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Abstract:  
 

Arterial stenosis, condition characterized by abnormal narrowing of blood vessels, 

disrupts blood flow and raises the risk of serious cardiovascular complications. Previous 

studies indicate highlight that stenosis geometry, lesion length and eccentricity can 

significantly impact on blood flow characteristics; however, detailed analyses on the 

combined effects of these parameters remain limited. This study aims to investigate the 

effects of different stenosis geometries, lengths, and eccentricities on artery’s fractional 

flow reserve (FFR), velocity magnitude and static pressure. Using two stenosis levels 

(80% and 90%) and two lesion lengths (10 mm and 20 mm), arterial flow across 

rectangular, elliptical, triangular, and trapezoidal geometries are computationally 

modelled under both concentric and eccentric configurations. The results show that 

abrupt shapes, such as triangular and rectangular lesion, create high velocity spikes and 

pressure gradient near lesion edges, resulting in elevated shear stress. Shear stress and 

flow disturbance were reduced by smoother shapes, especially elliptical and trapezoidal 

configurations, which were linked to more gradual velocity and pressure transitions. 

Additionally, concentric models generally yield higher FFR values, indicating better flow 

preservation. Rectangular and trapezoidal shapes showed lower FFR values, particularly 

in eccentric conditions with severe stenosis, while triangular shapes showed relatively 

high FFR values, suggesting a lower impact on flow. 

 

1. Introduction 
 

Cardiovascular diseases (CVDs), including coronary 

artery disease (CAD), cardiac arrest, and heart 

failure, remain the leading cause of death globally 

[1]. Atherosclerosis, in which plaque accumulates on 

artery walls and causes stenosis, or arterial 

narrowing, is the main cause of CAD. This process 

limits blood flow, which results in less oxygen 

delivery to tissues and, extreme situations, 

myocardial infarction and ischemia [2]. 

The Fractional Flow Reserve (FFR) is a critical 

diagnostic tool in cardiology which assesses the 

functional severity of coronary arteries stenosis, 

helping guide appropriate treatment [3]. It is defined 

as the ratio of the maximal myocardial blood flow in 

the presence of stenosis to the theoretical flow 

without stenosis. Specifically, it is the distal 

coronary pressure and Pa is the aortic pressure 

during maximal hyperemia, and typically it is 

measured during induced hyperemia using 

adenosine [4].  

According to Mastoi et al. (2018), the conventional 

FFR measurement is an invasive process that 

involves using a pressure wire to measure the 

patient's pressure values [5]. This procedure is 

expensive for hospitals and poses risks to the patient. 

A normal result ranges from 0.94 to 1, and any 
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number below means you need some type of 

treatment because your blood flow is less than what 

it should be. For example, values less than or equal 

to 0.9 indicate a significant likelihood of critical 

stenosis, having a sensitivity of 92.8 percent and 

specificity of 82 percent [6]. Patients having FFR of 

less than 0.8 are classified as high risk because your 

narrow section of the coronary artery is causing a 

20% decrease in pressure [7]. 

The potential of computational approaches for 

predicting FFR in coronary arteries has drawn 

interest. Computational fluid dynamics (CFD), 

numerical modeling, and image segmentation 

algorithms could be used to analyze more patient 

cases and improve their results. The accuracy of 

CFD-based FFR estimations, however, depends on 

accurately capturing the physiological features of 

stenotic lesions, including shape, lesion length, 

eccentricity, and vessel diameter. These factors 

influence flow patterns and pressure gradients, 

which are crucial for precise FFR assessment. 

Research has shown that lesion geometry 

significantly alters local hemodynamics, with non-

symmetrical shapes, for instance, causing complex 

recirculation zones that affect FFR readings [8]. 

Additionally, elongated lesions tend to generate 

higher pressure drops, while eccentric lesions 

produce variable flow and pressure distribution, 

further complicating FFR prediction models [9], 

[10]. 

While previous studies have explored individual 

factors impacting FFR, a comprehensive CFD 

analysis that simultaneously considers stenosis 

shape, lesion length, eccentricity, and vessel 

diameter remains limited. Integrating these factors 

could improve FFR prediction accuracy, potentially 

leading to more precise clinical decision-making. 

This study aims to fill this gap by systematically 

analyzing the influence of these morphological 

characteristics on FFR in idealized coronary artery 

geometries using CFD simulations. By analyzing 

various stenosis types, including concentric and 

eccentric lesions, the research aims to provide 

valuable insights into the physiological interactions 

between lesion morphology and coronary blood 

flow, enhancing the potential of CFD as a non-

invasive FFR assessment tool.  

 

2. Material and Methods 
 

This paper aims to examine how variations in 

stenosis geometries—specifically shape, lesion 

length, eccentricity, and diameter—affect the 

fractional flow reserve (FFR) in coronary arteries. 

By employing Computational Fluid Dynamics 

(CFD), the study seeks to simulate blood flow 

through stenosed arteries, enabling a detailed 

analysis of how each geometrical factor influences 

FFR values. The significance of these relationships 

is important in determining the degree of the arterial 

lesions’ severity since FFR is a common tool used in 

assessing the clinical value of coronary artery 

stenosis. The findings obtained may also facilitate 

accurate diagnosis and effective management of 

patients with CAD and expand the role of FFR in 

practice to a number of clinical scenarios involving 

varied stenoses. 

Clinical studies indicate that stenosis does not 

typically exhibit a specific shape [11], [12], [13]; 

however, this study will investigate the geometric 

influence of stenosis on fractional flow reserve 

(FFR) by analyzing cases with stenosis areas of 80% 

(intermediate) and 90% (severe). The data used in 

this study were based on stenosis dimensions from 

single lesions in single-vessel pericardial coronary 

artery disease (CAD) cases, collected from a group 

of 32 patients, as detailed in Table 1 [14]. A 3D 

model was then created using the Computer-Aided 

Design software ANSYS, as shown in Fig. 1. The 

geometries include rectangular, triangular, elliptical, 

and trapezoidal shapes, based on those presented in 

the study by [15]. All dimensions are in millimeters 

(mm). 

 

 
 

Figure 1. Schematic diagram for (a)rectangular, 

(b)triangular, (c)trapezoidal, and (d)elliptical lesion 

geometry.
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Table 1. Dimensions of the Stenosis Model [14] 

Area of 

Stenosis 

Lesion 

Length 
𝑟𝑎 𝑟𝑏 Rectangular Triangular Trapezoidal Elliptical 

    𝑙𝑎 𝑙𝑎 𝑙𝑏 𝑙𝑎 𝑙𝑏 𝑙𝑐 𝑙𝑎 

80% 10 1.5 0.67 10 5 5 3.5 3 3.5 10 

90% 10 1.5 0.47 10 5 5 3.5 3 3.5 10 

80% 20 1.5 0.67 20 10 10 7 6 7 20 

90% 20 1.5 0.47 20 10 10 7 6 7 20 

2.1 Modelling

This work regarding blood flow is realized in the 

study as a non-Newtonian, incompressible, viscous 

and laminar fluid subject to the Navier-Stokes 

equations:   

 

             𝜌 (
𝜕𝑢

𝜕𝑡
+ 𝑢. ∇𝑢) = −∇𝑝 + 𝜇∇2 + 𝑓             (1) 

 

where ρ is the fluid density; u is the velocity vector; 

t is time; p is pressure; μ is the dynamic viscosity; 

and f stands for body forces exerted on the fluid. 

     The continuity equation for incompressible as 

well as non-compressible particulates is expressed as 

follows:   
                                   𝛻. 𝑢 = 0                                    (2) 

The blood stream is in this case treated as an 

incompressible, non-Newtonian fluid with the help 

of the Carreau model which defines the model of the 

viscosity under different shear rates. The Carreau 

model is given as: 

       𝜇 = 𝜇∞ + (𝜇0 − 𝜇∞)(1 + (𝛽𝛾)2)
𝑛−1

2               (3) 

 

where 𝜇0 = 0.056 kg/ms, 𝜇∞ = 0.0035 kg/ms, 

𝑛 = 0.3568, and 𝛽 = 3.313s [16]. 

2.2 Boundary and Initial Conditions 

 

A three-dimensional numerical model using ANSYS 

was used to simulate and study blood flow dynamics 

in this study. At the outlet of the artery through 

which the flow is directed, a static pressure boundary 

condition equal to P = 13,332.24 Pa was introduced, 

which imitates the physiological state at the distal 

point of the artery [17]. For the velocity profile to be 

valid for the inflow conditions, models considering 

80% and 90% arterial stenoses (AS) with a mean 

hyperemic flow rate of Q = 165 mL/min or V = 0.389 

m/s and a stated model artery radius of r = 1.5 mm 

were utilized [18], [19]. These flow profiles tend to 

be well above normal baselines in large arteries and 

are the consequence of hyperemia for stenotic 

arteries. When hyperemic pressure is present, stroke 

pressure pulses can change the flow on the stenotic 

lesion because of differences in local structure. This 

can lead to a number of possible turbulent flow 

patterns for the three stenosis models of the artery 

that were studied. 

The arterial wall boundary was treated as a rigid 

wall, and a no-slip velocity boundary condition was 

applied along the walls. The no slip condition 

assumes that the wall has a fluid velocity equal to 

zero, an assumption that is frequently employed to 

model the way blood flows closer to the arterial wall. 

Such an arrangement was designed to include the 

main hemodynamic parameters as well as flow 

disturbances that stem from stenotic lesions and to 

explore the aspects of flow separation, recirculation, 

and shear in stenotic arterial geometry during 

metabolic stress. 

 

2.3 Fractional Flow Reserve 

Fractional Flow Reserve (FFR) is calculated using 

the formula: 

                          𝐹𝐹𝑅 =  
𝑃𝑑−𝑃𝑣

𝑃𝑎−𝑃𝑣
                                    (4) 

 

where Pd is the pressure measured at the end of flow 

reversal occurring distal to the stenosis (mmHg), Pa 

is the proximal pressure (mmHg) and Pv is the 

venous pressure, which is considered to be 0 mmHg 

[20]. 

 

2.4 Numerical Simulation 

 

Numerical simulation of human blood flow in a 

stenosed artery employs a carefully structured mesh 

and boundary configuration to ensure accurate 

representation of hemodynamic behavior. No local 

sizing is applied, and the surface mesh is generated 

with a controlled growth rate of 1.05. The geometry 

consists solely of a fluid region with no voids to 

maintain simulation integrity. The boundary 

conditions are defined as follows: a velocity inlet at 

the inlet and a pressure outlet at the outlet, while the 

artery walls are assigned as “wall” boundaries. 

Careful attention is paid to mesh quality so that the 

minimum orthogonal quality does not go below 0.6 

and the maximum skewness is less than 0.5. A 6-

layered offset method is employed, starting with an 

aspect ratio of 12 and a growth rate of 1.05, so as to 

accurately represent the boundary layer effects. 

Fluent, acting as the solver, resolves the boundary 

using a polyhedral mesh, enhancing solution 

accuracy and maintaining a constant growth ratio of  
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Figure 2. Computational mesh used for numerical study. 

 
 

Table 2. Average number of elements for each 

geometry in the ANSYS Fluent simulation 

Geometry Average Number of Elements 

Rectangular 69,598 

Triangular 23,251 

Trapezoidal 27,092 

Elliptical 199,955 

 

1.05 for each layer of the mesh. Table 2 shows the 

average number of elements for each geometry in the 

ANSYS Fluent simulation and Figure 2 shows 

computational mesh used for numerical study. 

 

3. Results 

 
Figures 3 and 4 illustrate the variations in velocity 

magnitude, and Figures 4 and 5 illustrate the 

variations in static pressure along the artery at 

different positions during the cardiac cycle. These 

highlight both eccentric and concentric stenosis 

models at 80% and 90% area stenosis (AS). The 

results specifically focused on lesion lengths of 10 

mm and 20 mm, revealing the impact of the 

parameters on the characteristics of arterial flow. 

The results, shown in Fig. 3 and Fig. 4 , show that 

the velocity profile always peaks during the systolic 

phase instead of the diastolic phase for all models 

and levels of stenosis. The blood velocity shows 

minimal variations across different geometries in the 

proximal region. However, the velocity significantly 

increases as the stenosis percentage increases, with 

the highest values observed in the 90% AS models. 

The maximum velocity occurred at the stenosis 

throat or the mid-stenosis region, with the 

rectangular shape model producing the highest 

velocities, followed by the trapezoidal and elliptical 

shapes. Figures 5 and 6 show the static pressure 

variations along the artery. When blood comes into 

contact with the stenosis, the pressure drops, a 

crucial indicator of the severity of the stenosis, 

spikes and then gradually decreases. The figures also 

show that the pressure drop increases as the 

percentage of area stenosis (AS) increases. 

 

3.1 Velocity Profile 

 

Rectangular configuration models, as shown in Fig. 

3a and Fig. 3b, exhibit a relatively high velocity 

between the edges of a lesion, particularly for shorter 

lesions measured in the range of 10 mm. This form 

causes an abrupt displacement in the flow profile of 

the blood as it travels across the lesion. The velocity 

profile shows spikes at the lesion boundaries due to 

the rectangular shape's rigid transitions. The 

elliptical model with a short lesion length provides a 

gradual change in the velocity profile. Due to the 

model's rounded edges, there’s a smoother transition 

of flow velocities at the boundaries, reducing the 

intensity of disturbance. This model displays high 

velocities at the peak of the lesion due to the shape's 

rapid increase in speed, followed by an equally rapid 

decline as the flow adapts to the triangular shape. 

Trapezoidal models with short lesions exhibit 

moderate changes in entry and exit points, 

accompanied by relatively stable flow regions on the 

trapezoid's torso. 

The longer length of lesion (20 mm) may result in a 

mild diffusion of the velocity profile within the 

central region towards the lower bounds, as 

indicated in Fig. 3c and Fig. 3d, since enhanced 

adjustment of fluid flow is aided by an extended 

lesion. However, with a rectangular geometry, the 

lesion still has high velocities at its inlet and outlet 

regions, and hence there are likely to be high fluid 

stresses with very high shear near the edges of the 

lesion.  Allowing more stabilization of the velocity 

within the lesion, the elliptical shape can maintain a 

less rougher velocity profile over the length of the 

lesion. The model's gradual appearance results in the 

least disturbance of flow among all models, thereby 

reducing the likelihood of adverse flow patterns and 

shear stress along the length of the lesion. We still 

believe the triangular profile to have a less extreme 

peak, but the prevalence of angular triangles in the 

triangular shapes suggests that the velocity will 

likely remain wide. Longer lesions may exhibit 

smoother velocity trends after the peak, even though 

the localized triangular geometry generates high 

shear stresses. Due to the flatter top of the 

trapezoidal model, the lesion's length can sustain 

steady velocity. Such geometries should result in 

controlled shear stresses and, more importantly, 

assist in preventing high shear stresses at the edges. 

The eccentric model exhibits unique variation in the 

velocity profiles with the geometry and the lesion 

lengths. Rectangular and triangular-shaped lesions 

dominate the abrupt velocity change that occurs with 

a smaller lesion of 10 mm. Lesions that are longer, 

20 mm in length, seem to produce a more stable flow 

pattern, most notably in elliptical and trapezoidal 

models, which produce smooth transitions and lower 

shear stress values. 

With the shorter lesion length of 10mm in Fig. 4a 

and Fig. 4b, the concentric model for a rectangular 

lesion shows a sudden and symmetrical change in 

velocity at the lesion’s edges. Due to the abrupt 

transitions of the rectangular shape, velocity profiles 
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might demonstrate peak values around the edges of 

the lesion, leading to regions of high shear stress. 

The concentric positioning ensures that flow is 

symmetrically distributed, with pronounced 

variations at the lesion’s entry and exit points. The 

elliptical model with a 10mm lesion length 

introduces a more gradual velocity change due to the 

smooth transition at the lesion’s boundaries. This 

orientation, together with a concentric geometry, 

allows a more even flow, thus decreasing the 

subsequence of higher velocities at the edges of the 

lesion area compared to the rectangular model. The 

concentric cylinder works well with the elliptical 

shape, providing a more natural flow with low 

turbulence, while the symmetrical nature of the 

cylinders makes the flow uniform. The triangular 

cross-section creates sharp angles that induce high 

velocity peaks at the apex of the lesion. The length 

of 10 mm further emphasizes this, as the concentric 

model provides an even yet narrow peak velocity 

that fits the shape of the lesion. Such sudden changes 

may result in the formation of local high velocity 

zones at the top and increased shear stress around the 

peak. The trapezoidal shape with a 10mm lesion 

length shows a moderate increase in velocity at entry 

and exit points, with a relatively steady velocity 

profile over the flat region of the lesion. This profile 

benefits from the concentric model’s symmetry, 

which provides consistent flow with moderate 

disturbances only at the edges. 

Figures 4c and 4d, which depict a larger lesion 

length of 20 mm, indicate that the rectangular model 

velocity profile likely creates a plateau within the 

lesion, characterized by steep changes in entry and 

exit velocities due to the geometry. Simply put, the 

concentric model stabilizes the flow path, but it still 

causes excessive flow disturbances within the 

perimeter, thereby confining the lesion area and 

potentially influencing the shear stress distribution 

across the artery wall. The elliptical profile allows 

for even smoother flow across the lesion. The 

velocity remains more stable throughout the lesion 

length, with reduced impact at the entry and exit 

points due to the continuous and rounded shape.  

Although the overall velocity profile of triangular 

shapes may be milder and less abrupt, it still includes 

significant range changes. When you use the 

concentric model, the area flow along the axis stays 

Figure 3. Velocity magnitude along the artery at various positions during the cardiac cycle using eccentric 

model: (a) and (b) 10 mm lesion length, and (c) and (d) 20 mm lesion length 
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the same. But when you use the triangular shape, you 

get different planes of shear stress over the area. This 

means that the speeds along the length of the lesion 

are smoother, but there are two peaks at the ends. 

When compared to a shorter lesion, the longer length 

results in a modest decrease in the peak velocities. 

The trapezoidal model suppresses the velocity 

profile variations to a greater extent than previously 

achieved across the lesion's flat surface. Due to its 

design, the concentric model ensures a smooth and 

balanced flow path, thereby diminishing the velocity 

peaks at both the entry and exit points.  

The concentric model creates comparable velocity 

changes within all shapes, even though distinct 

velocity features are presented with each geometry. 

For instance, shorter lesions (10 mm) tend to have 

more pronounced velocity changes, especially in 

models with abrupt shapes such as rectangular and 

triangular corners. On the other hand, longer lesions 

(20 mm) display more steady-state velocity profiles, 

particularly in the elliptical and trapezoidal lesions, 

which have lower shear stress and smoother flows. 

These results underscore the role of lesion 

configuration in flow patterns in terms of flow 

dynamics, which can be important for the 

vasculature. It has been observed that the concentric 

model increases stability of the velocity profiles and 

reduces shear stress in all the lesion shapes, which 

encourages the use of designs with gradual 

geometries for the ultimate enhancement of blood 

flow dynamics. 

 

3.2 Pressure Profile 

 

With the 10 mm lesion length in Fig. 5a and Fig. 5b, 

the rectangular models show a steady pressure drop 

across the lesion area, indicating a somewhat 

uniform resistance to blood flow. The elliptical 

models show a gradual pressure decrease at the 10 

mm lesion length. In comparison to the rectangular 

model, the rounded edges illustrate a less abrupt 

pressure differential, indicating a smoother flow 

transition. The triangular model demonstrates a 

higher pressure gradient immediately adjacent to the 

Figure 4. Velocity magnitude along the artery at various positions during the cardiac cycle using concentric 

model: (a) and (b) 10 mm lesion length, and (c) and (d) 20 mm lesion length 
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beginning of the lesion and then stabilizes; this is 

attributable most likely to the narrowing apex shape 

of the lesion. These steep initial drops signify the 

larger head-onset resistance, which may lead to 

increased flow disruption. At lesion length 10 mm, 

the trapezoidal model portrays a moderate pressure 

gradient. These additional transformations lead to an 

increase in opening and closing angles, which will 

cause a more favorable flow profile. 

Figures 5c and 5d clearly demonstrate that the 

pressure drop across the rectangular lesion 

intensifies with a lesion length of 20 mm. There 

appears to be a constant gradient in this case, 

showing that as the length of the lesion increases, its 

resistance also increases. Blood passes through an 

artery, encountering a constant section that narrows 

with increasing distance, as expected. The elliptical 

model depicts a moderate pressure drop, though the 

pressure distribution curve is not as sharp compared 

to the rectangular profile. This contour shape 

reduces turbulence and flow disruptions and thus 

presents a lesional effect that is less disruptive to 

blood flow. The triangular model also exhibits a 

persistent pressure drop, albeit with greater 

stabilization toward the end of the lesion. This shape 

increases the dimensionality of the lesion length, 

which in turn expands the effect of initial resistance, 

resulting in a more complex gradient throughout the 

artery. For the trapezoidal model, a consistent 

gradient can be observed, which only increases 

slightly in magnitude for the lesion of seven 

millimeters in length. A comparison of figures 

shows that a trapezoidal shape is effective in 

mitigating pressure loss compared to triangular and 

rectangular shapes due to its moderate curve slope. 

This further suggests that the trapezoidal model 

would cause less disruption in flow, even when the 

length of the lesions increases. 

The pressure profiles suggest that for all the models, 

the pressure drop increases with the elongation of the 

lesion. The rectangular and triangular models result 

in greater changes in pressure, indicating higher flow 

resistances. Elliptical and trapezoidal models 

produce variations in pressure that are less 

pronounced, hence less disturbance to blood flow. 

These profiles bring out how the shape and length of 

the lesions further dictate the pressure dynamics in 

the arteries, which are very important in 

understanding flow resistance and effects in arterial 

stenosis. 

Figures 6a and 6b, which show a shorter lesion 

length of 10 mm, exhibit abrupt edges, leading to a 

sudden drop in blood pressure as blood passes over 

the lesion. Such abrupt changes in geometry may 

further create localized high-pressure regions at the 

entry and exit points of the lesion, which are bound 

to create pressure gradients that might interfere with 

the flow. The elliptical model, on the other hand, 

achieves a better pressure distribution throughout the 

length of the lesion. Because of its round contour, 

the pressure profile is not as high at the entry and exit 

of the lesion, which reduces rapid changes in the 

gradients. The concentric model uses a symmetrical 

flow path, which results in a gradual loss of pressure 

and a decrease in localized high-pressure areas. A 

pressure peak is created at the triangular model, the 

highest point of the lesion, where blood flow is the 

most restricted. The existence of this peak produces 

large pressure differentials across shorter lengths of 

the lesion as blood moves to and from these 

constricted areas. In the trapezoidal model, the 

pressure distribution at both the inflow and outflow 

ends of the lesion is rather moderate, but over the flat 

top of the lesion, the distribution is more consistent. 

The same symmetry characteristic of the concentric 

model also increases the strength of the pressure 

profile, providing for greater average stability. 

In Figures 6c and 6d, the rectangular model exhibits 

a larger 20-mm lesion, characterized by a larger area 

of high pressure at the beginning of the lesion, 

followed by a decrease in pressure along the lesion's 

length. Distribution consistency is maintained in the 

concentric model, but longer lesions may cause a 

greater total resistance, which may elevate the 

pressure in and prior to the lesion. The elliptical 

shape additionally assists in pressure profile stability 

by ensuring gradual decreases across the lesion with 

very few peaks. The gradual geometry helps to avoid 

any abrupt changes in pressure and keeps the profile 

smooth, hence reducing high shear stress at the edges 

of the boundaries. For a longer lesion, the pressure 

profile may be somewhat less abrupt, but the 

triangular model still shows a pressure increase at 

the lesion’s peak due to the converging walls. The 

concentric model ensures symmetry in the 

distribution, but the overall pressure profile remains 

irregular due to the triangular shape. The trapezoidal 

model further stabilizes the pressure profile across 

the lesion. The flat top allows for sustained, stable 

pressure along the length of the lesion, with minor 

increases at the entry and exit points. 

The concentric model influences the pressure profile 

by providing a symmetric and balanced flow path. 

However, each shape’s geometry creates unique 

pressure characteristics. Shorter lesions (10mm) 

tend to have sharper pressure gradients, particularly 

in models with abrupt changes (rectangular and 

triangular). Lesions larger in size (20mm) are found 

to be more consistent in their pressure profiles, 

particularly in the elliptical and trapezoidal models, 

as these shapes help in minimizing pressure spikes. 

The concentric model could prove to be the most 

advantageous biomechanical configuration as it 

utilizes the elliptical and trapezoidal models, which 
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allow for gradual pressure transitions and lower 

shear stresses, which can also be beneficial for 

vascular tubing. The rectangular and triangular 

models, even if symmetrical, cause a higher pressure 

gradient and therefore may contribute to higher 

stress on the arterial walls. 

 

3.3 Fractional Flow Reserve 

 

Rectangular geometry in Fig. 7a, whether concentric 

or eccentric, shows a trend of decreasing FFR with 

increasing area of stenosis. The concentric model 

exhibits a slightly higher FFR compared to the 

eccentric model, indicating that the eccentric 

positioning results in more flow disturbance and a 

lower FFR. The elliptical geometry is noted to cause 

a more gradual decrease in the FFR as compared to 

the rectangular model. Both the eccentric and 

concentric models exhibit higher FFR values than 

the rectangular model, suggesting a reduction in 

blood flow resistance. The eccentric model 

experiences lower FFR as well, but this has a higher 

area of stenosis. However, this has less effect. 

Trapezoidal model does not seem to vary as much 

with increasing stenosis areas. The FFR in the 

concentric model tends to decrease slowly, while the 

rates in the eccentric model sharply increase. This 

suggests that the trapezoidal shape exhibits less 

violent flow compared to the concentric form. 

Among these shapes, the triangular model performs 

the worst, exhibiting a steep decline in FFR and an 

increase in stenosis in both models, with the 

eccentric configuration being the most severe. This 

indicates that the triangular shape's increase in 

stenosis area leads to an increase in position, which 

in turn causes great resistance and, consequently, 

lower FFR values. 

With a longer lesion, the rectangular shape in Fig. 7b 

shows a steeper or sharper drop in the FFR in line 

with the increase in stenosis, which is more 

pronounced in the eccentric model. The FFR 

decreases more pronouncedly in this case compared 

to the 10 mm lesion, indicating a greater resistance 

Figure 5. Static pressure along the artery at various positions during the cardiac cycle using eccentric 

model: (a) and (b) 10 mm lesion length, and (c) and (d) 20 mm lesion length. 
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to the more extensive lesion. The elliptical shape 

continues to exhibit a smoother FFR decrease than 

the rectangular and triangular shapes. The concentric 

model maintains relatively stable FFR values, while 

the eccentric model shows a more gradual decline, 

indicating that the elliptical shape is less affected by 

Figure 6. Static pressure along the artery at various positions during the cardiac cycle using concentric 

model: (a) and (b) 10 mm lesion length, and (c) and (d) 20 mm lesion length. 

Figure 7. FFR values against Area of Stenosis of the four geometries: Rectangular, Trapezoidal, Elliptical and 

Triangular in concentric and eccentric models of (a) 10mm lesion, and (b) 20mm lesion. 
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lesion length. Similar to the 10 mm lesion, the 

trapezoidal shape maintains higher FFR values in the 

concentric model but experiences a more rapid FFR 

reduction in the eccentric model as stenosis 

increases. This shape remains less disruptive in the 

concentric setup even with an extended lesion 

length. For the 20 mm lesion, the triangular shape 

again demonstrates the steepest FFR decrease across 

all geometries. Both models, especially the eccentric 

one, show a significant FFR reduction as stenosis 

area grows, underlining the triangular shape’s 

increased resistance with greater lesion length. 

 

4. Conclusion 
 

This study demonstrates the significant impact of 

stenosis geometry, lesion length, and eccentricity on 

arterial flow characteristics, including velocity 

profiles, static pressure, and fractional flow reserve 

(FFR). The analysis emphasizes how the symmetry 

and form of stenoses are crucial to the dynamics of 

blood flow in the artery. Sharper velocity and 

pressure gradients are caused by the abrupt 

transitions of triangular and rectangular lesions, 

leading to high shear stress at lesion boundaries. This 

is particularly noticeable in shorter lesions where 

there is more evident flow disruption. On the other 

hand, particularly in concentric configuration, the 

elliptical and trapezoidal geometries result in 

smoother velocity and pressure transitions. This 

reduces the shear stress along lesion boundaries and 

reduces adverse flow pattern. 

In terms of FFR, concentric models generally 

maintain higher FFR values than eccentric model, 

this suggests better flow preservation. Triangular 

stenosis models, out of all the geometries examined, 

exhibit relatively higher FFR values, suggesting less 

flow impact, specifically in longer lesions. On the 

other hand, trapezoidal and rectangular shapes show 

lower FFR values, particularly at higher stenosis 

levels (90% AS), indicating more flow impairment 

under eccentric conditions. 

These results highlight the importance of 

considering lesion geometry and eccentricity when 

evaluating arterial stenosis because these parameters 

have a major impact on the degree of flow 

restriction. In order to increase the diagnostic 

accuracy for patient specific arterial conditions, this 

study suggests that the FFR should consider both the 

shape and orientation of stenosis when performing 

clinical assessments. 
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