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ABSTRACT 

A brachytherapy device may include an expandable outer 
cage, an expandable inner cage positioned Within the outer 
cage and con?gured to receive radioactive material at its 
perimeter, and a movable actuator con?gured to cause the 
outer and inner cages to expand simultaneously in response to 
movement of the actuator between certain positions While 
maintaining a substantially constant separation distance 
between the outer and inner cages. 
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EXPANDABLE BRACHYTHERAPY DEVICE 
WITH CONSTANT RADIATION SOURCE 

SPACING 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 
[0001] This application is a continuation of patent applica 
tion Ser. No. 11/737,028, ?led Apr. 18, 2007, entitled 
“EXPANDABLE BRACHYTHERAPY DEVICE WITH 
CONSTANT RADIATION SOURCE SPACING,” attorney 
docket no. 63344-050, Which is based upon and claims the 
bene?t of US. Provisional Patent Application Ser. No. 
60/882,391, entitled “EXPANDABLE BRACHYTHERAPY 
DEVICE WITH CONSTANT RADIATION SOURCE 
SPACING,” ?led Dec. 28, 2006, attorney docket no. 63344 
048. The entire content of both applications is incorporated 
herein by reference. 
[0002] This application is related to US. Provisional Patent 
Application Ser. No. 60/864,288, entitled “BRACHY 
THERAPY DEVICE HAVING SEED TUBES WITH INDI 
VIDUALLY-SETTABLE TISSUE SPACINGS,” ?led Nov. 
3, 2006, attorney docket no. 63344-045. This application is 
also related to US. patent application Ser. Nos. 11/305,437, 
entitled “BRACHYTHERAPY APPARATUS,” ?led Dec. 
16, 2005, attorney docket no. 63344-021, and 11/379,739, 
entitled “BRACHYTHERAPY APPARATUS FOR ASYM 
METRICAL CAVITIES,” ?led Apr. 21, 2006, attorney 
docket no. 63344-023. The entire content of all three of these 
applications is incorporated herein by reference. 

BACKGROUND 

[0003] 1. Field 
[0004] This application relates to brachytherapy. 
[0005] 2. Description of Related Art 
[0006] Brachytherapy applies radiation to tissue by placing 
the source of radiation close to the tissue. Oftentimes, a high 
dose of radiation is needed. HoWever, it may be dif?cult to 
apply a high dose to areas in need of treatment using brachy 
therapy, Without also causing damage to healthy tissue in the 
vicinity. 
[0007] One approach to addressing this dif?culty is to uti 
liZe seed tubes With individually-settable tissue spacings, as 
described in United States Provisional Application Ser. No. 
60/864,288, entitled “BRACHYTHERAPY DEVICE HAV 
ING SEED TUBES WITH INDIVIDUALLY-SETTABLE 
TISSUE SPACINGS,” ?led Nov. 3, 2006, attorney docket 
number 63344-045. The technician may individually set the 
separation distance betWeen each seed tube that carries a 
radiation seed and the Wall of the cavity in Which it is placed. 
[0008] Expertise may be required to ascertain and set the 
desired spacings in such a device. The use of different spac 
ings, moreover, may complicate the process of creating and 
implementing an effective treatment regimen. 

SUMMARY 

[0009] A brachytherapy device may include an expandable 
outer cage, an expandable inner cage positioned Within the 
outer cage and con?gured to receive radioactive material at its 
perimeter, and a movable actuator con?gured to cause the 
outer and inner cages to expand simultaneously in response to 
movement of the actuator betWeen certain positions While 
maintaining a substantially constant separation distance 
betWeen the outer and inner cages. 
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[0010] The movable actuator may be con?gured to cause 
the outer cage to expand but not the inner cage during move 
ment of the actuator betWeen certain other positions. 
[0011] The movable actuator may be con?gured to cause 
the outer and inner cages to expand in a direction perpendicu 
lar to the movement of the actuator. 
[0012] The brachytherapy device may include a ring that is 
rotatable about an axis and that is con?gured to cause the 
movable actuator to traverse the axis When the ring is rotated. 
The movable actuator and the rotatable ring may have threads 
that mesh. 
[0013] The brachytherapy device may include a handle in 
Which the movable actuator moves. The brachytherapy device 
may include a rod running through the outer and inner cages 
that is attached to the handle at a distal end. 
[0014] The outer and inner cages may each include a plu 
rality of tubes. Each of the tubes and the rod may have a 
proximal end. The proximal end of all of the tubes and the rod 
may be a?ixed to one another. Each of the tubes may have a 
distal end and the actuator may be con?gured to engage the 
distal ends of the tubes. The actuator may be con?gured to 
apply longitudinal compressive force to the distal ends of the 
tubes. The outer and inner cages may be con?gured to col 
lapse into a rod-like shape When the distal ends of the tubes 
are not engaged by the actuator. 
[0015] The inner cage may include holloW tubes, each of 
Which may be con?gured to receive radioactive material at 
different locations therein. 
[0016] A brachytherapy device may include a plurality of 
?exible outer tubes, each having a ?rst length and a distal end. 
The device may include a plurality of ?exible inner tubes 
positioned Within a volume de?ned by the outer tubes, each 
having a second length different from the ?rst length, each 
being con?gured to receive radioactive material, and each 
having a distal end. The device may include a movable actua 
tor con?gured to engage the distal ends of the outer and the 
inner tubes. 
[0017] The distal ends of the outer tubes may lie in a ?rst 
plane and the distal ends of the inner tubes may lie in a second 
plane. The ?rst and the second planes may be parallel and 
separated from one another. 
[0018] A brachytherapy device may include an expandable 
outer cage, an expandable inner cage positioned Within the 
outer cage and con?gured to receive radioactive material at its 
perimeter, and a rotatable actuation mechanism con?gured to 
cause the outer and inner cages to expand in response to 
rotation of the rotatable actuator betWeen certain positions. 

BRIEF DESCRIPTION OF DRAWINGS 

[0019] The draWings disclose illustrative embodiments. 
They do not set forth all embodiments. Other embodiments 
may be used in addition or instead. Details that may be appar 
ent or unnecessary may be omitted to save space or for more 
effective illustration. When the same numeral appears in dif 
ferent draWings, it is intended to refer to the same or like 
components or steps. 
[0020] FIG. 1 illustrates a brachytherapy device in a fully 
collapsed position. 
[0021] FIG. 2 illustrates the brachytherapy device illus 
trated in FIG. 1 after an outer cage has been partially 
expanded. 
[0022] FIG. 3 illustrates the expanded outer cage of the 
brachytherapy device illustrated in FIG. 2 and an inner cage 
that is still fully collapsed. 
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[0023] FIG. 4 illustrates the brachytherapy device illus 
trated in FIG. 1 after both the outer cage and the inner cage 
have been expanded. 
[0024] FIG. 5 illustrates the expanded outer and inner cages 
of the brachytherapy device illustrated in FIG. 4. 
[0025] FIG. 6 is an exploded vieW of components in the 
brachytherapy device illustrated in FIGS. 1-5. 
[0026] FIG. 7 is a cross-section of the tubes illustrated in 
FIG. 1 in a collapsed state. 
[0027] FIG. 8 is a cross-section of the handle of the brachy 
therapy device illustrated in FIG. 1 While in the position 
shoWn in FIG. 1. 
[0028] FIG. 9 is a cross-section of the handle of the brachy 
therapy device illustrated in FIG. 1 While in the position 
shoWn in FIG. 2. 
[0029] FIG. 10 is a cross-section of the handle of the 
brachytherapy device illustrated in FIG. 1 While in the posi 
tion shoWn in FIG. 4. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0030] Illustrative embodiments are noW discussed. Other 
embodiments may be used in addition or instead. Details that 
may be apparent or unnecessary may be omitted to save space 
or for a more effective presentation. 
[0031] Brachytherapy devices may be used to treat cancer 
ous tissue. Examples of such devices and Ways in Which they 
may be used are set forth in US. Provisional Patent Applica 
tion 60/ 864,288, entitled “BRACHYTHERAPY DEVICE 
HAVING SEED TUBES WITH INDIVIDUALLY-SET 
TABLE TISSUE SPACINGS,” ?led Nov. 3, 2006, attorney 
docket number 63344-045, the entire content of Which is 
incorporated herein by reference. Except for differences 
described in this provisional application, the brachytherapy 
devices and associated apparatus that are described in the 
aforementioned provisional patent application, and the Ways 
in Which they may be used, may be used in Whole or in part in 
connection With the devices that are described in this appli 
cation. 
[0032] FIG. 1 illustrates a brachytherapy device in a fully 
collapsed position. As shoWn in FIG. 1, the brachytherapy 
device may include tubes 101 positioned around a central rod 
103 and attached to a handle 105 that may include a handle 
end cap 107 and a handle front cap 109. A rotatable ring 111 
and an actuator cap 113 may be included. The tubes 101 and 
the central rod 103 may be attached to one another at a 
proximal end 115 of the tubes 101 and the central rod 103. 
[0033] The brachytherapy device illustrated in FIG. 1 may 
be used in many Ways. For example, a tumor may be removed 
from a breast of a patient. The distance betWeen the surface of 
the breast and the entryWay to the cavity may be measured. A 
sleeve having a length approximately equal to this measure 
ment may be inserted through an incision in the breast until it 
reaches the entryWay to the cavity. The sleeve may include an 
external ?ange that may be sutured to the skin of the breast. 
Details about illustrative apparatuses and processes that may 
be used are described in United States Provisional Patent 
Application entitled “BRACHYTHERAPY DEVICE HAV 
ING SEED TUBES WITH INDIVIDUALLY-SETTABLE 
TISSUE SPACINGS,” Ser. No. 60/864,288, ?led Nov. 3, 
2006, attorney docket number 63344-045, the entire content 
of Which is incorporated herein by reference. 
[0034] The proximal end 115 of the collapsed brachy 
therapy device may be inserted into the sleeve until the proxi 
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mal end 115 passes through the entryWay to the cavity and 
comes into contact With the opposite Wall of the cavity. 
[0035] FIG. 2 illustrates the brachytherapy device illus 
trated in FIG. 1 after an outer cage has been partially 
expanded. To expand into this position, the rotatable ring 111 
may have been rotated With respect to the handle 105. This 
may have caused an actuator 202 to traverse the rotational 
axis of the rotatable ring 111, as illustrated in FIG. 2. The 
translation of the actuator 202, in turn, may have caused the 
actuator 202 to have compressed outer tubes 201 of the tubes 
101, thus causing them to boW, as illustrated in FIG. 2. Details 
of mechanisms that may cause this compression are described 
beloW in connection With FIGS. 8-10. 
[0036] As discussed above, the tubes 101 of the brachy 
therapy device may be Within a sleeve that has been inserted 
into the breast. As also explained above, the tubes 101 may 
protrude beyond the sleeve at the entryWay to the cavity until 
their proximal end 115 reaches the other Wall of the cavity. In 
this con?guration, only the portion of the tubes that lie Within 
the cavity are free to how. This explains Why only the proxi 
mal portion of the outer tubes 201 are shoWn as boWed in FIG. 
2. 
[0037] As partially illustrated in FIG. 2, inner tubes 203 
de?ning an inner cage may be contained Within the volume 
de?ned by the outer tubes 201 and may remain uncompressed 
by the actuator 202 at this point and thus in an unboWed and 
collapsed state. 
[0038] FIG. 3 illustrates the expanded outer cage of the 
brachytherapy device illustrated in FIG. 2 and the inner cage 
that is still fully collapsed. 
[0039] FIG. 4 illustrates the brachytherapy device illus 
trated in FIG. 1 after both the outer cage and the inner cage 
have been expanded. To expand into this position, the rotat 
able ring 111 may have been rotated further. This may have 
continued to cause the actuator 202 to traverse the rotation 
axis of the rotatable ring 111, as illustrated in FIG. 4. As the 
actuator 202 continued to traverse, it may have continued to 
compress the outer tubes 201, thus causing them to boW 
further. The actuator 202 may also have begun to compress 
the inner tubes 203, thus causing the inner tubes 203 to also 
how, as also illustrated in FIG. 4. Once the rotatable ring 111 
is rotated to a point that causes the actuator 202 to begin to 
compress the inner tubes 203, the inner tubes may boW in 
substantial unison With the outer tubes 201. Again, details of 
mechanisms that may cause this compression are described 
beloW in connection With FIGS. 8-10. 
[0040] FIG. 5 illustrates the expanded outer and inner cages 
of the brachytherapy device as shoWn in FIG. 4. 
[0041] The rotatable ring 111 may continue to be rotated 
until the cage de?ned by the outer tubes 201 ?lls the cavity 
Within the breast to a desired degree, such as until the outer 
cage substantially ?lls the cavity. 
[0042] The degree to Which the outer cage de?ned by the 
outer tubes 201 is expanded may vary to match different siZe 
breast cavities. HoWever, the spacing betWeen the inner tubes 
203 and the outer tubes 201 and thus the surface of the cavity 
may remain substantially constant, notWithstanding these dif 
ference in expansion. The phrase “substantially constant” is 
intended to take into consideration small changes in the sepa 
ration distance that may occur due to the geometries of the 
arrangement. 
[0043] As should noW be apparent, both the outer cage and 
the inner cage may be expanded to needed positions merely 
by the rotation of a single component, namely in this embodi 
ment, the rotatable ring 111. 
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[0044] FIG. 6 is an exploded vieW of components of the 
brachytherapy device illustrated in FIGS. 1-5. As shown in 
FIG. 6, the actuator 202 may include threads 601 con?gured 
to mate With corresponding threads 604 in the rotatable ring 
111. The actuator 202 may include tabs 603 and 605 that may 
engage corresponding slots in the handle 105. For example, 
the tab 605 may engage a slot 607 in the handle 105. A 
retaining ring 609 may also be attached to the handle 105 so 
as to insure that the actuator 202 is retained Within the handle 
105. 
[0045] The net effect of the components that have thus-far 
been described in connection With FIG. 6 may be to cause the 
actuator 202 to traverse the rotational axis of the rotatable ring 
111 as the rotatable ring 111 is rotated. Rotation of the rotat 
able ring 111 may pull on the threads 601 on the actuator 202, 
While the tabs 603 and 605 and their corresponding slots in the 
handle 105 may prevent the actuator 202 from also rotating, 
thus causing the actuator 202 to traverse the rotation axis of 
the rotatable ring 111. 
[0046] As also shoWn in FIG. 6, the outer tubes 201 may 
have a length that is shorter than the inner tubes 203. Simi 
larly, the inner tubes 203 may have a length that is shorter than 
the central rod 103. 
[0047] FIG. 7 is a cross-section of the tubes illustrated in 
FIG. 1 in a collapsed state. As shoWn in FIG. 7, the outer tubes 
201 may de?ne an interior volume in Which the inner tubes 
203 reside. Similarly, the inner tubes 203 may de?ne an 
interior volume in Which the central rod 103 resides. As also 
illustrated in FIG. 7, each of the inner tubes 203 and each of 
the outer tubes 201 may be holloW. In an alternate embodi 
ment, one or more of the inner and/or the outer tubes 201 may 
not be holloW. 
[0048] FIG. 8 is a cross-section of the handle of the brachy 
therapy device illustrated in FIG. 1 While in the position 
shoWn in FIG. 1.As shoWn in FIG. 8, a screW 801 may secure 
a distal end 803 of the central rod 103 to the handle end cap 
107. 
[0049] While in the position shoWn in FIG. 8, the actuator 
202 may not apply any pressure to distal ends 811 of the outer 
tubes 201 or to distal ends 807 of the inner tubes 203, thus 
alloWing the outer tubes 201 and the inner tubes 203 to be in 
the completely collapsed position illustrated in FIG. 1. 
[0050] FIG. 9 is a cross-section of the handle of the brachy 
therapy device illustrated in FIG. 1 While in the position 
shoWn in FIG. 2. In order to have gotten into the position 
illustrated in FIG. 9, the rotatable ring 111 may have been 
rotated, thus causing the actuator 202 to have traversed the 
rotational axis of the rotatable ring 111, as illustrated in FIG. 
9. As it began this traverse, an annular surface 901 Within the 
interior of the actuator 202 may have engaged the distal ends 
811 of the outer tubes 201, thus applying longitudinal com 
pressive force on the outer tubes 201 With respect to the 
central rod 103 Whose distal end 803 may be attached to the 
handle end cap 107 by the screW 801. This longitudinal com 
pression may have caused the length of the outer tubes 201 
that protrudes beyond the sleeve (see discussion above) to 
boW, as illustrated in FIGS. 2 and 3. 
[0051] As illustrated in FIG. 8, the actuator 202 may have a 
second annular surface 805 on its interior Which may initially 
be longitudinally separated from the distal ends 807 of the 
inner tubes 203. Thus, longitudinal pressure may not be 
asserted by the second annular surface 805 against the distal 
ends 807 of the inner tubes 203 during the initial portion of the 
traverse of the actuator 202. 
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[0052] Once the rotatable ring 111 is rotated by a certain 
amount, the gap 809 betWeen the second annular surface 805 
and the distal ends 807 of the inner tubes 203 may close, thus 
causing the second annular surface 805 to engage the distal 
ends 807 of the inner tubes 203, as illustrated in FIG. 9. 
[0053] FIG. 10 is a cross-section of the handle of the 
brachytherapy device illustrated in FIG. 1 While in the posi 
tion shoWn in FIG. 4.As the rotatable ring 111 continues to be 
rotated past the point shoWn in FIG. 9, the actuator 202 may 
apply longitudinal compressive force simultaneously to both 
the outer tubes 201 and the inner tubes 203 by virtue of force 
being applied by the annular surface 901 to the distal ends of 
the outer tubes 201 and by the second annular surface 805 to 
the distal ends 807 of the inner tubes 203. This may cause the 
outer tubes 201 and the inner tubes 203 to boW in unison. In 
turn, this may cause the distance betWeen the outer tubes 201 
and the inner tubes 203 to remain substantially constant, 
notWithstanding continued boWing of the outer tubes 201 and 
the inner tubes 203. 
[0054] The rotatable ring 111 may continue to be rotated 
until the cage de?ned by the outer tubes 201 expands to the 
desired amount or until the actuator 202 is prevented from 
traversing any further through the rotational axis of the rotat 
able ring 111 by the front cap 109. 
[0055] After the outer tubes 201 have been expanded to the 
desired or maximum amount, the shaft of the tubes 101 at the 
entryWay to the handle 105 may be clamped, the handle 105 
may be detached from the tubes 101 by cutting the tubes 101 
betWeen the clamp and the handle 105, and one or more 
radiation sources, such as one or more radioactive seeds, may 
be inserted into the holloW interior of one or more of the inner 
tubes 203 and/or the outer tubes 201 in accordance With a 
treatment plan. Examples of apparatuses and related pro 
cesses that may be used in connection With these steps are 
described in US. Provisional Application Ser. No. 60/ 864, 
288, entitled “BRACHYTHERAPY DEVICE HAVING 
SEED TUBES WITH INDIVIDUALLY-SETTABLE TIS 
SUE SPACINGS,” ?led Nov. 3, 2006, attorney docket num 
ber 63344-045, the entire content of Which is incorporated 
herein by reference. 
[0056] The components, steps, features, objects, bene?ts 
and advantages that have been discussed are merely illustra 
tive. None of them, nor the discussions relating to them, are 
intended to limit the scope of protection in any Way. Numer 
ous other embodiments are also contemplated, including 
embodiments that have feWer, additional, and/ or different 
components, steps, features, objects, bene?ts and advantages. 
The components and steps may also be arranged and ordered 
differently. 
[0057] For example, a ?uid barrier, such as an expandable 
sheath, may be placed around the tubes 101 so as to prevent 
?uid from ?lling the cage de?ned by the outer tubes 201 both 
before and after they are expanded. The interior of this ?uid 
barrier may be ?lled With air or ?uid from an external source. 
For example, the central rod 103 may have a lumen through 
Which ?uid may be delivered from outside of the breast. The 
?uid may ?oW into the interior of the ?uid barrier through one 
or more holes in the proximal end of the central rod 103 (not 

shoWn). 
[0058] Although the annular surfaces 805 and 901 have 
thus-far been illustrated as being in separate planes, these tWo 
surfaces could instead be replaced by a single annual surface. 
In this embodiment, the differential in the lengths of the outer 
tubes 201 and the inner tubes 203 may be increased to com 
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pensate. Conversely, the lengths of the outer tubes 201 and the 
inner tubes 203 may be the same, While the annular surfaces 
805 and 901 may be separated by a greater distance to com 
pensate. 
[0059] The amount of the substantially constant spacing 
betWeen the outer tubes 201 and the inner tubes 203 may be 
varied by a variety of means. For example, different tube sets 
may be provided, each With a different distance betWeen the 
distal ends of the outer tubes 201 and the inner tubes 203. The 
technician may select the tube set that Will provide the desired 
separation distance. Similarly, different handles may be pro 
vided Which have different longitudinal spacings betWeen the 
tWo annular surfaces 805 and 901. In this event, the technician 
may instead select the handle that Will provide the desired 
spacing. In a still further embodiment, the longitudinal loca 
tion of the annular surface 805 and/ or the annular surface 901 
may be adjustable. 
[0060] Although certain mechanical designs have been 
described to effectuate the boWing of the tubes 101, these are 
only examples. Any other design may be used instead. 
[0061] Appropriate apparatuses may also be provided to 
alloW the degree of boWing in the inner tubes 203 and/or the 
outer tubes 201 to be individually adjusted either before, 
during or after these tubes are boWed in unison as a result of 
the rotation of the rotatable ring 111. US. Provisional Patent 
Application Ser. No. 60/864,288, entitled “BRACHY 
THERAPY DEVICE HAVING SEED TUBES WITH INDI 
VIDUALLY-SETTABLE TISSUE SPACINGS,” ?led Nov. 
3, 2006, attorney docket number 63344-045, sets forth 
examples of apparatuses that may be used to effectuate such 
individual adjustments. Any of the apparatuses and methods 
shoWn in US. patent application Ser. Nos. ll/305,437, 
entitled “BRACHYTHERAPY APPARATUS,” ?led Dec. 
16, 2005, attorney docket no. 63344-021, and ll/379,739, 
entitled “BRACHYTHERAPY APPARATUS FOR ASYM 
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METRICAL CAVITIES,” ?led Apr. 21, 2006, Attorney 
Docket No. 63344-023, may be used in addition or instead. 
[0062] Although having thus-far been describe for use in 
connection With treating a breast, the brachytherapy devices 
and methods that have been described may also be used to 
treat other areas of a body, such as the brain or prostrate. 
[0063] The phrase “means for” When used in a claim 
embraces the corresponding structures and materials that 
have been described and their equivalents. Similarly, the 
phrase “step for” When used in a claim embraces the corre 
sponding acts that have been described and their equivalents. 
The absence of these phrases means that the claim is not 
limited to any of the corresponding structures, materials, or 
acts or to their equivalents. 
[0064] Nothing that has been stated or illustrated is 
intended to cause a dedication of any component, step, fea 
ture, object, bene?t, advantage, or equivalent to the public, 
regardless of Whether it is recited in the claims. 
[0065] In short, the scope of protection is limited solely by 
the claims that noW folloW. That scope is intended to be as 
broad as is reasonably consistent With the language that is 
used in the claims and to encompass all structural and func 
tional equivalents. 
We claim: 
1. A brachytherapy device comprising: 
an expandable outer cage; 
an expandable inner cage positioned Within the outer cage 

and con?gured to receive radioactive material at its 
perimeter; and 

a movable actuator con?gured to cause the outer and inner 
cages to expand simultaneously in response to move 
ment of the actuator betWeen certain positions While 
maintaining a substantially constant separation distance 
betWeen the outer and inner cages. 

* * * * * 


