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11 10/04/2019 opicOnkov o¢ Tppenc cuUPBOVAEVTIKY EMTLTPOTN O K.K.:
MIATIAAHEZ MATZAT'KAZL, taxtucog Kadnyntig Ayyeloxeipovpykng
ABOANAZIOZ TTANNOYKAZX, taktikdg Kabnyntg Ayysioxelpovpykng

I'EQPTTOX KOYBEAOZ, ernikovpoc Kabnyntig Ayyeloxelpovpytkng

To 6épo g dwtpiPng opioBnke v 15/02/2017 kou v 17/06/2022 1 SwotpiPn

KaToTEONKE OAOKANPOUEVT).
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WORK EXPERIENCE

07/01/2013— Resident
08/05/2013  Department of General Surgery, General Hospital of Kastoria,
Kastoria (Greece)

- Primary health services
- Emergency department

14/05/2013— Resident

12/04/2015  Department of General Surgery, University Hospital of Ioannina,
Ioannina (Greece)

-Participation in vascular and visceral surgery operations
-Perioperative treatment of patients
-Emergency Department

01/05/2015— Resident
31/10/2016  Hopital du Jura Bernois, site de Moutier, Moutier (Switzerland)
-Participation in operations of visceral, trauma and vascular
surgery and orthopedics
-Perioperative management of patients

-Emergency department of General Surgery and Internal
Medicine

-Management of patients in the ICU

16/02/2017—- Resident

31/05/2022  Department of Vascular Surgery, University Hospital of Larissa,
Larissa (Greece)

-Participation in vascular surgery operations
-Perioperative treatment of patients
-Emergency Department

EDUCATION AND
TRAINING

26/09/2006— Degree of Medicine

09/07/2012 Faculty of Medicine, Aristotle University of Thessaloniki,
Thessaloniki (Greece)
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05/06/2015—
06/06/2015

15/03/2017—-
Present

26/10/2018-
31/12/2019

02/2021-
06/2021

12/02/2021-
30/06/2022

25/11/2019-
Present

Vascular
societies

ATLS

American College of Surgeons, Patras (Greece)

PHD Candidate, Vascular Surgery
Faculty of Medicine, University of Thessaly, Larissa (Greece)

"Morphological changes of the aortic anatomy after endovascular
repair of abdominal aortic aneurysms"

MSc
Faculty of Medicine, University of Thessaly, Larissa (Greece)

“Duplex ultrasound for the prevention and diagnosis of vascular
diseases”

Academic assistant
“Basic principles in Angiology-Vascular Surgery”
University Hospital of Thessaly

MSc
Faculty of Medicine, University of Thessaly, Larissa (Greece)
“Thrombosis and antithrombotic therapy”

Sub-investigator, ENCHANT Trial

RCT in the use of chimney EVAR for the treatment of juxta and
pararenal abdominal aortic aneurysms, (sponsored by Medtronic)

-Hellenic Society of Vascular Surgery

-European Society for Vascular Surgery

-European Society for Cardiovascular and Endovascular Surgery

-Member of Junior Committee of the European Society of
Cardiovascular Surgery

Date: April 2018-June 2019

Institutional Repository - Library & Information Centre - University of Thessaly

01/06/2024 11:45:16 EEST - 3.144.112.7



Strasbourg, France

-Chair of Junior Committee of the European Society of Cardiovascular
Surgery

Date: June 2019-present

Istanbul, Turkey

-Organizing committee of the ESCVS-Winter School 2020
Date: 19 December 2020
Virtual meeting

Date: 17 August-27 August 2021
Short fellow under the tutorship of Prof Tilo Kdlbel

German Aortic Center Hamburg, Department of VVascular Medicine,
University Heart & Vascular Center, Hamburg, Germany

Fellows

Date: 1 June 2022- Present

Clinical fellowship under the tutorship of Prof Stephan Haulon
Aortic Center, Marie Lannelongue Hospital, Le Plessis-Robinson,
France

-Date: 19-22 June 2022
70™ Congress of the European Society of Cardiovascular Surgery
Liege, Belgium

Congress-
Prizes

Oral presentation

Risk factors and adverse events related to supra- and infra-renal
aortic dilatation after EVAR

Petroula Nana, George Kouvelos, Konstantinos Spanos, Konstantinos
Batzalexis, Metaxia Mpareka, Eleni Arnaoutoglou, Athanasios
Giannoukas, Miltos Matsagkas

Impact of conical anatomy on proximal neck adverse events after
EVAR

Petroula Nana, Konstantinos Spanos, George Kouvelos, Metaxia
Mpareka, Eleni Arnaoutoglou, Athanasios Giannoukas, Miltos
Matsagkas

Invited Speaker

Challenges in TAIMH management: Current data
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-Date: 26-28 April 2022
CX, Charing Cross Symposium
London, UK

Oral presentation

Meta-analysis of comparative studies between self and balloon
expandable bridging stent grafts in branched endovascular
aneurysm repair

Konstantinos Spanos, Petroula Nana, Alexandros Brodis, Giuseppe
Panuccio, George Kouvelos, Christian-Alexander Behrendt, Athanasios

Giannoukas, Tilo Kdlbel

-Date: 14-16 April 2022

21% Hellenic Congress of Vascular & Endovascular Surgery-Angiology
Hybrid meeting

Athens, Greece

Oral Presentations

AVTIHETOTLO TOPAVEPPLKOV OVEVPVGUATOV HE TN PO TNG
TEYVIKNG TOV TUPIAANA®OV HOGYEVUATOV

[Tetpovra Navd, I'edpyrog KovPeroc, Kovotaviivog Zmavog,
Kovotavtivogc MratlaAiééne, ABavaciog XaidovAng, Awkotepivn
Mmnov(ié, EAévn Apvaovtoylov, ABavdaciog [Mavvoikag, Midtidong
Matcaykog

AVTIPHETOTIGN 6VVOETOV OPTIKAOV AVEVPUGUATOV PE KAAOOTA KoL
OvpLo®TE pooysvpaT

[Terpovria Navd, Kovotavtivog Zmavog, I'edpyroc KovPerog,
Kovotavtivog Mratlarééng, Tedpylog Borakdkng, EAEvn
Apvaovtoyrov, ABavdaciog I'avvovkag, Midtidonc Matodykog

Moapayovreg Kivovvov Kol ETUTAOKES OYETILONEVES HE TN d1dTOCT TG
VITEP- KOL VITO-VEQPPIKNG COPTNS NETA 07TO EVOUYYELOKT]
OTOKATAGTAGCT AVEVPVGUATOV

[Tetpovria Navd, I'edpylog KovBerog, Kmvotavtivog Emavdc,
Kovotavtivog Mratlaiééne, ABavaciog Xaidoving, EAévn
Apvaovtoyrov, ABavdaciog Navvovkag, Midtidong Matodykog

To avTIKTUTO TNG KOVIKNS HOPPOLOYINS TOV KEVTPIKOV CVYEVA GTIC
EMITAOKEG TOV GYETICOVTOL PUE TV KEVTPIKT] LOVI TPOGOPUONG PETA
070 EVOUYYELUKI] OTOKATAGTAGT] AVEVPUGUATOV

[Metpodra Navd, I'edpyrog KovPeroc, Kovotaviivog Zmavog, Xpnotog
Kapabdvoc, EAévn Apvaovtoyiov, ABavaciog INavvodkag, MIATIAONC
Moatcaykog

Invited speaker
Ta kvpLétepa TPOPANNOTA TOV ELBIKEVOPEVOV AYYELOYELPOVPYOD
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-Date: 1-3 December 2021
10" MAC

Virtual meting

Munich, Germany
Invited Speaker

Gender differences in EVAR versus open repair for AAA in the elective
and urgent setting

-Date: 7 November 2021
ESVS Travel Grant

-Date: 5-7 October 2021
CX Aortic Vienna
Hybrid meeting
London, UK

Oral presentation (Prize session)

Factors associated to non-infectious fever post endovascular aortic
aneurysm repair

Petroula Nana, Konstantinos Dakis, Konstantinos Spanos, George
Kouvelos, Miltos Matsagkas, Athanasios Giannoukas

-Date: 28-29 September 2021
ESVS 2021

Hybrid meeting

Rotterdam, Netherlands

Oral presentation

Abdominal aortic aneurysm sac alteration depending on initial diameter,
endograft material and presence of endoleak type II (Fast track)

Petroula Nana, George Kouvelos, Konstantinos Spanos, Athanasios
Giannoukas, Miltiadis Matsagkas

A comparison on early mortality between EVAR and open aneurysm
repair in the female population under urgent and elective settings (Prize
session)

Petroula Nana, Konstantinos Dakis, Alexandros Brotis, Konstantinos Spanos,
George Kouvelos, Miltiadis Matsagkas, Athanasios Giannoukas

-Date: 25-28 September 2021
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CIRSE
Virtual meeting

Posters

Mortality in the female population after open or endovascular repair

for abdominal aortic aneurysm

Petroula Nana, Konstantinos Dakis' Alexandros Brodis, Konstantinos Spanos,
George Kouvelos, Prof Athanasios Giannoukas

Meta-analysis of early outcome of carotid revascularization in
retrospective case series

Petroula Nana, George Kouvelos, Alexandros Brotis, Konstantinos Spanos,
Efthimios Dardiotis, Miltiadis Matsagkas, Athanasios Giannoukas

-Date:10-12 June 2021
LIVE, 2021

Hybrid meeting
Thessaloniki, Greece

Oral presentation

Total endovascular repair using parallel graft technique and iliac
branched devices for a pararenal aortic aneurysm extending to the
common iliac arteries

Petroula Nana, George Kouvelos, Konstantinos Spanos, Maria Ntalouka,
Konstantinos Batzalexis, Athanasios Chaidoulis, Eleni Arnaoutoglou,
Miltiadis Matsagkas

Synchronous endovascular management of right internal carotid and
subclavian artery stenosis

Petroula Nana, George Kouvelos, Konstantinos Batzalexis, Konstantinos
Spanos, Athanasios Giannoukas

Treatment of a non-A non-B chronic dissection with rupture using arch
debranching and ch-TEVAR

Petroula Nana, Konstantinos Spanos, George Kouvelos, Konstantinos
Batzalexis, Athanasios Chaidoulis, Athanasios Giannoukas

-Date: 3-5 June 2021

20t Hellenic Congress of Angiology- Vascular and Endovascular
Surgery

Hybrid Meeting

Athens, Greece
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Invited speaker
Chimney Endovascular Aortic Aneurysm Repair: Ch-EVAR

-Date: 26 March-27 March 2021
69™ ESCVS annual meeting
Virtual Meeting

3" prize, Oral presentation

Anatomical differences between intact and ruptured large
abdominal aortic aneurysms

E-Poster

External jugular vein aneurysm: case report and review of the
literature.

Petroula Nana, Christos Korais, Ourania Karyda, Eleni Gkrinia, Anna
Mpouronikou, Vasileios Lachanas, Konstantinos Spanos, George
Kouvelos

Oral presentation

Anatomical differences between intact and ruptured large
abdominal aortic aneurysms

Petroula Nana, Konstantinos Spanos, George Kouvelos, Konstantinos
Mpatzalexis, Miltiadis Matsagkas, Athanasios Giannoukas

10-year single center experience in elective endovascular repair of
infra-renal abdominal aortic aneurysms

Petroula Nana, Konstantinos Spanos, George Kouvelos, Konstantinos
Stamoulis, Christos Rountas, Eleni Arnaoutoglou, Miltiadis Matsagkas,
Athanasios Giannoukas

-Date: 29 September - 2 October 2020
34th ESVS Annual Meeting
Virtual Meeting

Oral presentation

A systematic review and meta-analysis of carotid artery stenting using
the transcervical approach.

P. Nana, G. Kouvelos, A. Brodis, K. Spanos, N. Roussas, M. Matsagkas, A.
D. Giannoukas
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-Date: 25-26 September 2020
LIVE 2020
Larissa, Greece

Oral presentation
Endovascular treatment of distal renal aneurysm

Petroula Nana, George Kouvelos, Konstantinos Mpatzalexis, Metaxia
Mpareka, Christos Rountas, Eleni Arnaoutoglou, Miltiadis Matsagkas

One stage endovascular treatment of right internal carotid and right
subclavian artery tight stenoses in a female patient

Petroula Nana, George Kouvelos, Konstantinos Spanos, Athanasios
Chaidoulis, Konstantinos Mpatzalexis, Athanasios Giannoukas

The unusual case of total occlusion of the three splanchnic arteries and
the infrarenal aorta

Petroula Nana, George Kouvelos, Konstantinos Mpatzalexis, Anastasios
Maskanakis, Metaxia Mpareka, Eleni Arnaoutoglou, Miltiadis Matsagkas

-Date: 17-18 September 2020
SITE On air-SITE Symposium

Virtual meeting

Poster presentation

Adverse outcome after complex endovascular repair of a para-renal
abdominal aortic aneurysm

Petroula Nana, Georgios Kouvelos, Konstantinos Batzalexis, Nikolaos
Rousas, Eleni Arnaoutoglou, Miltiadis Matsagkas

Combination of the chimney technique and an iliac-branched device for
the repair of a failed EVAR

Petroula Nana, Georgios Kouvelos, Konstantinos Spanos, Konstantinos
Mpatzalexis, Eleni Amaoutoglou, Miltiadis Matsagkas

-Date: 10-12 September 2020

19" National Hellenic Congress of Vascular and endovascular Surgery-
Angiology 2020

Athens, Greece

Oral presentation

Ultrasonography guided percutaneous EVAR using the ProGlide®
Perclose device. Single center preliminary results

P. Nana, N. Roussas, K. Spanos, M. Mpareka, K. Batzalexis, E.
Arnaoutoglou, A. Giannoukas, M. Matsagkas

Initial experience with the CERAB technique

P. Nana, K. Spanos, G. Kouvelos, M. Mpareka, K. Batzalexis, N. Roussas, E.
Arnaoutoglou, A. Giannoukas, M. Matsagkas

11
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Endovascular treatment of pararenal abdominal aortic aneurysms

M. Matsagkas, K. Spanos, G. Kouvelos, C. Rountas, A. Bouzia, P. Nana, K.
Batzalexis, M. Mpareka, E. Arnaoutoglou, A. Giannoukas

Poster presentation

Popliteal artery cystic adventitial disease : a 2-case presentation

P. Nana, G. Kouvelos, N. Roussas, E. Arnaoutoglou, A. Giannoukas, M.
Matsagkas

Endovascular repair of a thoraco-abdominal aneurysm using the
sandwich technique

P. Nana, G. Kouvelos, K. Spanos, A. Bouzia, K. Batzalexis, E. Arnaoutoglou,
A. Giannoukas, M. Matsagkas

Initial experience using the endovascular sealing device Nellix in patients
with abdominal aortic aneurysm: a comparative study

K. Batzalexis, G. Kouvelos, P. Nana, K. Spanos, A. Koutsothymiou, E.
Arnaoutoglou, A. Giannoukas, M. Matsagkas

-Date: 8-11 September 2020
CX Aortic Vienna - Charing Cross Symposium
Virtual meeting

Oral presentation

10-year single tertiary center experience in elective endovascular repair
of infra-renal abdominal aortic aneurysms

Petroula Nana, Konstantinos Spanos, George Kouvelos, Konstantinos
Stamoulis, Christos Rountas, Elena Arnaoutoglou, Miltiadis Matsagkas,
Athanasios D. Giannoukas

-Date: 23-25 January 2020
CACYVS 2020 - Controversies & Updates in Vascular Surgery 2020

Paris, France

Poster presentation

Systematic Review and Meta-Analysis on the efficacy and safety of the
carotid artery stenting with the trans-cervical approach

P. Nana, G. Kouvelos, A. Brodis, K. Spanos, N. Roussas, M. Matsagkas, A.
D. Giannoukas

The effect of carotid revascularization on the ophthalmic artery flow
assessed with duplex ultrasonography

P. Nana, K. Spanos, G. Antoniou, G. Kouvelos, V. Vasileiou, E. Tsironi, A.
Giannoukas

12
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-Date: 24-27 September 2019
33" Annual ESVS Meeting
Hamburg, Germany

Poster Presentation

EVAR with the use of new generation endografts is a safe and durable
procedure

P. Nana, K. Spanos, G. Kouvelos, K. Stamoulis, C. Rountas, M. Matsagkas,
E. Arnaoutoglou, A.D. Giannoukas

-Date: 27-30 June 2019
ESCVS Summer School-Anastomosis
Istanbul, Turkey

-Date: 27-29 June 2019
20t EVF
Zurich, Switzerland

1% prize, Poster

A randomized clinical study of radiofrequency ablation versus 1470nm
laser for great saphenous vein reflux

Poster presentation

A randomized clinical study of radiofrequency ablation versus 1470nm
laser for great saphenous vein reflux

Karathanos C, Spanos K, Nana P, Batzalexis K, Kouvelos G, Giannoukas
AD

-Date: 22-25 May 2019
68" ESCVS Congress
Groningen, Netherlands

3" Prize, Young Surgeon Award in Vascular Surgery for
Treatment Options of Spontaneous Dissection of Visceral Arteries

Oral presentations
Treatment Options of Spontaneous Dissection of Visceral Arteries

P. Nana'?, G. Kouvelos!?, K. Mpatzalexis', S. Koutsias?, E. Arnaoutoglou®*,
A. Giannoukas', M. Matsagkas'~?

Endovascular Repair of the Aortic Arch Branches’ Pathologies

P. Nana!, G. Kouvelos', G. Psarras', K. Spanos', N. Rousas', E.
Arnaoutoglou?, A. Giannoukas!, M. Matsagkas'

13
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DOAC: in Vascular Surgery
Joint Resident Forum
P. Nana

Case presentations
A failed EVAR presenting with type I endoleak: treatment options
Meet the expert’s session

P.Nana'!, G. Kouvelos', K. Spanos!, K. Mpatzalexis!, G. Psarras', E.
Arnaoutoglou® M. Matsagkas'

Percutaneous chimney EVAR for the treatment of a para-renal
aneurysm

ESCVS Cinema session
P. Nana, M. Matsagkas

E-Posters

Sandwich technique with proximal extension for a thoracoabdominal
aneurysm
P. Nana', G. Kouvelos!, E. Armaoutoglou?, A. Giannoukas', M. Matsagkas'

A two-stage approach for an abdominal and a thoracic aortic aneurysm
P. Nana', V. Bouris', M. Peroulis', E. Arnaoutoglou?, M. Matsagkas'

-Date: 9-11 May 2019
Leading Innovative Vascular Education, LIVE 2019 Symposium

Larissa, Greece

Oral presentations

The Chimney Technique for Para-renal Aneurysms Repair. Initial
Results,

P.Nana !, G. Kouvelos', K. Spanos', K. Mpatzalexis!, E. Arnaoutoglou?, A.
Giannoukas', M. Matsagkas'

Treatment Options of Spontaneous Dissection of Visceral Arteries

P.Nana ', G. Kouvelos'?, K. Mpatzalexis', M. Peroulis?, S. Koutsias?, E.
Amaoutoglou®*, A. Giannoukas', M. Matsagkas'*?

Chimney EVAR: how we do it , Post-operative management & follow-up
Petroula Nana, Konstantinos Mpatzalexis, Georgios Psarras

Case presentations

Using the sandwich technique for thoraco-abdominal aneurysm repair
Petroula Nana!, Georgios Kouvelos!, Aikaterini Bouzia?, Eleni

14
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Arnaoutoglou?, Athanasios Giannoukas', Miltiadis Matsagkas'

Endovascular Approach for the Treatment of a Distal Aortic Arch
Aneurysm in an Nonagenarian Patient

Petroula Nana', Konstantinos Spanos', Konstantinos Mpatzalexis', Aikaterini
Koutsothymiou?, Eleni Arnaoutoglou?, Miltiadis Matsagkas'

E-Poster
Endovascular Repair of Aortic Arch Branches’ Pathologies

P.Nana!, G. Kouvelos!, G. Psarras!, K. Spanos!, N. Rousas!, E.
Arnaoutoglou?, A. Giannoukas', M. Matsagkas'

-Date: 15-18 April 2019
Charing Cross Symposium

London, UK

Oral presentations

Factors Associated with Elimination of Endoleak Type II During the
First Year Post-EVAR

Konstantinos Spanos*, Petroula Nana*, George Kouvelos*, Stylianos
Koutsias*, Eleni Arnaoutoglou®*, Athanasios D. Giannoukas*, Miltiadis
Matsagkas™

E-Posters

The effect of carotid revascularization on the ophthalmic artery flow

P. Nana!, K. Spanos!, K. Batzalexis!, G. Psarras!, F. Xanthou?, G.
Kouvelos!, N. Rousas', K. Tsetis®, E. Tsironi?, G. Antoniou*, M. Matsagkas',
A. Giannoukas'

Factors associated with increased incidence of rupture in large (>80cm)
AAA

P. Nana', K. Spanos’, K. Batzalexis', G. Psarras', C. Karathanos', G.
Kouvelos', K. Tsetis?, I. Vasilopoulos', E. Arnaoutoglou®, M. Matsagkas’, A.
Giannoukas'

-Date: 27-29 March 2019
SITE, International Symposium on Endovascular Therapeutics
Barcelona, Spain

Case presentations
Sandwich technique with proximal extension for a
thoracoabdominal aneurysm

15
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Petroula Nana?, Georgios Kouvelos!, Eleni Arnaoutoglou?, Athanasios
Giannoukas?, Miltiadis Matsagkas?

A two stage approach for an abdominal and a thoracic aortic
aneurysm

Petroula Nana?, Vassilios Bourist, Michail Peroulis, Eleni
Arnaoutoglou?, Miltiadis Matsagkas*

E-Poster

Tailoring of ch-evar with the currently available endografts: a single
center experience

Petroula Nanal, Georgios Kouvelosl, Konstantinos Spanosl, Eleni
Arnaoutoglou2, Athanasios Giannoukasl, Miltiadis Matsagkasl

Factors associated with the elimination of endoleak type Il during
first year post EVAR

Konstantinos Spanos?, Petroula Nana!, Georgios Kouvelos!, Eleni
Arnaoutoglou?, Athanasios Giannoukas?, Miltiadis Matsagkas?

-Date: 7-10 March 2019
HSO, Hellenic Stroke Organization Congress
Athens, Greece

Oral presentation
The effect of carotid revascularization on the ophthalmic artery flow

P.Nana!, K. Spanos', K. Mpatzalexis!, G. Kouvelos!, G. Antoniou?, M.
Matsagkas!, A. Giannoukas!

-Date: 17-21 January 2019
Winter School of ESCVS
Kapaonik, Serbia

-Date: 27-29 September 2018

6™ Hellenic Congress on Thrombosis & Antithrombotic Therapy
Institute of Thrombosis & Antithrombotic Therapy of Greece
Athens, Greece

Oral presentation

The effect of fiber tip distance from saphenofemoral junction on
outcomes after endovenous thermal ablation

Christos Karathanos', Petroula Nana', Konstantinos Spanos', Nikolaos
Rousas!, Athanasios Giannoukas'

16
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-Date : 28-30 June 2018
European Venous Forum
19" EVF Annual Meeting
Athens, Greece

E-Poster

The effect of fiber tip distance from saphenofemoral junction on
outcomes after endovenous thermal ablation

Karathanos C, Nana P, Spanos K, Rousas N, Giannoukas A.D

-Date: 24-26 May 2018

Leading Innovative Vascular Education, LIVE 2018 Sympocium
ESCVS Summer School 2018

Patras, Greece

First Prize for Oral presentation

“Factors associated with elimination of Endoleak type Il during 12-
month period post-EVAR”

Oral presentations

Tailoring of Ch-EVAR to various anatomic challenges with the currently
available endografts is feasible and effective treatment

Petroula Nana', George Kouvelos!, Konstantinos Spanos', Christos
Karathanos!, Athanasios Giannoukas', Miltiadis Matsagkas'

Factors associated with elimination of Endoleak type II during 12-
month period post-EVAR

Petroula Nana!, Konstantinos Spanos!, Georgios Kouvelos', Stylianos

Koutsias', Eleni Arnaoutoglou?, Athanasios Giannoukas', Miltiadis
Matsagkas'

Early experience with the Nellix endovascular aneurysm sealing device:
a preliminary comparative study

Petroula Nana'?, George Kouvelos!?, Konstantinos Spanos!, Athanasios
Giannoukas', Miltiadis Matsagkas'~

Comparison of the primary patency between open and endovascular
repair of popliteal artery aneurysms

Petroula Nana ', Konstantinos Mpatzalexis !, Georgios Kouvelos'~,
Nikolaos Rousas!, Katerina Drakou!, Ioannis Vasilopoulos!, Athanasios
Giannoukas', Miltiadis Matsagkas'~
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Large diameter (>29 mm) proximal aortic necks are associated with
increased complication rates after EVAR for AAA

Petroula Nana'~, George Kouvelos'-2, Konstantinos Spanos', Stylianos
Koutsias', Athanasios Giannoukas', Miltiadis Matsagkas'>

E-Poster

Carotid Stenting Versus Endarterectomy for the treatment of
carotid artery stenosis: Contemporary results from a single center
study

Petroula Nana?, Georgios Kouvelos?, Vasileios Bouris!, Dimitris
Xanthopoulos?, Michail Peroulis?, Eleni Arnaoutoglou?, Georgios
Papadopoulos?, Miltiadis Matsagkas*
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Objectives: Supra- and infrarenal aortic remodeling and its effect on neck-related
adverse events after endovascular abdominal aortic aneurysm repair (EVAR) has not
been systematically investigated while other anatomic factors, as conical neck, which
is defined as one of the hostile neck’s characteristics and may also affect EVAR
outcomes. While most interest focuses on the proximal sealing zone in EVAR cases,
the distal landing zone may also play arole in EVAR’s durability. The aim of this study
was to assess aortic diameter alterations from the supra-renal to its infra-renal part,
investigate the risk factors and consequences to proximal sealing zone and present
EVAR proximal neck adverse events in patients with conical neck compared to patients
with non-conical neck during the 12-month follow-up. Regarding the distal landing
zone, the iliac anatomy, its modifications and the potential correlation to iliac related
adverse events after EVAR were also investigated during the 12-month follow-up.

Methods: A retrospective analysis of prospective data of consecutive elective standard
EVAR patients, treated between 2017 and 2019, in a single tertiary center, was
undertaken. All patients underwent computed tomography angiography,
preoperatively, at the 1%t and 12" month post-operatively. The database included
patients’ demographics and comorbidities, pre-operative, and post -operative aneurysm
anatomical characteristics (supra-renal and infra-renal aortic diameter measurements,
aneurysm diameter, neck angle, thrombus, and calcification). The infrarenal diameter
was measured at three levels: just below the lowest renal artery, at 7mm and 15mm.
The suprarenal aorta was measured just above the highest renal and superior mesenteric
artery (SMA) and just below the celiac trunk. Neck-related adverse events included
migration of >10mm, and ET la. Regarding the distal landing zone, the common iliac
artery (CIA) diameter was assessed in three levels: origin (just below the aortic

bifurcation), distally (just above the iliac bifurcation) and in the middle of the distance
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between these two landmarks. Common iliac artery (CIA) angle to the aorta, tortuosity
indexes of the CIA and pelvic artery, relining and oversizing were also analysed. Distal
landing zone-related adverse events included any limb related re-intervention, endoleak
type Ib (ET Ib), graft migration, limb stenosis and occlusion.

Results: A hundred fifty patients were included in the analysis of the proximal neck.
At 12-month follow-up, all infra-renal diameters were significantly increased
(p<0.001), while regarding the supra-renal aorta, the diameter above the highest renal
and SMA were also augmented (p=.024 and p=.007, respectively). Pre-operative neck
diameter >29mm (p<.001), supra-renal active fixation (p=.002) and oversizing >20%
(p=.017) were significantly associated to just below the lowest renal aortic dilatation
while neck diameter >29mm (p<.001 and p=0.001) and supra-renal fixation (p<.001
and p=.016) were associated to 7 and 15mm diameter increase. Regarding the supra-
renal aorta, neck diameter >29mm affected diameter increase just above the highest
renal artery and SMA. Neck-related adverse events were significantly associated to
diameter alterations at the level just below the lowest renal artery (p=.017). At 7 and
15mm, no correlation to neck adverse events was found (p=.11 and p=.09,
respectively). Regarding the supra-renal diameter alterations, diameter differences at
the highest renal artery and SMA were related to adverse events (p=.007and p=.05).
Diameter difference at the CT level was not related to neck adverse events (p=.05). The
same cohort (150 patients) included 66 (44%) patients with conical proximal neck
characteristics. No significant differences were detected in patients’ anatomic
characteristics between the conical and non-conical group. Only distal (15mm) neck
diameter was wider in patients with conical neck (p<.001). Supra-renal active fixation
was used in 63.3% of the total cohort; 59.5% in non-conical necks and 68.2% of the

patients with conical anatomy (p=.275). Graft oversizing was 19% and 26.5% in
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patients with non-conical and conical neck group, respectively (p=0.004). Oversizing
>20% and >30% was more common in patients with conical neck [63.6 vs 36.9%
(p<.001) and 11.9% vs. 43.9% (p<.001) respectively]. Regarding EVAR outcomes, no
difference was recorded between patients with non-conical and conical neck. In a sub-
analysis, among patients with conical neck, aggressive oversizing >30% was associated
to lower graft migration rate during the 12-month follow-up (p=.011). From these 150
patients, 124 cases were further analysed in terms of the iliac anatomy. In total, 248
iliac limbs were included. In all three levels, iliac diameters increased. At the level of
origin, the diameter increased from 18.9+10.8mm to 20.4£10.5mm (p=.02), at the
middle portion, it changed from 15.8+6.0mm to 17.5+6.3mm (p<.001) and at the distal
CIA, it altered from 14.6+4.2mm to 15.1+3.9mm (p=0.05). Iliac angle altered from
34.1+£18.1° to 32.2+£16.2° (p<.001). CIA index increased from 0.83+0.12 to 0.88+0.1
(p<.001). The mean value of oversizing was 19.7£13.3% and affected distal iliac
diameter increase (p<.001). In 65 cases, a distal iliac diameter >18mm was recorded.
The estimated oversizing was lower (16.8+11.7%) compared to non-aneurysmal
arteries (22.5£14.8%, p=.02). At 12-month follow-up, iliac diameters remained stable
in the aneurysmal group. ET Ib was more common in iliac arteries >18mm [4 (6.0%)
vs 1 (0.5%)] at 12-months.

Conclusions: Post-EVAR aortic dilatation may be detected from the supra-renal aorta
to the total length of the aortic neck down to the CIA arteries. Proximal dilatation may
be attributed to multiple factors such as large neck diameter, supra-renal fixation, and
aggressive oversizing while aggressive oversizing may be related also to iliac dilation.
Compared to neck-related adverse events, which are more common in patients with
infra-and supra-renal aortic dilatation, distal landing zone adverse events were not

affected by the iliac dilatation during the 12-month follow-up. EVAR may offer similar

29

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 11:45:16 EEST - 3.144.112.7



good early outcomes in patients with conical and non-conical neck anatomy.
Aggressive oversizing (>30%) may have a preventive role of graft migration in patients
with conical neck during the 12-month period after EVAR. Aggressive distal oversizing
(>15%) may also prevent ET Ib formation in iliac arteries >18mm during the 12-month

follow-up.

Mepiinyn
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Ykomog: H avadiopdpemon g vep- Kot VITOVEPPIKNG 0OPTNS KoL TO AVTIKTLTTO TNG
oTlg emmhokég mov oyxetiCovior pe v kevipiky L{dvn mpdoeuong HETA amod
EVOOYYEWONKN OMOKOTAGTOOT] OVELPUCUOTOC TNG KOWAWKNG 0OPTAG TEAOLV Vo
dtepevvnon. Tavtdypova, GALOL AvaTOpIKOT TOPAYOVTEG CYETILOUEVOL LUE TOV KEVTIPIKO
avyéva, OTMG N KOVIKN popeoroyia, 1 ortoia yapaxtnpiletar og éva amd tao «exfptkdy»
YOPOKTNPIOTIKA YloL TNV EVOAYYEWIKT OTOKATAGTOOT), UTOPEL Vo 0AGKOOV EMTAEOV
EMIOPALOT OTO ATOTEAEGLOTO TG EVOOYYELOKNG OmOKATAOTOONG. EVd TO gvilapépov g
EPELVOG EMIKEVIPOVETAL GTNV KEVIPIKN LDV TpodSuong, N dnw Cdvn oty meploym
TOV Aayoviov pumopet eniong va mailel onuavtikd poio 66OV apopd 6TIC ETUTAOKES Kot
TIG EMOVETEUPAGELG TOV AKOAOVOOVVY TNV evdayyelaKn amokatdotact. O o1d 0 NG
TOPOVCAG AVAALONG Elval VoL TPOGeYYIGEL TIC LETAPOAEG TNG OLAUETPOV TOV KEVIPIKOD
TUNUOTOG TNG KOIAOKTG 0OPTNG OO TNV VIEPVEPPIKT| LOIPO MG KL TOV LITOVEPPTKO
avyéva Kol Vo OLlEPEVVICEL TOVG TAPAYOVTEG TOL TS emMNPEAlovV OAAL Kot TIg
EMATAOGELS OVTOV, OTMOS 01 EVOOIPLYEG TOTTOV lar ko 1 pHeT@bdeon Tov pooyedaTog,
otV Kevipwkn C{ovn mpoceuons, oe acBeveig mov vmoPAndnkav oe evdayyelaxn
OTOKATACTACT  OVEVPVUGHOTOS TNG KOWOKNG COPTNG KATO TOV TPMOTO YXPOVO
napoakorovOnong. EmumAéov, avaroya amoteAéopata Oo Tpooeyylotohv, OGOV apopd
™V KeVTIPIKN OV TPOGEUONG, G 0CHEVEIG LE KOVIKO KOl LT KOVIKO 0YEVO. ZYETIKA
pe v meppepikn {odvn TpdSLONGC, 1 AVATOUIN TV A0YOVImV apTNpLdV, ot LETAPOAEG
NG KOl 1 EMMATOOT T®V o€ avemBounta yeyovota Bo peretnBovv katd 1oV Tp®TO
YPOVO TapaKoAOVONOTG.

Me0Ooooroyio: Xvvetdyfer pior ovOOPOUIKY] UEAETY), TPOOMTIKA GULYKEVIPOUEVOV
dedoUéveV 000EVOV TOV OVTIUETOTIOTNKOV GE TOKTIKY] Pdaom evdayysiokd yio
VIOVEPPIKO aVEDPLOUO, TNG KOWKNG aopthg and 1o 2017 wg 10 2019 oe éva

tprtofadio kévipo. ‘OAotl or acbevelg vrefinOnoav ce afovikn ayysloypagio g
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KOWMOKTNG 0OPTNG KOL TOV A0YOVIOV 0pTNPUdV TPOEYYXEPNTIKA Kot Kot Tov 1° ko 12°
peteyxelpnTkd unva. H Pdon dedopévov mepiehdpfove dnuoypoeikd ototyeia,
OLVVOOTPOTNTEG, TPOEYYXEPNTIKA KOl HETEYXEPNTIKA OVOTOUKA YOPOKTIPLOTIKA
(vTtEp- KoL VIOVEPPIKEG LETPNGELG TNG OLOUETPOV, TN SIAUETPO TOL GAKOL, T1 Y®VIA, TO
abnpopatikd eoptio kot to OpouPo tov avyéva). H vroveppikn poipa tov avyéva
ekt Onke o€ tpia emineda: dpeca KAT®OEV TN KATMOTEPNG VEPPIKNG, oTa. 7 Kot 15y1A.
Avrtictoya, N vIepvEPPIKN Hoipa KTIUNONKE TV and TNV OVOTEPT VEQPIKN, TNV Ve
pecevtéplo aptnpio kot aueco kdtmbev g kotlMaxng aptnpiag. To avemBounto
ocoppdvia mov oyetiCovtar pe Tov avyéva copmepteAdupavoy T UETAOECT TOL
pooyebpotog maveo omnd 10y, kot v evoodaguyn tomov la. Zyetikd pe v
epLpePIkn LoV TPOGPUOTNG, M SIAUETPOC TNG KOWVING Aayoviag aptnpiag petpndnke oe
tpia eminedo: oty ékpuon (dpeca kdtwbev ToV COPTIKOD SYUGHOD), TO GT® TUNLO
(Gpeca avmbey ToL AoyOVIOL S1YOGLOV) KOl GTI) LEGOTNTO TG OTOGTOCNC OO QLT TOL
dvo avatopukd onueia. H yovia g Aayoviov og mpog TV aopTh, ot deikteg eAMKkmong
™G KOwNg Aayoviov kot 6Aov Tov Aayoviov d&ova, n xpnomn evdovapbnko yw Tov
evbelaopd tov Aayovov okehov (relining) kot n vrepueyéBuvon tov HOoEVUOTOG
(oversizing) avaivOnkav exiong. To avemBOunto copuPavia g tepLeepikng (oG
TpoOceLoNG ocvumepleddpfavay  Kabe emaveméuPfacn oyeTilOpevn pHE AvTH, TIC
evoodLapLYES TOTTOL [P, TN pETABEST LOGYEVUATOC KAt T OTEVOGT KOt amOPPasn TOL
Aaydviov okéAovG.

Amoteréopata: Exotd mevivia acbevelc cvumeptanebnkoav ommv avédivon tov
KEVIPIKOU owyéva. Xtovg 12 punveg mapakoiovdnong, OAEG 01 LITO-VEPPIKES SLAUETPOL
avénonkav (p<0.001), 6mwc Kot M GUECH VTEPVEPPIKT KOL 1 SIAUETPOG GTO EMIMEDO
¢ dvo pecevtepiov aptnpiog (P=.024 kot vp=.007, avtiotorya). O TpoeyxelpnTIKOg

avyévog pe dwapetpo >29h (p<.001), n vrepveppikny otypiEn (p=.002) ot n
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vreppeyéduvon (oversizing) tov pooyedpatog >20% (p=.017) oyetioTnKov pE TNV VITO-
VEQPPIKT] OldToiom, AQueco  kKatmBev TG Kat®dTEPNG VeEPknc. EmumAéov, o
TPOEYXEPNTIKOG avyévag pe dauetpo >29nh  (p<.001 xor p=0.001) kou m vmep-
veppikny otpi&n (P<.001 kou p=.016) oyetiotnrav pe ™ Sidtaon oto 7 Kot 15y
YHETIKA LE TNV VTEPVEPPTKT] ALOPTY], O ELPVG AYEVAG >29yA edvnKe va emnpedlel T
dtdrtaon mg. Ot emmAokég mov oyetilovtal Le TOV KEVIPIKO avyéva oyetiloviav pe
OTOTIOTIKY] ONUOVTIKOTNTO UE NG HETAPOAEG NG OSapéTpov dpeca kdtwOev Tng
KatdtePNg veepikng aptnpiog (p=.017). H didtaon g dapétpov oto 7 kot 15yh
Katmbev ¢ vePpikng de oyetiomke pe T avotépw emmiokég (p=.11 and p=.09,
avTioTor(O). TYETIKA LE TNV LIEPVEPPIKT O1dTaoN, 1 S10(popd TG SAUUETPOV GTO
eMimedo auecsa VepOHeV NG AVOTEPNS VEPPIKNG KOl TG VD LEGEVTEPIOL TYETIOTNKE
HE TNV EUEAVIOT EMTAOK®V TNG KeVIPIKNG (dvng mpoceuong (p=.007 ko p=.05,
avtiotoyya). H d1dtaon oto eninedo ¢ KOWMOKNAG aptnpiag 0 oyeTioTnKe UE TO
avemBounto coppavta (p=.05). Zmv idwo opdda acbevov (150 tepurtdoeis), 66 (44%)
eupviloy KoViKO kevipikd oavyévo. Kapio ototiotikd onpovtiky dweopd o€
SlmotdOnke petah TV 0V0 OPAdWV 0cOEV®OVY, EKTOG OO TNV TEPLPEPIKT OLAUETPO
TOL aYéva, 6To 15y1A, 1 ool tav gvpvtepT TG acbeveig pe kovikd avyéva (P<.001).
Mooyeopa pe vrepveepikt] ompién ypnoomomnke oto 63.3% eni tov GuvOAOL;
59.5% o un kovikovg awyéves kar 68.2% oe acbeveig pe kovikd avyéva (p=.275). H
vreppeyeduvon (oversizing) tov pooyedpotog frav 19% kot 26.5% oe acbeveic pe pn
Kot pe Koviko avyéva, avtiototrya (p=0.004). H vrepueyéBuvon tov evéouoosyeduatog
(oversizing) >20% ka1 >30% ypnoipomodnke evpiTEPO 6€ AGOEVEIS e KOVIKOVS
avyéveg [63.6 évavtt 36.9% (p<.001) ko 11.9% évavtt 43.9% (p<.001), avtictoya].
Oocov agopd ¢ emmlokéc G kevipikng Ldvng mpdseuong, dev mapotnpnonke

JPopd LETAED TV dV0 OPASWV 0CHEVMV. L& VTO-0VIAVOT| TG OLASOS TOV 0CHEVDV
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HE KOVIKOVG owyéves, m embetikn vmepueyébovon (aggressive oversizing) >30%
oYeTiotnKe HE AYOTEPO OLYVN METAOEON HOOYELUOTOG KOTd TOLG 12 uveg
napakorovOnong (p=.011). And v oudda twv 150 acbevav, 124 courepiinednikay
omv ovéilvon g avatopiog Tov Aayoviov. Xvvolkd, 248 Aayovior AEoveg
peremnOnkov. Kot ota tpio enimeda katoypagng te O1apuéTpon e Kovng Aayoviov
aptpiog, TapatnpONKe GTATIOTIKA ONUAVTIKY d10opd. XTnV EKQLON 1| SIAUETPOS
petofAndnke omd 18.9£10.0yh. oe  20.4+10.5pA. (p=.02), ot pecdémTO, OO
15.846.0p11. og 17.546.3y1A. (p<.001) kou otnv dnew Aayovio, amd 14.6+4.2y1A. o€
15.1+£3.9p11. (p=0.05). H yovia ¢ Aayoviov ¢ mpoc TV aopth ueimdnke omd
34.1£18.1° og 32.2+16.2° (p<.001) evéd o el eAlK®ONG TG KOWNAG Adyoviov
avénonke omod 0.831£0.12 oe 0.88+0.1 (p<.001). H péon tun vrepueyébovong tov
pooyevpatog (oversizing) frav 19.7+£13.3% kot eavnke vo, emnpedletl ) dtdTooT g
TEPLPEPIKNC SLOUETPOL NG KowvNG Aayoviov (P<.001). e 65 mepurtdoelg (omd Tig 248
Aayovieg aptnpieg), n Gnw OGUeTpog TTpoeyyelpnTKd NTav >18yih. H ektypumdpevn
vrepueyévbovon  (Oversizing) ftav  pIKPOTEPT] OTIC  OVEVPUOHOTIKEG  AQyOVIEG
(16.8+11.7%) oe oyéon pe T un avevpvopatikés (22.5£14.8%, p=.02). Ttovg 12
U VES TOPOKOAOVONOTNG, Ol SIAUETPOL TOV OVEVPLOUATIKOV AXYOVIOV TOPEUEVOV
otabepéc. H evdodiapuyn tomov If tav mo cuyvi oty opdda Tov achevodv PE TG
AVEVPLOLOTIKES Aayovieg dvm v >18yth. [4 (6.0%) vs 1 (0.5%)] otovg mpdtovg 12
WVEG LETA OO EVOOYYELOKT OTOKOTAGTAON.

Youmepaocpota: Metd amd evoayyeloK OmOKATACTACT OVEVPVUGLOTOG TG KOIALOKNG
a0pTNG TapaTnPNONKE d1dTOON TN KEVTIPIKNG TNG Hoipag, N ool exteivetal omd v
VIEPVEPPIKT LOTPaL LEXPL KO OAO TO UNKOG TOV KEVIPLKOV aYEVO KOOMG Kol GTIC KOWVEG
hayovieg aptmples. H xevipwn dwdtaon upmopel va ogeiletor o moAAAmTAOVC

TOPAYOVTES, OTMOG O VPV TPOEYYEPNTIKOG aVYEVAS, 1 VIEPVEPPIKN oTNPEn Tov
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evoopooyebatog, Ko M emfetikn vrepueyébovvorn tov pooyevpotog (aggressive
oversizing) ¢ mpog Tov 0opTIKO avAd.  Avdloyo n ovénuévn vrepueyébuvvon
(aggressive oversizing) pmopei va oyetiletal Kot pe d14TaoN TOV KOOV AdyovVimv
apTpPLoV. Ze avtifeon pe ta avembounta cLUPEVTa TOL KEVIPIKOV avyéva, To 0ol
elval mo ovyvé oe acbeveilg pe VIEP- Kol LIOVEPPIKN OLATACT, 1 OLITACYT TNG
TePLPEPIKNG LOVNG TPOGPLGN G dE PavnKe Vo oyeTiletal pe avemBounta cuuPavta oto
EMINEOO TOV AAYOVIOV 0PTNPLOV KOTA TOLS TPAOTOLS 12 unveg g mapakorlohnonc.
EmnmAéov, amd v avaluon TV KOVIKOV 0LYXEVOV TPOEKLYE MG 1) EVOAYYELNKN
OTOKOTACTACT UTOPEL VO AmoPEPEL OO0 KOAd amoteAécpata 1060 o€ acheveic e un
Kovikd 000 kol o acbBevelc pe koviky popeoroyion avyéva. H emBetikn
vrepueyeBuvon (aggressive oversizing) taveo and >30% icmg £xEl TPOGTATEVTIKO POLO
6cov apopd otn petdbeon Tov HOoYEOMOTOS KEVIPWKG o€ acbevelg pe KoviKn
pop@poAoylo Katd TOvGg TPpOTOLG 12 peteyyeipnTikovg unves. H o embetucn
vrepueyébuvon (aggressive distal oversizing) oto eninedo tov Aayoviov >15% icmg
&xel avdAoyo TPOANTTIKO pOAO STV EPLPAVICT] EVOOdLOELYDV TOTOV 1P o8 acBeveig pe
AVELPLOUATIKEG Aayovieg >18ytA. katd tovg 12 pnqveg mopakolovdnone petd omod

EVOUYYELNKN OTOKOTAGTOGT) AVELPVUGUATOC TNG KOIALOKT|G QOPTNG.
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Chapter 1

Foreword

Abdominal aortic aneurysm (AAA) is a fatal, if untreated, vascular disease, causing

almost 1.5% of deaths among men elder than 65 years in the western world.! The
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disease has mainly an asymptomatic course, until rupture.> Nowadays, open surgical
and endovascular repair offer a reliable management, under specific criteria and
patients’ selection.! The history of AAA treatment is remarkable and begins the 2nd
century AD when Antyllus provided the first description of aneurysm cause and
treatment, followed by Osler who first described aneurysm management using proximal
and distal ligation.? In 1817, Astley Cooper performed the first abdominal aortic
ligation due to an iliac aneurysm rupture and in 1888, Rudolf Matas was the first
performing the endoaneurysmorrhaphy technique.-34

However, the first open AAA repair using a homograft was reported in 1951 by
Dubost, followed a few months later by Cooley and DeBakey in the USA.% Fourty years
later, Juan Parodi, who conceived the idea of a stent graft with zigzag stents and
polyurethane, treated successfully his first patient.® A few years later, under the need to
address the technique in a larger patient population and expand treatment in iliac
arteries, Tim Chuter introduced a unibody bifurcated stent graft which was first applied
in 1993.% Since then, the endovascular technique evolved and gained popularity among
vascular specialists. Despite the tremendous evolution of the technique in the recent
years, a few clinical and experimental questions need to be addressed, including novel
techniques and material and complication management as well as the pathologic
mechanisms affecting AAA formation, expansion and post-operative surveillance and
performance. Under this spectrum, this analysis was conducted to estimate aortic
morphologic changes of the aorta after endovascular abdominal aortic aneurysm repair

(EVAR).
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Chapter 2

General information

2.1 Abdominal aortic aneurysm (AAA)

2.1.1 Definitions
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An aortic aneurysm is a permanent focal dilatation of the aorta having at least 50%
increase in diameter compared its normal diameter.”-® The normal values are extracted
by studies already available in the literature and referred within ranges to the published
reporting standards.”8 As this study will report only data regarding the abdominal aorta,
supra-renal and infra-renal portion, and iliac arteries, the diameters referred in Table 1

report only the suspected measurements at these vessels.

Supraceliac | 2.10-2.31 0.27 Female Computed tomography

aorta 2.50-2.72 0.24-0.35 Male Computed tomography

Suprarenal | 1.86-1.88 0.09-0.21 Female Computed tomography

aorta 1.98-2.27 0.19-0.23 Male Computed tomography

Infrarenal | 1.66-2.16 0.22-0.32 Female Computed tomography,

aorta intravenous arteriography
1.99-2.39 0.30-0.39 Male Computed tomography,

intravenous arteriography

Common 0.97-1.02 0.15-0.19 Female Computed tomography

iliacartery |1.17-1.23 0.20 Male Computed tomography

Table 1. Normal diameter values referred in the available reporting standards regarding the

abdominal aorta and iliac arteries.
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2.1.2 Classification

Aneurysm classification should be interpreted according to the location, etiology,
morphology and clinical manifestations.® As in all arterial vessels, also in the abdominal
aorta, aneurysms may be congenital, mechanical, traumatic, inflammatory, infectious,
degenerative and iatrogenic.® In this analysis, only degenerative aneurysms were
included while any other pathology was excluded. Degenerative aneurysms, which past
in the literature, were considered atherosclerotic, are the commonest type. However,
the specific pathologic mechanism driving to the presentation and evolution of the
disease has not been clarified.® Dissection, despite that may be related to many
aneurysms’ pathophysiologic causes and associates to aneurysm formation, it should

be considered a distinct entity.®

In terms of morphology, the most significant characteristic is its dimensions
including the anteroposterior, lateral and length, as well as the shape.? Regarding shape,
abdominal aortic aneurysms are dichotomized into fusiform and saccular.? In clinical
terms, abdominal aortic aneurysms (AAAs) are asymptomatic, when they present a
benign nature (pulsatile mass, distortion of adjacent tissues) or symptomatic.® Rupture
is defined as the extravagation of blood and its presence out of the arterial wall.®
Rupture should be distinguish to free or contained, or fistulization into an adjacent
organ.®? In this aspect, patient’s hemodynamic status at diagnosis should be reported,
including a distinction between hemodynamically stable, unstable, cardiac arrest and
death.® Especially in case of AAA rupture, patient’s hemodynamic profile, as persistent
hypotension of less than 70mmHg and cardiac arrest, seem to affect treatment decision
and management outcome, even with endovascular means, as both situations have been

related to higher mortality.”10-12
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2.1.3 Epidemiology

AAA prevalence increases with age while in younger individuals (<50 years), it
remains low through the years.'® Furthermore, a decreasing rate is recorded the latest
decades probably due to the lower smoking incidence in the general population, in
developed and developing countries.*®* However, it is of note that smoking remains one
of the most important factors affecting the prevalence of the disease; in smokers, the
prevalence is four times higher than that in the general population.* An analogous
important decrease (20-50%) is recorded also regarding the diagnosed and managed
ruptured AAA cases.'>!8 Furthermore, screening studies have shown, the prevalence is
ranging between 1.3 to 3.3% in Europe, when referring to male population, older than
65 years.1°-?2 The disease presents a lower prevalence (0.7%) in the female population,

>60 years-old.?

As previously referred, smoking is of major interest in AAA formation and
probably, the most significant risk factor, affecting especially the female
population.®24-26 Furthermore, male sex, age, atherosclerotic disease, hypertension and
ethnicity may affect AAA evolution while diabetes seem to offer a protective
role.?426.27-29 A genetic predisposition may also be associated to aneurysm formation, as
population studies have reported.2%3! Positive family history seems to be strongly
associated to AAA formation.31:32 Almost 15% of patients with AAA have >1 relatives
with aneurysm while the role of screening is also mandatory in these cases, as it
prevents rupture and permits an elective management in an especially high-risk
population.®® As in histologic evaluations, aneurysmal wall presents signs of chronic
inflammation and degeneration of the extracellular matrix and vascular smooth muscle

cells, probably genes related to these physiologic procedures may participate in
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aneurysm formation and evolution.®32® Specifically, modifications in tissue inhibitor of
metalloproteinases 1 and 3, matrix metalloproteinases and elastin genes have been
detected and related to AAA evolution.®** However, we should note that AAA
pathogenesis may be a contribution of genetic and environmental factors and further

investigations are needed to prove a specific genetic relationship.

2.1.4 Diagnostic imaging and the role of computed tomography angiography

(CTA)

AAA detection and surveillance may be provided by different imaging modalities,
including mainly ultrasonography, magnetic imaging resonance and CTA.”%¢ More
specific tests as, positron emission tomography-computed tomography (PET-CT) may
be used during the diagnostic approach in specific cases, as inflammatory and infectious
aneurysms.” As aneurysm diameter is the most important factor associated to sac
expansion, appropriate diagnostic modalities may be used to assess different anatomic
characteristics and detect rapid growth and higher rupture risk.*® Every modality is
characterized by different benefits and weaknesses, however all provide anatomic
information valuable for patients’ management. As in this analysis, all data are retrieved
from CTAs of patients that underwent AAA management using EVAR, a few details

will be provided regarding the role of CTA.

CTA is not only able to detect AAA but further, contributes to the therapeutic
decision, planning, management and surveillance after repair.” Especially, in case of
ruptured AAA, CTA provides an early and reliable diagnosis and further information,
on aneurysm’s anatomy, extension of the disease and relationship with adjacent tissues

and organs.3”% Even in case of impending rupture, CTA may provide specific
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characteristics enforcing the clinical criteria, as thrombus heterogeneity, increased
aneurysm size; compared to previous studies, low thrombus/lumen ratio.3® These

information and patient’s status provide valuable information for urgent intervention.

Regarding measurements using CTA scans with adequate software, intra-
observer variability is within the clinically accepted range of 5 mm in most cases.
However, the inter-observer reproducibility is estimated at 15% and when considering
that diameter is the main indicator for repair, this may hamper safe decisions in the
daily clinical practice.*>#! On the other hand, CTA is advantageous in terms of pre-
operative planning, as the total length of the aorta may be evaluated while currently
available software three-dimensional analysis, the diameter, length and angle
measurements with the application of center lumen line, as well as further details of the
aortic anatomy, including side branches’ patency, renal artery anatomy and aortic neck
anatomy can be estimated.” New fully automated software may provide even more
accurate details on AAA assessment, including robust lumen detection, infrarenal neck
characteristics and presence of thrombus, and decrease inter-observer reproducibility
weaknesses.*? Vascular specialists familiarity with the available software augment the
ability to interpret CTA images and improves AAA diagnosis and surveillance after

treatment.*!

CTA limitations include the use of intravenous contrast which may affect renal
function, especially in patients with chronic kidney disease.*** It is mandatory to
prevent renal failure by the appropriate hydration of the patient pre- and post-CTA,
intra-venously or orally. #34° The use of oral acetylcysteine has not been proved to
provide any benefit in protecting kidneys’ function.*® At the same time, patient’s

irradiation, when considering the need for future imaging using CT during the post-
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operative follow-up, especially in young individuals, may increase the risk for
malignancies.*®4” The mean annual cumulative effective dose is 104 mSv per patient-
year for EVAR, with a 0.8% average risk of exposure-induced death.*¢ Regarding the
procedural irradiation and contrast use, the intra-operative use of contrast enhanced
cone beam CT, fusion technology and contrast enhanced cone beam CT provide a 50-
70% reduction in effective doses during EVAR, by decreasing the operational time and

providing immediate technical success assessment.48:49

2.1.5 Diameter as the indicator for treatment

Current recommendations suggest aneurysm management when diameter exceeds a
specific threshold.”®® Other indicator for aneurysm repair are not evaluated, as
aneurysm volume.” Fusiform AAA should be managed when diameter threshold
exceeds 55mm.”°051 A remarkable conformity exists among cardiovascular societies
regarding the application of diameter as the most significant indicator for treatment
while in most cases, and excluding special populations, the same threshold is applied
worldwide.>* A balance between the risk of operation and rupture should be considered

each time an AAA exceeds a specific diameter threshold.>?

AAA diameter threshold at 55mm was further supported by randomized trials
of smaller AAA (40-55mm), that were effectively managed only with surveillance. 5%
58 All studies concluded that patients with small AAAs, even when presenting a very
low peri-operative mortality rate, are offered scarce benefit when treated while an
appropriate surveillance until 55mm is a safe and cost-effective policy.>® However, it
is of note that, despite the wide acceptance and application of threshold diameter at

55mm, current recommendations suggest further investigation in small aneurysm
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operative treatment.” Current clinical evidence have shown that a significant part of

patients are managed below 55mm.®°

However, further than aneurysm diameter, the expansion rate, when exceeding
5mm per 6 months or 10mm per year, may be an indicator for AAA instability,
associated to higher risk of rupture.”° Specific imaging features of sac expansion and
aneurysm instability, as hyperattenuating mural thrombus and intramural hemorrhage,
may be able to detect aneurysm needing repair independent of diameter.6*Additionally,
symptomatic aneurysms associated to abdominal or lumbar pain or embolic events, also
require treatment, regardless the diameter threshold.6263 However, in this approach, the
observer errors should be encountered and these case should be re-assessed to confirm
expansion within 14 days.%5263 Additionally, symptomatic aneurysms associated to
abdominal or lumbar pain or embolic events, also require treatment, regardless the

diameter threshold.%465

As previously mentioned, other factors may be also able to predict AAA risk of
rupture, including volume, mechanical and biochemical factors.%¢-68 Previous analyses
have shown that diameter growth rate did not correlate with baseline diameter while
volume growth rate strongly correlated with the baseline value while the peak wall
rupture index, assessed using finite element analysis, was related to volume growth
rate.®® These findings support the hypothesis that AAA volume may be a more accurate
predictor of aneurysm growth.%® Biomechanical parameters permit an individualized
analysis of factors that may affect AAA evolution and risk of rupture while the
correlation of these parameters to the increased diameter may facilitate their application
to treatment decision making in the future.®” Biomarkers, applied in the daily clinical

practice, as D-dimers and cholesterol were found to associate to AAA growth rates
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while more specific factors as osteopontin, haptoglobin polymorphisms, insulin-like
growth factor I and neutrophil extracellular traps may be applied to predict the risk of
rupture and set the indication for repair, regardless the anatomic parameters of the
aneurysm.%® A more individualized approach may facilitate an even more precise

management in the future.

Other patient’s characteristics, as sex and general status may also affect decision
making. Women present a higher risk of rupture, even in smaller diameters, than men.%°
The risk of rupture in women suffering from AAA with 45mm diameter is equal to that
of men with 55mm diameter.%° These findings suggest that female patients benefit from
intervention in <55mm AAA. Thus, current recommendations suggest AAA repair
when the diameter threshold exceeds 50mm for the female population.>*Additional
factors, as poor general status and limited life-expectancy should be taken under
consideration before treatment, as frail patients present a higher mortality rate, even

with the application of minimal invasive techniques.’%-"?

2.2 Elective AAA endovascular management

2.2.1 Anatomy

Endovascular management of AAA is importantly affected by aneurysm’s anatomy,
as well as aortic branches features.” Regarding the pre-operative planning of EVAR,
the greatest measurement refer to aneurysm’s diameter, as this represents the main

indication for treatment.”->°

2.2.2 Classification
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When a patient is scheduled to undergo endovascular repair, the classification of the
abdominal aortic aneurysm should be stratified according to the clinical presentation
into asymptomatic (stage 1) or intact but symptomatic (stage Il), contained (stage I11)
and free rupture (stage 1V), as in the evaluation of any AAA case described
previously.” Patients suffering for dissecting aneurysm should not be categorized
separately, as the nature of the disease and management are more complex and need a
more specialized approach.”

Further, aneurysm anatomy and especially, sac diameter may classify
aneurysms into small when diameter is less than 50mm, medium when diameter ranges
between 50-65mm and large when the diameter exceeds 65mm.” The extent of the
aortic involvement, as well as the tortuosity may be also used for the anatomic

stratification (Table 2).”

Classification | Extent of | Tortuosity Classification | lliac
involvement anatomy

Grade | Length of 180° to 150° Grade A Absence of
proximal neck | (180°=straight iliac artery
>15mm and aorta without any occlusive
distal neck - tortuosity) disease
>10mm

Grade 11 Length of 150° to 120° Grade B Presence of
proximal neck iliac artery
>15mm, but occlusive
distal neck disease
<10mm,
without iliac
aneurysms or
aneurysm
extension to
iliac arteries

Grade 111 Length of Less than 120° N Non-tortuous
proximal neck
<1l.5cmand
distal neck
>1.0 cm
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Grade IV Length of T Tortuous
proximal neck
<15mm and
distal neck
<10mm or
iliac
involvement
as mentioned
previously

Table 2. The extent of the aortic involvement, as well as the tortuosity are used to define AAA

anatomy and stratify its management.

2.2.3 Rational of EVAR

As in the conventional open repair, the rationale behind EVAR is the deployment of a
stent graft, sealing the sac and excluding the aneurysm from the arterial flow.’
However, in EVAR, the aneurysm wall remains intact.” The presence of intact aortic
zones and the use of oversizing are of major importance to permit a long-term efficacy.’
According to the currently available guidelines, the suggested oversizing ranges

between 10 and 25% regarding the proximal sealing zone.”°

2.2.4 Devices

Commercially available endografts provide a modular design, including an aortic
bifurcated main body and one or two iliac limbs.” In this way, the available devices can
be tailored to patient’s specific anatomy, including diameters and lengths, offering an
important flexibility in pre-operative planning and accomplishment of the procedure.’
However, in case of hostile iliac anatomy, limiting access and deployment of a
bifurcated device, an aorto-uni-iliac endograft may be deployed.’ In this analysis, only
bifurcated endografts were used. Additionally, each device offers specific

characteristics that may conform to AAA anatomy in a better way than others, including
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graft reposition during deployment, suprarenal fixation, hooks or barbs, and polymer
filled rings for proximal sealing.”>"® Recently, novel devices with lower profile delivery
systems have been available and expanded EVAR applicability in patients with small
access vessels, as the female population.?° The use of these devices is suspected to
ameliorate EVAR outcomes in women and offer a safer treatment solution.8! The
selection of endograft, further than patient’s anatomy, remains at the discretion of
operator, as new or renovated devices are available, and the data of the literature may
change rapidly. When comparing newer to previous generation endografts, the newer
devices have performed better, and their use was related to lower re-intervention rate

and need for conversion during the follow-up.8?

In any case, each specific endograft deployment must follow several anatomical
requirements; the instructions for use should be followed to permit a safe and effective
outcome.” In daily clinical practice, IFUs may be violated. The deployment of
endografts outside the IFUs, despite that seems not to affect the overall and aneurysm
related mortality, has been associated to adverse events, including higher rates of type
| endoleaks.® Furthermore, a high reintervention rate has been recorded in the long-
term in these patients, estimated at 15%.84 A comparison between the application of
endografts within and out of IFUs, including 4,498 patients, has shown that
nonadherence to IFU was related to similar peri-operative mortality, rupture, aneurysm-
related mortality, technical failure and re-intervention rates. In this analysis, the overall
mortality was higher in patients treated outside the IFU.8> However, IFU violation may

be considered in a specific patient population or under life-threatening conditions.®

2.2.5 Definition of successful EVAR
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Defining the success of endovascular aneurysm repair remains dependent on a
consideration of both clinical and radiographic criteria.® The purpose of EVAR, as well
as of open repair, is to exclude the aneurysm sac from the systematic circulation.® This
can be achieved with the use of endograft and if appropriating sealing is achieved, it
drives to the complete exclusion of the aneurysm.® Despite that the presence of
endoleaks may disturb in reporting technical success of EVAR, previous studies have
suggested that a persistent endoleak may not lead to sac expansion and rupture.® Future

investigations may lead to further refinement of technical success.

Previously, in the literature, primary technical success is defined on an intent-
to-treat basis and requires the identification of four clinical endpoints including, access
to the arterial system, deployment of the endograft to achieve proximal and distal
fixation, absence of type | or Ill endoleaks, and stent patency without significant
stenosis.®”® Sealing is defined as the absence of endoleak within the initial two post-
operative days.”® Every endoleak persisting more than 48 hours is considered a
technical failure.”® The latest phrase relies on the fact that EVAR reporting standards
published in 1997 refer to the first generation endografts where porosity of graft
material was a common finding with benign outcome.®”#® The latest decades, the
advancement of graft materials has eliminated this phenomenon.®” The technical
success, related to survival and absence of reintervention within the initial 30-days is

considered a successful EVAR."3

Analogously, the clinical success is defined as the previously mentioned
technical, but with the exception of endoleaks.” During the initial post-operative
period, a percentage of these leaks may disappear without anu further intervention and

no clinical impact on patient’s health status.” Clinical success may be achieved with
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or without technical success depicting that patients’ survival without any further re-
intervention or rupture.”® Endoleaks that persist and are associated to sac expansion
should be considered clinical failures, as they increase the risk for rupture and
subsequent intervention.” Despite that technical and clinical success are defined in the
literature, current data do not adherent strictly with them, as only 20% and 50% of the

published studies refer the complication and mortality rate, respectively.®

Continuing success is defined as maintenance of the technical and clinical
success with no evidence of complications, including thrombosis, migration, infection,
or diameter dilatation greater than 20% and sealing zone degeneration and sac
expansion more than 5mm.%"2 If any of these complications is detected during patients
surveillance is characterized as intervention failure.” In case of type Il endoleak,
clinical success can be claimed for those cases without aneurysm expansion.® As the
role of type Il endoleaks in late clinical failure remains under investigation, it is
recommended that reports should clearly indicate the proportion of patients classified

as clinical success, with a concomitant type Il endoleak.®

Despite that any open re-intervention is counted as EVAR failure, re-
interventions using endovascular means could be counted as assisted primary or
secondary success.®’® When EVAR outcomes refer to the initial 6 months post-
operatively are considered as short-term, midterm if maintained for 2 years, and long-
term after 5 years.”® Results reported between the 2nd and 5th post-operative year are
intermediate while follow-up less than 6 months should be reported as preliminary.”
Aneurysm rupture should be reported as either procedure-related, if a perforation of the
aneurysm is detected during endograft implantation or as late, if the rupture follows

device deployment.®
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2.2.6 Endoleak

Endoleak is defined as the persistence of flow outside the endograft’s lumen but within
the sac, determined by an imaging modality.®*°* Endoleaks may resolve spontaneously
while endoleak persistence has been associated to late aneurysm rupture.®?-% However,
some type Il endoleaks, due to patent aortic side branches, have been associated to sac
shrinkage.®® The presence of an endoleak depicts incomplete sac exclusion, due
inadequate sealing between the graft and aortic or iliac wall, inadequate component
connection, fabric defects or porosity, or retrograde flow from patent aortic

branches.%197

An endoleak can be classified according to time of occurrence after graft
implantation and site of origin.®” Primary endoleak is defined as an endoleak detected
within the initial 30-days post-EVAR while secondary, any endoleak detected after 30-
day follow-up.®® Endoleak recurrence is the reappearance of an endoleak after
spontaneous resolution or secondary intervention.® Type | endoleak is related to
inadequate sealing at the proximal or distal landing zone; subscripts a or b indicate the
origin of the endoleak at the proximal or distal zone, respectively.® Retrograde blood
flow from patent side aortic branches, as lumbar arteries, the inferior mesenteric artery
(IMA), or other collateral vessels is characterized as type 11.° Type Il endoleak is
related to fabric disruption, component disconnection, or graft disintegration and
subscripts a and b are used for the distinction between component disconnection and
fabric tear, respectively.® Porosity, which describes blood flow through an intact but

porous fabric, observed within the initial 30 days of follow-up, is defined as type IV

endoleak.” If an endoleak is detected in imaging modalities, despite that its origin

cannot be identified, it is characterized as an endoleak of undefined origin.® If an
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aneurysm continue to enlarge after EVAR, despite that endoleak detection is not
feasible in the available imaging, persistent pressurization of the sac or thrombus may
be present.®®° This phenomenon is categorized as endotension.® Probably, in these
cases, the detection of blood flow may be not feasible due to sensitivity limits of the

available imaging technology.

2.3 EVAR outcomes in randomized controlled trials and cohort studies

2.3.1 Randomized control trials comparing EVAR and open repair

Four RCTs have been published comparing the conventional open repair to EVAR,
including the EVAR 1 trial, DREAM, OVER, and ACE trials.19%-1%3 Despite that the
RCTs have proven a significant early survival benefit for EVAR, this was lost during
the mid-term follow-up. In EVAR 1, 1082 patients were enrolled and randomized to
elective EVAR or open repair.X% In all cases aneurysm diameter exceed 55mm. The
30-day mortality was 1.7% for EVAR vs. 4.7% for open repair while the re-intervention
rate was 9.8% for EVAR and 5.8% for open repair.’%° After 4 years of follow-up,
aneurysm related mortality and re-interventions were increased in the EVAR group.1®
After 8 years, the increased EVAR mortality was attributable to aneurysm rupture (7%
vs. 1%).1%° The DREAM trial which enrolled 351 patients, with AAA diameter over
50mm, concluded that EVAR offered a higher 30-day survival advantage but this
advantage was lost at the 1% year of follow-up.l% At 2 years, the survival rate was
89.7% for EVAR compared to 89.6% for open repair. The extended (12-15 years)
follow-up showed that the cumulative overall survival rates were comparable between
the two techniques while EVAR presented a higher re-intervention rate.’** The OVER
trial included 881 patients (AAA diameter over 50mm) reported a lower peri-operative

mortality for EVAR 0.5% (than OSR (3%).19? This benefit was lost at 2 years of follow-
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up while the re-intervention rate was comparable between the techniques.1°21% After 9
years of follow up, survival did not differ between the techniques.?® The extended
follow-up of the OVER trial showed that the long-term overall survival was similar
between the techniques.’®” However, EVAR was associated to higher secondary
procedure rate.'%” The results of the ACE trial, which randomized 316 patients with
AAA diameter exceeding 50mm, showed no difference in the cumulative survival or
major events rates and higher re-intervention rate in the EVAR group at 3 years of

follow-up.1%®

EVAR provides a survival benefit within the initial six month after the
procedure due to the lower peri-operative mortality.% However, this advantage was
lost in the long-term.1%®After three years, the aneurysm related mortality was higher in
the EVAR group and in high-risk patients, the benefit of survival was not met.*%®
Furthermore, the re-intervention rate was increased in EVAR compared to open
repair.t%® Though, it is of note that patients managed through the RCTs were treated
using older devices while novel techniques and material may provide better outcomes.
Thus, these RCTs may not be able to depict the today’s clinical practice and reality and

should be evaluated under this specific spectrum.

2.3.2 Cohort studies presenting EVAR outcomes

Recent studies reported a continued decrease in EVAR mortality and morbidity, even
when applied in high-risk patients.1%-115 Recent data of 11,997 patients has shown the
widespread use of EVAR over the years and confirmed its survival benefit compared
to open repair.''3 The 30-day mortality after EVAR is estimated at 1% in cohort studies
and the improved survival rate sustains for at least five years.!!3116 The expanding

experience with EVAR seems to further ameliorate its outcomes in terms of survival in
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elective and ruptured cases.'>1” However, controversies exists among the published
registries and it seems that geographic differences exist in the litearture.!*>'*® The
increased rate of intact AAA repair, associated to the decreased EVAR mortality,
reported in European registries was not met in non-European studies.!*® As EVAR
evolves, surgeons’ experience and centralization have improved its outcomes and
current devices seem to provide a safe, effective and durable solution, as adverse events
related to endoleak formation have been limited.'*® The rate of prolonged length of stay
in intensive care units has declined considerably over time, from 41.4% to 7.3% in 2013
while elder patients are managed with EVAR and present improved outcomes
compared to open repair.t212 As novel techniques and devices are applied in the daily
clinical practice, before their potential use in RCTs, current data indicate that EVAR
development through years, succeeded in offering viable treatment to patients that

would be considered unfit for repair and even, with improved survival.

2.4 EVAR complications

Patients treated with EVAR may present late complications, as endoleaks of any type,
graft migration, limb occlusion or stenosis, infection or rupture. Limb occlusion is an
either early complication, reported mainly during the initial two years of follow-up
while graft migration and endoleak may be present at any timepoint.t'# This late EVAR
complications are reflected also to higher re-intervention rate compared to open

repair.108

2.4.1 Endoleak

Endoleak may occur in up to 30% of patients and are classified to primary or secondary;

occurring de novo after a previous negative imaging.'?? Type | endoleak should be
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treated as far as it is diagnosed, with either endovascular means or open repair. 7123124
According to patient’s anatomy, sealing could be re-achieved using graft balloon
dilation, bare metal or stent graft deployment, if there is an appropriate landing
zone.'25-127 Other more complex proximal solutions could be the use of parallel graft
technique and fenestration cuffs.12812% |f an endovascular option is not contra-indicated,

open conversion could be an alternative solution with acceptable results.130131

Especially for endoleak type Il, it seems that it represents a dynamic process
while almost 8% of them are detected after the initial year of follow-up.**?Almost 50%
of endoleaks resolve spontaneously, without any further intervention.'?? A variety of
techniques and embolic agents may be used to exclude a persistent type Il endoleak.!33
Long-term follow up is required and optimizes the management of patients with type 1l
endoleak.'® Factors associated with endoleak type 11 persistence and sac expansion are
anticoagulant therapy, induced occlusion of the internal iliac artery while the presence
and pattern of thrombus.1321341 At the same time, statin use may have a negative effect

on endoleak persistence.***

As for type | endoleak, type Ill, which is also related to inadequate graft
deployment, migration, or material fatigue, need direct management after diagnosis.*3®
Open conversion may be needed if endovascular options have failed.” The incidence of
type I11 endoleak is estimated at 2% and may be detected during follow-up imaging or
intra-operatively during management of other EVAR complications.’3® Type IV

endoleak is quite rare and no cases of rupture have been reported in the literature.3

Type V endoleak or endotension is a special condition associated to sac
expansion without endoleak detection at imaging.”*3” A variety of mechanisms has

been suggested to relate with endotension as graft material permeability, not visible
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endoleak due to technical limitations of imaging.t3"13 Endotension may cause rupture
and its treatment is indicated when it is associated to sac expansion rate.”*3.138 |n these
cases, management can be performed using endovascular means or with open

conversion.138.139

2.4.2 Limb occlusion

Limb occlusion after EVAR is quite common complication presented in up to 8% of
patients, while limb extension to the external iliac artery, iliac atherosclerosis, tortuosity
and oversizing exceeding 15%, are the main predictors for limb obstruction.240-145
Primary limb patency 3 years was estimated at 98.5 + 0.5%, respectively while freedom
from limb reinterventions 3 years was 95.6 *+ 0.7%.'%? Limb relining may be a
preventive measure in patients presenting intra-operative kinking while specific graft
devices have been related to lower limb occlusion rate.#?143 Approximately one third
of stent graft limb occlusions are noted within the first 30 days post-EVAR, and about

half of the patients present with symptoms of acute limb ischaemia. 4145

In the current recommendations, graft kinking, diagnosed incidentally during
follow-up imaging or due to symptoms should be managed operatively with
endovascular means or bypass.” Thrombectomy with stenting, extra-anatomical
bypass, or endovascular thrombolytic treatment could be used to restore patency and
revascularized the threatened limb.” Currently, new devices performing mechanical
thrombectomy may be used as a supplementary option while the available data are
encouraging with high technical and clinical success and low peri-operative

morbidity.46

2.4.3 Migration
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Stent graft migration is defined as any stent movement of >10 mm compared to the
initial stent position, as this is determined in CT reconstruction using center lumen line,
any symptomatic migration, or any migration needing re-intervention.”®4" Active
fixation in modern stent grafts has reduced its prevalence while in patients treated with
older generation, graft migration is more common.!4’-1%0 Short-neck, excessive
oversizing and initial large AAA diameter are associated to migration, which may result
to endoleak formation, component separation or kinking, and graft.14’'51 Disease
progression with neck dilatation may be a cause of late migration, and is related to
initial neck diameter.> Graft migration may be also detected at the distal landing
zone.”13 [liac limb migration is related to the use of bell-bottom stent grafts, limited
oversizing, initial AAA size and aneurysmal common iliac arteries.'>3 Distal migration
can be resolved using additional iliac stent graft, a safe and effective solution for

migration management.t>3

2.4 .4 Infection

Infection is a fatal late EVAR complication detected during the mid- to long-term
follow-up, with an incidence of 3.5/1000 person-years.'5*1% Graft infection may be
complicated with aortoenteric fistula.’>*%%¢ EVAR infection treatment may be
palliative, in high risk patients, with long-term antibiotics, endovascular, as a life-
saving bridging treatment, in case of fistula or graft explantation, for definitive
management. 154156157 After graft explantation, in situ reconstruction with
cryopreserved allograft, rifampin-soaked silver Dacron graft or vein graft can be
used.'® However, the peri-operative mortality remains high and it is estimated at
40%.%% Mortality during follow-up for graft infection may be related to cancer or

senility.155 Infection recurrence may occur in up to one third of survivals.1>*
y y
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2.5 Patients’ follow-up after EVAR

As complications and need for re-intervention is higher after EVAR, a well-defined and
regular imaging surveillance is mandatory.” Routine surveillance is not always able to
detect findings that set the need for re-intervention.'®® However, patients” compliance
has been limited to 60%, with a wide range among centers (9-88%).1%° Compliant
patients present lower long-term mortality while the re-intervention seems not to be
affected by patients’ dedication to follow-up, as most patients requiring re-intervention
are symptomatic.1%%-16! Patients’ stratification based on early imaging findings may be
used to conform an individualized follow-up protocol according to the risk of late

failure.”

2.5.1 Early follow up

According to the latest guidelines for AAA management, early imaging follow-up after
EVAR is required to estimate the clinical and technical success.”*® While duplex
ultrasound can detect endoleak and graft patency, its capacity is limited in the detection
of graft migration and sealing and components adequate overlap.” In this case, a non-
contrast CT needs to be performed as a supplementary imaging examination.” CTA is
the imaging of choice during the early post-operative period.” However, repeated CTAs
during follow-up expose patients to a high cumulative radiation dose.'%? To resolve this

limitation, low radiation CTAs may be used with satisfactory results.'6?

2.5.2 Follow-up protocol after EVAR in the long-term

Early CTA is of high importance as using this imaging evaluation, patients could be
stratified in low and high-risk groups for late EVAR failure and need for re-

intervention.” A variety of findings can be characterized as risk factors for late failure,
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including endoleak, loss of sealing, and sac expansion.” As we have previously
mentioned type | and 11l endoleaks are associated to higher risk of rupture and their
identification set the indication for direct management.'®® However, any type of
endoleak may be predictive for late EVAR failure.’8* In case of type Il endoleak,
aneurysm fate is questioned, as they may be benign and resolve spontaneously while in
other cases, they are associated to sac expansion and rupture.6® Therefore, in patients
with type Il endoleak, a more frequent surveillance is indicated, despite that the
indication for re-intervention is set only in case of sac expansion.'® In these cases,
patients’ follow-up can be continued using duplex ultrasonography and CTA can be
performed if sac size expands more than 10mm.”%63 The loss of adequate sealing is

another important factor for EVAR failure.”

Sac regression during follow-up is indicative for aneurysm exclusion and a
favorable post-operative course.'®® The prevalence of endoleak in patients with sac
shrinkage is low while after 5 years of follow-up, patients with sac regression during
the initial follow-up presented higher rates and reintervention-free rate (>95%).6% A
recent analysis of 540 EVAR patients has shown that sac regression to <40mm in
diameter was associated with improved freedom from rupture and survival.'®® The
prognostic value of sac regression should be considered in surveillance strategies and
patients presenting stable or expanding sac after EVAR should follow a more strict and
regular re-evaluation imaging protocol.26’

In the latest guidelines, follow-up protocol includes an early post-operative
imaging, followed by patient stratification according to the initial findings.” In low-risk
patients, follow-up could be delayed until the 5" post-operative year.” Patients with
endoleak type Il are considered as intermediate risk group and follow-up is mandatory

to detect sac expansion.” The high risk group, with type I or 111 endoleak and inadequate
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sealing, should be managed immediately while when loss of sealing without endoleak
is detected, repeated imaging is suggested, mainly with CTA, to assess endoleaks and

AAA expansion.’

2.6 Aortic and iliac remodeling

Changes in aneurysm diameter after EVAR have been used as the main marker for
clinical efficacy, as aneurysm size is the main indicator for rupture.'®® Aortic neck
dilatation, as well as progressive iliac anatomic changes may occur as a result of the
technique itself or they may be the outcome of the continuous degenerative process.®
After endograft deployment, native aortic biomechanical and hemodynamic are
modified and this phenomenon results to dynamic changes to aortoiliac anatomy and
dimensions.® However, the rate and direction of these changes is influenced by a
multifactorial process, including graft and aortic properties. For the moment, these late
changes have not been used in the definition of clinical success, however they may
affect a significant proportion of patients and may be related to adverse EVAR

outcomes.>?

2.6.1 Neck characteristics and morphologic changes

Aneurysm exclusion and device stabilization depend on the maintenance of sealing
between the endograft and aortic wall. Thus, aortic dilatation at sealing zones, including
the infra-renal aorta and distal common iliac arteries, may lead to device migration or
occurrence of endoleak, subsequent sac expansion and rupture.6°-172 Neck dilatation
and progressive changes on endograft dimensions, which are associated to increased
rates of type | endoleak, migration, and reinterventions, may be detected with the

adequate imaging and follow-up protocol early, before aneurysm rupture.52173 Aortic
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neck diameter and graft attachment should be assessed and measurements should be
provided perpendicularly to the flow line while an outer-to-outer perimeter of neck wall

should be used as the reference point.°
2.6.2 Sac morphologic alterations

As in EVAR the aneurysm sac remains intact, this feature may be used to define EVAR
outcomes.® Changes in sac diameter define the success or failure of the technique, as
sac expansion indicates incomplete aneurysm exclusion, continuous risk of rupture, and
treatment failure.”* On the contrary, morphologic alterations in the aortic
configuration, because of sac elimination, may jeopardize endograft integrity and

provoke graft instability during the follow-up.®

As variations in size affect all three dimensions, sac volume and diameter, in
collaboration, may be able to define and detect any change in aneurysm size.1’5-177

Relatively small diameter changes, difficultly detected in conventional imaging, may

be related to more significant volume alterations.” " Thus, aneurysm size should be
expressed as either maximum diameter or volume, while the imaging modality used,
method and definitions should be detailly described.® Maximum sac diameter should
be measured perpendicular to the flow line with three-dimensional reconstructed
CTA.218 As, the intra- and interobserver variability of CTA measurements range
between 2-5 mm or 5-15%, a diameter change of >5 mm is considered

significant.®179180 Further than diameter, aortic length may be related to aneurysm size

and depict endograft deficits, as buckling, kinking, and dislocation.™ Length

measurement should be realized along the flow line, from the inferior renal artery to a
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reproducible distal endpoint, as the aortic bifurcation, using always a three-dimensional

. 182-186
CTA reconstruction.

Lately, aneurysm volume has been as studied as a detector of sac variations after
EVAR.® Total volume is the volume within the native aortic wall, from the inferior
renal artery to the aortic or iliac bifurcation while luminal volume represents the
volume circumscribed by the endograft and non-luminal, the volume compromising sac
thrombus and if present, endoleak.® Complete aneurysm resolution should be used if
the non-luminal volume is <10% of the volume after endograft deployment.® As the
intra- and interobserver variability for volume measurements ranged between 3-5%,

volume change of >5% is considered significant.1’®

2.6.3 Changes of iliac morphology

Progressive curvature of the aortoiliac segment and dilatation of iliac arteries may result
in device instability and loss of sealing due to component disruption, limb occlusion,
endoleak evolution. Additionally, changes in iliac angulation and tortuosity after
EVAR, affecting graft conformability to the aorta, may be important determinants of
outcome.® As previously mentioned, three-dimensional analysis is of major important

when assessing morphologic modifications in the aortoiliac segment.®

67

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 11:45:16 EEST - 3.144.112.7



Chapter 3

Specific issues

3.1 Purpose of this analysis

Along these lines, despite the evolution of the technique, EVAR seems to present a

higher re-intervention rate while proximal neck adverse events, including migration and
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endoleak type la are critical to consider a successful EVAR in the long-term.126:152 Neck
dilatation, which is a potentially multifactorial phenomenon, may affect EVAR
outcomes, especially when taking into consideration the proximal and distal landing
zone.'2153 Taking into consideration this remark, primarily, the aim of this analysis
was to assess the aortic diameter alterations from the supra-renal to its infra-renal part
after standard EVAR and relate aortic morphologic changes to neck-related adverse
events during the 12-month follow-up.

However, all patients undergoing EVAR do not present the same anatomic
characteristics and a few patients in the daily clinical practice may be managed out of
the current recommendations and IFUs.*8> As this study depicts the daily clinical
practice, including patients managed with EVAR in the elective setting, in a secondary
approach, we aimed to present EVAR proximal neck adverse events, including ET la
and graft caudal migration, in patients with conical neck compared to patients with non-
conical neck. Factors that may have affect neck adverse events in patients with conical
neck during the initial post-operative year will also be analyzed.

Despite that proximal sealing zone is of the higher importance in AAA
management, we further provided an analysis regarding the distal landing zone of the
iliac arteries.® Adverse events associated to distal sealing may also affect the definition
of a successful EVAR, as endoleak type Ib (ET Ib) and cranial migration, may impact
the re-intervention rate and complicate with aneurysm rupture.® The aim of the latest
analysis was to assess distal landing zone dilatation at the 12-month follow-up, adverse
events related to distal sealing and the factors associated with these phenomena.

3.2 Risk factors and adverse events related to supra- and infra-renal aortic

dilatation after endovascular abdominal aortic aneurysm repair (Submitted to
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Journal of Cardiovascular Surgery (Torino), Number assigned: J Cardiovasc

Surg-12487, Under review)

3.2.1 Introduction

Endovascular abdominal aortic aneurysm repair (EVAR), using the currently available
endografts, has been proven to be safe and effective, while when being compared to
open repair, the associated early morbidity and mortality are significantly lower.87:18
However, EVAR has been associated with higher graft-related complication and re-
intervention rates during the mid- and long-term follow-up, and post-operative
surveillance is recommended.'8-1% Along these lines, the need to investigate the factors
affecting EVAR performance has emerged over years.*!

The role of sufficient and durable proximal neck is critical for successful sealing
and aneurysm exclusion.'52192 Aortic neck dilatation after EVAR has been related to
worse clinical outcomes due to higher endoleak and migration rates while the impact
of anatomic and technical characteristics on diameter expansion is still under
investigation.'521%% A combination of anatomic and technical characteristics seems to
be related to aortic morphologic changes after EVAR.®+1% However, definite
conclusions have not been extracted regarding the expansion of the supra-renal aorta
and the factors that may affect this process.

Along these lines, the aim of this study was to assess aortic diameter alterations
from the supra-renal to its infra-renal part after standard EVAR, investigate the factors
affecting this process and relate these changes to neck-related adverse events during the
12-month follow-up.

3.2.2 Methods

3.2.2.1 Study Cohort
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Prospectively collected data of consecutive patients treated electively with standard
EVAR for infra-renal abdominal aortic aneurysm (AAA), using currently commercially
available endografts (Medtronic Endurant, Santa Ana, CA, USA,; Cordis Incraft,
Dublin, OH, USA; Treovance Bolton, Sunrise, FL, USA; Gore Excluder, W.L. Gore
and associates, Flagstaff, AZ, USA; Endologix AFX 2, Irvine, CA, USA; Zenith, Cook
Medical, Bloomington, USA) was undertaken in a single tertiary centre. Patients were
treated between 2017 and 2019 based on the recent guidelines.”1% Cases managed in
urgent or emergent setting due to ruptured or symptomatic AAA (27 cases), as well as
patients needing more complex repair (34 patients underwent chimney EVAR) were
excluded from this analysis. Furthermore, seventeen patients that were managed using
the endovascular sealing device (Nellix, Endologix, Irvine, CA, USA), between 2017-

2018, were not included.

A dedicated database existed for the prospective collection of patients’ data,
including demographics (age, sex) and aneurysm anatomic characteristics [infra-renal
diameter at 3 different levels: just below the inferior renal artery, at 7mm, and 15mm;
and supra-renal diameter at 3 levels: just above the superior renal artery (SRA), superior
mesenteric artery (SMA), and just below the celiac trunk (CT), Figure 1]. Furthermore,
sac diameter, neck thrombus and calcification; characterized as presence or absence of
thrombus or calcification (located at the infra-renal neck), neck angulation, intra-
operative details (oversizing, type of endograft fixation, intra-operative endoleak type
la (ET la), additional use of cuff, use of endoanchors) were also recorded. Sizing and
planning were performed based on pre-operative computed tomography angiography
(CTA), using a workstation with dedicated reconstruction software (3Mensio, Medical
Imaging B.V., Bilthoven, Netherlands). All patients underwent EVAR within a month

after AAA diagnosis. Regarding aortic diameters, a comparison between the 1stand 12t
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month to the pre-operative CTA was performed to detect any aortic diameter alteration.
All CTAs were evaluated by two independent experienced investigators (P.N., G.K.)

and any discrepancies were resolved by a third investigator (M.M.).

Figure 1. Three infra-renal and three supra-renal aortic diameters were estimated at the pre-
operative and 1% year computed tomography angiography. Infra-renal diameters were
calculated at just below the lowest main renal artery, 7mm and 15mm while the supra-renal
diameters were estimated just above the superior renal artery, the superior mesenteric artery
and just below the celiac trunk. These landmarks were used to permit repetition of the

measurements at the CTA of the 1% year. SMA: superior mesenteric artery.

All patients were treated in an adequately equipped operating room using a

moveable radiolucent surgical table and a mobile digital angiographic system (Ziehm
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Vision RFD Hybrid Edition, Ziehm Imaging, GE). The final decision for graft selection
was at the discretion of senior surgeon, according to their experience and addressed to
patient’s anatomy. After graft deployment, all endografts were dilatated using the same

type of molding balloon (Reliant, Medtronic, Santa Ana, CA, USA) for 10-15 seconds.

Follow-up included an appropriate CTA at 1% and 12" month post-operatively.
Post-operative CTAs were assessed using center lumen line (CLL) measurements,
which permitted the detailed evaluation of the aorta and graft. All pre-operative
measurements were repeated using the previously mentioned landmarks; just below the
lower renal artery, at 7 and 15mm, regarding the proximal neck, and just above the SRA
and SMA and just below the CT for the supra-renal aorta. All measurements were
performed from outer-to-outer wall. All follow-up CTAs were evaluated by two
independent experienced investigators (P.N., G.K.) and any discrepancies were
resolved by a third investigator (M.M.). Neck-related adverse events included graft
migration and ET la. Regarding graft position and its potential migration, a comparison
between the 15tand 12" month CTA was undertaken. This study involved the collection
of existing data and diagnostic tests that have been recorded in such a manner that
subjects could not be identified, either directly or through identifiers linked to the
subject. The study was approved by the Institutional Review Board (Sector of Surgery,

School of Health Sciences, University of Thessaly, 605/14-02-2017).

3.3.2.2 Definitions

Infra-renal diameter was specified as the diameter of the aorta just below the inferior
main renal artery.?® The proximal 15mm of the neck length were considered as the
zone of endograft sealing, as the majority of currently available endografts rely on this

length to achieve graft fixation. The difference between the pre-operative and 1%t month
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and pre-operative and 121" month aortic diameter, in all six levels, was defined as the
result of aortic diameter at 1% month minus the aortic diameter pre-operatively and 12t
month diameter minus the aortic diameter pre-operatively, respectively. Neck thrombus
and calcification were dichotomized as present or absent characteristic. They were
measured and expressed as percentages of the aortic circumference.?t When the
measurement exceeded 25% of the aortic circumference, thrombus and calcification
were characterized as present. All diameters were estimated from outer-to-outer wall
while in each level they were calculated as the mean value between the maximal and
minimum aortic diameter in axial views after the application of CLL.® Migration was
defined any caudal movement of the endograft >10mm from its initial position which
was identified compared to the 1% post-operative CTA.® Oversizing was defined as the
mean percentage between the graft and aortic diameter difference at the proximal neck
diameter.®290201 According to the instructions for use, the suggested oversizing at the
aortic neck should range between 10 and 20%.%2%° According to the instructions for use,

the suggested oversizing at the aortic neck should range between 10 and 20%.%%?

3.2.2.3 Statistical Analysis

Continuous data were reported as a mean + standard deviation. Categorical data were
expressed as absolute numbers and percentage of prevalence (%) in the study cohort.
In the statistical analysis for continuous variables the independent t-test for normally
distributed data and the Mann-Whitney U test for nonparametric data were used. The
Pearson’s chi square test was used for categorical variables. Repeated measures
ANOVA was used to assess neck alterations between the two different time points.;
pre-operative and 1% month measurements and pre-operative and 12" month

measurements, respectively. Univariate and multivariate Cox proportional hazard
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regression analysis was used to evaluate the effect of relevant risk factors for neck-
related adverse events. The enter method with significance level of 0.05 was used to
obtain p values and odds ratios for the main effects and interactions. Statistical analysis

was performed by SPSS 22.0 for Windows software (IBM Corp, Armonk, NY).

3.2.3 Results

In total, 150 patients, all males, with a mean age at 72+7.2 years, were treated electively
with standard EVAR for infra-renal AAA between 2017 and 2019. Patients’

demographics and comorbidities are presented in Table 3.

Demographics and comorbidities Value
Age (years) 7247.2
Males 150 (100%)

Hypertension

123 (82%)

Diabetes Mellitus

19 (12.6%)

Dyslipidemia 123 (82%)
Coronary artery disease 51 (34%)
Chronic obstructive pulmonary disease 54 (36%)

Never smoker

41 (27.3%)

Current smoker 48 (32%)
Previous cerebrovascular event 7 (4.7%)
Peripheral arterial disease 14 (9.3%)
Chronic renal failure(GFR<30ml/min) 4 (2.6%)
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Table 3. Patients’ demographics and comorbidities.

Among them, 95 were managed using suprarenal fixation (Table 4). The distribution

of anatomic characteristics among patients managed with supra- and infra-renal fixation

is depicted in Table 5 while no statistical difference was recorded between groups.

Device Number of patients (%)
Endurant, Medtronic Endurant, Santa Ana, CA, USA | 48 (32)
Excluder, W.L. Gore and Associates, USA 39 (26)
Cordis Incraft, Dublin, OH, USA 21 (14)
Endologix AFX 2, Irvine, CA, USA 18 (12)
Suprarenal 2
Infrarenal 16
Treovance Bolton, Sunrise, FL, USA 16 (10.7)
Zenith, COOK Medical, USA 8(5.3)

Table 4. The distribution of the devices among patients.

Anatomic characteristics

Patients managed
with supra-renal

fixation graft (n=95)

Patients managed
with infra-renal

fixation graft (n=55)

Aneurysm diameter (mm) 59.7£11.8 58.6+12.2
Neck length (mm) 24.724.7+9.09.0 25.8+8.8
Neck angulation 26.5+£11.8 25.1+£12.6
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Neck angle >60° 0 5(9.0)

Conical morphology (number of 45 (47.4) 21 (86.6)

patients, %)

Aortic diameter at CT level (mm) | 26.9£3.2 25.7£2.3
Aortic diameter at SMA level 26.4+3.2 25.4+2.3
(mm)

Supra-renal aortic diameter (mm) | 26.0+3.2 24.74£2.3
Infra-renal aortic diameter (mm) 23.9+3.3 22421
Aortic diameter at 7mm (mm) 25.0+3.7 22.9+2.1
Aortic diameter at 15mm (mm) 26.1+3.8 24.2+2.8
Presence of calcification (number | 34 (35.8) 18 (32.7)

of patients, %)

Presence of thrombus (number of | 46 (48.4) 18 (32.7)

patients, %)

Table 5. Anatomic characteristics’ distribution among patients with infra and supra-renal

fixation endografts.

All patients have completed the 1t and 12" month of post-operative follow-up. The
mean AAA diameter was 58.6£10mm and mean neck length was 25.1+9.8mm. All pre-

operative anatomical characteristics are presented in detail in in Table 6.

Preoperative anatomical characteristics Value
Aneurysm diameter (mm) 60.7£13.9
Neck length 25.1+9.8
Neck angulation 25.2+18.9
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Neck angle >60° 5
Conical morphology (number of patients, %) 66 (44)
Aortic diameter at CT level (mm) 26.5+2.9
Aortic diameter at SMA level (mm) 26.1+2.9
Supra-renal aortic diameter (mm) 25.5£3.0
Infra-renal aortic diameter (mm) 23.3+2.9
Aortic diameter at 7mm (mm) 24.3£3.3
Aortic diameter at 15mm (mm) 25.5+3.6
Presence of calcification (number of patients, %) 52 (34.6)
Presence of thrombus (number of patients, %) 64 (42.6)

Table 6. All pre-operative anatomic characteristics were presented above. The anatomical
characteristics of the aneurysm were estimated at 3 levels of the infra-renal and equal levels

of the supra-renal aorta.

3.2.3.1 Infra and supra-renal aortic measurements

Regarding the infra-renal aortic neck, no statistically significant difference was found
between the pre-operative and 1% month diameter at any level, as depicted in Table 7.
A significant difference was recorded at all three levels at the 121" month of follow-up;
the infra-renal diameter increased from 23.3£2.9mm to 24.3£3.6mm, while at 7mm and
15mm, the diameter altered from 24.3£3.3mm to 25.2+4.0mm and 25.5£3.6mm to
27.4£5.2mm, respectively. In all three levels, infra-renal diameter increase was
statistically significant (p<.001, in all measurements). Regarding the supra-renal
diameters, no statistically significant difference in diameter was found at 1%t month

(Table 7). At 12-months, SRA diameter increased from 25.5£3.0mm to 26.0+3.4mm
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(p=.024), SMA diameter from 26.1+2.9 to 26.5+2.9mm (p=.007) and CT diameter from

26.5+2.9 t0 26.7+£2.9mm (p=.26).

Level of measurement | Pre-operative 15t month P for 1t month
diameter diameter alteration

Infra-renal aortic 23.3£2.9mm 23.2+£3.2mm A48

diameter

Aortic diameter at 7mm | 24.3£3.3mm 24.1+3.5mm 73

Aortic diameter at 15mm | 25.5+3.6mm 25.5+3.9mm 13

Aortic diameter at SRA | 25.5£3.0mm 25.1+3.1mm 071

level

Aortic diameter at SMA | 26.1+2.9mm 25.9£3.0mm .060

level

Aortic diameter at CT 26.5+2.9mm 26.4+3.0mm .061

level

Table 7. Diameter alterations between the pre-operative measurements and 1% month.

Footnotes: CT: celiac trunk; SMA: superior mesenteric artery.

3.2.3.2 Factors associated to aortic diameter changes

Regarding the alterations of diameter at 12 months, infra-renal diameter (just

below the inferior renal artery) increase was associated with the presence of large neck

diameter (p<.001), supra-renal fixation (p=.002), and oversizing >20% (p=.017), while

at 7mm and 15mm, the diameter difference was affected by large neck and suprarenal

fixation (at 7mm: p<.001 and p=.001, respectively, and at 15mm: p<.001 and p=.016,

respectively). Regarding the supra-renal aortic measurements, the presence of large
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neck affected diameters’ increase at all three levels (SRA, SMA and CT; p<0.001,

p<.001 and p=.015, respectively). Factors analyzed to aortic diameter alterations for the

total cohort are presented in detail in Table 8.

Factors analyzed in relation | Value P for Infra-renal | P for 7mm P for 15mm
to infra-renal dilatation diameter (Omm) | diameter diameter
Age 72+7.2 years 32 32 .08
Aneurysm diameter 60.7£13.9mm .80 .79 .20
Presence of neck thrombus 64 patients .90 .90 .36
Presence of neck calcification | 52 patients 46 .20 .59
Neck Angle>60° 5 patients 49 .23 .64
Neck diameter>29mm 10 patients <.001 <.001 <.001
Supra-renal fixation 95 patients .002 .001 016
Oversizing >20% 75 patients 017 .04 .08
Factors analyzed in relation | Value P for supra-renal | P for SMA PforCT
to supra-renal dilatation diameter diameter diameter
Age 72+7.2 years 23 18 15
Aneurysm diameter 60.7+£13.9mm .65 .84 54
Presence of neck thrombus 64 patients 12 .33 .80
Presence of neck calcification | 52 patients 40 73 76
Neck Angle>60° 5 patients 54 .06 25
Neck diameter>29mm 10 patients <.001 <.001 .015
Supra-renal fixation 95 patients 7 .84 .96
Oversizing >20% 75 patients .32 .88 57
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Table 8. The role of factors investigated to aortic diameter dilatation at the infra and supra-

renal aorta.

3.2.3.3 Aortic diameter alterations and proximal neck-related adverse events

No patient was lost to follow-up while no death was recorded during the initial 12
months. All neck-related adverse events recorded during the 12-month follow-up are
presented in Table 9. In total, 29 patients presented with neck-related adverse events;
7 cases of ET la and 23 cases of caudal graft migration were detected. In one case with
ET la, there was a suspicion of its presence at the CTA of the 1 month. None of the
patients with ET la left the operating room with an endoleak detected at the completion
angiography. Only one case presented simultaneous endoleak and graft migration at 12
months. The remaining patients presented either adverse event: migration or endoleak.
Six patients underwent re-intervention to provide proximal sealing. Five of them were
managed using endovascular means while in one case, an open conversion was
performed (Table 9). In the latest case, the patient presented signs of peri-aortic
inflammation and a biopsy of the aortic wall was performed. Finally, an 1gG4 angiitis
was diagnosed. He passed away due to pneumonia on the 14" month of follow-up. All
the remaining cases, that did not undergo re-intervention during the 12-month follow-

up, remained under close surveillance.

Patients’ neck-related adverse | Number of neck- | Re-interventions for
events during 1%t year of related adverse | proximal sealing during

follow-up events the 1%t year of follow-up
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ET laat 1 year 7 1 case needed open
conversion and proximal
cuff

3 cases underwent proximal
extension using the parallel
graft technique

2 cases underwent proximal

extension using cuff

-1 case presented concomitant

migration
1 patient denied any further

intervention

Caudal migration >10mm at 1 23 (1 case of 1 case underwent proximal
year concomitant ET extension using cuff
la and migration) | 22 cases are under

surveillance using imaging

Composite of ET la & 29 patients with 6 re-interventions for
migration at 1 year neck-related proximal sealing in the total
adverse event cohort

Table 9. Neck adverse events distribution among patients. In total 29 patients presented neck-
related adverse events and 6 of them underwent further re-intervention. Only one patient

needed open conversion. ET la: endoleak type la
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3.3 Impact of conical morphology on proximal neck adverse events after
endovascular aneurysm repair (Submitted to Annals of Vascular Surgery,

Number assigned: AVS-D-22-00896, Under Review)

3.3.1 Introduction

Conical neck represents a hostile characteristic that may have an effect on the efficacy
of endovascular abdominal aortic aneurysm repair (EVAR).203204 The application of
EVAR on patients with conical morphology is out of the instructions for use (IFU) for
the available devices.” However, in daily clinical practice, a high percentage of patients
that are considered non-eligible according to IFU due to neck hostility, are treated using
EVAR.?% There is evidence that specific hostile neck anatomical characteristics, as
short length, large diameter, calcification, angulation, and conical morphology are
associated with adverse events.203204 However, few data exist in the current literature
concerning the impact of conical neck in EVAR outcomes. 85 206-208

In daily practice, treatment of patients with EVAR out of IFU is not rare (45%)
while higher rates of endoleak type la and graft-related adverse events may be present
in these cases.?32% Non-adherence to IFU seems also to have worse long-term survival
outcomes in these patients while endografts’ evolution may be able to overcome
patients’ specific anatomy and offer improved EVAR outcomes.8385209-211
Nevertheless, all neck morphological characteristics may not have the same impact on
EVAR outcomes.

The aim of this study was to present EVAR proximal neck adverse events,
including endoleak type la (ET la) and graft caudal migration, in patients with conical
neck compared to patients with non-conical neck while factors that may affect neck
adverse events in patients with conical neck during the initial post-operative year were

also analyzed.
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3.3.2 Methods

3.3.2.1 Study Cohort

A retrospective analysis of prospectively collected data of consecutive patients treated
electively with standard EVAR for infra-renal abdominal aortic aneurysm (AAA) was
undertaken. The available devices that were used included Medtronic Endurant (Santa
Ana, CA, USA) Cordis Incraft (Dublin, OH, USA), Treovance Bolton (Sunrise, FL,
USA), Gore Excluder (W.L. Gore and Associates Flagstaff, AZ, USA), Endologix AFX
2 (Irvine, CA, USA). All patients were managed using currently commercially available
devices. Patients were treated between 2017 and 2019 according to the ESVS

guidelines.”1%

A dedicated database exists for the prospective collection of patients’ data,
including demographics (age, sex), anatomical characteristics of the AAA (infra-renal
diameter, middle neck diameter at 7mm, distal neck diameter at 15mm, aneurysm
diameter, neck thrombus or calcification, neck angulation, Figure 2 intra-operative
details (type of endograft; supra or infra-renal fixation, oversizing, additional use of
cuff, intra-operative ET la). Sizing and planning were performed based on the pre-
operative computed tomography angiography (CTA) using a workstation with 3Mensio
dedicated reconstruction software (Medical Imaging B.V., Bilthoven, Netherlands).
The final decision for graft selection was at the discretion of the senior surgeon

according to their experience and addressed to the detailed evaluation of each patient.

Follow-up included CTA at the 1% and 12" month post-operatively. Post-
operative CTAs were assessed using centre lumen line (CLL) measurements which
permitted the detailed post-operative evaluation of the aortic neck anatomy and graft

position. All pre-operative and post-operative CTA measurements and outcomes were
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provided by two vascular surgeons (P.N., K.S.) and controlled by a third one (M.M.).
This study involved the collection of existing data and diagnostic tests that have been
recorded in such a manner that subjects could not be identified, either directly or
through identifiers linked to the subject. The study was approved by the Institutional

Review Board.

Figure 2. Patients’ cohort was divided in conical and non-conical group. Conical neck was

defined as any neck, up to 30mm of proximal diameter, with a diameter increase >2-3mm per
cm of length. All necks were measured just below the lowest renal artery, at 7mm and between

10-15mm.

3.3.2.2 Definitions

Conical neck was defined as any neck with a >2-3mm increase in neck diameter for
each centimeter of length (from outer-to-outer aortic wall).”?% The proximal 10-15mm
of the neck length were considered as the zone of endograft sealing, as the majority of
currently available endografts rely on this length to achieve graft fixation and aneurysm
exclusion. Neck thrombus or calcification was dichotomized as present (>25%) or

absent characteristic. According to the current Society of VVascular Surgery guidelines,

85

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 11:45:16 EEST - 3.144.112.7



the suggested device oversizing at the aortic neck is 10% to 20%.5%2% In patients with
conical neck, the oversizing was estimated according to the infra-renal diameter just
below the renal arteries. Migration was defined as any caudal movement of the
endograft >10 mm relative to its position identified at the 1% month post-operative
CTA.? Proximal neck adverse event was defined as any caudal graft migration or ET

la.

3.3.2.3 Inclusion and Exclusion criteria

Symptomatic and ruptured aneurysms were not included. Patients presenting short neck
length, less than 15mm were excluded from the analysis. Patients treated with

endovascular sealing device were also excluded.

3.3.2.4 Statistical Analysis

Continuous data were reported as a mean + standard deviation. Categorical data were
expressed as absolute numbers and percentage of prevalence (%) in the study cohort.
In the statistical analysis for continuous variables the independent t-test for normally
distributed data and the Mann-Whitney U test for nonparametric data were used. The
Pearson’s chi square test was used for categorical variables. P value was considered
significant when it was <0.05. Statistical analysis was performed by SPSS 22.0 for

Windows software (IBM Corp, Armonk, NY).

3.3.3 Results

A hundred fifty patients were included in the total cohort. Among them, 66 (44%)
patients presented conical neck characteristic. All patients were males. The mean AAA
diameter was estimated at 58.2+10.0mm in the non-conical and 60.7+13.9mm in the

conical group (p=.22). In terms of pre-operative anatomical proximal neck
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characteristics, no significant differences were documented between patients with
conical and non-conical neck [neck length, 26.4+11.1mm vs. 25.4+ 10.9mm; (p=0.19)
infra-renal diameter, 22.9+2.9mm vs. 23.7+3.0mm; (p=.11) and distal neck diameter
27.5£3.0mm vs. 23.9+3.2mm; (p<.001)], angulation 24.1+16.8° vs. 25.2+18.9°;
(p=.72) and the presence of thrombus, 32 (48.5%) vs 32 (38.0%); (p=.20), and
calcification, 23 (34.8%) vs 29 (34.5%); (p=.97). All pre-operative anatomical

characteristics are presented in detail in Table 10.

Preoperative anatomical CG (66 patients) | NCG (84 patients) | P
characteristics

Aneurysm diameter (mm) 60.7+13.9 58.2+10.0 22
Neck angulation 24.1+16.8 25.2+18.9 72
Neck angle >60° 1 4 27
Supra-renal neck diameter (mm) | 25.4+3.0 25.7£3.1 A7
Infra-renal diameter (mm) 22.9+2.9 23.7+£3.0 A1
Neck diameter at 7mm (mm) 24.81£3.4 23.91£3.3 A2
Distal neck diameter at 15mm 27.5+3.0 23.9+3.2 <.001
(mm)

Presence of calcification 23 29 97
Presence of thrombus 32 32 .20

Table 10. All pre-operative anatomic characteristics were assessed in the total cohort. No
statistical significance was detected, expect distal neck diameter. CG: conical group; NCG:

non-conical group
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Supra-renal active fixation system was used in 45 (68.2%) of patients with
conical necks and 50 (59.5%) of the non-conical group (95 cases of the total cohort,
63.3%). The rate of the devices with supra-renal active fixation system use was similar
between patients with or without conical neck (p=.27). Graft oversizing was 19.1+8.2%
in patients without conical neck and 26.5+11.4% in patients with conical neck (p<.001).
Aggressive oversizing (>20% and >30%) was more commonly used in patients with
conical necks (>20%; 42 (63.6%) in the conical group vs. 31 (36.9%) in the non-conical
and >30%, 29 (43.9%) in the conical group vs 10 (11.9%) in the non-conical) compared
to patients without conical morphology (p=.001 and <.001, respectively). There was no
difference between groups regarding the use of additional aortic cuff and endoanchors
technique intra-operatively (use of cuff: 3 (3.7%) in conical vs. 3 (4.6%) in non-conical,
p=.08; use of endoanchors: 2 (2.4%) in conical vs. 0 (0%) in non-conical necks, p=21).

Patients’ specific technical characteristics are presented in Table 11.

Patients’ neck characteristics | CG (66 patients) NCG (84 patients) | P

Graft supra-renal active 45 (68.2%) 50 (59.5%) 27

fixation

Polyester material 52 (61.9%) 49 (74.2%) 11

Oversizing (%) 26.5t11.4 19.1+8.2 <.001

Oversizing>20% 42 (63.6%) 31 (36.9%) .001
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Oversizing>30% 29 (43.9%) 10 (11.9%) <.001
Use of cuff intra-operatively 3 (3.7%) 3 (4.6%) .08
Use of endoanchors 2 (2.4%) 0 (0%) 21

Table 11. All technical characteristics were assessed in the total cohort. No statistical

significance was detected, expect oversizing and oversizing exceeding 30%. CG: conical

group; NCG: non-conical group

No patient was lost to follow-up while no death was recorded during the initial 12

months. The distribution of neck adverse events between the conical and non-conical

group is presented in Table 12.

Institutional Repository - Library & Information Centre - University of Thessaly
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Patients’ neck adverse events | CG (66 patients) NCG (84 patients) | P
during the 12-month follow-up
ET la intra-operatively 0 (0%) 2 (2.4%) 21
ET la at 12 months 2 (3.0%) 5 (6.0%) 40
Caudal migration >5mm at 12 11 (16.7%) 12 (14.3%) .69
months
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Composite of ET la & migration | 13 (19.7%) 16 (19.0%) 92

at 12 months

Table 12. Neck adverse events distribution between patients with conical and non-conical
neck. No statistical significance was detected. CG: conical group; ET la: endoleak type la;

NCG: non-conical group

In the total cohort, 29 patients (19.3%) presented any neck adverse event; 7 (4.7%)
patients presented ET la while 23 (15.3%) caudal migrations were recorded at the initial
year of follow-up. In one case with conical neck morphology, migration and ET la were
synchronous while in the remaining cases, the events were not related. No difference
was found regarding to the composite outcome (ET la and migration) between the two
groups [13 events (19.7%) vs. 16 (19.0%), p=.92]. When the events of ET la and caudal
migration were analysed separately, no difference was recorded between the conical
and non-conical group, neither regarding ET la [2 (3.0%) vs 5 (6.0%), p=.40) nor
regarding migration [11 (16.7%) vs. 12 (14.3%), p=-69] during the 12-month follow-
up. Regarding the need for re-intervention, six patients underwent re-intervention for
proximal sealing: two (3.0%) in the conical and four (4.8%) in the non-conical group
(Table 13). All the remaining cases, that did not undergo re-intervention remained

under close surveillance.

Patients’ neck-related adverse events

during 12-month follow-up

Number of neck-
related adverse

events

Re-interventions for proximal
sealing during the 1% year of

follow-up

ET la

CG

1 case underwent proximal extension

using cuff

Institutional Repository - Library & Information Centre - University of Thessaly
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* presented concomitant migration

1 case underwent proximal extension

using the parallel graft technique

NCG

1 case needed open conversion

2 cases underwent proximal
extension using the parallel graft
technique

1 case underwent proximal extension
using cuff

1 patient denied any further

intervention

Caudal migration

CG

11

1 case underwent proximal extension

using cuff
*same case reported previously

10 cases under surveillance using

imaging

NCG

12

12 cases under surveillance using

imaging

Composite of ET la & migration

29 patients with
neck-related adverse

event

6 re-interventions for proximal

sealing in the total cohort

Institutional Repository - Library & Information Centre - University of Thessaly

Table 13. The distribution of neck adverse events and need for re-intervention in both groups.

CG: conical group; ET la: endoleak type la; NCG: non-conical group

3.3.3.1 Subgroup analysis on patients with conical necks

Sixty-six patients presented conical neck characteristics and 13 (19.7%) of them

presented neck adverse events during the initial year of follow-up. Two out of 66

patients (3.0%) with conical neck presented ET la during the initial year of follow-up
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while eleven patients presented caudal graft migration (16.7%). The use of additional
cuff intra-operatively was related to the presence of ET la at the initial year of follow-
up (one case (50%) with ET la was managed with additional cuff intra-operatively
compared to two cases (3.2%) without ET la, (p=.002). The use of aggressive
oversizing >30% seemed to provide a protective role on graft migration among patients
with conical morphology; one case (9.1%) presenting caudal migration was managed
with aggressive oversizing compared to 28 cases (50.9%) without migration which
were managed with >30% oversizing (OR 0.1, 95% CI1 0.012-0.8, p=.01). No statistical
significance was recorded in the remaining factors analysed in the conical group, as

presented in Table 14.

Factors analyzed in relation to ET la Presence of ET la | Absence of ET la P
(conical group only) (2) (64)
Neck thrombus 2 (100%) 30 (46.9%) 14
Neck calcification 0 (0%) 23 (35.9%) .29
Angle>60° 0 (0%) 1 (1.6%) .86
Neck diameter>29mm 0 (0%) 4 (6.3%) 12
Supra-renal fixation 2 (100%) 43(67.2%) .33
Oversizing (%) 34.0+1.4 26.2+11.5 34
Oversizing >20% 2 (100%) 40 (62.5%) 28
Oversizing >30% 2 (100%) 27 (42.2%) 11
Additional cuff 1 (50%) 2 (3.2%) .002
Factors analyzed in relation to caudal Presence of Absence of P
migration (conical group only) migration (11) migration (55)
Neck thrombus 4 (36.4%) 28 (50.9%) .39
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Neck calcification 3 (27.3%) 20 (36.4%) .56

Angle>60° 0 (0%) 1(1.8%) .65
Neck diameter>29mm 1(9.1%) 3 (5.5%) .64
Supra-renal fixation 6 (54.5%) 39 (70.9%) .29
Oversizing (%) 21.27+8.5% 27.5+11.7% 10
Oversizing >20% 5 (45.5%) 37 (67.3%) 17
Oversizing >30% 1(9.1%) 28 (50.9%) 011
Additional cuff 0 (0%) 3 (5.6%) 42
Factors analyzed in relation to Presence of AE (13) | Absence of AE (53) P

composite neck AE (conical group only)

Neck thrombus 6 (46.2%) 26 (49.1%) .85
Neck calcification 3 (23.1%) 20 (37.7%) .32
Angle>60° 0 (0%) 1(1.9%) .62
Neck diameter>29mm 1 (7.7%) 3 (5.7%) .78
Supra-renal fixation 8 (61.5%) 37 (69.8%) 57
Oversizing (%) 23.319.1 27.2+11.8 .26
Oversizing >20% 7 (53.8%) 35 (66.0%) 41
Oversizing >30% 3 (23.1%) 26 (49.1%) .09
Additional cuff 1 (7.7%) 2 (3.8%) .55
Aneurysm diameter (mm) 61.8+13.2 60.4+14.3 74
Infra-renal neck diameter 23.2+1.6 22.8+3.1 .67
Distal neck diameter 28.242.3 27.313.1 .35

Table 14. The role of factors investigated to neck adverse events among patients with conical

neck. Footnotes: AE: adverse events; ET la: endoleak type la.
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3.4 The impact of iliac artery anatomy on distal landing zone after EVAR
during the 12-month follow-up (Published to Annals of VVascular Surgery, doi:

https://doi.org/10.1016/j.avsg.2022.06.011).

3.4.1 Introduction

The current trend in clinical practice worldwide is to treat patients with endovascular
abdominal aortic aneurysm repair (EVAR) over open repair.?*> EVAR is applied in
most patients regardless of sex, age and clinical status.?*? Early EVAR outcomes remain
favorable in both elective and emergent setting, although there is a controversy
regarding the durability of the procedure and need for re-intervention during the long-
term follow-up.?**21* Common indications for re-intervention are aneurysm rupture
caudal graft migration, infections and type | and Il endoleaks.?®> Among them limb

occlusion, which is mainly an early complication, may be reported in up to 12% of

Cases.ll4’215’216

While most interest focuses on the remodeling of the proximal landing zone
after EVAR and the associated complications, the distal landing zone may also affect
EVAR durability.?!” Type Ib endoleak (ET Ib) may be detected during even the initial
6-month follow-up and sets the indication for adjunctive procedures.?!” Technical
factors as oversizing or anatomic, as iliac tortuosity, angulation, initial diameter and
dilatation during follow-up may affect iliac adverse event rate and the need for re-
intervention.t52218-219 However, the current literature provides only limited data
regarding the role of the iliac anatomy, and further studies are need to confirm

conclusions.?’
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Under this spectrum, a retrospective analysis of prospectively collected data
was performed to assess iliac anatomy and its remodeling after EVAR during the initial

year of follow-up and the potential association to distal landing zone adverse events.

3.4.2 Methods

3.4.2.1 Study Cohort

Prospective data of patients treated with standard elective EVAR for infra-renal
abdominal aortic aneurysm (AAA), using currently available bifurcated endografts
(Medtronic Endurant, Santa Ana, CA, USA; Cordis Incraft, Dublin, OH, USA;
Treovance Bolton, Sunrise, FL, USA; Gore Excluder, W.L. Gore and associates,
Flagstaff, AZ, USA; Endologix AFX 2, Irvine, CA, USA) was undertaken
retrospectively in a single tertiary centre. Patients were treated between 2017 and 2019
based on the recent ESVS guidelines.t”1% Existing data and diagnostic tests were
recorded in a way that subjects could not be identified directly or through identifiers
associated to the subject. The study was approved by the Institutional Review Board

(605/14-02-2017).

3.4.2.2 Inclusion and exclusion criteria

Only patients managed electively with EVAR using standard bifurcated devices [with
distal landing zone only to the common iliac artery (CIA)] were included in this
analysis. Cases needing external iliac artery extension as distal landing zone at any side
were excluded (8 patients). Patients treated for AAA rupture or symptomatic AAA (27
patients) or with iliac branched devices (14 patients) for the preservation of the internal
iliac artery at any side were excluded from this analysis. Furthermore, seventeen

patients that were managed using endovascular sealing device (Nellix, Endologix,
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Irvine, CA, USA), between 2017-2018, were not included. No cases of aorto-uni-iliac
devices were applied during the period in elective cases. Furthermore, any patient
needing complex endovascular repair of the proximal landing zone was excluded (34

patients).

3.4.2.3 Definitions

The CIA was assessed in three levels: origin; just below the aortic bifurcation, distally;
just above the iliac bifurcation and the middle point of the distance between these two
landmarks (Figure 3). These three measurements were estimated in each CIA at the
pre-operative and 12-month post-operative CTA after the application of centre lumen
line using a dedicated software (3mensio, Medical Imaging B.V., Bilthoven,
Netherlands). The difference between the pre-operative and the 12-month iliac diameter
in all levels was define as the result of iliac diameter at 12 months minus the iliac
diameter pre-operatively, in each level separately. All measurements were defined from

outer-to-outer wall.®

CIA origin diameter

. \
\\
¢ - &

CIA middle diameter \‘
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Figure 3. The common iliac artery (CIA) diameter was assessed in three levels: origin; just
below the aortic bifurcation, distally; just above the iliac bifurcation and the middle point of

the distance between these two landmarks

The length of the pelvic artery (common and external iliac artery) on center-
lumen-line from the aortic bifurcation down to the inguinal ligament (origin of the
common femoral artery) divided by the length of the shortest distance between the two
landmarks was reported as pelvic artery index of tortuosity.?!® The use of the inguinal
ligament was decided as it represents the anatomic limit between the external iliac and
common femoral artery and its upper limit can be defined using 3D reconstruction and
0sseous structures as deemed background (3mensio, Medical Imaging B.V., Bilthoven,
Netherlands). Similarly, the length of the common iliac artery on center-lumen-line
from the aortic bifurcation down to the iliac bifurcation divided by the shortest distance

between the two landmarks was reported as common iliac artery index (Figure 4).2%°
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Figure 4. The length of the common iliac artery (A to B) on center-lumen-line from the aortic
bifurcation down to the iliac bifurcation divided by the shortest distance between the two
landmarks (yellow line) was reported as common iliac artery tortuosity index. Pelvic artery
tortuosity index was the length of the pelvic artery (A to C, common and external iliac artery)
on center-lumen-line from the aortic bifurcation down to the inguinal ligament (origin of the
common femoral artery) divided by the length of the shortest distance between the two

landmarks (green line).

Double iliac sign is a binary sign (present or absent) and defines the depiction
of an iliac artery as doubled on an axial CTA images (Figure 5A).22° Double sign is
used to describe the tortuosity of the iliac artery.?® Any angulation of >90° between
the aorta and CIA was characterized as severe.?*® Angle measurements were calculated
automatically (referred to the vertical CLL of the aorta) using a dedicated software

(3mensio, Medical Imaging B.V., Bilthoven, Netherlands, Figure 5B).

Figure 5. Double sign of the iliac artery is a binary sign representing high tortuosity,

depicted as a doubled iliac artery on axial CTA views (white arrow, Panel A). Angle
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measurements were calculated automatically (referred to the vertical CLL of the aorta) using

a dedicated software (3mensio, Medical Imaging B.V., Bilthoven, Netherlands, Panel B).

Any oversizing applied to the distal landing zone exceeding 15% was reported
as aggressive oversizing.?*® Oversizing of the device was defined as the mean
percentage between the graft and iliac diameter difference at the distal iliac diameter.
As relining was reported the application of bare metal balloon expandable stent to
correct an intra-operatively recorded kinking or stenosis of the iliac limb (at the level
of the aortic bifurcation). lliac aneurysm was defined as any iliac artery exceeding
18mm at its distal diameter using the 12mm diameter threshold for CIAs referred in the

reporting standards for arterial aneurysms.®

Distal landing zone-related adverse events were the composite outcome of any
limb related re-intervention, ET Ib, cranial graft migration, limb stenosis or occlusion.
Adverse events were analysed as the composite outcome and then, each type of event
separately. Migration was defined as any cranial movement of the endograft >10mm

from its initial position which was identified compared to the 1%t post-operative CTA.°

3.4.2.4 Data collection

A dedicated database existed for the prospective collection of patients’ data, including
demographics (age, sex), AAA diameter, iliac anatomy; including iliac diameter in
three levels; origin, middle and distal point of the common iliac artery (CIA),
calcification, angle to the aorta, pelvic artery, and CIA index. The intra-operative details
(oversizing, type of endograft, additional iliac extension) were also recorded. The pre-
operative sizing and planning were performed based on an adequate pre-operative
computed tomography angiography (CTA) using 3Mensio; a dedicated reconstruction
software (Medical Imaging B.V., Bilthoven, Netherlands). All CTAs were evaluated

99

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 11:45:16 EEST - 3.144.112.7



by two independent experienced investigators (P.N., G.K.) and any discrepancies were

resolved by a senior investigator (M.M.).

All patients were treated in an adequately equipped operating room with a
moveable radiolucent table and mobile digital angiographic system (Ziehm Vision RFD
Hybrid Edition, Ziehm Imaging, GE). The final decision for graft selection was at the
discretion of the operator and according to patient’s anatomic needs and surgeon’s

experience.
3.4.2.5 Post-operative surveillance

Follow-up included an adequate CTA at the 1%t and 121" month post-operatively. Distal
landing zone adverse events included cranial graft migration, ET Ib, limb thrombosis
or stenosis were recorded. Any iliac limb related re-intervention was recorded. Post-
operative CTAs were assessed using centre lumen line (CLL) measurements, which
permitted the detailed post-operative evaluation of the aorto-iliac anatomy and graft.
All CTAs were evaluated by two independent experienced investigators (P.N., G.K.)

and any discrepancies were resolved by a third investigator (M.M.).

3.4.2.6 Statistical Analysis

Continuous data were reported as a mean + standard deviation. Categorical data were
expressed as absolute numbers and percentage of prevalence (%) in the study cohort.
In the statistical analysis for continuous variables the independent t-test for normally
distributed data and the Mann-Whitney U test for nonparametric data were used. The
Pearson’s chi square test was used for categorical variables. Repeated measures

ANOVA was used to assess iliac anatomic alterations between the two different time
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points. Univariate and multivariate Cox proportional hazard regression analysis was
used to evaluate the effect of relevant risk factors for distal landing zone-related adverse
events. The enter method with significance level of 0.05 was used to obtain p values
and odds ratios for the main effects and interactions. Statistical analysis was performed

by SPSS 22.0 for Windows software (IBM Corp, Armonk, NY).

3.4.3 Results

In total, 134 patients, including 268 iliac limbs, were treated with EVAR between 2017
and 2019 using only standard bifurcated devices. All patients have completed their post-
operative follow-up to 12 months. The mean age was estimated at 70.948.2 years and
the mean pre-operative AAA diameter was 59.3£14.7mm. Regarding the three pre-
operative measurements, the mean CIA origin diameter was 18.7+10.5mm, the middle
CIA diameter was 15.5+5.1mm and the distal CIA diameter was 14.6+3.3mm. The
mean pre-operative angle was estimated 33.8+18.2°. All the pre-operative anatomic

characteristics are presented in detail in Table 15.

Preoperative characteristics of the study cohort Value
(134 patients, 268 limbs)

Age (years) 70.9+8.2
Males (Number of patients) 134
Abdominal aortic aneurysm diameter (mm) 59.3£14.7
CIA diameter at its origin (mm) 18.7£10.5
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Middle CIA diameter (mm) 15.545.1
Distal CIA diameter (mm) 14.6+3.3
Iliac diameter >18mm 57

Iliac angle (°) 33.8£18.2
Iliac angle >90°(number of limbs) 0
Presence of double signs (hnumber of limbs) 38

CIA tortuosity index 1.17+0.13
Pelvic artery tortuosity index 1.21+0.11
Presence of severe calcification (number of limbs) 12
Presence of moderate calcification (number of limbs) | 39
Presence of mild calcification (number of limbs) 103

Table 15. Pre-operative iliac anatomy characteristics in the total cohort. Footnotes: CIA:

common iliac artery.

3.4.3.1 lliac artery anatomic measurements at 12-month follow-up

In all three levels, iliac diameters increased. Regarding the level of origin of the CIA,
the measured diameter increased from 18.7+10.5mm to 19.9+9.4mm and the difference
in diameter recorded during the 12-month follow-up was statistically significant

(p=.04). At the middle portion of the CIA, the diameter changed significantly (p<.001)
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from 15.5 +5.1mm to 17.445.4mm. At the distal CIA, the diameter altered significantly

from 14.6£3.3mm to 15.1+3.9mm (p=0.03).

Regarding the indicators of tortuosity, iliac angle altered from 33.8+£18.2° to
31.9£15.9° (p<.001). Neither pre-operatively, nor post-operatively, an iliac angle >90°
was recorded. The presence of double sign remained stable. CIA index was 1.17+0.13
pre-operatively and decreased to 1.11+0.09 post-operatively (p<.001) while pelvic

artery index remained stable (1.21+0.11 to 1.21+0.10) at 12-month follow-up (p=.14).

3.4.3.2 Factors associated to iliac diameter and angle changes

Intra-operative details included oversizing and relining with the application of bare
metal balloon expandable stent to correct significant kinking of the iliac limb. The mean
value of oversizing was 21.5+14.5% while intra-operative relining was performed in
seven limbs. In 135 limbs, oversizing exceeded 15% (50.4%). Oversizing affected distal

iliac diameter increase (p<.001). lliac angle alteration was not affected using relining

(p=.56).

3.4.3.3 lliac diameter alterations and distal landing zone-related adverse events

No patient was lost to follow-up while no death was recorded during the initial 12
months. The distal landing zone-related adverse events and need for reintervention
recorded during the 12-month follow-up are presented in detail in Table 16. In total,
24 limbs presented the composite outcome (8.9%), and fourteen patients underwent re-

intervention (5.2%).

The composite outcome of distal landing zone adverse events was not
associated to diameter changes at any level; origin of the CIA, p=.66, middle CIA

diameter, p=.36, and distal CIA, (p=.06). Angle decrease did not affect the composite
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outcome of adverse events (p=.54). Further, analysis of the separate outcomes did not

prove any statistical significance.

Distal landing zone-related adverse

events during 12-month follow-up

Number of adverse

events

Re-interventions during the 12-

month follow-up

Limb occlusion

2 cases managed with femoro-
femoral bypass

7 cases underwent endovascular
management with thrombectomy and

stenting

ETIb

4 cases underwent distal limb
extension
-In 3 cases (3/4), an extension to the

external iliac artery

Stenosis

1 case underwent stenting using bare
metal balloon expandable stent
2 cases remain under surveillance

with no clinical impact

Cranial limb migration=

No case underwent re-intervention

All cases remain under surveillance

Composite of adverse events at 12-

month follow-up

24 limbs presented
distal landing zone-
related adverse event
(8.9%)

14 re-interventions were performed
(5.2%), 13 were performed using

endovascular means

Table 16. Distal landing zone-related adverse events during the 12-month follow-up. Iliac

diameter and angle changes did not affect adverse events. Footnotes: ET Ib: endoleak type Ib.
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3.4.3.4 Sub-analysis of aneurysmatic iliac arteries (diameter>18mm)

In 57 cases, a distal iliac diameter exceeding 18mm was recorded. The mean age was
71.548.5 years and pre-operative AAA diameter was 57.9+15.9mm. The distal iliac
diameter was 19.5+1.8mm. Regarding the tortuosity markers, iliac angle was
32.6+17.6° while the pelvic tortuosity index and CIA tortuosity index were 1.27+0.11
and 1.16+0.13, respectively. The pre-operative iliac characteristics between groups are
reported in Table 17. Compared to non-aneurysmal iliac arteries, large iliac arteries
presented more commonly double sign; 9.5% to iliacs <18mm and 34.2% in iliacs
>18mm (p=.04), and higher pelvic artery index; 1.27+0.11 vs. 1.19+0.10 (p<.001). The
estimated oversizing was 16.3+£11.8% compared to non-aneurysmal iliac arteries where

oversizing was 22.5+14.9% (p=.01). No other difference between the iliac groups was

detected.
lliac artery anatomic and technical >18mm (57 limbs) | <18mm (211 limbs) | P
characteristics
Origin CIA diameter (mm) 27.7+16.7 16.5+6.3 <.001
12-month origin CIA diameter (mm) 26.3+14.1 18.2+6.6 <.001
Middle CIA diameter (mm) 23.4+4.6 13.9+4.0 <.001
12-month middle CIA diameter (mm) 23.0£7.9 15.9+3.7 <.001
Distal CIA diameter (mm) 19.5+1.8 13.4+2.1 <.001
12-month distal CIA diameter (mm) 19.845.2 14.0£2.5 <.001
Iliac angle 32.6+17.6° 31.6+18.2° 41
12-month iliac angle 34.5+18.4° 31.9+15.3° .30
Pelvic tortuosity index 1.27+0.11 1.19+0.10 <.001
12-month pelvic tortuosity index 1.26x+0.12 1.20%0.09 <.001
CIA tortuosity index 1.16+0.13 1.17+0.13 .89
12-month CIA tortuosity index 1.12+0.11 1.12+0.09 71
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Double sign 18 (34.2%) 20 (9.5%) .04
12-month double sign 17 (29.5%) 20 (9.5%) .02
Oversizing 16.3+11.8% 22.51£14.9% .01

Table 17. Pre-operative and 12-month anatomic and technical characteristics’ distribution

between aneurysmal and non-aneurysmal iliac arteries. Footnotes: CIA: common iliac artery.

At 12-month follow-up, all three levels in iliac diameters >18mm remained
stable. Regarding the level of origin of the CIA, the measured diameter decreased from
27.7£16.7mm to 26.3t14.1mm, at the middle CIA, the diameter changed from
23.4+4.6mm to 23.0£7.9mm and at the distal CIA, the diameter altered from
19.5+1.8mm to 19.845.2mm. No change was statistically significant. For non-
aneurysmal iliac arteries, the diameter the level of origin of the CIA changed from
16.3+£6.3mm to 18.2+6.6mm, at the middle CIA, the diameter altered from 13.9+4.0mm
to 15.9+3.7mm and at the distal CIA, the diameter increased from 13.3+2.0mm to
14.0+2.5mm. All diameter increase were statistically significant (p<0.5). At 12 months,
compared to non-aneurysmal iliac arteries, iliac arteries >18mm presented larger
diameters at all three levels. Furthermore, large iliac arteries presented more commonly

double sign; 9.5% to iliac arteries <18mm and 29.5% in iliac arteries >18mm (p=.02)

and higher pelvic index; 1.26+0.12 vs. 1.20+0.09 (p<.001).

The correlation of an iliac artery diameter exceeding 18mm pre-operatively with
distal landing zone-related adverse events (composite outcome) did not present
statistical significance (p=.15). However, in a further analysis of separate outcomes,

endoleak type Ib was more common in iliac arteries exceeding 18mm [3 events (5.3%)
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vs 1 event (0.5%), p=.03] at 12-month follow-up. The distribution of distal landing

zone-related adverse events between the two groups is presented in Table 18.

month follow-up

distal landing zone-
related adverse event
and 4 underwent re-

intervention

distal landing zone-
related adverse event
and 10 underwent

re-intervention

Distal landing zone related- adverse >18mm (57 limbs) | <18mm (211 limbs) | P
events during the 12-month follow-up

Limb occlusion 1 (1.8%) 8 (3.7%) 44
ET Ib 3 (5.3%) 1 (0.5%) .04
Stenosis 1(1.8%) 2 (1.0%) .36
Cranial limb migration 2 (3.5%) 6 (2.8%) .06
Re-intervention 4 (7.0%) 10 (4.7%) .62
Composite of adverse events at 12- 7 limbs presented 17 limbs presented 15

Table 18. Distal landing zone related-adverse events distribution between patients with

aneurysmal and non-aneurysmal iliac artery. No statistical significance was detected, except

the presence of ET Ib at 12-month follow=up. Footnotes: ET Ib: endoleak type Ib.
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Chapter 4

Discussion
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EVAR durability relies on the maintenance of persistent seal between the proximal edge
of the stent-graft and aortic wall. Aortic dilatation of the infra-renal aorta has been
previously studied.15219%-19 However, it remains unclear whether it is a part of the
continuing aneurysm process or result of stent-graft’s radial force.l%1%6:220 The
occurrence of aortic neck dilatation after EVAR and open repair, with analogous rate,
enforces the role of aneurysm progression on aortic dilation.193221-224 |n the present
analysis, aortic expansion was not detected at 1t month follow-up. However, at 12t
month, a diameter increase was recorded not only at the proximal sealing zone but the
supra-renal aorta up to the level of SMA. Aortic diameters increased by almost one
millimetre within a year; a finding suspected to evolve up to three years after EVAR.1%’
However, as previously published, the rate of dilatation might be greatest, up to 5.2%,
during the initial 12 months after EVAR, with slower growth rate during the midterm

follow-up period.1%

This dilation may not seem significant in net numbers, but it seems that has
affected neck related adverse events in this analysis. The rate of adverse events
(including ET la and migration) was 19%. Nevertheless, similarly high rates of type la
endoleak have been already described.??® However, only 4% of patients underwent
further intervention for proximal sealing, depicting that neck adverse events might not
have a clinical impact in terms of re-interventions during the initial year. Though, they
guarantee the need for continuous surveillance. It is of note that supra-renal dilation was
related to neck adverse events at 12-months in this analysis while only scarce data exist
in the available literature regarding the performance of the supra-renal aorta after

EVAR and its association to EVAR outcomes is limited.169:226.227

In this analysis, stent-graft related factors, such as supra-renal graft fixation and
oversizing >20% affected aortic dilatation.94195200.228-230 Degpite that the impact of
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these EVAR-related factors would be suspected to affect aortic diameter since the 1%
month follow-up, no significant difference in diameter was recorded at any level during
this period in the current analysis. However, as radial forces continue to oppose to the
aortic wall during further follow-up, especially in supra-renal fixation endographs,
which are considered to present higher radial force than their infra-renal counterparts,
the impact of EVAR-related factors might be recorded at 12 months.'® The presence
of suprarenal stent probably increases the strength opposed to the aortic wall through
years and its effect might be seen later on follow-up.?%231 Additionally, aggressive
oversizing may play a role on neck dilatation, probably during the 12-month follow-up,
as previously reported.t>%2% Proximal sealing forces may be associated with neck
expansion and contribute to loss of stent-graft wall apposition to the most critical zone
of sealing.173'232'234

Furthermore, in this study, pre-operative neck diameter >29mm was associated
with aortic dilatation. Large proximal aortic neck has been characterized as a risk factor
of adverse events and has been related to higher reintervention and mortality
rates.167,202220235-238 |n this analysis, large proximal neck has been associated not only
to neck fate but even a dilatation of the suprarenal part at 12-months. Large aortic
diameters may be predictive of a generally diseased aorta with a more aggressive
aneurysmal progression. However, in the currently available literature, only scarce data
exist regarding the supra-renal aortic fate and factors affecting this process.*’® The
impact of large necks, stent-graft fixation, and oversizing, detected in this analysis,
could explain the potential multifactorial phenomenon of proximal aortic
expansion.202:221

Aortic dilatation has been shown to increase the risk of adverse outcomes during

follow-up, due to the loss of grafts’ wall apposition.t521% As well, in this analysis, infra-
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renal and supra-renal aortic expansion was related to neck adverse events. The role of
the supra-renal anatomic alterations on EVAR outcomes is limited. Despite that a direct
relationship between the supra-renal aorta and EVAR has not been reported in the
literature, supra-renal aortic fate probably depicts the presence of an aggressive
aneurysmal disease, and this rational association could affect EVAR outcomes.!®?
Aortic dilatation effects on EVAR should be under consideration during graft and
technique selection, as a future proximal re-intervention could not be excluded. Novel
techniques and material, as the use of endoanchors, may affect positively the aortic
performance after EVAR and decrease neck adverse events.'%

Despite that aneurysm progression and graft technical characteristics seem to
provide adequate answers on EVAR durability and neck adverse events, other factors,
as the pre-operative AAA anatomy may further affect EVAR outcomes. Especially,
regarding the proximal sealing zone, specific anatomic characteristics are considered
hostile, as large neck diameter, short length, extreme angulation and conical
morphology.” Under this spectrum, the impact of conical neck morphology was
investigated, considering that the available data in the literature are scarce regarding its
incidence, role on neck adverse events and potential technical details that may be able
to have a preventive role on them.

Conical morphology is a relative contra-indication to perform EVAR, however, patients
with conical neck morphology are often managed using standard endovascular devices,
presenting conflicting outcomes.”?% In this analysis, patients with conical necks
performed similarly in terms of neck adverse events with patients having a non-conical
morphology. Furthermore, in this study almost 45% of patients who were treated with
standard EVAR, presented conical morphology, while the remaining pre-operative

anatomic characteristics were similar, except distal neck diameter. Previously reported
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data referred that in EVAR cohort, the estimated percentage of patients with conical
neck was 35%.2% Conical neck is probably a more common neck characteristic in the
daily clinical practice than considered to be, especially when strict definitions are

applied in EVAR cohorts.

Neck morphology, evolution, hostility, and its impact on EVAR outcomes has
been extensively studied.173203238-240 However, the available data specifically on the
conical morphology are scarce.?%8210240 |n this analysis, nearly 70% in the conical group
was treated using supra-renal fixation endografts while oversizing was higher in the
conical group and in 63.6%, the 20% suggested by the current guidelines was
exceeded.® Despite that conical neck has been characterized as a significant factor for
adverse events and EVAR failure, in this study, conical neck did not affect EVAR
proximal neck outcomes, as the results regarding ET la and graft migration were similar
between patients with conical and non-conical necks.20%208.209

In this study, lower migration rate was found among patients with conical neck
that were managed with aggressive oversizing (>30%) compared to patients with
conical morphology and oversizing less than 30%.. The role of oversizing has not been
clarified in patients with conical neck, while it seems rational that a more aggressive
strategy might fit better in conical anatomy which is associated to have substantial
difference in aortic diameters between the proximal and distal part. In cohorts of
patients undergoing EVAR, proximal oversizing up to 25% seems to decrease the risk
of ET la; on the other side the more aggressive oversizing (>30%) has been related to
caudal graft migration., probably due to graft infolding and mis-apposition of the graft
to the proximal infrarenal neck.?*-%#4 In this study, the more aggressive oversizing

(>30%) proved to be preventive of migration in the conical group.
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Except the impact of neck anatomy and proximal aorta on EVAR outcomes,
patients may undergo re-interventions during the follow-up due to distal landing zone
adverse events. Iliac anatomy is less investigated in the literature, probably due to the
easier and minimal management with endovascular means when needed.?!” However,
the re-intervention rate after EVAR is related to higher morbidity and mortality and the
need to decrease the secondary interventions is of high importance, not only for patient

quality of life and survival but also, due to the higher economic effect.?17:245

Iliac arteries remodeling after EVAR seem to have a similar evolution with the
proximal aorta after EVAR.?20246 [liac artery expansion is an early finding, mainly
detected during the initial six post-operative months, compared to the proximal aorta
which expands prominently during the mid-term follow-up period 2% In the current
analysis, common iliac arteries dilated in the total cohort during the initial year of
follow-up and this alteration in diameter was significant in all levels. Especially, for
distal CIA dilation, it could be the result of excessive oversizing and the consequent
radial forces affecting the distal iliac wall.1% The same combination of factors already

described affecting the proximal landing zone of the aorta.!95247

Regarding the role of oversizing in EVAR cases, a variety of conclusions have
been recorded through the years in the literature.195218.246-248 However its role has not
been completely defined neither for the proximal nor the distal landing zone.195:218.24¢-
248 In this analysis, the oversizing exceeded the suggested 15% by the literature and
approached 20% for the total cohort.?*® This more aggressive application may have
affected the CIA distal diameter expansion. lliac dilatation has been associated to
adverse events as cranial migration and clinical adverse events.?¢ However, it is of note
that this morphologic alteration did not affect the distal landing zone adverse events
while it seemed that EVAR reformed the iliac anatomy, with a reduction in angle and
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CIA index while the number of double signs remained stable. Potentially, this may be
recorded in a longer follow-up period as the aneurysmal progression is a continuous
phenomenon and repeated evaluation with an adequate imaging may be able to detect
early the fate of the distal landing zone, before the evolution of clinical events,19%248

The sub-analysis of the aneurysmal iliac arteries has shown that the diameter
remained stable compared to normal arteries during the 12-month follow-up, while the
applied oversizing was significantly lower in this group of arteries (16 vs 22%,
respectively). Despite that surgeon bias cannot be excluded, the specific iliac limb
diameters that combine the main graft may have affected the choice of a lower
oversizing in these cases, especially when considering that proximal neck
characteristics are the main criterion for graft selection in the daily clinical practice.
The lower oversizing may be able to explain the associated stable distal iliac diameter
in this group.?*® It has been suggested that in aneurysmal iliac arteries, conservative
oversizing between 10-15%, may be able to decrease endoleak Ib.'>? However, in the
current analysis, despite that the estimated oversizing was 16.3%, large iliac arteries
presented a higher rate of ET Ib compared to the normal group, where a more aggressive
oversizing was used (22.5%). An aggressive oversizing and the use of wide (>24mm)
iliac extensions have been reported to have a preventive role for adverse events in
aneurysmal iliacs.?4”248 |In any case, aneurysmal CIAs represent a diseased area, more
prone to further complications.?47:2%

As in hostile proximal necks, further extension is suggested, similarly in a
hostile distal landing zone, an additional extension of the landing zone could be an
effective solution 236251 Aneurysmal iliac arteries, despite that are characterized as
adequate landing zones, present a higher re-intervention rate due to ET Ib and patients

treated with flared limbs should be under a closer follow-up protocol.>*¢ A recent
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analysis has shown that external iliac artery extension was associated to higher
aneurysm regression compared to the bell-bottom technique.?*%52 However, external
iliac artery use as landing zone may be related to greater limb complication and re-
intervention rate.?® The use of devices for the preservation of the internal iliac artery
performed with a low incidence of re-interventions associated to endoleaks and
occlusions while the primary patency of the 1A remained >90% during the 12-month
follow-up.236:253 [liac branch endoprosthesis application is further significantly
associated to CIA and AAA diameter regression during the initial year after EVAR.
Despite that proximal sealing is of major interest during the pre-operative planning and
follow-up, distal landing zones should be carefully evaluated as they seem to perform
as the proximal aortic neck and may be prone to adverse events and re-interventions
during the surveillance period; a fact that increases patients’ morbidity and

mortality, 2425

4.1 Limitations

There are several limitations in the previous analyses, especially their retrospective
nature, despite that all data were recorded prospectively. The relatively small number
of patients and the short period of follow-up may hamper firm conclusions regarding
the impact of proximal aorta alterations, conical neck morphology and distal landing
zones. However, all patients adhered to the follow-up protocol with an adequate CTA
at the 1%t and 12" month and all measurements were confirmed by two investigators
(P.N., G.K.). Furthermore, as all patients were males, the results of this analysis depict

EVAR outcomes only on male population, which though represents most patients.

Heterogeneity exists because of the variability of the devices used, but on the
other hand, these devices were within the commonest applied globally. Regarding the
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first analysis of aortic infra and supra-renal dilatation, the impact of stent-grafts radial
force’s impact on aortic wall, only scarce data exist in the literature and a further
investigation of each stent type could not provide safe conclusions. Additionally,
surgeon’s bias cannot be excluded, as patient, technique and graft selection may be
affected by the experience of the therapist. However, all patients were treated by the

same experienced surgeons (A.G., M.M.).

Longer follow-up is needed to extract firm conclusions regarding aortic
morphologic changes after EVAR, their impact on proximal sealing and the durability
of standard EVAR in patients with conical neck anatomy. Regarding the distal landing
zone, an additional surveillance period up to 4 years could provide adequate data, as

most distal events are recorded up to the mid-term follow-up.t
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Chapter 5

Summary of findings
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In this study, the anatomy of the aorta was studied in its total length, from the supra-
renal part down to iliac bifurcation. Despite the limited number of patients, all of them
followed the surveillance protocol and the CTAs were analyzed by the same
investigators. These factors permitted a systematic approach of the aortic alterations
after EVAR. According to the results of the three analyses, post-EVAR aortic dilatation
may be detected from the supra-renal aorta to the total length of the aortic neck. The
measurements included the proximal aortic zone from the celiac trunk to 15mm below
the lowest renal artery, the most critical zone of sealing.

According to the findings of the first analysis, proximal aortic dilatation may be
attributed to multiple factors, such as large neck diameter, supra-renal active fixation,
and aggressive oversizing. Furthermore, neck-related adverse events were more
common in patients with infra-and supra-renal aortic dilatation. These factors combine
both the anatomic characteristics of the neck and technical features of the procedure,
depicting that aortic expansion after EVAR and the related neck-adverse events may be
the result of a multifactorial process, including the natural aneurysmal progression and
radial forces of the stent-graft on the arterial wall.

A more precise analysis was performed to detect the role of conical anatomy of
the proximal neck on neck-related outcomes, including ET la and migration. It was
found that in terms of neck adverse events, EVAR may offer similar good early
outcomes in patients with conical and non-conical neck anatomy. Probably the low
number of adverse events in a high-risk group with hostile proximal anatomy, as
patients with conical morphology, could be addressed to the more aggressive oversizing
(>30%), which may have played a preventive role of graft migration in this group
during the initial 12 months of follow-up. Potentially, the wide use of endografts with

active supra-renal fixation in both groups have affected these findings. Supra-renal
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active fixation was used in almost 70% of cases and may protected the conical group
from the evolution of neck adverse events. However, statistical significance was not
achieved.

The last analysis was performed to evaluate the impact of EVAR on distal
landing zone, an aortic part that is less investigated than the proximal aorta. The study
showed that iliac arteries followed the proximal aorta evolution and expanded
significantly during the 12 months of follow-up. Oversizing affected this iliac
dilatation, and it was more aggressive than the one suggested in the literature. However,
the expansion was not associated to distal landing zone adverse events. Potentially, a
longer follow-up period may be able to detect an association between iliac artery
dilatation and distal adverse events.

The sub-analysis of the aneurysmal iliac arteries showed that the oversizing
used was lower and the diameters remained stable. Despite that under these findings, a
correlation with distal adverse events was not suspected, large iliac arteries were
associated to a higher rate of ET Ib during the initial 12 post-operative months. Thus,
despite that aggressive oversizing may be related to iliac dilatation, it may have a
protective role on endoleak formation in aneurysmal iliac arteries. The role of
oversizing is controversial in the literature. However, in selected cases of hostile

proximal or distal anatomy, patients may benefit from a more aggressive approach.
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Abstracts-Presentations

28-29 September 2021
ESVS 2021
Hybrid meeting

Rotterdam, Netherlands

Oral presentation

Abdominal aortic aneurysm sac alteration depending on initial diameter, endograft

material and presence of endoleak type II (Fast track)

Petroula Nana, George Kouvelos, Konstantinos Spanos, Athanasios Giannoukas, Miltiadis

Matsagkas

Introduction: Aortic aneurysm sac expansion is a factor associated to higher re-
intervention and long-term mortality rates after endovascular aneurysm repair (EVAR).
On the other hand, aneurysm sac regression is a desirable outcome after EVAR. The
aim of this study was to assess the impact of initial aneurysm sac diameter, endograft
material and presence of endoleak Il on aneurysm sac diameter alteration during the
first year of follow up after EVAR.

Methods: A retrospective study of prospectively collected data of patients being treated
with standard EVAR was undertaken. Patients’ cohort was divided according to the
initial sac diameter (<55mm, 55-80mm, >80mm). Sac alteration was defined as the
difference between the maximum sac diameter at the pre-operative and 12-month
computed tomography angiography (CTA). The outcomes are presented as odds ratio
(OR) with 95% confidence interval (Cl). P value was considered significant when it

was <0.05. The study was approved by the Institutional Review Board.
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Results: From 2017-2019, 254 patients were treated with standard EVAR and 203 of
them completed the first year of follow-up. The mean pre-operative AAA diameter in
CTA was 60.1mm (range 50-108mm) and the mean 12-month diameter was 55.2mm
(range 21-96mm). Mean intra-observer and interobserver variability was 0.2+0.55 mm
and 0.2+0.6 mm, respectively. Regarding graft material, in the PET group the median
aneurysm sac diameter decrease was -4.3mm (range -4.1 to +9mm) while in the PTFE
group, the aneurysm sac was increased in diameter (2.6mm; range -3.3 to +13mm).at
the 12-month follow-up (p=.004). The absence of ET Il in 12-month CTA was
associated to sac regression -4.8mm (range -41 to +9.4mm), while its presence was
associated with sac increase at 0.6mm (range -2.8 to +13.2) at the 12-month follow-up
(p<.001). Median aneurysm sac regression among patients with initial diameter of
<55m, 55-80mm and > 80 mm were -3.05 mm (range -16.9 to +9.4), -4.1mm (range -
41.5 to +9.2) and -5.85mm (range -33.8 to +13.2), respectively. Regression rate was
significant among all three groups (p<0.001, p<0.001 and p=0.013 respectively).
Among group analysis, it was shown that aneurysms with diameter <55mm had a lower
regression rate compared to larger aneurysms (p=0.007).

Conclusion: Aneurysm sac regression might be more common in EVAR patients that
are treated with endografts using PET compared to PTFE material. Presence of type Il
endoleak is associated to sac expansion, while smaller aneurysms seem to have a lower

regression rate.
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14-16 April 2022
21% Congress of the Hellenic Society of Vascular and Endovascular Surgery
Hybrid meeting

Athens, Greece

Hoapdyovres KivdoOvou Kol EMTAOKES OYETILONEVES PNE TT] OLATAUGT) TNG LVAAEP- KL
VTO-VEPPIKNG CLOPTIG NETA ATO EVOUYYELNKY] ATOKATAGTOGT AVEVPVGUATMOV

[etpovra Navd?!, Tedmpylog Kovperogt, Kmvotavtivog Znavoct, Kovetavtivog

Mmratlorééngt, ABavacioc Xaidovingt, EAév Apvaovtoylov?, ABavdciog
Mavvovkact, Midtiddne Matodykog!
1. Ayyswoyxepovpywny Khvikn, [ovemom ok IN'evikd Nocokopeio Adpioag,
Latpuen ZyoAn, [avemotpio Oecoariog, Adpioa
2. AvaisOncioroyr Khvikn, Tavemom ok I'evikd Nocokopegio Adpioag,
Tatpun ZyoAn, [avemotpio Oecoariog, Adpioa
Ykomog: H avadopopemon tng aoptng Kot T0 OVIIKTUTO TG otV KEVIPIKY {dvn
TPOGPLONG, HETO OO EVOUYYEWKY| OMOKATACTOCY] OVEVPVGUOTOS TNG KOWALKNG
aopTNG etvar vd diepedvnon. Ztdyog g ™G MeATNg elvarl va mpoceyyicel
HETOPOAN TNG AOPTIKNG OUETPOV OO TNV VIEP-VEPPIKT OC TNV VIO-VEPPIKN Loipa,
™G TOPAYOVTEG TTOL TNV EMNPEALOVY KoL TNG EMIITAOGES OTNV KeEVTpKN (odvn
TPOGPLONG.
YMko6-Mé£OQodor: ZvvtdyOnke pio ovodpopiky] HEAETY, TPOOTTIKMOV OEOOUEVMV
ac0evdV TOL AVTIHETOTICTNKAY EVOAYYElONKd 6€ TakTikn Bdomn amd to 2017 wg 1o 2019
oe éva tprtofabo kévipo. Bdoet mpmtokdliov, 6lot vrefAndncav oe afovikn
ayyeloypagio Tpo-eyyepnTikd, Katd tov 1° ko 12° peteyyeypntkd pnva. H vmo-

veppikn Olduetpog petpnnke oe 3 emineda: kATOOEV TNG KATAOTEPNG VEPPIKNG
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aptpiog, ota 7 Kot 15xA. and autn, Evd 1 VIEP-VEPPIKT, AUEGH AVOBEV TNG VMO TEPNC
VEPPIKNG KO TNG VM PEGEVTEPIOV KO KATMOEV TNG Ko1AokNG apTnpiog. Ot EMTAOKES
mov oyetiCovrol pe v Kevipikn (ovn tpdceuong cvumepleAaupavoy ) petdbeon
LOGYEVLOTOG KoL TNV £vO0dLapLuyn TuToVL lat.

Amnoteréopata: Exatd mevivia acBeveic copumepiinednkayv. Tng 12 unqveg, g ot vmo-
veppikég dtbpetpor awéndnkoav (p<0.001), t™c kot 1 GUEGO VTIEP-VEEPIKN KOl 1)
ouwpetpog oto emimedo g Gve peceviepiov aptnpiog (p=.024 ko vp=.007,
avtiotoya). O Tpo-eyyelpNTIKOS avyéEVog e dtdpetpo >29yA (p<.001), n vrep-veppikn
ompién (p=.002) ko n veppeyébuvon (oversizing) tov pooyevpotog >20% (p=.017)
OYETIOTNKOV LLE TNV VIO-VEPPIKT] SLATAGT. ZYETIKA LLE TNV VIEP-VEPPIKT 0OPTY], O EVPVS
avyévag >29yh pavnke va emnpealetl T dudtaon . Ot emmAokég mov oyetiovion e
TOV KEVIPIKY] {Ovn TpOGPLoNG oYeTIlOVTIOV LE GTOTIGTIKI CMUAVIIKOTNTA UE TNG
HETAPOAEG TNE SLAUETPOL AuESO KATMOEY TNG KaTdTEPNS VEQPIKNG aptnpiag (p=.017).
H didtaon g dwopétpov ota 7 kot 15pA kdtwbev g veppikng de oyetiotnke pe
emmiokég (p=.11 and p=.09, avtictouyo). TyeTIKA PE TNV LREP-VEPPIKY SLATOOT, T
S10LPOPA TG SIAUETPOV GTO EMMEDO AUESH VTTEPOEV NG AVADTEPNS VEQPIKNG KO TNG ALV
LEGEVTEPIOV CYETIOTNKE UE TNV ELPAVIOT EMTAOKDOV TNG KEVIPIKNG {DVNG TPOGPLONG
(p=.007 kou p=.05, avtictoryw).

Yoprepaocpora: H owdtaon g aoptig HETO omd €VOOYYEWNKN OTOKATAGTOON
OVELPLGUATMV UTOPEL VO EVTOTILETOL TOGO GTNV LIEP-VEPPIKN OGO KOL TNV VITOVEPPIKT
poipa. Ot gupeic avyévee, 1 VIEPVEPPIKN oTNPIEN Kot TO emBETIKO OVersizing gaivetat
va emnpedlovv avtd T0 Potvopevo. Ot emmAokég TG KeVTPkNg Lovng Tpocpuong vt

ocvvnBéotepeg og aohevelg pe d1dTaon TG LITEP- KL VITO-VEPPLKNG QLOPTNS.
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To avTikTVTO TNS KOVIKNG HOPPOLOYINS TOV KEVIPIKOV QVYEVA TG EMUTAOKES TOV
oyetiovral pe TNV KEVTPIKN {OVN TPOSPUONS NETA OTO EVOUYYELOKY
UTOKATAGTOOT AVEVPVUGUATOV

[etpovro Navé?!, Tedpyrog KovBeroct, Kwvotavtivog Enavoct, Xphotog

Kopadavoct, EAévn Apvaodtoyrov?, Abavaciog Mavvodkact, Miktiédng

Mortodykog?

1. Ayysoyxepovpywiny Kiwvikn, Ioavemomuoxod N'evikd Nocokopeio Adpisac,
Tatpun ZyoAn, [avemotpio Oecoariog, Adpioa
2. AvacOnoioroywkr] K, [ovemomuokd 'evikd Nocoxopeio Adpioag,

latpucn) ZyoAn, [avemotuio Oeccarioc, Adpioa

Ykomog: H xovikn poppoloyio amoteAel £vo amd To «eXOpIkdy YopaKTNPIOTIKA TOL
KEVIPIKOD ayEVa KOTA TNV EVOUYYELOKT] OTOKATAGTACT] OVEVPLGLATOV TNG KOTAOKNG
0OPTNG. ZTOYOG TNG LEAETNG ElVaL VO TOPOVGIACEL TG EMMAOKES TNG KEVIPIKNG {DVNG
TPOGPLONG G€ AGHEVEIG e KOVIKO KOl UN-KOVIKO 0vyEVa Kot TG Tlavodg Tapayovtes
emidpaong kotd tov 1° ypdvo mapakoAovdnong

YAk0-MéEOQooor: XvvtdyOnke pie avadpopikny UEAETY), TPOOTMTIKMOV OEOOUEVMV
ac0evAdV TOL AVTILETOTICTNKAY EVOYYElOKd o€ TakTikn Bdorn amd to 2017 wg to 2019
oe éva tprtoPabo kévipo. Bdost mpmtokdAiov, 6lot vrefAndncov oe afovikn
ayyeloypapio Tpo-gyyepnTikd, kotd tov 1° kot 12° peteyyeipntikd unvo. Ot emmAokég
mov oyetiCovrol pe v Kevrpikn (ovn tpdceuong cvumepleAaupavoy ) petdbeon
LOGYEVLOTOG KoL TNV £vO0dLapLuyn TuToVL la.

Amotehéopata: Exatd mevivia aobeveic copmepidnednkav. Tvuvolikd, 66 (44%) ex

TV aclevov eueavilay Kovikd kevipikd oavyévo. Kopio ototiotikd onpovtiky
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dpopd de dlamoT®ONKe PeTalD TV dVO OPAd®Y ACHEVAOV, EKTOG OO TNV TEPLPEPIKT
OlapeTpo tov avyéva ota 15yA, n omoia NTav evpvTEPN TG AGHEVELS LE KOVIKO ovyEva
(p<.001). Mooyevpa. pe vaep-veepikn otnpién ypnotponomdnke oto 63.3% eni tov
ovvolov; 59.5% ce un kevikovg avyéveg kKot 68.2% oe acBevelg e kovikd avyéva
(p=.275). H vrepueyébuvon (oversizing) tov pooyedpotog nrov 19% ko 26.5% oe
acOeveic pe un kot pe kovikd avyéva, avtiotoyyo (p=0.004). Oversizing >20% kot
>30% ypnoipomombnke gupitepa o€ acbeveic pe Kovikovg avyéveg [63.6  évavtt
36.9% (p<.001) xor 11.9% évavt 43.9% (p<.001), avtictorya]. Ocov agopd tng
EMMAOKEG TNG KEVIPIKNG (VNG TPOSELONG, deV TapatnpNONKe dopopd HETAED TV
300 opAd®V 0eOEVMV. e LTO-0VAAVCT] TNG OULADAG TOV AGHEVAOV [Le KOVIKOVS AVYEVEG,
10 embeTikd oversizing >30% oyetioTnKe He AYOTEPO GLYVN UETADECT LOOYEVUATOC
Katd 1o 1° £10g TopakorovOnong (p=.011).

Yoprepaopora: H evdayyeloky amokaTdoTaon TOV AVEVPLCUAT®V NG KOWAOKNG
00pTNG SVVATOL VO, ATodMCEL OO0 ATOTEAEGHATA GE AGOEVEIS Le KOVIKO 1) U1 KOVIKO
avyévo katd to 1° £tog peteyyepntikd. To embetikd oversizing (>30%) pmopei va Exet
TPOGTATELTIKO POAO OTN HETAOEST LOGYEVUATOS G O0OEVEIC LE KOVIKO OYEVO KOTA

10 1° £10G pETEYYEPNTIKNG TapaKoAoVLONONG.
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20-23 June 2022
70" ESCVS Congress

Liege, Belgium

Risk factors and adverse events related to supra- and infra-renal aortic
dilatation after EVAR

Petroula Nana, George Kouvelos, Konstantinos Spanos, Konstantinos Batzalexis,

Metaxia Mpareka, Eleni Arnaoutoglou, Athanasios Giannoukas, Miltos Matsagkas

OBJECTIVE: Aortic remodeling and its effect on neck-related outcomes after
endovascular abdominal aortic aneurysm repair (EVAR) is under investigation. The
aim of this study was to assess the supra- and infra-renal aortic diameter modifications
after EVAR and investigate the risk factors and adverse events to proximal sealing.
METHODS: A retrospective analysis of prospective data of consecutive patients
managed with standard EVAR, between 2017 and 2019, in a single tertiary center, was
undertaken. Adequate computed tomography angiography was performed
preoperatively, at the 15t and 12" month of follow-up. The database included pre- and
post-operative anatomic characteristics (infra- and supra-renal aortic diameters,
aneurysm diameter, angle, presence of neck thrombus and calcification). The infrarenal
diameter was measured at three levels: just below the lowest renal artery, at 7mm and
15mm. The suprarenal aorta was measured just above the highest renal and superior
mesenteric artery (SMA) and just below the celiac trunk. Neck-related adverse events
included migration of >10mm, and endoleak type la (ET la).

RESULTS: The analysis included 150 patients. At 12-month follow-up, all infra-renal
diameters increased (all p<0.001). Regarding the supra-renal aorta, the diameter above

the highest renal and SMA were augmented (p=.024 and p=.007, respectively). Pre-

127

Institutional Repository - Library & Information Centre - University of Thessaly
01/06/2024 11:45:16 EEST - 3.144.112.7



operative neck diameter >29mm (p<.001), active supra-renal fixation (p=.002) and
oversizing >20% (p=.017) were significantly associated to just below the lowest renal
aortic dilatation. Neck diameter >29mm (p<.001 and p=0.001) and supra-renal fixation
(p<.001 and p=.016) were associated to 7 and 15mm aortic dilatation. Neck diameter
>29mm affected also the supra-renal diameter increase. Neck-related adverse events
were associated to diameter alterations at the level just below the lowest renal artery
(p=.017). Regarding the supra-renal dilatation, diameter differences at the highest renal
artery and SMA were related to adverse events (p=.007, and p=.05).

CONCLUSIONS: Post-EVAR aortic dilatation may be detected from the supra-renal
aorta to the total length of the aortic neck. Multiple factors may affect this phenomenon,
as neck diameter >29mm, active supra-renal fixation, and aggressive oversizing. Neck-
related adverse events are more common in patients with infra-and supra-renal aortic

dilatation.
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Impact of conical anatomy on proximal neck adverse events after EVAR

Petroula Nana, Konstantinos Spanos, George Kouvelos, Metaxia Mpareka, Eleni

Arnaoutoglou, Athanasios Giannoukas, Miltos Matsagkas

OBJECTIVE: Conical neck is one of the hostile characteristics that may affect
endovascular aneurysm repair (EVAR) outcomes. The aim of this analysis was to
present proximal neck adverse events (endoleak type la (ET la) and graft migration), in
patients with conical morphology compared to patients with non-conical neck. Factors
that may affect adverse events in patients with conical neck during the 12-month
follow-up were also assessed.

METHODS: A retrospective analysis of prospectively collected data, of consecutive
elective EVAR patients, treated between 2017 and 2019, was undertaken. Adequate
computed tomography angiography was performed preoperatively, at the 1 and 12
month of follow-up. The database included patients” demographics and comorbidities,
pre-operative, and post -operative aneurysm anatomical characteristics (supra-renal and
infra-renal aortic diameter measurements, sac diameter, neck angle, neck thrombus, and
calcification). Neck adverse events included ET la and migration.

RESULTS: A hundred fifty patients were included; 66 (44%) presented conical
proximal neck characteristics. No significant anatomic differences were detected
between the conical and non-conical group. Only distal neck diameter was wider in the
conical neck group (p<.001). Supra-renal active fixation endograft was applied in
63.3% of the total cohort; 59.5% of patients with non-conical and 68.2% with conical
neck (p=.275). Oversizing was 19% and 26.5% in patients with non-conical and conical
morphology, respectively (p=0.004). Oversizing >20% and >30% was more commonly

used in patients with conical neck [63.6 vs 36.9% (p<.001), and 11.9% vs. 43.9%
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(p<.001), respectively]. Regarding neck adverse events, no difference was recorded
between patients with non-conical and conical morphology. In a sub-analysis, among
patients with conical neck, aggressive oversizing >30% was related to lower graft
migration rate during the 12-month ollow-up (p=.011).

CONCLUSIONS: EVAR may offer similarly good outcomes in patients with conical
and non-conical neck anatomy during the early follow-up. Aggressive oversizing
(>30%) may have decrease graft migration rate in patients with conical neck during the

first post-operative year.
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