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Introduction : During the last decade many versions of angioplasty irradiation treatments have 
been proposed. The purpose of this unique brachytherapy is to administer a sufficient radiation 
dose into the vein walls in order to prevent restonosis, a clinical sequel to balloon angioplasty. 
The most suitable sources for this vascular brachytherapy are the β - emitters such as Re-188, P-
32, and Sr-90/Y-90, with a maximum energy range of up to 2.1 MeV [1,2,3]. The radioactive 
catheters configurations offered for these treatments can be a simple wire [4], a fluid filled 
balloon or a coated stent. Each source is differently positioned inside the blood vessel, and the 
emitted electrons ranges therefore vary.  
Many types of sources and configurations were studied either experimentally or with the use of 
the Monte Carlo calculation technique, while most of the Monte Carlo simulations were carried 
out using EGS4 [5] or MCNP [6]. In this study we compared the beta-source absorbed-dose 
versus radial-distance of two treatment configurations using MCNP and EGS4 simulations. This 
comparison was aimed to discover the differences between the MCNP and the EGS4 simulation 
code systems in intermediate energies electron transport. 
 
Simulations : Typical blood vessel dimensions were input into the simulation geometry section 
for each code. The 2.125 mm vein’s inner radius was filled with blood surrounded by a 1.875 mm 
wall, giving a 4 mm total blood vessel inside a 10 mm tissue (simulated as water). 
 

  
Figure 1: A blood vessel cross-sectional view for the Monte Carlo Simulations’ setup. 
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A cross sectional view is shown in Figure 1. The simulated materials were: blood (1.06 g/cm3; 
Zeff=7.12) [7], vein walls (1.04 g/cm3; Zeff=7.09), stent mesh (30% steel + 70% blood) (3.16 
g/cm3), and water. The source kinetic energy was set to a constant of 0.75 MeV, close to the Re-
188 mean emission energy. Other source case was set by a central wire source.  Two types of 
sources were examined: a strait wire and a 0.12 mm thick and 8 mm length staleness steel stent 
spread over the vein’s wall. Case A: The source was homogeneously distributed 2 mm ring 
around the inner blood stream. The radial absorbed dose distribution around the blood vessel was 
tallied using a set of concentric cells around it with 106 histories runs. Case B: A long linear 
source was set inside the center of the blood vessel. Same scoring techniques were also 
preformed for this case.  
 
The use of EGS4 including the PRESTA-CG [8] package enabled us to write a 3-D combinatorial 
geometry input, which defined both the simulation geometry and the electron step-size 
optimization geometry. Scoring the absorbed dose with the EGS4 at a given resolution was 
carried out using an event positioning algorithm, which provided the spatial dose distribution 
without the need of cell splitting as used in the MCNP.  
 
Results and Conclusions: The regional deposited-energy rates computed by the MCNP and the 
EGS4 for each angioplasty configuration led to the results listed in table 1. The results showed 
that the EGS4 and MCNP agreed for most of the cases except for the vein treatment 
configuration with a wire, where a 30% absorbed dose difference can lead to an inefficient 
treatment. The treatments comparison showed that when using a wire, six times of the activity of 
a stent, is needed in order to administer a certain dose to the vein.     
 
Table 1: Simulations results of the total absorbed energy in blood and in the vessel wall for wire, 

and for stent angioplasty. 
 

Region Blood (MeV/Fluence) Wall (MeV/Fluence) 

Treatment Stent Wire Stent Wire 

EGS4-PRESTA 0.34083 0.62297 0.39071 0.05804 

MCNP4B 0.34096 0.61561 0.39434 0.08238 

The statistical error is 0.2 – 1.0 %. 
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Figure 2: Absorbed dose profiles MC simulations results: MCNP compare to EGS4.   

Left –  (a) Stent source; Right – (b) Wire source. 
 
In Figure 2 the deposited energy vs. radial-distance for each case is presented. While the EGS4-
PRESTA Monte Carlo simulation dose results found to be continuous over all the range, the 
MCNP results suffered from an artificial non-continuous fall around boundaries between 
different materials. The MCNP4B artificial non-continuous dose shape resulted from the lack of a 
step-size electron transport optimization in the code. This optimization for electron transport is 
essential in order to gradually follow the media boundary-crossing phenomena.    
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