics for All Cases.

Case D paxi>» mm D, ax2» MM Growth Rate, mm/y Vaaa ML Vi mL Max ILT o mm ATDI
| 32 40 4.4 62 10 4 -0.05
2 37 42 2.1 50 5 | -0.03
3 38 41 3.6 6l 21 6 0.75
4 40 42 34 121 | 4 0.02
5 40 41 1.7 64 7 | -0.01
6 42 43 1.5 86 42 17 -0.46
7 42 48 33 71 9 7 0.29
8 42 44 3.0 74 20 5 0.0l
9 43 44 1.0 53 0 | 0

10 44 53 4.5 84 5 10 0

Il 44 48 24 6l 26 13 0.42

12 45 55 20.0 69 | | 0.01

13 45 47 34 87 47 21 0.72

14 45 50 4.0 98 70 22 1.00

15 45 52 3.1 8l | 4 0.06

16 46 47 1.0 53 6 4 0.18

17 46 47 3.0 180 36 8 0.25

18 46 47 2.0 79 36 20 1.00

19 47 51 4.4 101 22 15 0.46

20 48 52 2.7 99 0 2 0

21 48 49 2.0 91 74 27 —-1.00

22 49 51 1.4 125 50 I 0.04

23 49 57 3.1 71 37 21 0.27

24 50 52 2.0 97 45 20 0.26

25 50 53 2.8 98 30 12 0.33

26 51 60 3.0 96 44 17 —-0.60

27 51 52 4.0 112 85 29 0.0l

28 52 60 6.4 104 59 20 0.52

29 52 53 4.0 136 42 19 0.71

30 54 57 2.3 147 68 25 -1.00

31 54 62 19.2 121 83 25 1.00

32 56 57 1.7 134 35 12 -0.02

33 56 62 36.0 179 125 36 1.00

34 60 62 2.4 225 113 22 -0.19

Abbreviations: ATDI, asymmetrical thrombus deposition index; Dmaxi, maximum diameter at the first computed tomography (CT) scan; Dmaxa,
maximum diameter at the last CT scan; ILT, intraluminal thrombus; Max ILT ., maximum thickness of thrombus at the cross section of maximum
diameter; Vaaa, volume of the aneurysm sac; V, 1, volume of the intraluminal thrombus in the sac.

mesh was generated using ICEM CFD (version 12.0.1;
ANSYS Inc, Berkeley, CA, USA) and consisted of linear
tetrahedral elements. Based on the results of the mesh inde-
pendence analysis performed using the 99-percentile stress
of the first principal stress as the reference metric, an aver-
age mesh density of 2.4 elements/mm? was used in all cases
considered. Workbench (ANSYS Inc) was used for FEA
and estimation of wall stress distribution at peak systole.
Hyperelastic material models as described by Raghavan
and Vorp?? for the wall and Vande Geest et al?! for ILT were
adopted. A uniform 120 mm Hg systolic pressure wall load-
ing was applied to the lumen boundary for all cases. FEA
results were postprocessed with open source visualization

software (Paraview version 3.14). The peak wall stress
(PWS) defined as the 99-percentile stress of the sac wall,
and the posterior maximum wall stress (PMWS), defined as
the 99-percentile stress of the posterior section of the sac
wall, were calculated from the distribution of the first-prin-
ciple stress.

Statistical Analysis

The AAA cases were assigned to high and low growth rate
groups based on the median value of the AAA cohort. The
values of D, Viir, ILT icko ATDI, Vg pn, PWS, and PMWS
were compared between the groups. Additionally, the AAA
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Posterior

Figure |. Definition of asymmetrical thrombus deposition
index (ATDI). In this example, ATDI is negative (case 6). The
dashed white line determines the anterior and posterior sides,
and the luminal areas at the anterior (AL,,) and the posterior
(AL,,) sides are measured.

cases were classified into negative and positive ATDI
groups based on the sign of the ATDI; their differences in
growth rate, PWS, and PMWS were evaluated.

Furthermore, apart from the median growth rate of the
cohort, a mean growth rate of 3.2 mm/y from the larger
cohort inthe ADAM (Aneurysm Detection and Management)
trial>? was also used to divide AAA cases into high and low
growth rate groups. AAAS in the study cohort with ATDI<0
were tested to determine if they had a lower growth rate than
the ADAM trial mean.

Normality was tested using the Shapiro-Wilk test.
Parametric data are given as the mean and compared with
an independent 7 test; nonparametric data are given as the
median and compared with the Mann-Whitney U test.
Statistical significance was set at p<0.05. Statistical analy-
sis was performed with SPSS (version 20; IBM Corporation,
Somers, NY, USA).

Results
ATDI and Growth Rate

Median follow-up in the study cohort was 11.5 months
(interquartile range 11 months). The majority of AAAs
had an asymmetrical anterior ILT deposition (ATDI>O0,
n=22) (Table 1). The median growth rate was 3.0 mm/y.
Aneurysms in the high and low growth rate groups did not
have significantly different D,,, (mean 46.1 vs 47.53
mm, p=0.53), V., (median 96 vs 91 mL, p=0.55), V¢
(median 36 vs 35 mL, p=0.62), or maximum ILT,;,
(mean 14.4 vs 12.5 mm, p=0.57). However, the low
growth rate group had significantly lower ATDI com-
pared with the high growth rate group (mean —0.032 vs
0.336, p=0.035).

The group of AAAs with ATDI<O0 presented a signifi-
cantly lower median growth rate compared with that of
AAAs with ATDI>0 (median 2.1 vs 3.4 mm/y, p=0.029).
The specificity of a negative ATDI criterion for identifying
AAAs with a growth rate below the group median was 89%
and the sensitivity 47%. When the AAA cases were divided
into high and low growth rate groups based on the mean
growth rate of the ADAM trial (3.2 mm/y), the specificity
was 93% and the sensitivity 42%.

ATDI and Wall Stress Distribution

Between high and low growth rate AAAs, there was no dif-
ference in PWS (mean 19.8 vs 20.5 N/cm?, p=0.69). However,
as expected, there was a difference in the distribution of wall
stresses between positive and negative ATDI groups.
Representative cases for a span of different degrees and
directions of asymmetrical ILT deposition are presented in
Figure 2. Aneurysms with positive ATDI experienced PWS
primarily on the posterior wall, apart from cases with high
surface curvature regions on the anterior wall. Aneurysms
with negative ATDI experienced PWS on the anterior wall. A
significantly lower PMWS was found in the negative ATDI
group compared with that of the positive ATDI group (mean
12.8 vs 17.4 N/ecm?, p=0.04). However, PWS magnitude did
not differ between groups (mean 15.9 N/cm? vs 16.1 p=0.91).

Discussion

In clinical practice, the perceived relationship between size
and rupture risk guides the decision for surgical interven-
tion. However, because of the multifactorial nature of
AAAs, the integration of several markers would probably
be more appropriate for patient-specific rupture risk stratifi-
cation. Toward this goal, distinct AAA characteristics that
could potentially identify AAAs with either high or low
growth rate potential could be exploited.

In this study, we examined whether asymmetrical ILT
deposition is associated with growth rate. We found that
aneurysms with negative ATDI had a significantly lower
growth rate compared to those with positive ATDI.
Furthermore, the high specificity but moderate sensitivity
of anegative ATDI marker in detecting AAAs of low growth
rate suggests that while anterior ILT deposition cannot be
used as a marker for rapid expansion, posterior ILT deposi-
tion can potentially be used as a marker of low growth rate.
This result could be useful in clinical practice as asymmetri-
cal posterior ILT deposition can be easily determined quali-
tatively from a CT scan. A low rupture risk marker could
increase the time intervals between CT scans, which incur
costs to health providers and additional anxiety to patients.
It could also potentially reduce the unnecessary interven-
tions and associated cost, as well as the perioperative mor-
bidity and mortality, to which AAAs with a diameter >5.5
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Figure 2. Asymmetrical thrombus deposition index (ATDI) and wall stress (g,) distribution. Aneurysms with ATDI>0 have higher

values of wall stress at the posterior side than those with ATDI<O0.

cm are currently being subjected. Additionally, the degree
of asymmetrical ILT deposition, measured by the ATDI,
could be integrated in a multimodal rupture risk model to
improve rupture risk stratification.

The role of ILT on AAA expansion remains unclear.
Thrombus has been shown to lower wall stress,!? but at the
same time it is a biologically active laminated structure that
can influence proteolysis in the underlying wall.?> While
thick ILT depositions may not directly harm adjacent AAA
wall regions since ILT’s proteolytic activity is predomi-
nantly located in the luminal layer,?? thick ILT depositions
could cause local hypoxia to the AAA sac wall.* Our find-
ing that posterior, compared with anterior, ILT deposition is
associated with lower growth rate may potentially be
explained by the fact that at least part of the posterior AAA
wall is oxygenated via the vasa vasorum that originates
from the lumbar arteries.?>2¢ It is therefore possible that the
posterior wall is less affected by the presence of a thick ILT
layer compared to the anterior wall.

Overall PWS was not found to be significantly different
between high and low growth rate groups nor between
AAAs with posterior and anterior ILT deposition. However,
the former, as expected, had significantly lower PMWS.
Since the majority of ruptures occur on the posterior and
posterolateral wall regions (83%),! and the posterior wall is
thinner, with the midsection also weaker than the neck
region,?’-28 the role of posterior wall stress has been high-
lighted recently as potentially significant in rupture risk
estimation.!>1?

It is worth noting that although most AAAs with posi-
tive ATDI presented PWS on the posterior wall, there were,
however, cases where PWS was located at a region of high
surface curvature on the anterior wall. This supports results
of other studies that identified a relationship between sur-
face curvature, wall stress concentration,”® and rupture
risk.3® Surface curvature has also been shown to offer
potentially accurate (85.5%) classification between elec-
tively and emergently repaired AAAs.3! It is therefore
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evident that although ATDI is associated with growth rate
and wall stress distribution and can be casily extracted
from medical images, integration of other size and shape
indices is necessary for accurate patient-specific rupture
risk assessment.

The nonuniform ILT distribution may have a substantial
influence on AAA evolution from a biological and also a
biomechanical point of view. If it is mainly deposited ante-
riorly then, it may not only cause a substantial anterior wall
degeneration but also a nonuniform redistribution of wall
stress against the posterior wall.!® On the other hand, if it is
primarily deposited posteriorly, our results indicate that the
AAA growth rate is slower and the posterior wall is pro-
tected from high wall stresses. It is worth noting that, in
contrast to ATDI, the ILT thickness and volume were not
significantly different between the low and high growth rate
groups. It therefore appears that ILT size—based metrics are
not sufficient to describe its effect on AAA evolution, as
they cannot provide information on regional biological and
biomechanical effects of ILT on AAA wall. Therefore,
ATDI may be a valuable marker that complements the com-
plex role of ILT presence in the sac.

Limitations

In our FEA, tissue prestress was not considered. This is
likely to cause underestimation of computed wall stress and
overestimation of wall deformation.3? However, it is
unlikely that this would alter the main conclusion of our
work regarding the association between thrombus deposi-
tion pattern and growth rate.

We applied 120 mm Hg peak systolic pressure as uni-
form wall loading in our FEA for all subjects. Although this
approach may be appropriate to assess the effect of throm-
bus deposition pattern on wall stress distribution, applying
patient-specific pressure may have been better to evaluate
the association between wall stress and growth rate.

A uniform 2-mm wall thickness was assumed because
accurate extraction of the inner wall boundary was not pos-
sible due to lack of sufficient wall ILT contrast in the CT
images available. Shum et al*? have proposed a semiauto-
matic methodology that could be exploited to address this
limitation. Although this simplifying assumption is expected
to affect the pattern of the computed stress distribution, it is
not expected to alter the main findings of our study regard-
ing the association between ILT deposition, stress distribu-
tion pattern, and growth rate.

Conclusion

Asymmetrical posterior ILT deposition in AAAs was
found to be associated with lower growth rate compared to
that in AAAs with anterior ILT deposition. Therefore,

asymmetrical posterior ILT deposition, as quantified by
ATDI, may potentially assist in improved patient-specific
rupture risk estimation.
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