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Abstract: The arteriovenous fistula (AVF) is the prefered vascular access for hemodialysis, but vascular complications 

like thrombosis, aneurism and intimal hyperplasia often occur. Recirculation zones, stagnation points and low and 

high shear stress are the main causes of these complications. In this work is used computational fluid dynamics (CFD) 

for analyze the blood flow dynamics and understand better the influence of biomechanical forces in the development of 

vascular complications. A end-to-end AVF geometry model is provided from computerized tomography images which 

allowed generate a three-dimensional mesh for numerical analysis of blood flow. A velocity waveform was used as 

boundary condition. The streamlines shows flow separation near of the anastomosis and a increasing turbulence along 

the vein. The wall shear stress was beyond of normal physiological values in the diastolic phase, contributing to 

appear some pathologies.  
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1. INTRODUTION  

 

The vascular access for hemodialysis patients usually is through native arteriovenous fistula (AVF) or synthetic 

grafts to allow adequate blood flow during the dialysis session (Yerdel et al., 1997). The preferred vascular accesses is 

AVF because that shows lower infection rates. Creation of an AVF entails a dramatic change in local hemodymanic 

conditions in the vicinity of the fistula. The maturation is an active process of vascular remodeling that is a response to 

the altered biomechanical forces induced in the vascular system by placement of the fistula (Ene-iordache and Remuzzi, 

2012). After creating the AVF, blood flow rate slowly progresses and reaches an average of 1200 ml min-1 after 

maturation (Wedgwood et al., 1984).  After or during the maturation process, experimental and numerical evidence for 

recirculation, low and high wall shear stress (WSS), and turbulent hemodynamic can generate some pathologys. 

Common complications are formation of venous stenosis, aneurysms at the anastomosis and areas of the vein wall and 

infections (Fulker et al., 2013). Intimal hyperplasia (IH) is generated by a thickening of the tunica intima of a blood 

vessel and can lead to stenosis in AVF, it is caused by several different hemodynamic factors including low and high 

wall shear stress (WSS), oscillatory WSS, turbulence, and blood stasis (Fulker et al., 2013). 

Developing an understanding of the relationship between the blood flow and hemodynamic complications requires 

accurate measurements of physiological parameters and a detailed 3D analysis of the local blood flow pattern. 

According to exposed, this study used the computational fluid dynamic (CFD) associated with computed tomography 

(CT) to modeling and analysis the flow patterns and wall shear stress in AVF. The pulsatile flow simulated was 

obtained from Sivanesan et al. (1999) entitled: Flow patterns in the radiocephalic arteriovenous fistula: an in vitro study. 

Thus, the aim of this paper is understand a little bit the relation between flow patterns and vascular complications in the 

arteriovenous fistula. 

  

2. METHODS  

 

The studied patient is male, 72 years old and has an end-lateral fistula on the left arm venous aneurysm. For these 

simulations the blood was considered Newtonian incompressible and homogeneous. 
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2.1. Geometric model 

 

Using public software InVesalius 3.0 geometry was built using 1000 CT images. A polygonal surface made of 

triangles was generate (Figure 1). The aneurism and anastomosis have a diameter of approximately 16mm and 10mm, 

respectively. Only the surface of interest has been exported in STL format for the mesh generator. Due to considerable 

amount of collagen fibers in the region, all the walls of the vessels were considered rigid.  

 

 
 

Figure 1. Geometry generated. 

 

2.2.  Mesh  

 

A three-dimensional mesh was built in the AVF. The software used was ANSYS ICEM 13 (Academic License). The 

mesh has tetrahedral format in the inner regions of the blood vessels, prismatic near to the walls and triangular in the 

surface. The size of the volume elements become increasingly smaller in nearby regions of the walls due to higher 

gradients are located, the growth of a rule elements obeyed exponential.  

The total of the volume elements was 11346. The minimum quality used for volumetric elements was 0.4 (Figure 2). 

The mesh was refined until the flow parameters did not change any further, or rather the results presented in this 

investigation are meshing independent. 

 

  
 

Figure 2. Tetrahedral mesh representation. 
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2.3. Numerical model and flow conditions  

 

Mathematic governing equations for incompressible flow and according to the literature (Fox et al., 2006), are 

presented below:  

 

Mass conservation equation: 
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Momentum conservation equation:  
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where  is the fluid density (kg/m³), V


 is the velocity vector (m/s), t is the time (s), p is the pressure (Pa) and  is the 

dynamic fluid viscosity (Pa.s). The CFD code based on the finite volume method (Fluent 6.2.16 Academic License) was 

used in this study. Discretization of the governing equations at each control volume involved a first order upwind 

differencing scheme. The resulting system of algebraic equation was solved iteratively using a procedure based on the 

semi-implicit SIMPLE algorithm. In the AVF model, the inlet velocity profiles were maintained uniform across the 

inlet cross section. The outlet condition requires that velocity gradients in flow direction be zero. This condition is 

acceptable due to the outlet boundary having been located far downstream from the junction. The no slip condition was 

applied to all the walls. Fluid properties were assumed according to the literature (Berger et al., 1996):  = 1050 kg/m³ 

and  = 3.45 mPa.s. The unsteady flow condition the used velocity waveform is showed in the figure 3. The specific 

points I, II and III showed in the cycle (figure 3) are those used to plot the results. 

 

 

 
 

Figure 3. Velocity waveform obtained from intraoperative recording patients. 

 

3. RESULTS 

 
The figure 4 shows the flow patterns at three specific points in the cycle. The proximal artery did not show 

recirculation, patterns are highly stable in the three points over the cicle. In the vein, nonuniform geometry of the vessel 

wall leads to intense recirculations. During the instant time I (systole), there was an important area of recirculation on 

the ascending side of the AVF, immediately after the anastomosis, the vortices appear and the helical movement in the 

vein appears in this time. In the instant time II (diastole), these recirculation and the helical movement are intensified, 

especially in the dilatation zones of the vein. In the instant time III (diastole), the recirculation in the anastomosis was 

decreased, the flow after the vein stenosis move initially in direction opposite to the main flow and then recirculate 

following the main bloodstream. 
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Figure 4. Pulsatile flow streamlines patterns at three specific points in the cycle. 
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Figure 5 shows the wall shear stress distribution at three specific points in the cycle. In the cicle point I, the 

proximal artery presented the highest WSS in this analysis, the values were approximately 55 Pa, in the anastomosis 

inlet, WSS decreased to 16 Pa and increased in the stenosis, 4.95 PaIn the point II, WSS presented a similar behavior, 

but with lowest values, the proximal artery showed 30 Pa of maximum value. In the cicle point III, WSS was very low, 

the proximal artery showed maximum value 8.50 Pa and in the other regions do not exceeds 5 Pa. 

 

 

 
 

 

 

 
 

 

 

 
 

Figure 5. WSS at three specific points in the cycle. 
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4. DISCUSSION  

 

In this work, the flow visualization in AVF model was obtained through numerical simulation using Fluent 13. The 

three dimensional geometry of the AVF was built from tomography images of a patient. The objective was evaluate and 

quantify the blood flow patterns in mechanisms involved in failure of AVF for hemodialysis access. The limitations of 

our numerical analysis of blood flow is related to the assumption of rigid walls of the AVF and that was not possible 

use the data inlet parameters of the patient.   

Flow disturbances and turbulence that may develop at the venous anastomosis of the AVF have also been 

documented to influence intimal–medial thickening (Fillinger et al., 1989) and endothelial cell turnover (Davies et al., 

1986). It has been observed that when wall shear stress is low and oscillating, and there are zones of shear stress spatial 

gradients, vessel walls are more prone to vascular damage. 

During the cardiac cycle, 1/3 of the time is attributed to the systolic phase and 2/3 to the diastolic phase. According 

to the results presented here, perturbation, recirculation and separation zones are intensified during the diastolic phase 

(Figures 4a and 4b). The flow in the anastomosis and the dilatation of the vein was turbulent and flow patterns that 

occur in those places were strictly connected with their geometrical shape. The nonuniform geometry of the 

anastomosis forces blood flow to change direction rapidly, this fact can explain the helicoidal movement in a few áreas. 

The anastomosis is considered to be a place of occurrence of clot risk because the blood velocity rapidly decreases and 

the blood flow can be even reversed locally. This clot could be transported for lower vessels and occlude them. 

Fry (1968) had reported that the values of wall shear stress between 35 and 40 Pa can cause physical damage in 

endothelial cells within an hour of exposure. The proximal artery and the stenosis are áreas where the WSS were over 

40 Pa in the systole phase (Figure 5a). Lower values of wall shear stress, below 1 Pa, have shown to be associated with 

the development of intimal hyperplasia in arterial anastomosis (Sallam et al., 1996). The distal artery and dilataions 

regions of the vein shows WSS values below 1 Pa in the point III of the cicle. 
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Resumo: A fístula arteriovenosa (FAV) é o acesso vascular preferido para hemodiálise, mas complicações vasculares 

como a trombose, aneurisma e hiperplasia da íntima ocorrem muitas vezes. Zonas de recirculação, pontos de 

estagnação e tensões de cisalhamento altas e baixas são as principais causas destas complicações. Neste trabalho a 

dinâmica de fluidos computacional (DFC) é usada para analisar a dinâmica do fluxo sanguíneo e entender melhor a 

influência das forças biomecânicas no desenvolvimento de complicações vasculares. Um modelo geométrico AVF end-

to-end é fornecido à partir de imagens de tomografia computadorizada o que permitiu gerar uma malha 

tridimensional para análise numérica do fluxo de sangue. Um pulso de velocidade foi utilizado como condição de 

contorno. As linhas de corrente mostram a separação do fluxo perto da anastomose e uma crescente turbulência ao 

longo da veia. A tensão de cisalhamento foi além dos valores fisiológicos normais na fase diastólica, contribuindo 

para o surgimento de algumas patologias. 
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