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Endovascular- vs. open repair: is the battle over? 



TYPES OF ENDOLEAKS 

Common endograft designs when treating AAA 



Schoretsanitis et al,  Radiol Med 2017; 122:306-318 

Common endograft designs when treating AAA 
Most commercially available endografts carry a Nitinol skeleton on Dacron or PTFE fabric with various fixation modes  



Schoretsanitis et al,  Radiol Med 2017; 122:306-318 

Common endograft designs when treating AAA 



     The short-, med- and long tern performance of endografts depends on the mechanical 
properties of endografts and aorta (aneurysm) 

EVAR: simple hydraulics? Not exactly!! 



  

AIM OF THIS PRESENTATION IS TO DESCRIBE AND COMPREHEND THE HEMODYNAMIC PHENOMENA TAKING 

PLACE AFTER ENDOGRAFT IMPLANTATION AND GET FAMILIAR WITH BASIC HEMODYNAMIC AND 

MECHANICAL TERMS 
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Introduction to basic principles 

Dua & Dalman, Vascul Pharmacol. 2010; 53:11-21  

http://upload.wikimedia.org/wikipedia/commons/d/d5/Stress_in_a_continuum.svg


Introduction to basic principles 
The pressure forces act perpendicularly on the wall surface. 

Shear forces are tangential to the surface as a result of flow and are 

responsible for intimal hyperplasia, stenosis and thrombus formation 



Peak wall stress (PWS) 

von Mises stress 
Depends on: 
1. Geometry 
2. Mechanical properties 
3. Systolic pressure 
4. Wall thickness 

 The term “stress„ refers to the energy load on a given structure  

 Under any pressure, produces strain and is counteracted by the mechanical   

strength of the structure    

Introduction to basic principles 

Georgakarakos et al, Int Angiol, 2009; 325-33 

Stress 

strength stress 

http://upload.wikimedia.org/wikipedia/commons/d/d5/Stress_in_a_continuum.svg


 PERFORMANCE OF ENDOGRAFS 
 

REMODELLING 
 
 

MECHANICAL PROPERTIES 

FORCES 

STRESSES 

GEOMETRY 
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Remodelling: decrease of angulation of infarenal neck AND iliacs 

Since the very beginning of endovascular 
surgery, it became apparent that the aneurysm 
geometry changes immediately postoperatively 
and continues to change even after 3years, a 
process characterized as remodelling 
 
Notably, these changes mirror the force and 
stress distribution (mechanical basis of 
REMODELLING)  



Remodelling: decrease of angulation of infarenal neck  

Since the very beginning of endovascular surgery, it 
became apparent that the aneurysm geometry changes 
immediately postoperatively and continues to change 
even after 3years, a process characterized as remodelling 
 
Notably, these changes mirror the force and stress 
distribution (mechanical basis of REMODELLING)  



Remodelling: decrease of iliac angulation / tortuosity 

Coulston et al, JVS, 2014; 60:585-9 



Redistribution of peak wall stress from sac to neck and iliacs postEVAR 

Molony et al, J Βιοmed Eng Online, 2009; 8:24 

Computational studies have associated the postEVAR geometrical changes with increase of wall stress at the 
sealing sites (due to continuous outward radial forces) and decrease of the AAA sac stress, thus enabling 
shrinkage  



Remodelling: 
Decrease of neck- and iliac angulation 

with redistribution of forces on the 
endograft 

Kraemer  et al, JEVT, 2001; 8:34-8 

Raptis et al, CMBBE, 2017; 20:242-9 



Elastic modulus (Ep): measure of distensibility 

Stiffness (β): expresses the viscoelastic behavior of aortic wall 



    Aortic compliance is decrased directly after endograft implantation (stiffness increase) 

Mechanical changes of aortic wall after EVAR 



 Aortic compliance decreases immediately after the endograft implantation (increase of 
stiffness) but stays steady during follow-up 

 Aortic mechanical changes post-EVAR are not related to the decrease rate of aneurysm 
diameter.  

 

Mechanical changes of aortic wall after EVAR 

Long et al, EJVES, 2009; 23:49-59 



AAA SAC +ENDOGRAFT = COMBINED SYSTEM 

Conformational changes 

Mechanical changes of Aortic wall after EVAR 

Georgakarakos et al, Vasc Med 2012; 17:168-73 



 PERFORMANCE OF ENDOGRAFS 
 

INFRARENAL NECK 
 

FIXATION MODES 

CENTRAL FIXATION 

DISTRIBUTION OF FORCES 

IMPROVEMENTS & MODIFICATIONS 
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20°                  40°                   60°                 80 ° 

De Bock  et al,  Med Eng Phys 2014; 36: 1567-76 

Low oversizing (i.e., 10%) is associated with significant 
asymmetry of forces at the infrarenal neck 

Factors influencing stress distribution at the infrarenal neck 



Long neck Short neck 

De Bock  et al,  Med Eng Phys 2014; 36: 1567-76 

Factors influencing stress distribution at the infrarenal neck 

The stent apposition on the infarenal neck is determined by the 
length and angulation of the neck as well as the degree of oversizing 



De Donato et al., JVS 2016; 63:8-15 
Börsen et al., JVS  2017; 24:677-87 
Savlovskis et  al., JVS 2017; 62:541-9 

Factors influencing stress distribution at the infrarenal neck 

Newly introduced Nitinol-free technologies and sealing patterns claim to decrease the continuous 
outward pressure on the infrarenal neck, thereby prohibiting the neck enlargement postEVAR    



 PERFORMANCE OF ENDOGRAFTS 
 

ILIAC LIMBS 
 

DISTAL FIXATION 

DISTRIBUTION OF FORCES 

DESINGS AND MECHANISMS 

ENDOLEAKS 

THE ROLE OF GEOMETRY 

IMPROVEMENTS & MODIFICATIONS 
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Μέγιστη δύναμη: στο διχασμό 

Howell et al, JEVT, 2007; 14:138-43 

Distribution of forces on endografts 

The greatest percentage of forces is applied at the bifurcation of 
endografts 



The curvature of iliac limbs creates extra displacement forces at the iliac limbs 

Liffman et al, JEVT 2001; 8:358-71 

Distribution of forces at the iliac limbs of endografts 



Roos et al, EJVES 2014; 47:262-7 
Roos et al, EJVES 2016; 52: 150-6 

Estimating the magnitude of forces at the iliac limbs of endografts 

Experimental setup 



Estimating the magnitude of forces at the iliac limbs of endografts 

 Pulsatile flow creates movements in the unsupported mid-part of 
iliac limbs 

 Iliac angulation increases the movements & forces applied on iliacs 

 The greater the pressure, the greater those forces and movements 



16mm 

12mm 

tapered Bell-bottom 

27mm 

Estimating the magnitude of forces at the iliac limbs of endografts 

 The generated forces are particularly higher 
at the distal end of bell-bottom grafts 

Need for more vigilant surveillance? 



 PERFORMANCE OF ENDOGRAFTS 
 

GEOMETRY 
 

INFRARENAL NECK 

ILIAC LIMBS 

CURVATURE OF ENDOGRAFTS 
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Rahmani  et al, J Vasc Surg 2016; 63:493-9 

Factors influencing the pull-out forces predisposing to migration 

Pullout forces decrease with increasing angle 
Therefore suprarenal stent with anchors is helpful 



Geometric factors affecting displacement forces on endografts 

Li & Kleinstreuer, J Biomech, 2006; 39: 2264-73 
Neck angulation 
Inlet diameter 
Diameter ratio of inlet/outlet (mainbody/iliac limbs) 
Bifurcation angulation 



        According to Molony et al. that the anteroposterior angle of the neck and the high diameter 

ratio of inlet/outlet are the most significant parameters to affect the displacement forces 

Molony et al, EJVES, 2010; 40:332-9 

Geometric factors affecting displacement forces on endografts 



The curvature of endografts increases the 

displacement forces predisposing to migration  

Figueroa et al, EJVES, 2009; 16:284-94 

Geometric factors affecting displacement forces on endografts: curvature 



The configuration of neck/iliacs modifies 
also the direction of displacement forces 

> > 

A straight neck and/or straight iliacs is associated with decreased displacement forces 

Geometric factors affecting displacement forces: effect of neck & iliac angulation 

Figueroa et al, EJVES, 2009; 16:284-94 



The direction of forces: more anterolateral than vertical 

Computational estimation of the direction of displacement forces 

Molony et al, EJVES, 2010; 40:332-9 



AAA geometry Patient  

  

Age 54 

Comorbidities CHF, MR 

AAA diameter (mm) 61 

Neck diameter (mm) 27 

Neck morphology cylindiral 

Neck length (mm) 28 

Neck angulation severe  

Right CIA length (mm) 65 

Right CIA diameter (mm) 33 

left CIA length (mm) 70 

left CIA diameter (mm) 34 

Iliac angulation severe 

CIA aneurysm bilateral 

Fixation to EIA bilateral 

e-tegra size 32x100mm 

complications endoleak Ia 

2ndary interventions Aortic cuff 

FU (12m)- outcome Complete sealing - alive 

Ideal dimensions of infarenal neck 
Introduction of mainbody from the left side… 

Curvature of endografts as factor for early complications: a practical example  



Despite the relative aortic straightening from the Landerquist wires which facillitated endograft deployment, withdrawal of the 
superstiff wires restored the high curvature and led to immediate migration of the endograft from the site of deployment…this 
was managed with deployment of an aortic cuff centrally! 

Curvature of endografts as factor for early complications: a practical example  

Endograft curvature/tortuosity 



The aforenentioned association of increased displacement forces with 
excessive endograft curvature explains this phenomenon! 

Schuurmann et al, JEVT, 2017 24:411-417 

Curvature of endografts as factor for late complications also!  



Curvature of endografts as factor for late complications also!  



 PERFORMANCE OF ENDOGRAFTS 
 

ILIAC LIMBS 
 

FLOW PHENOMENA 

SHEAR STRESSES 

MODES OF COMPLICATIONS 
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Limbs geometry affects the profile of flow velocity and shear stresses at the limbs… 

Effect of iliac geometry on flow dynamics 

Georgakarakos et al,  Int J Artif Organs 2014; 37:81-87 



The Influence of iliac tortuosity: suggested mechanism 
 

Suboptimal apposition of the distal end of iliac stent on a curved vessel leads to endothelial injury due to 

different directions of endograft and artery movement during the cardial cycle         Myointimal 

hyperplasia           Stenosis          Occlusion   

Georgakarakos et al, JEVT, 2017; 22:413-420 

tortuosity 

Effect of iliac geometry on flow dynamics 

Angulation 



Iliac limb stenosis causes alterations in the distribution of shear stresses and pressures, predisposing to occlusion! 

Effect of iliac geometry on flow dynamics 

Georgakarakos et al, JEVT, 2017; 22:413-420 



Georgakarakos & Koutsoumpelis, DIR 2018; 24:113-114 

Use of balloon-expandable stents to support stenosed iliac limbs 



 PERFORMANCE OF ENDOGRAFTS 
 

CENTRAL CIRCULATION 
 

MODES OF ACTION 

MECHANICAL PARAMETERS 

Hemodynamic and mechanical interpretation of the clinical performance of 
abdominal aortic endografts: principles and considerations 



How can EVAR affect central hemodynamics ? 

The effect of endografts on central hemodynamics 



Post-EVAR 

Pulse wave velocity increases after EVAR… 

The effect of endografts on central hemodynamics 

Changes in pulse wave velocity depend on the type of material and 
structural designs of endografts  



EVAR affects PWV directly postoperatively (from the 1st week), while it also affects cardiac function (left ventricle 
volume index at end-diastole and left atrial volume index) in the long-term, i.e., alteration of vascular stiffness, 
cardiac structure and function!    

The effect of endografts on central hemodynamics 

Takeda et al,  Circul J 2014; 78: 322-8 



Take home messages 
 Stent implantation causes geometric changes that impose flow disturbance and stress 

alterations on the vessel wall 

 Studying combinations of geometrical features has better predictive role that a sole 

geometric parameter 

 No endograft is ideal; rather, every design serves ideally certain AAA anatomies while less 

efficiently some others 

 Forces predisposing to migration and dislodgement of endografts are increased by certain 

geometrical factors 

 The degree of oversizing of endografts’ central segments has important implications since it 

affects the efficiency of apposition and heterogeneity of applied forces 

 Iliac tortuosity and endograft’s curvature have an intriguing role in the postimplantational 

stability 

 EVAR can increase arterial pulse-wave-velocity with potential late consequences 

 



Questions to Vascupedians 

• Do you routinely use endografts with suprarenal fixation or reserve them for cases of angulated 
infrarenal necks? 

• Would you consider primary distal-end stenting in cases of suboptimal apposition of iliac-limbs on 
tortuous vessels? 

• Would you change your EVAR-practice over infarenal necks of marginally large diameter? How 
often would you consider a Nitinol-free  based endograft strategy? 

• Are you concerned about the potential influence of EVAR on pulse wave velocity and/or 
myocardial function? 

• Would you modify your CT follow-up strategy in cases of “risky” geometrical factors predisposing 
to migration?  

• Which geometrical parameter(s) would you be most sceptical for? 

• Are you concerned about migration of iliac limbs & loss of sealing (endoleak Ib) in cases of iliac 
tortuosity?  

• What is your usual strategy of proximal oversizing in cases of short or angulated necks?  

 

 


