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Three photon interaction processes, namely, the photoelectric effect, Compton effect, and pair
production, can occur when materials with high atomic numbers are irradiated by the high- and
low-energy bremsstrahlung photons from a linear accelerator. A dose enhancement, due to the
photoelectric effect and pair production, near targets with platinum imp(ants a high atomic
numbey in radiosurgery cannot be predicted by the XKHifeadiosurgery treatment planning
system. In the present work, Monte Carlo simulations usiRESTA EGSavere employed to inves-

tigate the resulting dose enhancements from 4, 6, and 10 MV energies commonly used in the
stereotactic radiosurgery system. Dose enhancements from 32% to 68% were observed close to the
platinum implant for the above energies when using a 12.5 mm collimator. Comparatively higher
dose enhancements were observed when using smaller collimators. It was found that this dose
enhancement increased with beam energy but decreased as beam size increa66d. Agnerican
Association of Physicists in MedicingdOl: 10.1118/1.1797531
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INTRODUCTION dose calculations used a pencil beam algorithm that involved
the maximum tissue ratio, off-axis ratio and the source-to-
Platinum objects are sometimes implanted into a humagsocenter distance for different collimators. These parameters
brain, such as the Guglielme detachable (GIDC) systen  were measured in a water tank and the dose computation to a
the auditory brainstem impla&BI),” etc. The GDC is used point was based on a homogeneous water medium, without
to obliterate the brain aneurysm and is suitable for patientsaking the heterogeneity factor, if existed, into consideration.
who cannot have general aneurysm clipping. Soft platinunFor any high-atomic-number implants inside the brain of the
coils are deployed into the aneurysm under x-ray fluorospatient, the existing algorithm could not calculate the dose
copy. The ABI is designed to provide sound information toperturbation near the surface of the implant. Therefore,
individuals with neurofibromatosis type 2, who will become Monte Carlo simulations were used to examine the dose en-
deaf after the removal of bilateral tumors from the auditoryhancement effects in the tissues near the implant by taking
nerves. The ABI has a specially designed platinum electrodénto account the physical properties of the implant, beam
This electrode is placed on the surface of the cochleaenergies, and beam sizes.
nucleus in the brainstem, bypassing the inner ear and audi-
tory nerve.
For patients who undergo radiosurgery and who havd/ETHODOLOGY
platinum implants inside their heads within the treatment arc, The Monte Carlo system employed in the present work
no specific guidelines or recommendations to minimize thevas thePRESTA(Parameter Reduced Electron-Step Transport
undesired effects to the surrounding critical structures havélgorithm) version of theeGs4 (Electron Gamma Showgr
been given. computer code. Detailed descriptions of the structure of the
The linear accelerator produces photons by the bremsGs4 code can be found in Ref. 5. In the simulations, the
strahlung process to generate a spectrum of photon outpuytatient’s head was modeled by a spherical water phantom
Photoelectric effect and pair production will occur when ma-160 mm in diameter. A rectangular coordinate system was
terials with high atomic numbei®.g., platinum withz=78)  assigned to the patient in the simulations. Thexis was
are irradiated with low-energienergy<<0.5 MeV) and high-  along the patient’s right to left side. Tlyeaxis was along the
energy(energy>4 MeV) photons, respectively. patient’s inferior to superior direction. Theaxis was along
The XKnife® radiosurgery treatment planning systemthe patient’s posterior to anterior direction. The origin was at
(TPS is used for stereotactic radiosurgery of patie“nﬁ]e the center of the spherical phantom.
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Fic. 1. Theecsageometry used in modeling the XKnffestereotactic radio-
surgery system with the 12.5 mm collimator.
Couch Rotation
Because of the large distangd00 cn) between the Fic. 2. The angle conventions used by XKifife

source target and the radiation isocenter, the source target

was modeled by a point. The detailed modeling geometry is

shown in Fig. 1. To simplify the simulation geometry, a plati-

num implant was modeled by a 2-mm-radius sphere at thgums of the 4, 6, and 10 MV are based on Molea!® The

centre of the water phantom. The 2 mm radius was appropricutoff energies for electrons and photons were set to be 0.521

ate for both the order of magnitude of common implants ancand 0.01 MeV, respectively. A long-sequence random num-

the resolution of simulation results. The atomic number ofber generatdrwas employed. This has a sequence length of

platinum is 78 and the density of the pure platinum materiapbout 10% effectively infinite for our calculations, and has

is 21.45 g cr®. about 18 independent sequences that can be selected from
The source target can be moved around the isocenter bitial conditions.

different settings of the gantry and couch rotation. Figure 2

shows the angle conventions used by XKfif&he radiation

beam passed through the opening of the collimators to reach

the target point. The diameters of the radiation beams at thBESULTS

focus were confined by the collimator system. Figures 3-5 show the comparisons of the relative doses
In this study, a 12.5-mm-diameter collimator was em-for the cases with and without the presence of platinum ob-

ployed. The collimator confined the circular field size of thejects for the 6 MV stereotactic radiosurgery system along the

beam and for this collimator the field size was a 10 mmyx, z, andy axes(ICRU notation), respectively.

diameter at the exit hole of the collimator. Single isocenter Since the radius of the platinum implant was 2.0 mm in

with couch rotation 90° and gantry rotations from 30° to 60°size, we focused on the water-platinum interface at the posi-

were delivered at the center of the spherical water phantontive and negative values of 2 mm for tixey, andz axes.

Scoring bins with dimensions 0:50.5X% 0.5 mn? were set The maximum dose received in water was more important

up along the three main principal axes. The absorbed dogban the dose received inside the platinum implant. For ex-

values were obtained by dividing the energy depositions irample, in Fig. 3, a dose enhancement[Gf35-95/95]

the scoring bins by their masses. X 100% =42% is observed close to the platinum object at
A total of 1.5X 10 histories were obtained in the simula- x=+2 mm on both positive and negative sides alongxhe

tions. The history runs were divided into 10 batches for cal-axis. The dose enhancement is due to the generation of sec-

culation of statistics. The standard errors for all calculationsondary electrons from photoelectric effect and pair produc-

were 1%. The uncertainties away from the maximum werdion.

smaller than 1% because of more generation of secondary Since there are more photons coming from along the posi-

particles and thus more energy depositions. The simulatiotive z axis, a dose enhancement of a maximum of 50% is

duration for 5000 history runs took on average 25 s in aobserved at the positiveaxis(Fig. 4). There is an underdose

Windows ME®-based Pentium 4, 1.4 GHz CPU PC with aclose to the platinum object at the negatizeaxis where

PowerStation 4.CFortran compiler. The input photon spec- photons are attenuated just after passing through the plati-
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Fic. 3. Comparison of the relative dose along ¥exis for the cases with and without the presence of platinum objects for the 6 MV stereotactic radiosurgery
system with a 12.5-mm-diameter collimator. Dose enhancements were observed close to the platinuntiimpiant2 mm and +2 mm

num object. The result is similar to the case alongyttexis  observed at both positive and negative sides ofxteis,

in Fig. 5. A maximum dose enhancement of 51% is observed6% at the positive side of theaxis and 45% at the positive

at the positivey axis. side of they axis. In the case of the high-energy 10 MV
In the case of the 4 MV stereotactic radiosurgery systemstereotactic radiosurgery system, similar trends are also ob-

similar trends are observed when comparing with the case aferved when comparing with the case of the 6 MV system,

the 6 MV system. A maximum dose enhancement of 32% igexcept that the smaller underdose at the negative side of the
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Fic. 4. Comparison of the relative dose along #hexis for the cases with and without the presence of platinum objects for the 6 MV stereotactic radiosurgery
system with a 12.5-mm-diameter collimator. Dose enhancements were observed close to the platinuniiimptant2 and +2 mm
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Fic. 5. Comparison of the relative dose along yhexis for the cases with and without the presence of platinum objects for the 6 MV stereotactic radiosurgery
system with a 12.5-mm-diameter collimator. Dose enhancements were observed close to the platinuntiimpjent2 and +2 mm

y andz axes due to the attenuation become smaller. A maxiMoreover, a higher beam energy enhanced the pair produc-
mum dose enhancement of 60% is observed at both positivéon process, and therefore more secondary electrons were
and negative sides of theaxis, 68% at the positive side of generated to increase the dose enhancement. Table | shows
thez axis, and 67% at the positive side of thewxis. There-  the relative importance of photon interactions in the simula-
fore, the dose enhancement increases with the beam energjy with the platinum implant. The proportion of photoelec-

tric effect and pair production increases with the photon en-
DISCUSSION ergy.

All the simulations were repeated using a smaller collima- The overall dose enhancements observed are higher than
tor of 7.5 and 4.0 mm at 6 MV photon energy. The resultsthose obtained for the Leksell Gamma KAifeThis is due
showed that dose enhancements due to the high-atomite the large portion of low-energy as well as high-energy
number platinum implant are significantly higher. For thephotons in the output of the XKnifestereotactic radiosur-

7.5 mm collimator, a maximum dose enhancement of 56%ery system. As regards the photon—platinum interaction,
was observed at both positive and negative sides ofxthe photons with energy less than 0.5 MeV favor the occurrence
axis, and 68% at the positive sides of both endy axes.  of the photoelectric effect, while photons with energy higher

For the 4 mm collimator, a maximum dose enhancement ofyan 4 MeV favor the occurrence of pair production. The
160% was observed at both the positive and negative sides pfysell Gamma XKnif@ employs °Co with energies of

thex axis, 56% at the negative sides of both #andy axes, 1.173 and 1.333 MeV as radiation sources. Therefore, the

0 . .
and 106% at the positive sides of both mand.y axes. No . cross sections for the photoelectric effect and pair production
underdose regions were found due to domination of high

are higher for the XKnif@ than the Leksell Gamma XKnife
dose enhancements.

Therefore, the dose enhancement was sensitive to both tﬁéereqtactic radiosurgery system when irradiating platinum
beam size and the beam energy. The larger collimators rénaterlals. g ,
sulted in smaller dose enhancements because the increase of! '€ XKnife” radiosurgery TPS can only reproduce the
scattering partially washed out the dose enhancementMonte Carlo results at radial distances far away from the
platinum implant, since the algorithm of the XKrferPS

presumes a homogeneous water equivalent phantom only.
TasLE |. The relative importance of photon interactions in the Monte Carlo The Monte Carlo results for the dose distribution close to the
imulati ith the platinum implant. . . : : . i
simulations with te platinum implant platinum implant in XKnif€ stereotactic radiosurgery are
4 MV 6 MV 10 MV difficult to be obtained through physical measurements. Ra-
Photelectic off 0.05%10.01% 0.10%2001%  0.20% 0,015 diochromic films have a high spatial resolution and are there-
otoelectric effect . 0 +0. (] . 0 +0. 0 . ©+0. () . .. . .
for itable for inin rofiles from collimator
Compton effect ~ 90.2%%0.1%  89.5%+0.1%  88.1%+0.1% ore sugtabe 0 ol;ta 9 (ljose Ip(') es o b coh f.‘?to
Pair production  9.8%+0.1%  104%+0.1% 11.7%+0.1% OutPuts. However, the spatial resolution given by the films
is basically limited by the densitometer. The mechanical
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