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Abstract
Objectives: To evaluate the effects on aortoiliac fluid dynamics after the implantation of an endograft based on endovascular
aneurysm sealing (EVAS) versus endovascular aneurysm repair (EVAR) strategy. Methods: An adaptive geometrical deformable
model was used for aortic lumen segmentation in 8 patients before and after the surgery. Abdominal aneurysms were treated with
an endograft based on the EVAS system (Nellix, n ¼ 4) and with a device based on an anatomical fixation technology (n ¼ 4).
Pressure, blood velocity, and wall shear stress (WSS) were estimated at different aortic regions using computational fluid
dynamics methods. Physiologic inlet/outlet flow values at the abdominal aorta, the celiac trunk, and the mesenteric and the renal
arteries were set. Pressure references were set at iliac arteries outlet. Results: Maximum aneurysm sizes were similar for both
groups in the preoperative scans. The lumen area was lower after EVAR (P < .05) and EVAS (P < .01) compared to preoperative
aortic lumen sizes. Pressure increase was higher in the proximal abdominal aorta after EVAS compared to EVAR (2.3 + 0.3 mm
Hg vs 0.9 + 0.3 mm Hg, P < .001). Peak blood velocities inside the endografts were 3-fold higher for EVAS compared to EVAR
(54 + 5 cm/s vs 17 + 4 cm/s, P < .01). Velocities at the iliac arteries also remained higher for EVAS (38 + 4 cm/s vs 24 + 4 cm/s,
P < .05). Peak WSS at the iliac arteries remained higher for EVAS compared to EVAR group (P < .05). Conclusion: The significant
modification of the aortic bifurcation anatomy after EVAS alters aortoiliac fluid dynamics, showing a pressure impact at the renal
arteries level and an acceleration of the blood velocity at the iliac region with a concomitant increase in peak WSS.
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Introduction

The Nellix endograft (Endologix, Irvine, California) proposes

to treat infrarenal abdominal aortic aneurysms (AAAs) based

on the endovascular aneurysm sealing (EVAS) system.1 Unlike

in conventional endovascular aneurysm repair (EVAR), where

most endografts include a proximal fixation mechanism, the

EVAS system is composed of 2 stents surrounded by expand-

able endobags that are filled with a polymer to seal the aneur-

ysm sac (Figure 1). As EVAS technology aimed for a

continuous sealing all along the internal surface of the aneur-

ysm lumen, expectations about endoleak and graft migration

prevention have been raised.2 However, the configuration of

the abdominal aorta anatomy, from the renal arteries to the

aortic bifurcation, is considerably altered using this technique.

To seal the aneurysm, the blood is forced to rapidly flow into

two 10-mm stents just below the renal arteries. In particular, we

hypothesize that this upward relocation of the aortic bifurcation

might induce a modification in flow patterns in the renal and

iliac regions.

So far, limited data are available regarding volumetric ana-

tomic modifications of the AAA after graft implantation. Some

reports on post-EVAS changes have shown small but signifi-

cant increases in aortic lumen and aneurysm volumes com-

pared to preoperative scans.3,4 Other groups have found that

aneurysm volume, neck diameter, and renal angulations

remained unchanged after implantation and observed a slight

straightening of the iliac arteries.5 The characterization of fluid

dynamics in 3 different endograft models (including the EVAS

system) was recently reported using laser particle imaging

velocimetry (PIV) measured on phantoms.6 However, the
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impact of the anatomical modifications on flow dynamics in

terms of pressure, velocity, and wall shear stress (WSS) has not

been studied until now using true 3-D meshes obtained from

real cases.

The objectives of this study were to quantify and compare

the hemodynamic changes following EVAS versus EVAR. The

causes of blood flow differences in terms of pressure, blood

velocity, and WSS were analyzed and discussed to identify

possible clinical implications. Patient-specific meshes were

reconstructed using enhanced computed tomography images

from pre- and postoperative studies. Estimations of pressure,

blood velocity, and WSS, at different regions of the abdominal

aorta, were simulated to assess differences following EVAS

versus EVAR using validated computational fluid dynamics

(CFD) methods.7,8

Methods

Study Sample

Data from patients who underwent an infrarenal aortic aneur-

ysm endovascular repair between January and June 2014 in the

Hôpital Européen Georges Pompidou (Paris, France) were ret-

rospectively reviewed. Patients who were treated with Nellix or

anatomical fixation technology (AFX) devices within the study

period were selected and those with comparable external aortic

diameter were included. We excluded patients who were

treated with other devices than Nellix or AFX. Eight patients

(all men, age range: 69-87 years) with noncomplicated AAA

were finally included in this study. Each patient signed an

approved informed consent before the surgery. The retrospec-

tive analysis of personal health data of study patients had the

authorization of the Commission Nationale de l’Informatique

et des Libertés and was in accordance with the Declaration of

Helsinki. This project was part of an internal evaluation of the

EVAS system at our institution, and thus, formal approval from

the institutional review board was not required. Patients were

treated using either the EVAS technology (Nellix) or an endo-

graft based on an AFX. Pre- and postoperative contrast-

enhanced computed tomography scans were used to build finite

element meshes using an automated method to isolate the

abdominal aorta lumen. Afterward, the meshes were employed

in the CFD simulations to quantify aortoiliac fluid dynamics.

Endovascular Procedure

The implantation procedure for the Nellix system has been pre-

viously described.1 Patients who received the Nellix device were

selected based on their preoperative anatomy, including short

infrarenal neck and high risk of postoperative type II endoleaks.

The EVAR procedure included the implantation of an AFX

endograft. This endograft has a more physiologic configuration

with a long main body and 2 innate limbs. It is deployed so that it

rests on the native aortoiliac bifurcation, using an anatomical

fixation for stabilization. Additionally, this endograft might be

more conformable to blood flow compared to other technologies

as the e-PTFE is external to the stent struts. Details of the endo-

graft and the procedure can be found elsewhere.9

Abdominal Aorta Segmentation

A geometric deformable model (GDM), originally proposed to

quantify aneurysm lumen volume,4 was used for the abdominal

aorta segmentation before and after endograft implantation.

Briefly, the GDM segmentation emulates a virtual elastic bal-

loon that inflates inside a region of interest. The GDM initial

shape is a sphere composed by nodes and triangular faces with

its vertices connected by elastic edges. A controlled force simu-

lates the inflation of the sphere. Different internal forces

(stretching, bending, and dissipative forces) are calculated for

each vertex in parallel, taking into account the intensities in

Hounsfield units of the surrounding structures. The size of the

triangular faces remain stable, controlled by a collapse/subdi-

vide algorithm. The adaptation process continues until the

deformable mesh fits the lumen shape and until equilibrium

is obtained. In pre- and postoperative scans, a single deform-

able balloon was positioned inside the proximal abdominal

aorta lumen at the level of the renal artery. The GDM was

allowed to grow upward until the diaphragm level and down-

ward to fill the aortic lumen and the left and right common iliac

arteries. The reader can find a more complete mathematical and

algorithmic explanation elsewhere.4

Aortic Mesh Generation

The aortic lumen meshes were postprocessed to obtain water-

tight surfaces, proper for CFD simulations. AngioLab (version

0.9) software was used for the mesh edition, smoothing, mesh

improvement, and preprocessing.8 Small vessels were

Figure 1. Schematic representation of an endovascular aneurysm
repair (EVAR) using an anatomical fixation technology (AFX) device and
an endovascular aneurysm sealing (EVAS) with the Nellix endograft.
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eliminated. Superior mesenteric, celiac trunk, left and right

renal arteries, left and right iliac arteries, and left and right

femoral arteries were perpendicularly cut. The cut was placed

between 5 and 10 diameters away from the branching point. All

proximal and distal endpoints were cut at the same location for

matching pre- and posttreatment models. The boundaries were

extruded with a regular cylinder to facilitate the development

of flow boundary conditions.

Numerical Simulations

Validated CFD simulations were performed to estimate pres-

sure, flow velocity, and WSS7,8 at 6 different regions (R1-R6)

orthogonal to aortic centerline:

� Inlet region (R1): 1 cm above celiac trunk (inlet region),

� Celiac region (R2): near the celiac trunk,

� Mesenteric region (R3): near the mesenteric artery,

� Renal region (R4): between the 2 renal arteries,

� Aneurysm region (R5): at the level of the maximum

diameter evaluated in the preoperative scan, and

� Common iliac artery region (R6): before the internal

iliac artery bifurcation.

Fluid flow has been largely studied in physics, mathematics,

and mechanics using mathematical models that describe the

movement of a fluid in a confined reservoir, like the flow of

blood inside vessels. Such mathematical models are the so-

called Navier-Stokes equations. In most real situations, it is not

possible to find the exact mathematical expression to solve

them and numerical solutions are approximated by using a

proper discretization of space and time. The CFD is the set

of techniques and algorithms that allow finding such numerical

approximations at the cost of computationally intensive calcu-

lations. Different commercial and free software packages for

CFD are currently available. Open source Finite Volume soft-

ware OpenFOAM (OpenFOAM, Bracknell, United Kingdom)

was used for CFD analysis in our study.10 A stationary solver

(simpleFoam [version 4.1]), available in the software, was used

to compute the numerical solution of Navier-Stokes equa-

tions.11 Blood was considered a Newtonian fluid and dynamic

viscosities constant (m ¼ 0.004 Pa�s).12 Other simplifications

for the simulation included a continuous rather than pulsatile

flow condition, a rigid aortic wall, and the absence of mural

thrombus assumption. Generated meshes contained between

140 000 and 200 000 elements.13

Inlet flow for CFD simulations was set to 3.5 L/min, and outlet

boundary conditions at the renal arteries, the superior mesenteric

artery, and the celiac trunk were set to �0.5 L/min to reproduce

normal physiological values based on the literature.14-16 Pressure

zero references were set at each external and internal iliac outlet.

These conditions were maintained across all simulations.

Measurements and Statistical Analysis

A single expert (J.-M.A.) measured the preoperative anatomy

of every aneurysm, including the diameters of the aortic neck,

the aneurysm, and the iliac arteries. The aortic neck length and

angulation were also manually estimated. For every mesh and

at each region, the following calculations were done: (1) cross-

sectional area (CSA), (2) relative pressure compared to the

outlet flow at the external iliac artery, (3) 95th percentile of

blood flow velocities, and (4) 95th percentile of WSS. Patients

were separated into the EVAS and EVAR group. For the esti-

mation of the CSA at the iliac region, the sum of the 2 iliac

arteries areas was calculated. Similarly, the CSA for the aneur-

ysm region was calculated from areas of the 2 stents inside the

Nellix endoframe. Left and right limbs pressure, velocity, and

WSS values were averaged. Mean and standard deviations

were used to summarize the aortic measurements in each

group. A paired Wilcoxon test was used to compare pre- and

postoperative values. Comparisons between groups were cal-

culated with an unpaired Wilcoxon test. P values below 5%
were considered significant.

Results

The preoperative anatomy of each aneurysm was manually

assessed and geometric values were similar between groups,

except for the aortic neck length that was shorter in the EVAS

group (P < .01; Table 1). In the EVAR group, the mean size of

the AFX endograft limbs was 18.0 + 2.3 mm (16 mm for 2

patients and 20 mm for the other 2).

The aortic lumen meshes, before and after the procedure for

each patient, are shown in Supplemental Figure 1. After EVAS,

an upward relocation of the aortic bifurcation is clearly visible.

Conversely, since the AFX endograft rests on the native aortic

bifurcation, the aortoiliac anatomy was globally preserved after

EVAR.

Lumen CSA of each region of the abdominal aorta is shown

in Figure 2 for both groups before (PRE, solid lines) and after

(POST, dotted and dashed lines) endograft implantation.

Thicker traces were used for the curves of the EVAS group.

In the preoperative scans, aneurysm size was similar between

groups. In the postoperative scans, aortic size was significantly

lower at the aneurysm region for the EVAR (P < .05) and the

EVAS (P < .01) groups compared to preoperative values. Note

Table 1. Initial Aortic Aneurysm Anatomy.

Attribute EVAS Group EVAR Group

Aortic neck diameter, mm 23.0 + 2.4 20.8 + 2.2
Aortic neck length, mm 12.5 + 2.1 32.5 + 9.0a

Aortic neck angle, � 37.8 + 13.4 19.8 + 16.2
Aortic aneurysm external diameter, mm 59.0 + 4.7 58.5 + 6.7
Aortic aneurysm lumen diameter, mm 40.3 + 4.6 43.3 + 9
Left iliac artery diameter, mm 14.8 + 1.3 13.8 + 2.9
Right iliac artery diameter, mm 14.0 + 1.4 13.5 + 2.6
Left iliac stent covered length, mm 34.0 + 10.2 37.3 + 9.3
Right iliac stent covered length, mm 34.3 + 10.7 35.0 + 9.7

Abbreviations: EVAR, endovascular aneurysm repair; EVAS, endovascular
aneurysm sealing.
aP < .01.
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that at this region, the blood circulates inside the 2 stents for the

EVAS system endograft, forcing a narrower CSA compared to

EVAR device (P < .05).

Postoperative minus preoperative absolute changes in pres-

sure, velocity, and WSS between and scans are show in Table 2.

Pressure values for the aortic regions (relative to the iliac outlet

reference) are shown in Figure 3. In the preoperative scan,

stable pressure values <1 mm Hg were observed in both groups

above the aortic bifurcation and a linear reduction was

observed toward the external iliac arteries. Pressure did not

change after EVAR. However, a significant pressure rise was

observed after EVAS above the endograft compared to both

preoperative scan (P < .01) and EVAR group (P < .01). Post-

EVAS, pressure values raised 1.6 + 0.9 mm Hg compared to

pre-EVAS (Table 2).

Peak blood velocities at different aortic regions are shown in

Figure 4. During the preoperative scans of both groups, peak

velocities decrease inside the aneurysm sac and accelerated

entering the iliac arteries. After EVAS, blood significantly

accelerated inside the stents compared to both preoperative

scan (P < .01) and the EVAR group (P < .01). Mean absolute

velocity changes were 42.1 + 12.8 cm/s and 3.7 + 4.4 cm/s

for EVAS and EVAR groups, respectively. Blood velocity

remained accelerated post-EVAS compared to the EVAR

group at the iliac region (P < .05). Peak WSS values resulted

more variable than velocities, but they globally followed the

velocity behavior (Figure 5). Again, peak values inside the

stents were higher after EVAS compared to preoperative scans

(P < .01) and the EVAR group (P < .01). Peak WSS values after

EVAS remained higher at the iliac level compared to the

EVAR group (P < .05). Finally, WSS magnitudes and blood

flow streamlines are shown in Figure 6 for representative cases

of each group before and after the endograft implantation.

Figure 2. Mean cross-sectional areas for the different abdominal
aorta regions before (PRE) and after (POST) implantation of the
endografts. Dotted and dashed lines indicate post-endovascular
aneurysm sealing (EVAS) and post-endovascular aneurysm (EVAR)
cases, respectively. *P < .05 post-EVAR compared to pre-EVAR.
yyP < .01 post-EVAS compared to pre-EVAS. §P < .05 post-EVAS with
respect to post-EVAR.

Table 2. Absolute Changes in Pressure, Velocity, and Wall Shear
Stress Between Postoperative Minus Preoperative Scans Using Base-
line Boundary Conditions From Table 1.

EVAS Group EVAR Group

Relative pressure, mm Hg
Renal region 1.6 + 0.9 0.2 + 0.4a

Aneurysm region �0.3 + 0.4 0.1 + 0.4
Iliac region �0.3 + 0.4 0.0 + 0.2

Percentile 95th peak velocity, cm/s
Renal region �1.6 + 2.2 �1.1 + 1.1
Aneurysm region 42.1 + 12.8 3.7 + 4.4a

Iliac region 12.5 + 18.3 �1.2 + 5.7b

Percentile 95th WSS, Pa
Renal region �0.4 + 0.8 0.1 + 0.3
Aneurysm region 1.0 + 0.2 0.4 + 0.4b

Iliac region 0.6 + 1.0 0.0 + 0.4b

Abbreviations: EVAR, endovascular aneurysm repair; EVAS, endovascular
aneurysm sealing.
aP < .01.
bP < .05.

Figure 3. Mean relative pressure increase (with respect to iliac outlet
pressure) for the different abdominal aorta regions before (PRE) and
after (POST) implantation of the endografts. Dotted and dashed lines
indicate post-endovascular aneurysm sealing (EVAS) and post-
endovascular aneurysm repair (EVAR) cases, respectively. yyP < .01
post-EVAS compared to pre-EVAS. §§P < .01 EVAS compared to
EVAR.
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Discussion

Significant anatomic modifications are visible after EVAS

compared to EVAR, with 3 main consequences for the fluid

dynamics: (1) a proximal pressure modification at the level of

the renal arteries, (2) an acceleration of blood velocity inside

the stents that remained high at the stent outlet, and (3) higher

peak WSS values observed at the iliac arteries. These flow

disturbances were accurately quantified in our simulations

using patient-specific models and should be analyzed sepa-

rately to assess the effects of each endograft configuration on

hemodynamics.

In preoperative simulations, pressure values in the proximal

abdominal aorta for both groups were less than 1 mm Hg above

the reference values set at the iliac outlet (Figure 3, solid lines).

Pressure values increased to 2.3 mm Hg after EVAS, whereas

no significant changes were observed after EVAR (Figure 3

and Table 2). This pressure modification in the proximal

abdominal aorta can be probably explained by the radial mis-

match introduced after EVAS, which virtually shifted upward

the aortic bifurcation (Supplemental Figure 1). The enlarge-

ment of the aneurysm sac lumen compared to mean aortic size

was similar between groups, as can be observed in preoperative

scans (Figure 2). Nevertheless, while the aortic lumen seemed

to recover a normal size after EVAR, a significant shrinkage

was imposed by the EVAS system, where blood was forced to

circulate into a pair of 10-mm stents (Figure 2). The suprarenal

aortic geometry did not differ between groups. How this

suprarenal pressure change could impact the renal flow or

function is difficult to predict at this stage. Recently, Boersen

et al have compared in vitro the effects of EVAR versus EVAS

endografts on aortic hemodynamics using PIV, and they found

that the different stent designs did not alter suprarenal flow,

although WSS patterns inside the renal arteries were dis-

turbed.6 In our simulations, peak blood velocities around the

renal arteries in both groups remained unchanged (Figure 4).

We also found a high variability in peak WSS values within the

suprarenal aortic region, but no significant differences were

observed between groups (Figure 5). Our measurements were

concentrated on the aortic wall and not in the renal arteries.

Further studies will need to be undertaken to evaluate the

impact of pressure change at that level.

Since patients in this study were treated in 2014, we did not

employ the most recent instructions for use (IFUs) of the EVAS

system. Nevertheless, the original IFUs were respected in all

Nellix cases, inducing the difference observed in proximal

neck length between the 2 groups (Table 1). The EVAS in

short-neck aneurysm has already been reported with bad out-

comes at long term,17 but since we did not aim to evaluate

outcomes in terms of aneurysm exclusion by both endografts,

we believe that these differences should not have influenced

the postoperative simulation.

Blood velocities inside the EVAS endoframe stents were

higher compared to EVAR, with peaks around 60 versus

20 cm/s, respectively (Figure 4). More importantly, blood velo-

city remained high at the iliac level after EVAS. As shown in

Figure 4. Maximum velocities (95th percentile) for the different
abdominal aorta regions before (PRE) and after (POST) implantation
of the endografts. Dotted and dashed lines indicate post-endovascular
aneurysm sealing (EVAS) and post-endovascular aneurysm repair
(EVAR) cases, respectively. yyP < .01 post-EVAS compared to pre-
EVAS. §P < .05, §§P < .01 EVAS compared to EVAR.

Figure 5. Maximum wall shear stress (95th percentile) for the dif-
ferent abdominal aorta regions before (PRE) and after (POST)
implantation of endografts. Dotted and dashed lines indicate post-
endovascular aneurysm sealing (EVAS) and post-endovascular aneur-
ysm repair (EVAR) cases, respectively. yyP < .01 post-EVAS compared
to pre-EVAS. §P < .05 EVAS compared to EVAR.
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preoperative simulations, blood velocity slowed down inside

the aneurysm region, probably due to the aortic lumen expan-

sion. A distal acceleration was observed, associated with the

CSA reduction (Figure 2). We believe that the dramatic post-

EVAS reduction in CSA produced a significant acceleration on

blood velocity, which remained high at the limbs, causing WSS

values to rise. Qualitative differences between groups in WSS

and streamlines are shown for representative patients in Figure 6.

It is clear that after endograft implantation in both groups, the

turbulent and disordered flow pattern observed inside the

aneurysm sac was accelerated through the limbs when the

arterial lumen recovered its normal size. However, as shown

in our study, the magnitude of this acceleration depended on

the particular stent configuration and was higher after EVAS.

A decrease in iliac artery angulations was observed after

EVAS5 and a reduction in iliac tortuosity was reported after

EVAR.18 The evidence of a stronger flow jet at the endograft

outlet might be connected to this latter apparent straightening

of the iliac arteries. Our results confirmed that the EVAR

procedure provided less hemodynamic disturbances in terms

of pressure, blood velocity, and WSS with respect to EVAS,

probably because AFX endograft is more conformable to the

blood flow due to a more physiologic configuration and the

anatomical fixation system.

As recently anticipated,19 our findings confirm that a more

physiologic configuration of an endograft provides the least

hemodynamic disturbance to reconstruct the aortic bifurcation.

Post-EVAS studies with longer follow-up are required to

Figure 6. Qualitative wall shear stress magnitudes and blood flow streamlines before and after the implantation of the endografts. Left: A
representative patient of the endovascular aneurysm sealing (EVAS) group. Right: A representative patient of the endovascular aneurysm repair
(EVAR) group.
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investigate the impact of pressure, flow, and WSS changes

observed in our simulations on graft migration, endoleaks, and

limb complications. Indeed, such mechanical stimuli are well

known to impact on cell function and aortic wall remodeling.20

Some researchers are currently investigating the Nellix migra-

tion21 and endoleak risks.22 Proximal rather than distal migra-

tions of the Nellix prosthesis in the caudal direction were

recently reported, although it seems not to have a clinical sig-

nificance in terms of endoleaks incidence. Globally, a low total

endoleak rate has been reported with the EVAS system,

although some novel type of events like the long-term separa-

tion of the polymer-filled endobags should be further investi-

gated. These specific forms of migration could be associated

with the proximal pressure changes and the distal flow pertur-

bations evidenced in our study. The EVAS system is also being

analyzed in terms of aortic stiffness mismatch at this level

using pulse wave velocity,23 the polymer filling volume,24 and

the volumetric sac expansion,3 which are particularly important

to predict aneurysms rupture.25 To our knowledge, our study is

the first to conduct a CFD simulation to assess pre- and post-

EVAS hemodynamic changes using patient-specific ana-

tomies. All these efforts are articulated with recent in vitro

comparisons of different endograft configurations,19 aimed at

better understanding the varying clinical results and helping the

specialist to choose the proper endograft model.

Some limitations of this study should be mentioned. First,

our results should be analyzed with caution due to the small

number of participants. The pre- and postoperative compari-

sons were more robust due to the paired nature of the tests.

Although pressure, velocity, and WSS values showed tenden-

cies that reasonably explained the aortic hemodynamic changes

observed in our study, simulations in larger cohorts should be

scheduled. Second, standard CFD simplifying assumptions

were adopted, including the Newtonian, incompressible, and

stationary fluid, and conditions were adopted using literature

averaged values. During previous CFD simulations in cerebral

aneurysms, we concluded that resulting CFD variables like

velocity and WSS for steady state simulations were equivalent

to averaging the same variables over the cardiac cycle for a

transient simulation.11 Since we are assessing mostly pressure

drop, velocity, and WSS at specific locations over a period of

time longer than the cardiac cycle, in the current study, we

performed steady state instead of transient CFD simulations,

with an additional benefit of a considerable computational time

reduction. The pressure reference in our study was set at the

limb extremes, to assess the supplementary hydrostatic pres-

sure required by the fluid to pass through the implanted pros-

thesis that reduces the lumen area. For a more precise wall

pressure estimation, fluid–structure interaction models with

pulsatile flows can be proposed.26,27 Blood flow at the outlet

of the renal, mesenteric, and celiac arteries was assumed con-

stant before and after the endograft implantation. The GDM

used to assess the aortic lumen mesh was conceived to expand

until the external e-PTFE border and the eventual effects of the

stent struts on the blood flow were neglected in our simulation.

Finally, only aortic lumen was segmented, leaving thrombotic

structures outside the simulated models. Potential errors related

to the lumen–thrombus interface segmentation should also be

considered. Nevertheless, these systematic errors were present

in patients of both groups, where aneurysms sizes were similar

and no endoleaks were detected. Further studies are envisaged

using magnetic resonance techniques to incorporate dynamic

measurements as patient-specific blood flow magnitudes and

aortic wall distensibility.

Conclusion

Based on patient-specific 3-D models employed in CFD simu-

lations before and after endovascular treatment of AAA, we

found significant modifications of fluid dynamics after EVAS

with respect to EVAR. After EVAS, a 2-fold pressure increase

was observed at the renal arteries level compared to EVAR and

the 3-fold acceleration of blood velocity inside the EVAS

stents induced a 60% increase in blood velocity at the iliac

arteries level and a concomitant increase in peak WSS. These

alterations might be explained by the significant modification

of the abdominal aorta anatomy after EVAS compared to

EVAR. Further studies including more participants should be

conducted to confirm these preliminary results.
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