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(57) ABSTRACT 

A radioactive seed and method for making a radioactive seed 
with selective magnetic imaging characteristics are provided. 
The seed comprises a housing which may include a metal 
shell for at least partially enclosing a radioactive material. 
The shell encloses a rod having a nickel layer with a phos 
phorous content, wherein the phosphorous content comprises 
a level of phosphorous sufficient, when the seed is implanted 
in tissue, to provide a defined magnetic resonance signature 
of the seed while Substantially eliminating gross artifacts in 
the magnetic resonance image. 
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RADATION CONTAINING SEEDS AND 
METHOD FOR HIGH VISIBILITY 

MAGNETIC MAGING 

0001. The present application claims benefit of priority to 
U. S. Provisional Application No. 61/030,735, filed Feb. 22, 
2008, titled “Radiation Containing Seeds and Methods for 
High Visibility Magnetic Imaging, the disclosure of which is 
incorporated herein by reference in its entirety. 

TECHNICAL FIELD 

0002 The invention relates generally to radioactive seeds 
and more particularly to radioactive seeds formulated for 
improved utility in magnetic resonance imaging. 

BACKGROUND 

0003 Bodily cancers are commonly treated using radia 
tion therapy. Radiation therapy employs radiation to kill can 
cer cells. One type of radiation therapy is brachytherapy, in 
which a source of radiation is in direct contact with an 
afflicted tissue. A common brachytherapy treatment, trans 
perineal seed implantation, involves placing radioactive 
seeds in the prostate gland to kill prostate gland cancer cells. 
A physician employs tools, for example, ultrasound, com 
puted axial tomography (“CAT” or “CT) scans, magnetic 
resonance “MR) imaging scans and X-ray images in concert 
with dose-planning computer software programs to evaluate 
the medical condition of a patient. The physician constructs 
an optimal treatment plan to evenly distribute radiation 
throughout the afflicted tissue. Radioactive seeds of discrete 
radioactive strengths are inserted into the afflicted tissue 
through multiple implantation needles at positions corre 
sponding to the treatment plan. 
0004. During prostate brachytherapy, the position of the 
radioactive seeds in relation to the prostate gland and to 
adjacent structures in the body must be known to a relatively 
high degree of precision to accurately determine if the dose of 
radiation delivered from the seeds is adequate to eradicate the 
prostate cancer. Currently, seeds are guided into the prostate 
using transrectal ultrasound guidance which is good for imag 
ing the soft tissue of the prostate and the Surrounding struc 
tures. Occasionally fluoroscopy is used in conjunction with 
the ultrasound to provide improved images of the seeds. Fol 
lowing the implant, the seed position is typically determined 
using CT imaging. Using the determined seed positions, the 
dosimetry of the implant is calculated based on the obtained 
CT images. The CT images alone, however, have been shown 
to be deficient in imaging soft tissue structures, so fusing 
ultrasound or MR images with the CT images is often per 
formed. 
0005. Many of the current modalities have shortcomings 
that need to be overcome before an accurate determination of 
implant location can be made. For example, ultrasound can 
determine the structure of the gland and Surrounding anatomy 
to a high degree of accuracy. However, ultrasound is not very 
accurate at imaging the seeds. Various attempts have been 
made to design the seeds to be more echogenic (ie. more 
accurately imaged by ultrasound). The OncoSeedTM by 
Oncura uses ribs on an outer titanium hull of the seed to 
increase its ultrasonic reflection. Other attempts have been 
made to incorporate gas bubbles into the walls of the seeds or 
into stranding material holding the seeds together to enhance 
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the ultrasound reflection. In the presence of sufficient 
echogenic artifacts, the location of the contained seeds may 
be unintelligible in the MR image. 
0006. Other methods for locating and imaging the seeds 
also have shortcomings. Fluoroscopy is very good at identi 
fying the seeds due to the heavy metal X-ray markers in the 
seeds. Unfortunately, fluoroscopy is poor at imaging the soft 
tissue in and around the prostate gland. CT imaging is accept 
able at imaging both the seeds and the Soft tissues, but it is far 
from ideal. CT imaging is typically not refined enough to 
image critical structures around the gland and therefore, gen 
erally used for gross position analysis only. CT imaging is 
most often used to do post implant dosimetry. Studies have 
shown that there is a great deal of operator-to-operator vari 
ability, however, in contouring the prostate shape and size for 
a given image. This variability leads to Subsequent variations 
in the determination of the adequacy of the dose delivered. 
0007 MR imaging is the preferred method for imaging the 
prostate anatomy. Identification of critical structures located 
around the prostate gland can be performed using MR imag 
ing MR imaging is however rather poor at imaging the seed 
positions following an implant. Uncontrolled artifacts for the 
seed can also distort the gland image and make accurate 
dosimetry assessment difficult. In the presence of sufficiently 
large artifacts, the seeds and anatomical structures may be 
unintelligible on an MR image. Additionally, the degree of 
artifact, or visibility, for a given seed type varies from vendor 
to vendor and, possibly, even from lot to lot from the same 
vendor. 
0008 Medical professionals therefore are required to 
compensate for deficits in one or more of the available imag 
ing technologies by employing multiple imaging techniques 
and fusing the resulting images to determine an accurate 
location of the implant. 
0009. It could be desirable to control the size of an artifact 
a radioactive seed produces on an MR image of interest, while 
Substantially eliminating gross artifacts that seeds can create 
on an image. For example, a seed having Zero magnetic char 
acter can appear as a tiny hole on an MR image, and it cannot 
be distinguished from blood vessels or other artifacts in a 
prostate image. If the seed has too much magnetic character, 
the artifacts may overlap to Such a degree then the position of 
the seeds cannot be accurately determined. However, if the 
seed is constructed to have a defined, but minimal magnetic 
character, the image hole for each seed will be big enough to 
define the seed position but not so large as to irreparably 
distort the prostate image. 
0010 Thus, a need exists for a radioactive seed conducive 
to providing high fidelity during a magnetic resonance imag 
ing procedure while controlling artifacts produced by the 
seed. 

SUMMARY 

0011. The invention in one implementation encompasses 
a radioactive seed manufactured to have desired magnetic 
characteristics. The seed may comprise a metal shell for at 
least partially enclosing a radioactive material. A rod 
traverses the shell and contains a nickel layer. The nickel layer 
has a phosphorus content which is Sufficient, when the seed is 
implanted in tissue, to provide a defined magnetic resonance 
signature. 
0012 Another implementation of the invention encom 
passes a method for making a radioactive seed to have desired 
magnetic characteristics the method may comprise providing 
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a rod for insertion in a shell of a radioactive seed. The method 
may comprise the steps of coating the rod with a nickel layer, 
providing incorporation of phosphorus into the nickel layer; 
and adjusting the concentration of the phosphorous such that 
when the seed is placed in tissue and a magnetic resonance 
image is taken thereof, a level of phosphorous in the nickel 
layer is Sufficient to Substantially eliminate gross artifacts in 
the magnetic resonance image while providing visibility of 
the seed on the magnetic resonance image. 

DESCRIPTION OF THE DRAWING 

0013 Features of exemplary implementations of the 
invention will become apparent from the description, the 
claims, and the accompanying drawing in which: 
0014 FIG. 1 is a representation of an exemplary imple 
mentation of an apparatus that comprises a radioactive seed. 

DETAILED DESCRIPTION 

0015 While this invention is susceptible of embodiment 
in many different forms, there is shown in the drawing and 
will herein be described in detail preferred embodiments of 
the invention with the understanding that the present disclo 
Sure is to be considered as an exemplification of the principles 
of the invention and is not intended to limit the broad aspect 
of the invention to the embodiments illustrated. 
0016 Turning to FIG. 1, an apparatus 100 comprising a 
radioactive seed 110 for inserting into a prostate organ for 
treating, for example, prostate cancer is shown. The radioac 
tive seed 110 in accordance with an embodiment of the inven 
tion is manufactured to have desired magnetic characteristics. 
In accordance with the present disclosure, “desired magnetic 
characteristics' refers to a magnetic character that is strong 
enough to provide an MR signature that can be used to define 
the seed position in an MR image, but not so strong as to 
irreparably distort the image of e.g., a prostate gland. The 
seed 110 comprises a metal shell 120 that encloses, at least 
partially, a radioactive material 130. The radioactive material 
130 is used to irradiate cancers in a well known manner. The 
metal shell 120 may be comprised of any appropriate mate 
rial, such as titanium. The radioactive seed 110 further com 
prises a rod 140 traversing the shell 120. The metal shell 120 
and the rod 140 may comprise a housing for at least partially 
enclosing the radioactive material. The rod 140 may be made 
of a number of layers. For example, the rod 140 may comprise 
a gold core 150 surrounded by a layer of aluminum 160. The 
layer of aluminum 160 may be surrounded by consecutive 
layers of nickel 170, copper 180 and the radioactive material 
130, such as radioactive iodine I''. C. R. Bard of Murray 
Hill, N.J. manufactures a similar radioactive seed as the STM 
1251 'I seed. An air gap 190 may be filled with an inert gas, 
Such as argon. 
0017. The rod 140 traversing the shell 120 can have a 
nickel layer with a phosphorous content wherein the phos 
phorous content comprises a level of phosphorous Sufficient, 
when the seed 110 is implanted in tissue, to provide a defined 
magnetic resonance signature of the seed 110 while Substan 
tially eliminating gross artifacts in the MR image. For 
example, the layers of nickel 170 and copper 180 are com 
monly plated to the layer of aluminum 160. The electroplat 
ing method used to deposit the layer of nickel 170 influences 
the magnetic characteristics of the rod 140 and therefore 
affects the visibility of the rod 140 under magnetic resonance 
imaging (MRI). If the rod 140 is plated using a phosphorous 
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free bath, the layer of nickel 170 exhibits magnetic charac 
teristics which may cause a relatively large, undesirable arti 
fact on a MR image of the seed 110. Having such artifacts 
makes an accurate dosimetry assessment difficult. Undesir 
able artifacts may further complicate assessments in that they 
may also distort the gland image. 
0018. If the rod 140 is plated using a phosphorous bath, the 
layer of nickel 170 becomes increasingly non-magnetic as the 
phosphorous content increases. If the phosphorous content of 
the layer of nickel 170 becomes great enough, the layer of 
nickel 170 becomes essentially non-magnetic. The relation 
ship between the level of phosphorous and the magnetic char 
acteristics of nickel are discussed in the Standard Specifica 
tion of Autocatalytic (Electroless) Nickel-Phosphorous 
Coatings on Metal, published by ASTM International as des 
ignation B 733-04, published August 2004, the disclosure of 
which is hereby incorporated in its entirety by reference. In 
accordance with an aspect of this invention, the phosphorous 
content of the layer of nickel 170, and more generally the rod 
140, is adjusted to provide enough magnetic character to the 
seed 110 to allow for imaging and localization, but not 
enough magnetic character to cause gross artifacts which 
would interfere with detailed imaging of the prostate gland. 
Therefore, the electroplating process is used to adjust the 
phosphorous content of the rod 140 to provide a desired 
magnetic resonance signature of the seed. 
0019. A method for making the radioactive seed 110 to 
have desired magnetic characteristics is also provided. The 
rod 140 is inserted in the shell 120 of the radioactive seed 110. 
In general, the rod 140 may be exposed to, or Submersed in, a 
nickel-containing bath. The phosphorous present in the bath 
is incorporated into the nickel layer as it is formed on the rod 
120 as it is submersed. As previously explained, the level of 
phosphorous contained in the nickel layer 170 of rod 140 
effects the magnetic characteristics of the rod 140. Therefore, 
the phosphorus content is adjusted by standard means Such 
that when the seed 110 is placed in tissue and an MR image is 
taken thereof, the level of phosphorous contained in nickel 
layer 170 of rod 140 is sufficient to substantially eliminate 
gross artifacts in the MR image while providing visibility of 
the seed 110 on the MR image. Adjustment of the phospho 
rous level in the nickel layer 170 of rod 140 may be made by 
increasing or decreasing the percentage of phosphorous in the 
bath or the time the rod 140 is submersed. The level of 
phosphorous may be adjusted so that visibility of the seed 110 
in tissue on an MR image is optimized. Determining the 
proper level of phosphorous may be advantageously deter 
mined by any appropriate method. For example, seeds 110 
may be manufactured using rods 140 having varying degrees 
of phosphorus content. The seeds 110 may be inserted into 
tissue and MR images of the seeds 110 may be generated. 
Based on one or more characteristics of the MR images. Such 
as the size of artifacts, visibility of the seed 110 and the like, 
the optimal level of phosphorous in the rods 140 may be 
determined and optimized seeds produced via the methods 
disclosed above. 

0020. The steps or operations described herein are just 
exemplary. There may be many variations to these steps or 
operations without departing from the spirit of the invention. 
For instance, the steps may be performed in a differing order, 
or steps may be added, deleted, or modified. The MRI signa 
ture of a seed may be varied according to the amount of 
contained activity (e.g. very radioactive seeds may be made to 
have larger artifacts than less radioactive seeds, so seeds 
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having different degrees of activity may be identified during 
a MRI scan.) Seeds of different MRI visibility may be used in 
different areas of the prostate, such as having very visible 
seeds in the interior of the gland and less visible seeds in the 
periphery of the prostate to minimize interference from the 
peripheral seeds when imaging the interior of the gland. If the 
seed positions were easily determined on a MRI scan, it may 
be possible to do the implant without fluoroscopy or CT. In 
Such a case, the seeds would not need a heavy metal gold 
marker, which would reduce the amount of activity needed in 
the seeds and therefore reduce cost. By varying the magnetic 
character of the seeds, it may be possible to move the seeds 
through an application of an external magnetic field which 
would permit repositioning after implantation. 
0021. In accordance with one embodiment, a method for 
making a radioactive seed may comprise providing a housing 
which substantially encloses the radioactive material. The 
magnetic character of the housing is controlled to obtain a 
desired magnetic character. A number of methods may be 
employed to improve, or modify, the magnetic characteristics 
of the radioactive seed 110. The magnetic character of the 
radioactive seed may be controlled by varying the metallic 
composition of the housing, or seed. For example, an amount 
of iron incorporated into the housing may be varied to provide 
a defined magnetic resonance signature. Types of materials 
incorporated into the housing may be selected to provide the 
desired magnetic character to the radioactive seed. For 
example, one or more types of stainless Steel may be selected 
for incorporation into the housing to provide the desired 
magnetic character. The magnetic character of the radioactive 
seed may be controlled via other processes. For example, an 
iron-containing seed may be subjected to a magnetic field at 
a predetermined strength for a predetermined time period in 
order to obtain the desired magnetic character. 
0022. By maximizing the visibility of the seed 110 on an 
MR image while minimizing gross artifacts on the image, the 
MRI may be able to provide both anatomic details and accu 
rate seed position. Accurate mapping of both structure and 
seed position would possibly allow for definitive post-im 
plant quality control, as well as provide a potential for real 
time imaging of the quality of the implant using MRI to the 
ensure the radiation dose delivered to critical structures 
around the prostate is minimized. These critical structures, 
including the penile bulb and neurovascular bundles, are dif 
ficult to locate using conventional ultrasound imaging but 
may be easily viewed using magnetic resonance imaging. 
Accurate dosimetry can be calculated without the need for 
(and the inherent error in) fusing two images together. There 
would therefore likely be no need for a second scan or fusion 
Software. Such accurate imaging further saves time for the 
patient and the physician and would reduce patient radiation 
exposure if a post-implant CT is not needed or if fluoroscopy 
during the procedure is reduced. 
0023. Although exemplary implementations of the inven 
tion have been depicted and described in detail herein, it will 
be apparent to those skilled in the relevant art that various 
modifications, additions, Substitutions, and the like can be 
made without departing from the spirit of the invention and 
these are therefore considered to be within the scope of the 
invention as defined in the following claims. 
What is claimed is: 
1. A radioactive seed for at least partially enclosing a radio 

active material wherein the seed is configured such that the 
seed has desired magnetic characteristics. 
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2. The radioactive seed of claim 1 wherein the seed is 
configured by providing the seed with a metallic composition 
having the desired magnetic characteristics. 

3. The radioactive seed of claim 2 wherein the metallic 
composition comprises providing the seed with an iron con 
tent such that the seed has the desired magnetic characteris 
tics. 

4. The radioactive seed of claim 2 wherein the seed is 
configured by providing a housing with a selected type of 
stainless steel Such that the housing has the desired magnetic 
characteristics. 

5. The radioactive seed of claim 1 wherein the seed is 
configured by providing the seed with a predetermined metal 
content and Subjecting the seed to a magnetic field Such that 
the housing has the desired magnetic characteristics. 

6. The radioactive seed of claim 1 wherein the seed com 
prises: 

a metal shell for at least partially enclosing a radioactive 
material; and 

a rod traversing the shell comprised of a phosphorus-con 
taining nickel layer, wherein the phosphorous content 
comprises a level of phosphorous Sufficient, when the 
seed is implanted in tissue, to provide a defined magnetic 
resonance signature of the seed while Substantially 
eliminating gross artifacts in the magnetic resonance 
image. 

7. The radioactive seed of claim 6 wherein the metal shell 
is comprised of titanium. 

8. The radioactive seed of claim 6 wherein the phosphorous 
content is applied to the rod through an electroplating pro 
CCSS, 

9. The radioactive seed of claim 6 wherein the phosphorous 
content is applied to the rod through a deposition process. 

10. A method for making a radioactive seed comprising the 
steps of: 

providing a housing for at least partially enclosing a radio 
active material; and 

configuring the housing such that the radioactive seed has 
desired magnetic characteristics. 

11. The method of claim 10 wherein the housing is config 
ured by providing the housing with a metallic composition 
having the desired magnetic characteristics. 

12. The method of claim 10 wherein the housing is pro 
vided with an iron content such that the housing has the 
desired magnetic characteristics. 

13. The method of claim 10 wherein the housing is config 
ured by providing the housing with a selected type of stainless 
steel Such that the housing has the desired magnetic charac 
teristics. 

14. The method of claim 10 wherein the housing is config 
ured by providing the housing with a predetermined metal 
content and Subjecting the housing to a magnetic field Such 
that the housing has the desired magnetic characteristics. 

15. The method of claim 10 wherein the housing comprises 
a rod for insertion in a shell of a radioactive seed and further 
comprising the steps of 

exposing the rod to a phosphorous-containing nickel mate 
rial; 

providing absorption of phosphorous and nickel into the 
rod; and 
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adjusting the concentration of the phosphorous such that 
the radioactive seed has the desired magnetic character 
istics. 

16. The method of claim 15 wherein the desired magnetic 
characteristics are determined such that when the radioactive 
seed is placed in tissue and a magnetic resonance image is 
taken thereof, a level of phosphorous absorbed in the nickel 
layer of the rod is sufficient to substantially eliminate gross 
artifacts in the magnetic resonance image while providing 
visibility of the seed on the magnetic resonance image. 

17. The method of claim 16 further comprising the step of 
selecting the level of phosphorous contained in the nickel 
layer of the rod such that visibility of the seed in the magnetic 
resonance image is optimized. 

18. The method of claim 15 further comprising the steps of: 
removing the rod from exposure to the nickel-phosphorous 

material; 
inserting the rod in the seed; 
inserting the seed in tissue; 
generating a magnetic resonance image of the seed in the 

tissue; and 
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changing the concentration of phosphorous in the nickel 
layer of the rod based on a characteristic of the magnetic 
resonance image. 

19. The method of claim 18 wherein the step of exposing 
comprises the steps of 

selecting a percentage of phosphorous in a bath; and 
selecting a percentage of nickel in the bath; and 
submerging the rod in the bath for a predetermined time 

period. 
20. A method of making a radioactive seed comprising the 

steps of: 
providing a shell; and 
inserting a rod in the shell, the rod having a nickel layer 

with a phosphorous content wherein the phosphorous 
content comprises a level of phosphorous Sufficient, 
when the seed is implanted in tissue, to provide a defined 
magnetic resonance signature of the seed while Substan 
tially eliminating gross artifacts in the magnetic reso 
nance image. 


