Dose distribution close to metal implants in Gamma Knife Radiosurgery:
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Materials with high atomic numbers favor the occurrence of the photoelectric effect when they are
irradiated with gamma rays. Therefore, the photoelectric effects of metal implants within the target
regions in Gamma Knife Radiosurgery are worth studying. In the present work, Monte Carlo
simulations using EGS4 were employed to investigate the resulting dose enhancements. A dose
enhancement as high as 10% was observed close to a platinum implant aloh@ride axes,

while no significant dose enhancements were observed for silver, stainless steel 301, and titanium
ones. A dose enhancement as high as 20% was observed close to the platinum implant aong the
axis at the superior position of the metal-phantom interface and was 10% higher for other metal
implants. © 2003 American Association of Physicists in Medicid®OI: 10.1118/1.158281]1
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[. INTRODUCTION num. Details of implementation of Monte Carlo technique on
iheksell Gamma Knife can also be found in our previous

Foreign objects are sometimes implanted in a human bra L _s
publications’

due to certain neurological conditions such as cerebral ane
rysm. When Gamma Knife Radiosurgery has to be per-
formed in those patients with metal implants at the treatmentl- METHODOLOGY
target, the dose distribution cannot be predicted correctly by The Monte Carlo system employed is the PRESPa-
the present treatment planning system, GammaPloe;  rameter Reduced Electron-Step Transport Algorijtiersion
cause the calculations performed by the GammaPlan armaf the EGS4(Electron Gamma Showecomputer code. De-
based on a homogeneous water equilibrium phantom. tailed descriptions of the structure of the EGS4 code can be
Cerebral aneurysms are balloonlike sacs formed in weakiound in Ref. 9. In the simulation, the patient's head was
ened areas of arteries, which bring blood to the brain, andnodeled by a spherical water phantom 160 mm in diameter.
can rupture. Intracranial bleeding can cause neurologicatach one of the 201 sources located in the Gamma Knife
deficits or even immediate death. The first aneurysm clip wasadiation unit consists of 20 cylindric&8fCo pellets 1 mm in
employed by Walter Dandy on 23 March 193and mal- diameter and 1 mm in length. Each source was therefore
leable silver was used. Over the years, the design and matsrodeled by a cylinder 1 mm in diameter and 20 mm in
rial were improved to prevent slippage. By 1952, Mayfieldlength. To simplify the simulation geometry, surgical clips or
and colleagues chose stainless steel 301, believing that it wasils were modeledypba 2 mmradius sphere at the center of
malleable while retaining adequate spring reé@ince MR the water phantom. The radius of 2 mm was chosen to be
imaging was introduced, the first titanium clip was deviéed. comparable to the size of the aneurysm clip/coil. Further-
Nowadays, most aneurysm clips are made of titanium. Anore, the 2 mm radius sphere was large enough to give a
sketch of a common titanium aneurysm clip is shown in Fig.good resolution in the simulation. The materials of the stud-
1. ied metal objects were silver, stainless steel 301, titanium,
Aneurysm clipping requires a craniotomy which may notand platinum. Table | shows the detailed information of these
be favorable to elderly patients or those in poor medical conmaterials.
ditions. The Guglielme Detachable CoEDC) system was The®Co sources are arranged in a sector of a hemispheri-
used to localize and obliterate the aneuryssoft platinum  cal surface with a radius of about 400 mm, and are distrib-
coils were deployed into the aneurysm under fluoroscopy. uted along five parallel circles separated from each other by
In this study, the Monte Carlo technique using EGS4 wasan angle of 7.5%° The 201 radiation beams pass through the
employed to calculate the dose distributions for Gammabpening of the collimators to reach the target point. The di-
Knife surgery regarding various kinds of foreign metal ma-ameters of the radiation beams at the focus are confined by
terials, such as silver, stainless steel 301, titanium, and platthe collimators. In this study, the 14 mm collimator helmet
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Stop TasLE |. Properties of the studied foreign metal materials. Compositions of
Steel 301 are taken from Ref. 12.

Atomic No. Compositions Density
Tip Silver 47 Ag 100% 105
f Platinum 78 Pt 100% 21.45
Spring Steel 301 na.  C0.15%, Mn 2.0%, P 0.045%, S 0.03%88
Si 0.75%, Cr 18.0%, Ni 8.0%, N 0.1%.
Fic. 1. Sketch of a common titanium aneurysm clip. Fe 70.925%

Titanium 22 Ti 100% 4.54

was employed. Single shots with all 201 gamma beams .
opened were delivered at the centenit center point:x culations, and ha; gpoutglngpendent sequences that can
=100 mm,y=100 mm,z= 100 mm) of the water phantom. be selected from initial conditions.
Scoring bins with dimensions 0:80.5x 0.5 mnTt were set
up along the three main principal axes. The absorbed dodll- RESULTS
values were obtained by dividing the energy depositions in First, the EGS4 user code was used to generate dose dis-
the scoring bins by their masses. tribution curves along the three principal axes using the 14
A total of 2.5x 10° histories were obtained in the simula- mm collimator helmet when a single shot was delivered at
tions. The history runs were divided into 50 batches for calthe unit center poinf100, 100, 10D of the homogeneous
culation of statistics. The standard errors for all calculationsvater phantom, and the results were compared with those
were less than 1.2%. The simulation duration fof htory  calculated by GammaPlan. They were found to be in perfect
runs took 27 s in a Windows 2000® based Pentium Il 733agreement, with discrepancies smaller than 2%. After the
PC with a PowerStation 4.0 Fortran compiler. The photoruser code was verified, spheres of different metal materials
spectrum of°Co contained two peaks, viz. 1.173 and 1.333and with a radius of 2 mm were introduced in turn at the
MeV. The cutoff energies for electrons and photons were satenter of the phantom. Figure 2 shows the variation of the
to be 0.521 and 0.01 MeV, respectively. A long sequenceelative doses along theaxis with and without the presence
random number generatbrwas employed. This has a se- of the metal objects. A dose enhancement as high as 10%
quence length of about 1¥) effectively infinite for our cal- was observed close to the platinum object. The dose en-

160

140

120 +

100 +

X 80
f
—A—Ag
60 +
—8—Pt
—¥— Steel 301
40 -+ ——Ti
—— Water
20 +
0 } t } t t } t
92 94 96 98 100 102 104 106 108

Fic. 2. Comparison of the relative doses along xhaxis with and without the presence of metal objdsibrer, stainless steel 301, titanium, and platinum
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Fic. 3. Comparison of the relative doses along yhaxis with and without the presence of metal objetifver, stainless steel type-301, titanium, and
platinum.
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Fic. 4. Comparison of the relative doses along thaxis with and without the presence of metal objetiver, stainless steel type-301, titanium, and
platinum.
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hancement is due to the generation of secondary electromsaPlan focuses only on the homogeneous phantom. The
from photoelectric effect. In this case, interactions wereMonte Carlo results of the dose distribution close to the
made with platinum which has a large atomic number andnetal implants in Gamma Knife Radiosurgery are difficult to
thus has a large total cross-section for photoelectric effecbbtain through measurements. The calculated enhanced
For other metal objects, an underdose was observed becaudeses due to secondary electrons exiting from the metal im-
of the dominance of photon attenuation over photoelectriplants can serve as a reference for Gamma Knife centers
effect. A small dose build-up at the center was due to thearound the world.
decrease of photon energy along its path and this decrease in
photon energy further enhances the photoelectric effect. DudAuthor to whom correspondence should be addressed. Electronic mail:
to the symmetry of the Gamma Knife collimator helmet, the PSte"yu@cityu.edu.nk . .
. . . Elekta, Leksell GammaPlan Instructions for Use for Version 4.0 - Target
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