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 Nowadays the use of Drug Eluting Stents (DESs) is considered as a successful method for the treatment 
of coronary artery blockage. In order to study the impact of the presence of topcoat on heparin-eluting 
stents efficacy, two designs (with and without drug free topcoat) have been compared. Moreover, here 
the importance of the plasma flow as a controversial topic among researchers has been studied. In order 
to have more realistic working heart, plasma flow is considered a pulsatile function. Also, the injury of 
the coronary artery penetrated to a depth of media layer during angioplasty. Volume-averaged porous 
media equations which describe the drug release dynamics are employed and solved numerically by 
Finite Volume Method (FVM). Results put the amount of strut penetration in the forefront of 
importance. Local drug pharmacokinetics experiences significant changes by strut passing through 
endothelium, intima and Internal Elastic Lamina (IEL) and being contiguous with media layer. 
Although the plasma flow decreases/increases the amount of concentration level and subsequently 
decreases/increases the amount of drug mass in media/adventitia layer, the results show that these 
effects are not significant. Among other findings, it is notable that the presence of topcoat has a 
negligible effect on the release characteristics. 
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Fig. 1 Schematic representation of one-dimensional healthy coronary artery [23]. 
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Fig.  2 Schematic representation of one-dimensional injured coronary 
artery. 
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Fig. 3 Schematic representation of computational domain with control volumes. 
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[5,25,37]. 
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Table  2 Calculated non-dimensional coefficients using hydraulic and 
mechanical properties of all investigated layers. 
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 3    
Table 3 The results of grid study 

      
1  2  3  4  

  100 180  190  200  
  100 230  270  340  
  170 380  400  520  

    44 100  130  150  
  3200  7800  8120  10700  

  1100  2100  2200  2270  
m (t ) 42.6721 42.6886  42.6894  42.6901  

  (%)  -  0.038  0.0018  0.0016  

Fig.  4 Comprising media concentration distribution among model 
results and results from Pontrelli and de Monte [25], in 200s, 10000s 
and 20000s. 
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Fig.  5 Comprising adventitia concentration distribution among model 
results and results from Pontrelli and de Monte [25], in 200s, 10000s 
and 20000s. 
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Fig. 6 Comprising media and coating mass profiles among model 
results and results from Pontrelli [25] and de Monte during 20000s. 
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Fig. 7 Schematic flowchart of the solution. 
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Fig. 8 Pressure and filtration velocity distribution for 8 points with 45 degree phase difference in a period. 
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Fig.  9 Media concentration distribution in a) 200s, b) 10000s and c) 
20000s by applying pulsatile plasma flow and pure diffusion regimes in 
media layer in injured coronary artery for the presence and absence of 
Topcoat. 
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Fig. 10 Adventitia concentration distribution in a) 200s, b) 10000s and 
c) 20000s by applying pulsatile plasma flow and pure diffusion regimes
in media layer in injured coronary artery for the presence and absence 
of Topcoat. 
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Fig. 11 Media mass profiles by passing 20000s and applying pulsatile 
plasma flow and pure diffusion regimes in media layer in injured
coronary artery for the presence and absence of Topcoat. 
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Fig. 12 Adventitia mass profiles by passing 20000s and applying 
pulsatile plasma flow and pure diffusion regimes in Media layer in 
injured coronary artery for the presence and absence of Topcoat. 

 12    20000s    
          

.  

        .
       

         . 
    -  

          . 
 
5-4 -         

      
       .
13         
     . 

     .  
 1h    93%    
   .  63.3% 

 .    
   

      .  
      . 
13        

         
      

  . 

6 -   
           

        
   .    

                  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

11
.1

8.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

11
 ]

 

                             9 / 11

https://dorl.net/dor/20.1001.1.10275940.1395.16.11.18.1
https://mme.modares.ac.ir/article-15-3578-en.html


    

            

  

264  13951611  

  
Fig. 13 Drug release profiles by passing 20000s and applying pulsatile 
plasma flow and pure diffusion regimes in media layer in injured 
coronary artery for the presence and absence of Topcoat. 
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