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Description

BACKGROUND

[0001] Victims of cancer are often treated using chem-
otherapy and/or radiation therapy. Chemotherapy is the
treatment of cancer by using drugs that destroy cancer
cells. Radiation therapy is the use of a type of energy,
called ionizing radiation, to destroy cancer cells.
[0002] Brachytherapy is one type of radiation therapy
used to treat cancer. Brachytherapy involves placing a
small amount of radioactive material inside the body,
near the cancer cells or tumor. Unlike external radiation
treatment such as electron beam irradiation, brachyther-
apy enables a doctor to use a higher total dose of radi-
ation to treat a small area in a shorter amount of time.
Brachytherapy may be temporary or permanent. In tem-
porary brachytherapy, radioactive material is placed near
the cancer cells or tumor for a fixed period of time, and
then withdrawn. In permanent brachytherapy, radioac-
tive material in the form of "seeds" is permanently placed
near the cancer cells or tumor. Although the seeds remain
in the body permanently, the radiation levels of the seeds
drop off over time as radioactivity of the seeds decays.
[0003] In High-Dose Rate (HDR) brachytherapy, a
specific high dose of radiation is delivered to the affected
area through the delivery device for a short period of time
controlled by a computer. This process may be repeated
several times over the course of a single day. In Low-
Dose Rate (LDR) brachytherapy, a lower dose of radia-
tion is continuously delivered to the affected area through
the delivery device over the course of hours or days.
[0004] LDR Brachytherapy has been used in the treat-
ment of numerous types of cancer, including breast, lung,
head and neck, and prostate. Cancer patients in need of
brachytherapy require certain treatment regimens, i.e.,
a discrete number of radiological seeds arranged in a
defined configuration. For example, different dosing lev-
els or numbers of seeds may be required depending on
various factors, e.g., the size of the patient, the nature of
the tissue in which the seeds are to be implanted, and
the type of cancer being treated.
[0005] For example, prostate cancer or other cancers
may be treated using Palladium-103 or Iodine-125 seeds.
Depending on the prostate size and aggressiveness of
the cancer, a health care provider can determine the
number and positioning of the radioactive seeds needed
to deliver a sufficient amount of radiation to kill the can-
cerous cells.
[0006] To apply seeds to the cancer cells or tumor, a
hollow tube delivery device such as a needle, catheter,
or applicator may first be inserted into the affected area.
Seeds are then placed in the delivery device and either
pushed down the device into the proper location, or the
delivery device is itself drawn out leaving the seeds seat-
ed in the proper location. Alternatively, the seeds may
first be placed into the delivery device prior to the insertion
of the delivery device into the body. For example, in cer-

tain brachytherapy delivery systems, the requisite
number of radioactive seeds are loaded into brachyther-
apy needles and then inserted into the prostate. Once
the tip of the needle has been placed in its proper position,
the needle is withdrawn, leaving a pattern of seeds and/or
spacers in place. X-rays, ultrasound, CT, or MRI scans
may be among the tools used to ensure that the seeds
in the strands are properly placed.
[0007] Proper seed placement and seed retention at
the implantation site influence the success or failure of a
brachytherapy procedure. Certain seed implantation de-
vices and methods often provide variable seed spacing
and dosimetric patterns during and after implantation.
Loose seeds, especially those that are extra-capsular
(located outside the capsule of the prostate), tend to mi-
grate and/or rotate within the patient, and as a result,
may not provide radiation where needed and may some-
times cause damage to other radiation-sensitive areas
of the body.
[0008] Seeds can be linked together by a connector or
connective material to form a series of linked seeds or a
strand of seeds. The seeds in a particular series of linked
seeds or a strand may be spaced apart by a predeter-
mined interval to create a desired dosing level. By varying
the spacing of seeds and the lengths of series of linked
seed or strands, linked seeds or strands can be formed
with different desired dosing levels. However, even linked
seeds or strands of seeds can migrate and/or rotate with-
in the body.
[0009] Upon implantation, movement or migration of
brachytherapy seeds occurs most frequently along the
needle track cut by the needle during insertion. The de-
sire to have the needle (and subsequently the seed) in
the exact desired position prior to seed deployment can
require several attempts to reposition the needle with
new needle tracks resulting from each attempt. These
repeat attempts may also contribute to gland edema and
the resulting adverse effects on dosimetry.
[0010] It is theorized that seeds can move in the needle
track since the track itself has
a larger cross section than the seed outside diameter.
For example, brachytherapy seeds are commonly de-
ployed using an 18G needle, with an inner diameter of
0.040" and an outer diameter of 0.048". The tissue is cut
to the approximate size of the needle or just slightly small-
er resulting in a cross section "cut" of about 0.040" to
0.048". This cut or needle track is larger than the common
brachytherapy seed having an outer diameter of
0.032" and an assembled SourceLink® train having an
outer diameter of 0.038". Accordingly, this larger track
size appears to allow a seed some degree of movement
along the cut track.
[0011] The systems, assemblies, and/or devices dis-
closed herein aid in fixing an implanted seed in place and
preventing migration and/or rotation of implanted seeds.
Further, the delivery device disclosed herein reduces the
degree of trauma to the patient and helps prevent migra-
tion along the needle track.
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[0012] US 2004/0220510 A1 relates to an occlusion
resistant hydrocephalic shunt. US 6,932,758 B1, WO
01/08578 A1, US 2007/0202151 A1, US 2004/0242953
A1, and US 2007/0167735 A1 are further prior art.
[0013] US 6,932,brachytherapy seed surrounded by a
tube having slots which are filled with adhesive to create
a seed train within the tube.

SUMMARY

[0014] Enhancements for brachytherapy seeds and
seed delivery systems to make the seeds less likely to
migrate within tissue are described herein. Similar en-
hancements may also apply to other implants or markers,
e.g., non-radioactive seeds used as markers for organ
localization such as gold seeds. These enhancements
may also make the seeds more visible during ultrasound,
magnetic resonance or CT imaging procedures.
[0015] The invention is defined by claim 1.
[0016] In one embodiment, a seed and component as-
sembly is provided in which component(s) with cavity or
opening features are attached to a brachytherapy seed
with an interference fit. The cavity or opening features
allow tissue to push or expand at least partially into the
cavity or opening features, and interact with the tissue to
fix the seed and component assembly in the proper place
and orientation, preventing or inhibiting movement or mi-
gration (including at least rotation, lateral, and longitudi-
nal motion).
[0017] In one embodiment, a seed and component as-
sembly includes a seed comprising a radioactive mate-
rial, and a component at least partially surrounding the
radioactive seed, the component including at least one
cavity or opening extending inwardly from an outer sur-
face of a wall of the component.
[0018] In one embodiment, a method of inhibiting mi-
gration of a brachytherapy seed after implantation, in-
cludes attaching a component to the brachytherapy seed
to form a seed and component assembly, the component
including at least one cavity or opening extending inward-
ly from an outer surface of a wall of the component, and
implanting the brachytherapy seed in a tissue of a patient
such that the tissue pushes at least partially into the at
least one cavity or opening and thereby inhibits rotation
or migration of the seed and component assembly.
[0019] In one embodiment, a water/liquid or heat acti-
vated adhesive may be coated on a brachytherapy seed,
seed and component assembly, or strand of seeds to fix
it in place upon implantation in tissue. Further, compo-
nent cavity or opening features similar to those discussed
above may be filled with water/liquid or heat activated
adhesive and act as repositories for the adhesive.
[0020] In one embodiment, component cavity or open-
ing features similar to those discussed above may be
filled with various beneficial materials or combinations of
materials to improve fixation within the tissue, improve
visibility, medicate, or otherwise treat the patient.
[0021] In one embodiment, a delivery device and/or

system is provided that beneficially reduces the degree
of trauma to the patient by minimizing the size of the
needle track cut in the patient’s tissue. The creating of a
smaller "cut" hole helps reduce gland swelling, reduce
tissue trauma and nerve damage, possibly resulting in
improved dosimetry, a more reproducible implant, less
morbidity, etc. Such reduced swelling would be beneficial
for all seed types, but perhaps make the most impact
with short-lived isotopes like Palladium-103 or Cesium-
131 since the variation in degree of swelling and resolu-
tion time of the swelling would occur when the seed is
delivering most of its therapeutic dose.
[0022] In one embodiment, a medical device includes
a tube having an inner lumen extending from a proximal
end to a distal end, and a stylet sized and configured to
extend through the inner lumen of the tube. The stylet
may include a main body portion with a first outer diam-
eter less than an inner lumen diameter of the tube, a
distal portion distal of the main body portion having a
second outer diameter less than the first outer diameter,
a tapering portion between the main body portion and
the distal portion smoothly transitioning from the outer
diameter of the main body portion to the outer diameter
of the distal portion, and a cutting trocar distal of the distal
portion.
[0023] A method of accessing an interior of a patient’s
body
includes providing a medical device. The medical device
provided may include a tube having an inner lumen ex-
tending from a proximal end to a distal end, and a stylet
extending through the inner lumen of the tube, the stylet
having a main body portion, a distal portion distal of the
main body portion having an outer diameter smaller than
an outer diameter of the main body portion, and a tapering
portion between the main body portion and the distal por-
tion smoothly transitioning from the outer diameter of the
main body portion to the outer diameter of the distal por-
tion, and a cutting trocar distal of the distal portion. The
method may also include inserting the medical device
into a desired location in the patient’s body and cutting
a hole in tissue of the patient’s body using the cutting
trocar, the hole having a size approximately the same as
the outer diameter of the distal portion. The method may
also include stretching the hole over the tapering portion,
onto the main body portion, and over the distal end of
the tube, and withdrawing the stylet proximally to remove
the stylet from the tube, while leaving the tube in the
tissue.
[0024] Creating a smaller-diameter cutting track within
the patient may lead to less seed migration, since the
tissue would more tightly hold the implanted seeds since
the cut track diameter could be less than the seed diam-
eter. For example, because the needle track is smaller
and is stretched over the brachytherapy seed(s), upon
retraction of the needle the tissue will contract around
the brachytherapy seed(s) to squeeze or hold it more
tightly; this helps to fix the brachytherapy seed(s) in place
and to prevent movement along the needle track.
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[0025] The devices and methods disclosed herein are
suitable for treating a number of different types of cancer
(including those discussed elsewhere herein), especially
tissue tumors. For example, the devices and methods
can be used for insertion into the prostate gland to treat
prostate cancer or the breast to treat breast cancer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The disclosed systems and methods can be
better understood with reference to the following draw-
ings. The components in the drawings are not necessarily
to scale.

FIG. 1 shows a brachytherapy seed fixation device
or assembly in the form of a seed and component
assembly for use in brachytherapy treatment of a
patient.

FIG. 2 shows delivery device for implanting brachy-
therapy seeds that helps minimize tissue trauma.

FIG. 3 shows a close up of the front portion of the
delivery device of FIG. 2.

FIG. 4 shows a seed and component assembly hav-
ing a cavity feature that does not extend all the way
through the wall of the component (i.e., the seed is
still covered by a narrow wall of the component).

FIG. 5 shows a seed and component assembly hav-
ing a flap feature to help anchor the seed and com-
ponent assembly.

FIG. 6 shows a seed and component assembly hav-
ing hole 8 filled with a beneficial material, wherein
the beneficial material does not increase the diam-
eter of the seed and component assembly.

FIG. 7 shows a seed and component assembly hav-
ing hole 8 filled with a swellable material that has
swollen, upon exposure to liquid (e.g., body fluid) to
a larger size such that the swellable material extends
outside of the component to further anchor the seed
and component assembly.

FIG. 8 shows a brachytherapy seed fixation device
or assembly in the form of a seed and component
assembly for use in brachytherapy treatment of a
patient with two end cap components.

FIG. 9 shows a side view of the seed and component
assembly of FIG. 8.

[0027] While the invention is susceptible to various
modifications and alternative forms, specific embodi-
ments thereof have been shown by way of example in
the drawings and are herein described in detail. It should

be understood, however, that the description herein of
specific embodiments is not intended to limit the invention
to the particular forms disclosed, but on the contrary, the
intention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the in-
vention as defined by the appended claims.

DESCRIPTION

[0028] The following description and accompanying
figures, which describe and show certain embodiments,
are made to demonstrate, in a non-limiting manner, sev-
eral possible configurations of brachytherapy insertion
and fixation devices and systems according to various
aspects and features of the present disclosure.
[0029] FIGS. 1 illustrates a brachytherapy seed fixa-
tion device or assembly in the form of seed and compo-
nent assembly 2 for use in brachytherapy treatment of a
patient. Assembly 2 includes radioactive brachytherapy
seed 4, end component 6, and intermediate connector
component 28. FIGS. 8 and 9 also illustrate an embodi-
ment of a brachytherapy seed fixation device or assembly
in the form of a seed and component assembly 102 (sim-
ilar to assembly 2 of FIG. 1) for use in brachytherapy
treatment of a patient; however, assembly 102 includes
two end components 106 in addition to radioactive brach-
ytherapy seed 104. Components 6, 28, and 106 include
cavity or opening features that are designed to "grip" with-
in tissue to prevent motion of the seed 4. The cavity or
opening features are generally in the form of a cavity,
recess, or opening extending inwardly from an outer sur-
face of the component wall. A cavity or opening feature
may pass all the way through the wall of the component
and be open all the way from the outer surface to the
inner surface of the component wall (e.g., so the seed
may be seen through the opening), or the cavity may
extend partially from the outer surface toward the inner
surface of the component wall.
[0030] Brachytherapy seeds 4 and 104 may include,
without limit, radioactive seeds such as BrachySource®
I125seeds and IheraSeed® Pd103 seeds. Seeds compris-
ing other radioactive material can be used as well, in-
cluding but not limited to Cs13, Au198, Co60, Ir192, and
combinations of any of the foregoing.
[0031] In FIG. 1, components 6 and 28 include cavity
or opening features in the form of holes 8 in the side
walls, cup 10 in the end of the component 6, notches 12
in the ends of the components 6 and 28 shaped similar
to a flat head screwdriver blade - type notch, and a central
band 14 in the center of the assembly where the compo-
nents 6 and 28 do not cover the seed. In FIGS. 8 and 9,
components 106 include similar cavity or opening fea-
tures in the form of cups 110 in the end of the components
106, notches 112 in the ends of the components 106
shaped similar to a flat head screwdriver blade - type
notch, and a central band 114 in the center of the assem-
bly where the components 106 do not cover the seed;
however, assembly 102 in FIGS. 8 and 9 does not include
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any side wall holes like holes 8. In FIG. 1, holes 8 extend
radially inwardly from the outer surface to the inner sur-
face of the wall of components 6, and leave the portion
of seed 4 under holes 8 exposed. In FIGS. 1 and 8, cups
10 and 110 extend axially inwardly from the ends of com-
ponents 6 and 106. Notches 12 and 112 extend both
radially inwardly and axially inwardly. Central bands 14
and 114 are formed in the open space between the two
components, but can be considered to extend radially
inwardly from the outer surface of the walls of the two
components.
[0032] Upon implantation of assembly 2 in living tissue,
the tissue will push or expand at least partially into the
cavity or opening features (e.g., holes 8, cups 10 and
110, notches 12 and 112, open central bands 14 and
114) in the components 6, 28, and 106. The cavity or
opening features then interact with the tissue to fix the
assembly (e.g., asembly 2 or 102) and seed (e.g., seed
4 or 104) in the proper place and orientation, preventing
or inhibiting movement or migration (including at least
rotation, lateral, and longitudinal motion).
[0033] Cavity or opening features in the components
6, 28, and 106 (e.g., the holes 8, cups 10 and 110, notch-
es 12 and 112, open central bands 14 and 114 in FIGS.
1 and 8) are generally preferable to protrusions because
cavity or opening features do not increase the diameter
of the components 6, 28, or 106 and allow the assembly
2 or 102 to move smoothly down the shaft of the applicator
needle. Whereas protrusions might require an increased
diameter of the needle resulting in additional trauma to
the patient, and might hinder the smooth progression of
the seeds along the needle.
[0034] Variations in the shape, size, and number of the
cavity and opening features shown in FIGS. 1 and 8 may
be used. For example, holes 8 and cups 10 and 110 may
define a different shape, e.g., a hexagon, pentagon, rec-
tangle, square, or triangle. However, a circular shape as
used in FIGS. 1 is preferred because its lack of angles
allows the tissue to push into the holes 8 more evenly
and resist movement equally well in any direction along
the circle. Also, while FIG. 1 shows two side holes 8 in
each component 6 and 28, the components 6 and 28
may include only a single side hole or additional side
holes of the same or varying shapes beyond the two side
holes shown. Further, while FIG. 1 shows holes 8 as
passing all the way through the wall of the component
and being open all the way from the outer surface to the
inner surface of the component wall (e.g., so the seed
may be seen through the opening), optionally, one or
more of the holes or cavities may extend only partially
from the outer surface toward the inner surface of the
component wall (e.g., so the seed is still covered by a
narrow portion of the component wall) as shown in FIG.
4 at cavity 20.
[0035] Alternatively, instead of holes in the walls of the
end cups, "flaps" could be made by cutting U-shaped or
similar patterns in the walls. These flaps may have some
residual stresses and show a tendency to bow outwards,

e.g., when exposed to liquid or heat, and therefore act
as anchors once deployed. Such residual stresses may
be imposed via an injection molding process. The flaps
may be held in a collapsed position in a delivery needle
or cannula, but bow or push outwardly when ejected from
the delivery needle or cannula into the treatment area of
the body, e.g., due to residual stresses. A combination
of holes 8 and "flaps" in the same component may also
be used. The flaps may be oriented in different directions,
e.g., parallel, perpendicular, or oblique to the longitudinal
axis of the seed. An embodiment including flap 22 is
shown in FIG. 5. Further, the end cap can, optionally,
have a barb or point at the end rather than a depressed
area to increase fixity in tissue.
[0036] Open central bands 14 and 114 may also vary
in shape. For example, the internal edges of components
6, 28, and/or 106 may be jagged, zig zag shaped, or wave
(e.g., sinusoidal) shaped such that when assembled, the
central band forms a non-uniform, zig zag shape, or wavy
shape. This jagged, zig zag, or wavy central band is par-
ticularly beneficial because it helps to prevent rotational
motion as well as longitudinal motion of the assembly 2
or 102.
[0037] Additionally, opposite facing walls forming
notch 12 need not be parallel as shown in FIG. 1, but
may be angled with respect to each other and/or may be
curved (e.g., as shown in FIGS. 8 and 9 at notches 112).
Notches 12 and 112 may also include additional slots
along the perimeter of the end cap, e.g., such that notch-
es 12 and/or 112 form a cross or Phillips screwdriver
blade - like shaped notch rather than a flathead screw-
driver blade - like shaped notch.
[0038] As shown in FIGS. 1 and 8, the diameter of cups
10 and 110 is somewhat less than the diameter of the
seeds 4 and 104 such that the end components 6 and
106 cap the ends of seed 4 and prevent the seed from
sliding out of the cup end of the components 6 and 106.
Because the cups 10 shown in FIG. 1 have a smaller
diameter than a brachytherapy seed and cannot connect
to (or receive) a second brachytherapy seed, the com-
ponents 6 and 106 are considered end caps. End cap
components 6 and 106 can be placed on both ends of a
brachytherapy seed as shown in FIG. 1, or only one end
cap component 6 or 106 may be used on only one end
of the seed. An end cap component used only on a single
end of the brachytherapy seed would save money (e.g.,
material costs) and could be designed to act as a kind of
"drag chute."
[0039] In addition to end cap components (e.g., similar
to end cap components 6 and 106), intermediate con-
nector components (e.g., similar to intermediate connec-
tor component 28) capable of connecting to a different
seed at each end are also contemplated. Intermediate
connector components have openings at either end large
enough to receive a brachytherapy seed and may be
used to link two seeds. Indeed, intermediate component
28 of FIG. 1 contains one end of seed 4 and includes an
opening 34 that is sized to receive the end of a another,
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different brachytherapy seed. In FIG. 1, seed 4 is shown
as having a receptacle or hole 32 on one end and an
axial, cylindrical protrusion 30 on the other end, which
allows like seeds to be connected directly to each other
by inserting the protrusion 30 of one seed into the hole
32 of a second, different seed. Accordingly, two seeds
may be linked by connecting protrusion 30 with hole 32
and by also linking the seeds with an intermediate con-
nector component over the connection for added stability.
However, even if the seeds do not include holes and pro-
trusions or another means for directly connect the seeds
to each other (e.g., similar to seed 104 of FIGS. 8 and
9), the seeds can still be linked by an intermediate con-
nector component alone. A strand or series of linked
seeds may be formed and customized using intermediate
connector components to join a series of seeds and end
cap components to cap the ends of the strand or linked
seeds.
[0040] The intermediate seeds may include cavity or
opening features similar to the end cap components 6
and 106 shown in FIGS. 1 and 8. For example, the inter-
mediate connector components may include features
similar to holes 8 or notches 12 and 112, and may have
ends that combine with other components to form bands
similar to open central bands 14 and 114. Indeed, inter-
mediate connector component 28 of FIG. 1 includes
holes 8, notches 12, and an end that combines with end
component 6 to form a central band 14. Variations in
these features similar to the variations discussed above
with respect to the cavity and opening features of the end
cap components are also possible.
[0041] It is contemplated that various combinations of
the cavity or opening features shown in FIGS. 1 and 8
and discussed above may be used in various embodi-
ments. For example, embodiments may include only one
of the cavity or opening features discussed above, or
may include multiple cavity or opening features of the
same or different types. It is contemplated that any com-
bination of features and/or number of features discussed
above may be used in various embodiments. Also, each
component in a single series of linked seeds may include
the same or similar features, or each component may a
different set of cavity or opening features, or some com-
ponents in the series may have the same features while
others are different.
[0042] The various components described herein can
be made of a bioabsorbable material(s), preferably 70/30
L, D-L lactide. Other suitable bioabsorbable materials
that could be used include polylactide, polyglycolic acid,
polydioxanone, and polycaprolactone. A biocompatible
non-bioresorbable material may also be used, e.g., a bio-
compatible Teflon, polyether ether ketone (PEEK), or
polypropylene. The components may be manufactured
by injection molding or other processes used in the art.
Optionally, the mold used to make the components (e.g.,
injection molded components) can have a rough surface
to create a mottled surface on the molded components
and help to increase friction in tissue. The cavity or open-

ing features in the components may be formed using a
mold (e.g., a mold to form the components may include
the inverse of the features as part of the mold), or may
be cut into the sides of the formed components, e.g.,
using a laser cutter.
[0043] FIGS. 1 and 8 show a seed pushed into cup-
like receiving portions (e.g., the larger diameter ends op-
posite cups 10 and 110) in the bioabsorbable compo-
nents 6 and 106. However, the components could also
be manufactured to be "partially formed" or have a side
opening such that the seed is snapped into the compo-
nent from the side. In one embodiment, two end cap com-
ponents could be integrally formed together as a single
component with a side opening through which one seed
can be snapped into the component.
[0044] The seed and component assemblies of the var-
ious embodiments herein can be adapted to be deployed
with various applicators, including Mick applicators and
Mick magazines. The seeds and components of the in-
vention can also be adapted for assembly by the end
customer if desired, e.g., by using a loader similar to a
SourceLink® or QuickLink® loader. This may be useful
if the customer is using an intraoperative technique and
uses both linked seeds and single seeds (e.g. linked
seeds might be used in extracapsular positions and
"capped" single seeds might be used near the urethra).
[0045] In one embodiment, structures of wires or bands
can be disposed over the assembly or made part of the
assembly or part of an overmolding process of the caps.
These structures could lay flat during deployment so they
may fit in a Mick cartridge or Mick applicator needle or
other cartridge or needle, but would have portions or arms
that protrude following deposition into tissue either
through reaction to the body’s heat or to a mechanical
effect. Such structures could be made of nitinol or another
suitable biocompatible material. Similarly, bimetallic
strips can be incorporated as part of the assembly or
structures that will "curl up" when exposed to body tem-
peratures (e.g., like a thermostat). The resulting protru-
sions of these structures would anchor in tissue fixing
the seed and component assembly in the proper location
and orientation.
[0046] In one embodiment, a brachytherapy seed fix-
ation device or assembly is in the form of a seed and
component assembly that is coated in and/or includes
repositories of water/liquid or heat activated adhesive to
adhere to tissue in the body after implantation. Upon in-
teraction with moisture in the body, water or liquid acti-
vated adhesive coated on the assembly or strand (and/or
deposited in repositories) will begin to adhere to the tis-
sue of the body and fix the assembly in place. Similarly,
upon implantation of an assembly or strand coated in a
heat activated adhesive, the natural body heat of the tis-
sue will induce adhesion thereby fixing the seed and com-
ponent assembly in place.
[0047] It is contemplated that the water or heat activat-
ed glue may be used with any brachytherapy seed, seed
and component assembly, or strands of seeds. However,
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the use of a water/liquid or heat activated adhesive is
particularly effective when used in combination with a
seed and component assembly including cavity or open-
ing features similar to those discussed above and shown
in FIGS. 1 and 8 above (e.g., holes 8, cups 10 and 110,
notches 12 and 112, open central bands 14 and 114).
The cavity or opening features of the assembly may be
filled with the water/liquid or heat activated adhesive. For
example, FIG. 6 shows hole 8 filled with a material 24.
Material 24 is representative of any of the beneficial ma-
terials described herein as being placed within the cavity
or opening features of the components, including the wa-
ter/liquid or heat activated adhesive described herein.
Using the cavity or opening features as repositories for
the adhesive is particularly effective because it allows
the use of more adhesive without a significant increase
in the diameter of the seed and component assembly.
Optionally, the entire assembly may be coated with ad-
hesive in addition to filling the cavity or opening features
with adhesive or, alternatively, only the cavity or opening
features may be filled with adhesive while the outer sur-
faces of the components are not coated. Using adhesive
only in the cavity or opening features is beneficial be-
cause it keeps the diameter of the assembly to a minimum
and helps avoid issues with the adhesive interacting with
the needle of the applicator. For example, adhesive dis-
posed only within the repositories of the cavity or opening
features is less likely to be wiped or scraped off of the
assembly or strand than adhesive coated over its outer
surface. Further, when the adhesive is disposed only
within the repositories of the cavity or opening features
it is less likely to be prematurely activated in the needle
of the applicator causing sticking or otherwise interfering
with the smooth passage of the assembly or strand along
the needle of the applicator.
[0048] Similarly, the cavity or opening features may
optionally be filled or covered with other beneficial ma-
terials (of which material 24 in FIG. 6 is representative),
e.g., materials that aid in the fixation of the assembly, the
visibility of the assembly using conventional imaging mo-
dalities (e.g. ultrasound, X-ray, MRI, CT), medicating a
patient, or otherwise treating a patient. For example, the
exposed open central band 14 may be covered with a
section of tubing-shaped material (or a band/ring of ma-
terial) disposed in the space between components 6 and
106. Also, holes 8, cups 10 and 110, and notches 12 and
112 can be filled with material shaped to fit in the recesses
formed by these features (e.g., shaped so that they fit in
the cavity or opening features, but do not increase the
diameter of the assembly).
[0049] Beneficial materials (of which material 24 in
FIG. 6 is representative) that can be included in the cavity
or opening features of the various embodiments include
materials that swell when exposed to liquid (like the flat-
tened, dried sponges used when transporting vials of liq-
uid). Preferably, the material will swell to a size at least
10% larger than its unexpanded state (or its state when
initially implanted) when exposed to liquid, and more pref-

erably at least 25% larger. When expanded, the material
would extend out of the cavity or opening features and
act as an anchor (e.g., a band of the material over the
open central band 14 would expand to a diameter greater
than the rest of the assembly after implantation and inhibit
movement of the assembly). The resulting expanded ma-
terial may also be more visible on ultrasound. Indeed,
material may be selected that increases visibility on ul-
trasound or radiographically. FIG. 7 shows a swellable
material 26 that, after exposure to liquid, has swelled to
a larger size such that swellable material 26 extends ra-
dially outside of hole 8. Alternatively, components 6 and
106 themselves may be made of a material that swells
or expands when exposed to liquid, preferably by at least
10% its unexpanded or insertion size (e.g., the walls of
the components may be made at least partially of the
material that swells or expands).
[0050] Alternatively, a lyophilized material, hydrogel,
matrix or bioabsorbable felt can be included in the cavity
or opening features (again, material 24 in FIG. 6 is rep-
resentative). The lyophilized material, hydrogel, matrix
or bioabsorbable felt can contain dried gadolinium, par-
amagnetic materials or other salts or materials that will
make the seed MRI visible when dissolved in body fluids.
The material could dissolve to form a film of solution
around the assembly that is MRI visible. The materials
or compositions described in U.S. Patent 8,163,326
(which is incorporated herein) may be used in the cavity
or opening features to help increase visibility of the as-
sembly after implantation.
[0051] The material (e.g., material 24) included in the
cavity or opening features could optionally be made of a
fluorine containing material (e.g. Teflon) or other fluorine-
containing polymer that would be visible on MRI using
ultrashort echo time 19F imaging.
[0052] The material (e.g., material 24) included in the
cavity or opening features may be similar to the materials
discussed above but may also contain gold or gadolinium
nanoparticles that would enhance the radiation dose, or
may contain bioactive agents including chemotherapeu-
tic, anti-inflammatory or analgesic agents. These agents
could be contained in the material during the manufac-
turing process or added to the material by the end cus-
tomer immediately prior to implantation.
[0053] All the cavity or opening features of a seed and
component assembly may be filled with the same mate-
rial or adhesive (e.g., material 24), or various combina-
tions of materials may be used each in a different cavity
or opening feature. For example, some of the cavity or
opening features (e.g., holes 8) may include an adhesive,
while other cavity or opening features (e.g., open central
band 14) may include a material that expands when ex-
posed to liquid. Any combination of the above materials
may be used. Further, some of the cavity or opening fea-
tures may include an adhesive or other material, while
others features remain empty and act only as fixation
features.
[0054] Another aspect of the invention is an improved
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insertion or applicator delivery device, accessory, and/or
system. FIG. 2 shows an embodiment of a brachytherapy
seed delivery device, accessory, or system 50. FIG. 3
shows a close up of the front portion of the delivery de-
vice/system 50. The delivery device/system 50 includes
a cannula, tube, or delivery needle 52 and a stylet 54.
The needle 52 is generally tubular in shape with an in-
ternal lumen through which the stylet 54 extends during
insertion of the needle in tissue, and through which the
treatment brachytherapy seed, seed and component as-
sembly, and/or seed strand is ultimately implanted in the
tissue of the patient. The inner lumen extends from a
proximal end to a distal end of tube or needle 52. It is
desired that the outer diameter of the needle be as small
as possible to minimize trauma to the patient, while the
inner diameter of the needle or the needle lumen be large
enough to accommodate the brachytherapy seed, seed
and component assembly, or seed strand to be implanted
through the needle 52. While FIGS. 2 and 3 show open
space between needle 52 and stylet 54 for added visibility
in distinguishing the components, the needle 52 and
stylet 54 can be designed to fit much more snugly togeth-
er, e.g., leaving little or no open space between them. In
one embodiment, the needle 52 is an 18G needle with
an inner diameter of 0.040" or 0.041" and an outer diam-
eter of 0.048", but needle 52 can also be any other con-
venient size, e.g., a 17G needle.
[0055] The needle 52 can be made of stainless steel,
nitinol, plastic/polymers or other materials to give it var-
ying degrees of stiffness, toughness, lubricity, etc. The
exterior of the needle 52 or the needle tip 58 can also
have some type of added lubricity (e.g. silicone) or coat-
ing (Teflon, parylene, chromium, polyurethane, etc.)
and/or the needle tip 58 can be tapered to help ease the
tissue from the stylet 54 onto the needle 52 as the tissue
stretches and passes over the needle tip 58. The needle
52 can optionally be an outer sheath or tube made of
plastic (e.g., a polyamide tube) that acts as a cannula.
The size of this type of plastic outer sheath or tube may
be smaller than needles of other materials, e.g., the inner
diameter of this type of plastic outer sheath or tube could
be about 0.034" and the outer diameter could be about
0.039". A plastic outer sheath or tube needle of this type
might also be beneficial because it could be transparent
allowing a clinician to see the stylet and/or seeds loaded
in or extending/passing through the tube.
[0056] The stylet 54 is sized configured to extend
through or traverse the inner lumen of the delivery needle
52 to cut tissue and facilitate insertion of the needle 52.
A handle or gripping portion 68 is formed or attached at
the proximal end of the stylet. The handle or gripping
portion 68 may be used to manipulate the stylet 54 during
use and to withdraw it. The main body portion or region
60 of the stylet has an outer diameter approximately the
same as the inner lumen diameter of the needle 52 or
only slightly less than the inner lumen diameter of the
needle 52, such that the stylet can slide through the lu-
men of the delivery needle 52, but can also help pass

the stretched tissue over the distal end of the needle 52.
The stylet is "necked down" over a tapered portion or
region 62 smoothly and/or gradually transitioning from
the larger outer diameter main body portion/region 60 to
a narrower/smaller outer diameter distal portion/region
64. The distal portion/region 64 may have a substantially
uniform diameter. At the distal end of distal portion/region
64 or immediately distal of the distal portion/region 64,
stylet 54 includes a cutting trocar 66. In a preferred em-
bodiment, the distal region 64 has an outer diameter that
is about half the size of the outer diameter of the main
body portion/region 60. In one embodiment, stylet 54 has
a 0.040" diameter main body 60 that is "necked
down" over tapered region 62 to a 0.020" diameter distal
portion/region 64. Cutting trocar 66 has a cutting size
corresponding to the diameter of the distal portion/region
64. However, other sizes may be used.
[0057] The cutting trocar 66 shown in FIG. 3 has been
ground onto the distal end of the stylet 54 in a shape
similar to the tip of a Phillips head screwdriver, but with
three cutting edges (i.e., looking along the longitudinal
axis, the trocar 66 resembles a Mercedes star symbol).
However, the cutting trocar 66 can be ground onto the
tip region 64 of the stylet 54 in various configurations and
shapes, e.g., the trocar may include additional cutting
edges. Alternatively, the cutting trocar may be manufac-
tured separately and attached to the distal end of the
stylet.
[0058] The stylet cutting tip can be shaped like a pencil
point, be necked down from the needle diameter to a
smaller trocar diameter, have a shape like an arrowhead
or lancet, etc. or have any other cutting tip that is typically
seen with hypodermic or other needles. The stylet cutting
tip, cutting trocar 66, and/or stylet 54 could also be made
echogenic through surface modification, or could be
made more visible by NMR, CT or fluoroscopy through
the addition of materials (e.g., gold, gadolinium, or other
radiopaque materials).
[0059] In use delivery device/system 50 is inserted into
a desired location in the patient’s body. A hole is cut in
the tissue of a patient’s body using the cutting trocar 66.
The cutting trocar 66 on the stylet 54 is of a reduced size
or diameter relative to the main body region 60 and the
delivery needle 52 so that the amount of tissue cut during
insertion is reduced. The narrow diameter trocar 66 cuts
a small hole or narrow track in the tissue that has a size
approximately the same as the size of the cutting trocar
66 (which is also approximately the size of the outer di-
ameter of the distal portion/region 64 in a preferred em-
bodiment). The small hole or narrow track cut in the tissue
is then stretched over the "necked down" tapered re-
gion/portion 62, onto at least a portion of the main body
region/portion 60, and over at least the distal end of the
needle 52, such that the tissue is disposed over at least
a portion of the main body 60 and the needle 52. The
tissue can be stretched gradually by the tapered region
62, as the stylet 54 and needle 52 (which is disposed
over the main body 60 of the stylet 54) are inserted into

13 14 



EP 2 968 969 B1

9

5

10

15

20

25

30

35

40

45

50

55

the tissue. In a preferred embodiment, where the outer
diameter of the main body 60 is about twice as large as
the outer diameter of the distal region/portion 64, the hole
is stretched from a size approximately the same as the
outer diameter of the distal region portion 64 to a size
approximately the same as the outer diameter of the main
body portion 60, and then to a size approximately the
same as the outer diameter of the needle 52.
[0060] Once the tissue has been stretched around the
delivery needle 52, the stylet 54 may be withdrawn prox-
imally from the lumen of the delivery needle 52, leaving
the needle 52 in place in the tissue. Accordingly, stylet
54 permits easy insertion of the delivery needle 52, even
though the track or hole cut in the tissue has a smaller
diameter than the delivery needle 52. Therefore, the de-
livery device or system 50 acts more as an "introducer"
than a simple cutting instrument.
[0061] Once the needle 52 is in place in the tissue and
the stylet 54 has been withdrawn, the needle 52 can be
used for further treatment or diagnostics. For example,
the needle 52 may act as a conduit for the introduction
of a material (e.g., medication, brachytherapy seeds, di-
agnostic equipment) into the tissue of the body. To facil-
itate further treatment or diagnostics, the needle 52 may
include a hub 56 formed or attached at its proximal end.
The needle hub 56 can be designed and configured to
mate with a another device, e.g., a Mick applicator, an
endoscope, a cystoscope, another type of scope, a sy-
ringe, a delivery device, etc. Hub 56 may be Luer-shaped,
funnel-shaped, or have any shape or configuration nec-
essary to mate with another device. In other words, the
hub 56 can be designed to mate with any device that
might be desired to pass through or use the needle 52
for diagnostic or treatment purposes. For example,
brachytherapy seeds, seed and component assemblies,
and/or seed strands can be inserted through the needle
52 into the desired location in the tissue. The seeds can
optionally be separated by bio-absorbable spacers. Hub
56, and needle 52 generally, can be designed to allow
either manual placement of seeds down the bore (e.g.,
by inserting the seed, assembly, or strand through the
hub 56 into the lumen and using a push rod to push it
down the bore to the desired delivery site) or cartridge
or machine-based delivery of seeds down the lumen
(e.g., using a Mick-type applicator). Alternatively or ad-
ditionally, an endoscope, cytoscope, or other type of
scope may be used for further diagnostics or treatment.
Also, needle 52 may be connected to a syringe or other
delivery device to deliver medication through the needle
52.
[0062] The delivery device/system 50 beneficially re-
duces the degree of trauma to the patient by minimizing
the size of the needle track cut in the patient’s tissue.
The creating of a smaller "cut" hole could help reduce
gland swelling, reduce tissue trauma and nerve damage,
possibly resulting in improved dosimetry, a more repro-
ducible implant, less morbidity, etc. Such reduced swell-
ing would be beneficial for all seed types, but perhaps

make the most impact with short-lived isotopes like Pal-
ladium-103 or Cesium-131 since the variation in degree
of swelling and resolution time of the swelling would occur
when the seed is delivering most of its therapeutic dose.
Delivery device/system 50 can reduce the damaged tis-
sue area by a factor of about 4. For example, a stylet 54
with a main body diameter of 0.040" can be tapered to a
stylet tip region 64 and/or cutting trocar 66 area with a
diameter of 0.020", which would cut a hole or needle track
of 0.020" in diameter instead of 0.040" as with unmodified
stylets.
[0063] Additionally, the creating of a smaller-diameter
cutting track within the patient may lead to less seed mi-
gration, since the tissue would more tightly hold the im-
planted seeds since the cut track diameter could be less
than the seed diameter. Because the needle track is
smaller and is stretched over the brachytherapy seed(s),
upon retraction of the needle the tissue will contract
around the brachytherapy seed(s) to squeeze or hold it
more tightly; this helps to fix the brachytherapy seed(s)
in place and to prevent movement along the needle track.
[0064] Optionally, the stylet 54 can be solid or can in-
corporate holes or channels along its length to allow dis-
pensing of material through the stylet 54 or to equalize
pressures created by withdrawing the stylet 54. For ex-
ample, stylet 54 could include a channel or lumen running
along the length of the stylet, e.g., a channel or lumen
running through the center of the stylet 54 to an opening
or openings in the distal tip region 58 of the stylet 54. The
channel or lumen could be used to dispense medication
(e.g., Lidocaine, anti-inflammatory medication, etc.). The
opening or openings in the distal tip region 58 could be
openings along the side of the stylet, and these openings
could dispense medication along the needle track in the
tissue. Additionally, the channel or lumen of the stylet 54
could be used to equalize pressure as the stylet 54 is
withdrawn from the needle 52. Sometimes when a stylet
is withdrawn from a needle implanted in tissue, a vacuum
is created causing a pressure imbalance. A channel
through the stylet that is open to the atmosphere at the
proximal end can equalize the pressure and prevent a
vacuum from forming.
[0065] In one embodiment, an insertion or applicator
device uses a small-diameter flexible sheath (e.g., it
could collapse to 2 dimensions or could expand like a
rubber band) instead of a rigid needle or tube. A stylet
similar to stylet 54 above or a stylet and cutting trocar of
a uniform small diameter through its length can be used
with the flexible sheath. Initially, the flexible sheath is
disposed about the small diameter stylet or the small di-
ameter stylet is passed through the flexible sheath. The
stylet is then used to cut the tissue and insert the flexible
sheath in the desired location in the tissue. When the
stylet is removed, seeds are passed down the sheath,
expanding it to the necessary outside diameter (like a
snake swallowing a large rat). Further, the hole cut in the
tissue by the small diameter stylet and trocar can be
stretched over the seeds, seed and component assem-
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blies, or strands of seeds as they are passed down the
flexible sheath into the tissue. This embodiment helps to
keep the hole cut in the tissue to a minimum.
[0066] While the invention has been described in terms
of particular variations and illustrative figures, those of
ordinary skill in the art will recognize that the invention is
not limited to the variations or figures described. In ad-
dition, where methods and steps described above indi-
cate certain events occurring in certain order, those of
ordinary skill in the art will recognize that the ordering of
certain steps may be modified and that such modifica-
tions are in accordance with the variations of the inven-
tion. Additionally, certain of the steps may be performed
concurrently in a parallel process when possible, as well
as performed sequentially as described above. There-
fore, to the extent there are variations of the invention,
which are within the disclosure or equivalent to the in-
ventions found in the claims, it is the intent that this patent
will cover those variations as well.

Claims

1. A seed and component assembly (2), comprising:

a seed (4) comprising a radioactive material;
a component (6) at least partially surrounding
the radioactive seed and arranged to cap the
ends of the seed, the component including at
least one cavity (8) or opening feature extending
inwardly from an outer surface of a wall of the
component arranged to allow tissue to push or
expand at least partially into the cavity or open-
ing feature and to interact with the tissue to fix
the seed and component assembly in the proper
place and orientation, preventing or inhibiting
movement or migration when the seed is im-
planted in a tissue of a patient.

2. The assembly according to claim 1, wherein the at
least one cavity (8) or opening feature is at least two
separate cavity or opening features.

3. The assembly according to claim 2, wherein each of
the at least two separate cavity (8) or opening fea-
tures has a different shape.

4. The assembly according to one of the preceding
claims, wherein the at least one cavity (8) or opening
feature is a hole that extends radially inwardly from
the outer surface to an inner surface of the wall, such
that a portion of seed is exposed through the hole.

5. The assembly according to one of the preceding
claims, wherein the at least one cavity or opening
feature is at least partially filled with at least one of
a water activated adhesive and a heat activated ad-
hesive.

6. The assembly according to one of the preceding
claims, wherein the at least one cavity or opening
feature is at least partially filled with a material se-
lected from the group consisting of materials that
swell at least 10% when exposed to liquid, a lyophi-
lized material, a hydrogel, a bioabsorbable felt, and
a fluorine-containing polymer.

7. The assembly according to claim 6, wherein the ma-
terial includes an added ingredient to improve visi-
bility of the material after implantation selected from
the group consisting of dried gadolinium, a paramag-
netic material, and a salt that is MRI visible when
dissolved in body fluids.

8. The assembly according to one of the preceding
claims, wherein the wall of the component is at least
partially formed from a material that swells at least
10% when exposed to liquid.

Patentansprüche

1. Seed- und Komponentenanordnung (2), umfas-
send:

einen Seed (4), der ein radioaktives Material um-
fasst;
eine Komponente (6), die den radioaktiven Seed
mindestens teilweise umschließt und dazu ein-
gerichtet ist, die Enden des Seeds abzudecken,
wobei die Komponente mindestens ein Hohl-
raum- (8) oder Öffnungsmerkmal beinhaltet, das
sich von einer Außenfläche einer Wand der
Komponente einwärts erstreckt, das dazu ein-
gerichtet ist, zuzulassen, dass Gewebe mindes-
tens teilweise in das Hohlraum- oder Öffnungs-
merkmal hinein drückt oder expandiert und mit
dem Gewebe in Wechselwirkung tritt, um die
Seed- und Komponentenanordnung an der rich-
tigen Stelle und in der richtigen Ausrichtung zu
fixieren, wodurch Bewegung oder Migration ver-
hindert oder unterbunden wird, wenn der Seed
in ein Gewebe eines Patienten implantiert ist.

2. Anordnung nach Anspruch 1, wobei es sich bei dem
mindestens einen Hohlraum-(8) oder Öffnungs-
merkmal um mindestens zwei separate Hohlraum-
oder Öffnungsmerkmale handelt.

3. Anordnung nach Anspruch 2, wobei jedes der min-
destens zwei separaten Hohlraum- (8) oder Öff-
nungsmerkmale eine unterschiedliche Form hat.

4. Anordnung nach einem der vorhergehenden An-
sprüche, wobei das mindestens eine Hohlraum- (8)
oder Öffnungsmerkmal ein Loch ist, das sich von der
Außenfläche radial einwärts zu einer Innenfläche der
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Wand erstreckt, sodass ein Teil des Seeds durch
das Loch freiliegt.

5. Anordnung nach einem der vorhergehenden An-
sprüche, wobei das mindestens eine Hohlraum-
oder Öffnungsmerkmal mindestens teilweise mit
mindestens einem eines wasseraktivierbaren Kleb-
stoffs und eines wärmeaktivierbaren Klebstoffs ge-
füllt ist.

6. Anordnung nach einem der vorhergehenden An-
sprüche, wobei das mindestens eine Hohlraum-
oder Öffnungsmerkmal mindestens teilweise mit ei-
nem Material gefüllt ist, das aus der Gruppe ausge-
wählt ist, bestehend aus Materialien, die mindestens
10 % quellen, wenn sie Flüssigkeit ausgesetzt sind,
einem lyophilisierten Material, einem Hydrogel, ei-
nem bioabsorbierbaren Filz und einem fluorhaltigen
Polymer.

7. Anordnung nach Anspruch 6, wobei das Material ei-
nen zugefügten Bestandteil beinhaltet, um die Sicht-
barkeit des Materials nach Implantation zu verbes-
sern, der aus der Gruppe ausgewählt ist, bestehend
aus getrocknetem Gadolinium, einem paramagneti-
schen Material und einem Salz, das MRI-sichtbar
ist, wenn es in Körperflüssigkeiten gelöst ist.

8. Anordnung nach einem der vorhergehenden An-
sprüche, wobei die Wand der Komponente mindes-
tens teilweise aus einem Material gebildet ist, das
mindestens 10 % quillt, wenn es Flüssigkeit ausge-
setzt ist.

Revendications

1. Ensemble grain et composant (2), comprenant :

un grain (4) comprenant un matériau radioactif;
un composant (6) entourant au moins partielle-
ment legrain radioactif et disposé pour couvrir
les extrémités du grain, le composant incluant
au moins une cavité (8) ou une ouverture s’éten-
dant vers l’intérieur à partir d’une surface exter-
ne d’une paroi du composant disposée pour per-
mettre au tissu de pousser ou de s’étendre au
moins partiellement dans la cavité ou l’ouverture
et pour interagir avec le tissu du patient pour
maintenir l’ensemble grain et composant dans
les bonnes place et orientation, et empêcher ou
inhiber un mouvement ou une migration lorsque
le grain est implanté dans un tissu du patient.

2. Ensemble selon la revendication 1, dans lequel la
au moins une cavité (8) ou ouverture est au moins
deux cavités ou ouvertures distinctes.

3. Ensemble selon la revendication 2, dans lequel cha-
cune des au moins deux cavités (8) ou ouvertures
distinctes a une forme différente.

4. Ensemble selon l’une quelconque des revendica-
tions précédentes, dans lequel la au moins une ca-
vité (8) ou ouverture est un trou qui s’étend radiale-
ment vers l’intérieur de la surface extérieure à une
surface intérieure de la paroi, de sorte qu’une partie
du grain est exposée à travers le trou.

5. Ensemble selon l’une quelconque des revendica-
tions précédentes, dans lequel la au moins une ca-
vité ou ouverture est au moins partiellement remplie
d’au moins un adhésif activé à l’eau et un adhésif
activé à la chaleur.

6. Ensemble selon l’une quelconque des revendica-
tions précédentes, dans lequel la au moins une ca-
vité ou ouverture est au moins partiellement remplie
d’un matériau choisi dans le groupe constitué par
des matériaux qui gonflent d’au moins 10 % lorsqu’ils
sont exposés à un liquide, un matériau lyophilisé, un
hydrogel, un feutre bioabsorbable, et un polymère
contenant du fluor.

7. Ensemble selon la revendication 6, dans lequel le
matériau inclut un ingrédient ajouté pour améliorer
la visibilité du matériau après implantation choisi
dans le groupe constitué par le gadolinium séché,
un matériau paramagnétique, et un sel qui est visible
par IRM lorsqu’il est dissout dans les fluides corpo-
rels.

8. Ensemble selon l’une quelconque des revendica-
tions précédentes, dans lequel la paroi du compo-
sant est formée au moins partiellement à partir d’un
matériau qui gonfle d’au moins 10 % lorsqu’il est
exposé à un liquide.
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