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Abstract 
During transluminal coronary angioplasty, the balloon procedure is designed to 
crush the plaque and to support the weakened arterial wall by using the stent (an 
expandable metallic mesh). This procedure often tears the arterial wall as well. 
Some of the cells in the blood vessel respond to this injury by initiating repair 
which often leads to restenosis (reclosing) of the artery. In many cases 
restenosis occur despite the stent which become incorporated into the 
poliferative tissue that form around the lesion. But if the lesion is treated with 
radiation (8 – 30 Gy) the restenosis effect is inhibited. 
In this paper, the Adjoint Monte Carlo (AMC) [1] method is used for external 
radiation treatment planning of the stent volume (the volume covered by the stent 
during a full cardiac cycle), while minimizing the damage to the organs at risk 
(OAR) and surrounding healthy tissue. 
 
Introduction 
The treatment for the prevention of restenosis may consist of vascular 
brachytherapy (internal) or teletherapy – external beam photon irradiation. 
Vascular brachytherapy is performed by introducing radioactive sources such as 
wires, seed, or balloon catheters filled with radioactive liquid or gas. 
Brachytherapy suffers from several biologic and logistic disadvantages: 

• Invasive procedure 
• Non-homogeneous dose distribution in the stented vessel wall 
• Immediate radiotherapy is premature as cellular elements are not optimally 
vulnerable at this time 

• Fractionation is impractical 
• Logistic difficulties(staff education, training, shielding, radioactive material 
monitoring, producing and replacing radioactive material) 

Teletherapy have in principle many advantages: 
• It’s not an invasive procedure 
• It may be delayed to the best time possible, 
• The overall dose may be fractionated and provided through several 

sessions, 
• Facilities for teletherapy are prevalent all over the world. 
 
An effective treatment for restenosis prevention using photon external beam 

irradiation, requires the determination of a set of photon beams such that: 
• The required dose is delivered to each point in the stent volume, 
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• The damage to the surrounding healthy tissue and vital organs is 
minimized. 

The best set of photon beams is determined using the Adjoint Monte 
Carlo(AMC) method[1], as following: 

First, the adjoint fluxes starting from the stent volume and from the organs at 
risk  (OAR’s) are calculated on a spherical surface of 1m radius centered at the 
stent region center of gravity. The 2π azimuthal angle (gantry rotation angle) and 
the π polar angle (coach rotational angle) are devided into 1634 equally spaced 
directions (2.5˚ between neighboring closest directions. In principle,  the number 
of discrete directions can be increased such that the width of each beamlet 
equals the size of a voxel). 

The volumetric doses of each of the 1634 beamlets (each beamlet starting 
from a certain point on the spherical surface, aimed towards the stent region, 
with an opening angle of 2.5˚) are calculated by simple convolutions of the stent 
adjoint flux and the OAR’s adjoint fluxes, with the 1634 beamlets, each having 
the energy spectrum of photons coming out of a Varian Linac 2100C for electron 
beam energies of 6 and 4 MV. 

The radiotherapy ratio (ratio of the dose at the stent region versus the 
maximum dose at the OAR’s) of each beamlet is calculated and the best set of 
beams with the highest radiotherapy ratio is determined. 

 
Results 
Detailed applications of the proposed methodology were analyzed with a 

MCNP[2] model of the human body that includes all major organs and sensitive 
tissues. The human model was designed by using only one and two-dimensional 
surfaces for allowing reasonable Monte Carlo computation times. In the 
application presented herein, the stent region (the volume covered by the stent 
during a full cardiac cycle) have a “boxy” structure with the dimensions of 2*4*0.4 
cm. The OAR considered are: the heart, the spine, the thymus, the left and right 
lungs, the liver, the stomach, the spleen and the pancreas.  

The best set of beamlets (with therapeutic ratio of 2.8) of photons produced by 
a 6MV electron beam, their orientation and location are illustrated in Fig.1. 

It can be seen that most of the beamlets have azimuthal angles of 220˚ - 230˚. 
The best set of beamlets prodoced by a 4MV electron beam have a slightly 

higher therapeutic ratio – 2.9 (See Fig.2). 
The different radiosensitivity of different tissues can be taken into account by 

multiplying the respective adjoint flux distributions with the corresponding 
sensitivity weights. The best set of beamlets in the case in which the spine and 
the lungs are assumed to be as much as five times more radiosensitive than the 
rest of the OAR is illustrated in Fig.3.  

 
Conclusions 
The Adjoint Monte Carlo (AMC) method is efficient in radiation treatment 

planning aimed for restenosis prevention.  It has certain advantages over the 
conventional “inverse” method: 

 



• Only three Monte Carlo Calculations (2 Adjoint+1 Forward), 
• It’s the only planning method which determines the number of beams 

needed for treatment, 
• No expensive optimization and user assistance are needed. Location, 

orientation and intensity of beams are automatically determined. 
• The adjoint is more efficient than the forward Monte Carlo, since adjoint 

particles are automatically sampling the most important regions of the phase 
space. 

• Multiple isocenters are considered automatically. 
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Fig.1 : The location and orientation of the best set of photon beamlets produced 
by a 6MV electron beam. 
 



 : The location and orientation of the best set of photon beamlets produced 
by a 4MV electron beam 

 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
Fig.2

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3 : The location and orientation of the best set of photon beamlets produced 
by a 6MV electron beam. The spine and the lungs are five times more sensitive 
than the rest of OAR. 
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