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Abstract 

Endovascular aneurysm repair (EVAR) has emerged as the primary treatment option for abdominal aortic 

aneurysm (AAA) surgeries. The intricate hemodynamics within the AAA region often lead to various 

complications post-stent-graft placement, such as endoleaks. Thus, the objective of this study was to assess the 

risk of stent-graft migration attributable to the appearance of endoleaks, employing spatial configuration analysis 

and wall shear stress (WSS) assessment. AngioCT data from 20 patients aged 50–60 years, who had undergone 

stent-graft placement at the Medical University of Vienna, were utilized. Three-dimensional geometries were 

reconstructed using ANSYS software (ANSYS, Canonsburg, PA, USA) for blood flow simulation. The blood flow 

was assumed to be incompressible and laminar. The stent-graft's area and height were scrutinized, alongside the 

formulation of a shape factor connecting the real stent-graft's volume with a virtually reconstructed cylinder. 

Prostheses with endoleaks exhibited an average WSS of 328.23±107.63 Pa, while the average WSS within the 

endoleak area was 30.00±9.57 Pa. In contrast, prostheses without endoleaks displayed a WSS of 367.90±119.42 

Pa. Computational Fluid Dynamics (CFD) algorithms facilitated the analysis of WSS values pre- and post-

endoleak appearance, as well as within the endoleak region. Additionally, a proposed shape factor elucidated the 

spatial configuration of stent-grafts with and without endoleaks, incorporating pushing forces. 

Keywords: Endoleaks, aortic stent-graft, CT, endovascular aneurysm repair, abdominal aorta, aorta visualization, 

vascular imaging. 

1. Introduction 

Endovascular aneurysm repair (EVAR) has become the primary treatment option for 

abdominal aortic aneurysm (AAA) surgeries [1], [2]. The risk of aneurysm occurrence 

increases with age, with a higher incidence in men than in women [3]. It is observed that 

approximately 50% of patients with ruptured aneurysms reach the hospital alive, yet around 

50% do not survive repair [4]. The complexity of hemodynamics in the AAA region may 

indicate several complications in patients after stent-graft placement, such as endoleaks [5], [6]. 

Endoleaks are areas where blood flow appears outside the lumen of the stent-graft after the 

EVAR procedure [7], [8]. Depending on the time of occurrence, stent-graft endoleaks are 

categorized as early, late, or recurrent [9], [10].  

Moreover, according to White et al., endoleaks are classified into five types: type 1 involves 

leakage between the stent and the aortic or iliac wall (1a–proximal leak, 1b–distal leak, 1c–

exclusion zone formed by an iliac plug with aorto-uni-iliac devices, 1d–“gutter”-like leak 

mailto:andrzej.polanczyk@gmail.com


A. Polanczyk et al.: COMPUTATIONAL FLUID DYNAMIC AS AN ENGINEERING TOOL ... 

 

following fenestrated EVAR or chimney/periscope techniques); type 2 entails aneurysm sac 

filling via a branch vessel (for abdominal EVAR: patency of the inferior mesenteric or lumbar 

artery); type 3 denotes leakage at the junction of stent-graft segments (3a–hole or defect within 

the stent-graft, 3b–leak between two modular components, 3c–defective stent-graft material); 

type 4 involves leakage across the graft due to its porosity, and type 5 encompasses 

“Endotension” leak–where no evidence of a leak site can be found, yet the aneurysmal sac 

continues to expand [11]. 

Medical imaging is a commonly used method in the diagnostic process [12]. Different 

techniques are utilized for detecting endoleaks, including angiography, conventional x-ray 

imaging, and computed tomography [13], [14], [15]. However, the most expedient and accurate 

method to confirm such a diagnosis is CT scanning of the AAA [16], [17].  

Numerous studies have been published on the detection of apnea events using individual 

signals recorded during polysomnography [18]. In recent years, the biomedical field has 

increasingly focused on developing continuous, non-invasive devices for monitoring blood 

pressure [19]. Also planty of studies have been conducted to explore new methods for blood 

pressure acquisition, including advancements in sensing materials, signal processing, and 

demodulation models [20], [21]. Moreover, different techniques are applied in healthcare to 

assess the blood flow, and plethysmography is among the most accurate methods for detecting 

changes in blood volume within limbs, organs, and tissues [22]. While among in vitro methods 

particle article imaging velocimetry (PIV) is used to track the movement of reflective particles 

within a flow channel [23]. Moreover, the computational fluid dynamics (CFD) technique may 

be employed for blood flow reconstruction [24], [25]. Additionally, the deep learning technique 

can be adopted for reconstructing blood vessel lumens [26].  

Many studies have focused on the application of the CFD technique for blood flow 

reconstruction in the area of implanted stent-grafts [27], [28]. However, there is a lack of 

information directed towards CFD reconstruction of blood hemodynamics in the area of 

endoleaks. Therefore, the aim of this study was to describe the risk of stent-graft migration due 

to endoleak appearance by analyzing its spatial configuration connected with wall shear stress 

analysis. 

The manuscript is organized as follows: in paragraph 2, Material and Methods, medical data 

and the mathematical model with boundary conditions are described; in paragraph 3, Results, 

simulation results are presented; in paragraph 4, Discussion, the presented results are discussed; 

and in paragraph 5, Conclusions, the manuscript concludes. 

2. Material and methods 

AngioCT data (GE Light-Speed 64 VCT; GE Healthcare, Fairfield, CT, USA) from 20 

patients aged 50 – 60 years, who had undergone stent-graft placement for AAA at the Medical 

University of Vienna, were utilized. Medical data were retrospectively collected after obtaining 

written informed consent to participate in the study and were anonymized before analysis. The 

study received approval from the local Institutional Review Board (2069/2012) of the Medical 

University of Vienna. All patients received the Zenith stent-graft manufactured by COOK 

(Cook Medical, USA) (Table 1), and contrast (Visipaque, GE Healthcare) was administered for 

radiological diagnosis (1.5 ml per 1 kg of body weight). Moreover, patient qualification for the 

study was based on the presence of type II endoleak observed in the upper part of the prosthesis. 

In the initial stage, Digital Imaging and Communications in Medicine (DICOM) data were 

utilized to create patient-specific 3D computer models of the endovascular prostheses placed in 

AAA reconstruction, as previously described [29]. Anonymized AngioCT data (512 × 512 × 

270 voxels, with an in-plane resolution of 0.78 × 0.78 mm and a slice thickness of 1 mm) from 

patients with type II endoleaks formed the basis for this study. Digital segmentation involved 
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manually adjusting brightness to achieve the highest contrast between the aorta and surrounding 

tissue, extracting the aorta from the background, and manually eliminating gaps using ImageJ 

software and its tool for morphological hole filling [30]. The implemented segmentation yielded 

accurate results; when compared to manual segmentation performed by a radiologist, the 

estimated aortas did not differ by more than 5%. Finally, after each segmentation process to 

reconstruct the 3D model of the aorta, rendering was performed [31]. 

Table 1. Results of numerical experiments for stationary and nonstationary filters. 

Patients 

Main 

body 

diameter 

[mm] 

Iliac leg 

diameter 

Left/Right 

[mm] 

P1 28 10/12 

P2 30 12/14 

P3 28 12/12 

P4 28 10/12 

P5 30 12/14 

P6 28 12/14 

P7 28 12/12 

P8 30 12/14 

P9 30 12/12 

P10 30 12/14 

P11 28 12/12 

P12 28 10/12 

P13 30 14/14 

P14 28 12/14 

P15 30 12/12 

P16 30 12/14 

P17 30 12/12 

P18 28 10/12 

P19 28 12/12 

P20 28 10/12 

 

Blood flow reconstruction was conducted using three-dimensional geometries and ANSYS 

software (ANSYS, Canonsburg, PA, USA) [32]. Two groups were analyzed: 20 geometries 

representing the spatial configuration of stent-grafts with endoleaks and 20 geometries 

representing the spatial configuration of stent-grafts without endoleaks (Fig. 1). 

 

Fig. 1. Three dimensional geometries: a) an example of stent-graft without endoleak; b) an example of stent-graft 

with endoleak; c) an example of endoleak. 
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With the utilization of the pre-processor ANSYS ICEM CFD (ANSYS, Canonsburg, PA, 

USA), meshes consisting of 400,000 to 600,000 tetrahedral elements (achieved through mesh 

independence tests) were prepared. The Euler method was employed for solving the Navier-

Stokes equations. Blood flow was assumed to be incompressible and laminar [33]. Velocity 

inlet ,  at the outlets from the geometry, and rigid wall (fluid-solid 

interface; the boundary condition v=0 was utilized) were considered as boundary conditions 

[34]. The rheological properties of blood were characterized using Quemada’s model (1 and 2) 

as previously described. The hematocrit (Hct) for all analyzed patients was around 40% [35].  

  (1) 

where: ηp - plasma viscosity, [Pa s];  - inner viscosity of erythrocyte (2), [-];  - hematocrit, 

[-]. 

  (2) 

where: , – parameters which describes blood character, [-];  – shear rate value, [s-1]; 

 – critical shear rate value, [s-1]. 

Therefore, in the CFD model, the Hct value was set at 40%. The blood velocity profiles for 

each of the analyzed patients were obtained from the USG-Doppler examination (GE Vivid 7, 

GE Healthcare, USA). 

During blood flow, pushing forces characterized by wall shear stress (WSS) are present. 

Therefore, the mechanical aspect concerning WSS was included in the shape factor. Firstly, 

WSS was calculated (3). 

  (3) 

where:  - shear stress on the stent-graft’s wall, [Pa];  - force acting on a side surface of 

a stent-graft, [N]; - side surface of a stent-graft, [m2]. 

Next, the total value of WSS, characterizing one cardiac cycle (4). 

  (4) 

where:  – total shear stress on the stent-graft’s wall, [Pa]; for all , [s];  

 - number of time steps, [-]. 

For each patient operation of virtual erasing of endoleak was performed. This allowed 

analysis of wall shear stress impact and prosthesis’ migration risk. Spatial configuration of 3D 

models was characterized with the use of shape factor, previously described.  

For the calculation of real volume, stent-graft was treated as a cylinder (6), calculated from 

stent-graft’s side surface (5). 

  (5) 

where:  - real side surface of a stent-graft, [m2];  - diameter of a reference cylinder, [m];  

 - height of reference cylinder and analyzed stent-graft, [m]. 

   (6) 

where:  - volume of reference cylinder, [m3];  - diameter of reference cylinder, [m];  

 - height of a reference surface and analyzed stent-graft, [m];  – real side surface of a stent-

graft, [m2]. 

Shape factor for the stent-graft with endoleak was calculated as a relation of real volume 

( ) of stent-graft and virtually calculated ( ) (7). 
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  (7) 

where:  – real volume of a stent-graft, [m3];  – virtually calculated volume of a stent-graft, 

[m3]. 

Shape factor for the stent-graft without endoleak was calculated as a relation of real volume 

( ) of stent-graft and virtually calculated ( ) (8). 

  (8) 

where:  – real volume of a stent-graft, [m3];  – virtually calculated volume of a stent-graft, 

[m3]. 

3. Results 

3.1. Side surface of prosthesis 

Firstly, the influence of the prosthesis size on the WSS value was analyzed. It was observed 

that prostheses with endoleaks are characterized by an average WSS equal to 63.28±15.96 Pa. 

Additionally, the average WSS observed in the area of endoleak was equal to 5.81±1.62 Pa. In 

contrast, prostheses without endoleaks were characterized by an approximately 11% increase 

in WSS value (70.95±17.82 Pa) compared to the cases with endoleaks. Moreover, the analysis 

of prostheses with and without endoleaks indicated an increase in WSS value with an increase 

in prosthesis area. However, exceptions were observed: for prostheses with endoleaks (Fig. 2), 

the lowest WSS value (38.64 Pa) corresponded to an area of 0.021 m2, while the highest WSS 

value (95.36 Pa) corresponded to an area of 0.011 m2. Conversely, for the lowest area value 

(0.011 m2), the WSS was 95.36 Pa, while for the highest area value (0.028 m2), the WSS was 

60.02 Pa. The median was 60.80 Pa for an area of 0.018 m2. Furthermore, for prostheses without 

endoleaks (Fig. 3), the lowest WSS value (42.76 Pa) corresponded to an area of 0.023 m2, while 

the highest WSS value (104.79 Pa) corresponded to an area of 0.012 m2. Conversely, for the 

lowest area value (0.012 m2), the WSS was 435.65 Pa and 698.60 Pa, while for the highest area 

value (0.031 m2), the WSS was 67.44 Pa. The median was 68.31 Pa for an area of 0.020 m2. 

Moreover, the analysis for endoleaks (Fig. 4) indicated that the lowest WSS value (3.09 Pa) 

corresponded to an area of 0.0019 m2, while the highest WSS value (8.54 Pa) corresponded to 

an area of 0.0010 m2. Conversely, for the lowest area value (0.0010 m2), the WSS was 4.06 Pa 

and 7.63 Pa, while for the highest area value (0.0028 m2), the WSS was 6.30 Pa. The median 

was 6.24 Pa for an area of 0.0018 m2. 

Additionally, a shift vector (7.67±2.26 Pa) was observed for WSS values between prostheses 

without and with endoleaks (Fig. 5). The highest shift was equal to 12.06 Pa, while the lowest 

was equal to 3.85 Pa. Furthermore, the comparison of prostheses with endoleaks to the endoleak 

area indicated that the highest difference was equal to 87.73 Pa, while the lowest value was 

equal to 35.41 Pa (Fig. 6). 
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Fig. 2. Wall shear stress in function of prosthesis area with endoleak. Wall shear stress was measured in [Pa] and 

prosthesis area was measured in [m2]. Red circles indicate exceptional points for WSS values and green circles 

indicate exceptional points for area values. 

Comparison of stent-grafts with and without endoleaks indicated an increase in WSS value 

on the side surface of the prosthesis in the area of the endoleak (18.21±0.45 Pa and 31.35±0.52 

Pa for stent-grafts without and with endoleaks, respectively) (Fig. 7 and Fig. 8). With an 

increase in blood pressure value, higher pushing forces (WSS value) were observed in the lower 

part of the prosthesis (54.61±2.09 Pa and 42.38±1.23 Pa for stent-grafts without and with 

endoleaks, respectively). However, for the prosthesis with endoleaks, an increase in WSS value 

was also observed in the area of the endoleak (26.73±1.03 Pa) (Fig. 9). Moreover, it was 

observed that each time a lower WSS value than in the area of angulation in the lower part of 

the prosthesis, corresponded with lower WSS values (71.13±3.11 Pa and 49.77±2.86 Pa for 

stent-grafts without and with endoleaks, respectively). Our previous observations indicate that 

this phenomenon contributes to a lower probability of prosthesis movement or even thrombus 

formation [36]. 

 

Fig. 3. Wall shear stress in function of prosthesis area without endoleak. Wall shear stress was measured in [Pa] 

and prosthesis area was measured in [m2]. Red circles indicate exceptional points for WSS values and green 

circles indicate exceptional points for area values. 
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Fig. 4. Wall shear stress in function of endoleak area. Wall shear stress was measured in [Pa] and endoleak area 

was measured in [m2]. Red circles indicate exceptional points for WSS values and green circles indicate 

exceptional points for area values. 

 

Fig. 5. Shift vectors for WSS values between prostheses with and without endoleaks. Wall shear stress was 

measured in [Pa] and prosthesis area was measured in [m2]. 

 

Fig. 6. Shift vectors for WSS values between prostheses with endoleak compare to endoleak area. Wall shear 

stress was measured in [Pa] and prosthesis and endoleak area were measured in [m2]. 
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Moreover, a simultaneous decrease in WSS inside the stent-graft in the area of bifurcation 

was observed (Fig.10 and Fig.11). Furthermore, an unequal distribution of WSS in the area of 

bifurcation was noted (41.04±1.95 Pa (one leg) and 36.11±1.01 Pa (other leg) for stent-grafts 

without endoleaks, while 29.81±1.63 Pa (one leg) and 22.45±1.81 Pa (other leg) for stent-grafts 

with endoleaks). Higher WSS values were consistently observed just below the bifurcation area 

(47.21±2.21 Pa (one leg) and 42.33±1.99 Pa (other leg) for stent-grafts without endoleaks, while 

35.21±2.01 Pa (one leg) and 29.77±1.77 Pa (other leg) for stent-grafts with endoleaks). 

Moreover, the unequal distribution of WSS values was higher for prostheses without endoleaks 

compared to prostheses with endoleaks. 

 

 

Fig. 7. Wall shear stress distribution for the representative stent-graft without endoleak for different timesteps 

(0.02 s; 0.04 s; 0.06 s; 0.08 s; 0.10 s; 0.12 s; 0.14 s). Wall shear stress was measured in [Pa]. 
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Fig. 8. Wall shear stress distribution for the representative stent-graft with endoleak for different timesteps 

(0.02 s; 0.04 s; 0.06 s; 0.08 s; 0.10 s; 0.12 s; 0.14 s). Wall shear stress was measured in [Pa]. 

 

Fig. 9. Wall shear stress distribution for the representative endoleak for different timesteps (0.02 s; 0.04 s; 0.06 s; 

0.08 s; 0.10 s; 0.12 s; 0.14 s). Wall shear stress was measured in [Pa]. 
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Fig. 10. Wall shear stress distribution in the area of bifurcation (interior view) for the representative stent-graft 

without endoleak for different timesteps (0.02 s; 0.04 s; 0.06 s; 0.08 s; 0.10 s; 0.12 s; 0.14 s). Wall shear stress 

was measured in [Pa]. 
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Fig. 11. Wall shear stress distribution in the area of bifurcation (interior view) for the representative stent-graft 

with endoleak for different timesteps (0.02 s; 0.04 s; 0.06 s; 0.08 s; 0.10 s; 0.12 s; 0.14 s). Wall shear stress was 

measured in [Pa]. 

3.2. Height of prosthesis 

Next, the influence of the prosthesis height on the WSS value was analyzed. Similar to the 

area analysis, it was observed that with an increase in prosthesis height, there was an increased 

WSS value. However, exceptions were observed: for prostheses with endoleaks (Fig. 12), the 

lowest WSS value (38.64 Pa) corresponded to a height of 0.220 m, while the highest WSS value 

(95.36 Pa) corresponded to a height of 0.190 m. Conversely, for the lowest height value (0.150 

m), the WSS was 77.55 Pa and 64.21 Pa, while for the highest height value (0.300 m), the WSS 

was 60.02 Pa. The median was 60.80 Pa for a height of 0.200 m. Furthermore, for prostheses 

without endoleaks (Fig. 13), the lowest WSS value (42.76 Pa) corresponded to a height of 0.170 

m, while the highest WSS value (104.79 Pa) corresponded to a height of 0.190 m. Conversely, 

for the lowest height value (0.150 m), the WSS was 87.13 Pa, while for the highest height value 

(0.300 m), the WSS was 67.44 Pa. The median was 68.31 Pa for a height of 0.200 m. 
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Fig. 12. Wall shear stress in function of prosthesis height with endoleak. Wall shear stress was measured in [Pa] 

and prosthesis height was measured in [m]. Red circles indicate exceptional points for WSS values and green 

circles indicate exceptional points for height values. 

 

Fig. 13. Wall shear stress in function of prosthesis height without endoleak. Wall shear stress was measured  

in [Pa] and prosthesis height was measured in [m]. Red circles indicate exceptional points for WSS values and 

green circles indicate exceptional points for height values. 

 

Fig. 14. Height in function of prosthesis area with endoleak. Height was measured in [m] and prosthesis area was 

measured in [m2]. Red circles indicate exceptional points for height values and green circles indicate exceptional 

points for area values. 

Moreover, a comparison of prosthesis height and area was analyzed. It was observed that 

with an increase in prosthesis area, there was an increase in height value. However, exceptions 
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were observed: for prostheses with endoleaks (Fig. 14), the lowest area value (0.011 m2) 

corresponded to a height of 0.190 m, while the highest area value (0.280 m2) corresponded to a 

height of 0.300 m. Conversely, for the lowest height value (0.150 m), the area was 0.011 m2, 

while for the highest height value (0.300 m), the area was 0.280 m2. The median was 0.180 m2 

for an area of 0.200 m2. Furthermore, for prostheses without endoleaks (Fig. 15), the lowest 

area value (0.012 m2) corresponded to heights of 0.150 m and 0.190 m, while the highest area 

value (0.031 m2) corresponded to a height of 0.300 m. Conversely, for the lowest height value 

(0.150 m), the area was 0.012 m2, while for the highest height value (0.300 m), the area was 

0.031 m2. The median was 0.020 m2 for an height of 0.200 m. 

 

Fig. 15. Height in function of prosthesis area without endoleak. Height was measured in [m] and prosthesis area 

was measured in [m2]. Red circles indicate exceptional points for height values and green circles indicate 

exceptional points for area values. 

3.3. Shape factor 

Finally, the influence of spatial configuration on the function of WSS was analyzed. It was 

observed that for prostheses with endoleaks, the shape factor was equal to 1.23±0.14, for the 

endoleak area it was 1.16±0.57, and for prostheses without endoleaks it was 1.49±0.15 

(Fig. 16). 

 

Fig. 16. Average shape factor in function of prosthesis wall shear stress (blue color), prosthesis with endoleak 

(grey color) and prostheses without endoleak (orange color). Wall shear stress was measured in [Pa]. 
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Fig. 17. Shape factor in function of WSS for prosthesis with endoleak. Wall shear stress was measured in [Pa]. 

Red circles indicate exceptional points for WSS values and green circles indicate exceptional points for area 

values. 

 

Fig. 18. Shape factor in function of WSS for endoleak area. Wall shear stress was measured in [Pa]. Red circles 

indicate exceptional points for WSS values and green circles indicate exceptional points for area values. 

 

Fig. 19. Shape factor in function of WSS for prosthesis without endoleak. Wall shear stress was measured 

in [Pa]. Red circles indicate exceptional points for WSS values and green circles indicate exceptional points for 

area values. 
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Analysis of prostheses with and without endoleaks indicated an increase in WSS value with 

an increase in the shape factor. However, exceptions were observed: for prostheses with 

endoleaks (Fig. 17), the lowest WSS value (38.64 Pa) corresponded to a shape factor of 1.22, 

while the highest WSS value (95.36 Pa) corresponded to a shape factor of 1.12. Conversely, for 

the lowest shape factor value (0.96), the WSS was 47.05 Pa, while for the highest shape factor 

value (1.44), the WSS was 88.41 Pa. The median was 60.80 Pa for a shape factor of 1.26. 

Furthermore, for endoleaks (Fig. 18), the lowest WSS value (3.09 Pa) corresponded to a shape 

factor of 0.99, while the highest WSS value (7.63 Pa) corresponded to a shape factor of 0.70. 

Conversely, for the lowest shape factor value (0.43), the WSS was 4.06 Pa, while for the highest 

shape factor value (2.50), the WSS was 6.30 Pa. The median was 6.24 Pa for a shape factor of 

0.97. 

Moreover, analysis for prostheses without endoleaks (Fig. 19) indicated that for the lowest 

WSS value (42.76 Pa), the shape factor was 1.48, while for the highest WSS value (104.79 Pa), 

the shape factor was 1.33. Conversely, for the lowest shape factor value (1.16), the WSS was 

53.47 Pa, while for the highest shape factor value (1.70), the WSS was 100.46 Pa. The median 

was 68.31 Pa for a shape factor of 1.52. 

4. Discussion 

The endovascular aneurysm repair procedure is performed to exclude the aneurysm sac from 

blood circulation. Therefore, the size of the abdominal aneurysm and the presence of endoleaks 

are crucial factors in evaluating the success of the treatment procedure [37]. This manuscript 

presents a standardized process for analyzing computer simulation results using shape factors 

related to spatial configuration and WSS values. The combination of computer simulations and 

medical imaging data is commonly employed for reconstructing hemodynamics in 

cardiovascular diseases [38]. In our previous study, we investigated the impact of stent-graft 

spatial configuration on the risk of leakage under realistic blood flow conditions [39]. In 

contrast to our approach, other studies often consider a perfectly tubular vessel with a straight 

axis and assume the stent-graft with less computational effort. However, this approach 

overlooks crucial elements such as the real angulation of the stent-graft directed by the shape 

of the aorta, as demonstrated in our work [40]. Literature analysis suggests that type 2 endoleaks 

exert non-uniform pressure on the aneurysm sac [41]. Additionally, Nolz et al. observed that 

the presence of a type 2 endoleak is associated with reduced movement of the surface in the 

proximal anchoring zone and the distal modular limb of bifurcated stent grafts [42].  

It was noted that therapeutic interventions could be enhanced with a deeper understanding 

of the mechanical behavior of arteries [43]. A comparison of various stent-graft spatial 

configurations allowed for estimating the impact of changes in WSS in the region where 

endoleaks occur. It was observed that quantifying WSS in both normal and pathological arteries 

is a critical step [44]. Previous studies have demonstrated that alterations in blood 

hemodynamics affect the stable positioning of implants [45]. The analysis of wall shear stress 

on the 20 patient-specific models (before and after endoleak occurrence) indicated that higher 

WSS was observed in cases without endoleaks compared to those with endoleaks. Furthermore, 

higher WSS values were observed in the area of bifurcation as well as in the endoleak region. 

This finding is consistent with the observations of Szajer and Ho-Shon, who, using two methods 

(4D flow MRI and CFD techniques), observed similar phenomena, albeit in cases of aneurysms 

and carotid bifurcations [46]. 

The presented results suggest that the analyzed topic is complex. They introduce a novel 

approach to standardize the results of CFD algorithms based on the spatial configuration of 

stent-grafts. It has been demonstrated that merely considering the area and height of the stent-
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graft is insufficient for accurately describing WSS distribution. It is believed that in the future, 

analyzing three-dimensional stent-grafts with varying degrees of tortuosity will be important. 

The CFD algorithm facilitated the analysis of WSS values both before and after the 

occurrence of endoleaks, as well as within the endoleak region. A proposed shape factor 

characterized the spatial configuration of the stent-graft with and without endoleaks, accounting 

for the exerted pushing forces. It was noted that the algorithm generally indicated higher WSS 

values corresponding with higher shape factors, though there were exceptions. We believe that 

the presence of angular bends or tortuosity complicated the WSS estimation, suggesting this 

factor should be considered in future studies. 

The proposed algorithm allows for assessing the risk level of postoperative complications 

associated with leaks in vascular prostheses. This solution also enables the digital fitting of the 

prosthesis before it is implanted in a specific patient. 

 

Limitations to the Study: 

We acknowledge that the solution we have proposed has limitations. The relatively small 

sample size may affect the results obtained. However, the analyzed groups were carefully 

selected for uniformity so that the results obtained may be applicable to other prostheses with 

endoleaks. Additionally, in the future, we intend to expand the sample size to assess the 

reliability of the CFD model. Furthermore, not all geometrical aspects were considered, such 

as tortuosity. Therefore, exceptions arose where an increase or decrease in WSS value was not 

correlated with a higher or lower shape factor value. 

Moreover, we utilized data with the highest possible resolution to minimize errors in three-

dimensional reconstruction and the distribution of WSS results. 
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