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ABSTRACT 

The stents are becoming widely used as percutaneous 

interventions of pulmonary artery are progressively replacing 

conventional open heart surgeries. Presently, X-ray images of 

pulmonary artery i.e. angiograms are visually inspected by 

physician to determine the proper stent size. The size estimation 

of stent done preoperative which has not been assessed so far, is 

studied in this paper. A reliable method to determine the size of 

stent using a deformation model before performing angioplasty is 

proposed. A cylindrical affine transformation model is used to 

predict the expected deformation of the stent to fit it as closely as 

possible into artery. The method was evaluated on artery data set 

of 5 cases in which the patient was suffering from stenosis of 

pulmonary artery to obtain satisfactory results. 
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1. INTRODUCTION 

Non-operative or interventional procedure for treatment of 

vascular structures suffering from intravascular or intracardiac 

stenosis is recommended over conventional surgical procedures 

[1]. As described by Dotter and Judkins, this procedure requires 

the vessel to be held open [2], stent implantation exactly serves 

that purpose. Stents exert radial force on vessel walls preventing 

their acute closure thereby improving the blood flow [3]. The 

main reason for success of stent implantation in pulmonary artery 

in spite of adverse risk factors involved is same as found out in 

trails initiated by Serruys et al for coronary artery i.e. reduced 

angiographic restenosis rates and improvement in the patient 

clinical output as compared to balloon angioplasty as proved 

[4][5][6][7]. 

Stents are widely used for angioplasty but there is no tool/means 

available to judge the size of the stent which is appropriate for 

given pulmonary artery. In absence of reliable method to 

estimate the exact size of the stent, outcome is determined by 

physician experience [8]. Deployment of the stent which is too 

large into an artery can damage it causing arterial dissection or 

even rupture in worse cases. On the other hand, implanting a 

smaller stent will require re-operation to introduce larger stent 

[9][10]. This problem becomes acute in case of pediatric cases as 

lumen of the artery in these cases in very small in comparison to 

adults. So, there is need to especially manufacture the stent, 

making the determination of stent size even more important. 

Introduction of stent locally increase the curvature of artery 

resulting in low and high shear stress regions near stent edges 

which can cause in stent re-stenosis [11]. Since shape of the stent 

is responsible for causing re-stenosis, the possible solution can 

be deforming the stent to make it fit the curvature of artery as 

closely as possible.  

The method similar to Quantitative Coronary Analysis (QCA) 

systems can be deployed for pulmonary artery to estimate the 

width (chord length) of the artery at location of stenosis [12], 

which can further be used to estimate stent size. According to 

some cardiologists appropriate stent size can be approximated by 

adding the chord length of an artery just before the blockage and 

the chord length just after the point where stenosis ends, then 

taking their average and multiplying by 90% [9]. However, 

determination of proper stent size from QCA system is not 

sufficient. Unfortunately owing to complex artery tree structure 

and lack of precision in determination of chord length through 

QCA system this method of stent size estimation can prove very 

unreliable. 

Therefore, an approach that captures a high level information 

about a pulmonary artery and stent and use it to output a metric 

that defines how appropriate is the given stent size when fitted 

into the pulmonary artery done preoperative would be valuable to 

the cardiologist. A novel method for automatic matching of the 

stent to the artery points followed by subsequent deformation of 

stent is proposed. A 3D model of artery was obtained by 

segmenting CT volumetric data set of pulmonary artery using 

TurtleSeg software [13][14]. This model along with 3D model of 

stent was used to simulate stent deformation for perfect fitting 

and determine parameters of Cylindrical Affine Transformation 

model to mathematically express the deformation. The proposed 

method was evaluated on artery dataset of 5 patients and 

satisfactory results were obtained. 

In the next section, some mathematical preliminaries utilized in 

this paper are introduced. While the stent to artery fitting 

algorithm is discussed in section 3, the experiment and simulated 

results obtained from different artery data set are considered in 

section 4.  The section 5 draws conclusion from the work done so 

far and discusses some future work. 

2. MATHEMATICAL PRELIMINARIES 

2.1 Cylindrical Affine Transformation Model 

A parametric transformation model is needed to predict the 

expected deformation of the stent to perfectly fit artery in terms 

of its parameters. With the stent and artery being cylindrical in 

shape, the use of a Cylindrical Affine Transformation (CAT) 

model is proposed to simulate its deformation. 

This model is compact and easy to implement. Using centre of 

the cylinder (x0, y0, z0), cylindrical scaling (s1, s2, s3), cylindrical 

shearing (  ,  ), cylindrical centre (  , r0) and the Cartesian 

translation (tx, ty, tz) as parameters of CAT model, The following 

equations are used [15]: 
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2.2 Distance metrics 

(i) Euclidean Distance:  It is most commonly used distance 

metric. Mathematically, it is simply the geometric distance 

between two points. In Cartesian coordinate, if x1=(x1, y1, z1) and 

x2=(x2, y2, z2) are two points in three dimensional space, then the 

Euclidean distance between them is given by: 

         

         
         

         
                       

(ii) Shortest Distance between a point and a line in three 

dimensions: The shortest distance (perpendicular) of a point x0 

from a line in three dimensional space specified by two points 

x1= (x1, y1, z1) and x2= (x2, y2, z2) is given by (See Fig. 1) [16]: 

 

 
                  

        
                                                              

 

2.3 Other formulae 
(i) Coordinates of point where perpendicular from a point 

meets line in three dimensions: The coordinates of the point xn 

where perpendicular from a point x0 meets a line in three 

dimensional space specified by two points x1= (x1,y1,z1) and x2= 

(x2,y2,z2) is given by (See Fig. 1):  

(xn, yn, zn) = (x1+t(x2-x1), y1+t (y2-y1), z1+t (z2-z1))      

(10) 

Where t =  
                                            

       
         

         
  

 (ii) Angles between two vectors: The angle between two 

vectors represented by A= (    ,         ) and B= (    ,         ) 

respectively is given by: 

  = cos
-1

(
     

   
    

    
 
     

    
    

 
 

)                                               

(11) 

(iii) Rotation about arbitrary axis: Let                is a 

unit vector about which point P=(x, y, z) is to be rotated by angle 

  considering (a, b, c) as origin. Coordinates of point P after 

rotation is given by: 

                                       

                          

                                       

                         

                                       

                          

                                             

(12) 

 

Fig. 1: Illustrating Shortest Distance between a point and a 

line in three dimensions [16] 

3. STENT TO ARTERY FITTING 

ALGORITHM 

The proposed method is implemented on 3D model of artery 

obtained by segmenting CT volumetric data set of pulmonary 

artery and a 3D stent model. The centerline interpolation was 

done followed by alignment of stent with respect to location of 

stenosis (determined subjectively by visual inspection). A 

mapping from stent to artery data set was thus obtained to 

complete the stent to artery fitting. Next, a deformation model 

was used to model deformation in terms of its parameters. Each 

step is described in detail below. 

Step 1: Interpolation of Centerline points 

using Spline 
A set of points serving as segmented centerline of the vessel was 

obtained from custom made software. In order to interpolate the 

data, the following 4 different approaches were used for 

interpolation: 

 'nearest' for nearest neighbor interpolation 

 'linear' for linear interpolation 

 'spline' for cubic spline interpolation 

 'cubic' for cubic interpolation 

As interpolation using spline was found to be most effective, 

one dimension spline interpolation for each x, y and z 

coordinates was used [17]. Approximately 200 points were 

generated between every two points of the centerline (See Fig. 

2). 
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Step 2: Initial Alignment of stent 
By default, the stent was aligned along Y-axis, while the location 

and orientation of stenosis in artery changes with every data-set. 

In order to speed up the stent artery fitting process, stent was 

aligned using these three basic transformations: 

(1) Rotation:   

 A tangent is drawn to the centerline where stenosis has 

occurred. Let this vector be T. 

 A vector is considered along the stent axis. Let this vector 

be A. 

 Angle between these vectors is calculated using Equation 

(11). Let that angle be called  0. 

 A perpendicular P is drawn to vector A and T by taking 

their cross product. Normalize the vector such that P is a 

unit vector. 

 A is rotated by angle  0 taking P as arbitrary axis and 

location of stenosis as origin using Equation (12). 

(2) Scaling:  

Scaling was done based on subjective evaluation to make sure 

that stent is entirely inside the artery and not protruding out. This 

is done to so that deformation of stent is in one direction. 

(3)Translation:  

This step involves bringing the stent to the point of stenosis. The 

stent is simply translated to the point on centerline where tangent 

was drawn in previous step. 

 

Fig. 2: Illustrating Interpolation of Centerline points of the 

pulmonary artery. Blue line indicates interpolated points 

while red * shows initial centerline points available to us. 

Step 3: Calculation of center for each stent 

point 
After the alignment of stent at desired location inside the artery, 

the center for each stent point on interpolated centerline was 

obtained using these steps: 

(i) Consider a particular stent point, S, whose projected center on 

interpolated centerline (obtained in step 1) is to be calculated. 

(ii) The two points on interpolated centerline which are closest to 

S are obtained. Let them be called as A and B. 

(iii) A perpendicular was drawn from S to line joining A and B 

as shown in Fig.3. The point of intersection C was obtained using 

equation (10). 

(iv) Steps (i) to (iii) were repeated for other stent points and 

center C was calculated for each point. 

Step 4: Determining closest artery point 
This is the most important step of artery fitting. Let I indicate the 

set of artery points.  Let Ai and S represents a point from artery 

data set and stent data set respectively. Let L denotes line joining 

S and C (obtained in step 3). 

di1= Perpendicular distance between line L and point Ai using 

equation (9). 

di2= Euclidean distance between S and Ai using equation (8). 

dmin=     
   

(di1+ di2)                                     

(13) 

Let the artery point in I that yields the minimum distance is 

represented by Ac  

Ac is calculated for each stent point. Fig. 3 clearly illustrates the 

relation between the stent point and closest artery point.  

 

Fig.3: Relation between stent point S and closest artery point 

A1 

Step 5: Deformation of stent  
After obtaining the closest artery point, each stent point S is 

deformed to coincide with its closest artery point Ac. This stent- 

artery fitting was confirmed by visual simulation as discussed in 

next section. 

Step 6: Parameters of CAT Model. 
The stent has undergone deformation to perfectly fit the 

artery. This deformation is expressed mathematically using CAT 

model. Cylindrical scaling parameters (s1, s2, s3) out of 13 

parameters discussed in Section 2 were used to model this 

deformation. Cylindrical shearing parameters (  ,  ), are 

assumed to be zero for sake of convenience, while centre of the 

cylinder (x0, y0, z0) is set to be equal to center of stent point 

calculated in step 3. Cylindrical centre (  , r0) and the Cartesian 

translation (tx, ty, tz) parameters are zero due to alignment of stent 

in Step 2.  

For each stent point S the original and deformed coordinates are 

expressed in cylindrical coordinates using equation (1) and (2). 

Let (rs ,  s,  zs) and (rs’ ,  s’,  zs’) represents the original and 
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deformed cylindrical coordinates of stent point S respectively. 

Taking into consideration the constraints mentioned above and 

using equation (3), (4) and (7), s1, s2, s3 were solved: 

s1 =rs’/ rs  s2= s’/ s   s3=zs’/zs                      

(14) 

These parameters are calculated for each stent point.  

4. EXPERIMENTS AND RESULTS 

The proposed approach was applied to a set of 5 cases in which 

the patient’s pulmonary artery is suffering from stenosis. 

4.1 Visual results Stent fitting into artery 
For given stent and artery model using steps mentioned in 

previous section, the stent points were matched to appropriate 

artery points. Judged by visual inspection, the better initial 

alignment of the stent before applying the matching algorithm 

improved the final result of stent fitting. The algorithm was 

tested on data set of 5 patients and satisfactory results were 

obtained in each case as shown in Fig.4.

 

  

  

 

Fig. 4: Stent to artery fitting results as applied on data set of pulmonary artery suffering from stenosis of 5 different patients. 

4.2 Graph of Parameters of CAT Model 

The cylindrical scaling parameters (s1, s2, s3) are calculated 

for each stent point using step 6 mentioned in previous 

section. The value of parameters s1, s2, s3 indicate change in 

cylindrical coordinates  s, rs, zs respectively that each stent 

point has to go to perfectly fit the artery. The graphs in Fig. 5 

indicate value of these parameters for all the stent points. The 

outliers in the graph ~ 2% indicate incorrect matched points. 

Table 1 summarizes the values of the cylindrical scaling 

parameters in terms of the mean and standard deviation 

calculated for different artery dataset. The mean value of s2 

multiplied by scaling factor used in Initial Alignment of stent 

represents the factor by which stent’s original size should be 

changed for perfect fitting of stent. The mean value of other 

parameters can also be used if greater flexibility is given in 

designing the stent. 
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5. CONCLUSION AND FUTURE WORK 

In this paper, a method is presented that accurately predicts 

the stent size done pre-operative. Automatic matching of stent 

points to artery points was done followed by deformation of 

the stent which was further modeled using parameters of CAT 

model. The stent points with exceptionally high value of these 

parameters indicate the mismatching which was only 2 % 

revealing high degree of accuracy in stent deformation.  

However, the running time of the proposed algorithm 

increases as a large artery data set is used. The preprocessing 

steps in which only relevant artery points are considered 

instead of entire artery tree should be included in such cases. 

In the future, visual simulation of stent expansion inside the 

artery at the location of stenosis will be done. The parameters 

of CAT model can be used to control the expansion of the 

stent depending on degree of stenosis inside the artery vessel. 

The bio-mechanical properties of pulmonary artery while 

inserting the stent will be taken into account in future works. 

  
(a)                                                                                                      (b) 

 
(c) 

Fig 5 : Graphs of parameters of Cylindrical Affine Transformation model. (a), (b)and (c) shows values of s1, s2 and s3 

parameters of CAT model. 

Table 1: Mean and Standard Deviation of parameters s1, s2 and s3 of CAT model obtained for various artery data sets. 

 s1 s2 s3 

 Mean SD Mean SD Mean SD 

Dataset#1 0.6609 0.2175 0.8023 8.9438 1.0075 0.0258 

Dataset#2 0.9872 0.5673 0.7491 2.5106 0.9996 0.0162 

Dataset#3 0.8291 0.6340 1.6467 30.6753 1.6066 9.5468 

Dataset#4 1.1112 2.1631 0.7021 1.3868 0.9984 0.0192 

Dataset#5 0.6701 0.2578 1.3148 8.8139 1.6413 17.0377 
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